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May 25, 2022 
 
THOMAS JEFFERSON MIDDLE SCHOOL CHILLER REPLACEMENT 
AND FLINT LAKE ELEMENTARY SCHOOL AIR HANDLING UNITS 
REPLACEMENT AND RELATED WORK 
Valparaiso, IN  46385  
 
 
TO: ALL BIDDERS OF RECORD 
 
This Addendum forms a part of and modifies the Bidding Requirements, Contract Forms, Contract 
Conditions, the Specifications, and the Drawings dated May 5, 2022, by Gibraltar Design.  
Acknowledge receipt of the Addendum in the space provided on the Proposal Form.  Failure to do 
so may subject the Bidder to disqualification. 
 
This Addendum consists of Pages ADD 1-1 through ADD 1-2 and attached Addendum No. 1 from 
Gibraltar Design dated May 24, 2022 consisting of 2 pages, Specification Section 23 09 93 - 
Sequence of Operation, Specification Section 26 29 15 - Motor Starters, and 8 Drawings. 
 
 
A.    SPECIFICATION SECTION 00 00 20 - TABLE OF CONTENTS  
 

1. Add: 
 
 Specification Section 26 29 15 - Motor Starters 

 
 
B.    SPECIFICATION SECTION 01 12 00 - MULTIPLE CONTRACT SUMMARY 
 
        1.  BID CATEGORY NO. 1 - MECHANICAL 
 

 1.  Replace: 
 
      Specification Section 23 09 93 - Sequence of Operations with the attached revised  
      section. 
 

 
ADDENDUM 

NO. 1 
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 2.  Add: 
 
      Specification Section 26 29 15 - Motor Starters 

 



 
Thomas Jefferson MS Chiller Replacement and 

Flint Lake ES Air Handling Units Replacement  
Gibraltar Design Project Nos.:  22-116 and 22-117 

 

MAY 24, 2022 AD.01-1 

ADDENDUM ONE 

Addendum One (AD.01) to the drawings and specifications prepared by Gibraltar Design 
and The Skillman Corporation for Thomas Jefferson MS Chiller Replacement and Flint Lake ES 
Air Handling Units Replacement for Valparaiso School Corporation, Valparaiso, Indiana. 

All Contractors bidding on this project shall read all of the items covered below and shall 
comply with all of the requirements as set forth, including any necessary refinements or 
additions generated by this Addendum and required by the intent of the original BID 
CATEGORY NO. Documents. All Contractors shall acknowledge on their bid form that 
they have received this Addendum and include the appropriate content of same within 
their bid proposal. 

 

SPECIFICATIONS  
1. Specification Section 23 09 93 Sequence of Operation 

A. Replace Specification Section 23 09 93, Sequence of Operation, with Specification 
Section 23 09 93 included in this Addendum. 

2. Specification Section 26 29 15 Motor Starters 
A. Add Specification Section 26 29 15, Motor Starters, included in this Addendum,  

to the Project Manual. 

 

DRAWINGS – Thomas Jefferson MS (None) 
 

DRAWINGS – Flint Lake ES Drawings 
3. Sheet M-402   

A. Refer to revised full size drawing sheet included in this Addendum for the following 
revisions: 

1. Removal of existing AHU-B5 and installation of new AHU-B5 kitchen makeup air to 
the cook hood. 

4. Sheet M-501   
A. Refer to revised, full size drawing sheet included in this Addendum for added Multiple 

coil piping details for both cooling and heating. 

5. Sheet M-502  
A. Refer to revised, full size drawing sheet included in this Addendum for AHU-B5 

installation above ceiling of Kitchen Dry Storage room with access to both sides of  
Unit G. 
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MAY 24, 2022 AD.01-2 

6. Sheet M-601  
A. Refer to revised, full size drawing sheet included in this Addendum for the following 

revisions  

1. Addition of AHU-B5 performance and physical dimensions to AIR HANDLING UNIT 
SCHEDULE.  

a. Equipment schedule Note #16 added 

b. Revised Note #9. 

c. Add coil water pressure drops to heating and cooling coils. 

d. Relocated chilled water flow diagram from drawing M-801 to M-601 drawing 

2. Add Schedule Note #4 to Control Valve Schedule and Heating 3-way control valve 
to AHU-B5. 

7. Sheet M-801   
A. Refer to revised, full size drawing sheet included in this Addendum for addition of AHU-

M5 controls and interlock with Kitchen exhaust Fan. 

8. Sheet E-202  
A. Refer to revised, full size drawing sheet included in this Addendum for the following 

revisions: 

1. Replacing existing motor starter and electrical connections to the air handling unit 
B-5 being replaced. 

2. Adding power circuit for lights and receptacle(s) in new AHU-B5. 

9. Sheet E-204  
B. Refer to revised, full size drawing sheet included in this Addendum for the following 

revisions: 

1. Add power circuits for lights and receptacles in the new air handling units. 

2. Add power circuit for added temperature control panel for Air Handling Unit B-5. 

10. Sheet E-701  
A. Refer to revised, full size drawing sheet included in this Addendum for the following 

revisions: 

1. Adding the Motor Starter Schedule and Panel Schedules for Panel “KL1” and Panel 
“KH1”. 

2. Modifying panelboard schedules. 

Pages 1 through 2, inclusive, Specification Sections 23 09 93 and 26 29 15, and Eight (8) 
full-size Drawings constitute the total makeup of Addendum One. 

 

 
 
____________________________________________ 
Y:\22-117 Valparaiso CS - Flint Lake ES AHU Replacement and Related Work\Specs\ADDENDUM ONE\AD01.doc 
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SEQUENCE OF OPERATION 23 09 93-1 
 

SECTION 23 09 93 
SEQUENCE OF OPERATION 

1 General 
1.1 Section Includes 

A. Building Pressure Control. 

B. Chiller Control 

C. Chilled water pump control 

D. VAV Air Handling Unit Control 

1.2 Related Sections 
A. Section 23 05 00 - General HVAC Requirements. 

B. Section 23 05 13 - Motors. 

C. Section 23 05 14 - Variable Frequency Drives. 

D. Section 23 05 93 - Testing, Adjusting and Balancing. 

E. Section 23 09 13 - Automatic Temperature Control System. 

F. Section 23 09 63 - Instrument Devices. 

G. Section 23 81 26 - Split Air Conditioning Units. 

1.3 System Description 
A. This Specification Section defines the manner and method by which the 

building automation system functions.  Requirements for each type of building 
system control are specified herein.  Equipment, devices, and system 
components required for the building automation system are specified in 
other Specification Sections. 

1.4 Submittals 
A. Submit submittals under provisions of Specification Division 1. 

B. Submit diagrams indicating each mechanical system controlled and the 
respective control system components required, including component 
setting(s), component adjustable range of control and component operating 
limits. 

C. Submit with diagrams the mechanical system written sequence of operation 
description. 
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SEQUENCE OF OPERATION 23 09 93-2 
 

D. Include flow diagrams for each control system, graphically depicting control 
logic. 

E. Include draft copies of graphic displays indicating mechanical system 
components, control system components, and controlled function status and 
values. 

1.5 Project Record Documents 
A. Submit documents under provisions of Specification Division 1. 

B. Accurately record actual set points and settings of controls, including 
changes to sequences made after submission of shop drawings. 

2 Products 
Not Used. 

3 Execution 
3.1 Centralized Equipment Coordination: 

A. Provide through the building automation system, control panels, control 
devices, graphic solutions, and software programs a master software program 
to coordinate equipment operation.  The coordination program shall provide 
the following function: 

1. Outdoor Air Temperature: 

a. Provide one (1) outdoor air temperature sensor, located on the 
exterior north side of this building, installed at representative outdoor 
temperature sensing location to calculate the outdoor air 
temperature.  Provide software and error checking to exclude 
unreliable temperature readings.  

b. Provide an information block within each Air Handling Unit graphic 
that indicates the current outdoor air temperature reading. 

2. Relative Humidity: 

a. Provide one (1) outdoor air relative humidity sensor, located on the 
exterior of this building, installed at representative outdoor humidity 
sensing location to calculate the outdoor air relative humidity. 
Provide software and error checking to exclude unreliable relative 
humidity readings. 

b. Provide an information block within each Air Handling Unit graphic 
that indicates the current outdoor air relative humidity reading. 

3. Outdoor Air Dew-point Control: 



 
Thomas Jefferson MS Chiller Replacement and  

Flint Lake ES School Air Handling Units  
Replacement and Related Work 

22-116/22-117 

   
     

 

 

SEQUENCE OF OPERATION 23 09 93-3 
 

a. Using the outdoor air humidity reading and the outdoor air 
temperature reading, calculate the outdoor air dew-point. Based 
upon this dew-point calculation, index the operating mode of the 
unit ventilator economizer controls as follows: 

(1) If the outdoor air temperature is less than 65 degrees 
Fahrenheit (adjustable) and calculated dew-point is less than 
50 degrees Fahrenheit (adjustable), then allow the unit 
economizer to control on mixed air dry bulb temperature. 

(2) If the outdoor air temperature is greater than 
65 degrees Fahrenheit (adjustable) or the calculated       
dew-point temperature is greater than 50 degrees Fahrenheit 
(adjustable) then disable the economizer control and enable 
the minimum unit outdoor air control. 

b. Provide a continuous monitoring of the calculated dew-point.  
Provide an information block within each System graphic that 
indicates the current outdoor air dew-point. 

c. If the calculation of the outdoor air dew-point fails or the building 
automation system communication link fails provide a default to 
disable the economizer control (revert to minimum unit outdoor air 
control).  

3.2 Chilled Water System Control: 
A. Chilled Water System consists of one (1) Packaged Air Cooled Chiller with 

constant volume chilled water primary pumping and chilled water variable 
volume secondary building system pumping. Chiller shall be disabled and 
exterior primary piping/chiller evaporator drained during the “cooling 
shutdown months”; exterior chilled water primary piping/chiller evaporator 
shall be refilled prior to start-up of the chilled water system. 

B. Chiller Plant Control 

1. The Temperature Control Contractor shall provide the Chilled Water Plant 
Control System (CPCS) outlined below and be responsible for the 
installation as outlined, including the building automation system 
controller, control wiring, programming, checkout and Valparaiso 
Community Schools personnel training on the system.  

2. A BACnet interface from the chiller manufacturer management panel 
shall be provided that shall transmit the points from the chiller control 
panel to the CPCS as listed in this Specification Section. 
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3. Temperature Control Contractor shall provide all devices; including the 
chilled water circulating pump variable frequency drives (VFD). The 
sensor wells, flow meter, and differential pressure taps shall be provided 
by the Temperature Control Contractor and installed by the Mechanical 
Contractor. All control interlock wiring, conduit, supports, etc. required by 
chiller control panel, chiller plant control system, and all field mounted 
sensors/devices shall be installed and coordinated by the Temperature 
Control Contractor including the water flow sensor and remote water 
pressure transducer.  

C. Manual/Automatic Pump Control: 

1. The chiller and pump(s) shall function independently of the DDC 
controller when their individual Hand/Off/Automatic (HOA) switches are 
in the hand position.  The chiller start/stop shall be controlled by their 
respective chiller control panel. 

2. The chiller and pump(s) start/stop shall be controlled by the DDC 
controller when their individual Hand/Off/Automatic (HOA) switches are 
in the automatic position. 

3. Building Power Failure (Cooling Mode):  Temperature Control System shall 
automatically enable/restart circulating pumps upon restoration of 
building electrical power. Coordinate/interlock sequence with the chiller 
plant control system operation. 

D. Chiller System Startup: 

1. The chilled water system startup shall be initiated manually (local or 
remote) by Schools personnel at the beginning of each cooling season. 
Thereafter, the CPCS shall be initiated by an enable/disable command 
as transmitted from the BAS system. 

2. The CPCS shall operate the chilled water system in the summer mode 
when the outdoor air temperature is equal to or greater than 
55 degrees F. (adjustable). If the outdoor air temperature is less than 50 
degrees F (adjustable) and a start command is received from the 
building automation system, it shall be ignored as an invalid command.  

a. This command may be overridden by School’s personnel with the 
proper password. 

E. Chilled Water Set Point: 

1. The chilled water supply temperature set point for the CPCS shall be 
transmitted via the building automation system. The chiller leaving water 
temperature shall be determined by the CPCS to meet the leaving 
chilled water temperature set point.  

a. The chilled water supply temperature set point shall be 44 degrees F. 
(adjustable). 
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F. Chiller Plant Control System Operation: 

1. Summer Operation: 

a. Upon receiving an enable signal from the building automation 
system, the chilled water system shall be enabled when any building 
zone assigned to the system is in the occupied mode. 

b. The primary chilled water and secondary chilled water circulating 
pump(s) shall be enabled. Primary chilled water pump shall operate 
in lead/lag to the corresponding chiller operation to maintain the 
primary chilled water loop temperature while the secondary pump(s) 
respond to the remote differential pressure sensor (reuse existing) to 
maintain the building system flow requirements. 

c. On proof of continuous chilled water flow and a time lag of 2 
minutes (adjustable), the chiller shall start and operate under control 
of the appropriate chiller control panel as described in Specification 
Section 23 64 25 - Air Cooled Water Chiller. 

d. When the building automation system transmits a chilled water 
disable command, the chiller shall begin sequencing to the off 
position. The chilled water circulating pumps shall continue to 
operate for an additional 15 minutes (adjustable) or until the chiller 
controller indicates a safe shutdown condition, whichever is longer. 

e. Failure Sequence: If the chiller fails, as indicated by the chiller plant 
control system, indicate a “chiller failed” alarm via the BAS. The 
chilled water pumps shall continue to operate for an additional 15 
minutes (adjustable) or until the chiller controller indicates a safe 
shutdown condition, whichever is longer. 

2. Winter Operation: 

a. When the building automation system switches to winter operation, 
disable the CPCS, chiller control panel, and operate the chilled 
water circulating pump(s) for an additional 15 minutes (adjustable) 
prior to disabling pump operation or until the chiller control panel 
indicates a safe shutdown condition, whichever is longer. 

b. The school shall manually shutdown/disable the chilled water system 
and perform exterior primary chilled water system piping/chiller 
evaporator drain down as required for safe freeze 
protection/control. 

3. All safety controls to be furnished and adjusted by the Chiller 
Manufacturer.  The Temperature Control Contractor shall provide all 
interlock and control wiring between the chiller control panel and all field-
mounted sensors supplied by the Chiller Manufacturer.  The conduit and 
wiring from the chilled water plant control system panel (within the 
building automation system) to chiller control panels shall be by the 
Temperature Control Contractor. 



 
Thomas Jefferson MS Chiller Replacement and  

Flint Lake ES School Air Handling Units  
Replacement and Related Work 

22-116/22-117 

   
     

 

 

SEQUENCE OF OPERATION 23 09 93-6 
 

G. System Monitoring:   

1. Provide the monitoring and control points as indicated on Contract 
Documents.  All points and control settings shall be capable of being 
read and adjusted at a local/remote building automation system 
terminal.   

2. Provide a color graphic for the chilled water system as indicated within 
Specification Section 23 09 13 - Automatic Temperature Control System. 

H. Point List (Minimum): 

1. The following points shall be transmitted/received by the HPCS through 
the BACnet interface to the BMS. The points listed shall be duplicated for 
each chilled water pump, refrigerant circuit, etc. (when applicable). 

a. Chiller Enable/Disable Command (each chiller) 

b. Chiller Status (each chiller) 

c. Chiller Failure Alarm (each chiller) 

d. Building Chilled Water Set Point 

e. Building Chilled Water Supply Temperature  

f. Building Chilled Water Return Temperature 

g. Building Chilled Water Flow (GPM) from Return Water Flow Meter 

h. Outdoor Air Temperature (Existing Global) 

i. Outdoor Air Humidity (Existing Global) 

j. Primary Chilled Water Pump Start/Stop 

k. Primary Chilled Water Pump Status 

l. Secondary Chilled Water Pump VFD Enable/Disable Command 
(each pump) 

m. Secondary Chilled Water Pump VFD Status (each pump) 

n. Secondary Chilled Water Pump VFD Operating Hertz (each pump) 

o. Secondary Chilled Water Pump VFD Failure Alarm (each pump) 

p. Chiller Flow Switch Status 

q. Chiller Chilled Water Set Point 

r. Chilled Water System Differential Pressure 
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3.3 Building Pressure Control: 
A. Provide outdoor and indoor static pressure probes for system serving Air 

Handling Unit control shall integrate into new control system.  Terminate 
indoor static pressure lines within an empty thermostat cover. 

B. Through an electronic differential pressure transmitter, maintain the building 
zone static pressure to plus 0.05-inch WC (adjustable). 

C. Provide proportional integral control to modulate the associated relief 
damper(s) through a continuously variable output.  

D. The Testing, Adjusting and Balancing Contractor shall establish building air 
pressurization set point.  

E. The relief damper operation shall be coordinated with the hour/day/month 
scheduling program operation of the associated systems.  When the systems 
are not in operation the relief damper(s) shall not be in operation (fully 
closed). 

3.4 Variable Air Volume Units: AHU-A1 and AHU-C1 
A. Mode of Operation: 

1. Each air handler variable frequency speed drive (VFD) shall have a 
Hand/Off/Automatic switch.  In the hand position, the fan shall run 
continuously and its speed shall be controlled by a manual speed control 
integral to the VFD.  All temperature and fan system safeties shall remain 
functional as described below.  In the automatic position, the DDC 
system shall control all system functions as described. 

2. The air handler shall be in either the occupied or unoccupied mode as 
determined by the day/night control panel.  The BAS system shall 
coordinate the operation of the air handler with the occupied 
/unoccupied operation of the air handler's associated terminal devices. 

B. Safety Interlocks: 

1. Freeze Protection:  Through a minimum of two hardwired freezestat 
interlocks, stop the fan and close the outdoor air damper when the 
heating coil discharge air temperature drops below 40 degrees F.  Also, 
fully open the unit valves to the coil, start heating coil circulating pump, , 
start the heating coil recirculating pump,> and signal an alarm. 

2. Smoke Detection:  Stop the fan system and close the outside air damper 
through a hardwired interlock, when smoke is detected by either duct air 
smoke detector. 
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C. Supply Air Pressure Control: 

1. On any command to start, start the VFD and ramp its speed to maintain 
the static pressure setpoint without exceeding the system high static limit.  
The system pressure setpoint shall be slowly ramped from zero to the 
normal system pressure.  The system supply pressure shall be measured at 
a point 80 percent down the length of each main duct run, as indicated 
on Drawings.  If more than one duct pressure transmitter is indicated, the 
lowest end of run duct pressure shall be used to maintain system pressure. 

2. Provide a pressure transmitter at the fan discharge to limit the VFD speed 
command so that the maximum discharge pressure is not exceeded.  
Maximum discharge static pressure requirements shall be determined 
during the system air balance at start-up. 

3. The DDC controller shall monitor the inlet damper position of the 
associated terminal devices.  The system duct pressure setpoint shall be 
slowly ramped up or down to allow the maximum inlet damper position 
to be 95 percent open.  Provide independently adjustable increase and 
decrease ramp rates and high and low duct pressure setpoint limits. 

D. Occupied Mode: 

1. Morning Start-up: 

a. Utilize an optimum start routine based on outside and inside air 
temperatures to adjust the air handler start time so that the space 
shall be at setpoint at its scheduled occupancy time. 

b. Warm-up:  When the outside temperature is below 50 degrees F and 
the air system is commanded to start, the outdoor air damper shall 
remain fully closed and the return air damper shall remain fully open.  
Disable the cooling control.  Through the BAS, the associated 
terminal devices shall be commanded to their warm-up mode. 
Maintain a discharge temperature of 95 degrees F until the return air 
temperature is 70 degrees F.  The BAS shall then command the 
terminal devices to their normal mode and the air handler shall index 
to normal operation. 

2. Normal Operation: 

a. Outdoor/Return Air Damper Control: 

1) If the outdoor air temperature is below 20 degrees F or above 
60 degrees F, use the minimum outdoor air duct, close the main 
outside air damper and modulate the minimum damper and 
return damper with the air flow station to obtain the minimum 
outdoor air volume scheduled on Drawings.  Provide an 
adjustable minimum outdoor air volume setting. 
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2) If the outdoor air temperature is between 20 degrees F and 
60 degrees F, modulate the supply air and return air dampers 
from their minimum positions to maintain the mixed air 
temperature setpoint. 

3) The mixed air temperature setpoint shall be 55 degrees F. 

4) During cooling operation, the mixed air temperature setpoint 
shall be set to 55 degrees F.  During heating operation, the 
mixed air temperature setpoint shall be set to the supply air 
temperature setpoint. 

5) The mixed air temperature setpoint shall be reset from 55 to 
65 degrees F as the outdoor air temperature varies from 55 to 
0 degrees F. 

b. Temperature Control: 

1) Maintain the supply air temperature at setpoint by modulating 
the heating valve and cooling valve in sequence. 

2) Maintain the supply air temperature at setpoint by modulating 
the heating valve and cooling coil valve in sequence  

3) The supply air temperature setpoint shall be reset from 55 to 
65 degrees F as the outside air temperature varies from 65 to 
0 degrees F. 

4) The supply air temperature setpoint shall be 55 degrees F. 

c. Humidity Control: 

1) If the return air humidity becomes too high, the DDC system shall 
override the normal supply air control.  The cooling coil 
discharge temperature shall then be maintained at 55 degrees F 
and the terminal unit supply air temperature maintained at 
setpoint by space temperature control modulating the hot 
water reheat coils on the VAV boxes. 

E. Unoccupied Mode: 

 
1. Upon command from the day/night schedule open the return air damper 

and, close the outside air dampers.  When the outside air temperature is 
below 35 degrees F, open the unit valves to 10 percent open 
(adjustable). 

2. The air handler's associated terminal unit devices shall maintain their 
individual unoccupied temperature setpoint as described in their 
sequence of operation. 
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3. The DDC system shall monitor the associated zone temperatures.  When 
any zone temperature falls below the unoccupied temperature setpoint, 
start the air handler and maintain a 95 degrees F discharge air 
temperature.  The outside air damper shall remain closed.  The BAS shall 
command the associated terminal units to their warm-up mode.  When 
the zone temperature reaches the unoccupied temperature setpoint 
stop the air handler and command the associated terminal units to their 
unoccupied mode. 

4. The BAS shall monitor each zone temperature and provide high and low 
temperature alarm for both occupied and unoccupied modes of 
operation. 

F. Outdoor Air Damper Override:  Provide from the day/night panel through the 
DDC system a manual override of the outdoor air damper to allow the unit to 
operate in the cooling mode with the outdoor air damper fully closed and the 
return damper open. 

G. Monitoring:  Provide monitoring and control points as indicated on Drawings.  
Provide a graphic for each air handler on all system graphic stations. 

3.5 Variable Air Volume Handling Units – AHU-B1   
A. Mode of Operation: 

1. The air handler variable frequency speed drive (VFD) shall have a 
Hand/Off/Automatic switch.  In the hand position, the fan shall run 
continuously and its speed shall be controlled by a manual speed control 
integral to the VFD.  All temperature and fan system safeties shall remain 
functional as described below.  In the automatic position, the DDC 
system shall control all system functions as described. 

2. The air handler shall be in either the occupied or unoccupied mode as 
determined by the day/night scheduling program provided from the BAS. 
The BAS system shall coordinate the operation of the air handler with the 
occupied /unoccupied operation of the air handler's associated terminal 
devices. 

B. Safety Interlocks: 

1. Freeze Protection:  Through a minimum of two hardwired freezestat 
interlocks, stop the fan and close the outdoor air damper when the 
heating coil discharge air temperature drops below 40 degrees F.  Also, 
fully open the unit valves to the coil, and signal an alarm. 

2. Smoke Detection:  Stop the fan system and close the outside air damper 
through a hardwired interlock, when smoke is detected by either duct air 
smoke detector. 
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C. Supply Air Pressure Control: 

1. On any command to start, start the VFD and ramp its speed to maintain 
the static pressure setpoint without exceeding the system high static limit.  
The system pressure setpoint shall be slowly ramped from zero to the 
normal system pressure.  The system supply pressure shall be measured at 
a point 80 percent down the length of each main duct run, as indicated 
on Drawings.  If more than one duct pressure transmitter is indicated, the 
lowest end of run duct pressure shall be used to maintain system pressure. 

2. Provide a pressure transmitter at the fan discharge to limit the VFD speed 
command so that the maximum discharge pressure is not exceeded.  
Maximum discharge static pressure requirements shall be determined 
during the system air balance at start-up. 

3.  

D. Occupied Mode: 

1. Morning Start-up: 

a. Utilize an optimum start routine based on outside and inside air 
temperatures to adjust the air handler start time so that the space 
shall be at setpoint at its scheduled occupancy time. 

b. Warm-up:  When the outside temperature is below 50 degrees F and 
the air system is commanded to start, the outdoor air damper shall 
remain fully closed and the return air damper shall remain fully open.  
Disable the DX cooling control.  Through the BAS, the associated 
terminal devices shall be commanded to their warm-up mode. 
Maintain a discharge temperature of 95 degrees F until the return air 
temperature is 70 degrees F.  The BAS shall then command the 
terminal devices to their normal mode and the air handler shall index 
to normal operation. 

2. Normal Operation: 

a. Outdoor/Return Air Damper Control: 

1) Provide Room CO2 sensors where indicated on the drawings to 
maintain an average 700ppm (minimum) to 1000ppm 
(maximum) CO2 levels and establish the minimum outdoor air 
damper position. The minimum airflow scheduled on the 
drawings are adjustable minimum outdoor air volume setting. 

2) If the outdoor air temperature is below 20 degrees F or above 
60 degrees F, use the outdoor air measuring station and 
modulate the outdoor air damper to maintain the minimum 
outdoor air volume scheduled on Drawings. Provide an 
adjustable minimum outdoor air volume setting. 
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3) If the outdoor air temperature is between 30 degrees F and 
60 degrees F, modulate the supply air and return air dampers 
from their minimum positions to maintain the mixed air 
temperature setpoint. 

4) The mixed air temperature setpoint shall be 55 degrees F. 

5) The mixed air temperature setpoint shall be reset from 55 to 
65 degrees F as the outdoor air temperature varies from 55 to 
0 degrees F. 

6) During cooling operation, the mixed air temperature setpoint 
shall be set to 55 degrees F.  During heating operation, the 
mixed air temperature setpoint shall be set to the supply air 
temperature setpoint. 

b. Temperature Control: 

 
1) Maintain the supply air temperature at setpoint by modulating 

the heating valve and staging the DX cooling coil in sequence.  
Disable the freezestat interlock when the DX coil is in operation. 

a) The condensing unit shall have a hardwire interlock with the 
air handling unit supply fan to prove airflow. The condensing 
unit shall be locked out below 45 degrees F. 

2) The supply air temperature setpoint shall be reset from 55 to 
65 degrees F as the outside air temperature varies from 65 to       
-10 degrees F. 

3) The supply air temperature setpoint shall be 55 degrees F. 

c. Humidity Control: 

1) If the return air humidity in the return air duct exceeds 60 percent 
RH, the DDC system shall override the normal cooling supply 
control.  The cooling coil discharge temperature shall then be 
maintained at 55 degrees F and the room supply air 
temperature maintained at room setpoint by modulating the 
FPVAV box hot water reheat coil. 

E. Unoccupied Mode: 

1. Upon command from the day/night schedule, stop the supply fan, close 
the outside air damper, open the return air damper, and fully close the 
unit valve and lockout the outdoor condensing unit.  When the outside 
air temperature is below 35 degrees F, open the unit control valves to 
10%. 
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2. The air handler's associated fan powered VAV terminal devices shall 
maintain their individual unoccupied temperature setpoint as described 
in their sequence of operation. 

3. The DDC system shall monitor the associated zone temperatures.  When 
any zone temperature falls below the unoccupied temperature setpoint, 
start the air handler and maintain a 95 degrees F discharge air 
temperature.  The outside air damper shall remain closed.  The existing 
BAS shall command the associated terminal units to their warm-up mode.  
When the zone temperature reaches the unoccupied temperature 
setpoint stop the air handler and command the associated terminal units 
to their unoccupied mode. 

F. Outdoor Air Damper Override:  Provide through the DDC system a manual 
override of the outdoor air damper to allow the unit to operate in the cooling 
mode with the outdoor air damper fully closed and the return damper open. 

G. Monitoring:  Provide monitoring and control points as indicated on Drawings.  
Provide a graphic for each air handler on all system graphic stations. 

3.6 Variable Air Volume Air Handling Unit AHU-B2  
A. Mode of Operation: 

1. The air handler variable frequency speed drive (VFD) shall have a 
Hand/Off/Automatic switch.  In the hand position, the fan shall run 
continuously and its speed shall be controlled by a manual speed control 
integral to the VFD.  All temperature and fan system safeties shall remain 
functional as described below.  In the automatic position, the DDC 
system shall control all system functions as described. 

B. The air handler shall be in either the occupied or unoccupied mode as 
determined by the day/night control panel.  The BAS system shall coordinate 
the operation of the air handler with the occupied /unoccupied operation of 
the air handler's associated terminal devices. 

C. Provide, through the BAS communications network, control and monitoring 
points that are listed on the drawings see the M-800 series drawings. 

D. Safety Interlocks: 

1. Freeze Protection:  Through a minimum of two hardwired freezestat 
interlocks, stop the fan and close the outdoor air damper when the 
heating coil discharge air temperature drops below 40 degrees F.  Also, 
modulate open the unit valves to the coil, and signal an alarm. 

2. Smoke Detection:  Stop the fan system and close the outside air damper 
through a hardwired interlock, when smoke is detected by either duct air 
smoke detector. 
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E. Supply Air Pressure Control: 

1. On any command to start, start the VFD and ramp its speed to maintain 
the static pressure setpoint without exceeding the system high static limit.  
The system pressure setpoint shall be slowly ramped from zero to the 
normal system pressure.  The system supply pressure shall be measured at 
a point 80 percent down the length of each main duct run, or as 
indicated on Drawings. 

2. Provide a pressure transmitter at the fan discharge to limit the VFD speed 
command so that the maximum discharge pressure is not exceeded.  
Maximum discharge static pressure requirements shall be determined 
during the system air balance at start-up. 

F. Occupied Mode: 

1. Morning Start-up: 

a. Utilize an optimum start routine based on outside and inside air 
temperatures to adjust the air handler start time so that the space 
shall be at setpoint at its scheduled occupancy time. 

b. Warm-up:  When the outside temperature is below 50 degrees F and 
the air system is commanded to start, the outdoor economizer / 
ventilation air dampers shall remain fully closed and the return air 
damper shall remain fully open.  Disable the cooling control.  
Through the BAS, the associated terminal devices shall be 
commanded to their warm-up mode. Maintain a discharge 
temperature of 95 degrees F until the return air temperature is 
70 degrees F.  The BAS shall then command the terminal devices to 
their normal mode and the air handler shall index to normal 
operation. 

2. Normal Operation: 

a. Outdoor/Return/Relief Air Damper Control: 

1) If the outdoor air temperature is below 20 degrees F or above 
60 degrees F, use the minimum ventilation air duct, close the 
main outside air damper and modulate the minimum damper 
and return damper with the air flow station to obtain the 
minimum outdoor air volume scheduled on Drawings.   

2) Provide Room CO2 sensors where indicated on the drawings to 
maintain an average 700ppm (minimum) to 1000ppm 
(maximum) CO2 levels and establish the minimum outdoor air 
damper position. The minimum airflow scheduled on the 
drawings are adjustable minimum outdoor air volume setting. 
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3) Provide a differential air pressure control with proportion output 
to control existing relief exhaust fan EF-B11 VFD variable speed 
drive and gymnasium/dining room to 0.05” w.c. positive air 
pressure to the kitchen.  

a) Provide an outdoor and indoor static pressure probes for 
system serving each existing Classroom Pods, ancillary 
spaces building pressure control shall integrate into new 
control system.  Terminate indoor static pressure lines within 
an empty thermostat cover. 

b) Through a DDC differential pressure transmitter, maintain the 
building zone static pressure to plus 0.05-inch WC 
(adjustable). 

4) If the outdoor air temperature is between 35 degrees F and 
60 degrees F, modulate the economizer / ventilation air 
dampers and return air dampers from their minimum positions to 
maintain the mixed air temperature setpoint. 

5) The mixed air temperature setpoint shall be 55 degrees F. 

6) During cooling operation, the mixed air temperature setpoint 
shall be set to 55 degrees F.  During heating operation, the 
mixed air temperature setpoint shall be set to the supply air 
temperature setpoint. 

7) The mixed air temperature setpoint shall be reset from 55 to 
65 degrees F as the outdoor air temperature varies from 55 to 
0 degrees F. 

b. Temperature Control: 

1) Maintain the supply air temperature at setpoint by modulating 
the heating valve and cooling valve .in sequence. 

2) The supply air temperature setpoint shall be reset from 55 to 
100 degrees F as the outside air temperature varies from 65 to       
-10 degrees F 

3) The supply air temperature setpoint shall be 55 degrees F. 

c. Humidity Control: 

1) If the return air humidity becomes too high, the DDC system shall 
override the normal cooling control.  The cooling coil discharge 
temperature shall then be maintained at 55 degrees F and the 
supply air temperature maintained at setpoint by space 
temperature control modulating the terminal unit hot water 
reheat coils on the fan powered VAV boxes. 
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G. Unoccupied Mode: 

1. Upon command from the day/night schedule, stop the supply fan, close 
the economizer/ventilation air dampers, open the return air damper, and 
fully close the unit valves.  When the outside air temperature is below 
35 degrees F, open the unit valves to 10 percent of fully open. 

2. The fan will start upon any one of the vav terminal units calling for heat or 
cooling from the respective room sensors unoccupied setback 
temperature setting.  

3. The air handler's associated terminal devices shall maintain their individual 
unoccupied temperature setpoint as described in their sequence of 
operation. 

4. The DDC system shall monitor the associated zone temperatures.  When 
any zone temperature falls below the unoccupied temperature setpoint, 
start the air handler and maintain a 95 degrees F discharge air 
temperature.  The outside air damper shall remain closed.  The BAS shall 
command the associated terminal units to their warm-up mode.  When 
the zone temperature reaches the unoccupied temperature setpoint 
stop the air handler and command the associated terminal units to their 
unoccupied mode. 

5. The BAS shall monitor each zone temperature and provide high and low 
temperature alarm for both occupied and unoccupied modes of 
operation. 

H. Ventilation Air Damper Override:  Provide from the day/night panel through 
the DDC system a manual override of the ventilation air damper to allow the 
unit to operate in the cooling mode with the economizer / ventilation air 
dampers fully closed and the return damper open. 

I. Monitoring:  Provide monitoring and control points as indicated on Drawings.  
Provide a graphic for each air handler on all system graphic stations. 

3.7 Constant Volume: AHU-B3 (Gymnasium) 
A. Mode of Operation: 

1. All equipment described is to operate in the automatic position of the 
motor starter Hand/Off/Automatic switch under normal conditions.  When 
in the hand position, the fan shall operate continuously.  All temperature 
and fan system safeties shall remain functional as described below.  In 
the automatic position, the temperature control panel shall control all 
system functions as described. 

2. The air handler shall have an occupied and an unoccupied heating 
space temperature setpoint.  The air handler shall be in either the 
occupied or unoccupied mode as determined by the day/night 
scheduling program within the BAS. The space temperature setpoint shall 
be adjustable through the air handler DDC controller and through the 
Building Automation System (BAS) remote terminal. 
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B. Safety Interlocks: 

1. Freeze Protection:  Through a minimum of two hardwired freezestat 
interlocks, stop the fan and close the outdoor air damper when the 
heating coil discharge air temperature drops below 45 degrees F.  Also, 
fully open the heating valves to the coils and signal an alarm. 

2. Smoke Detection:  Stop the supply fan and relief fan system and close 
the outside air dampers through a hardwired interlock, when smoke is 
detected by either duct smoke detector. 

C. Occupied Mode: 

1. Morning Start-up: 

a. Utilize an optimum start routine based on outside and inside air 
temperatures to adjust the air handler start time so that the space 
shall be at setpoint at its scheduled occupancy time. 

b. Warm-up:  When the outside temperature is below 50 degrees F and 
the air system is commanded to start, the outdoor air damper shall 
remain fully closed and the return air damper shall remain fully open.  
Enable the heating control until the return air temperature is 
70 degrees F.  The system shall then index to normal operation. 

2. Normal Operation: 

a. Outdoor/Return Air Damper Control: 

1) Provide Room CO2 sensors where indicated on the drawings to 
maintain an average 700ppm (minimum) to 1100ppm 
(maximum) CO2 levels and establish the minimum outdoor air 
damper position. The minimum airflow scheduled on the 
drawings are adjustable minimum outdoor air volume setting. 

2) If the outdoor air temperature is below 30 degrees F, set the 
outdoor air damper to its minimum position.  Provide an 
adjustable minimum outdoor air damper position to maintain 
average CO2. 

3) If the outdoor air temperature is above 30 degrees F, modulate 
the supply air and return air dampers from their minimum 
positions to maintain the mixed air temperature setpoint. 

4) The mixed air temperature setpoint shall be 55 degrees F. 

5) During ventilation operation the mixed air temperature setpoint 
shall be set to 55 degrees F.  During heating operation, the 
mixed air temperature setpoint shall be set to the supply air 
temperature setpoint. 
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6) The mixed air temperature setpoint shall be reset from 55 to 
65 degrees F as the outdoor air temperature varies from 55 to 
30 degrees F. 

b. Temperature Control: 

1) Maintain the supply air temperature at setpoint by modulating 
the heating valve in sequence. 

2) The supply air temperature setpoint shall be reset from 55 to 
100 degrees F as the outside air temperature varies from 65 to       
-10 degrees F 

 

D. Unoccupied Mode: 

1. Upon command from the day/night schedule, stop the supply fan, 
close the outside air damper, open the return air damper, and fully close 
the heating valve to the coil.  When the outside air temperature is below 
35 degrees F, fully open the heating water control valve to the coil. 

2. Upon command from the day/night schedule open the return air damper 
and, close the outside air damper.  When the outside air temperature is 
below 30 degrees F, open the heating water valve to 10 percent open. 

3. When the space temperature falls below the unoccupied space 
temperature setpoint, start the air handler and enable the heating 
control.  The outside air damper shall remain closed.  When the space 
temperature reaches the unoccupied temperature setpoint stop the air 
handler.  Provide an adjustable dead band for on/off operation. 

E. Monitoring:  Provide the monitoring and control points as indicated on 
Drawings.  Provide a graphic for each air handler on all system graphic 
stations. 

3.8 Variable Air Volume Units: AHU-B4 (w/F&B DAMPER) 
A. Mode of Operation: 

1. The air handler variable frequency speed drive (VFD) shall have a 
Hand/Off/Automatic switch.  In the hand position, the fan shall run 
continuously and its speed shall be controlled by a manual speed control 
integral to the VFD.  All temperature and fan system safeties shall remain 
functional as described below.  In the automatic position, the DDC 
system shall control all system functions as described. 

2. The air handler shall be in either in the occupied or unoccupied mode as 
determined by the existing day/night BAS system control panel.  
Coordinate the operation of the air handling unit with the occupied 
/unoccupied operation of the air handler's associated terminal devices. 

B. Safety Interlocks: 
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1. Freeze Protection:  Through a minimum of two hardwired freezestat 
interlocks, stop the fan and close the outdoor air damper when the 
heating coil discharge air temperature drops below 40 degrees F.  Also, 
fully open the unit valves to the coil, and signal an alarm. 

2. Smoke Detection:  Stop the fan system and close the outside air damper 
through a hardwired interlock, when smoke is detected by either duct air 
smoke detector. 

C. Supply Air Pressure Control: 

1. On any command to start, start the VFD and ramp its speed to maintain 
the static pressure setpoint without exceeding the system high static limit.  
The system pressure setpoint shall be slowly ramped from zero to the 
normal system pressure.  The system supply pressure shall be measured at 
a point 80 percent down the length of each main duct run, as indicated 
on Drawings.  If more than one duct pressure transmitter is indicated, the 
lowest end of run duct pressure shall be used to maintain system pressure. 

2. Provide a pressure transmitter at the fan discharge to limit the VFD speed 
command so that the maximum discharge pressure is not exceeded.  
Maximum discharge static pressure requirements shall be determined 
during the system air balance at start-up. 

D. Occupied Mode: 

1. Morning Start-up: 

a. Utilize an optimum start routine based on outside and inside air 
temperatures to adjust the air handler start time so that the space 
shall be at setpoint at its scheduled occupancy time. 

b. Warm-up:  When the outside temperature is below 50 degrees F and 
the air system is commanded to start, the outdoor air damper shall 
remain fully closed and the return air damper shall remain fully open.  
Disable the cooling control.  Through the BAS, the associated 
terminal devices shall be commanded to their warm-up mode. 
Maintain a discharge temperature of 95 degrees F until the return air 
temperature is 70 degrees F.  The BAS shall then command the 
terminal devices to their normal mode and the air handler shall index 
to normal operation. 

2. Normal Operation: 

a. Outdoor/Return Air Damper Control: 

1) If the outdoor air temperature is between 20 degrees F and 
60 degrees F, modulate the supply air and return air dampers 
from their minimum positions to maintain the mixed air 
temperature setpoint. 

2) The mixed air temperature setpoint shall be 55 degrees F. 
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3) During cooling operation, the mixed air temperature setpoint 
shall be set to 55 degrees F.  During heating operation, the 
mixed air temperature setpoint shall be set to the supply air 
temperature setpoint. 

4) The mixed air temperature setpoint shall be reset from 55 to 
65 degrees F as the outdoor air temperature varies from 55 to      
-10 degrees F. 

b. Temperature Control: 

1) Maintain the supply air temperature at setpoint by modulating 
the heating valve and cooling valve in sequence. 

2) When the mixed air temperature is above 45 degrees F, fully 
open the face and bypass dampers to the coil and modulate 
the heating and cooling coil valves in sequence to maintain 
supply temperature.  When the mixed air temperature is below 
45 degrees F, fully open the heating coil valve and modulate 
the face and bypass dampers to maintain supply temperature.  
Disable the cooling coil operation. 

3) The supply air temperature setpoint shall be 55 degrees F. 

4) The supply air temperature setpoint shall be reset from 55 to 
100 degrees F as the outside air temperature varies from 65 to       
-10 degrees F. 

c. Humidity Control: 

1) If the return air humidity rises above 60% RH, the DDC system shall 
override outdoor air economizer and the normal cold deck 
control.  The cold deck discharge temperature shall then be 
maintained at 55 degrees F and the room supply air 
temperature maintained at setpoint by space temperature 
control modulating the hot water reheat coils on the fan 
powered fan powered VAV terminal boxes. 

E. Unoccupied Mode: 

1. Upon command from the day/night schedule, stop the supply fan, close 
the outside air damper, open the return air damper, and fully close the 
unit valves.  When the outside air temperature is below 35 degrees F, fully 
open the unit valves. 

2. Upon command from the day/night schedule open the return air damper 
and, close the outside air damper.  When the outside air temperature is 
below 35 degrees F, open the unit valves to 10 percent open. 

3. The air handler's associated terminal devices shall maintain their individual 
unoccupied temperature setpoint as described in their sequence of 
operation. 
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4. The DDC system shall monitor the associated zone temperatures.  When 
any zone temperature falls below the unoccupied temperature setpoint, 
start the air handler and maintain a 95 degrees F discharge air 
temperature.  The outside air damper shall remain closed.  The BAS shall 
command the associated fan powered VAV units to their warm-up 
mode.  When the zone temperature reaches the unoccupied 
temperature setpoint stop the air handler and command the associated 
terminal units to their unoccupied mode. 

5. The BAS shall monitor each zone temperature and provide high and low 
temperature alarm for both occupied and unoccupied modes of 
operation. 

F. Outdoor Air Damper Override:  Provide from the day/night panel through the 
DDC system a manual override of the outdoor air damper to allow the unit to 
operate in the cooling mode with the outdoor air damper fully closed and the 
return damper open. 

G. Monitoring:  Provide monitoring and control points as indicated on Drawings.  
Provide a graphic for each air handler on all system graphic stations. 

3.9 Kitchen Hood Constant Volume Make-Up Air Unit:  AHU-B5 
A. Mode of Operation: 

1. All equipment described is to operate in the automatic position of the 
motor starter Hand/Off/Automatic switch under normal conditions.  When 
in the hand position, the fan shall operate continuously.  All temperature 
and fan system safeties shall remain functional as described below.  In 
the automatic position, the DDC controller shall control all system 
functions as described. 

B. Safety Interlocks: 

1. Freeze Protection:  Through a minimum of two hardwired freezestat 
interlocks, stop the fan and close the outdoor air damper when the 
heating coil discharge air temperature drops below 50 degrees F.  Fully 
open the heating water valves to the coil. Signal an alarm. 

2. Smoke Detection:  Stop the fan system and close the outside air damper 
through a hardwired interlock, when smoke is detected by the supply air 
smoke detector or on an alarm from the kitchen hood. 

C. Unit Operation: 

1. Interlock the makeup air unit to start any time the existing kitchen hood is 
started. Fan shall run continuously and at constant volume airflow. 

2. On a start command, fully open the outdoor air damper and start the 
unit fan through a damper end switch.  Interlock with the existing hood 
exhaust fan to start when the outdoor air damper end switch is made. 

3. BELOW 40 DEG F AMBIENT: 
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a. Maintain the supply air temperature at 65 degrees F (adjustable) by 
modulating the three-way heating water valve and  open the face 
dampers/close the bypass dampers. 

4. ABOVE 40 DEGREES F AMBEINT:   

a. The coil valve shall fully open and the face and bypass dampers 
shall modulate to maintain a constant discharge temperature of 65 
degrees F (adjustable).   

5. Unit shall stop and the outside air damper close when the kitchen hood is 
shut off and the three-way valve shall bypass the coil   

D. Provide monitoring and control points as indicated on Drawings. 

 

3.10 Occupied/Unoccupied Zone Control: 
A. The Existing building automation system shall index the individual zones 

between occupied and unoccupied cycles through the hour/day/month 
scheduling program.  

1. Starting and stopping of the existing terminal units, and specific exhaust 
fans are coordinated between the Occupied/Unoccupied cycle routine 
and the optimum start routine. 

2. This contractor is to provide the integration of the air handing units, for 
the desired building temperatures during occupancy.  

3. This contractor is to coordinate the existing optimum start (morning warm-
up) routine of the new air handling units and the existing gymnasium 
exhaust fan shall remain indexed as in the original control sequence. 

B. Existing Manual override of the occupied/unoccupied control of manual 
schedule shall remain unchanged.  Verify final location with School to 
coordinate AHU existing override occupancy schedule.  That when manually 
activated, the override shall index the zone to the occupied mode for a two-
hour period (adjustable).  The zone shall then revert to its scheduled mode. 

C. Provide a manual outdoor air damper override control sequence through 
the building automation system. Override control shall be manually activated 
by School personnel to allow heating/cooling equipment provided with 
outdoor air dampers to be operated in the occupied mode with the outdoor 
air dampers fully closed. Provide lock-out of any manual operation that could 
leave outdoor air dampers in the “open position”. 
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APPENDIX A 
This Appendix identifies the function of the control system points list for the building 
management system and DDC control systems shown on Drawings. 

Column Descriptions: 

1. Tag Number The identifying number of the device to be monitored.  
The roughly follows industry standard ISA S5.1.  These 
tag numbers are used on the control drawings and in 
the sequence of operation description. 

2. Description An identifying description of the points function. 
3. Device Spec. The hard ware specification for the device monitored 

or controlled as listed in section 23 09 63. 
4. Signal Type The general type of device input or output. 
5. Notes Special notations to clarify device application. 

 
The following columns indicate which DDC application features should be used with the 
individual devices.  Their usage is indicated by an "X" in the appropriate column.  Final 
applications should be reviewed with the Owner and Architect/Engineer as specified. 

6. High Alarm When the measured condition goes above set limits an 
alarm condition should be indicated. 

7. Low Alarm When the measured condition goes above set limits an 
alarm condition should be indicated. 

8. Fail Alarm When a point fails to give a proper indication of status 
after a command or an unacceptable condition 
indication. Examples are pump not indicating its status 
after being commanded to start, freezestats or 
pressure switches tripping. 

9. Time Tot. The time the point is in the on conditions should be 
accumulated. 

10. Analog Tot. The analog value of the point which is monitored 
should be accumulated in the appropriate 
engineering units. 

11. Trend The point monitored should be sampled and stored at 
15-minute intervals (adjustable) and be made 
available for realtime trend plotting and/or historical 
trend plotting on a graphic, soft copy and/or hard 
copy device.  A minimum of 12 hours shall be stored in 
the DDC controller not the BAS front end. 

 

END OF SECTION 
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SECTION 26 29 15  
MOTOR STARTERS 

1 General 
1.1 Summary 

A. Section Includes: 

1. Motor starters and all power and control wiring complete for all electric 
motor driven equipment. 

2. All necessary pushbuttons, selector switches and similar control devices 
not specifically furnished by others.  Provide these devices of the same 
manufacturer as the starters. 

1.2 Related Sections: 
1. Division 23 – Heating Ventilating and Air Conditioning. 

2. Section 26 05 00 - Basic Electrical Requirements. 

3. Section 26 05 53 - Electrical Identification. 

4. Section 26 28 13 - Low Voltage Cartridge Fuses - 600 Volts and Less. 

1.3 References 
A. ANSI/NECA 1-2006 – Good Workmanship in Electrical Contracting. 

B. NFPA 70, Latest Edition (NEC) National Electrcal Code with amendments as 
applied by adopting agency or authority. 

C. UL - Underwriters Laboratories, Inc. 

1.4 System Descriptions 
A. Manual motor starters. 

B. Automatic motor starters. 

1.5 Submittals 
A. Submit shop drawings and product data under provisions of Division 01 and 

Section 26 05 00. 

B. For each starter, submit all electrical characteristics, including voltage, NEMA 
size, control wiring diagram, and motor starter label (e.g., MSA-1). 
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1.6 Quality Assurance 
A. Provide motor protection switches of the appropriate NEMA size.  For units not 

using NEMA rating, use equivalent NEMA size. 

B. Conform to requirements of NFPA 70. 

C. Furnish products listed and classified by UL as suitable for purposes specified 
and shown. 

D. Perform work in accordance with NECA Standard of Installation. 

1.7 Delivery, Storage and Handling 
A. Deliver, store and handle materials in accordance with Division 01 and 

Section 26 05 00. 

1.8 Sequencing and Scheduling 
A. Sequence and schedule work in accordance with Division 01 and Section 

26 05 00. 

1.9 Warranty 
A. Provide warranty in accordance with requirements of Division 01 and Section 

26 05 00. 

2 Products 
2.1 Manufacturers 

A. Allen-Bradley. 

B. Eaton Cutler-Hammer, Inc. 

C. ABB (General Electric Co.) 

D. Siemens Energy & Automation, Inc. 

E. Square D Company. 

2.2 Materials 
A. Manual Motor Starters: 

1. In new walls and finished areas, provide flush mounted toggle switch with 
thermal overload protection, pilot light and stainless steel coverplate, 
similar to Square D Model 2510 FS1P or approved equal. 

2. In non-fishable existing walls and mechanical spaces, provide surface 
mounted toggle switch with thermal overload protection, pilot light and 
general-purpose enclosure, similar to Square D Model 2510 FG1P or 
approved equal. 

3. Provide NEMA Type 1 starter unless otherwise noted. 
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B. Magnetic and Combination Motor Starters: 

1. Provide surface mounted starters in NEMA Type 1 enclosures unless 
otherwise noted. 

2. For combination type starters, provide non-fusible disconnect switch type 
with provisions for locking the operating lever in either the "ON" or "OFF" 
position. 

3. Provide an electronic overload device for each phase of the motor.  
Overloads to be adjusted to motor horsepower. 

4. Provide with fused control circuit with the fuse properly sized by the 
starter manufacturer to protect the electronic overload.  Refer to Section 
26 28 13 for spare control circuit fuse requirements. 

5. Provide one extra normally open auxiliary contact in addition to those 
necessary for the particular control circuit involved. 

C. Magnetic and Combination Motor Starter Phase Failure Relays: 

1. Provide each multi-phase motor starter with a phase failure relay.  This 
relay shall shut down the controller upon: 

a. Phase failure. 

b. Undervoltage. 

c. Phase reversal. 

d. Phase unbalance of 10 percent or greater. 

D. Magnetic and Combination Motor Starter Accessories: 

1. Provide all pilot lights, pushbuttons, selector switches and similar control 
devices indicated on the Contract Documents.  These devices shall be of 
the same manufacturer as the motor starters. 

2. Energy Management System (EMS)/Building Automation System (BAS) 
Wiring Terminals: 

a. With each starter, provide wiring terminals as part of the starter for 
the connection of a control contact of an energy management 
system (EMS)/building automation system (BAS). 

b. These terminals shall be part of the “automatic” control portion of 
the HOA selector switch control of the starter coil circuit. 

c. Provide a jumper wire between these terminals to allow operation of 
the starter without EMS/BAS controls. 

d. Provide clear, specific labeling of these terminals identifying their 
intended usage. 
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MOTOR STARTERS 26 29 15-4 
 

3 Execution 
3.1 Examination 

A. Verify the location and size of each motor, and properly connect all motors 
required on the project. 

3.2 Preparation 
A. Do not install magnetic and combination motor starters directly to concrete 

walls, masonry walls or exterior walls.  Provide structural channels such as 
Unistrut to install starters at least 3/4 inch away from concrete or masonry 
walls. 

B. Where starters are to be installed in open area without wall for support, 
provide structural steel channel (Unistrut or equal) to support starters. 

3.3 Installation 
A. Install manual motor starters flush at 48 inches above the floor. 

B. Install magnetic and combination motor starters near the motors served at a 
height of 72 inches above the floor to the top of the starter.  Provide structural 
channel supports as required. 

C. Labeling:  Provide equipment and circuit identification labeling as specified in 
Section 26 05 53. 

D. Manual Moto Starters for Automatic Exhaust Fans:  Provide a manual motor 
starter with thermal overloads and pilot light for each automatic exhaust fan 
controlled by a contactor.  Install these starters beneath or adjacent to the 
associated contactor, unless otherwise noted. 

3.4 Construction 
A. Provide heater elements sized based upon the nameplate full load current of 

motor provided. 

3.5 Adjusting 
A. Set overload devices to protect motors provided. 

END OF SECTION 
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	THOMAS JEFFERSON MIDDLE SCHOOL CHILLER REPLACEMENT AND FLINT LAKE ELEMENTARY SCHOOL AIR HANDLING UNITS REPLACEMENT AND RELATED WORK

	ADDENDUM
	AD01 - TJMS-FLES.pdf
	1. Specification Section 23 09 93
	A. Replace Specification Section 23 09 93, Sequence of Operation, with Specification Section 23 09 93 included in this Addendum.
	2. Specification Section 26 29 15
	A. Add Specification Section 26 29 15, Motor Starters, included in this Addendum,  to the Project Manual.
	3. Sheet M-402 
	A. Refer to revised full size drawing sheet included in this Addendum for the following revisions:
	1. Removal of existing AHU-B5 and installation of new AHU-B5 kitchen makeup air to the cook hood.

	4. Sheet M-501 
	A. Refer to revised, full size drawing sheet included in this Addendum for added Multiple coil piping details for both cooling and heating.
	5. Sheet M-502
	A. Refer to revised, full size drawing sheet included in this Addendum for AHU-B5 installation above ceiling of Kitchen Dry Storage room with access to both sides of  Unit G.
	6. Sheet M-601
	A. Refer to revised, full size drawing sheet included in this Addendum for the following revisions
	1. Addition of AHU-B5 performance and physical dimensions to AIR HANDLING UNIT SCHEDULE.
	a. Equipment schedule Note #16 added
	b. Revised Note #9.
	c. Add coil water pressure drops to heating and cooling coils.
	d. Relocated chilled water flow diagram from drawing M-801 to M-601 drawing

	2. Add Schedule Note #4 to Control Valve Schedule and Heating 3-way control valve to AHU-B5.

	7. Sheet M-801 
	A. Refer to revised, full size drawing sheet included in this Addendum for addition of AHU-M5 controls and interlock with Kitchen exhaust Fan.
	8. Sheet E-202
	A. Refer to revised, full size drawing sheet included in this Addendum for the following revisions:
	1. Replacing existing motor starter and electrical connections to the air handling unit B-5 being replaced.
	2. Adding power circuit for lights and receptacle(s) in new AHU-B5.

	9. Sheet E-204
	B. Refer to revised, full size drawing sheet included in this Addendum for the following revisions:
	1. Add power circuits for lights and receptacles in the new air handling units.
	2. Add power circuit for added temperature control panel for Air Handling Unit B-5.

	10. Sheet E-701
	A. Refer to revised, full size drawing sheet included in this Addendum for the following revisions:
	1. Adding the Motor Starter Schedule and Panel Schedules for Panel “KL1” and Panel “KH1”.
	2. Modifying panelboard schedules.

	23 09 93 SEQUENCE OF OPERATION.pdf
	1 General
	1.1 Section Includes
	A. Building Pressure Control.
	B. Chiller Control
	C. Chilled water pump control
	D. VAV Air Handling Unit Control

	1.2 Related Sections
	A. Section 23 05 00 - General HVAC Requirements.
	B. Section 23 05 13 - Motors.
	C. Section 23 05 14 - Variable Frequency Drives.
	D. Section 23 05 93 - Testing, Adjusting and Balancing.
	E. Section 23 09 13 - Automatic Temperature Control System.
	F. Section 23 09 63 - Instrument Devices.
	G. Section 23 81 26 - Split Air Conditioning Units.

	1.3 System Description
	A. This Specification Section defines the manner and method by which the building automation system functions.  Requirements for each type of building system control are specified herein.  Equipment, devices, and system components required for the bui...

	1.4 Submittals
	A. Submit submittals under provisions of Specification Division 1.
	B. Submit diagrams indicating each mechanical system controlled and the respective control system components required, including component setting(s), component adjustable range of control and component operating limits.
	C. Submit with diagrams the mechanical system written sequence of operation description.
	D. Include flow diagrams for each control system, graphically depicting control logic.
	E. Include draft copies of graphic displays indicating mechanical system components, control system components, and controlled function status and values.

	1.5 Project Record Documents
	A. Submit documents under provisions of Specification Division 1.
	B. Accurately record actual set points and settings of controls, including changes to sequences made after submission of shop drawings.


	2 Products
	3 Execution
	3.1 Centralized Equipment Coordination:
	A. Provide through the building automation system, control panels, control devices, graphic solutions, and software programs a master software program to coordinate equipment operation.  The coordination program shall provide the following function:
	1. Outdoor Air Temperature:
	a. Provide one (1) outdoor air temperature sensor, located on the exterior north side of this building, installed at representative outdoor temperature sensing location to calculate the outdoor air temperature.  Provide software and error checking to ...
	b. Provide an information block within each Air Handling Unit graphic that indicates the current outdoor air temperature reading.

	2. Relative Humidity:
	a. Provide one (1) outdoor air relative humidity sensor, located on the exterior of this building, installed at representative outdoor humidity sensing location to calculate the outdoor air relative humidity. Provide software and error checking to exc...
	b. Provide an information block within each Air Handling Unit graphic that indicates the current outdoor air relative humidity reading.

	3. Outdoor Air Dew-point Control:
	a. Using the outdoor air humidity reading and the outdoor air temperature reading, calculate the outdoor air dew-point. Based upon this dew-point calculation, index the operating mode of the unit ventilator economizer controls as follows:
	(1) If the outdoor air temperature is less than 65 degrees Fahrenheit (adjustable) and calculated dew-point is less than 50 degrees Fahrenheit (adjustable), then allow the unit economizer to control on mixed air dry bulb temperature.
	(2) If the outdoor air temperature is greater than 65 degrees Fahrenheit (adjustable) or the calculated       dew-point temperature is greater than 50 degrees Fahrenheit (adjustable) then disable the economizer control and enable the minimum unit outd...

	b. Provide a continuous monitoring of the calculated dew-point.  Provide an information block within each System graphic that indicates the current outdoor air dew-point.
	c. If the calculation of the outdoor air dew-point fails or the building automation system communication link fails provide a default to disable the economizer control (revert to minimum unit outdoor air control).



	3.2 Chilled Water System Control:
	A. Chilled Water System consists of one (1) Packaged Air Cooled Chiller with constant volume chilled water primary pumping and chilled water variable volume secondary building system pumping. Chiller shall be disabled and exterior primary piping/chill...
	B. Chiller Plant Control
	1. The Temperature Control Contractor shall provide the Chilled Water Plant Control System (CPCS) outlined below and be responsible for the installation as outlined, including the building automation system controller, control wiring, programming, che...
	2. A BACnet interface from the chiller manufacturer management panel shall be provided that shall transmit the points from the chiller control panel to the CPCS as listed in this Specification Section.
	3. Temperature Control Contractor shall provide all devices; including the chilled water circulating pump variable frequency drives (VFD). The sensor wells, flow meter, and differential pressure taps shall be provided by the Temperature Control Contra...

	C. Manual/Automatic Pump Control:
	1. The chiller and pump(s) shall function independently of the DDC controller when their individual Hand/Off/Automatic (HOA) switches are in the hand position.  The chiller start/stop shall be controlled by their respective chiller control panel.
	2. The chiller and pump(s) start/stop shall be controlled by the DDC controller when their individual Hand/Off/Automatic (HOA) switches are in the automatic position.
	3. Building Power Failure (Cooling Mode):  Temperature Control System shall automatically enable/restart circulating pumps upon restoration of building electrical power. Coordinate/interlock sequence with the chiller plant control system operation.

	D. Chiller System Startup:
	1. The chilled water system startup shall be initiated manually (local or remote) by Schools personnel at the beginning of each cooling season. Thereafter, the CPCS shall be initiated by an enable/disable command as transmitted from the BAS system.
	2. The CPCS shall operate the chilled water system in the summer mode when the outdoor air temperature is equal to or greater than 55 degrees F. (adjustable). If the outdoor air temperature is less than 50 degrees F (adjustable) and a start command is...
	a. This command may be overridden by School’s personnel with the proper password.


	E. Chilled Water Set Point:
	1. The chilled water supply temperature set point for the CPCS shall be transmitted via the building automation system. The chiller leaving water temperature shall be determined by the CPCS to meet the leaving chilled water temperature set point.
	a. The chilled water supply temperature set point shall be 44 degrees F. (adjustable).


	F. Chiller Plant Control System Operation:
	1. Summer Operation:
	a. Upon receiving an enable signal from the building automation system, the chilled water system shall be enabled when any building zone assigned to the system is in the occupied mode.
	b. The primary chilled water and secondary chilled water circulating pump(s) shall be enabled. Primary chilled water pump shall operate in lead/lag to the corresponding chiller operation to maintain the primary chilled water loop temperature while the...
	c. On proof of continuous chilled water flow and a time lag of 2 minutes (adjustable), the chiller shall start and operate under control of the appropriate chiller control panel as described in Specification Section 23 64 25 - Air Cooled Water Chiller.
	d. When the building automation system transmits a chilled water disable command, the chiller shall begin sequencing to the off position. The chilled water circulating pumps shall continue to operate for an additional 15 minutes (adjustable) or until ...
	e. Failure Sequence: If the chiller fails, as indicated by the chiller plant control system, indicate a “chiller failed” alarm via the BAS. The chilled water pumps shall continue to operate for an additional 15 minutes (adjustable) or until the chille...

	2. Winter Operation:
	a. When the building automation system switches to winter operation, disable the CPCS, chiller control panel, and operate the chilled water circulating pump(s) for an additional 15 minutes (adjustable) prior to disabling pump operation or until the ch...
	b. The school shall manually shutdown/disable the chilled water system and perform exterior primary chilled water system piping/chiller evaporator drain down as required for safe freeze protection/control.

	3. All safety controls to be furnished and adjusted by the Chiller Manufacturer.  The Temperature Control Contractor shall provide all interlock and control wiring between the chiller control panel and all field-mounted sensors supplied by the Chiller...

	G. System Monitoring:
	1. Provide the monitoring and control points as indicated on Contract Documents.  All points and control settings shall be capable of being read and adjusted at a local/remote building automation system terminal.
	2. Provide a color graphic for the chilled water system as indicated within Specification Section 23 09 13 - Automatic Temperature Control System.

	H. Point List (Minimum):
	1. The following points shall be transmitted/received by the HPCS through the BACnet interface to the BMS. The points listed shall be duplicated for each chilled water pump, refrigerant circuit, etc. (when applicable).
	a. Chiller Enable/Disable Command (each chiller)
	b. Chiller Status (each chiller)
	c. Chiller Failure Alarm (each chiller)
	d. Building Chilled Water Set Point
	e. Building Chilled Water Supply Temperature
	f. Building Chilled Water Return Temperature
	g. Building Chilled Water Flow (GPM) from Return Water Flow Meter
	h. Outdoor Air Temperature (Existing Global)
	i. Outdoor Air Humidity (Existing Global)
	j. Primary Chilled Water Pump Start/Stop
	k. Primary Chilled Water Pump Status
	l. Secondary Chilled Water Pump VFD Enable/Disable Command (each pump)
	m. Secondary Chilled Water Pump VFD Status (each pump)
	n. Secondary Chilled Water Pump VFD Operating Hertz (each pump)
	o. Secondary Chilled Water Pump VFD Failure Alarm (each pump)
	p. Chiller Flow Switch Status
	q. Chiller Chilled Water Set Point
	r. Chilled Water System Differential Pressure



	3.3 Building Pressure Control:
	A. Provide outdoor and indoor static pressure probes for system serving Air Handling Unit control shall integrate into new control system.  Terminate indoor static pressure lines within an empty thermostat cover.
	B. Through an electronic differential pressure transmitter, maintain the building zone static pressure to plus 0.05-inch WC (adjustable).
	C. Provide proportional integral control to modulate the associated relief damper(s) through a continuously variable output.
	D. The Testing, Adjusting and Balancing Contractor shall establish building air pressurization set point.
	E. The relief damper operation shall be coordinated with the hour/day/month scheduling program operation of the associated systems.  When the systems are not in operation the relief damper(s) shall not be in operation (fully closed).

	3.4 Variable Air Volume Units: AHU-A1 and AHU-C1
	A. Mode of Operation:
	1. Each air handler variable frequency speed drive (VFD) shall have a Hand/Off/Automatic switch.  In the hand position, the fan shall run continuously and its speed shall be controlled by a manual speed control integral to the VFD.  All temperature an...
	2. The air handler shall be in either the occupied or unoccupied mode as determined by the day/night control panel.  The BAS system shall coordinate the operation of the air handler with the occupied /unoccupied operation of the air handler's associat...

	B. Safety Interlocks:
	1. Freeze Protection:  Through a minimum of two hardwired freezestat interlocks, stop the fan and close the outdoor air damper when the heating coil discharge air temperature drops below 40 degrees F.  Also, fully open the unit valves to the coil, sta...
	2. Smoke Detection:  Stop the fan system and close the outside air damper through a hardwired interlock, when smoke is detected by either duct air smoke detector.

	C. Supply Air Pressure Control:
	1. On any command to start, start the VFD and ramp its speed to maintain the static pressure setpoint without exceeding the system high static limit.  The system pressure setpoint shall be slowly ramped from zero to the normal system pressure.  The sy...
	2. Provide a pressure transmitter at the fan discharge to limit the VFD speed command so that the maximum discharge pressure is not exceeded.  Maximum discharge static pressure requirements shall be determined during the system air balance at start-up.
	3. The DDC controller shall monitor the inlet damper position of the associated terminal devices.  The system duct pressure setpoint shall be slowly ramped up or down to allow the maximum inlet damper position to be 95 percent open.  Provide independe...

	D. Occupied Mode:
	1. Morning Start-up:
	a. Utilize an optimum start routine based on outside and inside air temperatures to adjust the air handler start time so that the space shall be at setpoint at its scheduled occupancy time.
	b. Warm-up:  When the outside temperature is below 50 degrees F and the air system is commanded to start, the outdoor air damper shall remain fully closed and the return air damper shall remain fully open.  Disable the cooling control.  Through the BA...

	2. Normal Operation:
	a. Outdoor/Return Air Damper Control:
	1) If the outdoor air temperature is below 20 degrees F or above 60 degrees F, use the minimum outdoor air duct, close the main outside air damper and modulate the minimum damper and return damper with the air flow station to obtain the minimum outdoo...
	2) If the outdoor air temperature is between 20 degrees F and 60 degrees F, modulate the supply air and return air dampers from their minimum positions to maintain the mixed air temperature setpoint.
	3) The mixed air temperature setpoint shall be 55 degrees F.
	4) During cooling operation, the mixed air temperature setpoint shall be set to 55 degrees F.  During heating operation, the mixed air temperature setpoint shall be set to the supply air temperature setpoint.
	5) The mixed air temperature setpoint shall be reset from 55 to 65 degrees F as the outdoor air temperature varies from 55 to 0 degrees F.

	b. Temperature Control:
	1) Maintain the supply air temperature at setpoint by modulating the heating valve and cooling valve in sequence.
	2) Maintain the supply air temperature at setpoint by modulating the heating valve and cooling coil valve in sequence
	3) The supply air temperature setpoint shall be reset from 55 to 65 degrees F as the outside air temperature varies from 65 to 0 degrees F.
	4) The supply air temperature setpoint shall be 55 degrees F.

	c. Humidity Control:
	1) If the return air humidity becomes too high, the DDC system shall override the normal supply air control.  The cooling coil discharge temperature shall then be maintained at 55 degrees F and the terminal unit supply air temperature maintained at se...



	E. Unoccupied Mode:
	1. Upon command from the day/night schedule open the return air damper and, close the outside air dampers.  When the outside air temperature is below 35 degrees F, open the unit valves to 10 percent open (adjustable).
	2. The air handler's associated terminal unit devices shall maintain their individual unoccupied temperature setpoint as described in their sequence of operation.
	3. The DDC system shall monitor the associated zone temperatures.  When any zone temperature falls below the unoccupied temperature setpoint, start the air handler and maintain a 95 degrees F discharge air temperature.  The outside air damper shall re...
	4. The BAS shall monitor each zone temperature and provide high and low temperature alarm for both occupied and unoccupied modes of operation.

	F. Outdoor Air Damper Override:  Provide from the day/night panel through the DDC system a manual override of the outdoor air damper to allow the unit to operate in the cooling mode with the outdoor air damper fully closed and the return damper open.
	G. Monitoring:  Provide monitoring and control points as indicated on Drawings.  Provide a graphic for each air handler on all system graphic stations.

	3.5 Variable Air Volume Handling Units – AHU-B1
	A. Mode of Operation:
	1. The air handler variable frequency speed drive (VFD) shall have a Hand/Off/Automatic switch.  In the hand position, the fan shall run continuously and its speed shall be controlled by a manual speed control integral to the VFD.  All temperature and...
	2. The air handler shall be in either the occupied or unoccupied mode as determined by the day/night scheduling program provided from the BAS. The BAS system shall coordinate the operation of the air handler with the occupied /unoccupied operation of ...

	B. Safety Interlocks:
	1. Freeze Protection:  Through a minimum of two hardwired freezestat interlocks, stop the fan and close the outdoor air damper when the heating coil discharge air temperature drops below 40 degrees F.  Also, fully open the unit valves to the coil, and...
	2. Smoke Detection:  Stop the fan system and close the outside air damper through a hardwired interlock, when smoke is detected by either duct air smoke detector.

	C. Supply Air Pressure Control:
	1. On any command to start, start the VFD and ramp its speed to maintain the static pressure setpoint without exceeding the system high static limit.  The system pressure setpoint shall be slowly ramped from zero to the normal system pressure.  The sy...
	2. Provide a pressure transmitter at the fan discharge to limit the VFD speed command so that the maximum discharge pressure is not exceeded.  Maximum discharge static pressure requirements shall be determined during the system air balance at start-up.
	3.

	D. Occupied Mode:
	1. Morning Start-up:
	a. Utilize an optimum start routine based on outside and inside air temperatures to adjust the air handler start time so that the space shall be at setpoint at its scheduled occupancy time.
	b. Warm-up:  When the outside temperature is below 50 degrees F and the air system is commanded to start, the outdoor air damper shall remain fully closed and the return air damper shall remain fully open.  Disable the DX cooling control.  Through the...

	2. Normal Operation:
	a. Outdoor/Return Air Damper Control:
	1) Provide Room CO2 sensors where indicated on the drawings to maintain an average 700ppm (minimum) to 1000ppm (maximum) CO2 levels and establish the minimum outdoor air damper position. The minimum airflow scheduled on the drawings are adjustable min...
	2) If the outdoor air temperature is below 20 degrees F or above 60 degrees F, use the outdoor air measuring station and modulate the outdoor air damper to maintain the minimum outdoor air volume scheduled on Drawings. Provide an adjustable minimum ou...
	3) If the outdoor air temperature is between 30 degrees F and 60 degrees F, modulate the supply air and return air dampers from their minimum positions to maintain the mixed air temperature setpoint.
	4) The mixed air temperature setpoint shall be 55 degrees F.
	5) The mixed air temperature setpoint shall be reset from 55 to 65 degrees F as the outdoor air temperature varies from 55 to 0 degrees F.
	6) During cooling operation, the mixed air temperature setpoint shall be set to 55 degrees F.  During heating operation, the mixed air temperature setpoint shall be set to the supply air temperature setpoint.

	b. Temperature Control:
	1) Maintain the supply air temperature at setpoint by modulating the heating valve and staging the DX cooling coil in sequence.  Disable the freezestat interlock when the DX coil is in operation.
	a) The condensing unit shall have a hardwire interlock with the air handling unit supply fan to prove airflow. The condensing unit shall be locked out below 45 degrees F.

	2) The supply air temperature setpoint shall be reset from 55 to 65 degrees F as the outside air temperature varies from 65 to       -10 degrees F.
	3) The supply air temperature setpoint shall be 55 degrees F.

	c. Humidity Control:
	1) If the return air humidity in the return air duct exceeds 60 percent RH, the DDC system shall override the normal cooling supply control.  The cooling coil discharge temperature shall then be maintained at 55 degrees F and the room supply air tempe...



	E. Unoccupied Mode:
	1. Upon command from the day/night schedule, stop the supply fan, close the outside air damper, open the return air damper, and fully close the unit valve and lockout the outdoor condensing unit.  When the outside air temperature is below 35 degrees F...
	2. The air handler's associated fan powered VAV terminal devices shall maintain their individual unoccupied temperature setpoint as described in their sequence of operation.
	3. The DDC system shall monitor the associated zone temperatures.  When any zone temperature falls below the unoccupied temperature setpoint, start the air handler and maintain a 95 degrees F discharge air temperature.  The outside air damper shall re...
	F. Outdoor Air Damper Override:  Provide through the DDC system a manual override of the outdoor air damper to allow the unit to operate in the cooling mode with the outdoor air damper fully closed and the return damper open.

	G. Monitoring:  Provide monitoring and control points as indicated on Drawings.  Provide a graphic for each air handler on all system graphic stations.

	3.6 Variable Air Volume Air Handling Unit AHU-B2
	A. Mode of Operation:
	1. The air handler variable frequency speed drive (VFD) shall have a Hand/Off/Automatic switch.  In the hand position, the fan shall run continuously and its speed shall be controlled by a manual speed control integral to the VFD.  All temperature and...

	B. The air handler shall be in either the occupied or unoccupied mode as determined by the day/night control panel.  The BAS system shall coordinate the operation of the air handler with the occupied /unoccupied operation of the air handler's associat...
	C. Provide, through the BAS communications network, control and monitoring points that are listed on the drawings see the M-800 series drawings.
	D. Safety Interlocks:
	1. Freeze Protection:  Through a minimum of two hardwired freezestat interlocks, stop the fan and close the outdoor air damper when the heating coil discharge air temperature drops below 40 degrees F.  Also, modulate open the unit valves to the coil, ...
	2. Smoke Detection:  Stop the fan system and close the outside air damper through a hardwired interlock, when smoke is detected by either duct air smoke detector.

	E. Supply Air Pressure Control:
	1. On any command to start, start the VFD and ramp its speed to maintain the static pressure setpoint without exceeding the system high static limit.  The system pressure setpoint shall be slowly ramped from zero to the normal system pressure.  The sy...
	2. Provide a pressure transmitter at the fan discharge to limit the VFD speed command so that the maximum discharge pressure is not exceeded.  Maximum discharge static pressure requirements shall be determined during the system air balance at start-up.

	F. Occupied Mode:
	1. Morning Start-up:
	a. Utilize an optimum start routine based on outside and inside air temperatures to adjust the air handler start time so that the space shall be at setpoint at its scheduled occupancy time.
	b. Warm-up:  When the outside temperature is below 50 degrees F and the air system is commanded to start, the outdoor economizer / ventilation air dampers shall remain fully closed and the return air damper shall remain fully open.  Disable the coolin...

	2. Normal Operation:
	a. Outdoor/Return/Relief Air Damper Control:
	1) If the outdoor air temperature is below 20 degrees F or above 60 degrees F, use the minimum ventilation air duct, close the main outside air damper and modulate the minimum damper and return damper with the air flow station to obtain the minimum ou...
	2) Provide Room CO2 sensors where indicated on the drawings to maintain an average 700ppm (minimum) to 1000ppm (maximum) CO2 levels and establish the minimum outdoor air damper position. The minimum airflow scheduled on the drawings are adjustable min...
	3) Provide a differential air pressure control with proportion output to control existing relief exhaust fan EF-B11 VFD variable speed drive and gymnasium/dining room to 0.05” w.c. positive air pressure to the kitchen.
	a) Provide an outdoor and indoor static pressure probes for system serving each existing Classroom Pods, ancillary spaces building pressure control shall integrate into new control system.  Terminate indoor static pressure lines within an empty thermo...
	b) Through a DDC differential pressure transmitter, maintain the building zone static pressure to plus 0.05-inch WC (adjustable).

	4) If the outdoor air temperature is between 35 degrees F and 60 degrees F, modulate the economizer / ventilation air dampers and return air dampers from their minimum positions to maintain the mixed air temperature setpoint.
	5) The mixed air temperature setpoint shall be 55 degrees F.
	6) During cooling operation, the mixed air temperature setpoint shall be set to 55 degrees F.  During heating operation, the mixed air temperature setpoint shall be set to the supply air temperature setpoint.
	7) The mixed air temperature setpoint shall be reset from 55 to 65 degrees F as the outdoor air temperature varies from 55 to 0 degrees F.

	b. Temperature Control:
	1) Maintain the supply air temperature at setpoint by modulating the heating valve and cooling valve .in sequence.
	2) The supply air temperature setpoint shall be reset from 55 to 100 degrees F as the outside air temperature varies from 65 to       -10 degrees F
	3) The supply air temperature setpoint shall be 55 degrees F.

	c. Humidity Control:
	1) If the return air humidity becomes too high, the DDC system shall override the normal cooling control.  The cooling coil discharge temperature shall then be maintained at 55 degrees F and the supply air temperature maintained at setpoint by space t...



	G. Unoccupied Mode:
	1. Upon command from the day/night schedule, stop the supply fan, close the economizer/ventilation air dampers, open the return air damper, and fully close the unit valves.  When the outside air temperature is below 35 degrees F, open the unit valves ...
	2. The fan will start upon any one of the vav terminal units calling for heat or cooling from the respective room sensors unoccupied setback temperature setting.
	3. The air handler's associated terminal devices shall maintain their individual unoccupied temperature setpoint as described in their sequence of operation.
	4. The DDC system shall monitor the associated zone temperatures.  When any zone temperature falls below the unoccupied temperature setpoint, start the air handler and maintain a 95 degrees F discharge air temperature.  The outside air damper shall re...
	5. The BAS shall monitor each zone temperature and provide high and low temperature alarm for both occupied and unoccupied modes of operation.

	H. Ventilation Air Damper Override:  Provide from the day/night panel through the DDC system a manual override of the ventilation air damper to allow the unit to operate in the cooling mode with the economizer / ventilation air dampers fully closed an...
	I. Monitoring:  Provide monitoring and control points as indicated on Drawings.  Provide a graphic for each air handler on all system graphic stations.

	3.7 Constant Volume: AHU-B3 (Gymnasium)
	A. Mode of Operation:
	1. All equipment described is to operate in the automatic position of the motor starter Hand/Off/Automatic switch under normal conditions.  When in the hand position, the fan shall operate continuously.  All temperature and fan system safeties shall r...
	2. The air handler shall have an occupied and an unoccupied heating space temperature setpoint.  The air handler shall be in either the occupied or unoccupied mode as determined by the day/night scheduling program within the BAS. The space temperature...

	B. Safety Interlocks:
	1. Freeze Protection:  Through a minimum of two hardwired freezestat interlocks, stop the fan and close the outdoor air damper when the heating coil discharge air temperature drops below 45 degrees F.  Also, fully open the heating valves to the coils ...
	2. Smoke Detection:  Stop the supply fan and relief fan system and close the outside air dampers through a hardwired interlock, when smoke is detected by either duct smoke detector.

	C. Occupied Mode:
	1. Morning Start-up:
	a. Utilize an optimum start routine based on outside and inside air temperatures to adjust the air handler start time so that the space shall be at setpoint at its scheduled occupancy time.
	b. Warm-up:  When the outside temperature is below 50 degrees F and the air system is commanded to start, the outdoor air damper shall remain fully closed and the return air damper shall remain fully open.  Enable the heating control until the return ...

	2. Normal Operation:
	a. Outdoor/Return Air Damper Control:
	1) Provide Room CO2 sensors where indicated on the drawings to maintain an average 700ppm (minimum) to 1100ppm (maximum) CO2 levels and establish the minimum outdoor air damper position. The minimum airflow scheduled on the drawings are adjustable min...
	2) If the outdoor air temperature is below 30 degrees F, set the outdoor air damper to its minimum position.  Provide an adjustable minimum outdoor air damper position to maintain average CO2.
	3) If the outdoor air temperature is above 30 degrees F, modulate the supply air and return air dampers from their minimum positions to maintain the mixed air temperature setpoint.
	4) The mixed air temperature setpoint shall be 55 degrees F.
	5) During ventilation operation the mixed air temperature setpoint shall be set to 55 degrees F.  During heating operation, the mixed air temperature setpoint shall be set to the supply air temperature setpoint.
	6) The mixed air temperature setpoint shall be reset from 55 to 65 degrees F as the outdoor air temperature varies from 55 to 30 degrees F.

	b. Temperature Control:
	1) Maintain the supply air temperature at setpoint by modulating the heating valve in sequence.
	2) The supply air temperature setpoint shall be reset from 55 to 100 degrees F as the outside air temperature varies from 65 to       -10 degrees F



	D. Unoccupied Mode:
	1. Upon command from the day/night schedule, stop the supply fan, close the outside air damper, open the return air damper, and fully close the heating valve to the coil.  When the outside air temperature is below 35 degrees F, fully open the heating ...
	2. Upon command from the day/night schedule open the return air damper and, close the outside air damper.  When the outside air temperature is below 30 degrees F, open the heating water valve to 10 percent open.
	3. When the space temperature falls below the unoccupied space temperature setpoint, start the air handler and enable the heating control.  The outside air damper shall remain closed.  When the space temperature reaches the unoccupied temperature setp...

	E. Monitoring:  Provide the monitoring and control points as indicated on Drawings.  Provide a graphic for each air handler on all system graphic stations.

	3.8 Variable Air Volume Units: AHU-B4 (w/F&B DAMPER)
	A. Mode of Operation:
	1. The air handler variable frequency speed drive (VFD) shall have a Hand/Off/Automatic switch.  In the hand position, the fan shall run continuously and its speed shall be controlled by a manual speed control integral to the VFD.  All temperature and...
	2. The air handler shall be in either in the occupied or unoccupied mode as determined by the existing day/night BAS system control panel.  Coordinate the operation of the air handling unit with the occupied /unoccupied operation of the air handler's ...

	B. Safety Interlocks:
	1. Freeze Protection:  Through a minimum of two hardwired freezestat interlocks, stop the fan and close the outdoor air damper when the heating coil discharge air temperature drops below 40 degrees F.  Also, fully open the unit valves to the coil, and...
	2. Smoke Detection:  Stop the fan system and close the outside air damper through a hardwired interlock, when smoke is detected by either duct air smoke detector.

	C. Supply Air Pressure Control:
	1. On any command to start, start the VFD and ramp its speed to maintain the static pressure setpoint without exceeding the system high static limit.  The system pressure setpoint shall be slowly ramped from zero to the normal system pressure.  The sy...
	2. Provide a pressure transmitter at the fan discharge to limit the VFD speed command so that the maximum discharge pressure is not exceeded.  Maximum discharge static pressure requirements shall be determined during the system air balance at start-up.
	D. Occupied Mode:
	1. Morning Start-up:
	a. Utilize an optimum start routine based on outside and inside air temperatures to adjust the air handler start time so that the space shall be at setpoint at its scheduled occupancy time.
	b. Warm-up:  When the outside temperature is below 50 degrees F and the air system is commanded to start, the outdoor air damper shall remain fully closed and the return air damper shall remain fully open.  Disable the cooling control.  Through the BA...

	2. Normal Operation:
	a. Outdoor/Return Air Damper Control:
	1) If the outdoor air temperature is between 20 degrees F and 60 degrees F, modulate the supply air and return air dampers from their minimum positions to maintain the mixed air temperature setpoint.
	2) The mixed air temperature setpoint shall be 55 degrees F.
	3) During cooling operation, the mixed air temperature setpoint shall be set to 55 degrees F.  During heating operation, the mixed air temperature setpoint shall be set to the supply air temperature setpoint.
	4) The mixed air temperature setpoint shall be reset from 55 to 65 degrees F as the outdoor air temperature varies from 55 to      -10 degrees F.

	b. Temperature Control:
	1) Maintain the supply air temperature at setpoint by modulating the heating valve and cooling valve in sequence.
	2) When the mixed air temperature is above 45 degrees F, fully open the face and bypass dampers to the coil and modulate the heating and cooling coil valves in sequence to maintain supply temperature.  When the mixed air temperature is below 45 degree...
	3) The supply air temperature setpoint shall be 55 degrees F.
	4) The supply air temperature setpoint shall be reset from 55 to 100 degrees F as the outside air temperature varies from 65 to       -10 degrees F.

	c. Humidity Control:
	1) If the return air humidity rises above 60% RH, the DDC system shall override outdoor air economizer and the normal cold deck control.  The cold deck discharge temperature shall then be maintained at 55 degrees F and the room supply air temperature ...



	E. Unoccupied Mode:
	1. Upon command from the day/night schedule, stop the supply fan, close the outside air damper, open the return air damper, and fully close the unit valves.  When the outside air temperature is below 35 degrees F, fully open the unit valves.
	2. Upon command from the day/night schedule open the return air damper and, close the outside air damper.  When the outside air temperature is below 35 degrees F, open the unit valves to 10 percent open.
	3. The air handler's associated terminal devices shall maintain their individual unoccupied temperature setpoint as described in their sequence of operation.
	4. The DDC system shall monitor the associated zone temperatures.  When any zone temperature falls below the unoccupied temperature setpoint, start the air handler and maintain a 95 degrees F discharge air temperature.  The outside air damper shall re...
	5. The BAS shall monitor each zone temperature and provide high and low temperature alarm for both occupied and unoccupied modes of operation.

	F. Outdoor Air Damper Override:  Provide from the day/night panel through the DDC system a manual override of the outdoor air damper to allow the unit to operate in the cooling mode with the outdoor air damper fully closed and the return damper open.
	G. Monitoring:  Provide monitoring and control points as indicated on Drawings.  Provide a graphic for each air handler on all system graphic stations.

	3.9 Kitchen Hood Constant Volume Make-Up Air Unit:  AHU-B5
	A. Mode of Operation:
	1. All equipment described is to operate in the automatic position of the motor starter Hand/Off/Automatic switch under normal conditions.  When in the hand position, the fan shall operate continuously.  All temperature and fan system safeties shall r...

	B. Safety Interlocks:
	1. Freeze Protection:  Through a minimum of two hardwired freezestat interlocks, stop the fan and close the outdoor air damper when the heating coil discharge air temperature drops below 50 degrees F.  Fully open the heating water valves to the coil. ...
	2. Smoke Detection:  Stop the fan system and close the outside air damper through a hardwired interlock, when smoke is detected by the supply air smoke detector or on an alarm from the kitchen hood.

	C. Unit Operation:
	1. Interlock the makeup air unit to start any time the existing kitchen hood is started. Fan shall run continuously and at constant volume airflow.
	2. On a start command, fully open the outdoor air damper and start the unit fan through a damper end switch.  Interlock with the existing hood exhaust fan to start when the outdoor air damper end switch is made.
	3. BELOW 40 DEG F AMBIENT:
	a. Maintain the supply air temperature at 65 degrees F (adjustable) by modulating the three-way heating water valve and  open the face dampers/close the bypass dampers.

	4. ABOVE 40 DEGREES F AMBEINT:
	a. The coil valve shall fully open and the face and bypass dampers shall modulate to maintain a constant discharge temperature of 65 degrees F (adjustable).

	5. Unit shall stop and the outside air damper close when the kitchen hood is shut off and the three-way valve shall bypass the coil

	D. Provide monitoring and control points as indicated on Drawings.

	3.10 Occupied/Unoccupied Zone Control:
	A. The Existing building automation system shall index the individual zones between occupied and unoccupied cycles through the hour/day/month scheduling program.
	1. Starting and stopping of the existing terminal units, and specific exhaust fans are coordinated between the Occupied/Unoccupied cycle routine and the optimum start routine.
	2. This contractor is to provide the integration of the air handing units, for the desired building temperatures during occupancy.
	3. This contractor is to coordinate the existing optimum start (morning warm-up) routine of the new air handling units and the existing gymnasium exhaust fan shall remain indexed as in the original control sequence.

	B. Existing Manual override of the occupied/unoccupied control of manual schedule shall remain unchanged.  Verify final location with School to coordinate AHU existing override occupancy schedule.  That when manually activated, the override shall inde...
	C. Provide a manual outdoor air damper override control sequence through the building automation system. Override control shall be manually activated by School personnel to allow heating/cooling equipment provided with outdoor air dampers to be operat...
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	26 29 15 - Motor Starters.pdf
	1 General
	1.1 Summary
	A. Section Includes:
	1. Motor starters and all power and control wiring complete for all electric motor driven equipment.
	2. All necessary pushbuttons, selector switches and similar control devices not specifically furnished by others.  Provide these devices of the same manufacturer as the starters.


	1.2 Related Sections:
	1. Division 23 – Heating Ventilating and Air Conditioning.
	2. Section 26 05 00 - Basic Electrical Requirements.
	3. Section 26 05 53 - Electrical Identification.
	4. Section 26 28 13 - Low Voltage Cartridge Fuses - 600 Volts and Less.

	1.3 References
	A. ANSI/NECA 1-2006 – Good Workmanship in Electrical Contracting.
	B. NFPA 70, Latest Edition (NEC) National Electrcal Code with amendments as applied by adopting agency or authority.
	C. UL - Underwriters Laboratories, Inc.

	1.4 System Descriptions
	A. Manual motor starters.
	B. Automatic motor starters.

	1.5 Submittals
	A. Submit shop drawings and product data under provisions of Division 01 and Section 26 05 00.
	B. For each starter, submit all electrical characteristics, including voltage, NEMA size, control wiring diagram, and motor starter label (e.g., MSA-1).

	1.6 Quality Assurance
	A. Provide motor protection switches of the appropriate NEMA size.  For units not using NEMA rating, use equivalent NEMA size.
	B. Conform to requirements of NFPA 70.
	C. Furnish products listed and classified by UL as suitable for purposes specified and shown.
	D. Perform work in accordance with NECA Standard of Installation.

	1.7 Delivery, Storage and Handling
	A. Deliver, store and handle materials in accordance with Division 01 and Section 26 05 00.

	1.8 Sequencing and Scheduling
	A. Sequence and schedule work in accordance with Division 01 and Section 26 05 00.

	1.9 Warranty
	A. Provide warranty in accordance with requirements of Division 01 and Section 26 05 00.


	2 Products
	2.1 Manufacturers
	A. Allen-Bradley.
	B. Eaton Cutler-Hammer, Inc.
	C. ABB (General Electric Co.)
	D. Siemens Energy & Automation, Inc.
	E. Square D Company.

	2.2 Materials
	A. Manual Motor Starters:
	1. In new walls and finished areas, provide flush mounted toggle switch with thermal overload protection, pilot light and stainless steel coverplate, similar to Square D Model 2510 FS1P or approved equal.
	2. In non-fishable existing walls and mechanical spaces, provide surface mounted toggle switch with thermal overload protection, pilot light and general-purpose enclosure, similar to Square D Model 2510 FG1P or approved equal.
	3. Provide NEMA Type 1 starter unless otherwise noted.

	B. Magnetic and Combination Motor Starters:
	1. Provide surface mounted starters in NEMA Type 1 enclosures unless otherwise noted.
	2. For combination type starters, provide non-fusible disconnect switch type with provisions for locking the operating lever in either the "ON" or "OFF" position.
	3. Provide an electronic overload device for each phase of the motor.  Overloads to be adjusted to motor horsepower.
	4. Provide with fused control circuit with the fuse properly sized by the starter manufacturer to protect the electronic overload.  Refer to Section 26 28 13 for spare control circuit fuse requirements.
	5. Provide one extra normally open auxiliary contact in addition to those necessary for the particular control circuit involved.

	C. Magnetic and Combination Motor Starter Phase Failure Relays:
	1. Provide each multi-phase motor starter with a phase failure relay.  This relay shall shut down the controller upon:
	a. Phase failure.
	b. Undervoltage.
	c. Phase reversal.
	d. Phase unbalance of 10 percent or greater.


	D. Magnetic and Combination Motor Starter Accessories:
	1. Provide all pilot lights, pushbuttons, selector switches and similar control devices indicated on the Contract Documents.  These devices shall be of the same manufacturer as the motor starters.
	2. Energy Management System (EMS)/Building Automation System (BAS) Wiring Terminals:
	a. With each starter, provide wiring terminals as part of the starter for the connection of a control contact of an energy management system (EMS)/building automation system (BAS).
	b. These terminals shall be part of the “automatic” control portion of the HOA selector switch control of the starter coil circuit.
	c. Provide a jumper wire between these terminals to allow operation of the starter without EMS/BAS controls.
	d. Provide clear, specific labeling of these terminals identifying their intended usage.




	3 Execution
	3.1 Examination
	A. Verify the location and size of each motor, and properly connect all motors required on the project.

	3.2 Preparation
	A. Do not install magnetic and combination motor starters directly to concrete walls, masonry walls or exterior walls.  Provide structural channels such as Unistrut to install starters at least 3/4 inch away from concrete or masonry walls.
	B. Where starters are to be installed in open area without wall for support, provide structural steel channel (Unistrut or equal) to support starters.

	3.3 Installation
	A. Install manual motor starters flush at 48 inches above the floor.
	B. Install magnetic and combination motor starters near the motors served at a height of 72 inches above the floor to the top of the starter.  Provide structural channel supports as required.
	C. Labeling:  Provide equipment and circuit identification labeling as specified in Section 26 05 53.
	D. Manual Moto Starters for Automatic Exhaust Fans:  Provide a manual motor starter with thermal overloads and pilot light for each automatic exhaust fan controlled by a contactor.  Install these starters beneath or adjacent to the associated contacto...

	3.4 Construction
	A. Provide heater elements sized based upon the nameplate full load current of motor provided.

	3.5 Adjusting
	A. Set overload devices to protect motors provided.
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