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WHITE BOX OUTLINE INDICATES AREA AVAILABLE ON THE "TYPICAL" CONTROL DRAWING (14" WIDE X 7" H).  THE SMALLER RECTANGLE TO THE LEFT IS THE "OVERFLOW" AREA, OR THE REMAINING AREA TO THE LEFT EDGE OF A 24x18 DRAWING.
REFER TO THE EXAMPLE LAYOUT DRAWING IN THE SAMPLE DIRECTORY.

THE GOAL IS TO GET ALL DRAWINGS WITHIN THE 14"X7" BOX.  USE THE OVERFLOW IF NECESSARY.

MODIFY THE MASTER DIAGRAM FOR THE PROJECT.  TURN ON/OFF BLOCKS AS REQUIRED TO SPECIFY THE CORRECT SYSTEM.
THIS LAYOUT IS MEANT FOR SIMPLE FAN SYSTEMS.
THIS LAYOUT IS TYPICALLY USED OR CAN BE MODIFIED FOR USE ON THE FOLLOWING:

• TRANSFER FANS
• BUILDING RELIEF FANS (BUILDING PRESSURE)
• GENERAL EXHAUST FANS
• OA SUPPLY FANS
• ANY OTHER GENERAL FAN SYSTEM THAT IS NOT USED FOR SMOKE CONTROL OR LIFE SAFETY

PROVIDE UNIQUE POINT NAME FOR
EACH CONTROL POINT CONSISTENT
WITH THE MARK IDENTIFIER ON THE
EQUIPMENT SCHEDULE.
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4.  USE GRID SNAPS AT 1/4" SPACING (F9 SHORTCUT) TO ALIGN POINTS.
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REFER TO THE EXAMPLE LAYOUT DRAWING IN THE SAMPLE DIRECTORY.

THE GOAL IS TO GET ALL DRAWINGS WITHIN THE 14"X7" BOX.  USE THE OVERFLOW IF NECESSARY.
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MODIFY THE MASTER DIAGRAM FOR THE PROJECT.  TURN ON/OFF BLOCKS AS REQUIRED TO SPECIFY THE CORRECT UNIT.
THIS LAYOUT IS MEANT FOR ANY FAN COIL UNIT INCLUDING:

• 2-PIPE FCU
• 4-PIPE FCU
• DX FCU
• HEAT PUMP FCU
• VRF FCU
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MODIFY THE MASTER DIAGRAM FOR THE PROJECT.  TURN ON/OFF BLOCKS AS REQUIRED TO SPECIFY THE CORRECT UNIT.
THIS LAYOUT IS MEANT FOR THE FOLLOWING:

• VRF FCU
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NOTES:

1.REFERENCE THE FOLLOWING FOR CONTROL METHOD DESCRIPTIONS:
CONTROL METHOD 1- THERMOSTAT OR ROOM CONTROLLER FOR LOCAL OVERRIDE OF
CENTRALIZED CONTROLLER WITH INTEGRAL TEMPERATURE
SENSOR.

CONTROL METHOD 2- TEMPERATURE SENSOR WITHOUT LOCAL OVERRIDE.

CONTROL METHOD 3- THERMOSTAT OR ROOM CONTROLLER FOR LOCAL OVERRIDE OF
CENTRALIZED CONTROLLER WITH REMOTE TEMPERATURE
SENSOR.

CONTROL METHOD 4- FAN COIL UNIT WITH INTEGRAL TEMPERATURE SENSOR IN RETURN
AIRSTREAM WITHOUT LOCAL OVERRIDE (FACTORY DEFAULT
SETTING).

2.THIS SCHEMATIC PROVIDES A GENERIC WIRING LAYOUT FOR REFERENCE ONLY.  VRF
MANUFACTURER SHALL PROVIDE SYSTEM SPECIFIC CONTROL DIAGRAMS.

3.SEE VRF SCHEDULE/PLANS FOR THE CONTROL METHOD UTILIZED FOR EACH FAN COIL
UNIT.

4.THERMOSTATS OR ROOM CONTROLLERS MAY CONTROL MORE THAN ONE FAN COIL UNIT.
SEE FLOOR PLANS.

5.WHERE THERMOSTATS AND/OR TEMPERATURE SENSORS ARE UTILIZED, VRF FAN COIL
UNIT DEFAULT SETTINGS MUST BE RESET TO DISABLE CONTROL BY RETURN AIR
TEMPERATURE.
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RASA

TS

PLACE SEQUENCE OF OPERATIONS HERE

PLACE POINTS LIST HERE.

GENERIC WIRING LAYOUT IS SHOWN
FOR REFERENCE ONLY.  VRF
MANUFACTURER SHALL PROVIDE
SYSTEM SPECIFIC WIRING DIAGRAMS.

TS

v1.002014 1024Original Release
v1.012015 1006Major overhaul revisions.
v1.022015 1007Added VRF, GSHP, and split system diagrams.
v1.032020 1210Added options to the coil blocks that allow designers to choose valves
without feedback (position/status).  This allows it to align
with the AHU diagram.  Also fixed the combined block for
the water cooled condenser valve.  It wasn't previously
showing all of the
options.
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MODIFY THE MASTER DIAGRAM FOR THE PROJECT.  TURN ON/OFF BLOCKS AS REQUIRED TO SPECIFY THE CORRECT UNIT.
THIS LAYOUT IS MEANT FOR CUSTOMIZABLE, MODULAR AHUS.  IF YOUR PROJECT USES PACKAGED EQUIPMENT, THIS DRAWING IS NOT APPLICABLE.
THIS LAYOUT IS TYPICALLY USED OR CAN BE MODIFIED FOR USE ON THE FOLLOWING:

• SINGLE ZONE DOAS
• MZ VAV DOAS
• SPACE TEMPERATURE CONTROL
• DISCHARGE TEMPERATURE CONTROL
• WITH OR WITHOUT ENERGY RECOVERY
• WITH OR WITHOUT RETURN PATH FOR RECIRCULATION
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B-ALM-1

B-ST-1

B-C-1

B-FIRE-1

B-COM-1
B-CYC-1

B-RUN-1

BMFC-COM

BMFC-OAT TS

BMFC-C

PROVIDE  COMMUNICATION TO
BAS WITH ALL AVAILABLE POINTS
FOR MONITORING AND CONTROL.

BMFC-ALM
BOILER MASTER

FIRING
CONTROLLER

BAS NETWORK
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B-C-2

B-FIRE-2

B-COM-2
B-CYC-2

B-RUN-2
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TIME BETWEEN BOILER CYCLES

HEATING HOT WATER SUPPLY
TEMPERATURE DEADBAND

HOT WATER SUPPLY TEMP
DEADBAND SETPOINT

CYCLE OFF

HOT WATER SUPPLY
TEMP SETPOINT

HOT WATER SUPPLY TEMP
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HOT WATER
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6"CHWS
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1"CHWR

6"CHWS (TYP 5)
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H

W
R
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H
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R
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4"HWS

1"HWS
2"HWS 3"HWS 3"HWS

4"CHWS

2"CHWS
2"CHWR

1-1/4"CHWR
1-1/4"CHWS

6"CHWS 6"CHWS

2-1/2"HWS

4"CHWS

1-1/2"CHWS

6"CHWS

1"CHWS1"CHWR

6"CHWS
6"CHWR

4"CHWS

4"CHWS (TYP 5)
4"CHWR (TYP 5)

4"CHWS

4"CHWS

1-1/2"CHWS

6"CHWS

1"CHWS1"CHWR

6"CHWS
6"CHWR

1-1/4"CHWR
1-1/4""CHWS

4"CHWS

4"CHWS (TYP 5)
4"CHWR (TYP 5)

4"CHWS

2-1/2"HWS

2-1/2"HWR

ZONE

ZONE

ZONE

ZONE

ZONE

ZONE

ZONE

ZONE

1
CHWP

2
CHWP

1
CHWP

2
CHWP

1
CHWP

2
CHWP

1
CHWP

2
CHWP

1
SHWP

2
SHWP

2
PHWP 1

PHWP

1
SHWP

2
SHWP

2
PHWP1

PHWP

1
CHWP

2
CHWP

1
CHWP

2
CHWP

121.2 gpm 7.5 gpm124.3 gpm131.5 gpm141.4 gpm146.4 gpm260.1 gpm

266.1 gpm

18.8 gpm45.5 gpm48.6 gpm95.4 gpm113.2 gpm141 gpm

407.1 gpm

18.8 gpm45.5 gpm48.6 gpm95.4 gpm113.2 gpm141 gpm

DP

BTU

DP

DP

DP

DP

DP

DP

DP

DP

DP

DP

EA

EA

EA

1ST FLOOR

ROOF

MAU
4

1ST FLOOR

PARKING LEVEL P-1

PARKING LEVEL P-3

ROOF

ACC
1

PACKAGED PUMPING SKID

AHU
10

AHU
05

AHU
14

AHU
04

AHU
08

AHU
07

AHU
03

AHU
11

1-1/2" CHWS & CHWR

(7.5 GPM)(5.0 GPM)

(17.8 GPM) (46.8 GPM) (3.1 GPM)

CHEMICAL POT FEEDER

AS
1

ET
1

(6.0 GPM)

(27.8 GPM)

BT
1

14
M2.1

15
M2.1

13
M2.1

 INSULATED MAKE-UP
WATER FOR WFM

CONNECTION

CHWP
1

CHWP
2

CHWP
3

1
M2.1

(TYP)

THERMOWELL FOR FUTURE
WFM TEMPERATURE SENSOR

4"CHWS/R BYPASS LINE

3
M2.1

16
M2.1

(TYP)(TYP)

EQUIPMENT, PIPING AND VALVES
IN PACKAGED PUMPING SKID
SHALL BE INSULATED PER
SPECIFICATIONS.

AHU
12

(9.9 GPM)

AHU
13

(7.2 GPM)

AHU
09

(3.1 GPM)

AHU
06

(113.7 GPM)

AHU
02

(26.7 GPM)

AHU
01

(18.8 GPM)

PARKING LEVEL P-4

PARKING LEVEL P-2

PARKING LEVEL P-5

(113.7 GPM) (TYP)

16
M2.1

1-1/2" CHWS & CHWR

1-1/2" CHWS & CHWR

2" CHWS & CHWR3/4" CHWS & CHWR2" CHWS & CHWR1-1/2" CHWS & CHWR2" CHWS & CHWR

1-1/4" CHWS & CHWR3" CHWS & CHWR3/4" CHWS & CHWR1" CHWS & CHWR1-1/4" CHWS & CHWR1" CHWS & CHWR3" CHWS & CHWR1" CHWS & CHWR

AHU
04

AHU
08

AHU
07

AHU
03

1-1/2" CHWS & CHWR

(17.8 GPM) (46.8 GPM) (3.1 GPM)(27.8 GPM)

AHU
02

(26.7 GPM)

AHU
01

(18.8 GPM)
1-1/2" CHWS & CHWR

1-1/2" CHWS & CHWR

2" CHWS & CHWR3/4" CHWS & CHWR2" CHWS & CHWR1-1/2" CHWS & CHWR2" CHWS & CHWR

ACC
1

ACC
2

ET
1

12
M5.1

AS
1

CF
1

MAU
3

(9.0 GPM)

MAU
2

MAU
1

AHU
6

AHU
5

FCU
4

(8.5 GPM)

OAU
1

AHU
7

AHU
8

AHU
1

AHU
2

OAU
2

AHU
4

AHU
3

FCU
3

FCU
1

1-1/4" CHWS & CHWR
(9.0 GPM)

1-1/4" CHWS & CHWR
(107.9 GPM)

3" CHWS & CHWR
(58.1 GPM)

2-1/2" CHWS & CHWR
(20.2 GPM)

1-1/2" CHWS & CHWR
(29.0 GPM)

2" CHWS & CHWR
(152.0 GPM)

4" CHWS & CHWR
(152.0 GPM)

4" CHWS & CHWR
(152.0 GPM)

4" CHWS & CHWR
(152.0 GPM)

4" CHWS & CHWR
(158.3 GPM)

4" CHWS & CHWR
(38.4 GPM)

2" CHWS & CHWR
(7.0 GPM)

1" CHWS & CHWR
(10.4 GPM)

1-1/4" CHWS & CHWR

FCU
2

(10.4 GPM)
1" CHWS & CHWR

120 PSI

3/4" MAKE-UP WATER LINE BY
PLUMBING CONTRACTOR.

AHU
9

(23.9 GPM)
2" CHWS & CHWR

1-1/4" CHWS & CHWR

MAU
5

(7.0 GPM)
1" CHWS & CHWR

1ST FLOOR

ROOF

MAU
4

ACC
1

ACC
2

ET
1

3/4" MAKE-UP WATER LINE BY
PLUMBING CONTRACTOR.

14
M5.1
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1

CF
1

MAU
3

(8.5 GPM)

MAU
1

MAU
2

AHU
6

AHU
5

FCU
4

(11.4 GPM)

OAU
1

AHU
7

AHU
8

AHU
1

AHU
2

OAU
2

AHU
4

AHU
3

FCU
3

FCU
1

1-1/4" CHWS & CHWR
(8.5 GPM)

1-1/4" CHWS & CHWR
(104.0 GPM)

3" CHWS & CHWR
(65.0 GPM)

2-1/2" CHWS & CHWR
(21.8 GPM)

2" CHWS & CHWR
(29.2 GPM)

2" CHWS & CHWR
(147.0 GPM)

4" CHWS & CHWR
(147.0 GPM)

4" CHWS & CHWR
(147.0 GPM)

4" CHWS & CHWR
(147.0 GPM)

4" CHWS & CHWR
(151.0 GPM)

4" CHWS & CHWR
(32.8 GPM)

2" CHWS & CHWR
(6.6 GPM)

1-1/4" CHWS & CHWR
(6.6 GPM)

1-1/4" CHWS & CHWR

(7.4 GPM)
1-1/4" CHWS & CHWR

(14.2 GPM)
1-1/4" CHWS & CHWR

FCU
2

(8.4 GPM)
1-1/4" CHWS & CHWR

120 PSI

AHU
9

(24.9 GPM)
2" CHWS & CHWR

1-1/4" CHWS & CHWR

MAU
5

(10.4 GPM)
1-1/2" CHWS & CHWR

FCU
5

(3.5 GPM)
1" CHWS & CHWR

GF
1

2" FILL LINE BY PLUMBING CONTRACTOR.

MAU
4
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1

ET
M1

14
M5.1
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1

MAU
3

MAU
1

MAU
2

AHU
6
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5

FCU
4
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1
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1
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2
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2
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4
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3

FCU
2

105 PSI

AHU
9

MAU
5

CF
1

BOILER NETWORK CONTROL DIAGRAM

BOILER EMERGENCY SHUTDOWN

FCU
5

(4.3 GPM)
1" CHWS & CHWR

3/4" MAKE-UP WATER LINE BY
PLUMBING CONTRACTOR.

GF
1

2" FILL LINE BY PLUMBING CONTRACTOR.

6" BYPASS VALVE

ACC
2

ACC
3

ACC
4

ACC
5

ACC
1-5

(5.4 GPM)

(9.3 GPM)

1" CHWS & CHWR
(5.4 GPM)

1" CHWS & CHWR
(111.8 GPM)

3" CHWS & CHWR
(54.5 GPM)

2-1/2" CHWS & CHWR
(22.2 GPM)

1-1/2" CHWS & CHWR
(23.9 GPM)

2" CHWS & CHWR
(138.2 GPM)

4" CHWS & CHWR
(138.2 GPM)

4" CHWS & CHWR
(138.2 GPM)

4" CHWS & CHWR
(138.2 GPM)

4" CHWS & CHWR
(146.8 GPM)

4" CHWS & CHWR
(37.7 GPM)

2" CHWS & CHWR
(4.2 GPM)

1" CHWS & CHWR
(6.3 GPM)

1" CHWS & CHWR

(7.1 GPM)
1" CHWS & CHWR

(18.9 GPM)
1-1/2" CHWS & CHWR

(6.7 GPM)
1" CHWS & CHWR

(23.9 GPM)
2" CHWS & CHWR

1-1/4" CHWS & CHWR

(4.2 GPM)
1" CHWS & CHWR

1ST FLOOR

ROOF

MAU
4

ET
M1

14
M5.1
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1

MAU
3

MAU
1

MAU
2

AHU
6

AHU
5

FCU
4

OAU
1

AHU
7

AHU
8

AHU
1

AHU
2

OAU
2

AHU
4

AHU
3

FCU
3

FCU
1

FCU
2

105 PSI

AHU
9

MAU
5

CF
1

FCU
5

(4.7 GPM)
1" CHWS & CHWR

3/4" MAKE-UP WATER LINE BY
PLUMBING CONTRACTOR.

2" FILL LINE BY PLUMBING CONTRACTOR.

6" BYPASS VALVE

ACC
1-5

1ST FLOOR

ROOF

MAU
4

B
2

ET
M2

14
M5.1

AS
2

CF
2

MAU
3

MAU
1

MAU
2

AHU
6

AHU
5

OAU
1

AHU
7

AHU
8

AHU
1

AHU
2

OAU
2

AHU
4

AHU
3

(27.2 GPM)
2" HWS & HWR

(6.15 GPM)
1" HWS & HWR

(5.6 GPM)
1" HWS & HWR

(7.8 GPM)
1" HWS & HWR

(45.6 GPM)
2" HWS & HWR

(45.6 GPM)
2" HWS & HWR

(45.6 GPM)
2" HWS & HWR

(45.6 GPM)
2" HWS & HWR

(36.5 GPM)
2" HWS & HWR

(12.5 GPM)
1-1/4" HWS & HWR

(6.9 GPM)
1" HWS & HWR

AHU
9

(14.1 GPM)
1-1/2" HWS & HWR

MAU
5

(10.3 GPM)
1-1/4" HWS & HWR

B
1

(6.9 GPM)
1" HWS & HWR

(9.0 GPM)
1-1/4" HWS & HWR

(9.0 GPM)
1-1/4" HWS & HWR

120 PSI

4
M5.1

(3.5 GPM) (1.7 GPM)
3/4" HWS & HWR

(4.5 GPM)
1" HWS & HWR(4.0 GPM)

1" HWS & HWR 3/4" HWS & HWR

FCU
4

FCU
3

FCU
1

FCU
2

FCU
5

(1.0 GPM)
3/4" HWS & HWR

3/4" MAKE-UP WATER LINE BY
PLUMBING CONTRACTOR.

1ST FLOOR

B
2

ET
M2

14
M5.01

AS
2

CF
2

MAU
3

MAU
1

MAU
2

AHU
6

AHU
5

OAU
1

AHU
7

AHU
8

AHU
1

AHU
2

OAU
2

AHU
4

AHU
3

(20.9 GPM)
1-1/2" HWS & HWR

(21.6 GPM)
1-1/2" HWS & HWR

(5.3 GPM)
1" HWS & HWR

(7.3 GPM)
1" HWS & HWR

(38.4 GPM)
2" HWS & HWR

(38.4 GPM)
2" HWS & HWR

(38.4 GPM)
2" HWS & HWR

(38.4 GPM)
2" HWS & HWR

(23.9 GPM)
1-1/2" HWS & HWR

(8.8 GPM)
1-1/4" HWS & HWR

(4.7 GPM)
1" HWS & HWR

AHU
9

(12.5 GPM)
1-1/4" HWS & HWR

B
1

(4.7 GPM)
1" HWS & HWR

(13.0 GPM)
1-1/4" HWS & HWR

120 PSI

4
M5.01

FCU
2

(1.0 GPM)
3/4" HWS & HWR

1ST FLOOR

ROOF

AHU
12

(7.6 GPM)
1" CHWS & CHWR

AHU
10

(9.0 GPM)
1" CHWS & CHWR

1ST FLOOR

ROOF

ET
M1

14
M5.01

AS
1

MAU
3

MAU
1

MAU
2

AHU
6

AHU
5
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1
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1

AHU
7

AHU
8

AHU
1

AHU
2
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2

AHU
4

AHU
3

120 PSI

AHU
9

CF
1

FCU
2

(4.2 GPM)
1" CHWS & CHWR

3/4" MAKE-UP WATER LINE BY
PLUMBING CONTRACTOR.

GF
1

2" FILL LINE BY PLUMBING CONTRACTOR. 4" BYPASS VALVE

ACC
1

ACC
2

ACC
3

ACC
4

(58.1 GPM)
2-1/2" CHWS & CHWR

(20.2 GPM)
1-1/2" CHWS & CHWR

(29.0 GPM)
2" CHWS & CHWR

(152.0 GPM)
4" CHWS & CHWR

(152.0 GPM)
4" CHWS & CHWR

(23.9 GPM)
1-1/2" CHWS & CHWR

(22.4 GPM)
1-1/2" CHWS & CHWR

(107.9 GPM)
3" CHWS & CHWR

(152.0 GPM)
4" CHWS & CHWR

(152.0 GPM)
4" CHWS & CHWR

(158.3 GPM)
4" CHWS & CHWR

(38.4 GPM)
2" CHWS & CHWR

(8.1 GPM)
1-1/4" CHWS & CHWR

(8.1 GPM)
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SEQUENCE OF OPERATIONS
SINGLE ZONE VARIABLE AIR VOLUME
AIR HANDLING UNITS (AHU 1 - AHU 9)
This sequence of operations is organized into the following main categories: operating modes; control setpoint resets; safeties, overrides and interlocks; and component
control loops.  The operating modes describe the criteria that either enable or disable the various modes of operation.  If a mode of operation is not listed within a
component control loop section then that mode of operation has no direct influence on the operation of the component.  The control setpoint reset section describes the
logic and reference variables that will be used to reset control setpoints to a new value within its reset range.  The safeties, overrides, and interlocks section outlines the
hardwired interlocks that are required to meet life safety requirements.  Safeties and interlocks take precedence over all other control strategies outlined in this
document. The control responses of each component for the various modes of operation are described in the component control loop sections.  Setpoints shall be
adjustable (adj.) as noted.

The sequence of operations, the points list and control diagrams shall be used to provide a complete description of the control philosophy for the controlled equipment.
Individual setpoint values, reset ranges, and alarm action levels are listed in the points list.  Components and control sensor locations are graphically depicted on the
control diagram. The controls contractor shall be responsible for coordinating any necessary time delay setpoints to establish stable system operation.

GENERAL DESCRIPTION

The air handling unit(s) described by this sequence of operations consist(s) of a variable speed supply fan, chilled water cooling coil, and a gas fired heating coil that
operate in a lead/lag sequence to provide heating, ventilation, and air conditioning for the conditioned spaces as shown on the drawings.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per the Project Design Conditions Schedule shown on the control drawings.
COOLING MODE:
The unit shall be in cooling mode when the zone temperature (Z-T) rises above the dead band (Z-T-DB).
MINIMUM COOLING MODE:
The unit shall be in minimum cooling mode when:

The unit is in cooling mode;
And- The supply fan reaches its minimum speed setting for 2 minutes (adj.).

The unit shall return to cooling mode when:
The supply air temperature (SAT) is at or below its setpoint for 2 minutes (adj.);

HEATING MODE:
The unit shall be in heating mode when the zone temperature (Z-T) falls below the dead band (Z-T-DB).
MINIMUM HEATING MODE:
The unit shall be in minimum heating mode when:

The unit is in heating mode;
And- The supply fan reaches its minimum speed setting for 2 minutes (adj.).

The unit shall return to heating mode when:
The supply air temperature (SAT) is at or above its setpoint for 2 minutes (adj.);

UNOCCUPIED MODE:
The unit shall be in unoccupied mode for all periods not included in the occupied hours of operation. Overrides of unoccupied schedule are defined at the zone level
control.
DEHUMIDIFICATION MODE (AHU 1 - AHU 5, AHU 7 - AHU 9):
The unit shall be in dehumidification mode when the zone humidity sensor (Z-H) senses humidity above 60% RH (adj.). The unit shall exit dehumidification mode when
the humidity reaches or falls below 50% RH (adj.). The dehumidification mode shall be enabled to operate in occupied and unoccupied mode.
FREEZE PROTECTION MODE:
The unit shall be in freeze protection mode when the supply air temperature sensor (SAT) senses a temperature less than the alarm setpoint.

CONTROL SETPOINT RESETS
Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS
SMOKE DETECTOR INTERLOCK:
The unit shall be disabled via hard wired interlock on activation of a system smoke detector.  Display smoke detector relay status (normal or alarm) at the BAS front end.
FIRE ALARM CONTROL PANEL INTERLOCK:
The unit shall be disabled via relay circuit signal from the fire alarm control panel.  Division 28 shall provide the relay and leads from relay to unit.  BAS contractor shall
connect leads to unit.  Display relay status (normal or alarm) at BAS front end.
FREEZE PROTECTION MODE INTERLOCK:
The supply fan shall be disabled via hard wired interlock at the supply fan start circuit from the low limit temperature controller.
LOW DEDICATED OUTDOOR AIR STATIC PRESSURE INTERLOCK:
The unit shall be disabled via hard wired interlock at the fan start circuit upon activation of duct low static pressure controller.
MOTORIZED DAMPER AT AIR INTAKE INTERLOCK:
Motorized dampers located at the air intake location associated with the air handling unit shall be interlocked to open and prove status before allowing the unit fans to
start.

COMPONENT CONTROL LOOPS
AIR HANDLING UNIT LEAD/LAG SEQUENCE (AHU 1 - AHU 4):
The BMS shall sequence the primary AHUs (AHU 1, AHU 3) with the secondary AHUs (AHU 2, AHU 4) to maintain the zone temperature setpoint (Z-T).
The AHUs shall be enabled and disabled between primary and secondary according to a lead/lag schedule.  The schedule shall be based on equal run time or cycle
count, whichever is greater.  Change over shall be weekly and occur on Wednesday, 6 AM (adj.).
SUPPLY FAN CONTROL- VFD:
When the HOA switch is in hand position, the variable speed supply fan shall operate at a speed set manually by the operator at the user interface of the drive.
When the HOA switch is in off position, the fan shall be off.
When the HOA switch is in auto position, the variable speed supply fan shall operate subject to the unit enable signal, and unit operating modes.
When in Occupied Mode:

The fan shall energize and slowly ramp to the initial minimum fan speed determined during system startup. Minimum fan speed shall be established during
balancing.
When in Cooling Mode:

The fan VFD shall modulate to control zone temperature (Z-T) at setpoint. An increase in zone temperature causes an increase in airflow.
When in Heating Mode:

The fan VFD shall modulate to control zone temperature at setpoint. A decrease in zone temperature causes an increase in airflow.
When in Minimum Cooling, or Minimum Heating Mode:

The fan VFD shall maintain minimum speed.
When in Dehumidification Mode (AHU 1 - AHU 5, AHU 7 - AHU 9):

The fan VFD shall be locked at its current speed until the minimum supply air temperature setpoint is reached.  If the humidity is still not satisfied after 5
minutes (adj), increase fan speed by 5% (adj).  Repeat fan speed trim and respond sequence until setpoint is satisfied.  Return to previous mode of operation
upon exiting dehumidification mode.

When in Unoccupied Mode:
The fan shall be OFF.  On a call for cooling/heating or override signal from the zone level, the fan shall operate as in occupied mode until the call is cleared or the
override is removed.

When in Dehumidification Mode (AHU 1 - AHU 5, AHU 7 - AHU 9):
The fan shall operate as in occupied mode.

When in Freeze Protection Mode:
The fan shall be OFF .

MIXED AIR DAMPERS MINIMUM OA FROM DEDICATED UNIT
The mixed air damper assembly consists of a dedicated outside air (DOA) damper, DOA airflow sensor and return air (RA) damper.

When in Occupied Mode:
DOA Calculated Control- The DOA and RA dampers shall modulate together to satisfy the minimum outside airflow setpoint as calculated by the BAS, using the
following formula:

DOA = (MAT - RAT) / (OAT - RAT) x SA-AF
When in Unoccupied Mode:

The DOA damper shall be fully closed and the RA damper shall be fully open.  On a call for cooling/heating or override signal, the DOA damper shall remain
closed.

When in Freeze Protection Mode:
The DOA damper shall be fully closed and the RA damper shall be fully open.

FILTER MONITORING
When in All Modes:
The controller shall monitor the differential pressure across each filter bank and shall provide a signal when the setpoint is exceeded.
COOLING COIL CHILLED WATER VALVE - MODULATING
When in Occupied Mode:
When in Minimum Cooling Mode:

The valve shall modulate to maintain the zone temperature setpoint (Z-T).
When in Cooling Mode:

The valve shall modulate to maintain the supply air temperature setpoint (SAT).
When in Heating Mode:

The coil shall be OFF.
When in Dehumidification Mode (AHU 1 - AHU 5, AHU 7 - AHU 9):

The valve shall modulate to maintain the supply air temperature setpoint (SAT).
When in Unoccupied Mode:

The valve shall be closed.
On a call for cooling or override signal from the zone level the valve shall operate as in occupied mode until the call is cleared or the override is removed.
On a call for dehumidification the valve shall operate as in occupied mode until the call is cleared or the override is removed.

When in Freeze Protection Mode:
The valve shall be fully open.
And- The chilled water plant AHU freeze protection mode shall be activated .

When in Smoke Control Mode:
The valve shall be closed.

HEATING COIL - GAS MODULATED
When in Occupied Mode:
When in Cooling Mode:

The coil shall be OFF.
When in Minimum Heating Mode:

The controller shall modulate the heating to maintain the zone temperature setpoint (Z-T).
When in Heating Mode:

The valve shall modulate to maintain the supply air temperature setpoint (SAT).
When in Dehumidification Mode (AHU 1 - AHU 5, AHU 7 - AHU 9):

The controller shall modulate the heating to maintain the zone temperature setpoint (Z-T).
When in Unoccupied Mode:

The coil shall be OFF.
On a call for heating or override signal from the zone level the valve shall operate as in occupied mode until the call is cleared or the override is removed.
On a call for dehumidification the coil shall operate as in occupied mode until the call is cleared or the override is removed.

When in Freeze Protection Mode:
The coil shall be OFF.

SEQUENCE OF OPERATIONS
SINGLE ZONE VARIABLE AIR VOLUME
AIR HANDLING UNITS (AHU 5, AHU 7, AHU 8, AHU 9)
This sequence of operations is organized into the following main categories: operating modes; control setpoint resets; safeties, overrides and interlocks; and component
control loops.  The operating modes describe the criteria that either enable or disable the various modes of operation.  If a mode of operation is not listed within a
component control loop section then that mode of operation has no direct influence on the operation of the component.  The control setpoint reset section describes the
logic and reference variables that will be used to reset control setpoints to a new value within its reset range.  The safeties, overrides, and interlocks section outlines the
hardwired interlocks that are required to meet life safety requirements.  Safeties and interlocks take precedence over all other control strategies outlined in this
document. The control responses of each component for the various modes of operation are described in the component control loop sections.  Setpoints shall be
adjustable (adj.) as noted.

The sequence of operations, the points list and control diagrams shall be used to provide a complete description of the control philosophy for the controlled equipment.
Individual setpoint values, reset ranges, and alarm action levels are listed in the points list.  Components and control sensor locations are graphically depicted on the
control diagram. The controls contractor shall be responsible for coordinating any necessary time delay setpoints to establish stable system operation.

GENERAL DESCRIPTION

The air handling unit(s) described by this sequence of operations consist(s) of a variable speed supply fan, a chilled water cooling coil, and a gas fired heating coil to
provide heating, ventilation, and air conditioning for the conditioned spaces as shown on the drawings.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per the Project Design Conditions Schedule shown on the control drawings.
COOLING MODE:
The unit shall be in cooling mode when the zone temperature (Z-T) rises above the dead band (Z-T-DB).
MINIMUM COOLING MODE:
The unit shall be in minimum cooling mode when:

The unit is in cooling mode;
And- The supply fan reaches its minimum speed setting for 2 minutes (adj.).

The unit shall return to cooling mode when:
The supply air temperature (SAT) is at or below its cooling setpoint for 2 minutes (adj.);

HEATING MODE:
The unit shall be in heating mode when the zone temperature (Z-T) falls below the dead band (Z-T-DB).
MINIMUM HEATING MODE:
The unit shall be in minimum heating mode when:

The unit is in heating mode;
And- The supply fan reaches its minimum speed setting for 2 minutes (adj.).

The unit shall return to heating mode when:
The supply air temperature (SAT) is at or above its setpoint for 2 minutes (adj.);

UNOCCUPIED MODE:
The unit shall be in unoccupied mode for all periods not included in the occupied hours of operation. Overrides of unoccupied schedule are defined at the zone level
control.
DEHUMIDIFICATION MODE:
The unit shall be in dehumidification mode when the zone humidity sensor (Z-H) senses humidity above 60% RH (adj.). The unit shall exit dehumidification mode when
the humidity reaches or falls below 50% RH (adj.). The dehumidification mode shall be enabled to operate in occupied and unoccupied mode.
FREEZE PROTECTION MODE:
The unit shall be in freeze protection mode when the supply air temperature sensor (SAT) senses a temperature less than the alarm setpoint.

CONTROL SETPOINT RESETS
Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS
SMOKE DETECTOR INTERLOCK:
The unit shall be disabled via hard wired interlock on activation of a system smoke detector.  Display smoke detector relay status (normal or alarm) at the BAS front end.
FIRE ALARM CONTROL PANEL INTERLOCK:
The unit shall be disabled via relay circuit signal from the fire alarm control panel.  Division 28 shall provide the relay and leads from relay to unit.  BAS contractor shall
connect leads to unit.  Display relay status (normal or alarm) at BAS front end.
FREEZE PROTECTION MODE INTERLOCK:
The supply fan shall be disabled via hard wired interlock at the supply fan start circuit from the low limit temperature controller.
LOW OUTDOOR AIR STATIC PRESSURE INTERLOCK:
The unit shall be disabled via hard wired interlock at the fan start circuit upon activation of duct low static pressure controller.
MOTORIZED DAMPER AT AIR INTAKE INTERLOCK:
Motorized dampers located at air intake and exhaust locations associated with the air handling unit shall be interlocked to open and prove status before allowing the unit
fans to start.

COMPONENT CONTROL LOOPS
SUPPLY FAN CONTROL- VFD:
When the HOA switch is in hand position, the variable speed supply fan shall operate at a speed set manually by the operator at the user interface of the drive.
When the HOA switch is in off position, the fan shall be off.
When the HOA switch is in auto position, the variable speed supply fan shall operate subject to the unit enable signal, and unit operating modes.
When in Occupied Mode:

The fan shall energize and slowly ramp to the initial minimum fan speed determined during system startup. Minimum fan speed shall be established during
balancing.
When in Cooling Mode:

The fan VFD shall modulate to control zone temperature (Z-T) at setpoint. An increase in zone temperature causes an increase in airflow.
When in Heating Mode:

The fan VFD shall modulate to control zone temperature at setpoint. A decrease in zone temperature causes an increase in airflow.
When in Minimum Cooling, or Minimum Heating Mode:

The fan VFD shall maintain minimum speed.
When in Dehumidification Mode:

The fan VFD shall be locked at its current speed until the minimum supply air temperature setpoint is reached.  If the humidity is still not satisfied after 5
minutes (adj), increase fan speed by 5% (adj).  Repeat fan speed trim and respond sequence until setpoint is satisfied.  Return to previous mode of operation
upon exiting dehumidification mode.

When in Unoccupied Mode:
The fan shall be OFF.  On a call for cooling/heating or override signal from the zone level, the fan shall operate as in occupied mode until the call is cleared or the
override is removed.

When in Dehumidification Mode:
The fan shall operate as in occupied mode.

When in Freeze Protection Mode:
The fan shall be OFF .

FILTER MONITORING
When in All Modes:
The controller shall monitor the differential pressure across each filter bank and shall provide a signal when the setpoint is exceeded.
COOLING COIL CHILLED WATER VALVE - MODULATING
When in Occupied Mode:
When in Minimum Cooling Mode:

The valve shall modulate to maintain the zone temperature setpoint (Z-T).
When in Cooling Mode:

The valve shall modulate to maintain the supply air temperature setpoint (SAT).
When in Heating Mode:

The coil shall be OFF.
When in Dehumidification Mode:

The valve shall modulate to maintain the supply air temperature setpoint (SAT).
When in Unoccupied Mode:

The valve shall be closed.
On a call for cooling or override signal from the zone level the valve shall operate as in occupied mode until the call is cleared or the override is removed.
On a call for dehumidification the valve shall operate as in occupied mode until the call is cleared or the override is removed.

When in Freeze Protection Mode:
The valve shall be fully open.
And- The chilled water plant AHU freeze protection mode shall be activated .

HEATING COIL- GAS MODULATED
When in Occupied Mode:
When in Cooling Mode:

The coil shall be OFF.
When in Minimum Heating Mode:

The controller shall modulate the heating to maintain the zone temperature setpoint (Z-T).
When in Heating Mode:

The valve shall modulate to maintain the supply air temperature setpoint (SAT).
When in Dehumidification Mode:

The controller shall modulate the heating to maintain the zone temperature setpoint (Z-T).
When in Unoccupied Mode:

The coil shall be OFF .
On a call for heating or override signal from the zone level the valve shall operate as in occupied mode until the call is cleared or the override is removed.
On a call for dehumidification the coil shall operate as in occupied mode until the call is cleared or the override is removed.

When in Freeze Protection Mode:
The coil shall be OFF .
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SEQUENCE OF OPERATIONS
CENTRAL CHILLED WATER PLANT
This sequence of operations is organized into the following main categories: operating modes, control setpoint resets, safeties, overrides and interlocks, and component control loops.  The operating modes describe the criteria that either enable or disable
the various modes of operation.  If a mode of operation is not listed within a component control loop section then that mode of operation has no direct influence on the operation of the component.  The control setpoint reset section describes the logic and
reference variables that will be used to reset control setpoints to a new value within its reset range.  The safeties, overrides, and interlocks section outlines the hardwired interlocks that will be required to meet life safety requirements.  Safeties and interlocks
take precedence over all other control strategies outlined in this document. The control responses of each component for the various modes of operation are described in the component control loop sections.

The sequence of operations, the points list and control diagrams shall be used to provide a complete description of the control philosophy for the controlled equipment.  Individual setpoint values, reset ranges, and alarm action levels are listed in the points
list.  Components and control sensor locations are graphically depicted on the control diagram. The controls contractor shall be responsible for coordinating any necessary time delay setpoints to establish stable system operation.

GENERAL DESCRIPTION
The chilled water plant described by this sequence of operations consist(s) of variable primary pumps and air-cooled variable speed screw chillers piped in parallel to provide chilled water to the facility.
BAS Control Requirements
The building automation system (BAS) shall provide a remote enable signal; remote setpoint adjustments; and visibility of the local factory chiller control operation at the operator's workstation as defined in the chilled water plant points list.  The
communication protocol shall be coordinated with the provided chiller.  Reference the points list and control loops section of this sequence for scope of work coordination between the contractor and equipment manufacturer for valves, sensors, and
equipment.
Factory Chiller Control Requirements
The factory chiller control panel shall be responsible for controlling the chiller subject to the associated equipment related safeties and interlocks to maintain the chiller leaving water temperature setpoint.  The chiller control panel shall control the associated
chilled water isolation valves (CH-CHW-CV).

OPERATING MODES
CHILLED WATER PLANT DISABLED MODE:
The chilled water plant shall be in disabled mode when

There is no call from the enable modes as defined below;
Or- when the operator has manually disabled the chilled water plant at the operator's workstation.

CHILLED WATER PLANT ENABLED MODE:
The chilled water plant shall be enabled when any of the following enable methods is employed and the conditions are satisfied. The automatic enable mode shall be the basis of design enable mode.
Automatic Enable Mode:The plant shall be enabled when there is a call for chilled water among active cooling coil valves .  BAS shall be capable of excluding valves from the active cooling coil valve listed.
The following valves shall be included in the automatic enable mode:

Cooling coil valves serving AHUs and OAUs .
A call for cooling is generated by the BAS when any two active cooling coil valve is commanded at least 15% open for greater than 10 minutes;
Or- any one cooling coil valve is at least 80% open for 10 minutes.
Manual Enable Mode Option:The chilled water plant is in manual enable mode when the operator manually places the plant in enable mode at the operator work station.
Scheduled Start Mode Option:In the manual start mode, the system shall be manually enabled by the building operator or by time of day schedule.
AHU FREEZE PROTECTION MODE:
The chiller plant shall be in freeze protection mode upon a signal that any associated air handling unit is in a freeze protection mode while the chilled water plant is in the disabled mode.
LOSS OF POWER RESTART DELAY MODE:
The plant shall be in loss of power mode upon restoration of power after an unexpected loss of power.  The plant shall remain in this mode for the duration as defined by the plant start delay (PSD) setpoint.  Once the plant start delay duration has elapsed,
the plant shall return to its previous mode prior to loss of power .
CHILLER FAILURE MODE:
A chiller shall be in failure mode when:

The enable signal is set to on;
And- The leaving chilled water supply temperature as measured by (CHWS-T) is greater than 5 F (adj.) above setpoint for greater than 20 minutes (adj.);
Or- The chiller power input is equal to 0-kW for greater than 20 minutes (adj.);
Or- The chilled water differential pressure sensor reads 0 psid .

CHILLER MANUAL START MODE:
The display at the operator workstation shall indicate manual start mode when:

A chiller is started manually at the local chiller control panel in lieu of through the BAS subject to the chiller status signal (CH-ST-X);
Or- The enable signal is set to off and the temperature delta across the chiller is > 3 F (adj.);
Or- The enable signal is set to off and the chiller power input > 10% of the total kW Input Rating.

PUMP FAILURE MODE:
A pump shall be in failure mode when:

The pump is given a start signal;
And- The pump status indicates it is off.

FREEZE PROTECTION MODE:
When the ambient temperature is below 35ºF:

Primary chiller shall shutoff;
And- Start lead pump;

1.) Open control valves at primary chiller.
2.) Open bypass control valve.
3.) Open control valves at AHU 1 and AHU 3

CONTROL SETPOINT RESETS
CHILLED WATER PUMP DIFFERENTIAL PRESSURE RESET:
The chilled water differential pressure setpoint (CHW-DP) shall be reset using valve command position within the range limits scheduled on the points list via trim and respond logic.  The trim and respond function shall reset the setpoint incrementally
downward to maintain one active control valve output signal greater than 90% open.
Trim and respond logic:

When pump is off, reset setpoint to the default value.
While pump is proven on:

If all control valves included in the analysis are less than 90% open (adj.), every 2 minutes (adj.) decrease setpoint by 0.5 psig (adj). Repeat trim and respond logic until at least one (adj.) control valve is greater than 90% open.
If at least one control valve is greater than 95% open (adj.), every 2 minutes (adj.) increase setpoint by 0.5 psig.

CHILLED WATER PLANT TEMPERATURE RESET:
The chilled water supply temperature (CHWS-T) shall be reset within the temperature range limits scheduled on the points list using trim and respond logic.  The trim and respond function shall reset the setpoint incrementally upward to maintain one control
valve serving an air handling unit greater than 90% open.  BAS shall be capable of excluding zone valves from the temperature reset analysis subject to a feedback signal enable/disable switch.
Trim and respond logic:

When pump is off, reset setpoint to the default value.
While pump is proven on:

If all control valves included in the analysis are less than 90% open (adj.), every 2 minutes (adj.) increase setpoint by 0.5º F (adj). Repeat trim and respond logic until at least one (adj.) control valve is greater than 90% open.
If at least one control valve is greater than 95% open (adj.), every 2 minutes (adj.) decrease setpoint by 0.5º F.

When using both a pressure reset and temperature reset and the pressure reset is programmed to be enabled first, the temperature reset sequence shall not be enabled until
The chilled water differential pressure setpoint (CHW-DP) has reached its minimum reset value for 10 minutes (adj.).
And- All active control valves included in the reset analysis are less than 90% open.

While the temperature reset sequence is enabled, the chilled water differential pressure setpoint shall be held constant at its minimum reset value.  The reset sequence shall be disabled when:
The chilled water supply temperature has reached its minimum reset value for 10 minutes (adj.).
And- when any 3 (adj.) active cooling coil control valves included in the reset analysis are greater than 90% open.

SAFETIES, OVERRIDES AND INTERLOCKS
CHILLER PROOF OF FLOW INTERLOCK:
Chiller(s) shall start upon proof of flow subject to a differential pressure sensor wired to the local chiller control panel.  The BAS contractor shall provide the differential pressure sensor .
CHILLER ISOLATION VALVE INTERLOCK:
Interlock the chilled water isolation valve(s) (CH-CHW-CV) to open when required by the chiller plant load staging matrix to enable flow through the chiller(s).  Interlock shall apply when the chiller is under automatic or manual control.
SMOKE CONTROL FIRE ALARM INTERLOCK:
Chiller(s) shall shut down when a signal is received by the BAS from the fire alarm control panel.  All equipment and accessories shall be in disabled mode.

CONTROL LOOPS
CHILLER CHILLED WATER ISOLATION VALVE (CH-CHW-CV)
The chiller chilled water isolation valve shall be provided by the BAS contractor and  controlled by the chiller manufacturer control panel.
When in chilled water plant disabled mode:

The valve shall be closed.
When in chilled water plant enabled mode:

The valve shall modulate to maintain the minimum chilled water flow rate, as measured by the chiller water flow meter (CH-CHW-F).
When in chiller failure mode:
The valve shall close and be locked out of the lead/lag sequencing until the failure alarm is cleared.  When the failure alarm is cleared the valve shall operate as in chilled water plant enabled mode.
CHILLED WATER SUPPLY BYPASS VALVE (CHW-BPV)
The bypass control valve shall be a valve sized for 10 psi pressure drop at 335 GPM based on the minimum flow of the scheduled chiller plus 25%.  Coordinate final minimum flow and pressure drop with actual chiller manufacturer provided.  The valve shall
be provided by the BAS controls contractor and controlled by the BAS.
When in chilled water plant disabled mode:

The valve shall be closed.
When in chilled water plant enabled mode:
The valve shall modulate to maintain the minimum chilled water flow rate, as measured by the chiller chilled water flow meter (CH-CHW-F).
VARIABLE PRIMARY PUMP CONTROL (CHWP-1 - CHWP-2)
The pump(s) shall be controlled by the BAS.
When in chilled water plant disabled mode:

The pump shall be off.
When in chilled water plant enabled mode:

The pumps shall energize subject to a lead/lag sequence.  Sequence shall be based on equal run time.
A pump that is energized shall start on low speed and ramp up to maintain the chilled water differential pressure set point as measured by the differential pressure sensor(s) (CHW-DP-X). Initial differential setpoint shall be determined during system
startup.  The most critical DP sensor shall govern pump speed.
Optimized pump staging algorithm:  Pumps shall energize on and off based on the optimum combination of primary pumps to minimize energy use.  The test and balance contractor and controls contractor shall coordinate to field determine the
optimized staging setpoints.
The test and balance contractor shall perform the following:
1.  Ramp one pump from minimum speed to design speed and record the total amp draw from the pump at every 3 Hz interval.
2.  Start another pump and repeat step 1 for the pumps operating simultaneously.
3.  Repeat step 2 until the amp draw for all scheduled pumps operating simultaneously has been recorded.
The pump staging setpoints shall be determined from the rpm speed at which operating more pumps at the same flow rate draws less amperage than the current quantity of operating pumps.
When staging on a lag pump:
1.  Ramp the operating pumps down to minimum speed.
2.  Turn the lag pump on.
3.  Ramp the operating pumps together to meet setpoint.
When staging off a lag pump:
1.  Ramp the operating pumps down to minimum speed.
2.  Turn the lag pump off.
3.  Ramp the remaining operating pumps together to meet setpoint.

When in AHU freeze protection mode:
The pump(s) shall operate as in chilled water plant enabled mode.

When in pump failure mode:
The next lag pump shall be energized and operate as in chilled water plant enabled mode.

CHILLER CONTROL (ACC 1 - ACC 2)
The chiller shall be controlled by the chiller manufacturer control panel.  The chiller shall be subject to manufacturer programmed safeties, overrides, and interlocks.
When in chilled water plant disabled mode:

The chiller shall be off.
When in chilled water plant enabled mode:

Chillers shall turn on subject to initial factory start up sequences.
The interlocks shall have proven the associated equipment is on in the following order:

- The primary chilled water pump has completed it stage up mode;
- The chilled water isolation valve has proven open (CH-CHW-CV);
- The chiller has proven minimum flow (CH-CHW-DP, CH-CHW-F)
Chiller Operation:  A chiller that is on shall modulate its cooling capacity subject to the factory chiller controller to maintain the chilled water supply temperature setpoint (CH-CHWS-T-X).
The chillers shall operate subject to a lead/lag sequence.  Sequence shall be based on equal run time.
When in chiller failure mode:

The failed chiller shall be off; the associated chiller stage is locked out of the staging sequence and an alarm is generated.
Enable the next lag chiller.

When in chiller manual start mode:
The chiller shall turn on; the associated chiller stage is locked out of the staging sequence and an alarm is generated at the operator workstation.
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PROVIDE UNIQUE POINT NAME FOR
EACH CONTROL POINT CONSISTENT
WITH THE MARK IDENTIFIER ON THE
EQUIPMENT SCHEDULE.

SEQUENCE OF OPERATIONS
CONTINUOUS OPERATION EXHAUST FAN
FANS (EF 4, EF 6)

GENERAL DESCRIPTION

The exhaust fan(s) described by this sequence of operations consists of an
exhaust fan and motorized damper to continuously exhaust air from the space
as shown on the drawings.

OPERATING MODES
OCCUPIED MODE:
The fan shall be in occupied mode per the project design conditions schedule
shown on the control drawings .
UNOCCUPIED MODE:
The fan shall be in unoccupied mode for all periods not included in the occupied
hours of operation.

CONTROL SETPOINT RESETS
Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS
FIRE ALARM CONTROL PANEL INTERLOCK:
The fan shall be disabled via hard wired interlock at the fan start circuit upon
receipt of signal from the fire alarm control panel.
ISOLATION DAMPER INTERLOCK:
Interlock the motorized isolation damper with the associated fan.  Prove damper
position is open and include time delay prior to starting fan.  Close damper after
fan is commended OFF.

COMPONENT CONTROL LOOPS
FAN CONTROL - CONSTANT VOLUME BAS SCHEDULED
When in Occupied Mode:

The fan shall be ON.
The ECM motor shall be used for soft start and to balance the fan for
constant speed operation to achieve the scheduled airflow value.

When in Unoccupied Mode:
The fan shall be OFF.

This sequence of operations is organized into the following main categories:
operating modes, control setpoint resets, safeties, overrides and interlocks, and
component control loops.  The operating modes describe the criteria that either
enable or disable the various modes of operation.  If a mode of operation is not
listed within a component control loop section then that mode of operation has
no direct influence on the operation of the component.  The control setpoint reset
section describes the logic and reference variables that will be used to reset
control setpoints to a new value within its reset range.  The safeties, overrides,
and interlocks section outlines the hardwired interlocks that will be required to
meet life safety requirements.  Safeties and interlocks take precedence over all
other control strategies outlined in this document. The control responses of each
component for the various modes of operation are described in the component
control loop sections.

The sequence of operations, the points list and control diagrams shall be used to
provide a complete description of the control philosophy for the controlled
equipment.  Individual setpoint values, reset ranges, and alarm action levels are
listed in the points list.  Components and control sensor locations are graphically
depicted on the control diagram. The controls contractor shall be responsible for
coordinating any necessary time delay setpoints to establish stable system
operation.

SEQUENCE OF OPERATIONS
THERMOSTAT CONTROLLED FANS
(EF 2, EF 3, EF 6, SF 1)

GENERAL DESCRIPTION

The exhaust fan(s) described by this sequence consists of a constant speed fan
and damper controlled by a thermostat to remove heat from the space as shown
on the drawings.

OPERATING MODES
OCCUPIED MODE:
The fan shall be in occupied mode per the project design conditions schedule
shown on the control drawings .
UNOCCUPIED MODE:
The fan shall be in unoccupied mode for all periods not included in the occupied
hours of operation.

CONTROL SETPOINT RESETS
Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS
LOCAL THERMOSTAT INTERLOCK
Fan shall be interlocked with local thermostat.  Fan shall energize when local
thermostat exceeds setpoint.

FIRE ALARM CONTROL PANEL INTERLOCK:
The fan shall be disabled via hard wired interlock at the fan start circuit upon
receipt of signal from the fire alarm control panel.

ISOLATION DAMPER INTERLOCK:
Interlock the motorized isolation damper with the associated fan.  Prove damper
position is open and include time delay prior to starting fan.  Close damper after
fan is commanded OFF.

COMPONENT CONTROL LOOPS

FAN CONTROL - CONSTANT VOLUME BAS THERMOSTATIC
CONTROL
When in Occupied Mode:

The fan shall be enabled.

The fan motor shall cycle to provide airflow with the intent to control room
temperature at setpoint as measured by local temperature sensor (Z-T) .
The ECM motor shall be used for soft start and to balance the fan for
constant speed operation to achieve the scheduled airflow value.

When in Unoccupied Mode:

The fan shall operate as if in Occupied Mode.

PROVIDE UNIQUE POINT NAME FOR
EACH CONTROL POINT CONSISTENT
WITH THE MARK IDENTIFIER ON THE
EQUIPMENT SCHEDULE.

PROVIDE UNIQUE POINT NAME FOR
EACH CONTROL POINT CONSISTENT
WITH THE MARK IDENTIFIER ON THE
EQUIPMENT SCHEDULE.

SEQUENCE OF OPERATIONS
CONTINUOUS OPERATION EXHAUST FAN
FANS (EF 4, EF 5)

GENERAL DESCRIPTION

The exhaust fan(s) described by this sequence of operations consists of an
exhaust fan and motorized damper to continuously exhaust air from the space
as shown on the drawings.

OPERATING MODES
OCCUPIED MODE:
The fan shall be in occupied mode per the project design conditions schedule
shown on the control drawings .
UNOCCUPIED MODE:
The fan shall be in unoccupied mode for all periods not included in the occupied
hours of operation.

CONTROL SETPOINT RESETS
Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS
FIRE ALARM CONTROL PANEL INTERLOCK:
The fan shall be disabled via hard wired interlock at the fan start circuit upon
receipt of signal from the fire alarm control panel.

ISOLATION DAMPER INTERLOCK:
Interlock the motorized isolation damper with the associated fan.  Prove damper
position is open and include time delay prior to starting fan.  Close damper after
fan is commended OFF.

COMPONENT CONTROL LOOPS
FAN CONTROL - CONSTANT VOLUME BAS SCHEDULED
When in Occupied Mode:

The fan shall be ON.

The ECM motor shall be used for soft start and to balance the fan for
constant speed operation to achieve the scheduled airflow value.

When in Unoccupied Mode:

The fan shall be OFF.

SEQUENCE OF OPERATIONS
FAN COIL UNITS

GENERAL DESCRIPTION

The fan coil unit(s) described by this sequence of operations consist(s) of a constant speed supply fan, chilled water cooling coil, and electric heating coil that operate to
provide heating, ventilation, and air conditioning for the conditioned spaces as shown.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per the Project Design Conditions Schedule shown on the control drawings.
COOLING MODE:
The unit shall be in cooling mode when the zone temperature (Z-T) rises above the dead band (Z-T-DB).
HEATING MODE:
The unit shall be in heating mode when the zone temperature (Z-T) falls below the dead band (Z-T-DB).
UNOCCUPIED MODE:
The unit shall be in unoccupied mode for all periods not included in the occupied hours of operation. Overrides of unoccupied schedule are defined at the zone level
control.

CONTROL SETPOINT RESETS
Not used.

SAFETIES, OVERRIDES AND INTERLOCKS
FIRE ALARM CONTROL PANEL INTERLOCK:
The unit shall be disabled via hard wired interlock at the fan start circuit upon receipt of signal from the fire alarm control panel.
LEAK DETECTION INTERLOCK (FCU-CND):
The supply fan shall automatically shut down and the cooling coil shall be disabled upon detection of water in the overflow drain pan.

COMPONENT CONTROL LOOPS
SUPPLY FAN CONTROL
When in Occupied Mode:

The fan shall be ON.
When in Unoccupied Mode:

The fan shall be OFF.  On a call for cooling/heating or override signal from the zone level, the fan shall operate as in occupied mode until the call is cleared or the
override is removed.

COOLING COIL CHILLED WATER VALVE - MODULATING
When in Occupied Mode:

When in Cooling Mode:
The valve shall modulate to maintain the zone temperature setpoint (Z-T).

When in Heating Mode:
The valve shall be closed.

When in Unoccupied Mode:
The valve shall be closed.
On a call for cooling or override signal from the zone level the valve shall operate as in occupied mode until the call is cleared or the override is removed.

HEATING COIL- ELECTRIC STAGED
When in Occupied Mode:

When in Cooling Mode:
The coil shall be OFF.

When in Heating Mode:
The controller shall stage the heating to maintain the zone temperature setpoint (Z-T).

When in Unoccupied Mode:
The coil shall be OFF.
On a call for heating or override signal from the zone level the coil shall operate as in occupied mode until the call is cleared or the override is removed.
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SEQUENCE OF OPERATIONS
DEDICATED OUTSIDE AIR
AIR HANDLING UNITS (OAU 1, OAU 2)

GENERAL DESCRIPTION

The air handling unit(s) described by this sequence of operations consist(s) of a variable speed supply fan, chilled water cooling coil, and a gas fired heating coil to
provide conditioned ventilation air for the conditioned spaces as shown on the drawings.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per the Project Design Conditions Schedule shown on the control drawings.
UNOCCUPIED MODE:
The unit shall be in unoccupied mode for all periods not included in the occupied hours of operation. Overrides of unoccupied schedule are defined at the zone level
control.
COOLING MODE:
The unit shall be in cooling mode when the outside air temperature (OAT) rises above the outside air cooling enable setpoint (OAT-C)
HEATING MODE:
The unit shall be in heating mode when the outside air temperature (OAT) falls below the outside air heating enable setpoint (OAT-H)
VENTILATION ONLY MODE:
The unit shall be in ventilation only mode when the outdoor air temperature is between the outdoor air cooling enable (OAT-C) and outdoor air heating enable (OAT-H)
setpoints.
FREEZE PROTECTION MODE:
The unit shall be in freeze protection mode when:
The low limit temperature controller (LLT) senses a temperature less than the alarm setpoint.

CONTROL SETPOINT RESETS
Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS
SMOKE DETECTOR INTERLOCK:
The unit shall be disabled via hard wired interlock on activation of a system smoke detector.  Display smoke detector relay status (normal or alarm) at the BAS front end.
FIRE ALARM CONTROL PANEL INTERLOCK:
The unit shall be disabled via relay circuit signal from the fire alarm control panel.  Division 28 shall provide the relay and leads from relay to unit.  BAS contractor shall
connect leads to unit.  Display relay status (normal or alarm) at BAS front end.
FREEZE PROTECTION MODE INTERLOCK:
The supply fan shall be disabled via hard wired interlock at the supply fan start circuit from the low limit temperature controller.

COMPONENT CONTROL LOOPS
SUPPLY FAN CONTROL- CONSTANT VOLUME
When in Occupied Mode:

The fan shall be ON.
The VFD shall be used for soft start and to balance the fan for constant speed operation to achieve the scheduled airflow value.

When in Unoccupied Mode:
The fan shall be OFF.  On an override signal from the zone level, the fan shall operate as in occupied mode until the override is removed.

When in Freeze Protection Mode:
The fan shall be OFF .

OUTSIDE AIR DAMPER (OA)
When in Occupied Mode:

The damper shall be open .
When in Unoccupied Mode:

The damper shall close after the supply fan is off and a time delay .
When in Freeze Protection Mode:

The damper shall close after the supply fan is off and a time delay .
FILTER MONITORING
When in All Modes:
The controller shall monitor the differential pressure across each filter bank and shall provide a signal when the setpoint is exceeded.
HEATING COIL- GAS MODULATED
When in Occupied Mode:

When in Ventilation Only Mode:
The coil shall be OFF.

When in Cooling Mode:
The coil shall be OFF.

When in Heating Mode:
The controller shall modulate the heating to maintain the supply air temperature setpoint (SAT).

When in Unoccupied Mode:
The coil shall be OFF .
On an override signal from the zone level the coil shall operate as in occupied mode until the override is removed.

When in Freeze Protection Mode:
The coil shall be OFF .

COOLING COIL CHILLED WATER VALVE - MODULATING
When in Occupied Mode:

When in Ventilation Only Mode:
The valve shall be closed.

When in Cooling Mode:
The valve shall modulate to maintain the supply air temperature setpoint (SAT).

When in Heating Mode:
The valve shall be closed.

When in Unoccupied Mode:
The valve shall be closed.
On an override signal from the zone level the compressor shall operate as in occupied mode until the override is removed.

When in Freeze Protection Mode:
The valve shall be fully open.
And- The chilled water plant AHU freeze protection mode shall be activated .

SEQUENCE OF OPERATIONS
SINGLE ZONE VARIABLE AIR VOLUME
AIR HANDLING UNITS (AHU 6)
This sequence of operations is organized into the following main categories: operating modes; control setpoint resets; safeties, overrides and interlocks; and component
control loops.  The operating modes describe the criteria that either enable or disable the various modes of operation.  If a mode of operation is not listed within a
component control loop section then that mode of operation has no direct influence on the operation of the component.  The control setpoint reset section describes the
logic and reference variables that will be used to reset control setpoints to a new value within its reset range.  The safeties, overrides, and interlocks section outlines the
hardwired interlocks that are required to meet life safety requirements.  Safeties and interlocks take precedence over all other control strategies outlined in this
document. The control responses of each component for the various modes of operation are described in the component control loop sections.  Setpoints shall be
adjustable (adj.) as noted.

The sequence of operations, the points list and control diagrams shall be used to provide a complete description of the control philosophy for the controlled equipment.
Individual setpoint values, reset ranges, and alarm action levels are listed in the points list.  Components and control sensor locations are graphically depicted on the
control diagram. The controls contractor shall be responsible for coordinating any necessary time delay setpoints to establish stable system operation.

GENERAL DESCRIPTION

The air handling unit(s) described by this sequence of operations consist(s) of a variable speed supply fan, a chilled water cooling coil, and an electric heating coil to
provide heating, ventilation, and air conditioning for the conditioned spaces as shown on the drawings.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per the Project Design Conditions Schedule shown on the control drawings.
COOLING MODE:
The unit shall be in cooling mode when the zone temperature (Z-T) rises above the dead band (Z-T-DB).
MINIMUM COOLING MODE:
The unit shall be in minimum cooling mode when:

The unit is in cooling mode;
And- The supply fan reaches its minimum speed setting for 2 minutes (adj.).

The unit shall return to cooling mode when:
The supply air temperature (SAT) is at or below its cooling setpoint for 2 minutes (adj.);

HEATING MODE:
The unit shall be in heating mode when the zone temperature (Z-T) falls below the dead band (Z-T-DB).
MINIMUM HEATING MODE:
The unit shall be in minimum heating mode when:

The unit is in heating mode;
And- The supply fan reaches its minimum speed setting for 2 minutes (adj.).

The unit shall return to heating mode when:
The supply air temperature (SAT) is at or above its setpoint for 2 minutes (adj.);

UNOCCUPIED MODE:
The unit shall be in unoccupied mode for all periods not included in the occupied hours of operation. Overrides of unoccupied schedule are defined at the zone level
control.
FREEZE PROTECTION MODE:
The unit shall be in freeze protection mode when the supply air temperature sensor (SAT) senses a temperature less than the alarm setpoint.

CONTROL SETPOINT RESETS
Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS
SMOKE DETECTOR INTERLOCK:
The unit shall be disabled via hard wired interlock on activation of a system smoke detector.  Display smoke detector relay status (normal or alarm) at the BAS front end.
FIRE ALARM CONTROL PANEL INTERLOCK:
The unit shall be disabled via relay circuit signal from the fire alarm control panel.  Division 28 shall provide the relay and leads from relay to unit.  BAS contractor shall
connect leads to unit.  Display relay status (normal or alarm) at BAS front end.
FREEZE PROTECTION MODE INTERLOCK:
The supply fan shall be disabled via hard wired interlock at the supply fan start circuit from the low limit temperature controller.
LOW DEDICATED OUTDOOR AIR STATIC PRESSURE INTERLOCK:
The unit shall be disabled via hard wired interlock at the fan start circuit upon activation of duct low static pressure controller.

COMPONENT CONTROL LOOPS
SUPPLY FAN CONTROL- VFD:
When the HOA switch is in hand position, the variable speed supply fan shall operate at a speed set manually by the operator at the user interface of the drive.
When the HOA switch is in off position, the fan shall be off.
When the HOA switch is in auto position, the variable speed supply fan shall operate subject to the unit enable signal, and unit operating modes.
When in Occupied Mode:

The fan shall energize and slowly ramp to the initial minimum fan speed determined during system startup. Minimum fan speed shall be established during
balancing.
When in Cooling Mode:

The fan VFD shall modulate to control zone temperature (Z-T) at setpoint. An increase in zone temperature causes an increase in airflow.
When in Heating Mode:

The fan VFD shall modulate to control zone temperature at setpoint. A decrease in zone temperature causes an increase in airflow.
When in Minimum Cooling, or Minimum Heating Mode:

The fan VFD shall maintain minimum speed.
When in Unoccupied Mode:

The fan shall be OFF.  On a call for cooling/heating or override signal from the zone level, the fan shall operate as in occupied mode until the call is cleared or the
override is removed.

When in Freeze Protection Mode:
The fan shall be OFF .

When in Smoke Control Mode:
The fan shall be OFF.

MIXED AIR DAMPERS MINIMUM OA FROM DEDICATED UNIT
The mixed air damper assembly consists of a dedicated outside air (DOA) damper and return air (RA) damper.

When in Occupied Mode:
DOA Calculated Control- The DOA and RA dampers shall modulate together to satisfy the minimum outside airflow setpoint as calculated by the BAS, using the
following formula:

DOA = (MAT - RAT) / (OAT - RAT) x SA-AF
When in Unoccupied Mode:

The DOA damper shall be fully closed and the RA damper shall be fully open.  On a call for cooling/heating or override signal, the DOA damper shall remain
closed.

When in Freeze Protection Mode:
The DOA damper shall be fully closed and the RA damper shall be fully open.

FILTER MONITORING
When in All Modes:
The controller shall monitor the differential pressure across each filter bank and shall provide a signal when the setpoint is exceeded.
COOLING COIL CHILLED WATER VALVE - MODULATING
When in Occupied Mode:
When in Minimum Cooling Mode:

The valve shall modulate to maintain the zone temperature setpoint (Z-T).
When in Cooling Mode:

The valve shall modulate to maintain the supply air temperature setpoint (SAT).
When in Heating Mode:

The coil shall be OFF.
When in Unoccupied Mode:

The valve shall be closed.
On a call for cooling or override signal from the zone level the valve shall operate as in occupied mode until the call is cleared or the override is removed.

When in Freeze Protection Mode:
The valve shall be fully open.
And- The chilled water plant AHU freeze protection mode shall be activated .

HEATING COIL- GAS MODULATED
When in Occupied Mode:
When in Cooling Mode:

The coil shall be OFF.
When in Minimum Heating Mode:

The controller shall modulate the heating to maintain the zone temperature setpoint (Z-T).
When in Heating Mode:

The controller shall modulate the heating to maintain the supply air temperature setpoint (SAT).
When in Unoccupied Mode:

The coil shall be OFF .
On a call for heating or override signal from the zone level the coil shall operate as in occupied mode until the call is cleared or the override is removed.

When in Freeze Protection Mode:
The coil shall be OFF .
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SEQUENCE OF OPERATIONS
ENERGY RECOVERY VENTILATOR
AIR HANDLING UNITS (ERV 1)

GENERAL DESCRIPTION

The energy recovery unit(s) described by this sequence of operations consist(s) of a constant volume supply fan, constant volume exhaust fan, and an air-to-air plate
exchanger to precondition ventilation air for the conditioned spaces as shown on the drawing.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per the Project Design Conditions Schedule shown on the control drawings.
UNOCCUPIED MODE:
The unit shall be in unoccupied mode for all periods not included in the occupied hours of operation. Overrides of unoccupied schedule are defined at the zone level
control.
FREEZE PROTECTION MODE:
The unit shall be in freeze protection mode when:
The unit shall be in freeze protection mode when the supply air temperature sensor (SAT) senses a temperature less than the alarm setpoint.

CONTROL SETPOINT RESETS
Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS
SMOKE DETECTOR INTERLOCK:
The unit shall be disabled via hard wired interlock on activation of a system smoke detector.  Display smoke detector relay status (normal or alarm) at the BAS front end.
FIRE ALARM CONTROL PANEL INTERLOCK:
The unit shall be disabled via relay circuit signal from the fire alarm control panel.  Division 28 shall provide the relay and leads from relay to unit.  BAS contractor shall
connect leads to unit.  Display relay status (normal or alarm) at BAS front end.
FREEZE PROTECTION MODE INTERLOCK:
The supply fan shall be disabled via hard wired interlock at the supply fan start circuit from the low limit temperature controller.

COMPONENT CONTROL LOOPS
SUPPLY FAN CONTROL- CONSTANT VOLUME
When in Occupied Mode:

The fan shall be ON.
The EC motor shall be used for soft start and to balance the fan for constant speed operation to achieve the scheduled airflow value.

When in Unoccupied Mode:
The fan shall be OFF.  On an override signal from the zone level, the fan shall operate as in occupied mode until the override is removed.

When in Freeze Protection Mode:
The fan shall be OFF .

EXHAUST FAN (EF) - CONSTANT VOLUME
When in Occupied Mode:

The fan shall be ON.
The EC motor shall be used for soft start and to balance the fan for constant speed operation to achieve the scheduled airflow value.

When in Unoccupied Mode:
The fan shall be OFF.

When in Freeze Protection Mode:
The fan shall be OFF .

OUTSIDE AIR DAMPER (OA)
When in Occupied Mode:

The damper shall be open .
When in Unoccupied Mode:

The damper shall close after the supply fan is off and a time delay .
When in Freeze Protection Mode:

The damper shall close after the supply fan is off and a time delay .
EXHAUST AIR DAMPERS
When in Occupied Mode:

The damper shall be open.
When in Unoccupied Mode:

The damper shall close after the exhaust fan is off and a time delay .
When in Freeze Protection Mode:

The damper shall close after the relief/exhaust fan is off and a time delay .
FILTER MONITORING
When in All Modes:
The controller shall monitor the differential pressure across each filter bank and shall provide a signal when the setpoint is exceeded.

SEQUENCE OF OPERATIONS
ENERGY RECOVERY VENTILATOR
AIR HANDLING UNITS (ERU 1)

GENERAL DESCRIPTION

The energy recovery unit(s) described by this sequence of operations consist(s)
of a constant volume supply fan, constant volume exhaust fan, and an air-to-air
plate exchanger to precondition ventilation air for the conditioned spaces as
shown on the drawing.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per the Project Design Conditions Schedule
shown on the control drawings.

UNOCCUPIED MODE:
The unit shall be in unoccupied mode for all periods not included in the occupied
hours of operation. Overrides of unoccupied schedule are defined at the zone
level control.
FREEZE PROTECTION MODE:
The unit shall be in freeze protection mode when:

The unit shall be in freeze protection mode when the supply air temperature
sensor (SAT) senses a temperature less than the alarm setpoint.
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ELECTRICITYWATERGENERALFUELREQUIREMENTS FOR MEASUREMENT AND VERIFICATION PLAN
CONTRACTOR SHALL COORDINATE POINTS REQUIRED TO IMPLEMENT MEASUREMENT AND VERIFICATION
PLAN WITH THE CONTROLS DRAWINGS.  THE PARAGRAPHS BELOW REPRESENT DESIGN INTENT.

• REFERENCE MEASUREMENT AND VERIFICATION PLAN FOR ALL SYSTEMS THAT SHALL BE MONITORED BY
THE BAS.

• PROVIDE VFD MONITORING AND MOTOR KW TRENDING AT BAS.
-  INSTANTANEOUS (kW)
-  HISTORICAL PEAK (kW)
-  RESETTABLE kWh
-  RUNTIME TRACKING FOR kWh PER RATE PERIOD

• MONITOR ALL ELECTRICAL PANEL METERS AND ELECTRICAL SUBMETERS AT BAS.
• MONITOR NATURAL GAS MAIN METER AND ALL SUBMETERS AT BAS.
• MONITOR ALL FLOW METERS AND BTU METERS IN CENTRAL PLANT AT BAS.
• MONITOR DOMESTIC WATER, IRRIGATION, GREY WATER, AND COOLING TOWER MAKEUP/BLOWDOWN

FLOW METERS AT BAS.

AUTOMATIC DEMAND SHED CONTROLS AS REQUIRED BY TITLE 24
1.THE BAS SHALL HAVE THE CAPABILITY TO REMOTELY SETUP THE OPERATING COOLING TEMPERATURE SET POINTS
BY 4 DEGREES OR MORE IN ALL NON-CRITICAL ZONES ON A SIGNAL FROM THE BAS.
2.THE BAS SHALL HAVE THE CAPABILITY TO REMOTELY SETABCK THE OPERATING HEATING TEMPERATURE SET
POINTS BY 4 DEGREES OR MORE IN ALL NON-CRITICAL ZONES ON SIGNAL FROM THE BAS.
3.THE BAS SHALL HAVE CAPABILITIES TO REMOTELY RESET THE TEMPERATURES IN ALL NON-CRITICAL ZONES TO
ORIGINAL OPERATING LEVELS ON SIGNAL FROM THE BAS.
4.THE BAS SHALL BE PROGRAMMED TO PROVIDE AN ADJUSTABLE RATE OF CHANGE FOR THE TEMPERATURE SETUP
AND RESET.
5.THE BAS SHALL HAVE THE FOLLOWING FEATURES:
5.1.DISABLED. DISABLED BY AUTHORIZED FACILITY OPERATORS; AND
5.2.MANUAL CONTROL. MANUAL CONTROL BY AUTHORIZED FACILITY OPERATORS TO ALLOW ADJUSTMENT OF
HEATING AND COOLING SET POINTS GLOBALLY FROM A SINGLE POINT IN THE BAS; AND
5.3.AUTOMATIC DEMAND SHED CONTROL. UPON RECEIPT OF A DEMAND RESPONSE SIGNAL, THE
SPACE-CONDITIONING SYSTEMS SHALL CONDUCT A CENTRALIZED DEMAND SHED, AS SPECIFIED ABOVE, FOR
NON-CRITICAL ZONES DURING THE DEMAND RESPONSE PERIOD.

ELECTRICITYGENERAL REQUIREMENTS FOR MEASUREMENT AND VERIFICATION PLAN

CONTRACTOR SHALL COORDINATE POINTS REQUIRED TO IMPLEMENT MEASUREMENT AND VERIFICATION PLAN
WITH THE CONTROLS DRAWINGS.  THE PARAGRAPHS BELOW REPRESENT DESIGN INTENT.

• REFERENCE MEASUREMENT AND VERIFICATION PLAN FOR ALL SYSTEMS THAT SHALL BE MONITORED BY
THE BAS.

• PROVIDE VFD MONITORING AND MOTOR KW TRENDING AT BAS.
          -  INSTANTANEOUS (kW)
          -  HISTORICAL PEAK (kW)
          -  RESETTABLE kWh
          -  RUNTIME TRACKING FOR kWh PER RATE PERIOD

SEQUENCE OF OPERATIONS GENERAL NOTES

CONCRETE
RUNNER

SEQUENCE OF OPERATIONS
CONSTANT VOLUME MAKEUP AIR
AIR HANDLING UNITS (MAU 1, MAU 2)

GENERAL DESCRIPTION

The air handling unit(s) described by this sequence of operations consist(s) of constant volume supply fan, chilled water cooling coil, and a gas fired heating coil to serve
as makeup air for the kitchen exhaust system.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per a signal from the Kitchen Hood Control Panel.
UNOCCUPIED MODE:
The unit shall be in unoccupied mode per a signal from the Kitchen Hood Control Panel.
COOLING MODE:
The unit shall be in cooling mode when the outside air temperature (OAT) rises above the outside air cooling enable setpoint (OAT-C)
HEATING MODE:
The unit shall be in heating mode when the outside air temperature (OAT) falls below the outside air heating enable setpoint (OAT-H)
VENTILATION ONLY MODE:
The unit shall be in ventilation only mode when the outdoor air temperature is between the outdoor air cooling enable (OAT-C) and outdoor air heating enable (OAT-H)
setpoints.
FREEZE PROTECTION MODE:
The unit shall be in freeze protection mode when:
The unit shall be in freeze protection mode when the supply air temperature sensor (SAT) senses a temperature less than the alarm setpoint.

CONTROL SETPOINT RESETS
Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS
SMOKE DETECTOR INTERLOCK:
The unit shall be disabled via hard wired interlock on activation of a system smoke detector.  Display smoke detector relay status (normal or alarm) at the BAS front end.
FIRE ALARM CONTROL PANEL INTERLOCK:
The unit shall be disabled via relay circuit signal from the fire alarm control panel.  Division 28 shall provide the relay and leads from relay to unit.  BAS contractor shall
connect leads to unit.  Display relay status (normal or alarm) at BAS front end.
FREEZE PROTECTION MODE INTERLOCK:
The supply fan shall be disabled via hard wired interlock at the supply fan start circuit from the low limit temperature controller.

COMPONENT CONTROL LOOPS
SUPPLY FAN CONTROL- CONSTANT VOLUME
When in Occupied Mode:

The fan shall be ON.
When in Unoccupied Mode:

The fan shall be OFF.  On an override signal from the Kitchen Hood Control Panel, the fan shall operate as in occupied mode until the override is removed.
When in Freeze Protection Mode:

The fan shall be OFF .
OUTSIDE AIR DAMPER (OA)
When in Occupied Mode:

The damper shall be open .
When in Unoccupied Mode:

The damper shall close after the supply fan is off and a time delay .
When in Freeze Protection Mode:

The damper shall close after the supply fan is off and a time delay .
FILTER MONITORING
When in All Modes:
The controller shall monitor the differential pressure across each filter bank and shall provide a signal when the setpoint is exceeded.
HEATING COIL- GAS MODULATED
When in Occupied Mode:

When in Ventilation Only Mode:
The coil shall be OFF.

When in Cooling Mode:
The coil shall be OFF.

When in Heating Mode:
The controller shall modulate the heating to maintain the supply air temperature setpoint (SAT).

When in Unoccupied Mode:
The coil shall be OFF .
On an override signal from the Kitchen Hood Control Panel, the coil shall operate as in occupied mode until the override is removed.

When in Freeze Protection Mode:
The coil shall be OFF .

COOLING COIL CHILLED WATER VALVE - MODULATING
When in Occupied Mode:

When in Ventilation Only Mode:
The valve shall be closed.

When in Cooling Mode:
The valve shall modulate to maintain the supply air temperature setpoint (SAT).

When in Heating Mode:
The valve shall be closed.

When in Unoccupied Mode:
The valve shall be closed.
On an override signal from the Kitchen Hood Control Panel, the valve shall operate as in occupied mode until the override is removed.

When in Freeze Protection Mode:
The valve shall be fully open.
And- The chilled water plant AHU freeze protection mode shall be activated .

4"CHWR

SEQUENCE OF OPERATIONS
MISCELLANEOUS EQUIPMENT

AIR CURTAIN
Interlock air curtain with door limit switch to energize when the door opens.  Units scheduled
with heating coils shall cycle the stages of heat to maintain room temperature setpoint of 70 F
(adj).

ELECTRIC UNIT HEATER
Interlock unit heater with thermostat. Unit heater shall energize fan and heater to maintain
space temperature heating setpoint of 55 F (adj.)

SEQUENCE OF OPERATIONS
MISCELLANEOUS EQUIPMENT

AIR CURTAIN
Interlock air curtain with door limit switch to energize when the door opens.  Units scheduled
with heating coils shall cycle the stages of heat to maintain room temperature setpoint of 70 F
(adj).

ELECTRIC UNIT HEATER
Interlock unit heater with thermostat. Unit heater shall energize fan and heater to maintain
space temperature heating setpoint of 55 F (adj.)

2-1/2"CHWS
2-1/2"CHWR

SEQUENCE OF OPERATIONS
MAKEUP AIR UNITS (MAU 3, MAU 4, MAU-5)
This sequence of operations is organized into the following main categories:
operating modes; control setpoint resets; safeties, overrides and interlocks; and
component control loops.  The operating modes describe the criteria that either
enable or disable the various modes of operation.  If a mode of operation is not
listed within a component control loop section then that mode of operation has
no direct influence on the operation of the component.  The control setpoint reset
section describes the logic and reference variables that will be used to reset
control setpoints to a new value within its reset range.  The safeties, overrides,
and interlocks section outlines the hardwired interlocks that are required to meet
life safety requirements.  Safeties and interlocks take precedence over all other
control strategies outlined in this document. The control responses of each
component for the various modes of operation are described in the component
control loop sections.  Setpoints shall be adjustable (adj.) as noted.

The sequence of operations, the points list and control diagrams shall be used to
provide a complete description of the control philosophy for the controlled
equipment.  Individual setpoint values, reset ranges, and alarm action levels are
listed in the points list.  Components and control sensor locations are graphically
depicted on the control diagram. The controls contractor shall be responsible for
coordinating any necessary time delay setpoints to establish stable system
operation.

GENERAL DESCRIPTION

The air handling unit(s) described by this sequence of operations consist(s) of a
constant speed or variable air volume supply fan, chilled water cooling coil, and
a gas fired heating coil to serve as makeup air for the kitchen exhaust system.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per a signal from the Kitchen Hood Control
Panel.

UNOCCUPIED MODE:
The unit shall be in unoccupied mode per a signal from the Kitchen Hood Control
Panel.

COOLING MODE:
The unit shall be in cooling mode per a signal from the Kitchen Hood Control
Panel.

HEATING MODE:
The unit shall be in heating mode per a signal from the Kitchen Hood Control
Panel.

VENTILATION ONLY MODE:
The unit shall be in ventilation only mode per a signal from the Kitchen Hood
Control Panel.

FREEZE PROTECTION MODE:
The unit shall be in freeze protection mode when:

The unit shall be in freeze protection mode when the supply air temperature
sensor (SAT) senses a temperature less than the alarm setpoint.

CONTROL SETPOINT RESETS
Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS
FIRE ALARM CONTROL PANEL INTERLOCK:
The unit shall be disabled via relay circuit signal from the fire alarm control panel.
Division 28 shall provide the relay and leads from relay to unit.  BAS contractor
shall connect leads to unit.  Display relay status (normal or alarm) at BAS front
end.

FREEZE PROTECTION MODE INTERLOCK:
The supply fan shall be disabled via hard wired interlock at the supply fan start
circuit from the low limit temperature controller.

HOOD INTERLOCK:
The supply fan shall be interlocked with the hood control panel and operate
according to the manufacturer's programmed sequences.

COMPONENT CONTROL LOOPS
SUPPLY FAN CONTROL- SINGLE ZONE VARIABLE VOLUME:
The supply fan shall be controlled and operated by the Kitchen Hood Control
Panel.

OUTSIDE AIR DAMPER (OA)
The outside air damper shall be controlled and operated by the Kitchen Hood
Control Panel.

FILTER MONITORING
When in All Modes:
The controller shall monitor the differential pressure across each filter bank and
shall provide a signal when the setpoint is exceeded.

HEATING COIL- GAS MODULATED
The heating coil shall be controlled and operated by the Kitchen Hood Control
Panel.

COOLING COIL CHILLED WATER VALVE - MODULATING
The cooling coil chilled water valve shall be controlled and operated by the
Kitchen Hood Control Panel.
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SEQUENCE OF OPERATIONS
HOT WATER HEATING PLANT
This sequence of operations is organized into the following main categories:
operating modes; control setpoint resets; safeties, overrides and interlocks; and
component control loops.  The operating modes describe the criteria that either
enable or disable the various modes of operation.  If a mode of operation is not
listed within a component control loop section then that mode of operation has
no direct influence on the operation of the component.  The control setpoint reset
section describes the logic and reference variables that will be used to reset
control setpoints to a new value within its reset range.  The safeties, overrides,
and interlocks section outlines the hardwired interlocks that will be required to
meet life safety requirements.  Safeties and interlocks take precedence over all
other control strategies outlined in this document. The control responses of each
component for the various modes of operation are described in the component
control loop sections.  Setpoints shall be adjustable (adj.) as noted.

The sequence of operations, the points list and control diagrams shall be used to
provide a complete description of the control philosophy for the controlled
equipment.  Individual setpoint values, reset ranges, and alarm action levels are
listed in the points list.  Components and control sensor locations are graphically
depicted on the control diagram. The controls contractor shall be responsible for
coordinating any necessary time delay setpoints to establish stable system
operation.

GENERAL DESCRIPTION
The heating hot water plant described by this sequence of operations consist(s)
of condensing boilers with in-line circulator pumps, variable speed pumps to
provide heating hot water to the facility.

Master Firing Controller BAS Interface:

The building automation system (BAS) shall provide a remote enable
signal; remote setpoint adjustments; and visibility of the master controller at
the operator's workstation as defined in the hot water plant points list.  The
communication protocol shall be coordinated with the provided
manufacturer.

OPERATING MODES
HOT WATER PLANT DISABLED MODE:
The hot water plant shall be in disabled mode when:

The operator has manually disabled the plant at the operator's workstation or by
a local disable switch;

Or- there is no call from the automatic or manual enabled modes as defined
below.

HOT WATER PLANT ENABLED MODE:
The plant shall be in enabled mode when any of the following enable methods is
employed and the conditions are satisfied.  The automatic enable mode shall be
the basis of design enable mode.

Automatic Enable Mode: The plant shall be enabled when there is a call for
heating among active heating coil valves.  BAS shall be capable of excluding
valves from the active heating coil valve list..

The following heating coil valves shall be included in the automatic enable mode:

All heating coil valves shall be included in the analysis.

A call for heating is generated by the BAS when any one active heating coil
valve is commanded at least 15% open for greater than 10 minutes;

Or- Any one heating coil valve is at least 80% open for 10 minutes.

Or- When the outside air is less than 50 F subject to the boiler master controller
outside air temperature sensor (BMFC-OAT).

Manual Enable Mode Option:   The plant shall be manually enabled when the
operator manually places the plant in enabled mode at the operator workstation
or at the master firing controller furnished with the boiler(s).

BOILER ENABLED/DISABLED MODE:
A boiler shall be enabled and disabled via command from the boiler master firing
controller (B-C-X).

BOILER MANUAL START MODE:
A boiler shall be in manual start mode when manually enabled through the
equipment control panel.

BOILER FAILURE MODE:
A boiler shall be in failure mode when the equipment control panel reads any
alarm condition.

AHU FREEZE PROTECTION MODE:
The boiler plant shall be in freeze protection mode upon a signal that any
associated air handling unit (AHU) is in a freeze protection mode while the
heating hot water plant is in disabled mode.

LOSS OF POWER RESTART DELAY MODE:
The plant shall be in loss of power mode upon restoration of power after an
unexpected loss of power.  The plant shall remain in this mode for the duration
as defined by the plant start delay (PSD) setpoint.  Once the plant start delay
duration has elapsed, the plant shall return to its previous mode prior to loss of
power.

PUMP FAILURE MODE:
A pump shall be in failure mode when:

The pump is given a start signal;

And- The pump status indicates it is off.

CONTROL SETPOINT RESETS
HOT WATER PUMP DIFFERENTIAL PRESSURE RESET:
The secondary hot water differential pressure setpoint (SHW-DP) shall be reset
using valve command position within the range limits scheduled on the points list
via trim and respond logic.  The trim and respond function shall reset the
setpoint incrementally downward to maintain one active control valve output
signal greater than 90% open.

Trim and respond logic:

When pump is off, reset setpoint to the default value.

While pump is proven on:
If all control valves included in the analysis are less than 90% open
(adj.), every 2 minutes (adj.) decrease setpoint by 0.5 psig (adj). Repeat
trim and respond logic until at least one (adj.) control valve is greater
than 90% open.
If at least one control valve is greater than 95% open (adj.), every 2
minutes (adj.) increase setpoint by 0.5 psig.

When using both a trim and respond temperature reset and pressure reset and
the temperature reset is programmed to be enabled first, the pressure reset
sequence shall not be enabled until:

The secondary hot water supply temperature (SHWS-T) has reached its
minimum reset value for 10 minutes (adj.)

And- All active control valves included in the reset analysis are less than
90% open.

While the pressure reset sequence is enabled, the hot water supply temperature
setpoint shall be held constant at its minimum reset value.  The reset sequence
shall be disabled when:

The secondary hot water differential pressure setpoint (SHW-DP) has reached
its minimum reset value for 10 minutes (adj.).

And- when any 3 (adj.) active heating coil control valves included in the
reset analysis are greater than 90%.

HOT WATER PLANT TEMPERATURE RESET:
Reset Based on Outside Air Temperature:   The secondary hot water supply
temperature setpoint (SHWS-T) shall linearly reset based on the outside air
temperature (BMFC-OAT) by the following schedule:

(BMFC-OAT)              (SHWS-T)
60 F                            110 F
40 F                            140 F

Reset Based on Trim and Respond Logic:   The secondary hot water supply
temperature (SHWS-T) shall be reset within the temperature range limits
scheduled on the points list using trim and respond logic.  The trim and respond
function shall reset the setpoint incrementally downward to maintain one active
control valve output signal greater than 90% open.

Trim and respond logic:

When pump is off, reset setpoint to the default value.

While pump is proven on:
If all control valves included in the analysis are less than 90% open
(adj.), every 2 minutes (adj.) decrease setpoint by 0.5º F (adj). Repeat
trim and respond logic until at least one (adj.) control valve is greater
than 90% open.
If at least one control valve is greater than 95% open (adj.), every 2
minutes (adj.) increase setpoint by 0.5º F.

When using both a pressure reset and temperature reset and the pressure reset
is programmed to be enabled first, the temperature reset sequence shall not be
enabled until

The secondary hot water differential pressure setpoint (SHW-DP) has reached
its minimum reset value for 10 minutes (adj.).

And- All active control valves included in the reset analysis are less than
90% open.

While the temperature reset sequence is enabled, the secondary hot water
differential pressure setpoint shall be held constant at its minimum reset value.
The reset sequence shall be disabled when:

The secondary hot water supply temperature has reached its minimum reset
value for 10 minutes (adj.)

And- when any 3 (adj.) active heating coil control valves included in the
reset analysis are greater than 90% open.

SAFETIES, OVERRIDES AND INTERLOCKS
BOILER FACTORY FURNISHED SAFETIES:
The boiler master firing controller shall monitor the factory provided safeties and
interlocks and prevent firing of the boiler(s) until the internal safety conditions are
met.

The factory boiler controller shall monitor the factory provided safeties and
interlocks and prevent firing until the conditions are met:

Minimum water flow is “true” (B-HW-FS)
Flue damper is “open” (B-FD-ES)
Start purge cycle time is “completed”
Pilot gas valve and igniter is “open” and “on”
Proof of flame is “true”
The main gas valve is “open”

Coordinate field installation requirements for factory furnished and contractor
installed devices (e.g. water flow switch and flue damper).

PRIMARY SAFETY SHUTDOWN PER ASME CSD-1:
The boiler shall shutdown and requires a manual supervised restart.  Primary
safety shutdown shall occur upon:

-     Boiler flame failure - The boiler shall be allowed to cycle a second
time before a primary safety shutdown is initiated.  An alarm shall
generate and the boiler shall enter Boiler Failure Mode.
-     Emergency stop switch (B-EMSTP) - The emergency stop switch
shall interrupt power to the boilers and close the main gas valve.

HOT WATER PUMP(S) INTERLOCK:
Dedicated hot water pump(s) shall start when the associated boiler is enabled.

COMPONENT CONTROL LOOPS
BOILER MASTER FIRING CONTROLLER (BMFC)
The BMFC shall be furnished by the boiler manufacturer.

When in hot water plant disabled mode:

The boiler(s) are off subject to their own internal safeties and time delays.

When in hot water plant enabled mode:

The BMFC shall sequence the boiler(s) and boiler isolation valve(s) to
maintain the primary heating hot water set point as measured by the hot
water supply temperature sensor (B-HWS-T-X).  The hot water temperature
sensor shall be furnished by the BAS contractor.

The boilers shall be enabled and disabled according to a lead/lag schedule.
The schedule shall be based on equal run time or cycle count, whichever
comes first.

If the BMFC determines heat is required, it shall enable the lead boiler.

The BMFC shall monitor the water flow through the system using the
communication protocol from the BAS.  The controller shall stage on
additional boilers based on maximum flow through a boiler and the supply
header temperature sensor.

Sequential Staging:   If the BMFC determines additional heat is required, it
shall increase the firing rate of the lead boiler until it is at full fire.  The
BMFC shall enable lag boilers and modulate them up to full fire as required
to maintain the hot water supply temperature setpoint.

If the BMFC determines less heat is required, it shall modulate the last
enabled boiler down as required until it is at minimum fire.

If the primary hot water temperature continues to rise, the BMFC shall
disable the lag boilers in reverse order, with the last boiler on to be the first
boiler off.

When the last operating boiler stages off or a boiler stages off on high heat
(BHWS-T-HL), the boiler(s) shall not be allowed to stage back on until the
hot water supply temperature is below the hot water supply temperature
deadband (BHWS-T-DB).

BOILER ISOLATION VALVE (B-HW-CV)
The boiler isolation valve shall be furnished by the BAS contractor, installed by
the mechanical contractor, and shall be controlled by the boiler master firing
controller.

When in boiler disabled mode:

The valve shall remain open for 5 minutes (adj.) after boiler shutdown for
flow to dissipate residual heat.  After the time period, the valve shall be
closed.

When in boiler enabled mode:

The valve shall be open when the associated boiler is enabled.  The valve shall
be fast acting.

When in boiler manual start mode:

The valve shall operate as in boiler enabled mode.

When in boiler failure mode:

The valve associated with the boiler in alarm shall be closed.

VARIABLE SECONDARY PUMP CONTROL (SHWP-1- SHWP-2)
The pump shall be operated by the boiler master firing controller

When in hot water plant disabled mode:

The pump shall be off.

When in hot water plant enabled mode:

The pumps shall energize subject to a lead/lag sequence.  Sequence shall
be based on equal run time.

A pump that is energized shall start on low speed and ramp up to maintain
the hot water differential pressure setpoint as measured by the differential
pressure sensor(s) (SHW-DP-X). Initial differential setpoint shall be
determined during system startup.  The most critical DP sensor shall
govern pump speed.  Multiple operating pumps shall ramp together to meet
setpoint.

Optimized pump staging algorithm:   Pumps shall energize on and off
based on the optimum combination of primary pumps to minimize energy
use.  The test and balance contractor and controls contractor shall
coordinate to field determine the optimized staging setpoints.

The test and balance contractor shall perform the following:

1.         Ramp one pump from minimum speed to design speed and record
the total amp draw from the pump at every 3 Hz interval.

2.         Start another pump and repeat step 1 for the pumps operating
simultaneously.

3.         Repeat step 2 until the amp draw for all scheduled pumps operating
simultaneously has been recorded.

The pump staging setpoints shall be determined from the rpm speed at
which operating more pumps at the same flow rate draws less amperage
than the current quantity of operating pumps.

When staging on a lag pump:

1.         Ramp the operating pumps down to minimum speed.

2.         Turn the lag pump on.

3.         Ramp the operating pumps together to meet setpoint.

When staging off a lag pump:

1.         Ramp the operating pumps down to minimum speed.

2.         Turn the lag pump off.

3.         Ramp the remaining operating pumps together to meet setpoint.

When in AHU freeze protection mode:

The pump(s) shall operate as in hot water plant enabled mode.

When in pump failure mode:

The next lag pump shall be energized and operate as in hot water plant
enabled mode.

SEQUENCE OF OPERATIONS
SINGLE ZONE VARIABLE AIR VOLUME
AIR HANDLING UNITS (AHU 1 - AHU 4)
This sequence of operations is organized into the following main categories:
operating modes; control setpoint resets; safeties, overrides and interlocks; and
component control loops.  The operating modes describe the criteria that either
enable or disable the various modes of operation.  If a mode of operation is not
listed within a component control loop section then that mode of operation has
no direct influence on the operation of the component.  The control setpoint
reset section describes the logic and reference variables that will be used to
reset control setpoints to a new value within its reset range.  The safeties,
overrides, and interlocks section outlines the hardwired interlocks that are
required to meet life safety requirements.  Safeties and interlocks take
precedence over all other control strategies outlined in this document. The
control responses of each component for the various modes of operation are
described in the component control loop sections.  Setpoints shall be adjustable
(adj.) as noted.

The sequence of operations, the points list and control diagrams shall be used
to provide a complete description of the control philosophy for the controlled
equipment.  Individual setpoint values, reset ranges, and alarm action levels are
listed in the points list.  Components and control sensor locations are graphically
depicted on the control diagram. The controls contractor shall be responsible for
coordinating any necessary time delay setpoints to establish stable system
operation.

GENERAL DESCRIPTION

The air handling unit(s) described by this sequence of operations consist(s) of a
variable speed supply fan, chilled water cooling coil, and hot water heating coil
that operate in a lead/lag sequence to provide heating, ventilation, and air
conditioning for the conditioned spaces as shown on the drawings.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per the Project Design Conditions Schedule
shown on the control drawings.

COOLING MODE:
The unit shall be in cooling mode when the zone temperature (Z-T) rises above
the dead band (Z-T-DB).

MINIMUM COOLING MODE:
The unit shall be in minimum cooling mode when:

The unit is in cooling mode;

And- The supply fan reaches its minimum speed setting for 2 minutes
(adj.).

The unit shall return to cooling mode when:

The supply air temperature (SAT) is at or below its setpoint for 2 minutes
(adj.);

HEATING MODE:
The unit shall be in heating mode when the zone temperature (Z-T) falls below
the dead band (Z-T-DB).

MINIMUM HEATING MODE:
The unit shall be in minimum heating mode when:

The unit is in heating mode;

And- The supply fan reaches its minimum speed setting for 2 minutes
(adj.).

The unit shall return to heating mode when:

The supply air temperature (SAT) is at or above its setpoint for 2 minutes
(adj.);

UNOCCUPIED MODE:
The unit shall be in unoccupied mode for all periods not included in the occupied
hours of operation. Overrides of unoccupied schedule are defined at the zone
level control.

DEHUMIDIFICATION MODE:

The unit shall be in dehumidification mode when the zone humidity sensor (Z-H)
senses humidity above 50% RH (adj.). The unit shall exit dehumidification mode
when the humidity reaches or falls below 45% RH (adj.). The dehumidification
mode shall be enabled to operate in occupied and unoccupied mode.

DISABLED MODE:

The unit shall be in disabled mode when on a call from BAS panel according to
alternating unit schedule.

FREEZE PROTECTION MODE:

The unit shall be in freeze protection mode when the supply air temperature
sensor (SAT) senses a temperature less than the alarm setpoint.

CONTROL SETPOINT RESETS

Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS

SMOKE DETECTOR INTERLOCK:

The unit shall be disabled via hard wired interlock on activation of a system
smoke detector.  Display smoke detector relay status (normal or alarm) at the
BAS front end.

FIRE ALARM CONTROL PANEL INTERLOCK:

The unit shall be disabled via relay circuit signal from the fire alarm control
panel.  Division 28 shall provide the relay and leads from relay to unit.  BAS
contractor shall connect leads to unit.  Display relay status (normal or alarm) at
BAS front end.

FREEZE PROTECTION MODE INTERLOCK:

The supply fan shall be disabled via hard wired interlock at the supply fan start
circuit from the low limit temperature controller.

LOW DEDICATED OUTDOOR AIR STATIC PRESSURE INTERLOCK:

The unit shall be disabled via hard wired interlock at the fan start circuit upon
activation of duct low static pressure controller.

COMPONENT CONTROL LOOPS

AIR HANDLING UNIT LEAD/LAG SEQUENCE (AHU 1 - AHU 4):

The BMS shall sequence the primary AHUs (AHU 1, AHU 3) with the secondary
AHUs (AHU 2, AHU 4) to maintain the zone temperature setpoint (Z-T).

The AHUs shall be enabled and disabled between primary and secondary
according to a lead/lag schedule.  The schedule shall be based on equal run
time or cycle count, whichever is greater.  Change over shall be weekly and
occur on Wednesday, 6 AM (adj.).

SUPPLY FAN CONTROL- VFD:

When the HOA switch is in hand position, the variable speed supply fan shall
operate at a speed set manually by the operator at the user interface of the
drive.

When the HOA switch is in off position, the fan shall be off.

When the HOA switch is in auto position, the variable speed supply fan shall
operate subject to the unit enable signal, and unit operating modes.

When in Occupied Mode:

The fan shall energize and slowly ramp to the initial minimum fan speed
determined during system startup. Minimum fan speed shall be established
during balancing.

When in Cooling Mode:
The fan VFD shall modulate to control zone temperature (Z-T) at
setpoint. An increase in zone temperature causes an increase in airflow.

When in Heating Mode:
The fan VFD shall modulate to control zone temperature at setpoint. A
decrease in zone temperature causes an increase in airflow.

When in Minimum Cooling, or Minimum Heating Mode:
The fan VFD shall maintain minimum speed.

When in Dehumidification Mode:
The fan VFD shall be locked at its current speed until the minimum
supply air temperature setpoint is reached.  If the humidity is still not
satisfied after 5 minutes (adj), increase fan speed by 5% (adj).  Repeat
fan speed trim and respond sequence until setpoint is satisfied.  Return
to previous mode of operation upon exiting dehumidification mode.

When in Unoccupied Mode:

The fan shall be OFF.  On a call for cooling/heating or override signal from
the zone level, the fan shall operate as in occupied mode until the call is
cleared or the override is removed.

When in Dehumidification Mode:

The fan shall operate as in occupied mode.

When in Freeze Protection Mode:

The fan shall be OFF .

When in Disabled Mode:

The fan shall be OFF .

MIXED AIR DAMPERS DIRECT WITHOUT ECONOMIZER

The mixed air damper assembly consists of a minimum outside air (MOA)
damper and return air (RA) damper.

When in Occupied Mode:

When OAU-X is disabled:

MOA Active Control- The MOA and RA dampers shall modulate together to
satisfy the minimum outside airflow setpoint.

When in all other modes:

The MOA shall be fully closed.

MIXED AIR DAMPERS MINIMUM OA FROM DEDICATED UNIT

The mixed air damper assembly consists of a dedicated outside air (DOA)
damper, DOA airflow sensor and return air (RA) damper.

When in Occupied Mode:

The DOA damper shall modulate with the RA damper to satisfy the
minimum outside airflow setpoint as measured by the airflow measurement
station (DOA-AF).

When in Unoccupied Mode:

The DOA damper shall be fully closed and the RA damper shall be fully
open.  On a call for cooling/heating or override signal, the DOA damper
shall remain closed.

When in Freeze Protection Mode:

The DOA damper shall be fully closed and the RA damper shall be fully
open.

When in Disabled Mode:

          The DOA damper shall be fully closed and the RA damper shall be fully

          closed.

FILTER MONITORING

When in All Modes:

The controller shall monitor the differential pressure across each filter bank and
shall provide a signal when the setpoint is exceeded.

HEATING COIL- HOT WATER VALVE- MODULATING

When in Occupied Mode:
When in Cooling Mode:

The coil shall be OFF.

When in Minimum Heating Mode:
The controller shall modulate the heating to maintain the zone
temperature setpoint (Z-T).

When in Heating Mode:
The controller shall modulate the heating to maintain the supply air
temperature setpoint (SAT).

When in Dehumidification Mode:
The controller shall modulate the heating to maintain the zone
temperature setpoint (Z-T).

When in Unoccupied Mode:

The valve shall be closed.

On a call for heating or override signal from the zone level the valve shall
operate as in occupied mode until the call is cleared or the override is
removed.

When in Morning Warm-Up Mode:

The valve shall operate as in occupied mode.

When in Freeze Protection Mode:

Level 2:  The valve shall be fully open.

When in Disabled Mode:

The valve shall be closed .

COOLING COIL CHILLED WATER VALVE - MODULATING

When in Occupied Mode:

When in Minimum Cooling Mode:
The valve shall modulate to maintain the zone temperature setpoint
(Z-T).

When in Cooling Mode:
The valve shall modulate to maintain the supply air temperature setpoint
(SAT).

When in Heating Mode:
The coil shall be OFF.

When in Dehumidification Mode:
The valve shall modulate to maintain the cooling coil leaving air
temperature setpoint (CC-LAT).

When in Unoccupied Mode:

The valve shall be closed.

On a call for cooling or override signal from the zone level the valve shall
operate as in occupied mode until the call is cleared or the override is
removed.

On a call for dehumidification the valve shall operate as in occupied mode
until the call is cleared or the override is removed.

When in Freeze Protection Mode:

The valve shall be fully open.

And- The chilled water plant AHU freeze protection mode shall be
activated .

When in Disabled Mode:

The valve shall be closed.

SEQUENCE OF OPERATIONS
SINGLE ZONE VARIABLE AIR VOLUME
AIR HANDLING UNITS (AHU 6, AHU 7)
This sequence of operations is organized into the following main categories:
operating modes; control setpoint resets; safeties, overrides and interlocks; and
component control loops.  The operating modes describe the criteria that either
enable or disable the various modes of operation.  If a mode of operation is not
listed within a component control loop section then that mode of operation has
no direct influence on the operation of the component.  The control setpoint
reset section describes the logic and reference variables that will be used to
reset control setpoints to a new value within its reset range.  The safeties,
overrides, and interlocks section outlines the hardwired interlocks that are
required to meet life safety requirements.  Safeties and interlocks take
precedence over all other control strategies outlined in this document. The
control responses of each component for the various modes of operation are
described in the component control loop sections.  Setpoints shall be adjustable
(adj.) as noted.

The sequence of operations, the points list and control diagrams shall be used
to provide a complete description of the control philosophy for the controlled
equipment.  Individual setpoint values, reset ranges, and alarm action levels are
listed in the points list.  Components and control sensor locations are
graphically depicted on the control diagram. The controls contractor shall be
responsible for coordinating any necessary time delay setpoints to establish
stable system operation.

GENERAL DESCRIPTION

The air handling unit(s) described by this sequence of operations consist(s) of a
variable speed supply fan, a chilled water cooling coil, and a hot water heating
coil to provide heating, ventilation, and air conditioning for the conditioned
spaces as shown on the drawings.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per the Project Design Conditions Schedule
shown on the control drawings.

COOLING MODE:
The unit shall be in cooling mode when the zone temperature (Z-T) rises above
the dead band (Z-T-DB).

MINIMUM COOLING MODE:
The unit shall be in minimum cooling mode when:

The unit is in cooling mode;

And- The supply fan reaches its minimum speed setting for 2 minutes
(adj.).

The unit shall return to cooling mode when:

The supply air temperature (SAT) is at or below its cooling setpoint for 2
minutes (adj.);

HEATING MODE:
The unit shall be in heating mode when the zone temperature (Z-T) falls below
the dead band (Z-T-DB).

MINIMUM HEATING MODE:
The unit shall be in minimum heating mode when:

The unit is in heating mode;

And- The supply fan reaches its minimum speed setting for 2 minutes
(adj.).

The unit shall return to heating mode when:

The supply air temperature (SAT) is at or above its setpoint for 2 minutes
(adj.);

UNOCCUPIED MODE:
The unit shall be in unoccupied mode for all periods not included in the
occupied hours of operation. Overrides of unoccupied schedule are defined at
the zone level control .

FREEZE PROTECTION MODE:

The unit shall be in freeze protection mode when the supply air temperature
sensor (SAT) senses a temperature less than the alarm setpoint.

CONTROL SETPOINT RESETS

Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS

SMOKE DETECTOR INTERLOCK:

The unit shall be disabled via hard wired interlock on activation of a system
smoke detector.  Display smoke detector relay status (normal or alarm) at the
BAS front end.

FIRE ALARM CONTROL PANEL INTERLOCK:

The unit shall be disabled via relay circuit signal from the fire alarm control
panel.  Division 28 shall provide the relay and leads from relay to unit.  BAS
contractor shall connect leads to unit.  Display relay status (normal or alarm) at
BAS front end.

FREEZE PROTECTION MODE INTERLOCK:

The supply fan shall be disabled via hard wired interlock at the supply fan start
circuit from the low limit temperature controller.

LOW DEDICATED OUTDOOR AIR STATIC PRESSURE INTERLOCK:

The unit shall be disabled via hard wired interlock at the fan start circuit upon
activation of duct low static pressure controller.

KITCHEN EXHAUST HOOD INTERLOCK (AHU-6 ONLY):

Interlock unit with kitchen hood system(s) to shut unit down upon signal from
hood fire suppression system. Interlock unit with kitchen exhaust fan to start
unit and open outdoor air damper when exhaust fan is energized to maintain
building pressurization.

DEDICATED OUTSIDE AIR UNIT INTERLOCK:

Interlock unit with associated OAU to open outdoor air damper (MOA) when
OAU-X is de-energized to maintain building pressurization and ventilation.

COMPONENT CONTROL LOOPS
SUPPLY FAN CONTROL- VFD:
When the HOA switch is in hand position, the variable speed supply fan shall
operate at a speed set manually by the operator at the user interface of the
drive.

When the HOA switch is in off position, the fan shall be off.

When the HOA switch is in auto position, the variable speed supply fan shall
operate subject to the unit enable signal, and unit operating modes.

When in Occupied Mode:

The fan shall energize and slowly ramp to the initial minimum fan speed
determined during system startup. Minimum fan speed shall be
established during balancing.

When in Cooling Mode:
The fan VFD shall modulate to control zone temperature (Z-T) at
setpoint. An increase in zone temperature causes an increase in
airflow.

When in Heating Mode:
The fan VFD shall modulate to control zone temperature at setpoint. A
decrease in zone temperature causes an increase in airflow.

When in Minimum Cooling, or Minimum Heating Mode:
The fan VFD shall maintain minimum speed.

When in Unoccupied Mode:

The fan shall be OFF.  On a call for cooling/heating or override signal from
the zone level, the fan shall operate as in occupied mode until the call is
cleared or the override is removed.

When in Freeze Protection Mode:

The fan shall be OFF .

When in Smoke Control Mode:

The fan shall be OFF.

MIXED AIR DAMPERS DIRECT WITHOUT ECONOMIZER

The mixed air damper assembly consists of a minimum outside air (MOA)
damper and return air (RA) damper.

When in Occupied Mode:

When OAU-X is disabled:

MOA Active Control- The MOA and RA dampers shall modulate together
to satisfy the minimum outside airflow setpoint.

When in all other modes:

The MOA shall be fully closed.

MIXED AIR DAMPERS MINIMUM OA FROM DEDICATED UNIT

The mixed air damper assembly consists of a dedicated outside air (DOA)
damper and return air (RA) damper.

When in Occupied Mode:

The DOA damper shall modulate with the RA damper to satisfy the
minimum outside airflow setpoint as measured by the airflow
measurement station (DOA-AF).

When in Unoccupied Mode:

The DOA damper shall be fully closed and the RA damper shall be fully
open.  On a call for cooling/heating or override signal, the DOA damper
shall remain closed.

When in Freeze Protection Mode:

The DOA damper shall be fully closed and the RA damper shall be fully
open.

FILTER MONITORING

When in All Modes:

The controller shall monitor the differential pressure across each filter bank and
shall provide a signal when the setpoint is exceeded.

HEATING COIL- HOT WATER VALVE- MODULATING

When in Occupied Mode:

When in Cooling Mode:
The coil shall be OFF.

When in Minimum Heating Mode:
The controller shall modulate the heating to maintain the zone
temperature setpoint (Z-T).

When in Heating Mode:
The controller shall modulate the heating to maintain the supply air
temperature setpoint (SAT).

When in Unoccupied Mode:

The valve shall be closed.

On a call for heating or override signal from the zone level the valve shall
operate as in occupied mode until the call is cleared or the override is
removed.

When in Economizer Mode:

The valve shall be closed.

When in Morning Warm-Up Mode:

The valve shall operate as in occupied mode.

When in Pre-Occupancy Purge Mode:

The valve shall operate as in occupied mode.

When in Freeze Protection Mode:

Level 2:  The valve shall be fully open.

When in Dehumidification Mode:

The controller shall modulate the heating to maintain the zone
temperature setpoint (Z-T).

COOLING COIL CHILLED WATER VALVE - MODULATING

When in Occupied Mode:

When in Minimum Cooling Mode:
The valve shall modulate to maintain the zone temperature setpoint
(Z-T).

When in Cooling Mode:
The valve shall modulate to maintain the supply air temperature
setpoint (SAT).

When in Heating Mode:
The coil shall be OFF.

When in Unoccupied Mode:

The valve shall be closed.

On a call for cooling or override signal from the zone level the valve shall
operate as in occupied mode until the call is cleared or the override is
removed.

When in Freeze Protection Mode:

The valve shall be fully open.

And- The chilled water plant AHU freeze protection mode shall be
activated .

OA

OD-ST
OD-C

MD

SA

LTC

LLT

.

OA

OD-ST
OD-C

MD

SA

LTC

LLT

SEQUENCE OF OPERATIONS
CONSTANT VOLUME MAKEUP AIR
AIR HANDLING UNITS (MAU 1, MAU 2)

GENERAL DESCRIPTION

The air handling unit(s) described by this sequence of operations consist(s) of
constant volume supply fan, chilled water cooling coil, and a hot water heating
coil to serve as makeup air for the kitchen exhaust system.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per a signal from the Kitchen Hood Control
Panel.

UNOCCUPIED MODE:
The unit shall be in unoccupied mode per a signal from the Kitchen Hood Control
Panel.

COOLING MODE:
The unit shall be in cooling mode when the outside air temperature (OAT) rises
above the outside air cooling enable setpoint (OAT-C)

HEATING MODE:
The unit shall be in heating mode when the outside air temperature (OAT) falls
below the outside air heating enable setpoint (OAT-H)

VENTILATION ONLY MODE:
The unit shall be in ventilation only mode when the outdoor air temperature is
between the outdoor air cooling enable (OAT-C) and outdoor air heating enable
(OAT-H) setpoints.

FREEZE PROTECTION MODE:
The unit shall be in freeze protection mode when:

The unit shall be in freeze protection mode when the supply air temperature
sensor (SAT) senses a temperature less than the alarm setpoint.

CONTROL SETPOINT RESETS
Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS
SMOKE DETECTOR INTERLOCK:
The unit shall be disabled via hard wired interlock on activation of a system
smoke detector.  Display smoke detector relay status (normal or alarm) at the
BAS front end.

FIRE ALARM CONTROL PANEL INTERLOCK:
The unit shall be disabled via relay circuit signal from the fire alarm control panel.
Division 28 shall provide the relay and leads from relay to unit.  BAS contractor
shall connect leads to unit.  Display relay status (normal or alarm) at BAS front
end.

FREEZE PROTECTION MODE INTERLOCK:
The supply fan shall be disabled via hard wired interlock at the supply fan start
circuit from the low limit temperature controller.

COMPONENT CONTROL LOOPS
SUPPLY FAN CONTROL- CONSTANT VOLUME

When in Occupied Mode:

The fan shall be ON.

When in Unoccupied Mode:

The fan shall be OFF.  On an override signal from the Kitchen Hood
Control Panel, the fan shall operate as in occupied mode until the override
is removed.

When in Freeze Protection Mode:

The fan shall be OFF .
OUTSIDE AIR DAMPER (OA)
When in Occupied Mode:

The damper shall be open.

When in Unoccupied Mode:

The damper shall close after the supply fan is off and a time delay .

When in Freeze Protection Mode:

The damper shall close after the supply fan is off and a time delay .

FILTER MONITORING
When in All Modes:

The controller shall monitor the differential pressure across each filter bank and
shall provide a signal when the setpoint is exceeded.
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HOOD INTERLOCK:
The supply fan shall be interlocked with the hood control panel and operate
according to the manufacturer's programmed sequences.

(OAU 2)

HEATING COIL- HOT WATER VALVE- MODULATING

SEQUENCE OF OPERATIONS
MAKEUP AIR UNITS (MAU 3)

This sequence of operations is organized into the following main categories:
operating modes; control setpoint resets; safeties, overrides and interlocks;
and component control loops.  The operating modes describe the criteria that
either enable or disable the various modes of operation.  If a mode of
operation is not listed within a component control loop section then that mode
of operation has no direct influence on the operation of the component.  The
control setpoint reset section describes the logic and reference variables that
will be used to reset control setpoints to a new value within its reset range.
The safeties, overrides, and interlocks section outlines the hardwired
interlocks that are required to meet life safety requirements.  Safeties and
interlocks take precedence over all other control strategies outlined in this
document. The control responses of each component for the various modes
of operation are described in the component control loop sections.  Setpoints
shall be adjustable (adj.) as noted.

The sequence of operations, the points list and control diagrams shall be
used to provide a complete description of the control philosophy for the
controlled equipment.  Individual setpoint values, reset ranges, and alarm
action levels are listed in the points list.  Components and control sensor
locations are graphically depicted on the control diagram. The controls
contractor shall be responsible for coordinating any necessary time delay
setpoints to establish stable system operation.

GENERAL DESCRIPTION

The air handling unit(s) described by this sequence of operations consist(s)
of a constant speed or variable air volume supply fan, chilled water cooling
coil, and a gas fired heating coil to serve as makeup air for the kitchen
exhaust system.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per a signal from the Kitchen Hood
Control Panel.

UNOCCUPIED MODE:
The unit shall be in unoccupied mode per a signal from the Kitchen Hood
Control Panel.

COOLING MODE:
The unit shall be in cooling mode when the outside air temperature (OAT)
rises above the outside air cooling enable setpoint (OAT-C)

HEATING MODE:
The unit shall be in heating mode when the outside air temperature (OAT)
falls below the outside air heating enable setpoint (OAT-H)

VENTILATION ONLY MODE:
The unit shall be in ventilation only mode when the outdoor air temperature is
between the outdoor air cooling enable (OAT-C) and outdoor air heating
enable (OAT-H) setpoints.

FREEZE PROTECTION MODE:
The unit shall be in freeze protection mode when:

The unit shall be in freeze protection mode when the supply air temperature
sensor (SAT) senses a temperature less than the alarm setpoint.

CONTROL SETPOINT RESETS
Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS
FIRE ALARM CONTROL PANEL INTERLOCK:
The unit shall be disabled via relay circuit signal from the fire alarm control
panel.  Division 28 shall provide the relay and leads from relay to unit.  BAS
contractor shall connect leads to unit.  Display relay status (normal or alarm)
at BAS front end.

FREEZE PROTECTION MODE INTERLOCK:
The supply fan shall be disabled via hard wired interlock at the supply fan
start circuit from the low limit temperature controller.

HOOD INTERLOCK:
The supply fan shall be interlocked with the hood control panel and operate
according to the manufacturer's programmed sequences.

COMPONENT CONTROL LOOPS
SUPPLY FAN CONTROL- SINGLE ZONE VARIABLE VOLUME:
When the HOA switch is in hand position, the variable speed supply fan
shall operate at a speed set manually by the operator at the user
interface of the drive.

When the HOA switch is in off position, the fan shall be off.

When the HOA switch is in auto position, the variable speed supply fan
shall operate subject to the unit enable signal, and unit operating
modes.

When in Occupied Mode:

The fan shall energize and slowly ramp to the initial minimum fan speed
determined during system startup. Minimum fan speed shall be
established during balancing. The supply fan shall be controlled and
operated by the Kitchen Hood Control Panel in response to the
associated exhaust hood airflow.

When in Unoccupied Mode:

The fan shall be OFF.  On an override signal from the zone level, the fan
shall operate as in occupied mode until the override is removed.

When in Freeze Protection Mode:

The fan shall be OFF.

OUTSIDE AIR DAMPER (OA)
When in Occupied Mode:

The damper shall be open.

When in Unoccupied Mode:

The damper shall close after the supply fan is off and a time delay.

When in Freeze Protection Mode:

The damper shall close after the supply fan is off and a time delay.

FILTER MONITORING
When in All Modes:

The controller shall monitor the differential pressure across each filter bank
and shall provide a signal when the setpoint is exceeded.

HEATING COIL- HOT WATER VALVE- MODULATING

SEQUENCE OF OPERATIONS
DEDICATED OUTSIDE AIR
AIR HANDLING UNITS (OAU 1, OAU 2)

GENERAL DESCRIPTION

The air handling unit(s) described by this sequence of operations consist(s) of a
variable speed supply fan, chilled water cooling coil, and a gas fired heating coil
to provide conditioned ventilation air for the conditioned spaces as shown on the
drawings.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per the Project Design Conditions Schedule
shown on the control drawings.

UNOCCUPIED MODE:
The unit shall be in unoccupied mode for all periods not included in the occupied
hours of operation. Overrides of unoccupied schedule are defined at the zone
level control.

COOLING MODE:

The unit shall be in cooling mode when the outside air temperature (OAT) rises
above the outside air cooling enable setpoint (OAT-C)

HEATING MODE:

The unit shall be in heating mode when the outside air temperature (OAT) falls
below the outside air heating enable setpoint (OAT-H)

VENTILATION ONLY MODE:

The unit shall be in ventilation only mode when the outdoor air temperature is
between the outdoor air cooling enable (OAT-C) and outdoor air heating enable
(OAT-H) setpoints.

ECONOMIZER MODE - DIFFERENTIAL ENTHALPY WITH FIXED
DRY-BULB TEMPERATURE ENABLED:

The unit shall be in economizer mode when:

The supply fan status is on;

And- the unit is in cooling mode;

And- the AHU is not in freeze protection mode;

And- the outside air enthalpy is less than the return air enthalpy.

And- the outside air temperature is less than 75 F (adj.);

FREEZE PROTECTION MODE:

The unit shall be in freeze protection mode when:

The low limit temperature controller (LLT) senses a temperature less than the
alarm setpoint.

CONTROL SETPOINT RESETS

Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS

SMOKE DETECTOR INTERLOCK:

The unit shall be disabled via hard wired interlock on activation of a system
smoke detector.  Display smoke detector relay status (normal or alarm) at the
BAS front end.

FIRE ALARM CONTROL PANEL INTERLOCK:

The unit shall be disabled via relay circuit signal from the fire alarm control
panel.  Division 28 shall provide the relay and leads from relay to unit.  BAS
contractor shall connect leads to unit.  Display relay status (normal or alarm) at
BAS front end.

FREEZE PROTECTION MODE INTERLOCK:

The supply fan shall be disabled via hard wired interlock at the supply fan start
circuit from the low limit temperature controller.
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SEQUENCE OF OPERATIONS
CENTRAL CHILLED WATER PLANT
This sequence of operations is organized into the following main categories:
operating modes, control setpoint resets, safeties, overrides and interlocks, and
component control loops.  The operating modes describe the criteria that either
enable or disable the various modes of operation.  If a mode of operation is not
listed within a component control loop section then that mode of operation has no
direct influence on the operation of the component.  The control setpoint reset
section describes the logic and reference variables that will be used to reset control
setpoints to a new value within its reset range.  The safeties, overrides, and
interlocks section outlines the hardwired interlocks that will be required to meet life
safety requirements.  Safeties and interlocks take precedence over all other control
strategies outlined in this document. The control responses of each component for
the various modes of operation are described in the component control loop
sections.

The sequence of operations, the points list and control diagrams shall be used to
provide a complete description of the control philosophy for the controlled
equipment.  Individual setpoint values, reset ranges, and alarm action levels are
listed in the points list.  Components and control sensor locations are graphically
depicted on the control diagram. The controls contractor shall be responsible for
coordinating any necessary time delay setpoints to establish stable system
operation.

GENERAL DESCRIPTION
The chilled water plant described by this sequence of operations consist(s) of
variable primary pumps and air-cooled variable speed chillers piped in  series to
provide chilled water to the facility.

BAS Control Requirements

The building automation system (BAS) shall provide a remote enable signal; remote
setpoint adjustments; and visibility of the local factory chiller control operation at the
operator's workstation as defined in the chilled water plant points list.  The
communication protocol shall be coordinated with the provided chiller.  Reference
the points list and control loops section of this sequence for scope of work
coordination between the contractor and equipment manufacturer for valves,
sensors, and equipment.

Factory Chiller Control Requirements

The factory chiller control panel shall be responsible for controlling the chiller
subject to the associated equipment related safeties and interlocks to maintain the
chiller leaving water temperature setpoint.

OPERATING MODES
CHILLED WATER PLANT DISABLED MODE:
The chilled water plant shall be in disabled mode when

There is no call from the enable modes as defined below;

Or- when the operator has manually disabled the chilled water plant at the
operator's workstation.

CHILLED WATER PLANT ENABLED MODE:
The chilled water plant shall be enabled when any of the following enable methods
is employed and the conditions are satisfied. The automatic enable mode shall be
the basis of design enable mode.

Automatic Enable Mode: The plant shall be enabled when there is a call for chilled
water among active cooling coil valves .  BAS shall be capable of excluding valves
from the active cooling coil valve listed.

The following valves shall be included in the automatic enable mode:

Cooling coil valves serving AHUs and OAUs .

A call for cooling is generated by the BAS when any two active cooling coil valve is
commanded at least 15% open for greater than 10 minutes;

Or- any one cooling coil valve is at least 80% open for 10 minutes.

Manual Enable Mode Option: The chilled water plant is in manual enable mode
when the operator manually places the plant in enable mode at the operator work
station.

Scheduled Start Mode Option: In the manual start mode, the system shall be
manually enabled by the building operator or by time of day schedule.

AHU FREEZE PROTECTION MODE:

The chiller plant shall be in freeze protection mode upon a signal that any
associated air handling unit is in a freeze protection mode while the chilled water
plant is in the disabled mode.

LOSS OF POWER RESTART DELAY MODE:

The plant shall be in loss of power mode upon restoration of power after an
unexpected loss of power.  The plant shall remain in this mode for the duration as
defined by the plant start delay (PSD) setpoint.  Once the plant start delay duration
has elapsed, the plant shall return to its previous mode prior to loss of power .

CHILLER FAILURE MODE:

A chiller shall be in failure mode when:

The enable signal is set to on;

And- The leaving chilled water supply temperature as measured by (CHWS-T)
is greater than 5 F (adj.) above setpoint for greater than 20 minutes (adj.);

Or- The chiller power input is equal to 0-kW for greater than 20 minutes (adj.);

Or- The chilled water differential pressure sensor reads 0 psid

.

CHILLER MANUAL START MODE:

The display at the operator workstation shall indicate manual start mode when:

A chiller is started manually at the local chiller control panel in lieu of through
the BAS subject to the chiller status signal (CH-ST-X);

Or- The enable signal is set to off and the temperature delta across the chiller is >
3 F (adj.);

Or- The enable signal is set to off and the chiller power input > 10% of the total
kW Input Rating.

PUMP FAILURE MODE:
A pump shall be in failure mode when:

The pump is given a start signal;

And- The pump status indicates it is off.

CONTROL SETPOINT RESETS
CHILLED WATER PUMP DIFFERENTIAL PRESSURE RESET:
The chilled water differential pressure setpoint (CHW-DP) shall be reset using valve
command position within the range limits scheduled on the points list via trim and
respond logic.  The trim and respond function shall reset the setpoint incrementally
downward to maintain one active control valve output signal greater than 90% open.

Trim and respond logic:

When pump is off, reset setpoint to the default value.

While pump is proven on:
If all control valves included in the analysis are less than 90% open (adj.),
every 2 minutes (adj.) decrease setpoint by 0.5 psig (adj). Repeat trim and
respond logic until at least one (adj.) control valve is greater than 90% open.
If at least one control valve is greater than 95% open (adj.), every 2 minutes
(adj.) increase setpoint by 0.5 psig.

CHILLED WATER PLANT TEMPERATURE RESET:
The chilled water supply temperature (CHWS-T) shall be reset within the
temperature range limits scheduled on the points list using trim and respond logic.
The trim and respond function shall reset the setpoint incrementally upward to
maintain one control valve serving an air handling unit greater than 90% open.  BAS
shall be capable of excluding zone valves from the temperature reset analysis
subject to a feedback signal enable/disable switch.

Trim and respond logic:

When pump is off, reset setpoint to the default value.

While pump is proven on:
If all control valves included in the analysis are less than 90% open (adj.),
every 2 minutes (adj.) increase setpoint by 0.5º F (adj). Repeat trim and
respond logic until at least one (adj.) control valve is greater than 90% open.
If at least one control valve is greater than 95% open (adj.), every 2 minutes
(adj.) decrease setpoint by 0.5º F.

When using both a pressure reset and temperature reset and the pressure reset is
programmed to be enabled first, the temperature reset sequence shall not be
enabled until

The chilled water differential pressure setpoint (CHW-DP) has reached its
minimum reset value for 10 minutes (adj.).

And- All active control valves included in the reset analysis are less than 90%
open.

While the temperature reset sequence is enabled, the chilled water differential
pressure setpoint shall be held constant at its minimum reset value.  The reset
sequence shall be disabled when:

The chilled water supply temperature has reached its minimum reset value for
10 minutes (adj.).

And- when any 3 (adj.) active cooling coil control valves included in the reset
analysis are greater than 90% open.

SAFETIES, OVERRIDES AND INTERLOCKS
CHILLER PROOF OF FLOW INTERLOCK:
Chiller(s) shall start upon proof of flow subject to a dedicated flow meter wired
to the local chiller control panel.  The BAS contractor shall provide the differential
pressure sensor.

CHILLER ISOLATION VALVE INTERLOCK:

Interlock the chilled water isolation valve(s) (CH-CHW-CV) to open when required
by the chiller plant load staging matrix to enable flow through the chiller(s).  Interlock
shall apply when the chiller is under automatic or manual control.

VARIABLE PRIMARY PUMP CONTROL (CHWP-1 - CHWP-2)
The pump(s) shall be controlled by the BAS.

When in chilled water plant disabled mode:

The pump shall be off after 10 minute delay to establish flow during chiller shutdown.

When in chilled water plant enabled mode:

The pumps shall energize subject to a lead/lag sequence.  Sequence shall be
based on equal run time.

A pump that is energized shall start on low speed and ramp up to maintain the
chilled water differential pressure set point as measured by the differential
pressure sensor(s) (CHW-DP). Initial differential setpoint shall be determined
during system startup.  The most critical DP sensor shall govern pump speed.

Optimized pump staging algorithm:   Pumps shall energize on and off based
on the optimum combination of primary pumps to minimize energy use.  The
test and balance contractor and controls contractor shall coordinate to field
determine the optimized staging setpoints.

The test and balance contractor shall perform the following:

1.         Ramp one pump from minimum speed to design speed and record the
total amp draw from the pump at every 3 Hz interval.

2.         Start another pump and repeat step 1 for the pumps operating
simultaneously.

3.         Repeat step 2 until the amp draw for all scheduled pumps operating
simultaneously has been recorded.

The pump staging setpoints shall be determined from the rpm speed at which
operating more pumps at the same flow rate draws less amperage than the
current quantity of operating pumps.

When staging on a lag pump:

1.         Ramp the operating pumps down to minimum speed.

2.         Turn the lag pump on.

3.         Ramp the operating pumps together to meet setpoint.

When staging off a lag pump:

1.         Ramp the operating pumps down to minimum speed.

2.         Turn the lag pump off.

3.         Ramp the remaining operating pumps together to meet setpoint.

When in AHU freeze protection mode:

The pump(s) shall operate as in chilled water plant enabled mode.

When in pump failure mode:

The next lag pump shall be energized and operate as in chilled water plant
enabled mode.
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When in AHU freeze protection mode:

The pump(s) shall operate as in chilled water enabled mode.

CONTROL LOOPS

CHILLER CONTROL (ACC 1 - ACC 5)
The chiller shall be controlled by the chiller manufacturer control panel.  The
chiller shall be subject to manufacturer programmed safeties, overrides, and
interlocks.

When in chilled water plant disabled mode:

The chiller shall be off.

When in chilled water plant enabled mode:

Chillers shall turn on subject to initial factory start up sequences.

The interlocks shall have proven the associated equipment is on in the
following order:

- The primary chilled water pump has completed it stage up mode;
- The chilled water isolation valve has proven open (CH-CHW-CV);
- The chiller has proven minimum flow (CH-CHW-F)

Chiller Operation:   A chiller that is on shall modulate its cooling capacity subject
to the factory chiller controller to maintain the chilled water supply temperature
setpoint (PCHWS-T).

The chillers shall operate subject to a lead/lag sequence.  Sequence shall be
based on equal run time.

When in chiller stage-up mode:

Chillers shall turn on subject to initial factory start up sequences.

When in chiller stage-down mode:

The lag chiller shall turn OFF according to its factory shut-down sequence.

When in chiller failure mode:

The failed chiller shall be off; the associated chiller stage is locked out of the
staging sequence and an alarm is generated.

          Enable the next lag chiller.

When in chiller manual start mode:

The chiller shall turn on; the associated chiller stage is locked out of the
staging sequence and an alarm is generated at the operator workstation.

ROOF INTAKE HOOD DAMPER INTERLOCK (EF-2 ONLY):
Interlock the associated intake hood motorized damper with the associated fan.
Prove damper position is open and include time delay prior to starting fan.
Close damper after fan is commanded OFF.

WIRE INTAKE HOOD
MD TO FAN
(EF-2 ONLY)
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SEQUENCE OF OPERATIONS
SINGLE ZONE VARIABLE AIR VOLUME
AIR HANDLING UNITS (AHU 5, AHU 8, AHU 9)
This sequence of operations is organized into the following main categories:
operating modes; control setpoint resets; safeties, overrides and interlocks; and
component control loops.  The operating modes describe the criteria that either
enable or disable the various modes of operation.  If a mode of operation is not
listed within a component control loop section then that mode of operation has no
direct influence on the operation of the component.  The control setpoint reset
section describes the logic and reference variables that will be used to reset control
setpoints to a new value within its reset range.  The safeties, overrides, and
interlocks section outlines the hardwired interlocks that are required to meet life
safety requirements.  Safeties and interlocks take precedence over all other control
strategies outlined in this document. The control responses of each component for
the various modes of operation are described in the component control loop
sections.  Setpoints shall be adjustable (adj.) as noted.

The sequence of operations, the points list and control diagrams shall be used to
provide a complete description of the control philosophy for the controlled
equipment.  Individual setpoint values, reset ranges, and alarm action levels are
listed in the points list.  Components and control sensor locations are graphically
depicted on the control diagram. The controls contractor shall be responsible for
coordinating any necessary time delay setpoints to establish stable system
operation.

GENERAL DESCRIPTION

The air handling unit(s) described by this sequence of operations consist(s) of a
variable speed supply fan, a chilled water cooling coil, and a hot water heating coil
to provide heating, ventilation, and air conditioning for the conditioned spaces as
shown on the drawings.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per the Project Design Conditions Schedule
shown on the control drawings.

COOLING MODE:
The unit shall be in cooling mode when the zone temperature (Z-T) rises above the
dead band (Z-T-DB).

MINIMUM COOLING MODE:
The unit shall be in minimum cooling mode when:

The unit is in cooling mode;

And- The supply fan reaches its minimum speed setting for 2 minutes (adj.).

The unit shall return to cooling mode when:

The supply air temperature (SAT) is at or below its cooling setpoint for 2
minutes (adj.);

HEATING MODE:
The unit shall be in heating mode when the zone temperature (Z-T) falls below the
dead band (Z-T-DB).

MINIMUM HEATING MODE:
The unit shall be in minimum heating mode when:

The unit is in heating mode;

And- The supply fan reaches its minimum speed setting for 2 minutes (adj.).

The unit shall return to heating mode when:

The supply air temperature (SAT) is at or above its setpoint for 2 minutes
(adj.);

UNOCCUPIED MODE:
The unit shall be in unoccupied mode for all periods not included in the occupied
hours of operation. Overrides of unoccupied schedule are defined at the zone level
control.

DEHUMIDIFICATION MODE:

The unit shall be in dehumidification mode when the zone humidity sensor (Z-H)
senses humidity above 50% RH (adj.). The unit shall exit dehumidification mode
when the humidity reaches or falls below 45% RH (adj.). The dehumidification
mode shall be enabled to operate in occupied and unoccupied mode.

ECONOMIZER MODE - DIFFERENTIAL ENTHALPY WITH FIXED
DRY-BULB TEMPERATURE ENABLED:

The unit shall be in economizer mode when:

The supply fan status is on;

And- the unit is in cooling mode;

And- the AHU is not in freeze protection mode;

And- the outside air enthalpy is less than the return air enthalpy.

And- the outside air temperature (OAT) is less than 73 F (adj.).

The unit shall exit Economizer Mode when:

The supply fan status is off

Or- the unit enters Heating Mode

Or- the unit enters Dehumidification Mode

Or- the unit enters Freeze Protection Mode

Or- the outside air enthalpy is greater than the return air enthalpy.

Or- the outside air temperature (OAT) is greater than 73 F (adj.)

CONTROL SETPOINT RESETS

Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS

SMOKE DETECTOR INTERLOCK:

The unit shall be disabled via hard wired interlock on activation of a system smoke
detector.  Display smoke detector relay status (normal or alarm) at the BAS front
end.

FIRE ALARM CONTROL PANEL INTERLOCK:

The unit shall be disabled via relay circuit signal from the fire alarm control panel.
Division 28 shall provide the relay and leads from relay to unit.  BAS contractor
shall connect leads to unit.  Display relay status (normal or alarm) at BAS front end.

FREEZE PROTECTION MODE INTERLOCK:

The supply fan shall be disabled via hard wired interlock at the supply fan start
circuit from the low limit temperature controller.

LOW OUTDOOR AIR STATIC PRESSURE INTERLOCK:

The unit shall be disabled via hard wired interlock at the fan start circuit upon
activation of duct low static pressure controller.

MOTORIZED DAMPER AT AIR INTAKE INTERLOCK:

Motorized dampers located at air intake and exhaust locations associated with the
air handling unit shall be interlocked to open and prove status before allowing the
unit fans to start .

DEDICATED OUTSIDE AIR UNIT INTERLOCK:

Interlock unit with associated OAU to open outdoor air damper when OAU-X is
de-energized to maintain building pressurization and ventilation.

FREEZE PROTECTION MODE LEVEL 1:
The unit shall be in Freeze Protection Mode Level 1 when:

The Mixed Air Temperature (MAT) is less than the Level 1 Low Limit
Temperature Alarm Setpoint (LLT1-SP).

When in Freeze Protection Mode Level 1, an alarm shall generate at the
operator workstation.

The alarm shall automatically reset and exit Freeze Protection Mode Level
1 when the temperature is above the alarm setpoint for a duration that
exceeds the Freeze Protection Level 1 Delay (FZ-DLY) setpoint.

FREEZE PROTECTION MODE LEVEL 2:
The unit shall be in Freeze Protection Mode Level 2 when:

The Low Limit Temperature Controller 2 (LLT2) activates by sensing
an air temperature less than its alarm setpoint.

When in Freeze Protection Mode Level 2, an alarm shall generate at
the operator workstation.

The unit shall require a manual reset to exit Freeze Protection Level
2.

FREEZE PROTECTION MODE LEVEL 2 INTERLOCK:
Disable the supply fan via hard wired interlock with the Level 2 Low Limit
Temperature (LLT2) controller.

The unit shall require a manual reset.
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In the event that power is lost and the building is under generator power as monitored
by the BAS, the chillers shall energize in stages via the BAS to prevent overloading the
generator. Chiller modules shall stage with 3 minute intervals (adjustable) between
subsequent modules energizing, and shall continue until the plant is operating at the
load conditions that were occurring prior to loss of power.

CHILLER CHILLED WATER ISOLATION VALVE (CH-CHW-CV)
The chiller chilled water isolation valve shall be furnished by the BAS contractor,
installed by the mechanical contractor, and controlled by the chiller manufacturer
control panel.

When in chilled water plant disabled mode:
          The valve shall be closed.

When in chilled water plant enabled mode:
          The valve shall open slowly over 5 minutes (adj.) to minimize sudden flow
          or temperature changes through the other operating chillers.
          Modulating valves shall maintain equal flow across each chiller in enabled
          mode as measured by CH-CHW-F-X.

When in chiller stage-up mode:
          The valve serving the chiller staging on shall sequence with other
          components in the order described under the Chiller Control Loop.  The
          valve shall open slowly over 5 minutes (adj.) to minimize sudden flow or
          temperature changes through the other operating chillers.

When in chiller stage-down mode:
          The valve serving the chiller staging down shall sequence with other
          components in the reverse order described under the Chiller Control Loop.
          The valve shall close slowly over 5 minutes (adj.) after the chiller staging
          down has turned off.

When in chiller failure mode:
          The valve shall close and be locked out of the lead/lag sequencing until
          the failure alarm is cleared.  When the failure alarm is cleared the valve
          shall operate as in chilled water plant enabled mode.
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MOTORIZED DAMPER AT AIR INTAKE INTERLOCK:

Motorized dampers located at the air intake location associated with the air
handling unit shall be interlocked to open and prove status before allowing the
unit fans to start.

AHU FAN FAILURE INTERLOCK:

AHU 1 and AHU 2 shall operate as lead/standby. If the lead AHU has a fan
failure, the unit shall alarm and turn off, and the standby AHU shall go into
enable mode.
AHU 3 and AHU 4 shall operate as lead/standby. If the lead AHU has a fan
failure, the unit shall alarm and turn off, and the standby AHU shall go into
enable mode.

AHU LEAD/STANDBY INTERLOCK:

AHU fans shall be monitored to ensure the lead/standby fans never operate
simultaneously. Fans shall be interlocked so that if either AHU fan is manually
put into occupied mode, the lead/standby AHU that is paired automatically
disables to prevent both units from operating at the same time.

When in Occupied Mode:

When in Ventilation Only Mode:
The valve shall be closed.

When in Cooling Mode:
The valve shall be closed.

When in Heating Mode:
The controller shall modulate the heating to maintain the supply air
temperature setpoint (SAT).

When in Unoccupied Mode:

The valve shall be closed.

When in Freeze Protection Mode:

The valve shall be fully open.

COOLING COIL CHILLED WATER VALVE - MODULATING
When in Occupied Mode:

When in Ventilation Only Mode:
The valve shall be closed.

When in Cooling Mode:
The valve shall modulate to maintain the supply air temperature
setpoint (SAT).

When in Heating Mode:
The valve shall be closed.

When in Unoccupied Mode:

The valve shall be closed.

When in Freeze Protection Mode:

The valve shall be fully open.

On an override signal from the Kitchen Hood Control Panel, the valve shall
operate as in occupied mode until the override is removed.

On an override signal from the Kitchen Hood Control Panel, the valve shall
operate as in occupied mode until the override is removed.

And- The chilled water plant AHU freeze protection mode shall be
activated.

When in Occupied Mode:

When in Ventilation Only Mode:
The valve shall be closed.

When in Cooling Mode:
The valve shall be closed.

When in Heating Mode:
The controller shall modulate the heating to maintain the supply air
temperature setpoint (SAT).

When in Unoccupied Mode:

And- The chilled water plant AHU freeze protection mode shall be
activated.

The valve shall be closed.

When in Freeze Protection Mode:

The valve shall be fully open.

COOLING COIL CHILLED WATER VALVE - MODULATING
When in Occupied Mode:

When in Ventilation Only Mode:
The valve shall be closed.

When in Cooling Mode:
The valve shall modulate to maintain the supply air temperature
setpoint (SAT).

When in Heating Mode:
The valve shall be closed.

When in Unoccupied Mode:

The valve shall be closed.

When in Freeze Protection Mode:

The valve shall be fully open.

On an override signal from the Kitchen Hood Control Panel, the valve shall
operate as in occupied mode until the override is removed.

On an override signal from the Kitchen Hood Control Panel, the valve shall
operate as in occupied mode until the override is removed.

HIGH SUPPLY AIR STATIC PRESSURE INTERLOCK:

The unit shall be disabled via hard wired interlock at the fan start circuit upon
activation of duct high static pressure controller.

COMPONENT CONTROL LOOPS
SUPPLY FAN CONTROL- CONSTANT VOLUME

When in Occupied Mode:

The fan shall be ON.

The VFD shall be used for soft start and to balance the fan for constant
speed operation to achieve the scheduled airflow value.

When in Unoccupied Mode:

The fan shall be OFF.  On an override signal from the zone level, the fan
shall operate as in occupied mode until the override is removed.

When in Freeze Protection Mode:

The fan shall be OFF .

When in Economizer Mode:

The fan shall be ON.

OUTSIDE AIR DAMPER (OA)

When in Occupied Mode:

The damper shall be open.

When in Unoccupied Mode:

The damper shall close after the supply fan is off and a time delay.

When in Freeze Protection Mode:

The damper shall close after the supply fan is off and a time delay.

When in Economizer Mode:

The damper shall be open.

FILTER MONITORING

When in All Modes:

The controller shall monitor the differential pressure across each filter bank and
shall provide a signal when the setpoint is exceeded.

HEATING COIL- HOT WATER VALVE- MODULATING

When in Occupied Mode:

When in Ventilation Only Mode:
The valve shall be closed.

When in Cooling Mode:
The valve shall be closed.

When in Heating Mode:
The controller shall modulate the heating to maintain the supply air
temperature setpoint (SAT).

When in Unoccupied Mode:

The valve shall be closed.

When in Freeze Protection Mode:

The valve shall be fully open.

COOLING COIL CHILLED WATER VALVE - MODULATING

When in Occupied Mode:

When in Ventilation Only Mode:
The valve shall be closed.

When in Cooling Mode:
The valve shall modulate to maintain the supply air temperature setpoint
(SAT).

When in Heating Mode:
The valve shall be closed.

When in Unoccupied Mode:

The valve shall be closed.

When in Freeze Protection Mode:

The valve shall be fully open.

And- The chilled water plant AHU freeze protection mode shall be
activated .

When in Economizer Mode:

The valve shall be closed.

SAFETIES, OVERRIDES AND INTERLOCKS

SMOKE DETECTOR INTERLOCK:
The unit shall be disabled via hard wired interlock on activation of a system
smoke detector.  Display smoke detector relay status (normal or alarm) at the
BAS front end.

FIRE ALARM CONTROL PANEL INTERLOCK:
The unit shall be disabled via relay circuit signal from the fire alarm control panel.
Division 28 shall provide the relay and leads from relay to unit.  BAS contractor
shall connect leads to unit.  Display relay status (normal or alarm) at BAS front
end.

COMPONENT CONTROL LOOPS
SUPPLY FAN CONTROL- CONSTANT VOLUME
When in Occupied Mode:

The fan shall be ON.

The VFD shall be used for soft start and to balance the fan for
constant speed operation to achieve the scheduled airflow value.

When in Unoccupied Mode:

The fan shall be OFF.  On an override signal from the zone level, the fan
shall operate as in occupied mode until the override is removed.

EXHAUST FAN (EF) - CONSTANT VOLUME
When in Occupied Mode:

The fan shall be ON.

The EC motor shall be used for soft start and to balance the fan for
constant speed operation to achieve the scheduled airflow value.

When in Unoccupied Mode:

The fan shall be OFF.

OUTSIDE AIR DAMPER (OA)
When in Occupied Mode:

The damper shall be open.

When in Unoccupied Mode:

The damper shall close after the supply fan is off and a time delay

EXHAUST AIR DAMPERS
When in Occupied Mode:

The damper shall be open.

When in Unoccupied Mode:

The damper shall close after the exhaust fan is off and a time delay

FILTER MONITORING
When in All Modes:

The controller shall monitor the differential pressure across each filter bank and
shall provide a signal when the setpoint is exceeded.

When in Freeze Protection Mode:

The fan shall be OFF

When in Freeze Protection Mode:

The fan shall be OFF

When in Freeze Protection Mode:

The damper shall close after the supply fan is off and a time delay

When in Freeze Protection Mode:

The damper shall close after the relief/exhaust fan is off and a time delay

HIGH SUPPLY AIR STATIC PRESSURE INTERLOCK:
The unit shall be disabled via hard wired interlock at the fan start circuit upon
activation of duct high static pressure controller.
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SEQUENCE OF OPERATIONS
SINGLE ZONE VARIABLE AIR
VOLUME AIR HANDLING UNITS

GENERAL DESCRIPTION

The air handling unit(s) described by this sequence of operations consist(s) of a
variable speed supply fan, a chilled water cooling coil, and a hot water heating
coil to provide heating, ventilation, and air conditioning for the conditioned
spaces as shown on the drawings.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per the Project Design Conditions Schedule
shown on the control drawings.

COOLING MODE:
The unit shall be in cooling mode when the zone temperature (Z-T) rises above
the dead band (Z-T-DB).

HEATING MODE:
The unit shall be in heating mode when the zone temperature (Z-T) falls below
the dead band (Z-T-DB).

UNOCCUPIED MODE:
The unit shall be in unoccupied mode for all periods not included in the
occupied hours of operation. Overrides of unoccupied schedule are defined at
the zone level control.

SAFETIES, OVERRIDES AND INTERLOCKS
FIRE ALARM CONTROL PANEL INTERLOCK:
The unit shall be disabled via relay circuit signal from the fire alarm control
panel.  Division 28 shall provide the relay and leads from relay to unit.  BAS
contractor shall connect leads to unit.  Display relay status (normal or alarm) at
BAS front end.

COMPONENT CONTROL LOOPS
SUPPLY FAN CONTROL- VFD:
When the HOA switch is in hand position, the variable speed supply fan shall
operate at a speed set manually by the operator at the user interface of the
drive.

When the HOA switch is in off position, the fan shall be off.

When the HOA switch is in auto position, the variable speed supply fan shall
operate subject to the unit enable signal, and unit operating modes.

When in Occupied Mode:

The fan shall energize and slowly ramp to the initial minimum fan speed
determined during system startup. Minimum fan speed shall be
established during balancing.

When in Cooling Mode:
The fan VFD shall modulate to control zone temperature (Z-T) at
setpoint. An increase in zone temperature causes an increase in
airflow.

When in Heating Mode:
The fan VFD shall modulate to control zone temperature at setpoint. A
decrease in zone temperature causes an increase in airflow.

When in Unoccupied Mode:

The fan shall be OFF.  On a call for cooling/heating or override signal from
the zone level, the fan shall operate as in occupied mode until the call is
cleared or the override is removed.

FILTER MONITORING:
When in All Modes:

The controller shall monitor the differential pressure across each filter bank and
shall provide a signal when the setpoint is exceeded.

HEATING COIL- HOT WATER VALVE- MODULATING:
When in Occupied Mode:

When in Cooling Mode:
The coil shall be OFF.

When in Heating Mode:
The controller shall modulate the heating to maintain the supply air
temperature setpoint (SAT).

When in Unoccupied Mode:

The valve shall be closed.

On a call for heating or override signal from the zone level the valve shall
operate as in occupied mode until the call is cleared or the override is
removed.

COOLING COIL CHILLED WATER VALVE - MODULATING:
When in Occupied Mode:

When in Cooling Mode:
The valve shall modulate to maintain the supply air temperature
setpoint (SAT).

When in Heating Mode:
The coil shall be OFF.

When in Unoccupied Mode:

The valve shall be closed.

On a call for cooling or override signal from the zone level the valve shall
operate as in occupied mode until the call is cleared or the override is
removed.

(AHU 10, AHU 11, AHU 12)

OAT INTERLOCK:
When OAT is above 45 degrees Fahrenheit, heating mode shall be disabled.

This sequence of operations is organized into the following main categories:
operating modes; control setpoint resets; safeties, overrides and interlocks; and
component control loops.  The operating modes describe the criteria that either
enable or disable the various modes of operation.  If a mode of operation is not
listed within a component control loop section then that mode of operation has
no direct influence on the operation of the component.  The control setpoint
reset section describes the logic and reference variables that will be used to
reset control setpoints to a new value within its reset range.  The safeties,
overrides, and interlocks section outlines the hardwired interlocks that are
required to meet life safety requirements.  Safeties and interlocks take
precedence over all other control strategies outlined in this document. The
control responses of each component for the various modes of operation are
described in the component control loop sections.  Setpoints shall be adjustable
(adj.) as noted.

The sequence of operations, the points list and control diagrams shall be used
to provide a complete description of the control philosophy for the controlled
equipment.  Individual setpoint values, reset ranges, and alarm action levels are
listed in the points list.  Components and control sensor locations are graphically
depicted on the control diagram. The controls contractor shall be responsible for
coordinating any necessary time delay setpoints to establish stable system
operation.

FREEZE PROTECTION MODE:
The unit shall be in freeze protection mode when the supply air temperature
sensor (SAT) senses a temperature less than the alarm setpoint.

CONTROL SETPOINT RESETS
Not Used.

When in Freeze Protection Mode:

The valve shall be fully open.

When in Freeze Protection Mode:

The valve shall be fully open.
And- The chilled water plant AHU freeze protection mode shall be
activated.

When in Freeze Protection Mode:

The fan shall be OFF.

FREEZE PROTECTION MODE INTERLOCK:
The supply fan shall be disabled via hard wired interlock at the supply fan start
circuit from the low limit temperature controller.

RA SA

SEQUENCE OF OPERATIONS
FAN COIL UNITS

GENERAL DESCRIPTION

The fan coil unit(s) described by this sequence of operations consist(s) of a
constant speed supply fan, chilled water cooling coil, and hot water heating coil
that operate to provide heating, ventilation, and air conditioning for the
conditioned spaces as shown.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per the Project Design Conditions Schedule
shown on the control drawings.

COOLING MODE:
The unit shall be in cooling mode when the zone temperature (Z-T) rises above
the dead band (Z-T-DB).

HEATING MODE:
The unit shall be in heating mode when the zone temperature (Z-T) falls below
the dead band (Z-T-DB).

UNOCCUPIED MODE:
The unit shall be in unoccupied mode for all periods not included in the occupied
hours of operation. Overrides of unoccupied schedule are defined at the zone
level control.

CONTROL SETPOINT RESETS
Not used.

SAFETIES, OVERRIDES AND INTERLOCKS
FIRE ALARM CONTROL PANEL INTERLOCK:
The unit shall be disabled via hard wired interlock at the fan start circuit upon
receipt of signal from the fire alarm control panel.

LEAK DETECTION INTERLOCK (FCU-CND):
The supply fan shall automatically shut down and the cooling coil shall be
disabled upon detection of water in the overflow drain pan.

COMPONENT CONTROL LOOPS
SUPPLY FAN CONTROL
When in Occupied Mode:

The fan shall be ON.

When in Unoccupied Mode:

The fan shall be OFF.  On a call for cooling/heating or override signal from
the zone level, the fan shall operate as in occupied mode until the call is
cleared or the override is removed.

COOLING COIL CHILLED WATER VALVE - MODULATING
When in Occupied Mode:

When in Cooling Mode:
The valve shall modulate to maintain the zone temperature setpoint (Z-T).

When in Heating Mode:
The valve shall be closed.

When in Unoccupied Mode:

The valve shall be closed.

On a call for cooling or override signal from the zone level the valve shall
operate as in occupied mode until the call is cleared or the override is
removed.

MOA DUCT/DAMPER
FOR FCU 1 ONLY.

MINIMUM OUTSIDE AIR DAMPER (MOA) (FCU-1 ONLY)
When in Occupied Mode:

The damper shall be open.

When in Unoccupied Mode:

The damper shall be closed.

HEATING COIL - HOT WATER VALVE - MODULATING
When in Occupied Mode:

When in Cooling Mode:
The valve shall be closed.

When in Heating Mode:
The valve shall modulate to maintain the zone temperature setpoint (Z-T).

When in Unoccupied Mode:

The valve shall be closed.

On a call for heating or override signal from the zone level the valve shall
operate as in occupied mode until the call is cleared or the override is
removed.

LOCAL THERMOSTAT INTERLOCK (EF 2 ONLY):
Fan shall be interlocked with local thermostats.  Fan shall energize when
average of local thermostats exceeds setpoint.

SEQUENCE OF OPERATIONS
DISHWASHER EXHAUST FAN
FANS (EF 1)

GENERAL DESCRIPTION

OPERATING MODES
OCCUPIED MODE:
The fan shall be in occupied mode per the project design conditions schedule
shown on the control drawings .
UNOCCUPIED MODE:
The fan shall be in unoccupied mode for all periods not included in the occupied

CONTROL SETPOINT RESETS
Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS

The exhaust fan(s) described by this sequence of operations consists of an
exhaust fan and motorized damper to exhaust air from the space as shown
on the drawings.

hours of operation.

FIRE ALARM CONTROL PANEL INTERLOCK:
The fan shall be disabled via hard wired interlock at the fan start circuit upon
receipt of signal from the fire alarm control panel.

COMPONENT CONTROL LOOPS

FAN CONTROL - CONSTANT VOLUME BAS SCHEDULED
When in Occupied Mode:

The fan shall be ON.

The EC motor shall be used for soft start and to balance the fan for
constant speed operation to achieve the scheduled airflow value.

When in Unoccupied Mode:

The fan shall be OFF.

LOCAL HUMIDITY SENSOR INTERLOCK
Fan shall be interlocked with local humidity sensor. Fan shall energize when
local humidity sensor exceeds setpoint.

STAGED PRIMARY PUMP CONTROL (PHWP-1- PHWP-2)
The pump shall be operated by the boiler master firing controller

When in hot water plant disabled mode:

The pump shall be off.

When in hot water plant enabled mode:

A pump that is on shall operate at a constant speed to maintain the
scheduled water flow through the operating boilers as defined in the

during system startup.

The pumps shall be interlocked with their associated boiler.

equipment schedule. Speed setpoint shall be determined by TAB

When in pump failure mode:

If a pump fails to run, the associated boiler shall shut down, and the lag boiler
shall start if not already running.

1-1/4"CHWS

1-1/4"CHWR

3"HWS
3"HWR

1/2"

4
M5.02

COMPONENT CONTROL LOOPS
SUPPLY FAN CONTROL- VFD:
When the HOA switch is in hand position, the variable speed supply fan shall
operate at a speed set manually by the operator at the user interface of the drive.

When the HOA switch is in off position, the fan shall be off.

When the HOA switch is in auto position, the variable speed supply fan shall
operate subject to the unit enable signal, and unit operating modes.

When in Occupied Mode:

The fan shall energize and slowly ramp to the initial minimum fan speed
determined during system startup. Minimum fan speed shall be established
during balancing.

When in Cooling Mode:
The fan VFD shall modulate to control zone temperature (Z-T) at setpoint.
An increase in zone temperature causes an increase in airflow.

When in Heating Mode:
The fan VFD shall modulate to control zone temperature at setpoint. A
decrease in zone temperature causes an increase in airflow.

When in Minimum Cooling, or Minimum Heating Mode:
The fan VFD shall maintain minimum speed.

When in Dehumidification Mode:
The fan VFD shall be locked at its current speed until the minimum supply
air temperature setpoint is reached.  If the humidity is still not satisfied after
5 minutes (adj), increase fan speed by 5% (adj).  Repeat fan speed trim
and respond sequence until setpoint is satisfied.  Return to previous mode
of operation upon exiting dehumidification mode.

When in Economizer Mode:
The fan VFD shall modulate to control zone temperature (Z-T) at setpoint.
An increase in zone temperature causes an increase in airflow.

When in Unoccupied Mode:

The fan shall be OFF.  On a call for cooling/heating or override signal from
the zone level, the fan shall operate as in occupied mode until the call is
cleared or the override is removed.

When in Dehumidification Mode:

The fan shall operate as in occupied mode.

When in Freeze Protection Mode:

Level 2: The fan shall be OFF.

MIXED AIR DAMPERS DIRECT WITH ECONOMIZER

The mixed air damper assembly consists of a minimum outside air (MOA) damper
and return air (RA) damper.

When in Occupied Mode:

When OAU-X is disabled:

MOA Active Control- The MOA and RA dampers shall vary together to satisfy the
minimum outside airflow setpoint.

When in Economizer Mode:

The MOA and RA dampers shall modulate in opposing directions to maintain the
mixed air temperature (MAT) setpoint..

When in all other modes:

The MOA shall be fully closed.

MIXED AIR DAMPERS MINIMUM OA FROM DEDICATED UNIT

The mixed air damper assembly consists of a dedicated outside air (DOA)
damper, DOA airflow sensor and return air (RA) damper.

When in Occupied Mode:

The DOA damper shall modulate with the RA damper to satisfy the minimum
outside airflow setpoint as measured by the airflow measurement station
(DOA-AF).

When in Unoccupied Mode:

The DOA damper shall be fully closed and the RA damper shall be fully open.
On a call for cooling/heating or override signal, the DOA damper shall remain
closed.

When in Freeze Protection Mode:

Level 2: The DOA damper shall be fully closed and the RA damper shall be fully open.

When in Economizer Mode:

The DOA damper shall modulate to satisfy the minimum outside airflow
setpoint as measured by the airflow measurement station (DOA-AF).

FILTER MONITORING

When in All Modes:

The controller shall monitor the differential pressure across each filter bank and
shall provide a signal when the setpoint is exceeded.

HEATING COIL- HOT WATER VALVE- MODULATING

When in Occupied Mode:

When in Cooling Mode:
The coil shall be OFF.

When in Minimum Heating Mode:
The controller shall modulate the heating to maintain the zone temperature
setpoint (Z-T).

When in Heating Mode:
The controller shall modulate the heating to maintain the supply air
temperature setpoint (SAT).

When in Unoccupied Mode:

The valve shall be closed.

On a call for heating or override signal from the zone level the valve shall
operate as in occupied mode until the call is cleared or the override is
removed.

When in Economizer Mode:

The valve shall be closed.

When in Morning Warm-Up Mode:

The valve shall operate as in occupied mode.

When in Pre-Occupancy Purge Mode:

The valve shall operate as in occupied mode.

When in Freeze Protection Mode:

Level 2:  The valve shall be fully open.

When in Dehumidification Mode:

The controller shall modulate the heating to maintain the zone temperature
setpoint (Z-T).

COOLING COIL CHILLED WATER VALVE - MODULATING

When in Occupied Mode:

When in Minimum Cooling Mode:
The valve shall modulate to maintain the zone temperature setpoint (Z-T).

When in Cooling Mode:
The valve shall modulate to maintain the supply air temperature setpoint
(SAT).

When in Heating Mode:
The coil shall be OFF.

When in Dehumidification Mode:

When in Unoccupied Mode:

The valve shall be closed.

On a call for cooling or override signal from the zone level the valve shall
operate as in occupied mode until the call is cleared or the override is
removed.

On a call for dehumidification the valve shall operate as in occupied mode
until the call is cleared or the override is removed.

When in Freeze Protection Mode:

Level 2: The valve shall be fully open.

When in Economizer Mode (integrated economizer control):

Cooling coil is second stage to economizer for cooling duty.

Enable cooling coil only when MOA damper is proven fully open.  When
enabled, modulate the Chilled Water Valve to maintain the Supply Air
Temperature (SAT) at the setpoint.

The valve shall modulate to maintain the cooling coil leaving air
temperature setpoint (CC-LAT).

When in Freeze Protection Mode:

          Level 2: The MOA damper shall be fully closed and the RA damper shall be fully
          open.
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v1.00 2014 1024 Original Release
v1.01 2015 1006 Major overhaul revisions.
v1.02 2015 1007 Added VRF, GSHP, and split system diagrams.
v1.03 2020 1210 Added options to the coil blocks that allow designers to choose valves

without feedback (position/status).  This allows it to align
with the AHU diagram.  Also fixed the combined block for
the water cooled condenser valve.  It wasn't previously
showing all of the
options.

Z-T
Z-OR
Z-TA

TS

F-C

STARTER

CT

F-ST WIRE TO
FAN

MD

F-C

STARTER

CT

F-ST WIRE TO
FAN

MD

F-C

STARTER

CT

F-ST WIRE TO
FAN

MD

DF-REA

DP

RED-ST
RED-C

MD

MOD-ST
MOD-C

MD

PHE-CO

SCR

H

C

MD

MD

HXD-CO

HX-CO
HX-FLT

VFD

HX-LAT

HX-ST

HX-C

TS

TS

CT

HX-SAT

RAT

TS

RAH

HS

OAH

HS

OAT

TS

PH-LAT

TS

REA-HS

SP

AFS

MOA-AF

RA-SP

SP

REF-ST

CT

VFD

REF-COM
REF-FLT
REF-CO
REF-C

Z-OCCZ-T
Z-OR
Z-TA

TS

Z-H

HS

Z-CO2

CO2

SD

OA-LS

SP

RD-C
RD-ST

MD

SA-SP

SA

SP

SF-ST

SF-C
SF-CO
SF-FLT
SF-COM

VFD

DP

DX

H

P

HP-C-X
HP-ST-X

HP-RUN-X

HP-M-CO
HP-M-ST

HP-M-RUN

HP-REV-ST

HE-CO

SCR

H

C

S

D
C

W

HUE-C

HUE-W-C

ELEC

AFS

SA-AF SAT

TS

SAH

HS
CC-LAT

TS

SA-HS

SP

H

G

HC-LAT

TS LTC

MA-LLT2

RHE-CO

SCR

H

C

LTC

MA-LLT1

SD

DF-OA

DP
PRE MAIN

SINGLE ZONE DOAS AHU
CONTROL SCHEMATIC
VENTILATION RESET WITH CO2

ZONE CO2 INCREASE

C
FM

 IN
C

R
EA

SE

PRIMARY
MINIMUM

CFM
PRIMARY

CFM

BASE PPM MAXIMUM PPM

HS

HX-SAH

AFS

REA-AF

ZONE

REA

MOA

RA

DOAS AIR HANDLING UNIT CONTROL DIAGRAM
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MODIFY THE MASTER DIAGRAM FOR THE PROJECT.  TURN ON/OFF BLOCKS AS REQUIRED TO SPECIFY THE CORRECT UNIT.
THIS LAYOUT IS MEANT FOR CUSTOMIZABLE, MODULAR AHUS.  IF YOUR PROJECT USES PACKAGED EQUIPMENT, THIS DRAWING IS NOT APPLICABLE.
THIS LAYOUT IS TYPICALLY USED OR CAN BE MODIFIED FOR USE ON THE FOLLOWING:

• MOST AIR HANDLING UNITS
• AHUS WITH MINIMUM OA DELIVERED DIRECTLY FROM A DOAS.
• AHUS THAT RE-CIRCULATE AIR FROM THE ZONE WITH OR WITHOUT ECONOMIZER (NO MIN. OA)
• UFAD SYSTEMS
• 100% OUTSIDE AIR SYSTEMS.
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SEQUENCE OF OPERATIONS
SINGLE ZONE VARIABLE AIR VOLUME
AIR HANDLING UNITS (AHU 1 - AHU 9)
This sequence of operations is organized into the following main categories: operating modes; control setpoint resets; safeties, overrides and interlocks; and component
control loops.  The operating modes describe the criteria that either enable or disable the various modes of operation.  If a mode of operation is not listed within a
component control loop section then that mode of operation has no direct influence on the operation of the component.  The control setpoint reset section describes the
logic and reference variables that will be used to reset control setpoints to a new value within its reset range.  The safeties, overrides, and interlocks section outlines the
hardwired interlocks that are required to meet life safety requirements.  Safeties and interlocks take precedence over all other control strategies outlined in this
document. The control responses of each component for the various modes of operation are described in the component control loop sections.  Setpoints shall be
adjustable (adj.) as noted.

The sequence of operations, the points list and control diagrams shall be used to provide a complete description of the control philosophy for the controlled equipment.
Individual setpoint values, reset ranges, and alarm action levels are listed in the points list.  Components and control sensor locations are graphically depicted on the
control diagram. The controls contractor shall be responsible for coordinating any necessary time delay setpoints to establish stable system operation.

GENERAL DESCRIPTION

The air handling unit(s) described by this sequence of operations consist(s) of a variable speed supply fan, chilled water cooling coil, and a gas fired heating coil that
operate in a lead/lag sequence to provide heating, ventilation, and air conditioning for the conditioned spaces as shown on the drawings.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per the Project Design Conditions Schedule shown on the control drawings.
COOLING MODE:
The unit shall be in cooling mode when the zone temperature (Z-T) rises above the dead band (Z-T-DB).
MINIMUM COOLING MODE:
The unit shall be in minimum cooling mode when:

The unit is in cooling mode;
And- The supply fan reaches its minimum speed setting for 2 minutes (adj.).

The unit shall return to cooling mode when:
The supply air temperature (SAT) is at or below its setpoint for 2 minutes (adj.);

HEATING MODE:
The unit shall be in heating mode when the zone temperature (Z-T) falls below the dead band (Z-T-DB).
MINIMUM HEATING MODE:
The unit shall be in minimum heating mode when:

The unit is in heating mode;
And- The supply fan reaches its minimum speed setting for 2 minutes (adj.).

The unit shall return to heating mode when:
The supply air temperature (SAT) is at or above its setpoint for 2 minutes (adj.);

UNOCCUPIED MODE:
The unit shall be in unoccupied mode for all periods not included in the occupied hours of operation. Overrides of unoccupied schedule are defined at the zone level
control.
DEHUMIDIFICATION MODE (AHU 1 - AHU 5, AHU 7 - AHU 9):
The unit shall be in dehumidification mode when the zone humidity sensor (Z-H) senses humidity above 60% RH (adj.). The unit shall exit dehumidification mode when
the humidity reaches or falls below 50% RH (adj.). The dehumidification mode shall be enabled to operate in occupied and unoccupied mode.
FREEZE PROTECTION MODE:
The unit shall be in freeze protection mode when the supply air temperature sensor (SAT) senses a temperature less than the alarm setpoint.

CONTROL SETPOINT RESETS
Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS
SMOKE DETECTOR INTERLOCK:
The unit shall be disabled via hard wired interlock on activation of a system smoke detector.  Display smoke detector relay status (normal or alarm) at the BAS front end.
FIRE ALARM CONTROL PANEL INTERLOCK:
The unit shall be disabled via relay circuit signal from the fire alarm control panel.  Division 28 shall provide the relay and leads from relay to unit.  BAS contractor shall
connect leads to unit.  Display relay status (normal or alarm) at BAS front end.
FREEZE PROTECTION MODE INTERLOCK:
The supply fan shall be disabled via hard wired interlock at the supply fan start circuit from the low limit temperature controller.
LOW DEDICATED OUTDOOR AIR STATIC PRESSURE INTERLOCK:
The unit shall be disabled via hard wired interlock at the fan start circuit upon activation of duct low static pressure controller.
MOTORIZED DAMPER AT AIR INTAKE INTERLOCK:
Motorized dampers located at the air intake location associated with the air handling unit shall be interlocked to open and prove status before allowing the unit fans to
start.

COMPONENT CONTROL LOOPS
AIR HANDLING UNIT LEAD/LAG SEQUENCE (AHU 1 - AHU 4):
The BMS shall sequence the primary AHUs (AHU 1, AHU 3) with the secondary AHUs (AHU 2, AHU 4) to maintain the zone temperature setpoint (Z-T).
The AHUs shall be enabled and disabled between primary and secondary according to a lead/lag schedule.  The schedule shall be based on equal run time or cycle
count, whichever is greater.  Change over shall be weekly and occur on Wednesday, 6 AM (adj.).
SUPPLY FAN CONTROL- VFD:
When the HOA switch is in hand position, the variable speed supply fan shall operate at a speed set manually by the operator at the user interface of the drive.
When the HOA switch is in off position, the fan shall be off.
When the HOA switch is in auto position, the variable speed supply fan shall operate subject to the unit enable signal, and unit operating modes.
When in Occupied Mode:

The fan shall energize and slowly ramp to the initial minimum fan speed determined during system startup. Minimum fan speed shall be established during
balancing.
When in Cooling Mode:

The fan VFD shall modulate to control zone temperature (Z-T) at setpoint. An increase in zone temperature causes an increase in airflow.
When in Heating Mode:

The fan VFD shall modulate to control zone temperature at setpoint. A decrease in zone temperature causes an increase in airflow.
When in Minimum Cooling, or Minimum Heating Mode:

The fan VFD shall maintain minimum speed.
When in Dehumidification Mode (AHU 1 - AHU 5, AHU 7 - AHU 9):

The fan VFD shall be locked at its current speed until the minimum supply air temperature setpoint is reached.  If the humidity is still not satisfied after 5
minutes (adj), increase fan speed by 5% (adj).  Repeat fan speed trim and respond sequence until setpoint is satisfied.  Return to previous mode of operation
upon exiting dehumidification mode.

When in Unoccupied Mode:
The fan shall be OFF.  On a call for cooling/heating or override signal from the zone level, the fan shall operate as in occupied mode until the call is cleared or the
override is removed.

When in Dehumidification Mode (AHU 1 - AHU 5, AHU 7 - AHU 9):
The fan shall operate as in occupied mode.

When in Freeze Protection Mode:
The fan shall be OFF .

MIXED AIR DAMPERS MINIMUM OA FROM DEDICATED UNIT
The mixed air damper assembly consists of a dedicated outside air (DOA) damper, DOA airflow sensor and return air (RA) damper.

When in Occupied Mode:
DOA Calculated Control- The DOA and RA dampers shall modulate together to satisfy the minimum outside airflow setpoint as calculated by the BAS, using the
following formula:

DOA = (MAT - RAT) / (OAT - RAT) x SA-AF
When in Unoccupied Mode:

The DOA damper shall be fully closed and the RA damper shall be fully open.  On a call for cooling/heating or override signal, the DOA damper shall remain
closed.

When in Freeze Protection Mode:
The DOA damper shall be fully closed and the RA damper shall be fully open.

FILTER MONITORING
When in All Modes:
The controller shall monitor the differential pressure across each filter bank and shall provide a signal when the setpoint is exceeded.
COOLING COIL CHILLED WATER VALVE - MODULATING
When in Occupied Mode:
When in Minimum Cooling Mode:

The valve shall modulate to maintain the zone temperature setpoint (Z-T).
When in Cooling Mode:

The valve shall modulate to maintain the supply air temperature setpoint (SAT).
When in Heating Mode:

The coil shall be OFF.
When in Dehumidification Mode (AHU 1 - AHU 5, AHU 7 - AHU 9):

The valve shall modulate to maintain the supply air temperature setpoint (SAT).
When in Unoccupied Mode:

The valve shall be closed.
On a call for cooling or override signal from the zone level the valve shall operate as in occupied mode until the call is cleared or the override is removed.
On a call for dehumidification the valve shall operate as in occupied mode until the call is cleared or the override is removed.

When in Freeze Protection Mode:
The valve shall be fully open.
And- The chilled water plant AHU freeze protection mode shall be activated .

When in Smoke Control Mode:
The valve shall be closed.

HEATING COIL - GAS MODULATED
When in Occupied Mode:
When in Cooling Mode:

The coil shall be OFF.
When in Minimum Heating Mode:

The controller shall modulate the heating to maintain the zone temperature setpoint (Z-T).
When in Heating Mode:

The valve shall modulate to maintain the supply air temperature setpoint (SAT).
When in Dehumidification Mode (AHU 1 - AHU 5, AHU 7 - AHU 9):

The controller shall modulate the heating to maintain the zone temperature setpoint (Z-T).
When in Unoccupied Mode:

The coil shall be OFF.
On a call for heating or override signal from the zone level the valve shall operate as in occupied mode until the call is cleared or the override is removed.
On a call for dehumidification the coil shall operate as in occupied mode until the call is cleared or the override is removed.

When in Freeze Protection Mode:
The coil shall be OFF.

SEQUENCE OF OPERATIONS
SINGLE ZONE VARIABLE AIR VOLUME
AIR HANDLING UNITS (AHU 5, AHU 7, AHU 8, AHU 9)
This sequence of operations is organized into the following main categories: operating modes; control setpoint resets; safeties, overrides and interlocks; and component
control loops.  The operating modes describe the criteria that either enable or disable the various modes of operation.  If a mode of operation is not listed within a
component control loop section then that mode of operation has no direct influence on the operation of the component.  The control setpoint reset section describes the
logic and reference variables that will be used to reset control setpoints to a new value within its reset range.  The safeties, overrides, and interlocks section outlines the
hardwired interlocks that are required to meet life safety requirements.  Safeties and interlocks take precedence over all other control strategies outlined in this
document. The control responses of each component for the various modes of operation are described in the component control loop sections.  Setpoints shall be
adjustable (adj.) as noted.

The sequence of operations, the points list and control diagrams shall be used to provide a complete description of the control philosophy for the controlled equipment.
Individual setpoint values, reset ranges, and alarm action levels are listed in the points list.  Components and control sensor locations are graphically depicted on the
control diagram. The controls contractor shall be responsible for coordinating any necessary time delay setpoints to establish stable system operation.

GENERAL DESCRIPTION

The air handling unit(s) described by this sequence of operations consist(s) of a variable speed supply fan, a chilled water cooling coil, and a gas fired heating coil to
provide heating, ventilation, and air conditioning for the conditioned spaces as shown on the drawings.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per the Project Design Conditions Schedule shown on the control drawings.
COOLING MODE:
The unit shall be in cooling mode when the zone temperature (Z-T) rises above the dead band (Z-T-DB).
MINIMUM COOLING MODE:
The unit shall be in minimum cooling mode when:

The unit is in cooling mode;
And- The supply fan reaches its minimum speed setting for 2 minutes (adj.).

The unit shall return to cooling mode when:
The supply air temperature (SAT) is at or below its cooling setpoint for 2 minutes (adj.);

HEATING MODE:
The unit shall be in heating mode when the zone temperature (Z-T) falls below the dead band (Z-T-DB).
MINIMUM HEATING MODE:
The unit shall be in minimum heating mode when:

The unit is in heating mode;
And- The supply fan reaches its minimum speed setting for 2 minutes (adj.).

The unit shall return to heating mode when:
The supply air temperature (SAT) is at or above its setpoint for 2 minutes (adj.);

UNOCCUPIED MODE:
The unit shall be in unoccupied mode for all periods not included in the occupied hours of operation. Overrides of unoccupied schedule are defined at the zone level
control.
DEHUMIDIFICATION MODE:
The unit shall be in dehumidification mode when the zone humidity sensor (Z-H) senses humidity above 60% RH (adj.). The unit shall exit dehumidification mode when
the humidity reaches or falls below 50% RH (adj.). The dehumidification mode shall be enabled to operate in occupied and unoccupied mode.
FREEZE PROTECTION MODE:
The unit shall be in freeze protection mode when the supply air temperature sensor (SAT) senses a temperature less than the alarm setpoint.

CONTROL SETPOINT RESETS
Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS
SMOKE DETECTOR INTERLOCK:
The unit shall be disabled via hard wired interlock on activation of a system smoke detector.  Display smoke detector relay status (normal or alarm) at the BAS front end.
FIRE ALARM CONTROL PANEL INTERLOCK:
The unit shall be disabled via relay circuit signal from the fire alarm control panel.  Division 28 shall provide the relay and leads from relay to unit.  BAS contractor shall
connect leads to unit.  Display relay status (normal or alarm) at BAS front end.
FREEZE PROTECTION MODE INTERLOCK:
The supply fan shall be disabled via hard wired interlock at the supply fan start circuit from the low limit temperature controller.
LOW OUTDOOR AIR STATIC PRESSURE INTERLOCK:
The unit shall be disabled via hard wired interlock at the fan start circuit upon activation of duct low static pressure controller.
MOTORIZED DAMPER AT AIR INTAKE INTERLOCK:
Motorized dampers located at air intake and exhaust locations associated with the air handling unit shall be interlocked to open and prove status before allowing the unit
fans to start.

COMPONENT CONTROL LOOPS
SUPPLY FAN CONTROL- VFD:
When the HOA switch is in hand position, the variable speed supply fan shall operate at a speed set manually by the operator at the user interface of the drive.
When the HOA switch is in off position, the fan shall be off.
When the HOA switch is in auto position, the variable speed supply fan shall operate subject to the unit enable signal, and unit operating modes.
When in Occupied Mode:

The fan shall energize and slowly ramp to the initial minimum fan speed determined during system startup. Minimum fan speed shall be established during
balancing.
When in Cooling Mode:

The fan VFD shall modulate to control zone temperature (Z-T) at setpoint. An increase in zone temperature causes an increase in airflow.
When in Heating Mode:

The fan VFD shall modulate to control zone temperature at setpoint. A decrease in zone temperature causes an increase in airflow.
When in Minimum Cooling, or Minimum Heating Mode:

The fan VFD shall maintain minimum speed.
When in Dehumidification Mode:

The fan VFD shall be locked at its current speed until the minimum supply air temperature setpoint is reached.  If the humidity is still not satisfied after 5
minutes (adj), increase fan speed by 5% (adj).  Repeat fan speed trim and respond sequence until setpoint is satisfied.  Return to previous mode of operation
upon exiting dehumidification mode.

When in Unoccupied Mode:
The fan shall be OFF.  On a call for cooling/heating or override signal from the zone level, the fan shall operate as in occupied mode until the call is cleared or the
override is removed.

When in Dehumidification Mode:
The fan shall operate as in occupied mode.

When in Freeze Protection Mode:
The fan shall be OFF .

FILTER MONITORING
When in All Modes:
The controller shall monitor the differential pressure across each filter bank and shall provide a signal when the setpoint is exceeded.
COOLING COIL CHILLED WATER VALVE - MODULATING
When in Occupied Mode:
When in Minimum Cooling Mode:

The valve shall modulate to maintain the zone temperature setpoint (Z-T).
When in Cooling Mode:

The valve shall modulate to maintain the supply air temperature setpoint (SAT).
When in Heating Mode:

The coil shall be OFF.
When in Dehumidification Mode:

The valve shall modulate to maintain the supply air temperature setpoint (SAT).
When in Unoccupied Mode:

The valve shall be closed.
On a call for cooling or override signal from the zone level the valve shall operate as in occupied mode until the call is cleared or the override is removed.
On a call for dehumidification the valve shall operate as in occupied mode until the call is cleared or the override is removed.

When in Freeze Protection Mode:
The valve shall be fully open.
And- The chilled water plant AHU freeze protection mode shall be activated .

HEATING COIL- GAS MODULATED
When in Occupied Mode:
When in Cooling Mode:

The coil shall be OFF.
When in Minimum Heating Mode:

The controller shall modulate the heating to maintain the zone temperature setpoint (Z-T).
When in Heating Mode:

The valve shall modulate to maintain the supply air temperature setpoint (SAT).
When in Dehumidification Mode:

The controller shall modulate the heating to maintain the zone temperature setpoint (Z-T).
When in Unoccupied Mode:

The coil shall be OFF .
On a call for heating or override signal from the zone level the valve shall operate as in occupied mode until the call is cleared or the override is removed.
On a call for dehumidification the coil shall operate as in occupied mode until the call is cleared or the override is removed.

When in Freeze Protection Mode:
The coil shall be OFF .
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SEQUENCE OF OPERATIONS
CENTRAL CHILLED WATER PLANT
This sequence of operations is organized into the following main categories: operating modes, control setpoint resets, safeties, overrides and interlocks, and component control loops.  The operating modes describe the criteria that either enable or disable
the various modes of operation.  If a mode of operation is not listed within a component control loop section then that mode of operation has no direct influence on the operation of the component.  The control setpoint reset section describes the logic and
reference variables that will be used to reset control setpoints to a new value within its reset range.  The safeties, overrides, and interlocks section outlines the hardwired interlocks that will be required to meet life safety requirements.  Safeties and interlocks
take precedence over all other control strategies outlined in this document. The control responses of each component for the various modes of operation are described in the component control loop sections.

The sequence of operations, the points list and control diagrams shall be used to provide a complete description of the control philosophy for the controlled equipment.  Individual setpoint values, reset ranges, and alarm action levels are listed in the points
list.  Components and control sensor locations are graphically depicted on the control diagram. The controls contractor shall be responsible for coordinating any necessary time delay setpoints to establish stable system operation.

GENERAL DESCRIPTION
The chilled water plant described by this sequence of operations consist(s) of variable primary pumps and air-cooled variable speed screw chillers piped in parallel to provide chilled water to the facility.
BAS Control Requirements
The building automation system (BAS) shall provide a remote enable signal; remote setpoint adjustments; and visibility of the local factory chiller control operation at the operator's workstation as defined in the chilled water plant points list.  The
communication protocol shall be coordinated with the provided chiller.  Reference the points list and control loops section of this sequence for scope of work coordination between the contractor and equipment manufacturer for valves, sensors, and
equipment.
Factory Chiller Control Requirements
The factory chiller control panel shall be responsible for controlling the chiller subject to the associated equipment related safeties and interlocks to maintain the chiller leaving water temperature setpoint.  The chiller control panel shall control the associated
chilled water isolation valves (CH-CHW-CV).

OPERATING MODES
CHILLED WATER PLANT DISABLED MODE:
The chilled water plant shall be in disabled mode when

There is no call from the enable modes as defined below;
Or- when the operator has manually disabled the chilled water plant at the operator's workstation.

CHILLED WATER PLANT ENABLED MODE:
The chilled water plant shall be enabled when any of the following enable methods is employed and the conditions are satisfied. The automatic enable mode shall be the basis of design enable mode.
Automatic Enable Mode:The plant shall be enabled when there is a call for chilled water among active cooling coil valves .  BAS shall be capable of excluding valves from the active cooling coil valve listed.
The following valves shall be included in the automatic enable mode:

Cooling coil valves serving AHUs and OAUs .
A call for cooling is generated by the BAS when any two active cooling coil valve is commanded at least 15% open for greater than 10 minutes;
Or- any one cooling coil valve is at least 80% open for 10 minutes.
Manual Enable Mode Option:The chilled water plant is in manual enable mode when the operator manually places the plant in enable mode at the operator work station.
Scheduled Start Mode Option:In the manual start mode, the system shall be manually enabled by the building operator or by time of day schedule.
AHU FREEZE PROTECTION MODE:
The chiller plant shall be in freeze protection mode upon a signal that any associated air handling unit is in a freeze protection mode while the chilled water plant is in the disabled mode.
LOSS OF POWER RESTART DELAY MODE:
The plant shall be in loss of power mode upon restoration of power after an unexpected loss of power.  The plant shall remain in this mode for the duration as defined by the plant start delay (PSD) setpoint.  Once the plant start delay duration has elapsed,
the plant shall return to its previous mode prior to loss of power .
CHILLER FAILURE MODE:
A chiller shall be in failure mode when:

The enable signal is set to on;
And- The leaving chilled water supply temperature as measured by (CHWS-T) is greater than 5 F (adj.) above setpoint for greater than 20 minutes (adj.);
Or- The chiller power input is equal to 0-kW for greater than 20 minutes (adj.);
Or- The chilled water differential pressure sensor reads 0 psid .

CHILLER MANUAL START MODE:
The display at the operator workstation shall indicate manual start mode when:

A chiller is started manually at the local chiller control panel in lieu of through the BAS subject to the chiller status signal (CH-ST-X);
Or- The enable signal is set to off and the temperature delta across the chiller is > 3 F (adj.);
Or- The enable signal is set to off and the chiller power input > 10% of the total kW Input Rating.

PUMP FAILURE MODE:
A pump shall be in failure mode when:

The pump is given a start signal;
And- The pump status indicates it is off.

FREEZE PROTECTION MODE:
When the ambient temperature is below 35ºF:

Primary chiller shall shutoff;
And- Start lead pump;

1.) Open control valves at primary chiller.
2.) Open bypass control valve.
3.) Open control valves at AHU 1 and AHU 3

CONTROL SETPOINT RESETS
CHILLED WATER PUMP DIFFERENTIAL PRESSURE RESET:
The chilled water differential pressure setpoint (CHW-DP) shall be reset using valve command position within the range limits scheduled on the points list via trim and respond logic.  The trim and respond function shall reset the setpoint incrementally
downward to maintain one active control valve output signal greater than 90% open.
Trim and respond logic:

When pump is off, reset setpoint to the default value.
While pump is proven on:

If all control valves included in the analysis are less than 90% open (adj.), every 2 minutes (adj.) decrease setpoint by 0.5 psig (adj). Repeat trim and respond logic until at least one (adj.) control valve is greater than 90% open.
If at least one control valve is greater than 95% open (adj.), every 2 minutes (adj.) increase setpoint by 0.5 psig.

CHILLED WATER PLANT TEMPERATURE RESET:
The chilled water supply temperature (CHWS-T) shall be reset within the temperature range limits scheduled on the points list using trim and respond logic.  The trim and respond function shall reset the setpoint incrementally upward to maintain one control
valve serving an air handling unit greater than 90% open.  BAS shall be capable of excluding zone valves from the temperature reset analysis subject to a feedback signal enable/disable switch.
Trim and respond logic:

When pump is off, reset setpoint to the default value.
While pump is proven on:

If all control valves included in the analysis are less than 90% open (adj.), every 2 minutes (adj.) increase setpoint by 0.5º F (adj). Repeat trim and respond logic until at least one (adj.) control valve is greater than 90% open.
If at least one control valve is greater than 95% open (adj.), every 2 minutes (adj.) decrease setpoint by 0.5º F.

When using both a pressure reset and temperature reset and the pressure reset is programmed to be enabled first, the temperature reset sequence shall not be enabled until
The chilled water differential pressure setpoint (CHW-DP) has reached its minimum reset value for 10 minutes (adj.).
And- All active control valves included in the reset analysis are less than 90% open.

While the temperature reset sequence is enabled, the chilled water differential pressure setpoint shall be held constant at its minimum reset value.  The reset sequence shall be disabled when:
The chilled water supply temperature has reached its minimum reset value for 10 minutes (adj.).
And- when any 3 (adj.) active cooling coil control valves included in the reset analysis are greater than 90% open.

SAFETIES, OVERRIDES AND INTERLOCKS
CHILLER PROOF OF FLOW INTERLOCK:
Chiller(s) shall start upon proof of flow subject to a differential pressure sensor wired to the local chiller control panel.  The BAS contractor shall provide the differential pressure sensor .
CHILLER ISOLATION VALVE INTERLOCK:
Interlock the chilled water isolation valve(s) (CH-CHW-CV) to open when required by the chiller plant load staging matrix to enable flow through the chiller(s).  Interlock shall apply when the chiller is under automatic or manual control.
SMOKE CONTROL FIRE ALARM INTERLOCK:
Chiller(s) shall shut down when a signal is received by the BAS from the fire alarm control panel.  All equipment and accessories shall be in disabled mode.

CONTROL LOOPS
CHILLER CHILLED WATER ISOLATION VALVE (CH-CHW-CV)
The chiller chilled water isolation valve shall be provided by the BAS contractor and  controlled by the chiller manufacturer control panel.
When in chilled water plant disabled mode:

The valve shall be closed.
When in chilled water plant enabled mode:

The valve shall modulate to maintain the minimum chilled water flow rate, as measured by the chiller water flow meter (CH-CHW-F).
When in chiller failure mode:
The valve shall close and be locked out of the lead/lag sequencing until the failure alarm is cleared.  When the failure alarm is cleared the valve shall operate as in chilled water plant enabled mode.
CHILLED WATER SUPPLY BYPASS VALVE (CHW-BPV)
The bypass control valve shall be a valve sized for 10 psi pressure drop at 335 GPM based on the minimum flow of the scheduled chiller plus 25%.  Coordinate final minimum flow and pressure drop with actual chiller manufacturer provided.  The valve shall
be provided by the BAS controls contractor and controlled by the BAS.
When in chilled water plant disabled mode:

The valve shall be closed.
When in chilled water plant enabled mode:
The valve shall modulate to maintain the minimum chilled water flow rate, as measured by the chiller chilled water flow meter (CH-CHW-F).
VARIABLE PRIMARY PUMP CONTROL (CHWP-1 - CHWP-2)
The pump(s) shall be controlled by the BAS.
When in chilled water plant disabled mode:

The pump shall be off.
When in chilled water plant enabled mode:

The pumps shall energize subject to a lead/lag sequence.  Sequence shall be based on equal run time.
A pump that is energized shall start on low speed and ramp up to maintain the chilled water differential pressure set point as measured by the differential pressure sensor(s) (CHW-DP-X). Initial differential setpoint shall be determined during system
startup.  The most critical DP sensor shall govern pump speed.
Optimized pump staging algorithm:  Pumps shall energize on and off based on the optimum combination of primary pumps to minimize energy use.  The test and balance contractor and controls contractor shall coordinate to field determine the
optimized staging setpoints.
The test and balance contractor shall perform the following:
1.  Ramp one pump from minimum speed to design speed and record the total amp draw from the pump at every 3 Hz interval.
2.  Start another pump and repeat step 1 for the pumps operating simultaneously.
3.  Repeat step 2 until the amp draw for all scheduled pumps operating simultaneously has been recorded.
The pump staging setpoints shall be determined from the rpm speed at which operating more pumps at the same flow rate draws less amperage than the current quantity of operating pumps.
When staging on a lag pump:
1.  Ramp the operating pumps down to minimum speed.
2.  Turn the lag pump on.
3.  Ramp the operating pumps together to meet setpoint.
When staging off a lag pump:
1.  Ramp the operating pumps down to minimum speed.
2.  Turn the lag pump off.
3.  Ramp the remaining operating pumps together to meet setpoint.

When in AHU freeze protection mode:
The pump(s) shall operate as in chilled water plant enabled mode.

When in pump failure mode:
The next lag pump shall be energized and operate as in chilled water plant enabled mode.

CHILLER CONTROL (ACC 1 - ACC 2)
The chiller shall be controlled by the chiller manufacturer control panel.  The chiller shall be subject to manufacturer programmed safeties, overrides, and interlocks.
When in chilled water plant disabled mode:

The chiller shall be off.
When in chilled water plant enabled mode:

Chillers shall turn on subject to initial factory start up sequences.
The interlocks shall have proven the associated equipment is on in the following order:

- The primary chilled water pump has completed it stage up mode;
- The chilled water isolation valve has proven open (CH-CHW-CV);
- The chiller has proven minimum flow (CH-CHW-DP, CH-CHW-F)
Chiller Operation:  A chiller that is on shall modulate its cooling capacity subject to the factory chiller controller to maintain the chilled water supply temperature setpoint (CH-CHWS-T-X).
The chillers shall operate subject to a lead/lag sequence.  Sequence shall be based on equal run time.
When in chiller failure mode:

The failed chiller shall be off; the associated chiller stage is locked out of the staging sequence and an alarm is generated.
Enable the next lag chiller.

When in chiller manual start mode:
The chiller shall turn on; the associated chiller stage is locked out of the staging sequence and an alarm is generated at the operator workstation.
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PROVIDE UNIQUE POINT NAME FOR
EACH CONTROL POINT CONSISTENT
WITH THE MARK IDENTIFIER ON THE
EQUIPMENT SCHEDULE.

SEQUENCE OF OPERATIONS
CONTINUOUS OPERATION EXHAUST FAN
FANS (EF 4, EF 6)

GENERAL DESCRIPTION

The exhaust fan(s) described by this sequence of operations consists of an
exhaust fan and motorized damper to continuously exhaust air from the space
as shown on the drawings.

OPERATING MODES
OCCUPIED MODE:
The fan shall be in occupied mode per the project design conditions schedule
shown on the control drawings .
UNOCCUPIED MODE:
The fan shall be in unoccupied mode for all periods not included in the occupied
hours of operation.

CONTROL SETPOINT RESETS
Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS
FIRE ALARM CONTROL PANEL INTERLOCK:
The fan shall be disabled via hard wired interlock at the fan start circuit upon
receipt of signal from the fire alarm control panel.
ISOLATION DAMPER INTERLOCK:
Interlock the motorized isolation damper with the associated fan.  Prove damper
position is open and include time delay prior to starting fan.  Close damper after
fan is commended OFF.

COMPONENT CONTROL LOOPS
FAN CONTROL - CONSTANT VOLUME BAS SCHEDULED
When in Occupied Mode:

The fan shall be ON.
The ECM motor shall be used for soft start and to balance the fan for
constant speed operation to achieve the scheduled airflow value.

When in Unoccupied Mode:
The fan shall be OFF.

This sequence of operations is organized into the following main categories:
operating modes, control setpoint resets, safeties, overrides and interlocks, and
component control loops.  The operating modes describe the criteria that either
enable or disable the various modes of operation.  If a mode of operation is not
listed within a component control loop section then that mode of operation has
no direct influence on the operation of the component.  The control setpoint reset
section describes the logic and reference variables that will be used to reset
control setpoints to a new value within its reset range.  The safeties, overrides,
and interlocks section outlines the hardwired interlocks that will be required to
meet life safety requirements.  Safeties and interlocks take precedence over all
other control strategies outlined in this document. The control responses of each
component for the various modes of operation are described in the component
control loop sections.

The sequence of operations, the points list and control diagrams shall be used to
provide a complete description of the control philosophy for the controlled
equipment.  Individual setpoint values, reset ranges, and alarm action levels are
listed in the points list.  Components and control sensor locations are graphically
depicted on the control diagram. The controls contractor shall be responsible for
coordinating any necessary time delay setpoints to establish stable system
operation.

SEQUENCE OF OPERATIONS
THERMOSTAT CONTROLLED FANS
(EF 2, EF 3, EF 6, SF 1)

GENERAL DESCRIPTION

The exhaust fan(s) described by this sequence consists of a constant speed fan
and damper controlled by a thermostat to remove heat from the space as shown
on the drawings.

OPERATING MODES
OCCUPIED MODE:
The fan shall be in occupied mode per the project design conditions schedule
shown on the control drawings .
UNOCCUPIED MODE:
The fan shall be in unoccupied mode for all periods not included in the occupied
hours of operation.

CONTROL SETPOINT RESETS
Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS
LOCAL THERMOSTAT INTERLOCK
Fan shall be interlocked with local thermostat.  Fan shall energize when local
thermostat exceeds setpoint.

FIRE ALARM CONTROL PANEL INTERLOCK:
The fan shall be disabled via hard wired interlock at the fan start circuit upon
receipt of signal from the fire alarm control panel.

ISOLATION DAMPER INTERLOCK:
Interlock the motorized isolation damper with the associated fan.  Prove damper
position is open and include time delay prior to starting fan.  Close damper after
fan is commanded OFF.

COMPONENT CONTROL LOOPS

FAN CONTROL - CONSTANT VOLUME BAS THERMOSTATIC
CONTROL
When in Occupied Mode:

The fan shall be enabled.

The fan motor shall cycle to provide airflow with the intent to control room
temperature at setpoint as measured by local temperature sensor (Z-T) .
The ECM motor shall be used for soft start and to balance the fan for
constant speed operation to achieve the scheduled airflow value.

When in Unoccupied Mode:

The fan shall operate as if in Occupied Mode.

PROVIDE UNIQUE POINT NAME FOR
EACH CONTROL POINT CONSISTENT
WITH THE MARK IDENTIFIER ON THE
EQUIPMENT SCHEDULE.

PROVIDE UNIQUE POINT NAME FOR
EACH CONTROL POINT CONSISTENT
WITH THE MARK IDENTIFIER ON THE
EQUIPMENT SCHEDULE.

SEQUENCE OF OPERATIONS
CONTINUOUS OPERATION EXHAUST FAN
FANS (EF 4, EF 5)

GENERAL DESCRIPTION

The exhaust fan(s) described by this sequence of operations consists of an
exhaust fan and motorized damper to continuously exhaust air from the space
as shown on the drawings.

OPERATING MODES
OCCUPIED MODE:
The fan shall be in occupied mode per the project design conditions schedule
shown on the control drawings .
UNOCCUPIED MODE:
The fan shall be in unoccupied mode for all periods not included in the occupied
hours of operation.

CONTROL SETPOINT RESETS
Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS
FIRE ALARM CONTROL PANEL INTERLOCK:
The fan shall be disabled via hard wired interlock at the fan start circuit upon
receipt of signal from the fire alarm control panel.

ISOLATION DAMPER INTERLOCK:
Interlock the motorized isolation damper with the associated fan.  Prove damper
position is open and include time delay prior to starting fan.  Close damper after
fan is commended OFF.

COMPONENT CONTROL LOOPS
FAN CONTROL - CONSTANT VOLUME BAS SCHEDULED
When in Occupied Mode:

The fan shall be ON.

The ECM motor shall be used for soft start and to balance the fan for
constant speed operation to achieve the scheduled airflow value.

When in Unoccupied Mode:

The fan shall be OFF.

SEQUENCE OF OPERATIONS
FAN COIL UNITS

GENERAL DESCRIPTION

The fan coil unit(s) described by this sequence of operations consist(s) of a constant speed supply fan, chilled water cooling coil, and electric heating coil that operate to
provide heating, ventilation, and air conditioning for the conditioned spaces as shown.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per the Project Design Conditions Schedule shown on the control drawings.
COOLING MODE:
The unit shall be in cooling mode when the zone temperature (Z-T) rises above the dead band (Z-T-DB).
HEATING MODE:
The unit shall be in heating mode when the zone temperature (Z-T) falls below the dead band (Z-T-DB).
UNOCCUPIED MODE:
The unit shall be in unoccupied mode for all periods not included in the occupied hours of operation. Overrides of unoccupied schedule are defined at the zone level
control.

CONTROL SETPOINT RESETS
Not used.

SAFETIES, OVERRIDES AND INTERLOCKS
FIRE ALARM CONTROL PANEL INTERLOCK:
The unit shall be disabled via hard wired interlock at the fan start circuit upon receipt of signal from the fire alarm control panel.
LEAK DETECTION INTERLOCK (FCU-CND):
The supply fan shall automatically shut down and the cooling coil shall be disabled upon detection of water in the overflow drain pan.

COMPONENT CONTROL LOOPS
SUPPLY FAN CONTROL
When in Occupied Mode:

The fan shall be ON.
When in Unoccupied Mode:

The fan shall be OFF.  On a call for cooling/heating or override signal from the zone level, the fan shall operate as in occupied mode until the call is cleared or the
override is removed.

COOLING COIL CHILLED WATER VALVE - MODULATING
When in Occupied Mode:

When in Cooling Mode:
The valve shall modulate to maintain the zone temperature setpoint (Z-T).

When in Heating Mode:
The valve shall be closed.

When in Unoccupied Mode:
The valve shall be closed.
On a call for cooling or override signal from the zone level the valve shall operate as in occupied mode until the call is cleared or the override is removed.

HEATING COIL- ELECTRIC STAGED
When in Occupied Mode:

When in Cooling Mode:
The coil shall be OFF.

When in Heating Mode:
The controller shall stage the heating to maintain the zone temperature setpoint (Z-T).

When in Unoccupied Mode:
The coil shall be OFF.
On a call for heating or override signal from the zone level the coil shall operate as in occupied mode until the call is cleared or the override is removed.
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SEQUENCE OF OPERATIONS
DEDICATED OUTSIDE AIR
AIR HANDLING UNITS (OAU 1, OAU 2)

GENERAL DESCRIPTION

The air handling unit(s) described by this sequence of operations consist(s) of a variable speed supply fan, chilled water cooling coil, and a gas fired heating coil to
provide conditioned ventilation air for the conditioned spaces as shown on the drawings.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per the Project Design Conditions Schedule shown on the control drawings.
UNOCCUPIED MODE:
The unit shall be in unoccupied mode for all periods not included in the occupied hours of operation. Overrides of unoccupied schedule are defined at the zone level
control.
COOLING MODE:
The unit shall be in cooling mode when the outside air temperature (OAT) rises above the outside air cooling enable setpoint (OAT-C)
HEATING MODE:
The unit shall be in heating mode when the outside air temperature (OAT) falls below the outside air heating enable setpoint (OAT-H)
VENTILATION ONLY MODE:
The unit shall be in ventilation only mode when the outdoor air temperature is between the outdoor air cooling enable (OAT-C) and outdoor air heating enable (OAT-H)
setpoints.
FREEZE PROTECTION MODE:
The unit shall be in freeze protection mode when:
The low limit temperature controller (LLT) senses a temperature less than the alarm setpoint.

CONTROL SETPOINT RESETS
Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS
SMOKE DETECTOR INTERLOCK:
The unit shall be disabled via hard wired interlock on activation of a system smoke detector.  Display smoke detector relay status (normal or alarm) at the BAS front end.
FIRE ALARM CONTROL PANEL INTERLOCK:
The unit shall be disabled via relay circuit signal from the fire alarm control panel.  Division 28 shall provide the relay and leads from relay to unit.  BAS contractor shall
connect leads to unit.  Display relay status (normal or alarm) at BAS front end.
FREEZE PROTECTION MODE INTERLOCK:
The supply fan shall be disabled via hard wired interlock at the supply fan start circuit from the low limit temperature controller.

COMPONENT CONTROL LOOPS
SUPPLY FAN CONTROL- CONSTANT VOLUME
When in Occupied Mode:

The fan shall be ON.
The VFD shall be used for soft start and to balance the fan for constant speed operation to achieve the scheduled airflow value.

When in Unoccupied Mode:
The fan shall be OFF.  On an override signal from the zone level, the fan shall operate as in occupied mode until the override is removed.

When in Freeze Protection Mode:
The fan shall be OFF .

OUTSIDE AIR DAMPER (OA)
When in Occupied Mode:

The damper shall be open .
When in Unoccupied Mode:

The damper shall close after the supply fan is off and a time delay .
When in Freeze Protection Mode:

The damper shall close after the supply fan is off and a time delay .
FILTER MONITORING
When in All Modes:
The controller shall monitor the differential pressure across each filter bank and shall provide a signal when the setpoint is exceeded.
HEATING COIL- GAS MODULATED
When in Occupied Mode:

When in Ventilation Only Mode:
The coil shall be OFF.

When in Cooling Mode:
The coil shall be OFF.

When in Heating Mode:
The controller shall modulate the heating to maintain the supply air temperature setpoint (SAT).

When in Unoccupied Mode:
The coil shall be OFF .
On an override signal from the zone level the coil shall operate as in occupied mode until the override is removed.

When in Freeze Protection Mode:
The coil shall be OFF .

COOLING COIL CHILLED WATER VALVE - MODULATING
When in Occupied Mode:

When in Ventilation Only Mode:
The valve shall be closed.

When in Cooling Mode:
The valve shall modulate to maintain the supply air temperature setpoint (SAT).

When in Heating Mode:
The valve shall be closed.

When in Unoccupied Mode:
The valve shall be closed.
On an override signal from the zone level the compressor shall operate as in occupied mode until the override is removed.

When in Freeze Protection Mode:
The valve shall be fully open.
And- The chilled water plant AHU freeze protection mode shall be activated .

SEQUENCE OF OPERATIONS
SINGLE ZONE VARIABLE AIR VOLUME
AIR HANDLING UNITS (AHU 6)
This sequence of operations is organized into the following main categories: operating modes; control setpoint resets; safeties, overrides and interlocks; and component
control loops.  The operating modes describe the criteria that either enable or disable the various modes of operation.  If a mode of operation is not listed within a
component control loop section then that mode of operation has no direct influence on the operation of the component.  The control setpoint reset section describes the
logic and reference variables that will be used to reset control setpoints to a new value within its reset range.  The safeties, overrides, and interlocks section outlines the
hardwired interlocks that are required to meet life safety requirements.  Safeties and interlocks take precedence over all other control strategies outlined in this
document. The control responses of each component for the various modes of operation are described in the component control loop sections.  Setpoints shall be
adjustable (adj.) as noted.

The sequence of operations, the points list and control diagrams shall be used to provide a complete description of the control philosophy for the controlled equipment.
Individual setpoint values, reset ranges, and alarm action levels are listed in the points list.  Components and control sensor locations are graphically depicted on the
control diagram. The controls contractor shall be responsible for coordinating any necessary time delay setpoints to establish stable system operation.

GENERAL DESCRIPTION

The air handling unit(s) described by this sequence of operations consist(s) of a variable speed supply fan, a chilled water cooling coil, and an electric heating coil to
provide heating, ventilation, and air conditioning for the conditioned spaces as shown on the drawings.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per the Project Design Conditions Schedule shown on the control drawings.
COOLING MODE:
The unit shall be in cooling mode when the zone temperature (Z-T) rises above the dead band (Z-T-DB).
MINIMUM COOLING MODE:
The unit shall be in minimum cooling mode when:

The unit is in cooling mode;
And- The supply fan reaches its minimum speed setting for 2 minutes (adj.).

The unit shall return to cooling mode when:
The supply air temperature (SAT) is at or below its cooling setpoint for 2 minutes (adj.);

HEATING MODE:
The unit shall be in heating mode when the zone temperature (Z-T) falls below the dead band (Z-T-DB).
MINIMUM HEATING MODE:
The unit shall be in minimum heating mode when:

The unit is in heating mode;
And- The supply fan reaches its minimum speed setting for 2 minutes (adj.).

The unit shall return to heating mode when:
The supply air temperature (SAT) is at or above its setpoint for 2 minutes (adj.);

UNOCCUPIED MODE:
The unit shall be in unoccupied mode for all periods not included in the occupied hours of operation. Overrides of unoccupied schedule are defined at the zone level
control.
FREEZE PROTECTION MODE:
The unit shall be in freeze protection mode when the supply air temperature sensor (SAT) senses a temperature less than the alarm setpoint.

CONTROL SETPOINT RESETS
Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS
SMOKE DETECTOR INTERLOCK:
The unit shall be disabled via hard wired interlock on activation of a system smoke detector.  Display smoke detector relay status (normal or alarm) at the BAS front end.
FIRE ALARM CONTROL PANEL INTERLOCK:
The unit shall be disabled via relay circuit signal from the fire alarm control panel.  Division 28 shall provide the relay and leads from relay to unit.  BAS contractor shall
connect leads to unit.  Display relay status (normal or alarm) at BAS front end.
FREEZE PROTECTION MODE INTERLOCK:
The supply fan shall be disabled via hard wired interlock at the supply fan start circuit from the low limit temperature controller.
LOW DEDICATED OUTDOOR AIR STATIC PRESSURE INTERLOCK:
The unit shall be disabled via hard wired interlock at the fan start circuit upon activation of duct low static pressure controller.

COMPONENT CONTROL LOOPS
SUPPLY FAN CONTROL- VFD:
When the HOA switch is in hand position, the variable speed supply fan shall operate at a speed set manually by the operator at the user interface of the drive.
When the HOA switch is in off position, the fan shall be off.
When the HOA switch is in auto position, the variable speed supply fan shall operate subject to the unit enable signal, and unit operating modes.
When in Occupied Mode:

The fan shall energize and slowly ramp to the initial minimum fan speed determined during system startup. Minimum fan speed shall be established during
balancing.
When in Cooling Mode:

The fan VFD shall modulate to control zone temperature (Z-T) at setpoint. An increase in zone temperature causes an increase in airflow.
When in Heating Mode:

The fan VFD shall modulate to control zone temperature at setpoint. A decrease in zone temperature causes an increase in airflow.
When in Minimum Cooling, or Minimum Heating Mode:

The fan VFD shall maintain minimum speed.
When in Unoccupied Mode:

The fan shall be OFF.  On a call for cooling/heating or override signal from the zone level, the fan shall operate as in occupied mode until the call is cleared or the
override is removed.

When in Freeze Protection Mode:
The fan shall be OFF .

When in Smoke Control Mode:
The fan shall be OFF.

MIXED AIR DAMPERS MINIMUM OA FROM DEDICATED UNIT
The mixed air damper assembly consists of a dedicated outside air (DOA) damper and return air (RA) damper.

When in Occupied Mode:
DOA Calculated Control- The DOA and RA dampers shall modulate together to satisfy the minimum outside airflow setpoint as calculated by the BAS, using the
following formula:

DOA = (MAT - RAT) / (OAT - RAT) x SA-AF
When in Unoccupied Mode:

The DOA damper shall be fully closed and the RA damper shall be fully open.  On a call for cooling/heating or override signal, the DOA damper shall remain
closed.

When in Freeze Protection Mode:
The DOA damper shall be fully closed and the RA damper shall be fully open.

FILTER MONITORING
When in All Modes:
The controller shall monitor the differential pressure across each filter bank and shall provide a signal when the setpoint is exceeded.
COOLING COIL CHILLED WATER VALVE - MODULATING
When in Occupied Mode:
When in Minimum Cooling Mode:

The valve shall modulate to maintain the zone temperature setpoint (Z-T).
When in Cooling Mode:

The valve shall modulate to maintain the supply air temperature setpoint (SAT).
When in Heating Mode:

The coil shall be OFF.
When in Unoccupied Mode:

The valve shall be closed.
On a call for cooling or override signal from the zone level the valve shall operate as in occupied mode until the call is cleared or the override is removed.

When in Freeze Protection Mode:
The valve shall be fully open.
And- The chilled water plant AHU freeze protection mode shall be activated .

HEATING COIL- GAS MODULATED
When in Occupied Mode:
When in Cooling Mode:

The coil shall be OFF.
When in Minimum Heating Mode:

The controller shall modulate the heating to maintain the zone temperature setpoint (Z-T).
When in Heating Mode:

The controller shall modulate the heating to maintain the supply air temperature setpoint (SAT).
When in Unoccupied Mode:

The coil shall be OFF .
On a call for heating or override signal from the zone level the coil shall operate as in occupied mode until the call is cleared or the override is removed.

When in Freeze Protection Mode:
The coil shall be OFF .
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SEQUENCE OF OPERATIONS
ENERGY RECOVERY VENTILATOR
AIR HANDLING UNITS (ERV 1)

GENERAL DESCRIPTION

The energy recovery unit(s) described by this sequence of operations consist(s) of a constant volume supply fan, constant volume exhaust fan, and an air-to-air plate
exchanger to precondition ventilation air for the conditioned spaces as shown on the drawing.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per the Project Design Conditions Schedule shown on the control drawings.
UNOCCUPIED MODE:
The unit shall be in unoccupied mode for all periods not included in the occupied hours of operation. Overrides of unoccupied schedule are defined at the zone level
control.
FREEZE PROTECTION MODE:
The unit shall be in freeze protection mode when:
The unit shall be in freeze protection mode when the supply air temperature sensor (SAT) senses a temperature less than the alarm setpoint.

CONTROL SETPOINT RESETS
Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS
SMOKE DETECTOR INTERLOCK:
The unit shall be disabled via hard wired interlock on activation of a system smoke detector.  Display smoke detector relay status (normal or alarm) at the BAS front end.
FIRE ALARM CONTROL PANEL INTERLOCK:
The unit shall be disabled via relay circuit signal from the fire alarm control panel.  Division 28 shall provide the relay and leads from relay to unit.  BAS contractor shall
connect leads to unit.  Display relay status (normal or alarm) at BAS front end.
FREEZE PROTECTION MODE INTERLOCK:
The supply fan shall be disabled via hard wired interlock at the supply fan start circuit from the low limit temperature controller.

COMPONENT CONTROL LOOPS
SUPPLY FAN CONTROL- CONSTANT VOLUME
When in Occupied Mode:

The fan shall be ON.
The EC motor shall be used for soft start and to balance the fan for constant speed operation to achieve the scheduled airflow value.

When in Unoccupied Mode:
The fan shall be OFF.  On an override signal from the zone level, the fan shall operate as in occupied mode until the override is removed.

When in Freeze Protection Mode:
The fan shall be OFF .

EXHAUST FAN (EF) - CONSTANT VOLUME
When in Occupied Mode:

The fan shall be ON.
The EC motor shall be used for soft start and to balance the fan for constant speed operation to achieve the scheduled airflow value.

When in Unoccupied Mode:
The fan shall be OFF.

When in Freeze Protection Mode:
The fan shall be OFF .

OUTSIDE AIR DAMPER (OA)
When in Occupied Mode:

The damper shall be open .
When in Unoccupied Mode:

The damper shall close after the supply fan is off and a time delay .
When in Freeze Protection Mode:

The damper shall close after the supply fan is off and a time delay .
EXHAUST AIR DAMPERS
When in Occupied Mode:

The damper shall be open.
When in Unoccupied Mode:

The damper shall close after the exhaust fan is off and a time delay .
When in Freeze Protection Mode:

The damper shall close after the relief/exhaust fan is off and a time delay .
FILTER MONITORING
When in All Modes:
The controller shall monitor the differential pressure across each filter bank and shall provide a signal when the setpoint is exceeded.

SEQUENCE OF OPERATIONS
ENERGY RECOVERY VENTILATOR
AIR HANDLING UNITS (ERU 1)

GENERAL DESCRIPTION

The energy recovery unit(s) described by this sequence of operations consist(s)
of a constant volume supply fan, constant volume exhaust fan, and an air-to-air
plate exchanger to precondition ventilation air for the conditioned spaces as
shown on the drawing.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per the Project Design Conditions Schedule
shown on the control drawings.

UNOCCUPIED MODE:
The unit shall be in unoccupied mode for all periods not included in the occupied
hours of operation. Overrides of unoccupied schedule are defined at the zone
level control.
FREEZE PROTECTION MODE:
The unit shall be in freeze protection mode when:

The unit shall be in freeze protection mode when the supply air temperature
sensor (SAT) senses a temperature less than the alarm setpoint.
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ELECTRICITY WATERGENERAL FUEL REQUIREMENTS FOR MEASUREMENT AND VERIFICATION PLAN
CONTRACTOR SHALL COORDINATE POINTS REQUIRED TO IMPLEMENT MEASUREMENT AND VERIFICATION
PLAN WITH THE CONTROLS DRAWINGS.  THE PARAGRAPHS BELOW REPRESENT DESIGN INTENT.

• REFERENCE MEASUREMENT AND VERIFICATION PLAN FOR ALL SYSTEMS THAT SHALL BE MONITORED BY
THE BAS.

• PROVIDE VFD MONITORING AND MOTOR KW TRENDING AT BAS.
-  INSTANTANEOUS (kW)
-  HISTORICAL PEAK (kW)
-  RESETTABLE kWh
-  RUNTIME TRACKING FOR kWh PER RATE PERIOD
• MONITOR ALL ELECTRICAL PANEL METERS AND ELECTRICAL SUBMETERS AT BAS.
• MONITOR NATURAL GAS MAIN METER AND ALL SUBMETERS AT BAS.
• MONITOR ALL FLOW METERS AND BTU METERS IN CENTRAL PLANT AT BAS.
• MONITOR DOMESTIC WATER, IRRIGATION, GREY WATER, AND COOLING TOWER MAKEUP/BLOWDOWN

FLOW METERS AT BAS.

AUTOMATIC DEMAND SHED CONTROLS AS REQUIRED BY TITLE 24
1. THE BAS SHALL HAVE THE CAPABILITY TO REMOTELY SETUP THE OPERATING COOLING TEMPERATURE SET POINTS

BY 4 DEGREES OR MORE IN ALL NON-CRITICAL ZONES ON A SIGNAL FROM THE BAS.
2. THE BAS SHALL HAVE THE CAPABILITY TO REMOTELY SETABCK THE OPERATING HEATING TEMPERATURE SET

POINTS BY 4 DEGREES OR MORE IN ALL NON-CRITICAL ZONES ON SIGNAL FROM THE BAS.
3. THE BAS SHALL HAVE CAPABILITIES TO REMOTELY RESET THE TEMPERATURES IN ALL NON-CRITICAL ZONES TO

ORIGINAL OPERATING LEVELS ON SIGNAL FROM THE BAS.
4. THE BAS SHALL BE PROGRAMMED TO PROVIDE AN ADJUSTABLE RATE OF CHANGE FOR THE TEMPERATURE SETUP

AND RESET.
5. THE BAS SHALL HAVE THE FOLLOWING FEATURES:

5.1. DISABLED. DISABLED BY AUTHORIZED FACILITY OPERATORS; AND
5.2. MANUAL CONTROL. MANUAL CONTROL BY AUTHORIZED FACILITY OPERATORS TO ALLOW ADJUSTMENT OF

HEATING AND COOLING SET POINTS GLOBALLY FROM A SINGLE POINT IN THE BAS; AND
5.3. AUTOMATIC DEMAND SHED CONTROL. UPON RECEIPT OF A DEMAND RESPONSE SIGNAL, THE

SPACE-CONDITIONING SYSTEMS SHALL CONDUCT A CENTRALIZED DEMAND SHED, AS SPECIFIED ABOVE, FOR
NON-CRITICAL ZONES DURING THE DEMAND RESPONSE PERIOD.

ELECTRICITYGENERAL REQUIREMENTS FOR MEASUREMENT AND VERIFICATION PLAN

CONTRACTOR SHALL COORDINATE POINTS REQUIRED TO IMPLEMENT MEASUREMENT AND VERIFICATION PLAN
WITH THE CONTROLS DRAWINGS.  THE PARAGRAPHS BELOW REPRESENT DESIGN INTENT.

• REFERENCE MEASUREMENT AND VERIFICATION PLAN FOR ALL SYSTEMS THAT SHALL BE MONITORED BY
THE BAS.

• PROVIDE VFD MONITORING AND MOTOR KW TRENDING AT BAS.
          -  INSTANTANEOUS (kW)
          -  HISTORICAL PEAK (kW)
          -  RESETTABLE kWh
          -  RUNTIME TRACKING FOR kWh PER RATE PERIOD

SEQUENCE OF OPERATIONS GENERAL NOTES

CONCRETE
RUNNER

SEQUENCE OF OPERATIONS
CONSTANT VOLUME MAKEUP AIR
AIR HANDLING UNITS (MAU 1, MAU 2)

GENERAL DESCRIPTION

The air handling unit(s) described by this sequence of operations consist(s) of constant volume supply fan, chilled water cooling coil, and a gas fired heating coil to serve
as makeup air for the kitchen exhaust system.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per a signal from the Kitchen Hood Control Panel.
UNOCCUPIED MODE:
The unit shall be in unoccupied mode per a signal from the Kitchen Hood Control Panel.
COOLING MODE:
The unit shall be in cooling mode when the outside air temperature (OAT) rises above the outside air cooling enable setpoint (OAT-C)
HEATING MODE:
The unit shall be in heating mode when the outside air temperature (OAT) falls below the outside air heating enable setpoint (OAT-H)
VENTILATION ONLY MODE:
The unit shall be in ventilation only mode when the outdoor air temperature is between the outdoor air cooling enable (OAT-C) and outdoor air heating enable (OAT-H)
setpoints.
FREEZE PROTECTION MODE:
The unit shall be in freeze protection mode when:
The unit shall be in freeze protection mode when the supply air temperature sensor (SAT) senses a temperature less than the alarm setpoint.

CONTROL SETPOINT RESETS
Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS
SMOKE DETECTOR INTERLOCK:
The unit shall be disabled via hard wired interlock on activation of a system smoke detector.  Display smoke detector relay status (normal or alarm) at the BAS front end.
FIRE ALARM CONTROL PANEL INTERLOCK:
The unit shall be disabled via relay circuit signal from the fire alarm control panel.  Division 28 shall provide the relay and leads from relay to unit.  BAS contractor shall
connect leads to unit.  Display relay status (normal or alarm) at BAS front end.
FREEZE PROTECTION MODE INTERLOCK:
The supply fan shall be disabled via hard wired interlock at the supply fan start circuit from the low limit temperature controller.

COMPONENT CONTROL LOOPS
SUPPLY FAN CONTROL- CONSTANT VOLUME
When in Occupied Mode:

The fan shall be ON.
When in Unoccupied Mode:

The fan shall be OFF.  On an override signal from the Kitchen Hood Control Panel, the fan shall operate as in occupied mode until the override is removed.
When in Freeze Protection Mode:

The fan shall be OFF .
OUTSIDE AIR DAMPER (OA)
When in Occupied Mode:

The damper shall be open .
When in Unoccupied Mode:

The damper shall close after the supply fan is off and a time delay .
When in Freeze Protection Mode:

The damper shall close after the supply fan is off and a time delay .
FILTER MONITORING
When in All Modes:
The controller shall monitor the differential pressure across each filter bank and shall provide a signal when the setpoint is exceeded.
HEATING COIL- GAS MODULATED
When in Occupied Mode:

When in Ventilation Only Mode:
The coil shall be OFF.

When in Cooling Mode:
The coil shall be OFF.

When in Heating Mode:
The controller shall modulate the heating to maintain the supply air temperature setpoint (SAT).

When in Unoccupied Mode:
The coil shall be OFF .
On an override signal from the Kitchen Hood Control Panel, the coil shall operate as in occupied mode until the override is removed.

When in Freeze Protection Mode:
The coil shall be OFF .

COOLING COIL CHILLED WATER VALVE - MODULATING
When in Occupied Mode:

When in Ventilation Only Mode:
The valve shall be closed.

When in Cooling Mode:
The valve shall modulate to maintain the supply air temperature setpoint (SAT).

When in Heating Mode:
The valve shall be closed.

When in Unoccupied Mode:
The valve shall be closed.
On an override signal from the Kitchen Hood Control Panel, the valve shall operate as in occupied mode until the override is removed.

When in Freeze Protection Mode:
The valve shall be fully open.
And- The chilled water plant AHU freeze protection mode shall be activated .

4"CHWR

SEQUENCE OF OPERATIONS
MISCELLANEOUS EQUIPMENT

AIR CURTAIN
Interlock air curtain with door limit switch to energize when the door opens.  Units scheduled
with heating coils shall cycle the stages of heat to maintain room temperature setpoint of 70 F
(adj).

ELECTRIC UNIT HEATER
Interlock unit heater with thermostat. Unit heater shall energize fan and heater to maintain
space temperature heating setpoint of 55 F (adj.)

SEQUENCE OF OPERATIONS
MISCELLANEOUS EQUIPMENT

AIR CURTAIN
Interlock air curtain with door limit switch to energize when the door opens.  Units scheduled
with heating coils shall cycle the stages of heat to maintain room temperature setpoint of 70 F
(adj).

ELECTRIC UNIT HEATER
Interlock unit heater with thermostat. Unit heater shall energize fan and heater to maintain
space temperature heating setpoint of 55 F (adj.)

2-1/2"CHWS
2-1/2"CHWR

SEQUENCE OF OPERATIONS
MAKEUP AIR UNITS (MAU 3, MAU 4, MAU-5)
This sequence of operations is organized into the following main categories:
operating modes; control setpoint resets; safeties, overrides and interlocks; and
component control loops.  The operating modes describe the criteria that either
enable or disable the various modes of operation.  If a mode of operation is not
listed within a component control loop section then that mode of operation has
no direct influence on the operation of the component.  The control setpoint reset
section describes the logic and reference variables that will be used to reset
control setpoints to a new value within its reset range.  The safeties, overrides,
and interlocks section outlines the hardwired interlocks that are required to meet
life safety requirements.  Safeties and interlocks take precedence over all other
control strategies outlined in this document. The control responses of each
component for the various modes of operation are described in the component
control loop sections.  Setpoints shall be adjustable (adj.) as noted.

The sequence of operations, the points list and control diagrams shall be used to
provide a complete description of the control philosophy for the controlled
equipment.  Individual setpoint values, reset ranges, and alarm action levels are
listed in the points list.  Components and control sensor locations are graphically
depicted on the control diagram. The controls contractor shall be responsible for
coordinating any necessary time delay setpoints to establish stable system
operation.

GENERAL DESCRIPTION

The air handling unit(s) described by this sequence of operations consist(s) of a
constant speed or variable air volume supply fan, chilled water cooling coil, and
a gas fired heating coil to serve as makeup air for the kitchen exhaust system.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per a signal from the Kitchen Hood Control
Panel.

UNOCCUPIED MODE:
The unit shall be in unoccupied mode per a signal from the Kitchen Hood Control
Panel.

COOLING MODE:
The unit shall be in cooling mode per a signal from the Kitchen Hood Control
Panel.

HEATING MODE:
The unit shall be in heating mode per a signal from the Kitchen Hood Control
Panel.

VENTILATION ONLY MODE:
The unit shall be in ventilation only mode per a signal from the Kitchen Hood
Control Panel.

FREEZE PROTECTION MODE:
The unit shall be in freeze protection mode when:

The unit shall be in freeze protection mode when the supply air temperature
sensor (SAT) senses a temperature less than the alarm setpoint.

CONTROL SETPOINT RESETS
Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS
FIRE ALARM CONTROL PANEL INTERLOCK:
The unit shall be disabled via relay circuit signal from the fire alarm control panel.
Division 28 shall provide the relay and leads from relay to unit.  BAS contractor
shall connect leads to unit.  Display relay status (normal or alarm) at BAS front
end.

FREEZE PROTECTION MODE INTERLOCK:
The supply fan shall be disabled via hard wired interlock at the supply fan start
circuit from the low limit temperature controller.

HOOD INTERLOCK:
The supply fan shall be interlocked with the hood control panel and operate
according to the manufacturer's programmed sequences.

COMPONENT CONTROL LOOPS
SUPPLY FAN CONTROL- SINGLE ZONE VARIABLE VOLUME:
The supply fan shall be controlled and operated by the Kitchen Hood Control
Panel.

OUTSIDE AIR DAMPER (OA)
The outside air damper shall be controlled and operated by the Kitchen Hood
Control Panel.

FILTER MONITORING
When in All Modes:
The controller shall monitor the differential pressure across each filter bank and
shall provide a signal when the setpoint is exceeded.

HEATING COIL- GAS MODULATED
The heating coil shall be controlled and operated by the Kitchen Hood Control
Panel.

COOLING COIL CHILLED WATER VALVE - MODULATING
The cooling coil chilled water valve shall be controlled and operated by the
Kitchen Hood Control Panel.
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SEQUENCE OF OPERATIONS
HOT WATER HEATING PLANT
This sequence of operations is organized into the following main categories:
operating modes; control setpoint resets; safeties, overrides and interlocks; and
component control loops.  The operating modes describe the criteria that either
enable or disable the various modes of operation.  If a mode of operation is not
listed within a component control loop section then that mode of operation has
no direct influence on the operation of the component.  The control setpoint reset
section describes the logic and reference variables that will be used to reset
control setpoints to a new value within its reset range.  The safeties, overrides,
and interlocks section outlines the hardwired interlocks that will be required to
meet life safety requirements.  Safeties and interlocks take precedence over all
other control strategies outlined in this document. The control responses of each
component for the various modes of operation are described in the component
control loop sections.  Setpoints shall be adjustable (adj.) as noted.

The sequence of operations, the points list and control diagrams shall be used to
provide a complete description of the control philosophy for the controlled
equipment.  Individual setpoint values, reset ranges, and alarm action levels are
listed in the points list.  Components and control sensor locations are graphically
depicted on the control diagram. The controls contractor shall be responsible for
coordinating any necessary time delay setpoints to establish stable system
operation.

GENERAL DESCRIPTION
The heating hot water plant described by this sequence of operations consist(s)
of condensing boilers with in-line circulator pumps, variable speed pumps to
provide heating hot water to the facility.

Master Firing Controller BAS Interface:

The building automation system (BAS) shall provide a remote enable
signal; remote setpoint adjustments; and visibility of the master controller at
the operator's workstation as defined in the hot water plant points list.  The
communication protocol shall be coordinated with the provided
manufacturer.

OPERATING MODES
HOT WATER PLANT DISABLED MODE:
The hot water plant shall be in disabled mode when:

The operator has manually disabled the plant at the operator's workstation or by
a local disable switch;

Or- there is no call from the automatic or manual enabled modes as defined
below.

HOT WATER PLANT ENABLED MODE:
The plant shall be in enabled mode when any of the following enable methods is
employed and the conditions are satisfied.  The automatic enable mode shall be
the basis of design enable mode.

Automatic Enable Mode: The plant shall be enabled when there is a call for
heating among active heating coil valves.  BAS shall be capable of excluding
valves from the active heating coil valve list..

The following heating coil valves shall be included in the automatic enable mode:

All heating coil valves shall be included in the analysis.

A call for heating is generated by the BAS when any one active heating coil
valve is commanded at least 15% open for greater than 10 minutes;

Or- Any one heating coil valve is at least 80% open for 10 minutes.

Or- When the outside air is less than 50 F subject to the boiler master controller
outside air temperature sensor (BMFC-OAT).

Manual Enable Mode Option:   The plant shall be manually enabled when the
operator manually places the plant in enabled mode at the operator workstation
or at the master firing controller furnished with the boiler(s).

BOILER ENABLED/DISABLED MODE:
A boiler shall be enabled and disabled via command from the boiler master firing
controller (B-C-X).

BOILER MANUAL START MODE:
A boiler shall be in manual start mode when manually enabled through the
equipment control panel.

BOILER FAILURE MODE:
A boiler shall be in failure mode when the equipment control panel reads any
alarm condition.

AHU FREEZE PROTECTION MODE:
The boiler plant shall be in freeze protection mode upon a signal that any
associated air handling unit (AHU) is in a freeze protection mode while the
heating hot water plant is in disabled mode.

LOSS OF POWER RESTART DELAY MODE:
The plant shall be in loss of power mode upon restoration of power after an
unexpected loss of power.  The plant shall remain in this mode for the duration
as defined by the plant start delay (PSD) setpoint.  Once the plant start delay
duration has elapsed, the plant shall return to its previous mode prior to loss of
power.

PUMP FAILURE MODE:
A pump shall be in failure mode when:

The pump is given a start signal;

And- The pump status indicates it is off.

CONTROL SETPOINT RESETS
HOT WATER PUMP DIFFERENTIAL PRESSURE RESET:
The secondary hot water differential pressure setpoint (SHW-DP) shall be reset
using valve command position within the range limits scheduled on the points list
via trim and respond logic.  The trim and respond function shall reset the
setpoint incrementally downward to maintain one active control valve output
signal greater than 90% open.

Trim and respond logic:

When pump is off, reset setpoint to the default value.

While pump is proven on:
If all control valves included in the analysis are less than 90% open
(adj.), every 2 minutes (adj.) decrease setpoint by 0.5 psig (adj). Repeat
trim and respond logic until at least one (adj.) control valve is greater
than 90% open.
If at least one control valve is greater than 95% open (adj.), every 2
minutes (adj.) increase setpoint by 0.5 psig.

When using both a trim and respond temperature reset and pressure reset and
the temperature reset is programmed to be enabled first, the pressure reset
sequence shall not be enabled until:

The secondary hot water supply temperature (SHWS-T) has reached its
minimum reset value for 10 minutes (adj.)

And- All active control valves included in the reset analysis are less than
90% open.

While the pressure reset sequence is enabled, the hot water supply temperature
setpoint shall be held constant at its minimum reset value.  The reset sequence
shall be disabled when:

The secondary hot water differential pressure setpoint (SHW-DP) has reached
its minimum reset value for 10 minutes (adj.).

And- when any 3 (adj.) active heating coil control valves included in the
reset analysis are greater than 90%.

HOT WATER PLANT TEMPERATURE RESET:
Reset Based on Outside Air Temperature:   The secondary hot water supply
temperature setpoint (SHWS-T) shall linearly reset based on the outside air
temperature (BMFC-OAT) by the following schedule:

(BMFC-OAT)              (SHWS-T)
60 F                            110 F
40 F                            140 F

Reset Based on Trim and Respond Logic:   The secondary hot water supply
temperature (SHWS-T) shall be reset within the temperature range limits
scheduled on the points list using trim and respond logic.  The trim and respond
function shall reset the setpoint incrementally downward to maintain one active
control valve output signal greater than 90% open.

Trim and respond logic:

When pump is off, reset setpoint to the default value.

While pump is proven on:
If all control valves included in the analysis are less than 90% open
(adj.), every 2 minutes (adj.) decrease setpoint by 0.5º F (adj). Repeat
trim and respond logic until at least one (adj.) control valve is greater
than 90% open.
If at least one control valve is greater than 95% open (adj.), every 2
minutes (adj.) increase setpoint by 0.5º F.

When using both a pressure reset and temperature reset and the pressure reset
is programmed to be enabled first, the temperature reset sequence shall not be
enabled until

The secondary hot water differential pressure setpoint (SHW-DP) has reached
its minimum reset value for 10 minutes (adj.).

And- All active control valves included in the reset analysis are less than
90% open.

While the temperature reset sequence is enabled, the secondary hot water
differential pressure setpoint shall be held constant at its minimum reset value.
The reset sequence shall be disabled when:

The secondary hot water supply temperature has reached its minimum reset
value for 10 minutes (adj.)

And- when any 3 (adj.) active heating coil control valves included in the
reset analysis are greater than 90% open.

SAFETIES, OVERRIDES AND INTERLOCKS
BOILER FACTORY FURNISHED SAFETIES:
The boiler master firing controller shall monitor the factory provided safeties and
interlocks and prevent firing of the boiler(s) until the internal safety conditions are
met.

The factory boiler controller shall monitor the factory provided safeties and
interlocks and prevent firing until the conditions are met:

Minimum water flow is “true” (B-HW-FS)
Flue damper is “open” (B-FD-ES)
Start purge cycle time is “completed”
Pilot gas valve and igniter is “open” and “on”
Proof of flame is “true”
The main gas valve is “open”

Coordinate field installation requirements for factory furnished and contractor
installed devices (e.g. water flow switch and flue damper).

PRIMARY SAFETY SHUTDOWN PER ASME CSD-1:
The boiler shall shutdown and requires a manual supervised restart.  Primary
safety shutdown shall occur upon:

-     Boiler flame failure - The boiler shall be allowed to cycle a second
time before a primary safety shutdown is initiated.  An alarm shall
generate and the boiler shall enter Boiler Failure Mode.
-     Emergency stop switch (B-EMSTP) - The emergency stop switch
shall interrupt power to the boilers and close the main gas valve.

HOT WATER PUMP(S) INTERLOCK:
Dedicated hot water pump(s) shall start when the associated boiler is enabled.

COMPONENT CONTROL LOOPS
BOILER MASTER FIRING CONTROLLER (BMFC)
The BMFC shall be furnished by the boiler manufacturer.

When in hot water plant disabled mode:

The boiler(s) are off subject to their own internal safeties and time delays.

When in hot water plant enabled mode:

The BMFC shall sequence the boiler(s) and boiler isolation valve(s) to
maintain the primary heating hot water set point as measured by the hot
water supply temperature sensor (B-HWS-T-X).  The hot water temperature
sensor shall be furnished by the BAS contractor.

The boilers shall be enabled and disabled according to a lead/lag schedule.
The schedule shall be based on equal run time or cycle count, whichever
comes first.

If the BMFC determines heat is required, it shall enable the lead boiler.

The BMFC shall monitor the water flow through the system using the
communication protocol from the BAS.  The controller shall stage on
additional boilers based on maximum flow through a boiler and the supply
header temperature sensor.

Sequential Staging:   If the BMFC determines additional heat is required, it
shall increase the firing rate of the lead boiler until it is at full fire.  The
BMFC shall enable lag boilers and modulate them up to full fire as required
to maintain the hot water supply temperature setpoint.

If the BMFC determines less heat is required, it shall modulate the last
enabled boiler down as required until it is at minimum fire.

If the primary hot water temperature continues to rise, the BMFC shall
disable the lag boilers in reverse order, with the last boiler on to be the first
boiler off.

When the last operating boiler stages off or a boiler stages off on high heat
(BHWS-T-HL), the boiler(s) shall not be allowed to stage back on until the
hot water supply temperature is below the hot water supply temperature
deadband (BHWS-T-DB).

BOILER ISOLATION VALVE (B-HW-CV)
The boiler isolation valve shall be furnished by the BAS contractor, installed by
the mechanical contractor, and shall be controlled by the boiler master firing
controller.

When in boiler disabled mode:

The valve shall remain open for 5 minutes (adj.) after boiler shutdown for
flow to dissipate residual heat.  After the time period, the valve shall be
closed.

When in boiler enabled mode:

The valve shall be open when the associated boiler is enabled.  The valve shall
be fast acting.

When in boiler manual start mode:

The valve shall operate as in boiler enabled mode.

When in boiler failure mode:

The valve associated with the boiler in alarm shall be closed.

VARIABLE SECONDARY PUMP CONTROL (SHWP-1- SHWP-2)
The pump shall be operated by the boiler master firing controller

When in hot water plant disabled mode:

The pump shall be off.

When in hot water plant enabled mode:

The pumps shall energize subject to a lead/lag sequence.  Sequence shall
be based on equal run time.

A pump that is energized shall start on low speed and ramp up to maintain
the hot water differential pressure setpoint as measured by the differential
pressure sensor(s) (SHW-DP-X). Initial differential setpoint shall be
determined during system startup.  The most critical DP sensor shall
govern pump speed.  Multiple operating pumps shall ramp together to meet
setpoint.

Optimized pump staging algorithm:   Pumps shall energize on and off
based on the optimum combination of primary pumps to minimize energy
use.  The test and balance contractor and controls contractor shall
coordinate to field determine the optimized staging setpoints.

The test and balance contractor shall perform the following:

1.         Ramp one pump from minimum speed to design speed and record
the total amp draw from the pump at every 3 Hz interval.

2.         Start another pump and repeat step 1 for the pumps operating
simultaneously.

3.         Repeat step 2 until the amp draw for all scheduled pumps operating
simultaneously has been recorded.

The pump staging setpoints shall be determined from the rpm speed at
which operating more pumps at the same flow rate draws less amperage
than the current quantity of operating pumps.

When staging on a lag pump:

1.         Ramp the operating pumps down to minimum speed.

2.         Turn the lag pump on.

3.         Ramp the operating pumps together to meet setpoint.

When staging off a lag pump:

1.         Ramp the operating pumps down to minimum speed.

2.         Turn the lag pump off.

3.         Ramp the remaining operating pumps together to meet setpoint.

When in AHU freeze protection mode:

The pump(s) shall operate as in hot water plant enabled mode.

When in pump failure mode:

The next lag pump shall be energized and operate as in hot water plant
enabled mode.

SEQUENCE OF OPERATIONS
SINGLE ZONE VARIABLE AIR VOLUME
AIR HANDLING UNITS (AHU 1 - AHU 4)
This sequence of operations is organized into the following main categories:
operating modes; control setpoint resets; safeties, overrides and interlocks; and
component control loops.  The operating modes describe the criteria that either
enable or disable the various modes of operation.  If a mode of operation is not
listed within a component control loop section then that mode of operation has
no direct influence on the operation of the component.  The control setpoint
reset section describes the logic and reference variables that will be used to
reset control setpoints to a new value within its reset range.  The safeties,
overrides, and interlocks section outlines the hardwired interlocks that are
required to meet life safety requirements.  Safeties and interlocks take
precedence over all other control strategies outlined in this document. The
control responses of each component for the various modes of operation are
described in the component control loop sections.  Setpoints shall be adjustable
(adj.) as noted.

The sequence of operations, the points list and control diagrams shall be used
to provide a complete description of the control philosophy for the controlled
equipment.  Individual setpoint values, reset ranges, and alarm action levels are
listed in the points list.  Components and control sensor locations are graphically
depicted on the control diagram. The controls contractor shall be responsible for
coordinating any necessary time delay setpoints to establish stable system
operation.

GENERAL DESCRIPTION

The air handling unit(s) described by this sequence of operations consist(s) of a
variable speed supply fan, chilled water cooling coil, and hot water heating coil
that operate in a lead/lag sequence to provide heating, ventilation, and air
conditioning for the conditioned spaces as shown on the drawings.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per the Project Design Conditions Schedule
shown on the control drawings.

COOLING MODE:
The unit shall be in cooling mode when the zone temperature (Z-T) rises above
the dead band (Z-T-DB).

MINIMUM COOLING MODE:
The unit shall be in minimum cooling mode when:

The unit is in cooling mode;

And- The supply fan reaches its minimum speed setting for 2 minutes
(adj.).

The unit shall return to cooling mode when:

The supply air temperature (SAT) is at or below its setpoint for 2 minutes
(adj.);

HEATING MODE:
The unit shall be in heating mode when the zone temperature (Z-T) falls below
the dead band (Z-T-DB).

MINIMUM HEATING MODE:
The unit shall be in minimum heating mode when:

The unit is in heating mode;

And- The supply fan reaches its minimum speed setting for 2 minutes
(adj.).

The unit shall return to heating mode when:

The supply air temperature (SAT) is at or above its setpoint for 2 minutes
(adj.);

UNOCCUPIED MODE:
The unit shall be in unoccupied mode for all periods not included in the occupied
hours of operation. Overrides of unoccupied schedule are defined at the zone
level control.

DEHUMIDIFICATION MODE:

The unit shall be in dehumidification mode when the zone humidity sensor (Z-H)
senses humidity above 50% RH (adj.). The unit shall exit dehumidification mode
when the humidity reaches or falls below 45% RH (adj.). The dehumidification
mode shall be enabled to operate in occupied and unoccupied mode.

DISABLED MODE:

The unit shall be in disabled mode when on a call from BAS panel according to
alternating unit schedule.

FREEZE PROTECTION MODE:

The unit shall be in freeze protection mode when the supply air temperature
sensor (SAT) senses a temperature less than the alarm setpoint.

CONTROL SETPOINT RESETS

Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS

SMOKE DETECTOR INTERLOCK:

The unit shall be disabled via hard wired interlock on activation of a system
smoke detector.  Display smoke detector relay status (normal or alarm) at the
BAS front end.

FIRE ALARM CONTROL PANEL INTERLOCK:

The unit shall be disabled via relay circuit signal from the fire alarm control
panel.  Division 28 shall provide the relay and leads from relay to unit.  BAS
contractor shall connect leads to unit.  Display relay status (normal or alarm) at
BAS front end.

FREEZE PROTECTION MODE INTERLOCK:

The supply fan shall be disabled via hard wired interlock at the supply fan start
circuit from the low limit temperature controller.

LOW DEDICATED OUTDOOR AIR STATIC PRESSURE INTERLOCK:

The unit shall be disabled via hard wired interlock at the fan start circuit upon
activation of duct low static pressure controller.

COMPONENT CONTROL LOOPS

AIR HANDLING UNIT LEAD/LAG SEQUENCE (AHU 1 - AHU 4):

The BMS shall sequence the primary AHUs (AHU 1, AHU 3) with the secondary
AHUs (AHU 2, AHU 4) to maintain the zone temperature setpoint (Z-T).

The AHUs shall be enabled and disabled between primary and secondary
according to a lead/lag schedule.  The schedule shall be based on equal run
time or cycle count, whichever is greater.  Change over shall be weekly and
occur on Wednesday, 6 AM (adj.).

SUPPLY FAN CONTROL- VFD:

When the HOA switch is in hand position, the variable speed supply fan shall
operate at a speed set manually by the operator at the user interface of the
drive.

When the HOA switch is in off position, the fan shall be off.

When the HOA switch is in auto position, the variable speed supply fan shall
operate subject to the unit enable signal, and unit operating modes.

When in Occupied Mode:

The fan shall energize and slowly ramp to the initial minimum fan speed
determined during system startup. Minimum fan speed shall be established
during balancing.

When in Cooling Mode:
The fan VFD shall modulate to control zone temperature (Z-T) at
setpoint. An increase in zone temperature causes an increase in airflow.

When in Heating Mode:
The fan VFD shall modulate to control zone temperature at setpoint. A
decrease in zone temperature causes an increase in airflow.

When in Minimum Cooling, or Minimum Heating Mode:
The fan VFD shall maintain minimum speed.

When in Dehumidification Mode:
The fan VFD shall be locked at its current speed until the minimum
supply air temperature setpoint is reached.  If the humidity is still not
satisfied after 5 minutes (adj), increase fan speed by 5% (adj).  Repeat
fan speed trim and respond sequence until setpoint is satisfied.  Return
to previous mode of operation upon exiting dehumidification mode.

When in Unoccupied Mode:

The fan shall be OFF.  On a call for cooling/heating or override signal from
the zone level, the fan shall operate as in occupied mode until the call is
cleared or the override is removed.

When in Dehumidification Mode:

The fan shall operate as in occupied mode.

When in Freeze Protection Mode:

The fan shall be OFF .

When in Disabled Mode:

The fan shall be OFF .

MIXED AIR DAMPERS DIRECT WITHOUT ECONOMIZER

The mixed air damper assembly consists of a minimum outside air (MOA)
damper and return air (RA) damper.

When in Occupied Mode:

When OAU-X is disabled:

MOA Active Control- The MOA and RA dampers shall modulate together to
satisfy the minimum outside airflow setpoint.

When in all other modes:

The MOA shall be fully closed.

MIXED AIR DAMPERS MINIMUM OA FROM DEDICATED UNIT

The mixed air damper assembly consists of a dedicated outside air (DOA)
damper, DOA airflow sensor and return air (RA) damper.

When in Occupied Mode:

The DOA damper shall modulate with the RA damper to satisfy the
minimum outside airflow setpoint as measured by the airflow measurement
station (DOA-AF).

When in Unoccupied Mode:

The DOA damper shall be fully closed and the RA damper shall be fully
open.  On a call for cooling/heating or override signal, the DOA damper
shall remain closed.

When in Freeze Protection Mode:

The DOA damper shall be fully closed and the RA damper shall be fully
open.

When in Disabled Mode:

          The DOA damper shall be fully closed and the RA damper shall be fully

          closed.

FILTER MONITORING

When in All Modes:

The controller shall monitor the differential pressure across each filter bank and
shall provide a signal when the setpoint is exceeded.

HEATING COIL- HOT WATER VALVE- MODULATING

When in Occupied Mode:
When in Cooling Mode:

The coil shall be OFF.

When in Minimum Heating Mode:
The controller shall modulate the heating to maintain the zone
temperature setpoint (Z-T).

When in Heating Mode:
The controller shall modulate the heating to maintain the supply air
temperature setpoint (SAT).

When in Dehumidification Mode:
The controller shall modulate the heating to maintain the zone
temperature setpoint (Z-T).

When in Unoccupied Mode:

The valve shall be closed.

On a call for heating or override signal from the zone level the valve shall
operate as in occupied mode until the call is cleared or the override is
removed.

When in Morning Warm-Up Mode:

The valve shall operate as in occupied mode.

When in Freeze Protection Mode:

Level 2:  The valve shall be fully open.

When in Disabled Mode:

The valve shall be closed .

COOLING COIL CHILLED WATER VALVE - MODULATING

When in Occupied Mode:

When in Minimum Cooling Mode:
The valve shall modulate to maintain the zone temperature setpoint
(Z-T).

When in Cooling Mode:
The valve shall modulate to maintain the supply air temperature setpoint
(SAT).

When in Heating Mode:
The coil shall be OFF.

When in Dehumidification Mode:
The valve shall modulate to maintain the cooling coil leaving air
temperature setpoint (CC-LAT).

When in Unoccupied Mode:

The valve shall be closed.

On a call for cooling or override signal from the zone level the valve shall
operate as in occupied mode until the call is cleared or the override is
removed.

On a call for dehumidification the valve shall operate as in occupied mode
until the call is cleared or the override is removed.

When in Freeze Protection Mode:

The valve shall be fully open.

And- The chilled water plant AHU freeze protection mode shall be
activated .

When in Disabled Mode:

The valve shall be closed.

SEQUENCE OF OPERATIONS
SINGLE ZONE VARIABLE AIR VOLUME
AIR HANDLING UNITS (AHU 6, AHU 7)
This sequence of operations is organized into the following main categories:
operating modes; control setpoint resets; safeties, overrides and interlocks; and
component control loops.  The operating modes describe the criteria that either
enable or disable the various modes of operation.  If a mode of operation is not
listed within a component control loop section then that mode of operation has
no direct influence on the operation of the component.  The control setpoint
reset section describes the logic and reference variables that will be used to
reset control setpoints to a new value within its reset range.  The safeties,
overrides, and interlocks section outlines the hardwired interlocks that are
required to meet life safety requirements.  Safeties and interlocks take
precedence over all other control strategies outlined in this document. The
control responses of each component for the various modes of operation are
described in the component control loop sections.  Setpoints shall be adjustable
(adj.) as noted.

The sequence of operations, the points list and control diagrams shall be used
to provide a complete description of the control philosophy for the controlled
equipment.  Individual setpoint values, reset ranges, and alarm action levels are
listed in the points list.  Components and control sensor locations are
graphically depicted on the control diagram. The controls contractor shall be
responsible for coordinating any necessary time delay setpoints to establish
stable system operation.

GENERAL DESCRIPTION

The air handling unit(s) described by this sequence of operations consist(s) of a
variable speed supply fan, a chilled water cooling coil, and a hot water heating
coil to provide heating, ventilation, and air conditioning for the conditioned
spaces as shown on the drawings.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per the Project Design Conditions Schedule
shown on the control drawings.

COOLING MODE:
The unit shall be in cooling mode when the zone temperature (Z-T) rises above
the dead band (Z-T-DB).

MINIMUM COOLING MODE:
The unit shall be in minimum cooling mode when:

The unit is in cooling mode;

And- The supply fan reaches its minimum speed setting for 2 minutes
(adj.).

The unit shall return to cooling mode when:

The supply air temperature (SAT) is at or below its cooling setpoint for 2
minutes (adj.);

HEATING MODE:
The unit shall be in heating mode when the zone temperature (Z-T) falls below
the dead band (Z-T-DB).

MINIMUM HEATING MODE:
The unit shall be in minimum heating mode when:

The unit is in heating mode;

And- The supply fan reaches its minimum speed setting for 2 minutes
(adj.).

The unit shall return to heating mode when:

The supply air temperature (SAT) is at or above its setpoint for 2 minutes
(adj.);

UNOCCUPIED MODE:
The unit shall be in unoccupied mode for all periods not included in the
occupied hours of operation. Overrides of unoccupied schedule are defined at
the zone level control .

FREEZE PROTECTION MODE:

The unit shall be in freeze protection mode when the supply air temperature
sensor (SAT) senses a temperature less than the alarm setpoint.

CONTROL SETPOINT RESETS

Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS

SMOKE DETECTOR INTERLOCK:

The unit shall be disabled via hard wired interlock on activation of a system
smoke detector.  Display smoke detector relay status (normal or alarm) at the
BAS front end.

FIRE ALARM CONTROL PANEL INTERLOCK:

The unit shall be disabled via relay circuit signal from the fire alarm control
panel.  Division 28 shall provide the relay and leads from relay to unit.  BAS
contractor shall connect leads to unit.  Display relay status (normal or alarm) at
BAS front end.

FREEZE PROTECTION MODE INTERLOCK:

The supply fan shall be disabled via hard wired interlock at the supply fan start
circuit from the low limit temperature controller.

LOW DEDICATED OUTDOOR AIR STATIC PRESSURE INTERLOCK:

The unit shall be disabled via hard wired interlock at the fan start circuit upon
activation of duct low static pressure controller.

KITCHEN EXHAUST HOOD INTERLOCK (AHU-6 ONLY):

Interlock unit with kitchen hood system(s) to shut unit down upon signal from
hood fire suppression system. Interlock unit with kitchen exhaust fan to start
unit and open outdoor air damper when exhaust fan is energized to maintain
building pressurization.

DEDICATED OUTSIDE AIR UNIT INTERLOCK:

Interlock unit with associated OAU to open outdoor air damper (MOA) when
OAU-X is de-energized to maintain building pressurization and ventilation.

COMPONENT CONTROL LOOPS
SUPPLY FAN CONTROL- VFD:
When the HOA switch is in hand position, the variable speed supply fan shall
operate at a speed set manually by the operator at the user interface of the
drive.

When the HOA switch is in off position, the fan shall be off.

When the HOA switch is in auto position, the variable speed supply fan shall
operate subject to the unit enable signal, and unit operating modes.

When in Occupied Mode:

The fan shall energize and slowly ramp to the initial minimum fan speed
determined during system startup. Minimum fan speed shall be
established during balancing.

When in Cooling Mode:
The fan VFD shall modulate to control zone temperature (Z-T) at
setpoint. An increase in zone temperature causes an increase in
airflow.

When in Heating Mode:
The fan VFD shall modulate to control zone temperature at setpoint. A
decrease in zone temperature causes an increase in airflow.

When in Minimum Cooling, or Minimum Heating Mode:
The fan VFD shall maintain minimum speed.

When in Unoccupied Mode:

The fan shall be OFF.  On a call for cooling/heating or override signal from
the zone level, the fan shall operate as in occupied mode until the call is
cleared or the override is removed.

When in Freeze Protection Mode:

The fan shall be OFF .

When in Smoke Control Mode:

The fan shall be OFF.

MIXED AIR DAMPERS DIRECT WITHOUT ECONOMIZER

The mixed air damper assembly consists of a minimum outside air (MOA)
damper and return air (RA) damper.

When in Occupied Mode:

When OAU-X is disabled:

MOA Active Control- The MOA and RA dampers shall modulate together
to satisfy the minimum outside airflow setpoint.

When in all other modes:

The MOA shall be fully closed.

MIXED AIR DAMPERS MINIMUM OA FROM DEDICATED UNIT

The mixed air damper assembly consists of a dedicated outside air (DOA)
damper and return air (RA) damper.

When in Occupied Mode:

The DOA damper shall modulate with the RA damper to satisfy the
minimum outside airflow setpoint as measured by the airflow
measurement station (DOA-AF).

When in Unoccupied Mode:

The DOA damper shall be fully closed and the RA damper shall be fully
open.  On a call for cooling/heating or override signal, the DOA damper
shall remain closed.

When in Freeze Protection Mode:

The DOA damper shall be fully closed and the RA damper shall be fully
open.

FILTER MONITORING

When in All Modes:

The controller shall monitor the differential pressure across each filter bank and
shall provide a signal when the setpoint is exceeded.

HEATING COIL- HOT WATER VALVE- MODULATING

When in Occupied Mode:

When in Cooling Mode:
The coil shall be OFF.

When in Minimum Heating Mode:
The controller shall modulate the heating to maintain the zone
temperature setpoint (Z-T).

When in Heating Mode:
The controller shall modulate the heating to maintain the supply air
temperature setpoint (SAT).

When in Unoccupied Mode:

The valve shall be closed.

On a call for heating or override signal from the zone level the valve shall
operate as in occupied mode until the call is cleared or the override is
removed.

When in Economizer Mode:

The valve shall be closed.

When in Morning Warm-Up Mode:

The valve shall operate as in occupied mode.

When in Pre-Occupancy Purge Mode:

The valve shall operate as in occupied mode.

When in Freeze Protection Mode:

Level 2:  The valve shall be fully open.

When in Dehumidification Mode:

The controller shall modulate the heating to maintain the zone
temperature setpoint (Z-T).

COOLING COIL CHILLED WATER VALVE - MODULATING

When in Occupied Mode:

When in Minimum Cooling Mode:
The valve shall modulate to maintain the zone temperature setpoint
(Z-T).

When in Cooling Mode:
The valve shall modulate to maintain the supply air temperature
setpoint (SAT).

When in Heating Mode:
The coil shall be OFF.

When in Unoccupied Mode:

The valve shall be closed.

On a call for cooling or override signal from the zone level the valve shall
operate as in occupied mode until the call is cleared or the override is
removed.

When in Freeze Protection Mode:

The valve shall be fully open.

And- The chilled water plant AHU freeze protection mode shall be
activated .
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SEQUENCE OF OPERATIONS
CONSTANT VOLUME MAKEUP AIR
AIR HANDLING UNITS (MAU 1, MAU 2)

GENERAL DESCRIPTION

The air handling unit(s) described by this sequence of operations consist(s) of
constant volume supply fan, chilled water cooling coil, and a hot water heating
coil to serve as makeup air for the kitchen exhaust system.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per a signal from the Kitchen Hood Control
Panel.

UNOCCUPIED MODE:
The unit shall be in unoccupied mode per a signal from the Kitchen Hood Control
Panel.

COOLING MODE:
The unit shall be in cooling mode when the outside air temperature (OAT) rises
above the outside air cooling enable setpoint (OAT-C)

HEATING MODE:
The unit shall be in heating mode when the outside air temperature (OAT) falls
below the outside air heating enable setpoint (OAT-H)

VENTILATION ONLY MODE:
The unit shall be in ventilation only mode when the outdoor air temperature is
between the outdoor air cooling enable (OAT-C) and outdoor air heating enable
(OAT-H) setpoints.

FREEZE PROTECTION MODE:
The unit shall be in freeze protection mode when:

The unit shall be in freeze protection mode when the supply air temperature
sensor (SAT) senses a temperature less than the alarm setpoint.

CONTROL SETPOINT RESETS
Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS
SMOKE DETECTOR INTERLOCK:
The unit shall be disabled via hard wired interlock on activation of a system
smoke detector.  Display smoke detector relay status (normal or alarm) at the
BAS front end.

FIRE ALARM CONTROL PANEL INTERLOCK:
The unit shall be disabled via relay circuit signal from the fire alarm control panel.
Division 28 shall provide the relay and leads from relay to unit.  BAS contractor
shall connect leads to unit.  Display relay status (normal or alarm) at BAS front
end.

FREEZE PROTECTION MODE INTERLOCK:
The supply fan shall be disabled via hard wired interlock at the supply fan start
circuit from the low limit temperature controller.

COMPONENT CONTROL LOOPS
SUPPLY FAN CONTROL- CONSTANT VOLUME

When in Occupied Mode:

The fan shall be ON.

When in Unoccupied Mode:

The fan shall be OFF.  On an override signal from the Kitchen Hood
Control Panel, the fan shall operate as in occupied mode until the override
is removed.

When in Freeze Protection Mode:

The fan shall be OFF .
OUTSIDE AIR DAMPER (OA)
When in Occupied Mode:

The damper shall be open.

When in Unoccupied Mode:

The damper shall close after the supply fan is off and a time delay .

When in Freeze Protection Mode:

The damper shall close after the supply fan is off and a time delay .

FILTER MONITORING
When in All Modes:

The controller shall monitor the differential pressure across each filter bank and
shall provide a signal when the setpoint is exceeded.
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HOOD INTERLOCK:
The supply fan shall be interlocked with the hood control panel and operate
according to the manufacturer's programmed sequences.

(OAU 2)

HEATING COIL- HOT WATER VALVE- MODULATING

SEQUENCE OF OPERATIONS
MAKEUP AIR UNITS (MAU 3)

This sequence of operations is organized into the following main categories:
operating modes; control setpoint resets; safeties, overrides and interlocks;
and component control loops.  The operating modes describe the criteria that
either enable or disable the various modes of operation.  If a mode of
operation is not listed within a component control loop section then that mode
of operation has no direct influence on the operation of the component.  The
control setpoint reset section describes the logic and reference variables that
will be used to reset control setpoints to a new value within its reset range.
The safeties, overrides, and interlocks section outlines the hardwired
interlocks that are required to meet life safety requirements.  Safeties and
interlocks take precedence over all other control strategies outlined in this
document. The control responses of each component for the various modes
of operation are described in the component control loop sections.  Setpoints
shall be adjustable (adj.) as noted.

The sequence of operations, the points list and control diagrams shall be
used to provide a complete description of the control philosophy for the
controlled equipment.  Individual setpoint values, reset ranges, and alarm
action levels are listed in the points list.  Components and control sensor
locations are graphically depicted on the control diagram. The controls
contractor shall be responsible for coordinating any necessary time delay
setpoints to establish stable system operation.

GENERAL DESCRIPTION

The air handling unit(s) described by this sequence of operations consist(s)
of a constant speed or variable air volume supply fan, chilled water cooling
coil, and a gas fired heating coil to serve as makeup air for the kitchen
exhaust system.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per a signal from the Kitchen Hood
Control Panel.

UNOCCUPIED MODE:
The unit shall be in unoccupied mode per a signal from the Kitchen Hood
Control Panel.

COOLING MODE:
The unit shall be in cooling mode when the outside air temperature (OAT)
rises above the outside air cooling enable setpoint (OAT-C)

HEATING MODE:
The unit shall be in heating mode when the outside air temperature (OAT)
falls below the outside air heating enable setpoint (OAT-H)

VENTILATION ONLY MODE:
The unit shall be in ventilation only mode when the outdoor air temperature is
between the outdoor air cooling enable (OAT-C) and outdoor air heating
enable (OAT-H) setpoints.

FREEZE PROTECTION MODE:
The unit shall be in freeze protection mode when:

The unit shall be in freeze protection mode when the supply air temperature
sensor (SAT) senses a temperature less than the alarm setpoint.

CONTROL SETPOINT RESETS
Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS
FIRE ALARM CONTROL PANEL INTERLOCK:
The unit shall be disabled via relay circuit signal from the fire alarm control
panel.  Division 28 shall provide the relay and leads from relay to unit.  BAS
contractor shall connect leads to unit.  Display relay status (normal or alarm)
at BAS front end.

FREEZE PROTECTION MODE INTERLOCK:
The supply fan shall be disabled via hard wired interlock at the supply fan
start circuit from the low limit temperature controller.

HOOD INTERLOCK:
The supply fan shall be interlocked with the hood control panel and operate
according to the manufacturer's programmed sequences.

COMPONENT CONTROL LOOPS
SUPPLY FAN CONTROL- SINGLE ZONE VARIABLE VOLUME:
When the HOA switch is in hand position, the variable speed supply fan
shall operate at a speed set manually by the operator at the user
interface of the drive.

When the HOA switch is in off position, the fan shall be off.

When the HOA switch is in auto position, the variable speed supply fan
shall operate subject to the unit enable signal, and unit operating
modes.

When in Occupied Mode:

The fan shall energize and slowly ramp to the initial minimum fan speed
determined during system startup. Minimum fan speed shall be
established during balancing. The supply fan shall be controlled and
operated by the Kitchen Hood Control Panel in response to the
associated exhaust hood airflow.

When in Unoccupied Mode:

The fan shall be OFF.  On an override signal from the zone level, the fan
shall operate as in occupied mode until the override is removed.

When in Freeze Protection Mode:

The fan shall be OFF.

OUTSIDE AIR DAMPER (OA)
When in Occupied Mode:

The damper shall be open.

When in Unoccupied Mode:

The damper shall close after the supply fan is off and a time delay.

When in Freeze Protection Mode:

The damper shall close after the supply fan is off and a time delay.

FILTER MONITORING
When in All Modes:

The controller shall monitor the differential pressure across each filter bank
and shall provide a signal when the setpoint is exceeded.

HEATING COIL- HOT WATER VALVE- MODULATING

SEQUENCE OF OPERATIONS
DEDICATED OUTSIDE AIR
AIR HANDLING UNITS (OAU 1, OAU 2)

GENERAL DESCRIPTION

The air handling unit(s) described by this sequence of operations consist(s) of a
variable speed supply fan, chilled water cooling coil, and a gas fired heating coil
to provide conditioned ventilation air for the conditioned spaces as shown on the
drawings.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per the Project Design Conditions Schedule
shown on the control drawings.

UNOCCUPIED MODE:
The unit shall be in unoccupied mode for all periods not included in the occupied
hours of operation. Overrides of unoccupied schedule are defined at the zone
level control.

COOLING MODE:

The unit shall be in cooling mode when the outside air temperature (OAT) rises
above the outside air cooling enable setpoint (OAT-C)

HEATING MODE:

The unit shall be in heating mode when the outside air temperature (OAT) falls
below the outside air heating enable setpoint (OAT-H)

VENTILATION ONLY MODE:

The unit shall be in ventilation only mode when the outdoor air temperature is
between the outdoor air cooling enable (OAT-C) and outdoor air heating enable
(OAT-H) setpoints.

ECONOMIZER MODE - DIFFERENTIAL ENTHALPY WITH FIXED
DRY-BULB TEMPERATURE ENABLED:

The unit shall be in economizer mode when:

The supply fan status is on;

And- the unit is in cooling mode;

And- the AHU is not in freeze protection mode;

And- the outside air enthalpy is less than the return air enthalpy.

And- the outside air temperature is less than 75 F (adj.);

FREEZE PROTECTION MODE:

The unit shall be in freeze protection mode when:

The low limit temperature controller (LLT) senses a temperature less than the
alarm setpoint.

CONTROL SETPOINT RESETS

Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS

SMOKE DETECTOR INTERLOCK:

The unit shall be disabled via hard wired interlock on activation of a system
smoke detector.  Display smoke detector relay status (normal or alarm) at the
BAS front end.

FIRE ALARM CONTROL PANEL INTERLOCK:

The unit shall be disabled via relay circuit signal from the fire alarm control
panel.  Division 28 shall provide the relay and leads from relay to unit.  BAS
contractor shall connect leads to unit.  Display relay status (normal or alarm) at
BAS front end.

FREEZE PROTECTION MODE INTERLOCK:

The supply fan shall be disabled via hard wired interlock at the supply fan start
circuit from the low limit temperature controller.
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SEQUENCE OF OPERATIONS
CENTRAL CHILLED WATER PLANT
This sequence of operations is organized into the following main categories:
operating modes, control setpoint resets, safeties, overrides and interlocks, and
component control loops.  The operating modes describe the criteria that either
enable or disable the various modes of operation.  If a mode of operation is not
listed within a component control loop section then that mode of operation has no
direct influence on the operation of the component.  The control setpoint reset
section describes the logic and reference variables that will be used to reset control
setpoints to a new value within its reset range.  The safeties, overrides, and
interlocks section outlines the hardwired interlocks that will be required to meet life
safety requirements.  Safeties and interlocks take precedence over all other control
strategies outlined in this document. The control responses of each component for
the various modes of operation are described in the component control loop
sections.

The sequence of operations, the points list and control diagrams shall be used to
provide a complete description of the control philosophy for the controlled
equipment.  Individual setpoint values, reset ranges, and alarm action levels are
listed in the points list.  Components and control sensor locations are graphically
depicted on the control diagram. The controls contractor shall be responsible for
coordinating any necessary time delay setpoints to establish stable system
operation.

GENERAL DESCRIPTION
The chilled water plant described by this sequence of operations consist(s) of
variable primary pumps and air-cooled variable speed chillers piped in  series to
provide chilled water to the facility.

BAS Control Requirements

The building automation system (BAS) shall provide a remote enable signal; remote
setpoint adjustments; and visibility of the local factory chiller control operation at the
operator's workstation as defined in the chilled water plant points list.  The
communication protocol shall be coordinated with the provided chiller.  Reference
the points list and control loops section of this sequence for scope of work
coordination between the contractor and equipment manufacturer for valves,
sensors, and equipment.

Factory Chiller Control Requirements

The factory chiller control panel shall be responsible for controlling the chiller
subject to the associated equipment related safeties and interlocks to maintain the
chiller leaving water temperature setpoint.

OPERATING MODES
CHILLED WATER PLANT DISABLED MODE:
The chilled water plant shall be in disabled mode when

There is no call from the enable modes as defined below;

Or- when the operator has manually disabled the chilled water plant at the
operator's workstation.

CHILLED WATER PLANT ENABLED MODE:
The chilled water plant shall be enabled when any of the following enable methods
is employed and the conditions are satisfied. The automatic enable mode shall be
the basis of design enable mode.

Automatic Enable Mode: The plant shall be enabled when there is a call for chilled
water among active cooling coil valves .  BAS shall be capable of excluding valves
from the active cooling coil valve listed.

The following valves shall be included in the automatic enable mode:

Cooling coil valves serving AHUs and OAUs .

A call for cooling is generated by the BAS when any two active cooling coil valve is
commanded at least 15% open for greater than 10 minutes;

Or- any one cooling coil valve is at least 80% open for 10 minutes.

Manual Enable Mode Option: The chilled water plant is in manual enable mode
when the operator manually places the plant in enable mode at the operator work
station.

Scheduled Start Mode Option: In the manual start mode, the system shall be
manually enabled by the building operator or by time of day schedule.

AHU FREEZE PROTECTION MODE:

The chiller plant shall be in freeze protection mode upon a signal that any
associated air handling unit is in a freeze protection mode while the chilled water
plant is in the disabled mode.

LOSS OF POWER RESTART DELAY MODE:

The plant shall be in loss of power mode upon restoration of power after an
unexpected loss of power.  The plant shall remain in this mode for the duration as
defined by the plant start delay (PSD) setpoint.  Once the plant start delay duration
has elapsed, the plant shall return to its previous mode prior to loss of power .

CHILLER FAILURE MODE:

A chiller shall be in failure mode when:

The enable signal is set to on;

And- The leaving chilled water supply temperature as measured by (CHWS-T)
is greater than 5 F (adj.) above setpoint for greater than 20 minutes (adj.);

Or- The chiller power input is equal to 0-kW for greater than 20 minutes (adj.);

Or- The chilled water differential pressure sensor reads 0 psid

.

CHILLER MANUAL START MODE:

The display at the operator workstation shall indicate manual start mode when:

A chiller is started manually at the local chiller control panel in lieu of through
the BAS subject to the chiller status signal (CH-ST-X);

Or- The enable signal is set to off and the temperature delta across the chiller is >
3 F (adj.);

Or- The enable signal is set to off and the chiller power input > 10% of the total
kW Input Rating.

PUMP FAILURE MODE:
A pump shall be in failure mode when:

The pump is given a start signal;

And- The pump status indicates it is off.

CONTROL SETPOINT RESETS
CHILLED WATER PUMP DIFFERENTIAL PRESSURE RESET:
The chilled water differential pressure setpoint (CHW-DP) shall be reset using valve
command position within the range limits scheduled on the points list via trim and
respond logic.  The trim and respond function shall reset the setpoint incrementally
downward to maintain one active control valve output signal greater than 90% open.

Trim and respond logic:

When pump is off, reset setpoint to the default value.

While pump is proven on:
If all control valves included in the analysis are less than 90% open (adj.),
every 2 minutes (adj.) decrease setpoint by 0.5 psig (adj). Repeat trim and
respond logic until at least one (adj.) control valve is greater than 90% open.
If at least one control valve is greater than 95% open (adj.), every 2 minutes
(adj.) increase setpoint by 0.5 psig.

CHILLED WATER PLANT TEMPERATURE RESET:
The chilled water supply temperature (CHWS-T) shall be reset within the
temperature range limits scheduled on the points list using trim and respond logic.
The trim and respond function shall reset the setpoint incrementally upward to
maintain one control valve serving an air handling unit greater than 90% open.  BAS
shall be capable of excluding zone valves from the temperature reset analysis
subject to a feedback signal enable/disable switch.

Trim and respond logic:

When pump is off, reset setpoint to the default value.

While pump is proven on:
If all control valves included in the analysis are less than 90% open (adj.),
every 2 minutes (adj.) increase setpoint by 0.5º F (adj). Repeat trim and
respond logic until at least one (adj.) control valve is greater than 90% open.
If at least one control valve is greater than 95% open (adj.), every 2 minutes
(adj.) decrease setpoint by 0.5º F.

When using both a pressure reset and temperature reset and the pressure reset is
programmed to be enabled first, the temperature reset sequence shall not be
enabled until

The chilled water differential pressure setpoint (CHW-DP) has reached its
minimum reset value for 10 minutes (adj.).

And- All active control valves included in the reset analysis are less than 90%
open.

While the temperature reset sequence is enabled, the chilled water differential
pressure setpoint shall be held constant at its minimum reset value.  The reset
sequence shall be disabled when:

The chilled water supply temperature has reached its minimum reset value for
10 minutes (adj.).

And- when any 3 (adj.) active cooling coil control valves included in the reset
analysis are greater than 90% open.

SAFETIES, OVERRIDES AND INTERLOCKS
CHILLER PROOF OF FLOW INTERLOCK:
Chiller(s) shall start upon proof of flow subject to a dedicated flow meter wired
to the local chiller control panel.  The BAS contractor shall provide the differential
pressure sensor.

CHILLER ISOLATION VALVE INTERLOCK:

Interlock the chilled water isolation valve(s) (CH-CHW-CV) to open when required
by the chiller plant load staging matrix to enable flow through the chiller(s).  Interlock
shall apply when the chiller is under automatic or manual control.

VARIABLE PRIMARY PUMP CONTROL (CHWP-1 - CHWP-2)
The pump(s) shall be controlled by the BAS.

When in chilled water plant disabled mode:

The pump shall be off after 10 minute delay to establish flow during chiller shutdown.

When in chilled water plant enabled mode:

The pumps shall energize subject to a lead/lag sequence.  Sequence shall be
based on equal run time.

A pump that is energized shall start on low speed and ramp up to maintain the
chilled water differential pressure set point as measured by the differential
pressure sensor(s) (CHW-DP). Initial differential setpoint shall be determined
during system startup.  The most critical DP sensor shall govern pump speed.

Optimized pump staging algorithm:   Pumps shall energize on and off based
on the optimum combination of primary pumps to minimize energy use.  The
test and balance contractor and controls contractor shall coordinate to field
determine the optimized staging setpoints.

The test and balance contractor shall perform the following:

1.         Ramp one pump from minimum speed to design speed and record the
total amp draw from the pump at every 3 Hz interval.

2.         Start another pump and repeat step 1 for the pumps operating
simultaneously.

3.         Repeat step 2 until the amp draw for all scheduled pumps operating
simultaneously has been recorded.

The pump staging setpoints shall be determined from the rpm speed at which
operating more pumps at the same flow rate draws less amperage than the
current quantity of operating pumps.

When staging on a lag pump:

1.         Ramp the operating pumps down to minimum speed.

2.         Turn the lag pump on.

3.         Ramp the operating pumps together to meet setpoint.

When staging off a lag pump:

1.         Ramp the operating pumps down to minimum speed.

2.         Turn the lag pump off.

3.         Ramp the remaining operating pumps together to meet setpoint.

When in AHU freeze protection mode:

The pump(s) shall operate as in chilled water plant enabled mode.

When in pump failure mode:

The next lag pump shall be energized and operate as in chilled water plant
enabled mode.
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When in AHU freeze protection mode:

The pump(s) shall operate as in chilled water enabled mode.

CONTROL LOOPS

CHILLER CONTROL (ACC 1 - ACC 5)
The chiller shall be controlled by the chiller manufacturer control panel.  The
chiller shall be subject to manufacturer programmed safeties, overrides, and
interlocks.

When in chilled water plant disabled mode:

The chiller shall be off.

When in chilled water plant enabled mode:

Chillers shall turn on subject to initial factory start up sequences.

The interlocks shall have proven the associated equipment is on in the
following order:

- The primary chilled water pump has completed it stage up mode;
- The chilled water isolation valve has proven open (CH-CHW-CV);
- The chiller has proven minimum flow (CH-CHW-F)

Chiller Operation:   A chiller that is on shall modulate its cooling capacity subject
to the factory chiller controller to maintain the chilled water supply temperature
setpoint (PCHWS-T).

The chillers shall operate subject to a lead/lag sequence.  Sequence shall be
based on equal run time.

When in chiller stage-up mode:

Chillers shall turn on subject to initial factory start up sequences.

When in chiller stage-down mode:

The lag chiller shall turn OFF according to its factory shut-down sequence.

When in chiller failure mode:

The failed chiller shall be off; the associated chiller stage is locked out of the
staging sequence and an alarm is generated.

          Enable the next lag chiller.

When in chiller manual start mode:

The chiller shall turn on; the associated chiller stage is locked out of the
staging sequence and an alarm is generated at the operator workstation.

ROOF INTAKE HOOD DAMPER INTERLOCK (EF-2 ONLY):
Interlock the associated intake hood motorized damper with the associated fan.
Prove damper position is open and include time delay prior to starting fan.
Close damper after fan is commanded OFF.

WIRE INTAKE HOOD
MD TO FAN
(EF-2 ONLY)
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SEQUENCE OF OPERATIONS
SINGLE ZONE VARIABLE AIR VOLUME
AIR HANDLING UNITS (AHU 5, AHU 8, AHU 9)
This sequence of operations is organized into the following main categories:
operating modes; control setpoint resets; safeties, overrides and interlocks; and
component control loops.  The operating modes describe the criteria that either
enable or disable the various modes of operation.  If a mode of operation is not
listed within a component control loop section then that mode of operation has no
direct influence on the operation of the component.  The control setpoint reset
section describes the logic and reference variables that will be used to reset control
setpoints to a new value within its reset range.  The safeties, overrides, and
interlocks section outlines the hardwired interlocks that are required to meet life
safety requirements.  Safeties and interlocks take precedence over all other control
strategies outlined in this document. The control responses of each component for
the various modes of operation are described in the component control loop
sections.  Setpoints shall be adjustable (adj.) as noted.

The sequence of operations, the points list and control diagrams shall be used to
provide a complete description of the control philosophy for the controlled
equipment.  Individual setpoint values, reset ranges, and alarm action levels are
listed in the points list.  Components and control sensor locations are graphically
depicted on the control diagram. The controls contractor shall be responsible for
coordinating any necessary time delay setpoints to establish stable system
operation.

GENERAL DESCRIPTION

The air handling unit(s) described by this sequence of operations consist(s) of a
variable speed supply fan, a chilled water cooling coil, and a hot water heating coil
to provide heating, ventilation, and air conditioning for the conditioned spaces as
shown on the drawings.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per the Project Design Conditions Schedule
shown on the control drawings.

COOLING MODE:
The unit shall be in cooling mode when the zone temperature (Z-T) rises above the
dead band (Z-T-DB).

MINIMUM COOLING MODE:
The unit shall be in minimum cooling mode when:

The unit is in cooling mode;

And- The supply fan reaches its minimum speed setting for 2 minutes (adj.).

The unit shall return to cooling mode when:

The supply air temperature (SAT) is at or below its cooling setpoint for 2
minutes (adj.);

HEATING MODE:
The unit shall be in heating mode when the zone temperature (Z-T) falls below the
dead band (Z-T-DB).

MINIMUM HEATING MODE:
The unit shall be in minimum heating mode when:

The unit is in heating mode;

And- The supply fan reaches its minimum speed setting for 2 minutes (adj.).

The unit shall return to heating mode when:

The supply air temperature (SAT) is at or above its setpoint for 2 minutes
(adj.);

UNOCCUPIED MODE:
The unit shall be in unoccupied mode for all periods not included in the occupied
hours of operation. Overrides of unoccupied schedule are defined at the zone level
control.

DEHUMIDIFICATION MODE:

The unit shall be in dehumidification mode when the zone humidity sensor (Z-H)
senses humidity above 50% RH (adj.). The unit shall exit dehumidification mode
when the humidity reaches or falls below 45% RH (adj.). The dehumidification
mode shall be enabled to operate in occupied and unoccupied mode.

ECONOMIZER MODE - DIFFERENTIAL ENTHALPY WITH FIXED
DRY-BULB TEMPERATURE ENABLED:

The unit shall be in economizer mode when:

The supply fan status is on;

And- the unit is in cooling mode;

And- the AHU is not in freeze protection mode;

And- the outside air enthalpy is less than the return air enthalpy.

And- the outside air temperature (OAT) is less than 73 F (adj.).

The unit shall exit Economizer Mode when:

The supply fan status is off

Or- the unit enters Heating Mode

Or- the unit enters Dehumidification Mode

Or- the unit enters Freeze Protection Mode

Or- the outside air enthalpy is greater than the return air enthalpy.

Or- the outside air temperature (OAT) is greater than 73 F (adj.)

CONTROL SETPOINT RESETS

Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS

SMOKE DETECTOR INTERLOCK:

The unit shall be disabled via hard wired interlock on activation of a system smoke
detector.  Display smoke detector relay status (normal or alarm) at the BAS front
end.

FIRE ALARM CONTROL PANEL INTERLOCK:

The unit shall be disabled via relay circuit signal from the fire alarm control panel.
Division 28 shall provide the relay and leads from relay to unit.  BAS contractor
shall connect leads to unit.  Display relay status (normal or alarm) at BAS front end.

FREEZE PROTECTION MODE INTERLOCK:

The supply fan shall be disabled via hard wired interlock at the supply fan start
circuit from the low limit temperature controller.

LOW OUTDOOR AIR STATIC PRESSURE INTERLOCK:

The unit shall be disabled via hard wired interlock at the fan start circuit upon
activation of duct low static pressure controller.

MOTORIZED DAMPER AT AIR INTAKE INTERLOCK:

Motorized dampers located at air intake and exhaust locations associated with the
air handling unit shall be interlocked to open and prove status before allowing the
unit fans to start .

DEDICATED OUTSIDE AIR UNIT INTERLOCK:

Interlock unit with associated OAU to open outdoor air damper when OAU-X is
de-energized to maintain building pressurization and ventilation.

FREEZE PROTECTION MODE LEVEL 1:
The unit shall be in Freeze Protection Mode Level 1 when:

The Mixed Air Temperature (MAT) is less than the Level 1 Low Limit
Temperature Alarm Setpoint (LLT1-SP).

When in Freeze Protection Mode Level 1, an alarm shall generate at the
operator workstation.

The alarm shall automatically reset and exit Freeze Protection Mode Level
1 when the temperature is above the alarm setpoint for a duration that
exceeds the Freeze Protection Level 1 Delay (FZ-DLY) setpoint.

FREEZE PROTECTION MODE LEVEL 2:
The unit shall be in Freeze Protection Mode Level 2 when:

The Low Limit Temperature Controller 2 (LLT2) activates by sensing
an air temperature less than its alarm setpoint.

When in Freeze Protection Mode Level 2, an alarm shall generate at
the operator workstation.

The unit shall require a manual reset to exit Freeze Protection Level
2.

FREEZE PROTECTION MODE LEVEL 2 INTERLOCK:
Disable the supply fan via hard wired interlock with the Level 2 Low Limit
Temperature (LLT2) controller.

The unit shall require a manual reset.
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In the event that power is lost and the building is under generator power as monitored
by the BAS, the chillers shall energize in stages via the BAS to prevent overloading the
generator. Chiller modules shall stage with 3 minute intervals (adjustable) between
subsequent modules energizing, and shall continue until the plant is operating at the
load conditions that were occurring prior to loss of power.

CHILLER CHILLED WATER ISOLATION VALVE (CH-CHW-CV)
The chiller chilled water isolation valve shall be furnished by the BAS contractor,
installed by the mechanical contractor, and controlled by the chiller manufacturer
control panel.

When in chilled water plant disabled mode:
          The valve shall be closed.

When in chilled water plant enabled mode:
          The valve shall open slowly over 5 minutes (adj.) to minimize sudden flow
          or temperature changes through the other operating chillers.
          Modulating valves shall maintain equal flow across each chiller in enabled
          mode as measured by CH-CHW-F-X.

When in chiller stage-up mode:
          The valve serving the chiller staging on shall sequence with other
          components in the order described under the Chiller Control Loop.  The
          valve shall open slowly over 5 minutes (adj.) to minimize sudden flow or
          temperature changes through the other operating chillers.

When in chiller stage-down mode:
          The valve serving the chiller staging down shall sequence with other
          components in the reverse order described under the Chiller Control Loop.
          The valve shall close slowly over 5 minutes (adj.) after the chiller staging
          down has turned off.

When in chiller failure mode:
          The valve shall close and be locked out of the lead/lag sequencing until
          the failure alarm is cleared.  When the failure alarm is cleared the valve
          shall operate as in chilled water plant enabled mode.
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MOTORIZED DAMPER AT AIR INTAKE INTERLOCK:

Motorized dampers located at the air intake location associated with the air
handling unit shall be interlocked to open and prove status before allowing the
unit fans to start.

AHU FAN FAILURE INTERLOCK:

AHU 1 and AHU 2 shall operate as lead/standby. If the lead AHU has a fan
failure, the unit shall alarm and turn off, and the standby AHU shall go into
enable mode.
AHU 3 and AHU 4 shall operate as lead/standby. If the lead AHU has a fan
failure, the unit shall alarm and turn off, and the standby AHU shall go into
enable mode.

AHU LEAD/STANDBY INTERLOCK:

AHU fans shall be monitored to ensure the lead/standby fans never operate
simultaneously. Fans shall be interlocked so that if either AHU fan is manually
put into occupied mode, the lead/standby AHU that is paired automatically
disables to prevent both units from operating at the same time.

When in Occupied Mode:

When in Ventilation Only Mode:
The valve shall be closed.

When in Cooling Mode:
The valve shall be closed.

When in Heating Mode:
The controller shall modulate the heating to maintain the supply air
temperature setpoint (SAT).

When in Unoccupied Mode:

The valve shall be closed.

When in Freeze Protection Mode:

The valve shall be fully open.

COOLING COIL CHILLED WATER VALVE - MODULATING
When in Occupied Mode:

When in Ventilation Only Mode:
The valve shall be closed.

When in Cooling Mode:
The valve shall modulate to maintain the supply air temperature
setpoint (SAT).

When in Heating Mode:
The valve shall be closed.

When in Unoccupied Mode:

The valve shall be closed.

When in Freeze Protection Mode:

The valve shall be fully open.

On an override signal from the Kitchen Hood Control Panel, the valve shall
operate as in occupied mode until the override is removed.

On an override signal from the Kitchen Hood Control Panel, the valve shall
operate as in occupied mode until the override is removed.

And- The chilled water plant AHU freeze protection mode shall be
activated.

When in Occupied Mode:

When in Ventilation Only Mode:
The valve shall be closed.

When in Cooling Mode:
The valve shall be closed.

When in Heating Mode:
The controller shall modulate the heating to maintain the supply air
temperature setpoint (SAT).

When in Unoccupied Mode:

And- The chilled water plant AHU freeze protection mode shall be
activated.

The valve shall be closed.

When in Freeze Protection Mode:

The valve shall be fully open.

COOLING COIL CHILLED WATER VALVE - MODULATING
When in Occupied Mode:

When in Ventilation Only Mode:
The valve shall be closed.

When in Cooling Mode:
The valve shall modulate to maintain the supply air temperature
setpoint (SAT).

When in Heating Mode:
The valve shall be closed.

When in Unoccupied Mode:

The valve shall be closed.

When in Freeze Protection Mode:

The valve shall be fully open.

On an override signal from the Kitchen Hood Control Panel, the valve shall
operate as in occupied mode until the override is removed.

On an override signal from the Kitchen Hood Control Panel, the valve shall
operate as in occupied mode until the override is removed.

HIGH SUPPLY AIR STATIC PRESSURE INTERLOCK:

The unit shall be disabled via hard wired interlock at the fan start circuit upon
activation of duct high static pressure controller.

COMPONENT CONTROL LOOPS
SUPPLY FAN CONTROL- CONSTANT VOLUME

When in Occupied Mode:

The fan shall be ON.

The VFD shall be used for soft start and to balance the fan for constant
speed operation to achieve the scheduled airflow value.

When in Unoccupied Mode:

The fan shall be OFF.  On an override signal from the zone level, the fan
shall operate as in occupied mode until the override is removed.

When in Freeze Protection Mode:

The fan shall be OFF .

When in Economizer Mode:

The fan shall be ON.

OUTSIDE AIR DAMPER (OA)

When in Occupied Mode:

The damper shall be open.

When in Unoccupied Mode:

The damper shall close after the supply fan is off and a time delay.

When in Freeze Protection Mode:

The damper shall close after the supply fan is off and a time delay.

When in Economizer Mode:

The damper shall be open.

FILTER MONITORING

When in All Modes:

The controller shall monitor the differential pressure across each filter bank and
shall provide a signal when the setpoint is exceeded.

HEATING COIL- HOT WATER VALVE- MODULATING

When in Occupied Mode:

When in Ventilation Only Mode:
The valve shall be closed.

When in Cooling Mode:
The valve shall be closed.

When in Heating Mode:
The controller shall modulate the heating to maintain the supply air
temperature setpoint (SAT).

When in Unoccupied Mode:

The valve shall be closed.

When in Freeze Protection Mode:

The valve shall be fully open.

COOLING COIL CHILLED WATER VALVE - MODULATING

When in Occupied Mode:

When in Ventilation Only Mode:
The valve shall be closed.

When in Cooling Mode:
The valve shall modulate to maintain the supply air temperature setpoint
(SAT).

When in Heating Mode:
The valve shall be closed.

When in Unoccupied Mode:

The valve shall be closed.

When in Freeze Protection Mode:

The valve shall be fully open.

And- The chilled water plant AHU freeze protection mode shall be
activated .

When in Economizer Mode:

The valve shall be closed.

SAFETIES, OVERRIDES AND INTERLOCKS

SMOKE DETECTOR INTERLOCK:
The unit shall be disabled via hard wired interlock on activation of a system
smoke detector.  Display smoke detector relay status (normal or alarm) at the
BAS front end.

FIRE ALARM CONTROL PANEL INTERLOCK:
The unit shall be disabled via relay circuit signal from the fire alarm control panel.
Division 28 shall provide the relay and leads from relay to unit.  BAS contractor
shall connect leads to unit.  Display relay status (normal or alarm) at BAS front
end.

COMPONENT CONTROL LOOPS
SUPPLY FAN CONTROL- CONSTANT VOLUME
When in Occupied Mode:

The fan shall be ON.

The VFD shall be used for soft start and to balance the fan for
constant speed operation to achieve the scheduled airflow value.

When in Unoccupied Mode:

The fan shall be OFF.  On an override signal from the zone level, the fan
shall operate as in occupied mode until the override is removed.

EXHAUST FAN (EF) - CONSTANT VOLUME
When in Occupied Mode:

The fan shall be ON.

The EC motor shall be used for soft start and to balance the fan for
constant speed operation to achieve the scheduled airflow value.

When in Unoccupied Mode:

The fan shall be OFF.

OUTSIDE AIR DAMPER (OA)
When in Occupied Mode:

The damper shall be open.

When in Unoccupied Mode:

The damper shall close after the supply fan is off and a time delay

EXHAUST AIR DAMPERS
When in Occupied Mode:

The damper shall be open.

When in Unoccupied Mode:

The damper shall close after the exhaust fan is off and a time delay

FILTER MONITORING
When in All Modes:

The controller shall monitor the differential pressure across each filter bank and
shall provide a signal when the setpoint is exceeded.

When in Freeze Protection Mode:

The fan shall be OFF

When in Freeze Protection Mode:

The fan shall be OFF

When in Freeze Protection Mode:

The damper shall close after the supply fan is off and a time delay

When in Freeze Protection Mode:

The damper shall close after the relief/exhaust fan is off and a time delay

HIGH SUPPLY AIR STATIC PRESSURE INTERLOCK:
The unit shall be disabled via hard wired interlock at the fan start circuit upon
activation of duct high static pressure controller.
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SEQUENCE OF OPERATIONS
SINGLE ZONE VARIABLE AIR
VOLUME AIR HANDLING UNITS

GENERAL DESCRIPTION

The air handling unit(s) described by this sequence of operations consist(s) of a
variable speed supply fan, a chilled water cooling coil, and a hot water heating
coil to provide heating, ventilation, and air conditioning for the conditioned
spaces as shown on the drawings.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per the Project Design Conditions Schedule
shown on the control drawings.

COOLING MODE:
The unit shall be in cooling mode when the zone temperature (Z-T) rises above
the dead band (Z-T-DB).

HEATING MODE:
The unit shall be in heating mode when the zone temperature (Z-T) falls below
the dead band (Z-T-DB).

UNOCCUPIED MODE:
The unit shall be in unoccupied mode for all periods not included in the
occupied hours of operation. Overrides of unoccupied schedule are defined at
the zone level control.

SAFETIES, OVERRIDES AND INTERLOCKS
FIRE ALARM CONTROL PANEL INTERLOCK:
The unit shall be disabled via relay circuit signal from the fire alarm control
panel.  Division 28 shall provide the relay and leads from relay to unit.  BAS
contractor shall connect leads to unit.  Display relay status (normal or alarm) at
BAS front end.

COMPONENT CONTROL LOOPS
SUPPLY FAN CONTROL- VFD:
When the HOA switch is in hand position, the variable speed supply fan shall
operate at a speed set manually by the operator at the user interface of the
drive.

When the HOA switch is in off position, the fan shall be off.

When the HOA switch is in auto position, the variable speed supply fan shall
operate subject to the unit enable signal, and unit operating modes.

When in Occupied Mode:

The fan shall energize and slowly ramp to the initial minimum fan speed
determined during system startup. Minimum fan speed shall be
established during balancing.

When in Cooling Mode:
The fan VFD shall modulate to control zone temperature (Z-T) at
setpoint. An increase in zone temperature causes an increase in
airflow.

When in Heating Mode:
The fan VFD shall modulate to control zone temperature at setpoint. A
decrease in zone temperature causes an increase in airflow.

When in Unoccupied Mode:

The fan shall be OFF.  On a call for cooling/heating or override signal from
the zone level, the fan shall operate as in occupied mode until the call is
cleared or the override is removed.

FILTER MONITORING:
When in All Modes:

The controller shall monitor the differential pressure across each filter bank and
shall provide a signal when the setpoint is exceeded.

HEATING COIL- HOT WATER VALVE- MODULATING:
When in Occupied Mode:

When in Cooling Mode:
The coil shall be OFF.

When in Heating Mode:
The controller shall modulate the heating to maintain the supply air
temperature setpoint (SAT).

When in Unoccupied Mode:

The valve shall be closed.

On a call for heating or override signal from the zone level the valve shall
operate as in occupied mode until the call is cleared or the override is
removed.

COOLING COIL CHILLED WATER VALVE - MODULATING:
When in Occupied Mode:

When in Cooling Mode:
The valve shall modulate to maintain the supply air temperature
setpoint (SAT).

When in Heating Mode:
The coil shall be OFF.

When in Unoccupied Mode:

The valve shall be closed.

On a call for cooling or override signal from the zone level the valve shall
operate as in occupied mode until the call is cleared or the override is
removed.

(AHU 10, AHU 11, AHU 12)

OAT INTERLOCK:
When OAT is above 45 degrees Fahrenheit, heating mode shall be disabled.

This sequence of operations is organized into the following main categories:
operating modes; control setpoint resets; safeties, overrides and interlocks; and
component control loops.  The operating modes describe the criteria that either
enable or disable the various modes of operation.  If a mode of operation is not
listed within a component control loop section then that mode of operation has
no direct influence on the operation of the component.  The control setpoint
reset section describes the logic and reference variables that will be used to
reset control setpoints to a new value within its reset range.  The safeties,
overrides, and interlocks section outlines the hardwired interlocks that are
required to meet life safety requirements.  Safeties and interlocks take
precedence over all other control strategies outlined in this document. The
control responses of each component for the various modes of operation are
described in the component control loop sections.  Setpoints shall be adjustable
(adj.) as noted.

The sequence of operations, the points list and control diagrams shall be used
to provide a complete description of the control philosophy for the controlled
equipment.  Individual setpoint values, reset ranges, and alarm action levels are
listed in the points list.  Components and control sensor locations are graphically
depicted on the control diagram. The controls contractor shall be responsible for
coordinating any necessary time delay setpoints to establish stable system
operation.

FREEZE PROTECTION MODE:
The unit shall be in freeze protection mode when the supply air temperature
sensor (SAT) senses a temperature less than the alarm setpoint.

CONTROL SETPOINT RESETS
Not Used.

When in Freeze Protection Mode:

The valve shall be fully open.

When in Freeze Protection Mode:

The valve shall be fully open.
And- The chilled water plant AHU freeze protection mode shall be
activated.

When in Freeze Protection Mode:

The fan shall be OFF.

FREEZE PROTECTION MODE INTERLOCK:
The supply fan shall be disabled via hard wired interlock at the supply fan start
circuit from the low limit temperature controller.

RA SA

SEQUENCE OF OPERATIONS
FAN COIL UNITS

GENERAL DESCRIPTION

The fan coil unit(s) described by this sequence of operations consist(s) of a
constant speed supply fan, chilled water cooling coil, and hot water heating coil
that operate to provide heating, ventilation, and air conditioning for the
conditioned spaces as shown.

OPERATING MODES
OCCUPIED MODE:
The unit shall be in occupied mode per the Project Design Conditions Schedule
shown on the control drawings.

COOLING MODE:
The unit shall be in cooling mode when the zone temperature (Z-T) rises above
the dead band (Z-T-DB).

HEATING MODE:
The unit shall be in heating mode when the zone temperature (Z-T) falls below
the dead band (Z-T-DB).

UNOCCUPIED MODE:
The unit shall be in unoccupied mode for all periods not included in the occupied
hours of operation. Overrides of unoccupied schedule are defined at the zone
level control.

CONTROL SETPOINT RESETS
Not used.

SAFETIES, OVERRIDES AND INTERLOCKS
FIRE ALARM CONTROL PANEL INTERLOCK:
The unit shall be disabled via hard wired interlock at the fan start circuit upon
receipt of signal from the fire alarm control panel.

LEAK DETECTION INTERLOCK (FCU-CND):
The supply fan shall automatically shut down and the cooling coil shall be
disabled upon detection of water in the overflow drain pan.

COMPONENT CONTROL LOOPS
SUPPLY FAN CONTROL
When in Occupied Mode:

The fan shall be ON.

When in Unoccupied Mode:

The fan shall be OFF.  On a call for cooling/heating or override signal from
the zone level, the fan shall operate as in occupied mode until the call is
cleared or the override is removed.

COOLING COIL CHILLED WATER VALVE - MODULATING
When in Occupied Mode:

When in Cooling Mode:
The valve shall modulate to maintain the zone temperature setpoint (Z-T).

When in Heating Mode:
The valve shall be closed.

When in Unoccupied Mode:

The valve shall be closed.

On a call for cooling or override signal from the zone level the valve shall
operate as in occupied mode until the call is cleared or the override is
removed.

MOA DUCT/DAMPER
FOR FCU 1 ONLY.

MINIMUM OUTSIDE AIR DAMPER (MOA) (FCU-1 ONLY)
When in Occupied Mode:

The damper shall be open.

When in Unoccupied Mode:

The damper shall be closed.

HEATING COIL - HOT WATER VALVE - MODULATING
When in Occupied Mode:

When in Cooling Mode:
The valve shall be closed.

When in Heating Mode:
The valve shall modulate to maintain the zone temperature setpoint (Z-T).

When in Unoccupied Mode:

The valve shall be closed.

On a call for heating or override signal from the zone level the valve shall
operate as in occupied mode until the call is cleared or the override is
removed.

LOCAL THERMOSTAT INTERLOCK (EF 2 ONLY):
Fan shall be interlocked with local thermostats.  Fan shall energize when
average of local thermostats exceeds setpoint.

SEQUENCE OF OPERATIONS
DISHWASHER EXHAUST FAN
FANS (EF 1)

GENERAL DESCRIPTION

OPERATING MODES
OCCUPIED MODE:
The fan shall be in occupied mode per the project design conditions schedule
shown on the control drawings .
UNOCCUPIED MODE:
The fan shall be in unoccupied mode for all periods not included in the occupied

CONTROL SETPOINT RESETS
Not Used.

SAFETIES, OVERRIDES AND INTERLOCKS

The exhaust fan(s) described by this sequence of operations consists of an
exhaust fan and motorized damper to exhaust air from the space as shown
on the drawings.

hours of operation.

FIRE ALARM CONTROL PANEL INTERLOCK:
The fan shall be disabled via hard wired interlock at the fan start circuit upon
receipt of signal from the fire alarm control panel.

COMPONENT CONTROL LOOPS

FAN CONTROL - CONSTANT VOLUME BAS SCHEDULED
When in Occupied Mode:

The fan shall be ON.

The EC motor shall be used for soft start and to balance the fan for
constant speed operation to achieve the scheduled airflow value.

When in Unoccupied Mode:

The fan shall be OFF.

LOCAL HUMIDITY SENSOR INTERLOCK
Fan shall be interlocked with local humidity sensor. Fan shall energize when
local humidity sensor exceeds setpoint.

STAGED PRIMARY PUMP CONTROL (PHWP-1- PHWP-2)
The pump shall be operated by the boiler master firing controller

When in hot water plant disabled mode:

The pump shall be off.

When in hot water plant enabled mode:

A pump that is on shall operate at a constant speed to maintain the
scheduled water flow through the operating boilers as defined in the

during system startup.

The pumps shall be interlocked with their associated boiler.

equipment schedule. Speed setpoint shall be determined by TAB

When in pump failure mode:

If a pump fails to run, the associated boiler shall shut down, and the lag boiler
shall start if not already running.
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COMPONENT CONTROL LOOPS
SUPPLY FAN CONTROL- VFD:
When the HOA switch is in hand position, the variable speed supply fan shall
operate at a speed set manually by the operator at the user interface of the drive.

When the HOA switch is in off position, the fan shall be off.

When the HOA switch is in auto position, the variable speed supply fan shall
operate subject to the unit enable signal, and unit operating modes.

When in Occupied Mode:

The fan shall energize and slowly ramp to the initial minimum fan speed
determined during system startup. Minimum fan speed shall be established
during balancing.

When in Cooling Mode:
The fan VFD shall modulate to control zone temperature (Z-T) at setpoint.
An increase in zone temperature causes an increase in airflow.

When in Heating Mode:
The fan VFD shall modulate to control zone temperature at setpoint. A
decrease in zone temperature causes an increase in airflow.

When in Minimum Cooling, or Minimum Heating Mode:
The fan VFD shall maintain minimum speed.

When in Dehumidification Mode:
The fan VFD shall be locked at its current speed until the minimum supply
air temperature setpoint is reached.  If the humidity is still not satisfied after
5 minutes (adj), increase fan speed by 5% (adj).  Repeat fan speed trim
and respond sequence until setpoint is satisfied.  Return to previous mode
of operation upon exiting dehumidification mode.

When in Economizer Mode:
The fan VFD shall modulate to control zone temperature (Z-T) at setpoint.
An increase in zone temperature causes an increase in airflow.

When in Unoccupied Mode:

The fan shall be OFF.  On a call for cooling/heating or override signal from
the zone level, the fan shall operate as in occupied mode until the call is
cleared or the override is removed.

When in Dehumidification Mode:

The fan shall operate as in occupied mode.

When in Freeze Protection Mode:

Level 2: The fan shall be OFF.

MIXED AIR DAMPERS DIRECT WITH ECONOMIZER

The mixed air damper assembly consists of a minimum outside air (MOA) damper
and return air (RA) damper.

When in Occupied Mode:

When OAU-X is disabled:

MOA Active Control- The MOA and RA dampers shall vary together to satisfy the
minimum outside airflow setpoint.

When in Economizer Mode:

The MOA and RA dampers shall modulate in opposing directions to maintain the
mixed air temperature (MAT) setpoint..

When in all other modes:

The MOA shall be fully closed.

MIXED AIR DAMPERS MINIMUM OA FROM DEDICATED UNIT

The mixed air damper assembly consists of a dedicated outside air (DOA)
damper, DOA airflow sensor and return air (RA) damper.

When in Occupied Mode:

The DOA damper shall modulate with the RA damper to satisfy the minimum
outside airflow setpoint as measured by the airflow measurement station
(DOA-AF).

When in Unoccupied Mode:

The DOA damper shall be fully closed and the RA damper shall be fully open.
On a call for cooling/heating or override signal, the DOA damper shall remain
closed.

When in Freeze Protection Mode:

Level 2: The DOA damper shall be fully closed and the RA damper shall be fully open.

When in Economizer Mode:

The DOA damper shall modulate to satisfy the minimum outside airflow
setpoint as measured by the airflow measurement station (DOA-AF).

FILTER MONITORING

When in All Modes:

The controller shall monitor the differential pressure across each filter bank and
shall provide a signal when the setpoint is exceeded.

HEATING COIL- HOT WATER VALVE- MODULATING

When in Occupied Mode:

When in Cooling Mode:
The coil shall be OFF.

When in Minimum Heating Mode:
The controller shall modulate the heating to maintain the zone temperature
setpoint (Z-T).

When in Heating Mode:
The controller shall modulate the heating to maintain the supply air
temperature setpoint (SAT).

When in Unoccupied Mode:

The valve shall be closed.

On a call for heating or override signal from the zone level the valve shall
operate as in occupied mode until the call is cleared or the override is
removed.

When in Economizer Mode:

The valve shall be closed.

When in Morning Warm-Up Mode:

The valve shall operate as in occupied mode.

When in Pre-Occupancy Purge Mode:

The valve shall operate as in occupied mode.

When in Freeze Protection Mode:

Level 2:  The valve shall be fully open.

When in Dehumidification Mode:

The controller shall modulate the heating to maintain the zone temperature
setpoint (Z-T).

COOLING COIL CHILLED WATER VALVE - MODULATING

When in Occupied Mode:

When in Minimum Cooling Mode:
The valve shall modulate to maintain the zone temperature setpoint (Z-T).

When in Cooling Mode:
The valve shall modulate to maintain the supply air temperature setpoint
(SAT).

When in Heating Mode:
The coil shall be OFF.

When in Dehumidification Mode:

When in Unoccupied Mode:

The valve shall be closed.

On a call for cooling or override signal from the zone level the valve shall
operate as in occupied mode until the call is cleared or the override is
removed.

On a call for dehumidification the valve shall operate as in occupied mode
until the call is cleared or the override is removed.

When in Freeze Protection Mode:

Level 2: The valve shall be fully open.

When in Economizer Mode (integrated economizer control):

Cooling coil is second stage to economizer for cooling duty.

Enable cooling coil only when MOA damper is proven fully open.  When
enabled, modulate the Chilled Water Valve to maintain the Supply Air
Temperature (SAT) at the setpoint.

The valve shall modulate to maintain the cooling coil leaving air
temperature setpoint (CC-LAT).

When in Freeze Protection Mode:

          Level 2: The MOA damper shall be fully closed and the RA damper shall be fully
          open.

AIR HANDLING UNIT:  LAYOUT AAIR HANDLING UNIT:  LAYOUT B

DOAS AIR HANDLING UNIT CONTROL DIAGRAM ENERGY RECOVERY UNIT CONTROL DIAGRAM

MAKEUP AIR AIR HANDLING UNIT CONTROL DIAGRAM
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EXPIRES 12/31/2025

8345 LENEXA DRIVE, SUITE 300
LENEXA, KS 66214

913.742.5000 913.742.5001
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1 Revision 1 - Owner Changes 09/09/2024
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