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PURGE SEQUENCE OF OPERATIONS:

AHU SHALL BE CONTROLLED VIA BAS WITH PURGE CONTACTOR PANEL SELECTOR SWITCH IN THE "AUTO"

POSITION.  WHILE IN "AUTO" IF SMOKE IS DETECTED BY THE RETURN AIR SMOKE DETECTOR, THE UNIT SHALL BE

IN PURGE MODE.  THE AHU SUPPLY FAN SHALL BE ON AND INDEXED OFF AND THE PURGE FAN INDEXED ON,

RELIEF FAN WILL INDEX ON.  RETURN AIR DAMPER WILL CLOSED TO AHU AND RELIEF OPEN TO RELIEF FAN.

OUTSIDE AIR DAMPER OPEN AND BY-PASS DAMPER OPEN.  HOT WATER VALVE OPEN TO COIL AND HOT WATER

PUMP ON.  FREEZESTAT SHALL BE OVERRIDEN.

IF THE CONTACTOR PANEL SWITCH IS IN THE "ON" POSITION THE AHU SHALL BE IN PURGE MODE AS DESCRIBED

ABOVE.

IN THE "OFF" POSITION THE AHU SHALL BE SHUT DOWN.  SUPPLY FAN, PURGE FAN AND RELIEF FAN OFF.

OUTSIDE AIR DAMPER CLOSED, RETURN AIR DAMPER OPEN TO RETURN, CLOSED TO RELIEF.  HOT WATER

VALVE OPEN TO COIL.

BAS SHALL BE NOTIFIED THAT UNIT IS IN PURGE MODE.

IF SMOKE IS DETECTED IN THE SUPPLY DUCT OR OUTSIDE AIR DUCT BY DUCT MOUNTED SMOKE DETECTORS

THRU THE FIRE ALARM WHILE IN "AUTO" OR "ON" THE AHU SHALL SHUT DOWN.

NOTES:

THIS WORK IS MAINTENANCE TO RESTORE AND PRESERVE THE ORIGINAL SEQUENCE OF OPERATION AFTER AIR

CONDITIONING IS ADDED.  THIS ARRANGEMENT IS TYPICAL FOR ALL  AIR HANDLERS. THE MANUAL SWITCH HAS

PRIORITY OVER THE AUTOMATIC FIRE ALARM PANEL RESPONSE. THE PURGE AND SHUT DOWN RELAYS ARE MR

201 UL 864 LISTED RELAYS BY AIR PRODUCTS INC. THE NEW DAMPER OPERATORS, BELIMO FSAFB24-SR, ARE  UL

555S LISTED (WHEN INSTALLED ON A NEW SMOKE DAMPER) AND SPRING TO THE SMOKE PURGE POSITION

BASED ON THEIR INSTALLATION ORIENTATION ON A LOSS OF 24 VAC POWER.

THE WORK SHALL BE PERFORMED IN ACCORDANCE WITH THE ELECTRICAL CODE AND BE INSPECTED BY THE

ELECTRICAL INSPECTOR PRIOR TO ACCEPTANCE. A FUNCTIONAL TEST WILL BE PERFORMED TO VERIFY THE

SEQUENCE AT COMPLETION.



HWS TO BUILDING

SeHWP-1

CT

M

CT

M

SeHWP-2

EmShtdown

SeHWPumpSts

SeHWPumpSts

T

T

SeHWSupTemp

SeHWReTemp

TYPICAL HOT WATER PLANT
SINGLE BOILERS, CONSTANT PRIMARY ONLY PUMPING

BOILER B-1

(NON-CONDENSING)

A

BlrAlarm

Sequence
HW Boiler Plant

General Notes
All schedules and temperatures, supply and return water set points, etc. shall be adjustable by facility personnel.  No such parameters, which may need adjustment, may be imbedded in the programming.

Boiler Plant
The Boiler Water System consists of one cast iron or other non-condensing boilers, and two constant speed boiler pumps (HWP-1 and HWP-2).

Normal operation is to use boiler pump 1 with the boiler.  Boiler water pumps are on a common header so either pump could supply either boiler but normal operation will use pump 1 with boiler 1.  The pumps operate lead lag.
Rotate the lead pump every two weeks.

Boiler pumps are controlled by the DDC system and run along with the boiler.

Boiler Plant Control
The boiler plant is to be on if there is a call for heating to the plant from a critical load (establish during start up) and outside air is below (65⁰F).  Multiple calls for heat could be required to start the boilers.

The hot water to the building will have a reset schedule to reduce energy use.  The initial HW temperature set point is to be varied based on the following schedule: 140⁰F at 50⁰F OAT to 160⁰F at 20⁰F OAT and below. Once
operating, the HW temperature set point can be further lowered by 1 degree every 5 minutes.

BAS to control index burner firing on/off to maintain setpoint.

Alarms

Alarms Possible Indication
Boiler alarm from Boiler contact Boiler malfunction
Boiler supply water temperature varies from set point by more than 2⁰F Boiler not performing
Pump commanded on, pump status off Pump not running when commanded on

Analytics

1. Check for Manual Operation: Check frequency and amount of time equipment is put into manual mode (pumps, boiler).

HWS FROM BUILDING

Starter

PumpCmd

Starter

PumpCmd

SCOPE OF WORK:

BAS CONTRACTOR SHALL PROVIDE THE FOLLOWING:

1. NEW TEMPERATURE SENSORS IN EXISTING WELLS

2. ALL NEW WIRING IN EXISTING RACEWAYS

3. NEW CURRENT SENSORS FOR MOTORS

4. NEW GAS METER

EXISTING PUMP STARTERS AND BOILER INTERNAL CONTROLS TO BE REUSED.

BlrCmd

T

DHWSTemp



                               ABBREVIATIONS

CT CURRENT TRANSDUCER
DX DIRECT EXPANSION
FS FREEZE STAT
G GRAVITY BACKDRAFT DAMPER
H HUMIDITY
HC HEATING COIL
HWR HOT WATER RETURN
HWS HOT WATER SUPPLY
M MOTOR / MOTORIZED ACTUATOR
MH MAGNEHELIC GAUGE
N.C. NORMALLY CLOSED
N.O. NORMALLY OPEN
PHC PREHEAT COIL
PR PRIMARY

S EXISTING STARTER
SD DUCT SMOKE DETECTOR
SP STATIC PRESSURE
T TEMPERATURE
VFD VARIABLE FREQUENCY DRIVE
VLV VALVE

OaDmprPos

OUTSIDE AIR

RETURN AIR

DX

CC

HWR

HWS

HC

HwVlvPos

SUPPLY FAN

SMOKE DETECTOR WIRED

TO FIRE ALARM SYSTEM.

PROVIDE CONTACT FOR

DDC SYSTEM.

S
D

SaTempT

M

RlfFanSts

RlfFanCmd

OaTemp

OaHumidity

RELIEF FAN

RlfDmprPos

FILTER

DCA STANDARD AHU-3 MODIFIED
TYPICAL DORM AHU - SAMPSON
PREHEAT COIL, COOLING COIL, SUPPLY FAN, RELIEF FAN

AT

MaTemp

OUTDOOR

UNIT

CompCmd (Stage 1)

CompCmd (Stage 2)

CompAlarm

M

SMOKE DETECTOR WIRED

TO FIRE ALARM SYSTEM.

PROVIDE CONTACT FOR

DDC SYSTEM.

S
D

RaTemp

T

T H

RaHumidityH

SMOKE DETECTOR WIRED

TO FIRE ALARM SYSTEM.

PROVIDE CONTACT FOR

DDC SYSTEM.

S
D

SUPPLY AIR

N.C.

FIXED

OPEN

FS

FrzStat

M

BypassDmprPos

NO (POWERED CLOSED)

FAIL OPEN

NC (POWERED OPEN)

FAIL CLOSED

NC (POWERED CLOSED)

FAIL OPEN

REMOVE ACTUATOR

AND FIX IN OPEN POSITION.

NO (POWERED CLOSED)

FAIL OPEN

S

CoilTempT

SCOPE OF WORK:

BAS CONTRACTOR SHALL PROVIDE THE FOLLOWING:

1. NEW TEMPERATURE/HUMIDITY SENSORS

2. NEW FREEZESTAT

3. NEW MIXED AIR SENSOR

4. NEW HOT WATER VALVE ACTUATOR

5. NEW DAMPER ACTUATORS

6. CONTROL WIRING TO NEW CONDENSING UNITS.

7. NEW VARIABLE SPEED DRIVE FOR AHU SUPPLY FAN.

EXISTING RELIEF FAN CONTACTOR TO REMAIN.

SaFanSpd

SaFanSts

SaFanCmd

SaFanPower

VFD

General Control Strategies and Safeties
1. Unoccupied Mode: OA dampers to remain fully closed. Supply air fan shall cycle on when there is a call for heating. Otherwise the fan is to remain off.

2. Warmup: OA dampers remain fully closed.  The morning warm_up periods shall be optimized depending on the outdoor and indoor air conditions.

3. Cooldown: OA dampers remain fully closed except when economizing. The morning cool down periods shall be optimized depending on the outdoor and indoor air conditions.

4. Supply Air Temperature Reset:  There are to be separate heating and cooling temperature set points for the space.  Initial space temperature set points are 70⁰F heating and 74⁰F
cooling. If the space is above cooling set point the discharge air temperature set point is to be 55⁰F. If the space is below heating set point the discharge air temperature is to be
100⁰F.  If the space is at or between cooling and heating temperature set points the discharge air temperature set point is to be determined based on a PID loop with a minimum of
55⁰F and a maximum of 100⁰F.   Between outside air temperature of 65 degrees and 40 degrees adjustable the supply shall be reset from minimum cooling to maximum heating.

5. Dehumidification control: If the return air relative humidity is above 65%, index on both cooling stages to maintain a cooling coil leaving air temperature of 55⁰F or less, and slow
fan speed to 67% of nominal cooling value.  If space temperature falls below heating setpoint, open bypass damper to control space temperature.  Outside air damper shall be at
minimum open position.  Once humidity has reduced below 60% index off one stage.  When humidity is below 55% unit shall return to normal space temperature control with
by-pass damper closed and cooling stages indexed on/off to maintain space temperature.

6. Economizing:  When the outdoor air enthalpy is lower than 27.5 BTU/lb and the outdoor air temperature is lower than (65 ⁰F), the OA and return dampers shall modulate together
to maintain the desired discharge air set point.    Once the outside air damper is above 50% open, the relief fan shall run.  Supply fan shall  modulate from minimum to maximum
speed when economizing.  Unit will return to normal operation when space temperature is no longer satisfied by fan speed and damper position.

7. Demand Control Ventilation:  Ventilation rate set point shall be based on zone CO2.  Ventilation shall be reduced when zone CO2 levels are below the established threshold,
initially 1000 ppm. A minimum allowable ventilation rate shall be established based on the minimum required to meet low- or no-occupancy ventilation requirements or makeup
air requirements, whichever is greater. The maximum allowable ventilation rate shall be equal to the scheduled design ventilation rate.  Not showing CO2 sensor on schematic or
points list.

8. Delayed Ventilation: When transitioning from warmup or cooldown mode to occupied mode, ventilation rate set point shall initially be (x)% of the minimum allowable ventilation
rate. After (x) hours increase ventilation rate set point to the minimum allowable ventilation rate.

9. Freeze Protection:  A manual reset low limit controller with sensor located upstream of the cooling coil shall de-energize the supply and exhaust fans and close the outdoor air
dampers if the temperature falls below 40⁰F.  {Note this should be overridden if smoke purge is activated.}  In addition, the hot water valve actuators shall be de-energized and the
valves will spring return to the open to coil position. De-energizing shall be accomplished via a hard-wired safety, not through the DDC system. Notify the operator via graphic. {On
systems with smoke purge, failure modes may not provide freeze protection. Attention should be given to failure modes to ensure power is cutoff or supplied to dampers and
valves as needed provide freeze protection.}

10. Smoke Shutdown/Purge: Smoke detectors as indicated on the drawings shall send a direct signal to the fire alarm system.  Activation of the fire alarm or manual activation of the
purge system; shall energize the supply fan to high speed and open/close dampers thru a series of listed relays not related to the building DDC system.  An auxiliary contact on the
smoke detectors shall alarm the DDC system for informational purposes. Upon a signal from the fire alarm system or purge panel for purge a set of listed relays will cut power to
dampers causing all dampers to go to the fail position, cut power to hot water valves so they fail open in for freeze protection, and send a start signal to the fan motor starters to
run the supply and relief/exhaust fans at 100%. DDC system to start both building  hot water pumps.  Freeze stat is bypassed.

Sequence
Single Zone Face and Bypass VAV AHU (cooling coil, reheat coil, supply fan, relief fan)

General Operation
The system shall be scheduled to follow occupied and unoccupied modes. When a manual override signal is received from the space thermostat, the system shall switch from
unoccupied mode to occupied mode for a programmable length of time.

Control Strategies:
1. Unoccupied
2. Warmup
3. Cooldown
4. Supply Air Temperature Reset
5. Dehumidification Control
6. Economizing
7. Delayed Ventilation
8. Demand Control Ventilation
9. Freeze Protection
10. Smoke Purge

Occupied Mode Parameters
The supply fan shall be energized and OA damper allowed to open when in occupied mode.

Supply Fan Speed Control
The supply fan shall remain at a minimum speed (50%) until the space cooling or heating set point cannot be satisfied by resetting discharge air temperature (i.e., when the discharge air
temperature has reached its minimum for cooling or its maximum for heating). When the maximum heating or minimum cooling discharge air temperature set point has been reached,
increase the fan speed if the space is below heating set point or above cooling set point.  Reset fan speed to the following schedule: if in deadband or within 0.5 degrees from set point,
run fan at min speed (50%). Using a linear reset schedule increase fan speed to 100% at 1.5 degrees. When economizing the supply fan speed shall modulate as needed to meet the
space load.

Relief Fan Speed Control
The relief fan shall come on during economizing when the outdoor air damper is open more than (50)% and the supply fan speed is above (50)%.

Cooling Control
If the space temperature is above setpoint the first stage of cooling shall index on.  Upon further rise in space temperature second stage shall index on.  Cooling stage 2 shall index off
after space temperature falls below setpoint.  Stage one shall index off when space temperature fall below setpoint by 2oF (adj.) Stages shall be run for minimum of five minutes.

HW Valve Control
If the discharge air temperature set point is equal to or lower than the space heating temperature set point the heating valve should be closed unless commanded open by
dehumidification control mode. If the bypass damper is closed to the coil the heating valve should be closed. Otherwise the heating coil valve modulates to maintain a heating coil
leaving air temperature of 100⁰F.

Bypass Damper Control

The bypass damper is to modulate as needed to maintain the discharge air temperature set point in dehumidification mode. When in full economizing (dx off) the bypass damper should
be 50% open to the coil and the bypass to reduce pressure drop.

Outdoor Air, Return air, and Relief Air Damper Control
The outdoor air damper shall modulate based on supply fan speed. At minimum supply fan speed the OA damper should be at its maximum open position for ventilation. At maximum
supply fan speed the OA damper should be at its minimum position. The minimum and maximum OA damper positions shall be determined during TAB. The return air and relief air
dampers shall track the OA damper based on relationships established during TAB. At the minimum ventilation rate set point the relief air damper should be closed.

Failure Modes
HW valve fail open; OA damper fail open; RA damper fail closed; Relief damper fail open.

Safeties
Safeties override all other control modes/strategies.

Safeties:
1.  Smoke Shutdown/Purge
2.  Freeze Protection

System Balancing and Setup
The minimum OA damper position for ventilation shall be determined when the supply fan is operating at normal speed with by-pass damper closed. The maximum OA damper position
for ventilation shall be determined when the supply fan is operating at normal speed.  Supply fan speeds shall be set at VFD for heating, cooling stage 1, cooling stage 2, dehumidification
and purge.
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LIFE SAFETY SYSTEM REQUIREMENTS

FIRE PROTECTION REQUIREMENTS

LEAD DESIGN PROFESSIONAL:

APPENDIX B
2018 BUILDING CODE SUMMARY

FOR ALL COMMERCIAL PROJECTS
(EXCEPT 1 AND 2 FAMILY DWELLINGS AND TOWNHOUSES)

BUILDING DATA
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ALLOWABLE AREA (continued)
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