Detailed Design – Rev. 0
Preliminary Design – Rev. A


SECTION 15940
SEQUENCE OF OPERATION
PART 1 -  GENERAL

1.1 WORK INCLUDED

A. Furnish equipment , services and programming necessary for a complete and safe installation as required to implement the sequence of operation for the following:

1. District Chiller Plant (DCP) Chilled Water System
2. DCP HVAC systems

B. All control set points, alarm set points, schedules and parameters shall be adjustable from the operators’ workstation in the DCP control room as specified in Section 15975.
1.2 RELATED SECTIONS

A. 15010 General Provisions – Mechanical
B. 15975  Automatic Temperature Control System (ATC)
1.3 SUBMITTALS

A. Point list, wiring diagrams, control logic diagrams and sequence of operation. 

1.4 QUALITY ASSURANCE

A. Comply with all applicable national, state and local codes and refer to Section 15010 General Provisions-Mechanical for additional Reference Standards.

PART 2 -  PRODUCTS (NOT USED)
PART 3 -  EXECUTION

3.1 INSTALLATION

A. Provide hardware including switches, contacts, devices, etc. and software as required to accomplish sequence of operation.  

B. The Direct Digital Control System (DDCS) shall communicate and incorporate the chiller on-board controls supplied by the chiller manufacturer.  Coordinate with chiller manufacturer to ensure compatibility between the DDCS and controls provided with the chillers.  

3.2 SEQUENCE OF OPERATION 
A. General

1. Provide an H-O-A switch for equipment where not already provided in the MCC including but not limited to constant speed pumps, fans, valve motors, etc.  In "Hand" position, the equipment shall be manually started/stopped locally from the starters.  In "Auto" position, the pumps shall be under control of DDCS and start/stop remotely in accordance with the control sequence.  All safety interlocks shall remain in effect in the manual mode.

2. Motor operated valves shall be capable of indicating valve positions at DDCS operator interface station. 

3. Modulating valves shall be “Fail-in-last-position” unless noted otherwise. 

4. Provide a Local/Remote switch at the variable frequency drive for each variable speed pumps or fans.  In “Local” position, the drive speed shall be manually adjustable at the variable frequency drive.  In “Remote” position, the drive speed shall be automatically adjusted by the DDC. 

B. DDC System Setup: 

1. Provide a software “System Enable” command to activate/deactivate the DDCS control sequence.

2. Provide software command “Enable” to activate/deactivate individual chillers, chilled water pumps, condenser water pumps, cooling towers, thermal energy storage (TES) and HVAC fans.  In “Enable” mode, the equipment will be under the control of DDCS based on the normal control sequence.  

3. Assign start/stop sequence for individual chillers, chilled water pumps and condenser water pumps, and cooling towers. The sequence shall rotate the lead/lag assignments based on weekly schedule.
4. Set the demand limiting for individual chillers.  The setting shall be adjustable from DDCS or chiller control panel.
5. All set points shall be adjustable unless noted otherwise.
6. Upon failure of any equipment (pump, chiller, cooling tower, AHU, fans, etc.), an alarm shall be activated and indication of the failure equipment displayed at the DDCS. 
C. Chilled Water and Condenser Water System – TES Enabled
1. System Off 
a. All chillers and pumps (primary and secondary) are de-energized.  CHW and CW isolation valves for individual chillers are in closed position 
b. CHW de-coupler line valve (MOV-001) in closed position. 

c. All condenser water pumps are de-energized 
d. All cooling tower fans are de-energized and the return water valves at the cooling towers in closed position.
e. Isolation valves for individual TES tanks are in open position
2. Start up (When “Cooling System On” switch is activated):

a. The lead secondary CHW pump starts at minimum speed.  Pump speed shall ramp up and adjust automatically to maintain the DP at the index ETS(s) at set point.

b. After 10 second time delay, the lead primary CHW pump starts and the lead chiller CHW isolation valve opens.  
c. The lead cooling tower return water valve opens.
d. The lead CW pump starts and chiller CW isolation valve opens. 
e. When all permissive check items are satisfied, the lead chiller starts automatically, and operates to maintain the leaving water temperature at set point (40 F, adjustable).
3. Shutdown of Chillers
a. During shutdown, the chiller shall stop first.   After a time delay of 30 seconds (adjustable) CHW and CW isolation valves at the chiller shall close; cooling tower isolation valve closes; and chilled water and CW pumps stop.

4. Load Increase
a. The chiller manufacturer’s controls shall adjust chiller output automatically to maintain the leaving chilled water temperature at set point (40ºF).  Chilled water temperature set point may be adjusted remotely from DDCS. 

b. Secondary Pumps - Upon increase of cooling demand as determined by ALL of the conditions below occurring simultaneously, after a time delay of 1 minute, the next secondary CHWP shall start:

1) The running secondary CHW pump is at 100% speed

2) The DP at the index ETS is below the set point

All operating secondary CHW pumps shall be at the same speed.

c. Chillers – the next chiller, CHW pump, CW pump and cooling tower shall start automatically in accordance with the same startup sequence as the first chiller when ONE of the following conditions is met:
1) Total secondary CHW flow – (N x 7500 gpm (adjustable)) > 7500 gpm; where N = number of chillers in operation
2) The current input to the chiller (Ampere) exceeds a preset level.
3) The CHW pressure drop across the chiller module exceeds a preset level (maximum CHW flow recommended by chiller manufacturer).
5. Load Decrease

a. Secondary Pumps – As the cooling demand drops as determined by the condition below, after a time delay of 1 minute, the lag secondary CHW pump shall stop automatically in accordance with the shutdown sequence.

1) N x 23,000 gpm – total secondary CHW flow > 23,000 where N = number of secondary CHW pumps in operation
b. Chillers – the lag chiller, CHW pump, CW pump and cooling tower shall shut down automatically in accordance with the same shutdown sequence as the first chiller when ALL of the following conditions are met:
1) N x 7500 gpm – total secondary CHW flow > 7500 gpm, where N = number of chillers in operation

2) All TES tanks are fully charged as determined by thermocline in the tanks.

6. TES Tanks

a. When a TES tank is fully charged, the 
D. Chilled Water and Condenser Water System – TES Disabled
1. System Off (When “Cooling System Off” switch is activated):
a. All chillers and pumps are de-energized.  CHW and CW isolation valves for individual chillers are in closed position; and CHW differential pressure bypass valve (DPV-001) in open position. 

b. All condenser water pumps are de-energized 
c. All cooling tower fans are de-energized and the return water valves at the cooling towers in closed position.

2. Start up (When “Cooling System On” switch is activated):
a. The lead CHW pump starts; after 10 second time delay the lead chiller CHW isolation valve opens.  
b. The lead cooling tower return water valve opens.
c. The lead CW pump starts; after 10 second time delay, chiller CW isolation valve opens.
d. Chilled water differential pressure bypass valve closes.

e. When all permissive check items are satisfied, the lead chiller starts automatically, and operates to maintain the leaving water temperature at setpoint (40 F, adjustable).

3. Shutdown

a. During shutdown, the chiller shall stop first.   After a time delay of 30 seconds (adjustable) CHW and CW isolation valves at the chiller shall close; cooling tower isolation valve closes; and chilled water and CW pumps stop.

4. Chiller Operation – Load Increase
a. The chiller manufacturer’s controls shall adjust chiller output automatically to maintain the leaving chilled water temperature at setpoint (40ºF).  Chilled water temperature setpoint may be adjusted remotely from DDCS. 

b. When the cooling demand exceeds the capacity of the operating chiller as determined by ONE of the conditions below, after a time delay of 1 minute, the second chiller, CHW pump, CW pump and cooling tower shall start automatically in accordance with the same startup sequence as the first chiller.

1) The return chilled water temperature is above the setpoint of 56 F (adjustable)

2) The current input to the chiller (Ampere) exceeds a preset level.
3) The CHW pressure drop across the chiller exceeds a preset level (maximum CHW flow recommended by chiller manufacturer).
5. Chiller Operation – Load Decrease

a. As the cooling demand drops as determined by ALL of the conditions below occurring simultaneously, after a time delay of 1 minute, the lag chiller, CHW pump, CW pump, and cooling tower shall stop automatically in accordance with the shutdown sequence.

1) Chilled water return temperature is below a preset level (48 F, adjustable).

2) The energy inputs of operating chillers (Amperes) are below a preset level (50% of rated input)
3) System CHW flow satisfies the following formula:

Q    <   N x 7500 (chiller rated flow)  –  7500 

Where 
N = Number of chiller in operation


Q = Total chilled water through the plant

6. Chilled Water Flow Control

a. Chilled water pump speed shall adjust automatically to maintain differential pressure (DP) between CHWS and CHWR lines as measured by two or more DP transmitters in CHW distribution system.  When there are two or more pumps running, the pumps shall operate at the same speed.  

b. The active DP signals shall be identified by location. They shall be displayed on the ATC, and the “lowest DP vs. set point” shall control chilled water pump speed.  
c. Provide a submaster control for CHW flow through individual chillers.  As any of the operating chiller(s) is at the minimum flow as measured by the chiller evaporator differential pressure, the operating CHW pump(s) speed shall stop modulating downward and the DP bypass valve (DPV-001) between chilled water supply and return mains shall open and modulate automatically to maintain minimum flow through the chiller(s).  Under no circumstance shall chillers operate at the chilled water flow rate lower than the minimum flow setpoint.

d. When any of the operating chiller(s) is at the maximum flow as measured by the chiller evaporator differential pressure, the operating (CHW) pump(s) speed shall stop modulating upward and an alarm shall be activated at the DDCS. 
7. Cooling Tower Operation

a. When activated, cooling tower fan shall start automatically.  

b. Fan speed for the lead cooling towers (two cells with VFD) shall adjust automatically to maintain the CW supply temperature at the setpoint.  
c. Fans of the lad cooling towers (six cells with constant speed fans) shall cycle based on the CW supply water temperature.  

d. When variable speed fan(s) and constant speed fan(s) are operating at the same time, the VFD shall automatically reset to 100% speed. 
e. When the condenser water return temperature drops below 65 F (adjustable), cooling tower fans shall stop.
8. Cooling tower basin level control

a. Provide a level controller in each basin compartment (total four)

b. Each level controller shall modulate a makeup water flow control valve (normally closed) to maintain water level at set point.
9. The chillers, cooling towers and pumps shall rotate the lead/lag assignments based on weekly schedule, as determined by the DDCS. 

E. REFRIGERANT LEAK DETECTION SYSTEM
1. Upon detecting refrigerant leak (refrigerant concentration level to be determined), the following shall take place automatically:

a. Chiller plant shall shut down (chillers, CHW pumps, CW pumps and cooling towers).  Control valves lock at the last position (manual reset required).
b. The plant ventilation air handling units shall shut down

c. An alarm shall be activated at DDCS. 
d. The refrigerant purge dampers will open.

e. Refrigerant exhaust fan system shall start automatically.
F. Chiller Plant Ventilation System (AHU-1A, 1B, 2, 3 & 4)
1. The AHUs shall either be started remotely from DDCS or locally at the starters.  When the AHU is shut down, the fan is de-energized, outside air (OA) damper in closed position, and chilled water coil control valve in closed position.
2. Upon start up, the fan shall start, OA damper opens to a preset position, and chilled water valve opens and modulates to maintain the leaving air temperature at set point. 
3. Leaving air temperature set point shall be adjustable from DDCS.
G. Offices, Locker Room, and Shops (AHU-5 & 6)
1. The AHU shall either be started remotely from DDCS or locally at the starters.  When the AHU is shut down, the fan is de-energized, outside air (OA) damper in closed position, and chilled water coil control valve in closed position.

2. Upon start up, the fan shall start, OA damper opens to a preset position, and chilled water valve opens and modulates to maintain the space temperature at set point as determined by the space thermostat. 

H. Control Room DX unit
1. The DX unit (split system) shall be controlled by the space thermostat.  The space thermostat shall be programmable with fan-auto selector switch and 7-day/24-hour time clock.

2. In “Fan” mode, the indoor fan runs continuously and outdoor condensing unit cycles to maintain the space temperature at set point.  In “AUTO” mode, both indoor fan and outdoor condensing unit cycle on/off to maintain space temperature at stet point.
I. Fan Coil Units

1. Fan coil units shall start/stop automatically in accordance with a time clock schedule.

2. When started, the fan runs continuously and the chilled water control valve cycles open/close to maintain the space temperature at set point as determined by the space thermostat.

J. Transformer Room Ventilation

1. Individual exhaust fan shall be controlled by a dedicated space thermostat to start/stop automatically to maintain the space temperature at set point.  Air intake louvers shall be fixed louver without dampers.

K. Toilet Exhaust Fans
1. Interlock toilet exhaust fan with light switch for on/off operation.

L. Chiller Plant Ancillary Systems

1. Blowdown tank drain pumps (Constant Speed)
a. Each pump shall be controlled by a dedicated float switch to start/stop automatically.

2. Makeup water pumps (Variable Speed)
a. Provide a software “System Enable” command to activate/deactivate the makeup water pumping system .

b. When enabled, the lead makeup water pump shall start and pump speed shall be under the control of a pressure controller and modulate to maintain the makeup water supply pressure at set point.

c. When the lead pump is at 100% speed and the supply water pressure is below the set point, the lag pump shall start automatically.  

d. All pumps in operation shall run at the same speed.

e. Provide a self-contained backpressure regulating valve to bypass the supply water to the makeup water tank.
3. Hydro-pneumatic tank/pump set

a. Manually start/stop

b. Manufacturer furnished control applies 
3.3 INDICATIONS 
A. Chilled Water System - The DDCS shall monitor and display as a minimum the following:

1. Chilled water set point (each chiller)  

2. Chiller on/off status (each chiller).

3. Chilled water in/out temperature at each chiller.

4. Chiller evaporator and condenser waterside differential pressure (each chiller).

5. Chiller evaporator and condenser max and min DP settings(each chiller)
6. Condenser water in/out temperature at each chiller.

7. Chiller evaporator isolation valve position (each chiller)
8. Chiller condenser isolation valve position (each chiller)
9. Electric demand for each chiller.

10. Base demand limit (%) each chiller
11. Chiller efficiency in kw/Ton-hour (each chiller)
12. Plant chiller water supply and return temperature.

13. Chilled water pump on/off status and speed (each)

14. All operating parameters available in chiller control panel via a data link (coordinate with chiller manufacturer).

B. Condenser Water System – The ATC shall monitor and display as a minimum the following:
1. Condenser water pump on/off status (each)

2. Cooling tower fan on/off status (each)

3. Cooling tower isolation valve open/close status (each cell)
4. Cooling tower basin water outflow temperature (two locations)
5. Cooling tower water level (low-normal-high) 
6. Cooling tower fan speed (two cells only)
7. Cooling tower makeup water flow control valve open/close status (four)
C. HVAC Systems – The DDCS shall monitor and display as a minimum the following:
1. AHU on/off status (each)
2. Supply air temperature (each)

3. Return air temperature (each)

4. Filter differential pressure

5. Space temperature (plant, 22 kV switchgear room, 3.3 kV switchgear room, LV switchgear room, transformer room, and office)

6. Exhaust fan on/off status (each)

D. Ancillary Systems

1. Blowdown tank drain pump on/off status (each)

2. Makeup water pump status (each)

3. Makeup water pump speed
4. Makeup water supply pressure

5. Hydro-pneumatic tank/pump set status

6. Hydro-pneumatic tank pressure
3.4 SAFETY AND ALARMS

A. Chilled Water System 

1. An alarm shall be activated at DDCS (visual/audible) upon any of the following conditions:

a. Chiller supply water temperature high (each chiller)

b. Chiller plant CHW return water temperature High/low

c. Chiller CHW flow low

d. Chiller CW flow low 

e. Chiller common alarm, chiller failure and chiller reset (each chiller)

f. Chilled water pump failure

g. Chilled water pump at minimum speed

h. Chiller failure

i. Chiller common alarm

2. If any chiller or pumps fails to start upon commend the lag unit shall start automatically and an alarm shall be activated at the DDCS.  If the lag equipment fails to start after failure of the lead unit, the entire chiller plant shall shut down automatically and an alarm shall be activated at the DDCS
3. Upon the following conditions, individual chiller shall shut down automatically in accordance with the normal shutdown sequence, and visual and audible alarm shall be activated at the central station:

a. Violation of chiller manufacturer’s standard safety controls (common alarm).

b. Refrigerant leak indicated by the plant refrigerant monitoring system.

c. Activation of the plant emergency break-glass switches/pushbuttons installed by electrical.

B. Condenser Water System

1. An alarm shall be activated at DDCS (visual/audible) upon any of the following conditions:

a. Condenser water pump failure
b. Cooling tower fan failure

c. Cooling tower isolation valve fails to open/close
d. Condenser water supply temperature high
e. Cooling tower basin water level high/Low

C. HVAC Systems

1. An alarm shall be activated at DDCS (visual/audible) upon any of the following conditions

a. AHU fain failure (each)

b. Supply air temperature high

c. Air filter dirty as determined by high differential pressure across the filter

d. Transformer room exhaust fan failure (each)

e. Space temperature high (plant, switchgear rooms, transformer room, offices)

f. AHU shutdown on activation of smoke detector
D. Ancillary Systems

1. An alarm shall be activated at DDCS (visual/alarm) upon any of the following conditions:

a. Blowdown tank water level high
b. Makeup water level high/low
c. Makeup water pressure high/low
d. Hydro-pneumatic tank pressure high/low  

3.5 SPARE I/O POINTS

A. Provide analog and digital inputs and outputs   on the BAS as required to achieve the above sequence of operation plus 10% for analog points and 15% for digital points. Submit point list for approval. 
END OF SECTION

ADC Energy Systems

Sequence of Operation

Tamouh District Cooling Plant
15940-1
16 June 2008
ADC Energy Systems

Sequence of Operation

Tamouh District Cooling Plant
15940-3
<Issue Date>

