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SEQUENCE OF OPERATIONS

BOILER CONTROL

 BOILER SUPPLY WATER TEMPERATURE SET POINT SHALL BE RESET BASED ON THE OAT.

OAT SW T SET POINT

10°C  62°C.

-5°C  82°C

 BOILERS AND PUMP SHALL BE LEAD/LAGGED ON A WEEKLY BASIS.

LEAD BOILER

 LEAD BOILER SHALL MODULATE TO ACHIEVE THE  BOILER PLANT SUPPLY WATER TEMPERATURE.

 IF THE DISCHARGE TEMPERATURE OF THE LEAD BOILER EXCEEDS 82°C THE BOILER MODULATE COMMAND SHALL START

RAMPING DOWN TO ENSURE THAT THE BOILER SUPPLY TEMPERATURE  DOES NOT EXCEED 82°C. THIS FUNCTION SHALL BE

IRRESPECTIVE OF THE TEMPERATURE OF THE SUPPLY WATER TEMPERATURE OF THE BOILER PLANT.

 IF THE LEAD  BOILER SUPPLY TEMPERATURE EXCEED 92°C THE BOILER SHALL BE DISABLED AND THE MODULATION SHALL GO

TO 0%

MINIMUM OFF TIME OF THE BOILER SHALL BE 5 MIN.

LAG BOILER

 LAG BOILER SHALL BE ENABLED ONLY IF THE LEAD BOILER HAS WORKED CONTINUOUSLY FOR  A MINIMUM OF 10MIN AND THE

BOILER PLANT SUPPLY WATER TEMPERATURE IS 3°C BELOW THE SET TEMPERATURE.

 IF THE DISCHARGE TEMPERATURE OF THE LAG BOILER EXCEEDS 82°C THE BOILER MODULATE COMMAND SHALL START
RAMPING DOWN TO ENSURE THAT THE BOILER SUPPLY TEMPERATURE  DOES NOT EXCEED 82°C. THIS FUNCTION SHALL BE

IRRESPECTIVE OF THE TEMPERATURE OF THE SUPPLY TEMPERATURE OF THE BOILER PLANT.

 IF THE LAG  BOILER SUPPLY TEMPERATURE EXCEED 92°C THE BOILER SHALL BE DISABLED AND THE MODULATION SHALL GO
TO 0%

MINIMUM OFF TIME OF THE BOILER SHALL BE 5 MIN.

TREND

FOLLOWING POINTS SHALL BE TRENDED

1. BOILER PLANT SUPPLY WATER TEMPERATURE

2. BOILER PLANT RETURN WATER TEMPERATURE

3. BOILER 1 SUPPLY WATER TEMPERATURE

4. BOILER 2 SUPPLY WATER TEMPERATURE

5. BOILER SUPPLY HEADER PRESSURE

ALARM

FOLLOWING  SHALL BE ALARM POINTS

1. BOILER PLANT SUPPLY WATER TEMPERATURE HI AND LO LIMITS

2. BOILER PLANT RETURN WATER TEMPERATURE HI AND LO LIMITS

3. BOILER 1 SUPPLY WATER TEMPERATURE HI AND LO LIMITS

4. BOILER 2 SUPPLY WATER TEMPERATURE HI AND LO LIMITS

5. BOILER RETURN WATER TEMPERATURE HI AND LO LIMITS

6. BOILER PLANT PRESSURE HI AND LO LIMIT ALARM

7. BOILER FAILURE ALARM

8. ALL HOT WATER PUMP FAILURE ALARMS

REFER TO THE SPECIFICATIONS FOR DETAILS ON TRENDING AND ALARMING.

HOT WATER WALL FIN/ REHEAT COIL CONTROL

ROOM TEMPERATURE SENSORS OPERATING THROUGH BAS TO MODULATE THE TWO-WAY CONTROL VALVE TO MAINTAIN ROOM TEMPERATURE

AT SET POINT. IF THE OUTSIDE TEMPERATURE DROPS BELOW -2°C, THE CONTROL VALVE SHALL MAINTAIN A MINIMUM OPENING OF 30% EVEN IF

THE ROOM TEMPERATURE IS SATISFIED. DAY/ NIGHT SET POINT CHANGE SHALL BE ACTIVATED BY BAS.

DOMESTIC H.W. PUMP

CONTROLLED BY SCHEDULE ON BAS.

EXHAUST FAN CONTROL

EACH EXHAUST FAN NOT PART OF A S.A. SYSTEM OR CONTROLLED FROM ROOM LIGHT SWITCH SHALL BE CONTROLLED FROM BAS BY

SCHEDULE.

HOT WATER MIXING VALVE CONTROL

HOT WATER MIXING VALVE TO BE MODULATED BASED ON RETURN WATER TEMPERATURE OF THE SECONDARY LOOP.

HOT WATER BYPASS VALVE CONTROL

HOT WATER BYPASS VALVE TO BE MODULATED BASED ON DIFFERENTIAL PRESSURE AS READ BY THE DIFFERENTIAL PRESSURE SENSOR.

SA-1, SA-2, SA-5 AND SA-6 CONTROL (VARIABLE VOLUME UNITS)

THE AIR HANDLING UNIT CONSISTS OF A MIXED AIR SECTION WITH OUTDOOR AIR, RETURN AIR DAMPERS, FILTER, CHILLED WATER COOLING

COIL, HOT WATER HEATING COIL, AND SUPPLY FAN WITH REMOTE VARIABLE FREQUENCY DRIVE. THE REMOTE RETURN FAN WITH REMOTE

VARIABLE FREQUENCY DRIVE IS INTER LOCKED THROUGH BAS CONTROL. THE REMOTE EXHAUST DAMPER IS CONTROLLED THROUGH THE BAS

SYSTEM.

THE  AIR HANDLING  UNIT AND RETURN  FAN  IS SCHEDULED  FOR AUTOMATIC   OPERATION   ON A TIME  OF DAY  BASIS FOR OCCUPIED  AND

UNOCCUPIED   MODES.  WITHIN  THE OCCUPIED   MODE,  THE SYSTEM CAN ENTER  THE WARM-UP   MODE WHEN  THE SPACE  TEMPERATURE

IS BELOW  SET POINT OR THE COOL-DOWN   MODE WHEN  THE SPACE  TEMPERATURE   IS ABOVE  SET POINT.  THE SYSTEM  STAYS  IN THE

WARM-UP   OR COOL-DOWN   MODE  UNTIL THE MODE  SET POINT  IS SATISFIED.  THE  LATEST  START TIME  IS THE SCHEDULED   OCCUPANCY

FOR THE SPACE.

THE AIR HANDLING  UNIT OPERATES  IN WARM-UP,   COOL-DOWN,   OCCUPIED,   UNOCCUPIED,   NIGHT HEATING  AND SAFETY  MODES  AS

FOLLOWS  (ALL SUGGESTED   SET POINTS  AND SETTINGS  ARE ADJUSTABLE.

  WARM-UP

THE  SUPPLY  FAN STARTS.  THE  MIXING  DAMPERS  ARE POSITIONED  FOR  100%  RETURN  AIR. THE 3-WAY HEATING  VALVE  MODULATES

TO MAINTAIN  THE SUPPLY  AIR TEMPERATURE   SET POINT.  IF TIME  REACHES THE LATEST  START TIME DURING  THE WARM-UP   MODE,

THE OUTDOOR  AIR DAMPER  OPENS  TO ITS MINIMUM  POSITION.  THE SYSTEM  IS PREVENTED  FROM  ENTERING  THE WARM-UP   MODE

MORE THAN ONCE  PER DAY.

COOL-DOWN

THE  SUPPLY  AND  RETURN  FANS  START.  THE 3 WAY COOLING  COIL VALVES  AND THE MIXING  DAMPERS MODULATE  TO MAINTAIN  THE

SUPPLY  AIR TEMPERATURE   SET POINT. WHEN  THE OUTSIDE  AIR-DRY  BULB TEMPERATURE   IS ABOVE  THE ECONOMIZER

CHANGEOVER   VALUE,  THE MIXING  DAMPERS  ARE POSITIONED   FOR  100%  RETURN  AIR. IF TIME  REACHES  THE LATEST  START TIME

DURING  THE  COOL-DOWN MODE,  THE OUTDOOR  AIR DAMPER  OPENS  TO ITS MINIMUM  POSITION  OR IS CONTROLLED   IN ECONOMIZER

OPERATION.   THE SYSTEM  IS PREVENTED  FROM  ENTERING  THE COOL-DOWN   MODE MORE  THAN  ONCE  PER DAY.

 UNOCCUPIED   MODE

THE  SUPPLY  AND RETURN  FANS  ARE OFF, MIXING  DAMPERS  ARE IN THE  100%  RECIRCULATION POSITION  AND THE CHILLED

WATER  VALVES  ARE CLOSED.

OCCUPIED   MODE

AN OPTIMIZED   START  ROUTINE  IS PROVIDED.  DURING  MORNING  COOL-DOWN  THE OUTSIDE  AIR MINIMUM   POSITION  IS SET TO ZERO.

SUPPLY  AND RETURN  FANS  RUN CONTINUOUSLY.   SUPPLY  AIR TEMPERATURE   SENSOR  OPERATES  THE MIXING  DAMPERS  (FOR FREE

COOLING)  AND THE 3 WAY  CHILLED WATER  VALVE  AND 3 WAY  HEATING  VALVE  IN SEQUENCE   TO MAINTAIN  SETPOINT  WHICH  IS

RESET FROM  OUTSIDE  AIR TEMPERATURE   AS FOLLOWS: OAT SAT

> 10°C 12 ( ADJ USTABLE ).

<17°C   10 (ADJUSTABLE)

SUPPLY  AIR STATIC  PRESSURE  SENSOR  CONTROLS  SUPPLY  FAN SPEED  TO MAINTAIN  SETPOINT  (INITIALLY

250  PA (T'WC)    THROUGH  THE VFD  CONTROLLER.   RETURN  FLOW  STATION  CONTROLS  RETURN  FAN .SPEED THROUGH  THE VFD

CONTROLLER  TO MAINTAIN  SETPOINT  (WHICH  IS CALCULATED  FROM  SUPPLY  AIR FLOW MINUS  EXHAUST  AIR QUANTITY).

SAFETY

DISCHARGE  SMOKE  DETECTORS   IN THE SUPPLY  AIR STREAMS  DE-ENERGIZE   THE SUPPLY  FAN UPON

ACTIVATION.  WHEN  THE OAT  IS LESS THAN  50 DEGREES   F (10 DEGREES  C ADJUSTABLE),   THE 3- WAY  HEATING  VALVE  AND DAMPERS

MODULATES  TO MAINTAIN  THE MIXED  AIR TEMPERATURE   AT 50 DEGREES  F (10 DEGREES  C ADJUSTABLE).   WHEN  THE OAT  IS 50

DEGREES  F (10 DEGREES  C ADJUSTABLE)   OR ABOVE,  THE 3-WAY  HEATING  VALVE  CLOSES.  ALL OTHER  DAMPERS  AND VALVES

POSITION  TO THEIR  NORMAL  POSITION  AFTER THE FANS  ARE DE-ENERGIZED.   A HARD-WIRED   LOW TEMPERATURE   DETECTOR  IN THE

DISCHARGE   DUCT DE-ENERGIZES   THE SUPPLY  FAN WHEN TEMPERATURES   BELOW  38 DEGREES  F (3 DEGREES  C ADJUSTABLE)   ARE

SENSED.

FREE COOLING  ECONOMIZER   CONTROL

WHEN  THE SUPPLY  AIR DISCHARGE   TEMPERATURE   SETPOINT  IS GREATER  THAN  MIXED  AIR TEMPERATURE,   OBTAINED  WHEN

OPERATING   A MINIMUM  OUTSIDE  AIR ONLY,  CALCULATIONS   SHALL  BE MADE  TO DETERMINE   IF THE USE OF 100%  OUTSIDE  AIR OR

MINIMUM  OUTSIDE  AIR PROVIDES  THE SMALLEST  CHANGE  ACROSS  THE COOLING  COIL.

ON CO (CARBON  MONOXIDE)   LEVEL  RISE ABOVE  3PPM  (ADJUSTABLE)   ALL FANS  WILL SHUT DOWN. ONCE  CO LEVEL  HAS DROPPED   BELOW

SETPOINT  (ADJUSTABLE)   THEN AFTER  30 MINUTE  DELAY FANS WILL BE ALLOWED  TO START  UP AGAIN.

SA-3 AND SA-4 CONTROL (CONSTANT VOLUME UNITS)

THE  AIR HANDLING  UNIT CONSISTS  OF A MIXED  AIR SECTION  WITH  OUTDOOR  AIR, AND RETURN,  AIR DAMPERS,   FILTER,  HOT WATER

HEATING  COIL,  CHILLED  WATER  COIL, AND SUPPLY  FAN WITH VARIABLE FREQUENCY   DRIVE,  AND REMOTE  RETURN  FAN WITH

VARIABLE  FREQUENCY   DRIVE.  THE UNIT IS DDC CONTROLLED   USING  ELECTRONIC   ACTUATION.   THE  RETURN  FAN  IS INTERLOCKED

THROUGH  THE BAS CONTROL.  THE  REMOTE  EXHAUST  DAMPER  IS CONTROLLED   THROUGH  THE BAS SYSTEM.

THE AIR HANDLING  UNIT AND RETURN  FAN  IS SCHEDULED  FOR AUTOMATIC   OPERATION  ON A TIME  OF DAY BASIS FOR OCCUPIED  AND

UNOCCUPIED   MODES.  WITHIN  THE OCCUPIED   MODE,  THE SYSTEM CAN ENTER  THE WARM-UP   MODE  WHEN  THE SPACE

TEMPERATURE   IS BELOW  SET POINT OR THE COOL-DOWN   MODE WHEN  THE SPACE  TEMPERATURE   IS ABOVE  SET POINT.  THE

SYSTEM  STAYS  IN THE WARM-UP   OR COOL-DOWN   MODE  UNTIL THE  MODE  SET POINT  IS SATISFIED.  WITHIN  THE UNOCCUPIED

MODE,  NIGHT  HEATING  IS AVAILABLE  WHEN  THE SPACE  TEMPERATURE   DROPS  BELOW 65 DEGREES  F (18 DEGREES  C). THE  LATEST

START  TIME  IS THE SCHEDULED   OCCUPANCY   FOR THE SPACE.

THE AIR HANDLING  UNIT OPERATES  IN WARM-UP,   COOL-DOWN,   OCCUPIED,   UNOCCUPIED,   NIGHT HEATING  AND SAFETY  MODES  AS

FOLLOWS  (ALL SUGGESTED   SET POINTS  AND SETTINGS  ARE ADJUSTABLE.

WARM-UP

THE SUPPLY  FAN STARTS.  THE  MIXING  DAMPERS  ARE POSITIONED  FOR  100%  RETURN  AIR. THE  3-WAY

HEATING  VALVE  MODULATES  TO MAINTAIN  THE SUPPLY  AIR TEMPERATURE   SET POINT.  IF TIME  REACHES THE LATEST  START TIME

DURING  THE WARM-UP   MODE,  THE OUTDOOR  AIR DAMPER  OPENS  TO ITS MINIMUM  POSITION.  THE SYSTEM  IS PREVENTED   FROM

ENTERING  THE WARM-UP   MODE  MORE  THAN ONCE  PER DAY.

 COOL-DOWN

THE  SUPPLY  FAN STARTS.  THE 3-WAY  HEATING  VALVE  REMAINS  CLOSED  TO THE COIL. THE  MIXING DAMPERS  AND 3 WAY  CHILLED

WATER  VALVE  MODULATES  TO MAINTAIN  THE SUPPLY  AIR TEMPERATURE SET POINT. WHEN  THE OUTSIDE  AIR-DRY  BULB

TEMPERATURE   IS ABOVE  THE ECONOMIZER

CHANGEOVER   VALUE,  THE MIXING  DAMPERS  ARE POSITIONED  FOR  100%  RETURN  AIR. IF TIME REACHES  THE  LATEST  START TIME

DURING  THE COOL-DOWN   MODE,  THE OUTDOOR  AIR DAMPER  OPENS TO ITS MINIMUM  POSITION  OR IS CONTROLLED   IN ECONOMIZER

OPERATION.   THE SYSTEM  IS PREVENTED  FROM  ENTERING  THE COOL-DOWN   MODE  MORE THAN  ONCE  PER DAY.

UNOCCUPIED   MODE

THE  SUPPLY  AND RETURN  FANS  ARE OFF AND THE  MIXING  DAMPERS  ARE IN THE  100% RECIRCULATION POSITION  AND THE CHILLED

WATER  VALVE  IS CLOSED.

OCCUPIED   MODE

AN OPTIMIZED   START  ROUTINE  IS PROVIDED.  DURING  MORNING  WARM-UP  OR COOL-DOWN  THE OUTSIDE AIR MINIMUM  POSITION  IS

SET TO ZERO.  SUPPLY  AND RETURN  FANS  RUN CONTINUOUSLY.   SUPPLY  AIR TEMPERATURE   DISCHARGE   SENSOR  OPERATES  THE

3-WAY  HEATING  VALVE,  THE 3 WAY CHILLED  WATER VALVE,  AND THE MIXING  DAMPERS  (FOR FREE  COOLING)  IN SEQUENCE   TO

MAINTAIN  SETPOINT  WHICH IS RESET  FROM  OUTSIDE  AIR TEMPERATURE   AS FOLLOWS:

OAT      SAT

22°C     13°C (ADJUSTABLE)

10°C     18°C (ADJUSTABLE)

ROOM  SENSOR

A ROOM  SENSOR  OVERRIDES  THE DISCHARGE   CONTROL  SENSOR  TO PROVIDE  SPACE  TEMPERATURES. THE  REMOTE  RADIATION

VALVES,  WHERE  INSTALLED,  ARE MODULATED  FROM  THE ROOM  SENSOR  ON A CALL FOR HEAT.

SAFETY

DISCHARGE   SMOKE  DETECTORS   IN THE SUPPLY  AIR STREAMS  DE-ENERGIZE   THE SUPPLY  FAN  UPON ACTIVATION.   WHEN  THE OAT

IS LESS THAN  50 DEGREES  F (10 DEGREES  C), THE 3- WAY  HEATING VALVE  AND DAMPERS  MODULATES   TO MAINTAIN  THE MIXED  AIR

TEMPERATURE   AT 50 DEGREES   F (10 DEGREES  C). 'VVHEN THE OAT  IS 50 DEGREES  F (10 DEGREES  C) OR ABOVE,  THE 3-WAY  HEATING

VALVE  CLOSES.  ALL OTHER  DAMPERS  AND VALVES  POSITION  TO THEIR  NORMAL  POSITION  AFTER  THE FANS ARE DE-ENERGIZED.   A

HARD-WIRED   LOW TEMPERATURE   DETECTOR  IN THE DISCHARGE   DUCT  DE- ENERGIZES   THE SUPPLY  FAN WHEN  TEMPERATURES

BELOW  38 DEGREES  F (3 DEGREES  C) ARE SENSED.

FREE  COOLING  ECONOMIZER   CONTROL

WHEN  THE SUPPLY  AIR DISCHARGE   TEMPERATURE   SETPOINT  IS GREATER  THAN  MIXED  AIR TEMPERATURE,   OBTAINED  WHEN

OPERATING   A MINIMUM  OUTSIDE  AIR ONLY, CALCULATIONS   SHALL  BE MADE  TO DETERMINE   IF THE USE OF 100%  OUTSIDE  AIR OR

MINIMUM  OUTSIDE  AIR PROVIDES  THE SMALLEST  CHANGE  ACROSS  THE COOLING  COIL.

 ON CO (CARBON  MONOXIDE)   LEVEL  RISE ABOVE  3PPM  (ADJUSTABLE)   ALL FANS WILL SHUT DOWN. ONCE  CO LEVEL  HAS DROPPED  BELOW

SETPOINT  (ADJUSTABLE)   THEN  AFTER 30 MINUTE  DELAY  FANS WILL  BE ALLOWED  TO START  UP AGAIN .

HOT WATER DUCT HEATING COIL CONTROL

A TYPICAL ROOM TEMPERATURE SENSOR WITH TIME OVERRIDE SWITCH AND SLIDE SETPOINT ADJUST MODULATED HOT WATER VALVE ON THE

DUCT REHEAT COIL TO MAINTAIN EITHER DAY OR NIGHT SETPONT.

HOT WATER DUCT HEATING COIL CONTROL WITH PERIMETER RADIATION

A TYPICAL ROOM TEMPERATURE SENSOR WITH TIME OVERRIDE SWITCH AND SLIDE SETPOINT ADJUST MODULATES HOT WATER VALVE ON THE

DUCT REHEAT COIL AND RAD VALVE IN SEQUENCE TO MAINTAIN EITHER DAY OR NIGHT SETPOINT. RAD VALVE IS MODULATED TO OPEN WHEN

REHEAT DUCT SOIL IS OPEN MORE THAN 50% (ADJUSTABLE).

BOARD ROOM RADIATION CONTROL

THE SPACE  TEMPERATURE   SENSOR  OPERATING  THROUGH  A DOC ASC  MODULATES THE INCREMENTAL HEATING  VALVES  TO MAINTAIN

THE SPACE  TEMPERATURE   SETPOINT.

ROOM VAV CONTROL

THE SPACE TEMPERATURE   MODULATES  THE VAV  BOX IN SEQUENCE  WITH THE HEATING  COIL AND RADIATION  (IF APPLICABLE)  TO

MAINTAIN  SETPOINT. MAINTAIN  80% MINIMUM  AIR FLOW WHEN  OA TEMP  IS LESS THAN  10° (ADI). A VELOCITY  SENSOR  CONTROLS  THE AIR

VOLUMES  BETWEEN  MAXIMUM  AND MINIMUM.

COOLING TOWER CONTROL

EXISTING  COOLING  TOWER  WILL  BE DISCONNECTED   FROM  EXISTING  CONTROLS. NEW  COOLING  TOWER  WILL BE CONNECTED   TO NEW

DDC CONTROLS. COOLING  TOWER  CONTROLLED   BY BAS. ON SIGNAL  TO START  COOLING  TOWER,  FAN WILL  BE ENABLED.   FAN WILL

MODULATE  SPEED  TO MAINTAIN RETURN  WATER  TEMPERATURE   SETPOINT. IN WINTER  MODE  FAN WILL  BE DISABLED.

EXHAUST FAN CONTROL

WASHROOM AND CHANGE ROOM EXHAUST FANS ARE OPERATED CONTINUOUSLY DURING OCCUPIED HOURS OF THE ASSOCIATED AHU_1 AND AHU_2

SYSTEM. THEY ARE CYCLED ON CLEANING AND LOW OCCUPANCY PERIODS TO PREVENT THE BUILD-UP OF ODORS.

LUNCH ROOM EXHAUST FAN OPERATES AS ABOVE.

SCHEDULING:

BOARDS STANDARD SCHEDULING OF HVAC EQUIPMENT TO BE FOLLOWED. CONTACT BOARD BAS TEAM PRIOR TO THE PROGRAMMING OF THE

SYSTEM.

BACNET ADDRESSING:

BOARD'S STANDARD BACNET ADDRESSING SCHEME TO BE FOLLOWED. BAS CONTRACTOR WILL BE RESPONSIBLE FOR PROVIDING BACNET

INSTANCE NUMBER TO ALL THIRD PARTY VENDORS BEING INTEGRATED INTO THE SYSTEM.

REFER TO SPECS FOR BAS SCHEDULING  AND SPACE TEMPERATURE CONTROL.

BAS CONTRACTOR TO PROVIDE AND INSTALL A NEW BAS SYSTEM WHICH CAN BE PROGRAMMED AND OPERATED FROM ONE PLATFORM.

ALL NEW BAS PANELS TO BE INSTALLED IN ACCESSIBLE AREAS. CO-ORDINATE WITH OWNER/ CONSULTANT BEFORE FINALIZING THE LOCATION OF

NEW BAS PANELS.
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