
EXISTING SEPARATOR BYPASS

EXISTING INLINE AIR SEPARATOR

EXISTING CONDENSER WATER TREATMENT SYSTEM
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OTHERS. WHILE THIS INFORMATION IS BELIEVED 
TO BE RELIABLE, THE DESIGN PROFESSIONAL 
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NOT RESPONSIBLE FOR THE ACCURRACY OF THIS 
DRAWING OR FOR ANY ERROS OR OMISSIONS 
WHICH MAY HAVE BEEN INCORPORATED INTO IT 
AS A RESULT. 
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Cooling Tower Addition
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Existing 16" CHS & CHR Headers

Existing 8" Shut Off Valve
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Not to Scale
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1. EXISTING CONDENSER WATER PUMP CONNECTION TO 
PIPING. CONNECT NEW CONDENSER WATER PUMP IN THE 
SAME WAY.

2. TYPICAL BLIND FLANGE VALVE INSIDE CHILLER PLANT

3. TYPICAL BLIND FLANGE VALVE AT COOLING TOWER
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CHILLED WATER PLANT
OPERATIOIN AND CONTROL STRATEGY
The chilled water plant operating and control 
system shall provide operations and control as 
hereinafter described to maximize the chiller plant 
operating efficiency in accordance with the following 
operating and control strategies.

CHILLER PLANT ENABLE/DISABLE:
The chiller plant shall be enabled and disabled 
manually by an operator command (SYSTEM-EN). 
When the chiller plant is disabled, all devices shall 
be commanded off. All isolation valves shall close. 
The CHW bypass valve (CHWBPYV-O) shall open. 

WATERSIDE ECONOMIZER:
When conditions become suitable to allow the 
water side economizer to handle the cooling load, 
the Chiller Selector is disabled and begins to stage 
off the chillers. When the last chiller is off, the HX 
Selector is enabled. Once the condenser water 
temperature is less than or equal to the Economizer 
CHWS-T setpoint the heat exchangers may cycle 
on or off to satisfy the cooling load. If the CHWST-T 
becomes sufficiently warm for long enough 
(CHWS-T wait time) or the conditions change 
making the waterside economizer unsuitable the 
system begins to transition back to mechanical 
cooling (Warm CW-T state). Upon entering this 
state, tower fans are turned off so that the CWS-T 
becomes warm enough to start the chillers. The 
building cooling load is calculated using the chilled 
water temperature difference (PCHWR-T minus 
PCHWS-T) and the primary chilled water flow input 
(PCHW-F). The percent load is the percentage of 
the current building load to the total chiller plant load 
available. In freezing weather conditions, the 
outdoor air economizer lockout setpoint (OA ECON 
LO SP) defaulted to 32°F (adjustable) will disable 
the waterside operation until OA-T rises above 
setpoint plus a differential (4°F). 

CHILLER CONTROL:
The CPO application is designed to maximize the 
chiller plant's operating efficiency. This application 
when enabled, maintains at least one device on (to 
maintain the minimum or base load defaulted to 0.1 
tons), determines the percent load of the system 
and maximizes the plant efficiency by choosing the 
most efficient device (or combination of devices) 
available to meet the required load. The selected 
combination produces the largest adjusted 
efficiency. Efficiencies are calculated based on the 
individual device's coefficient of performance 
(COP), percent load, required capacity, and rated 
flow. The building cooling load is calculated using 
the chilled water temperature difference (PCHWR-T 
minus PCHWS-T) and the primary chilled water 
flow input (PCHW-F). The percent load is the 
percentage of the current building load to the total 
chiller plant available. The chillers (CHx-EN) shall 
be controlled via their own internal controls to 
maintain a chilled water supply temperature. The 
chilled water (CHW) system consists of two, 
variable speed driven, chillers. Each chiller shall be 
equipped with a 2-position chilled water isolation 
valve (CHxCHWISOV-C). Each chiller shall be 
equipped with a 2-position (or modulating to act as 
a 2-position) condenser water isolation valve 
(CHxCWISOV-C). Chiller runtime (CHx-RUNTIME) 
will be totalized and monitored from the FMS 
system. The chillers, operating order shall be 
determined by, an operator rank number. If a device 
failure is detected (CHLR x-Enabled) or becomes 
unavailable for maintenance (CHx-MS), it will be 
shut down in an orderly manner and the next 
available device in the sequence shall be started. 

PRIMARY CHILLED WATER PUMP CONTROL:
The CPO application is designed to maximize the 
pumping efficiency by, choosing the most efficient 

pump (or combination of pumps) available. In 
general, when enabled, the application determines 
the combination that best meets the requirements 
and turns on/off the appropriate pumps 
(PCHWPx-C) in an orderly manner to arrive at the 
desired combination. The best combination 
produces the largest adjusted efficiency. 
Efficiencies are calculated based on the device 
efficiency, percent load, required capacity and rated 
flow. The required flow (current load) can be 
determined based on the affinity law of the pumps, 
which states that the current flow produced by a 
pump is directly proportional to it's speed. Therefore 
the CPO application uses the speed (PCHWPx-O) 
of the currently operating pumps (for single value, 
all pumps run at the same speed), this required flow 
is then used to compare the various combination 
options available. The application determines the 
combination of pumps that provides this flow at the 
highest adjusted efficiency. The new combination, 
which is based off individual pump efficiencies, 
obeys the rules regarding valid device 
combinations, and provides the highest adjusted 
efficiency. There are two variable speed driven, 
primary CHW pumps piped to a common header, so 
that any CHW pump shall be capable of running 
with any chiller or heat exchanger. The CHW 
system is piped in a variable primary flow 
configuration, with a 2-way, CHW bypass valve 
(CHWBYPV-O) across the chillers and pumps to 
maintain minimum flow (PCHW-F) through the 
operating chillers. The CHW pumps, operating 
order shall be determined by, equalization of 
run-time. The CPO program shall totalize run-hours 
for each CHW pump (PCHWP x-Runtime) and 
adjust the operating order. If a device failure is 
detected (PCHWP x-Enabled), it will be shut down 
in an orderly manner and the next available device 
in the sequence shall be started. A frequency 
converter fault (PCHWPx-FAULT) input shall shut 
the primary chilled water pump down and generate 
an alarm at the OWS. The next available primary 
chilled water pump shall be enabled. 

PRIMARY CHILLED WATER LOOP PRESSURE 
CONTROL:
The CHW pump speed (PCHWPx-O) shall be 
controlled to maintain the specified Building-Loop 
differential pressure setpoint (CHWDP-SP) per 
existing as sensed by the (4) building pressure 
sensors. Building-Loop differential-pressure 
(CHW-DP) error shall be taken into account, when 
adding pumps. To insure stable system flow, the 
rate at which CHW pump speed may change shall 
be limited to 10% per minute (adj.). In order to 
insure stable and reliable operation, the plant CHW 
loop differential-pressure sensor's setpoint shall be 
reset to achieve the desired Building-Loop 
differential pressure sensor's setpoint. 

CONDENSER WATER PUMP CONTROL:
The CPO application is designed to maximize the 
pumping efficiency by, choosing the most efficient 
pump (or combination of pumps) available. In 
general, when enabled, the application determines 
the combination that best meets the requirements 
and turns on/off the appropriate pumps (CWPx-C) in 
an orderly manner to arrive at the desired 
combination. The best combination produces the 
largest adjusted efficiency. Efficiencies are 
calculated based on the device efficiency, percent 
load, required capacity and rated flow. The required 
flow (current load) can be determined based on the 
affinity law of the pumps, which states that the 
current flow produced by a pump is directly 
proportional to it's speed. Therefore the CPO 
application uses the speed (CWPx-O) of the 
currently operating pumps (for single value, all 
pumps run at the same speed), this required flow is 
then used to compare the various combination 

options available. The application determines the 
combination of pumps that provides this flow at the 
highest adjusted efficiency. The new combination, 
which is based off individual pump efficiencies, 
obeys the rules regarding valid device 
combinations, and provides the highest adjusted 
efficiency. There are two variable speed driven, CW 
pumps piped to a common header, so that any CW 
pump or group of pumps, based on 
energy/maintenance cost optimization algorithms, 
shall be capable of running with any chiller or heat 
exchanger and CT combination. The CW pumps, 
operating order shall be determined by, equalization 
of run-time. The CPO program shall totalize 
run-hours for each CW pump (CWP x-Runtime) and 
adjust the operating order. If a device failure is 
detected (CWP x-Enabled) or becomes unavailable 
for maintenance (CWPx-LO), it will be shut down in 
an orderly manner and the next available device in 
the sequence shall be started. A frequency 
converter fault (CWPx-FAULT) input shall shut the 
condenser water pump down and generate an 
alarm at the OWS. The next available condenser 
water pump shall be enabled. 

CONDENSER WATER LOOP PRESSURE 
CONTROL:
The CW pump speed (CWPx-O) shall be controlled 
to maintain design CW differential pressure as 
determined by the chiller optimation application or 
the heat exchanger optimation application, down to 
80% (adj.) Of design speed. If the condenser water 
flow falls below the minimum flow setpoint the 
application will increase the speed to maintain the 
minimum flow setpoint. 

CONDENSER WATER SYSTEM:
When in waterside economizer operation the CT 
bypass valve  (CTV-O) will  never modulate.  The 
CT bypass valve is either fully open to the tower (in 
Start HX, HX Control, and CHWS-T Timing states) 
or full closed to the tower (in the Warm CW-T state). 
Whenever a chiller is started, a CT cell shall be 
enabled. CT fans shall be sequenced to minimize 
the sum of the chiller and CT fan power 
consumption at all load conditions. The optimal CT 
airflow rate shall be determined by an algorithm 
using the following information: 

· Chiller part-load ratio (CPLR) - defined as the 
current chiller capacity [tons] / design chiller 
capacity [tons].

· Chiller and CT fan power consumption at 
design conditions [kw].

· Average relative change in chiller power 
consumption for each degree change in CW 
supply temperature [kw/deg f (kw/deg c)]. 
Normal range is 0.01 to 0.03 kw/deg f (0.018 to 
0.054 kw/deg c), depending on chiller design.

· CT range [deg f (deg c)] and approach [deg f 
(deg c)] at design conditions.

The information described above is readily 
obtainable (often included in the equipment 
submittal), or alternatively is available from the 
chiller and tower manufacturers. The chiller 
part-load ratio (CPLR) is obtained by measuring the 
chiller capacity directly. In addition to minimizing 
power consumption, this open-loop approach 
responds very quickly to load changes, while 
providing control stability which reduces CT motor 
and drive wear. For additional technical details, 
refer to (Braun and Diderrich, 1990) or the Ashrae 
HVAC applications handbook. In accordance with 
the fan laws, the % output command to each CT fan 
will equal the % of design CT airflow rate calculated 
by the optimization algorithm. The CW supply 
temperature (CWS-T) must be kept above a 
minimum limit (CW-SP, 55°F adj. for the existing 
YORK YT chiller and 34°F for the new Magnetic 
Bearing Chiller), to prevent surge and other chiller 
problems at all load conditions. The condenser 

water (CW) system consists of three individual 
cooling tower (CT) cells, with common sump and 
VSD-Driven fan (CTx-C, CTx-O). The cooling 
towers, operating order shall be determined by, 
equalization of run-time. The CPO program shall 
totalize run-hours for each cooling tower (TWR 
x-Runtime) and adjust the operating order. If a 
device failure is detected (TWR x-Enabled), it will be 
shut down in an orderly manner and the next 
available device in the sequence shall be started. A 
frequency converter fault (CTx-FAULT) input shall 
shut the cooling tower fan down and generate an 
alarm at the OWS. The next available cooling tower 
fan shall be enabled. A tower-vibration (CTxVIB-A) 
switch shall shut the cooling tower fan down and 
generate an alarm at the OWS. The next available 
cooling tower fan shall be enabled. 

INITIAL CHILLER START-UP:
The following sequence applies to the specific case 
when the CPO needs to start the first chiller. 

· Command isolation valves to fully open 
position.

· Once valve positions have been proven fully 
open, command corresponding pump to start.

· Prove pump running status. After a 60 second 
(adj.) Stabilization delay, command 1st chiller 
to start.

ADDING ADDITIONAL CHILLERS:
A pull-down routine shall load-limit the chiller 
(through it's current-limit setpoint) to maintain an 
operator-adjustable kw setpoint for 10 minutes 
(adj.). At the conclusion of pull-down routine, the 
following conditions shall result in the start-up of an 
additional chiller. All chillers will share the load 
equally (same CHW setpoint flow proportioned to 
the design chiller capacity) and, after an initial 
start-up period, shall ramp up together. The 
minimum number of VSD-Driven chillers will 
operate to stay within the optimal part-load ratio 
(PLR) range, 30-80% (adj.). The PLR shall be 
adjusted in real time, based on changes in CW 
supply temperature or CHW setpoint changes. This 
relationship shall be obtained from the chiller 
manufacturer for the specific models present in the 
chiller plant. As the operating chillers' PLR rises 
above 80% (adj. By the chiller's operating 
algorithm), an additional chiller shall be added. The 
chiller optimization program shall determine this 
PLR value, using data gathered directly from the 
system supply and return temperatures, and system 
flow meter. Or - if the CHW supply temperature 
rises 3°F(1.7 deg c) (adj.) Above the setpoint for an 
adjustable period (typ. 20 minutes). 

· When the CPO program has determined that 
an additional chiller is needed, the following 
sequence will be followed:

· After an adjustable period (typ. 1 minute), the 
next available CHW pump, if needed, and CW 
pump shall be commanded to start.

· Once the status of the pumps has been 
proven, the respective CHW and CW isolation 
valves shall be commanded to open. The CHW 
valve shall be commanded to open slowly, 
over 90 seconds (adj.) to avoid nuisance trips 
of operating chillers. The chiller shall then be 
commanded to start. The operating chillers' 
current-limit-setpoints shall be released, 
allowing them to load-up as required.

STOPPING ADDITIONAL CHILLERS AND 
CHILLER PLANT SHUTDOWN:
When the FMS determines that the operating 
chillers have a PLR of less than 30% (adj.), the 
chiller with the highest operator ranking or run-time 
shall be shutdown, unless shutting down a chiller 
will cause flow rates in remaining chillers to exceed 
their maximum values. The chiller shall receive a 
stop command, and the CHW and CW pumps will 

continue to run for an additional 2 minutes (adj.). 
After the CW pump has been proven off, the CT 
isolation valve shall be commanded to close. 

HEAT EXCHANGER CONTROL:
The Heat Exchanger provides chilled water to the 
building. Cooling Towers are modulated to control 
the CWS-T to the Economizer CWS-T setpoint to 
meet the building load. When CHWS-T begins to 
get sufficiently warm for an extended time (CHWS-T 
Wait Time) the system begins to transition back to 
mechanical cooling. The waterside economizer 
(HX) system consists of one heat exchanger. Each 
Heat Exchanger shall be equipped with a 2-position 
chilled water isolation valve (HXxCHWISOV-C). 

INITIAL HEAT EXCHANGER START-UP:
The following sequence applies to the specific case 
when the CPO needs to start the first heat 
exchanger. The Heat Exchanger(s) will become 
suitable for operation when the outside air 
temperature is below the Economizer Enable 
Setpoint (ECON EN STPT). The Heat Exchanger 
will become unsuitable for operation when the 
outside air temperature is above the Economizer 
Enable Setpoint (ECON EN STPT) plus a 
differential (2°F). After the last chiller turns off, the 
heat exchanger is enabled and its dedicated pump 
is turned on. After the pump delay timer expires the 
heat exchanger enters the control mode. Once the 
chiller pump down time expires, the chiller(s) 
dedicated pump(s) are commanded off. 
Simultaneous with the disabling of the chillers, the 
pump selector begins to send the actual required 
flow (sum of chillers and HX) to the pumps. After a 
pump delay time, the HX Isolation vales open. The 
chiller and heat exchanger isolation valves remain 
open until the valve stroke time expires, the heat 
exchanger control mode is enabled. Once the 
chiller pump down time plus the chiller delay time 
expires, the chiller isolation valves will close. Water 
flow is now routed exclusively through the heat 
exchanger. 

TRANSITIONING BACK TO CHILLER CONTROL
When CHWS-T has stayed warm for a sufficient 
time period or the economizer has become 
unsuitable the system will begin to transition back to 
chiller control. The pump selector begins to send 
the actual required flow (sum of chillers and HX) to 
the chiller system. Tower fan(s) are turned off. The 
cooling tower bypass valve is opened. So that the 
CWS-T becomes warm enough to open the 
chiller(s) isolation valves(s). Once the chiller system 
is in control again the heat exchangers are disabled 
and their isolation valves are closed. When the last 
heat exchanger is off,  all flow is now routed 
exclusively through the chiller(s). After the heat 
exchanger isolation valve(s) stroke time expires. 
The heat exchanger required flow value will now 
drop to zero. 

ADDITIONAL POINTS MONITORED BY THE 
FMS:

· Chiller n Status (CHn-S)
· Refrigerant Monitor Panel Alarm (REFRIG-A)
· Tower n Vibration Alarm (CTnVIB-A)
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