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Claims

What is claimed is:

1. A cooling tower system comprising:
a cooling tower comprising:
an evaporative heat exchanger, the cooling tower operable to distribute an
evaporative liquid onto the evaporative heat exchanger;
a sensor configured to detect a parameter of the evaporative liquid; and
an evaporative liquid treatment system;

a controller operably coupled to the cooling tower, the controller having a
normal operating mode wherein the controller operates the evaporative liquid
treatment system to treat the evaporative liquid upon a determination of inadequate
evaporative liquid quality based at least in part on the parameter of the evaporative
liquid; and

the controller having a failsafe operating mode wherein the controller changes
operation of the cooling tower upon a determination that the operation of the
evaporative liquid treatment system is unable to remedy the inadequate evaporative

liquid quality.

2. The cooling tower system of claim 1 wherein the controller, in the normal
operating mode, is capable of operating the cooling tower in a plurality of modes of
including a wet mode wherein the cooling tower distributes the evaporative liquid onto
the evaporative heat exchanger and a dry mode wherein the cooling tower limits
distribution of the evaporative liquid onto the evaporative heat exchanger; and

wherein the controller, in the failsafe operating mode, refrains from operating the

cooling tower in the wet mode.
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3. The cooling tower system of claim 2 wherein the plurality of modes of operation
include an adiabatic mode; and
wherein the controller, in the failsafe operating mode, refrains from operating the

cooling tower in the wet mode and the adiabatic mode.

4. The cooling tower system of claim 2 wherein the cooling tower includes at least
one operating parameter sensor configured to detect an operating parameter of the
cooling tower;

the controller is configured to receive a process fluid temperature request and
determine whether to operate the cooling tower in the wet mode to satisfy the process
fluid temperature request based at least in part on the process fluid temperature request
and the operating parameter; and

wherein the controller, in the failsafe operating mode, refrains from operating the
cooling tower in the wet mode despite the controller determining operation of the
cooling tower in the wet mode is appropriate to satisfy the process fluid temperature

request.

5. The cooling tower system of claim 1 wherein the evaporative liquid treatment
system is operable to purge and flush the cooling tower; and

wherein the controller, in the normal operating mode, is configured to
periodically cause the evaporative liquid treatment system to purge and flush the

cooling tower.

0. The cooling tower system of claim 5 wherein the controller, in the failsafe
operating mode, is configured to change the operation of the cooling tower including
causing the evaporative treatment system to purge and flush the cooling tower more

frequently than with the controller in the normal operating mode.
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7. The cooling tower system of claim 1 wherein the controller, in the normal
operating mode, is configured to operate the evaporative liquid treatment system
including at least one of: opening a makeup liquid supply valve, opening a bleed off
valve, running a purge and flush cycle, and adding a treatment chemical to the
evaporative liquid; and

wherein the controller, in the failsafe operating mode, is configured to change
operation of the cooling tower including at least one of turning off a spray pump,
reducing a speed of a fan of the cooling tower, running a purge and flush cycle, and

adding a treatment chemical to the evaporative liquid.

8. The cooling tower system of claim 1 wherein the sensor includes at least one of a
conductivity sensor, a biofilm sensor, and a pH sensor;

wherein the parameter includes at least one of a conductivity parameter, a
biofilm parameter, and a pH parameter; and

wherein the controller, in the failsafe operating mode, is configured to bypass
consideration of the at least one of the conductivity parameter, biofilm parameter, and

pH parameter.

9. The cooling tower system of claim 1 wherein the controller generates a remedial
action signal upon the controller operating the liquid treatment system; and

the determination that the evaporative liquid treatment system is unable to
remedy the inadequate evaporative liquid quality is based at least in part upon the
number of remedial action signals exceeding a predetermined number of remedial

action signals.

10.  The cooling tower system of claim 1 wherein the determination that the

evaporative liquid treatment system is unable to remedy the inadequate evaporative
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liquid quality is based at least in part on the parameter of the evaporative liquid being

outside of an acceptable range for longer than a predetermined period of time.

11.  The cooling tower system of claim 1 wherein the determination that the
evaporative liquid treatment system is unable to remedy the inadequate evaporative
liquid quality is based at least in part upon the controller operating the evaporative
liquid treatment system a predetermined number of times within a predetermined time

period.

12. The cooling tower system of claim 1 wherein the determination that the
evaporative liquid treatment system is unable to remedy the inadequate evaporative
liquid quality is based at least in part upon the parameter of the evaporative liquid after

the operation of the evaporative liquid treatment system.

13.  The cooling tower system of claim 12 wherein the determination of inadequate
evaporative liquid quality is based at least in part upon the parameter of the
evaporative liquid exceeding a first threshold; and

wherein the determination that the evaporative liquid treatment system is unable
to remedy the inadequate evaporative liquid quality is based at least upon the
parameter of the evaporative liquid after the operation of the evaporative liquid

treatment system exceeding a second threshold different than the first threshold.

14.  The cooling tower system of claim 1 wherein the controller is configured to
compare the parameter of the evaporative liquid before and after operation of the
evaporative liquid treatment system; and

wherein the controller is configured to determine the evaporative liquid

treatment system is unable to remedy the inadequate evaporative liquid quality based
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at least in part upon the comparison of the parameter of the evaporative liquid before

and after operation of the evaporative liquid treatment system.

15.  The cooling tower system of claim 1 wherein the cooling tower includes a
component comprising at least one of a pump, a motor, and a valve;
wherein the controller is configured to detect a failure of the component; and
wherein the controller is configured to determine the evaporative liquid
treatment system is unable to remedy the inadequate evaporative liquid quality based

at least in part upon the failure of the component.

16.  The cooling tower system of claim 1 wherein the sensor includes at least one of:
a temperature sensor;
a conductivity sensor;
a bioactive material sensor;
a biofilm sensor;
a pH level sensor;
a plume sensor;
a drift sensor;
a total dissolved solids sensor;
a chlorine sensor; and
a flow rate sensor;

wherein the parameter of the evaporative liquid includes at least one of:

temperature;
water conductivity;
bioactive material;
biofilm;
pH level;

plume;
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drift;
total dissolved solids;
chlorine concentration; and

flow rate.

17.  The cooling tower system of claim 1 further comprising at least one operating
parameter sensor configured to detect an operating parameter including at least one of:
ambient temperature;
sump fluid level;
spray pump operation;
sump sweeper pump operation;
side stream UV pump operation;
UV lamp intensity on make-up; and
wherein the determination of inadequate evaporative liquid quality is based at

least in part on the evaporative liquid parameter and the operating parameter.

18.  The cooling tower system of claim 1 wherein the evaporative liquid treatment

system comprises a microbiological control system.

19.  The cooling tower system of claim 1 wherein the evaporative liquid treatment

system comprises an ultraviolet light system.

20.  The cooling tower system of claim 1 wherein the controller includes
communication circuitry, the controller configured to cause the communication
circuitry to communicate a notification to a remote computing device upon the
determination that the operation of the evaporative liquid treatment system is unable to

remedy the inadequate evaporative liquid quality.
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21.  The cooling tower system of claim 20 wherein the controller remains in the

failsafe operating mode until the controller receives a response to the notification.

22, The cooling tower system of claim 1 wherein the evaporative heat exchanger
includes a working fluid inlet and a working fluid outlet; and
wherein the cooling tower comprises:

a fan configured to generate airflow relative to the evaporative heat
exchanger;

an evaporative liquid distribution system configured to distribute the
evaporative liquid onto the evaporative heat exchanger; and

a sump to collect evaporative liquid from the evaporative liquid heat

exchanger.

23.  The cooling tower system of claim 1 wherein the cooling tower is an open circuit
direct evaporative cooling tower; and

wherein the evaporative heat exchanger includes fill.

24.  The cooling tower system of claim 1 wherein the cooling tower includes a fan
and the sensor includes a drift sensor;
wherein the parameter includes a drift parameter;
and
wherein the controller, in the failsafe operating mode, changes operation of the
cooling tower including at least one of:
decreasing a maximum allowable speed of the fan; and

turning off the fan.

25.  The cooling tower system of claim 1 wherein the cooling tower includes a plume

abatement system and the sensor includes a plume sensor;
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wherein the parameter includes a drift parameter; and
wherein the controller, in the failsafe operating mode, changes operation of the
cooling tower including at least one of:
turning off the cooling tower; and

operating the plume abatement system.

26.  The cooling tower system of claim 1 wherein the controller, in the failsafe

operating mode, operates the cooling tower at a preset minimum cooling capacity.

27. A cooling tower comprising:
an evaporative heat exchanger configured to receive a process fluid;
a fan assembly operable to cause airflow relative to the evaporative heat
exchanger;
an evaporative liquid distribution system including at least one outlet to
distribute evaporative liquid onto the evaporative heat exchanger and a sump to collect
evaporative liquid from the evaporative heat exchanger;
an evaporative liquid treatment system of the evaporative liquid distribution
system;
an evaporative liquid sensor of the evaporative liquid distribution system
configured to detect an evaporative liquid parameter;
a controller operably coupled to the fan assembly and the evaporative liquid
distribution system, the controller configured to:
operate the evaporative liquid treatment system upon a determination of
inadequate evaporative liquid quality based at least in part on the evaporative liquid
parameter; and
change operation of the evaporative liquid distribution system to facilitate
safe operation of the cooling tower upon a determination that the evaporative liquid

treatment system is unable to remedy the inadequate evaporative liquid quality.
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28.  The cooling tower of claim 27 wherein the controller is configured to operate the
cooling tower in a wet mode wherein the controller causes the evaporative liquid
distribution system to distribute the evaporative liquid onto the evaporative heat
exchanger and a dry mode wherein the controller limits the evaporative liquid
distribution from distributing the evaporative liquid onto the evaporative heat
exchanger; and

wherein the controller is configured to change the operation of the evaporative
liquid distribution system including refraining from operating the cooling tower in the
wet mode upon the determination that evaporative liquid treatment system is unable to

remedy the inadequate evaporative liquid quality.

29.  The cooling tower of claim 27 wherein the controller is configured to operate the
cooling tower in a dry mode, a wet mode, and an adiabatic mode; and

wherein the controller is configured to change the operation of the evaporative
liquid distribution system including the controller refraining from operating the cooling
tower in the wet mode and the adiabatic mode upon the determination that evaporative

liquid treatment system is unable to remedy the inadequate evaporative liquid quality.

30.  The cooling tower of claim 27 wherein the evaporative liquid treatment system is

operable to purge the evaporative liquid and provide new evaporative liquid; and
wherein the controller is configured to operate the evaporative liquid treatment

system including purging the evaporative liquid and providing the new evaporative

liquid upon the determination of inadequate evaporative liquid quality.
31.  The cooling tower of claim 27 wherein the controller is configured to cause the

evaporative liquid treatment system to periodically purge the evaporative liquid and

provide new evaporative liquid; and
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wherein the controller is configured to change operation of the evaporative
liquid distribution system including increasing the frequency of the evaporative liquid
distribution system purging the evaporative liquid and providing new evaporative

liquid.

32.  The cooling tower of claim 27 the controller is configured to operate the
evaporative liquid treatment system including at least one of: opening a makeup liquid
supply valve, opening a bleed off valve, running a purge and flush cycle, and adding a
treatment chemical to the evaporative liquid; and

wherein the controller is configured to change operation of the evaporative
liquid distribution system including at least one of turning off a spray pump, adjusting
operation of the fan assembly, running a purge and flush cycle, and adding a treatment

chemical to the evaporative liquid.

33.  The cooling tower of claim 27 wherein the sensor includes at least one of a
conductivity sensor, a biofilm sensor, and a pH sensor;

wherein the parameter includes at least one of a conductivity parameter, a
biofilm parameter, and a pH parameter; and

wherein the controller is configured to bypass consideration of the at least one of
the conductivity parameter, biofilm parameter, and pH parameter after the controller

changes operation of the evaporative liquid distribution system.

34.  The cooling tower of claim 27 wherein the determination that the evaporative
liquid treatment system is unable to address the inadequate evaporative liquid quality
is based at least in part upon the controller operating the evaporative liquid treatment

system a predetermined number of times within a predetermined time period.
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35.  The cooling tower of claim 27 wherein the determination that the evaporative
liquid treatment system is unable to address the inadequate evaporative liquid quality
is based at least in part on the parameter of the evaporative liquid being beyond a

threshold for longer than a predetermined period of time.

36.  The cooling tower of claim 27 wherein the sensor is operable to detect the
evaporative liquid parameter after the controller operates the evaporative liquid
treatment system; and

wherein the determination that the evaporative liquid treatment system is unable
to address the inadequate evaporative liquid quality is based at least in part on the
evaporative liquid parameter after the controller operates the evaporative liquid

treatment system.

37.  The cooling tower of claim 27 wherein the controller is configured to detect a

failure of at least one component of the evaporative liquid distribution system; and
wherein the determination that the evaporative liquid distribution system is

unable to address the inadequate liquid quality is based at least in part upon the failure

of the at least one component of the evaporative liquid distribution system.

38.  The cooling tower of claim 27 wherein the evaporative liquid distribution system
includes a spray pump; and
wherein the controller is configured to change operation of the evaporative

liquid distribution system including keeping the spray pump turned off.

39.  The cooling tower of claim 27 wherein the controller includes communication
circuitry;
wherein the controller is configured to cause the communication circuitry to

communicate a notification to a remote computing device upon the determination that
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the evaporative liquid treatment system is unable to remedy the inadequate evaporative
liquid quality; and
wherein the controller maintains the change to the evaporative liquid

distribution system until the controller receives a response to the notification.

40.  The cooling tower of claim 27 wherein the evaporative liquid treatment system:
comprises:
a circulation circuit;
a pump operable to direct evaporative liquid about the circulation circuit; and
an ultraviolet light treatment system configured to treat evaporative liquid of the

circulation system.

41.  The cooling tower of claim 27 wherein the evaporative liquid treatment system
comprises:

a makeup liquid supply; and

an ultraviolet light treatment system configured to treat makeup liquid provided
by the makeup liquid supply.

42.  The cooling tower of claim 27 wherein the evaporative liquid treatment system
comprises a chemical treatment system configured to add a chemical treatment to the

evaporative liquid.

43.  The cooling tower of claim 27 wherein the parameter of the evaporative liquid
includes at least one of:

temperature;

conductivity;

bioactive material;

biofilm;
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pH level;
plume; and

drift.

44.  The cooling tower of claim 27 further comprising at least one operating
parameter sensor configured to detect an operating parameter including at least one of:
ambient temperature;
sump fluid level;
spray pump operation;
sump sweeper pump;
side stream UV pump operation;
UV lamp intensity on make-up; and
wherein the determination of inadequate evaporative liquid quality is based at

least in part on the evaporative liquid parameter and the operating parameter.

45.  The cooling tower of claim 27 further comprising a collector to collect at least a
portion of the evaporative liquid from the evaporative heat exchanger and direct the
evaporative liquid toward the sump; and

wherein the fan assembly is below the collector.

46.  The cooling tower of claim 27 further comprising an outer structure;
wherein the indirect heat exchanger is in the outer structure;
wherein the outer structure has a footprint; and

wherein the sump is smaller than half the footprint of the outer structure.
47. A method of operating a cooling tower, the method comprising:

distributing an evaporative liquid onto an evaporative heat exchanger of the

cooling tower;
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detecting a parameter of the evaporative liquid using a sensor of the cooling
tower;

operating an evaporative liquid treatment system of the cooling tower upon a
determination of inadequate evaporative liquid quality based at least in part on the
evaporative liquid parameter; and

changing operation of the cooling tower to facilitate safe operation of the cooling
tower upon a determination that the evaporative liquid treatment system is unable to

remedy the inadequate evaporative liquid quality.

48.  The method of claim 47 wherein the cooling tower is operable in a plurality of
modes including a wet mode and a dry mode; and
wherein changing operation of the cooling tower includes refraining from

operating the cooling tower in the wet mode.

49.  The method of claim 48 wherein the plurality of modes includes an adiabatic
mode; and
wherein changing operation of the cooling tower includes refraining from

operating the cooling tower in the wet mode and the adiabatic mode.

50.  The method of claim 48 further comprising:
at a controller of the cooling tower:
receiving an operational parameter including at least one of ambient
temperature, humidity, wet bulb temperature, and dry bulb temperature;
receiving a process fluid temperature request;
determining whether the cooling tower is to be operated in the wet mode
to satisfy the process fluid temperature request based at least in part on the operational

parameter; and
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wherein refraining from operating the cooling tower in the wet mode includes
refraining from operating the cooling tower in the wet mode despite the controller
determining the cooling tower is to be operated in the wet mode to satisfy the process

fluid temperature request.

51.  The method of claim 47 further comprising periodically causing the evaporative
liquid treatment system to purge and flush the cooling tower; and

wherein changing operation of the cooling tower includes causing the
evaporative liquid treatment system to purge and flush the cooling tower more

frequently.

52.  The method of claim 47 wherein operating the evaporative liquid treatment
system includes at least one of: operating a makeup liquid supply valve, opening a
bleed off valve, running a purge and flush cycle, and adding a treatment chemical to the
evaporative liquid; and

wherein changing operation of the cooling tower includes at least one of turning
off a spray pump, reducing the speed of a fan of the cooling tower, running a purge and

flush cycle, and adding a treatment chemical to the evaporative liquid.

53.  The method of claim 47 wherein the parameter includes at least one of a
conductivity parameter, a biofilm parameter, and a pH parameter;

wherein the determination of inadequate evaporative liquid quality is based
upon at least one of the conductivity parameter, the biofilm parameter, and the pH
parameter; and

wherein changing operation of the cooling tower includes a controller of the
cooling tower bypassing consideration of at least one of the conductivity parameter, the

biofilm parameter, and the pH parameter.
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54.  The method of claim 47 wherein the determination that the evaporative liquid
treatment system is unable to remedy the inadequate evaporative liquid quality is
based at least in part on the parameter of the evaporative liquid being outside of an

acceptable range for longer than a predetermined period of time.

55.  The method of claim 47 further comprising monitoring a number of times a
controller of the cooling tower operates the evaporative liquid treatment system within
a predetermined period of time; and

wherein the determination that the evaporative liquid treatment system is unable
to remedy the inadequate evaporative liquid quality is based at least in part upon the
controller operating the evaporative liquid treatment system a predetermined number

of times within a predetermined time period.

56.  The method of claim 47 further comprising detecting the parameter of the
evaporative liquid before and after the operation of the evaporative liquid treatment
system; and

wherein the determination that the evaporative liquid treatment system is unable
to remedy the inadequate evaporative liquid quality is based at least in part on the
parameter of the evaporative liquid before and after operation of the evaporative liquid

treatment system.

57.  The method of claim 47 further comprising detecting a failure of a component of
the cooling tower; and

wherein the determination that the evaporative liquid treatment system is unable
to remedy the inadequate evaporative liquid quality is based at least in part on the

failure of the component of the cooling tower.
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58.  The method of claim 47 wherein the parameter of the evaporative liquid includes
at least one of:

temperature;

conductivity;

bioactive material;

biofilm;

pH level;

plume; and

drift.

59.  The method of claim 47 further comprising communicating a notification to a
remote computing device upon the determination that the operation of the evaporative

liquid treatment system is unable to remedy the inadequate evaporative liquid quality.
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