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(57) Abstract: A method of controlling cooling water treatment at a cooling tower may involve measuring operating data of one or
more downstream heat exchangers that receive cooling water from the cooling tower. For example, the inlet and outlet temperatures of
both the hot and cold streams of a downstream heat exchanger may be measured, optionally along with a flow rate of the cooling water
stream passing through the heat exchanger. Data from the streams passing through the heat exchanger may be used to determine a heat
transfer efficiency for the heat exchanger. The heat transfer efficiency can be trended over a period of time and changes in the trend
detected to identify cooling water fouling issues. A chemical additive selected to reduce, eliminate, or otherwise control the cooling
water fouling can be controlled based on the changes in heat transfer efficiency detected at the downstream heat exchanger.
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COOLING WATER MONITORING AND CONTROL SYSTEM

CROSS-REFERENCE
[0001] This application claims priority to US Provisional Patent Application No. 62/560,595,

filed September 19, 2017, the entire contents of which are incorporated herein by reference.

TECHNICAL FIELD
[0002] This disclosure relates to cooling water systems and, more particularly, to cooling

water control systems.

BACKGROUND
[0003] Water cooling towers are used in large capacity heat exchange systems, such as those
found in oil refineries and chemical production plants. Cooling towers are used to remove
absorbed heat from a circulating water coolant by evaporating a portion of the coolant in the
cooling tower. The remaining coolant can be extracted from a reservoir or sump at the base
of the tower by a pump, and supplied through the heat load on a continuous basis. Because a
large quantity of water evaporates in such a system, scale, sludge, or other water
contaminants may build up in the recirculating water over time.
[0004] To help prevent or limit the extent to which fouling occurs on surfaces contacted by
the recirculating cooling water, various chemicals may be added to the cooling water. The
chemicals may inhibit the precipitation of minerals out of the water, which otherwise can
form scaling on the surfaces contacted by the water. Additionally or alternatively, the
chemicals may inhibit biofouling sources and/or the deposition of corrosion products on the
surfaces contacted by the water.
[0005] In atypical operating environment, a technician may take samples of cooling water
from the cooling water system and perform chemical analysis on the samples. The technician
may adjust the type of chemical added to the cooling water based on the analysis.
Oftentimes, the technician may only be onsite at the facility to perform cooling water analysis
on a limited basis, such as once a month or once a quarter. As a result, changes in facility
process conditions may not be detected until some time after the process conditions have
altered. Moreover, even where cooling water chemistry is changed to account for changed
process conditions, such charges are generally reactionary rather than predictive changes to

prevent undesirable cooling water conditions.
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SUMMARY
[0006] In general, this disclosure is directed to techniques and systems for monitoring and
controlling cooling water. In some examples, the conditions of the cooling water in the
cooling water circuit are monitored and/or controlled indirectly by evaluating the thermal
performance of one or more downstream heat transfer units through which the cooling water
is conveyed. For example, a heat exchange network may include one or more cooling towers
that are fluidly connected to and supply cooling water to multiple heat exchanges. The
cooling water may pass through one side of each heat exchanger while a process fluid to-be-
cooled passed through an opposite side of the heat exchanger, either in a co-current or
counter-current direction.
[0007] In some examples, the thermal performance of one or more of the heat exchangers in
the heat exchange network are monitored by monitoring the inlet and outlet temperatures of
both the process stream and cooling water stream passing through the heat exchanger. Other
process parameters, such as the flow rate of the cooling water stream and/or process stream,
may also be monitored. In either case, a parameter corresponding to the heat transfer
efficiency of the heat exchanger may be determined based, at least in part, on the temperature
data. Atrend of the heat transfer efficiency of the heat exchanger may be established to
provide a reference from which future deviations from the trend can be determined. The heat
transfer efficiency of the heat exchanger can be subsequently monitored and changes in the
heat transfer efficiency detected. Chemical additives introduced into the cooling water
stream can be controlled based on changes detected in the heat transfer efficiency trend for
the heat exchanger. As a result, unexpected changes in the heat transfer efficiency of the heat
exchanger caused by cooling water conditions can be detected early and may be mitigated
through control of chemical additives rather than waiting until conditions have fully
deteriorate to the point that heat exchanger performance is materially limited.
[0008] In practice, the heat transfer efficiency of the heat exchanger may vary based on a
variety of factors that impact the efficiency with which thermal energy can transfer from the
comparatively hot process stream to the comparatively cool cooling water stream. For
example, fouling deposited on the surfaces of the heat exchanger contacted by the process
steam can reduce thermal transfer to the cooling water stream. Likewise, fouling deposited
on the surfaces of the heat exchanger contacted by the cooling water stream can also reduce

the thermal transfer to the cooling water stream.
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[0009] In many process environments, the process steam is a more fouling prone stream than
the cooling water stream. As a result, fouling build-up on the process stream side of the heat
exchanger may be significantly greater than on the cooling water stream side of the heat
exchanger. For example, depending on operating conditions, fouling build-up on the process
side of the heat exchanger may cause 75% or more of thermal efficiency performance
degradation of the heat exchanger compared to when the heat exchanger is clean (e.g., free of
fouling on the process side and/or cooling water side). For example, fouling build-up on the
process side of the heat exchanger may cause 95% or more of thermal efficiency performance
degradation of the heat exchanger.

[0010] Notwithstanding the dominant impact that process-side fouling can have on heat
exchanger thermal efficiency, it has been found that, in some applications, heat exchanger
thermal efficiency can still provide actionable insights into cooling water-side fouling
conditions. For example, changes in heat exchanger thermal efficiency trends (e.g., when
there have not been significant changes in the composition, temperature, and/or flow rates of
the process stream passing through the heat exchanger) can be attributable fouling conditions
on the cooling water side of the heat exchanger. Chemical additive introduced into the
cooling water upstream of the heat exchanger can be controlled based on a change in heat
exchanger thermal efficiency detected downstream. In some applications, real-time
monitoring and control are provided to facilitate rapid response to unexpectedly deteriorating
heat exchanger thermal efficiency conditions. This rapid intervention may extend the service
life of the heat exchanger until the next physical cleaning in a way that is not achievable if
heat exchanger becomes fully fouled before detecting the fouled conditions.

[0011] In one example, a method of controlling cooling water treatment is described. The
method includes receiving data from a plurality of sensors indicative of at least a temperature
of a cooling water stream entering a heat exchanger, a temperature of the cooling water
stream exiting the heat exchanger, a temperature of a process stream entering the heat
exchanger, and a temperature of the process stream exiting the heat exchanger. The method
also involves determining a heat transfer efficiency for the heat exchanger based on the
received data from the plurality of sensors and establishing a heat transfer efficiency trend for
the heat exchanger over a period of time. The method further involves detecting a change in
the heat transfer efficiency trend and controlling addition of a chemical additive into the
cooling water stream in response to the change detected in the heat transfer efficiency trend

for the heat exchanger.
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[0012] In another example, a system is described that includes a cooling tower, a heat
exchanger, a plurality of sensors, a pump, and a controller. The cooling tower reduces a
temperature of a cooling water stream through evaporative cooling. The heat exchanger has a
cooling water inlet, a cooling water outlet, a process stream inlet, and a process stream outlet.
The plurality of sensors are positioned to measure a temperature of a cooling water stream
entering the heat exchanger through the cooling water inlet, a temperature of the cooling
water stream exiting the heat exchanger through the cooling water outlet, a temperature of a
process stream entering the heat exchanger through the process stream inlet, and a
temperature of the process stream exiting the heat exchanger through the process stream
outlet. The pump is positioned upstream of the heat exchanger and configured to inject a
chemical additive into the cooling water stream. The controller is communicatively coupled
to the plurality of sensors and the pump and configured to: receive data from the plurality of
sensors, determine a heat transfer efficiency for the heat exchanger based on the received data
from the plurality of sensors, establish a heat transfer efficiency trend for the heat exchanger
over a period of time, detect a change in the heat transfer efficiency trend, and control the
pump in response to the change detected in the heat transfer efficiency trend for the heat
exchanger.

[0013] The details of one or more examples are set forth in the accompanying drawings and
the description below. Other features, objects, and advantages will be apparent from the

description and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS
[0014] FIG. 1 is a conceptual diagram of an example cooling water monitoring and control
system.
[0015] FIG. 2 is a flow diagram illustrating an example heat exchanger network containing
multiple heat exchangers in which a cooling water monitoring and control system according
to FIG. 1 may be implemented.
[0016] FIG. 3 is a flow diagram illustrating an example ammonia production process in
which a cooling water monitoring and control system according to FIG. 1 may be
implemented.
[0017] FIGS. 4-7 show example raw and smoothed temperature data for flow streams on a
heat exchanger.
[0018] FIG. 8 shows example cooling water flow rate data for the heat exchanger providing

temperature data illustrated in FIGS. 4-7.
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[0019] FIG. 9 is a graph showing example heat transfer coefficients calculated using the
smoothed temperature data and flow rate data from FIGS. 4-8.

[0020] FIG. 10 is a graph showing example heat transfer coefficients calculated using the
smoothed temperature data and flow rate data from FIGS. 4-8 overlaid with periodicity
markers.

[0021] FIG. 11 shows example oxidation-reduction potential (ORP) values for the cooling
water stream corresponding to the flow rate data in FIG. 8.

[0022] FIGS. 12-15 show example raw and smoothed temperature data for flow streams on
another example heat exchanger.

[0023] FIG. 16 shows example cooling water flow rate data for the heat exchanger providing
temperature data illustrated in FIGS. 12-15.

[0024] FIG. 17 is a graph showing example heat transfer coefficients calculated using the

smoothed temperature data and flow rate data from FIGS. 12-16.

DETAILED DESCRIPTION
[0025] This disclosure is generally directed to cooling water monitoring and control systems,
including systems and techniques for controlling the addition of one or more chemical agents
to a cooling water source used for thermal exchange with one or more comparatively hot
streams. The one or more chemical agents added to the cooling water may prevent or
minimize the extent to which fouling deposits on heat exchange surfaces in fluid contact with
the cooling water. This can improve the efficiency of the facility in which the heat exchange
network with controlled cooling water chemical addition is implemented.
[0026] FIG. 1 is a conceptual diagram of an example cooling water monitoring and control
system 100. System 100 includes a cooling tower 102, one or more heat exchanges 104, and
a pump 106 that can introduce one or more chemical agents into a cooling water stream being
recirculated through the heat exchange network. In operation, a comparatively hot process
stream and a comparatively cold cooling water stream can be passed through heat exchanger
104. The fluids may be separated by a solid wall surface within the heat exchanger to prevent
mixing of the fluids. Thermal energy can transfer from the comparatively hot process stream
to the comparatively cold cooling water stream, resulting in a reduction in the temperature of
the process stream and an increase in the temperature of the cooling water stream. While the
example system of FIG. 1 includes only a single heat exchanger 104 for purposes of

illustration, a heat exchange network utilizing the concepts of the present disclosure may
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include multiple heat exchangers (e.g., each configured as heat exchanger 104 is described)
that a cooling water stream flows through in series or in parallel.

[0027] Heat exchanger 104 in the example of FIG. 1 includes a cooling water inlet 108 and a
cooling water outlet 110. The heat exchanger also includes a process stream inlet 112 and
process stream outlet 114. A cooling water stream 116 can enter heat exchanger 104 through
the cooling water inlet 108, flow through one or more divided pathways inside of the heat
exchanger, and exit the heat exchanger through the cooling water outlet 110. Likewise, a
process stream 118 can enter heat exchanger 104 through the process stream inlet 112, flow
through one or more divided pathways inside of the heat exchanger that are separated from
the cooling water stream, and exit the heat exchanger through process stream outlet 114. In
some configurations, the cooling water stream and the process stream flow in a co-current
directions through the heat exchanger. In other configurations, the cooling water stream in
the process stream flow in countercurrent directions through the heat exchanger. In general,
heat exchanger 104 can be implemented using any desired type of heat exchanger design,
such as a shell and tube heat exchanger, a plate heat exchanger, or other type of thermal
transfer device.

[0028] In the illustrated configuration, cooling water stream 116 is delivered to heat
exchanger 104 from an upstream cooling tower 102 and recycled back to the cooling tower
after passing through the heat exchanger. As indicated above, cooling water stream 116 may
pass through one or more heat exchangers before entering heat exchanger 104 and/or through
one or more heat exchangers after passing through heat exchanger 104 before returning to
cooling tower 102. At cooling tower 102, thermal energy transferred to the cooling water
stream flowing through the heat transfer circuit can be removed and discharged to
atmosphere. For example, cooling tower 102 may bring the cooling water stream in direct
contact with air, resulting in a reduction in the temperature the cooling water stream through
evaporative cooling. The cooling water may be delivered to a sump or reservoir before being
drawn out and passed through the heat exchange network.

[0029] In addition to water loss through evaporation, cooling water may be periodically
removed from the heat exchange system. A discharge line 120 can be used to “bleed-off” a
portion of the sump or reservoir water while the system is operating, or a “blow down” can be
performed, which is typically a complete draining of the sump. In any case, a “make-up”
water line 122 can supply fresh water to the cooling system to make for water losses through

evaporation or deliberate dumping.
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[0030] In practice, a variety of issues may impact the thermal performance of heat exchanger
104 from the cooling water side of the heat exchanger. For example, if the cooling water
contains a high level of solids (e.g., silt, debris) the solids may partially or fully plug the
cooling water fluid pathway through heat exchanger 104. As an example, the cooling water
may cause deposits to form on the internal surfaces of heat exchanger 104 contacted by the
cooling water.

[0031] For example, the evaporation of cooling water can lead to the concentration of salts
(e.g., calcium, sodium, magnesium) in the cooling water stream recycled through the system.
These salts can form scaling deposits on surfaces of heat exchanger 104 contacted by the
cooling water. As another example, if the cooling water contains organic materials and
microbes, biofilms can deposit on surfaces of heat exchanger 104 contacted by the cooling
water. As yet a further example, corrosion products can develop within the cooling water
stream, e.g., due to the oxidation of metal component (e.g., iron, aluminum, and/or zinc).
These corrosion products can also deposit on surfaces of heat exchanger 104 contacted by the
cooling water. Independent of the mechanism or cause of the fouling, a build-up of a barrier
layer on the surfaces of heat exchanger 104 contacted by the cooling water can reduce the
efficacy of thermal transfer through the heat exchanger.

[0032] To help reduce or eliminate potential fouling conditions in the cooling water stream
passing through the heat transfer network, one or more chemicals may be added to the
cooling water to inhibit formation and/or deposition of foulants. In the configuration of FIG.
1, system 100 includes a pump 106 fluidly connected to a chemical additive reservoir 124.
Pump 106 can operate to add one or more chemicals to the cooling water that are selected to
inhibit the formation and/or deposition of foulants on surfaces contacted by the cooling water.
Example chemical additives that may be injected into the cooling water include, but are not
limited to, a polymer (scale inhibitor), an organophosphorus compound such as zinc
polyphosphate, zinc orthophosphate, and/or zinc organo-phosphorous compound (scale and
corrosion inhibitors), and a biocide. Additionally or alternatively, one or more chemical
additives may be injected into the cooling water to adjust the pH of the cooling water.
Examples of pH adjusting compounds include mineral acids, organic acids, and inorganic
bases.

[0033] In the illustrated configuration of FIG. 1, pump 106 is illustrated as adding chemical
additive to the cooling water between cooling tower 102 and heat exchanger 104. In practice,
the chemical additive may be introduced to the cooling water stream at any suitable location,
such as a sump associated with the cooling tower. Moreover, while system 100 in FIG. 1

7
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illustrates a single pump 106 fluidly coupled to a single chemical additive reservoir 124,
pump 106 may be in selective fluid communication with multiple reservoirs containing
different chemicals and/or system 100 may include multiple pumps each configured to
introduce a different chemical into the cooling water. By providing multiple different
chemical additives, include some or all of those discussed above, the type of chemical
introduced into the cooling water can be changed based on changing conditions of the cooling
water.

[0034] To control the addition of chemical additive into the cooling water in system 100, the
thermal performance of heat exchanger 104 may be monitored. The thermal performances of
heat exchanger 104 may be monitored to evaluate the efficiency with which thermal energy is
transferring from the comparatively hot process stream to the comparatively cold cooling
water stream. The heat transfer efficiency of heat exchanger 104 may greatest when the heat
exchanger is initially cleaned. For example heat exchanger 104 may be periodically cleaned
using chemical and/or mechanical cleaning implements to remove fouling on the process
and/or cooling side of the exchanger, providing heat exchange surfaces of the heat exchanger
are clean and substantially or entirely unfouled. Over time in service, fouling deposits may
build up on the process stream side and/or cooling water stream side of the heat exchanger
heat transfer surfaces. As aresult, the heat transfer efficiency of heat exchanger 104 may
deteriorate during the course of service from one cleaning to the next cleaning.

[0035] To help monitor the heat transfer efficiency of heat exchanger 104, multiple sensors
may be deployed to monitor different operational aspects of the heat exchanger. In the
example of FIG. 1, system 100 includes a temperature sensor 126 that measures a
temperature of cooling water stream 116 and 3 heat exchanger 104 and a temperature sensor
128 measuring a temperature of the cooling water stream exiting the heat exchanger. The
system also includes a temperature sensor 130 measuring the temperature of the process
stream 118 entering heat exchanger 104, and a temperature sensor 132 measuring the
temperature the process stream exiting the heat exchanger. While the temperature sensors are
illustrated schematically as being positioned immediately adjacent heat exchanger 104, the
temperature sensors may be positioned at an upstream or downstream location from the heat
exchanger, provided the temperature sensors provide a suitably accurate measure of the
temperature of the respective stream entering or exiting the heat exchanger.

[0036] System 100 may include additional and/or different sensors to measure different
operational parameters of heat exchanger 104. For example, the system may include one or
more flow sensors to measure the flow rate of cooling water stream 116 and/or process

8
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stream 118. In the illustrated example, system 100 shows a flow sensor 134 positioned to
measure a flow rate of the cooling water stream exiting heat exchanger 104. In other
examples, the flow rates of the cooling water stream 116 and/or process stream 118 may be
determined based on pump speeds or other information within the operating environment
indicating the amount of fluid conveyed through the heat exchanger. Other sensors that may
be usefully employed in system 100 include pressure sensors (e.g., to measure a differential
pressure of the cooling water stream and/or process stream across the heat exchanger), an
oxidation-reduction potential (ORP) sensor to measure the ORP of the cooling water, a pH
sensor to measure the pH of the cooling water, and/or a conductive sensor to measure the
conductivity of the cooling water.

[0037] System 100 in the example of FIG. 1 also includes controller 136. Controller 136 can
be communicatively connected to the sensor components and controllable components of
system 100 to manage the overall operation of the system. For example, controller 136 can
be communicatively connected to pump 106, cooling water inlet temperature sensor 126,
cooling water outlet temperature sensor 128, process stream inlet temperature sensor 130,
process stream outlet temperature sensor 132, and flow sensor 134,

[0038] Controller 136 includes processor 138 and memory 140. Controller 136
communicates with communicatively connected components via a wired or wireless
connection, which in the example of FIG. 1 is illustrated as a wired connection. Controls
signals sent from controller 136 and received by the controller can travel over the connection.
Memory 140 stores software for running controller 136 and may also store data generated or
received by processor 138, e.g., from temperature sensors 126, 128, 130, 132, and flow
sensor 134. Processor 138 runs software stored in memory 140 to manage the operation of
system 100.

[0039] Controller 136 may be implemented using one or more controllers, which may be
located at the facility site containing heat exchanger 104. Controller 136 may communicate
with one or more remote computing devices 142 via a network 144. For example, controller
136 may communicate with a geographically distributed cloud computing network, which
may perform any or all of the functions attributed to controller 136 in this disclosure.

[0040] Network 144 can be configured to couple one computing device to another computing
device to enable the devices to communicate together. Network 144 may be enabled to
employ any form of computer readable media for communicating information from one
electronic device to another. Also, network 144 may include a wireless interface, and/or a
wired interface, such as the Intemet, in addition to local area networks (LANSs), wide area

9
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networks (W ANs), direct connections, such as through a universal serial bus (USB) port,
other forms of computer-readable media, or any combination thereof. On an interconnected
set of LANSs, including those based on differing architectures and protocols, a router may act
as a link between LANSs, enabling messages to be sent from one to another. Communication
links within LANs may include twisted wire pair or coaxial cable, while communication links
between networks may utilize analog telephone lines, full or fractional dedicated digital lines,
Integrated Services Digital Networks (ISDNs), Digital Subscriber Lines (DSLs), wireless
links including cellular and satellite links, or other communications links. Furthermore,
remote computers and other related electronic devices may be remotely connected to either
LANSs or WANSs via a modem and temporary telephone link.

[0041] In operation, temperature sensors 126, 128, 130, and 132 can generate data indicative
of a temperature of a respective fluid stream entering or exiting heat exchanger 104.
Likewise, flow sensor 134 can generate data indicative of a flow rate of cooling water exiting
heat exchanger 104. Controller 136 can receive data from the sensors deployed throughout
system 100 and use data generated by the sensors to determine a heat transfer efficiency of
heat exchanger 104. With reference to information stored in memory relating received
temperature information and/or flow rate information to heat transfer efficiency values,
controller 136 can determine heat transfer efficiency values for the heat exchanger.

[0042] In some examples, controller 136 can determine the heat transfer efficiency of heat

exchanger 104 using Equation (1) below:

MCpATywarer

Equation 1: U-Value:

AT mrpxHeat Tr. Area xFy
[0043] In Equation (1) above, U-Value is the heat transfer efficiency, m is the mass of the
cooling water stream per unit time, C,, is the specific heat of the cooling water stream, ATyager
is a difference between the temperature of the cooling water stream exiting the heat
exchanger and the temperature of the cooling water stream entering a heat exchanger, Heat
Tr. Area is an amount of surface area of the heat exchanger over which thermal energy is
transferred between the process stream and the cooling water stream, Fyis a correction factor
corresponding to a geometry of the heat exchange and AT, yrp is a log-mean temperature
difference. Parameters such as the specific heat of the cooling water stream, the heat transfer
area of heat exchanger 104, and a correction factor, may be stored in a memory and/or
calculable based on information stored in memory. For example, a user may use a user input

device to store information in memory 140 of controller 136 corresponding to the specific
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heat of the cooling water stream (e.g., the specific heat of water), and characteristics
corresponding to the geometry of heat exchanger 104.
[0044] The log-mean temperature difference in Equation (1) above may be calculated using

Equation (2) or (3) below.

. (Tprocess,in - twater,out) - (Tprocess,out - twater,in)
Equation 2: AT, =
LMTD T e
process,in water,out
log, T —_— )
process,out water,in
(Tprocess,in - twater,in) - (Tprocess,out - twater,out)

Equation 3: AT, yrp = T
process,in —_ twater,in

log
eT _
process,out twater,out

[0045] Equation (2) may be used in circumstances where the cooling water stream and the
process stream flow in a counter-current direction. Equation (3) may be used in
circumstances where the cooling water stream and the process stream flow in a co-current
direction. In both Equations (2) and (3), Tprocess.in 1S the temperature of the process water
stream entering the heat exchanger as measured by temperature sensor 130, Tprocess, out 1S the
temperature of the process stream exiting the heat exchanger as measured by temperature
sensor 132, tyaeerin 1S the temperature of the cooling water stream entering the heat exchanger
as measured by temperature sensor 126, and tywater, out 1S the temperature of the cooling water
stream exiting the heat exchanger, as measured by temperature sensor 128.

[0046] Controller 136 may receive data from the sensors in system 100 and determine the
heat transfer efficiency of heat exchanger 104 continuously or on a periodic basis. For
example, controller 136 may determine the heat transfer efficiency of heat exchanger 104 at
least once per day, such as at least once per hour, at least once per minute, or at least once per
second. The frequency with which controller 136 calculates the heat transfer efficiency of
heat exchanger 104 may vary depending on the sampling rate of the sensors in system 100,
the processing capacity of controller 136, and/or an operator input selecting the frequency
with which the heat transfer efficiency should be calculated.

[0047] In practice, it is desirable if heat exchanger 104 exhibits a high heat transfer efficiency
that remains high (e.g., substantially constant) during the service interval of the heat
exchanger. In practice, however, the heat transfer efficiency of heat exchanger 104 may
decrease over time as fouling builds up on the process stream side of the heat exchanger
and/or on the cooling water side of the heat exchanger. By monitoring the rate at which
fouling builds up on the heat exchanger and the corresponding rate at which the thermal

efficiency changes for the heat exchanger, interventional action may be taken on the cooling
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water side by controlling pump 106 to control the addition of one or more chemical additives
to the cooling water stream in response to detecting changes in thermal efficiency.

[0048] In some examples, controller 136 establishes a heat transfer efficiency trend for heat
exchanger 104 over a period of time. The period of time over which the heat transfer
efficiency trend is established may begin when the heat exchanger is first placed in service
(e.g.. is new or following cleaning). This is when heat exchanger 104 is least likely to be
fouled. Alternatively, the period of time over which the heat transfer efficiency trend is
established may begin after the heat exchanger has been placed in service for a period of
time. For example, the heat transfer efficiency trend may be begin when changes are made to
the cooling water stream (e.g., following blow down) and/or changes are made to the process
stream (e.g., change in temperature, pressure, composition) flowing through heat exchanger
104.

[0049] Independent of when the period of time for measuring the heat transfer efficiency
trend for heat exchanger 104 begins, controller 136 may measure the heat transfer efficiency
for a period of time effective to provide a statistically reasonable trend of the heat transfer
efficiency behavior. For example, controller 136 may measure the heat transfer efficiency of
heat exchanger 104 for at least 5 days, such as at least 10 days, at least 20 days, or at least 30
days. In some examples, controller 136 measures the heat transfer efficiency of heat
exchanger 104 for a period of time ranging from 5 days to 100 days, such as from 10 days to
45 days. In some examples, controller 136 measures the heat transfer efficiency as a rolling
average over a certain number of preceding days, such as a proceeding period ranging from 5
days to 50 days.

[0050] Controller 136 can generate heat transfer efficiency values based on sensor
information received during the period of measurement. Controller 136 can further perform
statistical trend analysis on the heat transfer efficiency values determined during the period of
measurement to identify a trend for the heat transfer efficiency of heat exchanger 104.

[0051] In some examples, controller 136 may fit a curve to heat transfer efficiency values
plotted on a y-axis of a graph with corresponding measurement time plotted on the x-axis of
the graph. In one example, the curve is a single order equation (also referred to as a first
order equation) having the form y=m*x+b, where y is the heat transfer efficiency, x is the
time, m is the slope of the curve, and b is the intercept of the curve. The slope of the curve
“m” can be stored in a memory associated with controller 136 as a trend corresponding to
heat transfer efficiency of heat exchanger 104. In other examples, a higher order polynomial
curve may be fit to the data.

12



WO 2019/060203 PCT/US2018/050841

[0052] In some examples, controller 136 processes the temperature data received from
sensors 126, 128, 130, and 132 and/or flow data received from sensor 134 prior to calculating
the heat transfer efficiency. For example, controller 136 may smooth the data using a
statistical smoothing algorithm to remove noise and outliers from the data. Controller 136
may then determine the heat transfer efficiency using smoothed temperature values.
Alternatively, controller 136 may calculate heat transfer efficiency values for the raw data
and apply the smoothing algorithm to the calculated heat transfer efficiency values.
Subsequent trend analysis and change detection may be performed using the smoothed data.
[0053] Controller 136 can continue receiving measurements from the sensors in system 100
and generating heat transfer efficiency values based on the received sensor data after
establishing a heat transfer efficiency trend. Controller 136 can compare heat transfer
efficiency information for heat exchanger 104 to the heat transfer efficiency trend determined
for the heat exchanger and detect if there is a change in the heat transfer efficiency trend. For
example, controller 136 may determine a heat transfer efficiency trend for a measurement
period and compare that trend to the earlier-established trend. The measurement period can
be comparatively short (e.g., a day or less) or longer (e.g., a day or more, such as a week or
more). In applications where controller 136 fits a single order equation to the heat transfer
efficiency data calculated based on data received from heat exchanger 104, the controller may
determine a slope of the heat transfer efficiency during the measurement period. Controller
136 may compare the slope of the heat transfer efficiency trend of heat exchanger 104 during
the measurement period to slope of the earlier-established heat transfer efficiency trend.
[0054] Controller 136 may determine if the heat transfer efficiency trend during the
measurement period differs from the earlier-established heat transfer efficiency trend by more
than a threshold amount. The threshold amount may be greater than or equal to 1% of the
earlier-established heat transfer efficiency value (e.g., slope), such as greater than or equal to
5% of the earlier-established heat transfer efficiency value, greater than or equal to 10% of
the earlier-established heat transfer efficiency value, greater than or equal to 25% of the
earlier-established heat transfer efficiency value, or greater than or equal to 50% of the
earlier-established heat transfer efficiency value. For example, the threshold amount may
range from 1 percent to 25 percent of the earlier-established heat transfer efficiency value,
such as from 5 percent to 20 percent.

[0055] If the heat transfer efficiency trend is deviating from the earlier-established heat
transfer efficiency trend, it may be indicative that the heat exchanger is fouling faster during
the measurement period than during earlier operation. If left untreated, the more rapid
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fouling may reduce the operating efficiency of heat exchanger 104, potentially necessitating
costly and unplanned shutdown to clean the exchanger before the next scheduled cleaning.
[0056] To help proactively respond to the detected change in heat transfer efficiency trend,
controller 136 can control pump 106 to control the addition of chemical additive to the
cooling water in response to the detected change in heat transfer efficiency trend. Processor
138 of controller 136 may compare the change in heat transfer efficiency trend to one or more
thresholds stored in memory 140 relating different efficiency trend changes to different
additive control schemes. In some examples, controller 136 starts and/or stops pump 106 or
increases and/or decreases the rate of pump 106 to adjust the concentration of a chemical
additive in the cooling water. Starting pump 106 or increasing the operating rate of pump
106 can increase the concentration of the chemical additive in the cooling water. This may
be useful if the detected change indicates that the heat transfer efficiency trend has deviated
negative, meaning heat exchanger 104 is fouling faster than earlier detected. Stopping pump
106 or decreasing the operating rate of pump 106 may decrease the concentration of chemical
additive in the cooling water. This may be useful if the detected change indicates that the
heat transfer efficiency trend has deviated positive, meaning heat exchanger 104 is fouling
slower than earlier detected such that less additive can be used.

[0057] In applications where there are multiple different chemical additives available for
introduction into the cooling water, controller 136 may select one or more of the different
chemical additives to be introduced into the cooling water based on the detected change in
heat transfer efficiency trend. Controller 136 may select one or more different chemical
additives by controlling valve(s) and/or pump(s) fluidly coupling the one or more different
chemical additives to the cooling water stream. For example, controller 136 may vary the
type of chemical additive introduced into the cooling water and/or the rate at which the
chemical additive is introduced into the cooling water based on the detected change in heat
transfer efficiency trend and, optionally, also based on other sensor data, such as ORP, pH,
and/or conductivity of the cooling water.

[0058] In some examples, controller 136 starts pump 106 or increasing the operating rate of
pump 106 in response to detecting a change indicating that the heat transfer efficiency trend
for heat exchanger 104 has decreased by more than a threshold amount compared to the
earlier-established heat transfer efficiency trend. Controller 136 can continue receiving data
from the sensors in system 100 and calculating a heat transfer efficiency for heat exchanger
104 after adjusting the chemical additive introduced into the cooling water. Controller 136
may monitor the heat transfer efficiency trend for heat exchanger 104 following changes
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made to the chemical additive (e.g., type and/or rate) in response to detecting a change to the
heat transfer efficiency trend. Controller 136 may determine if the heat transfer efficiency
trend stabilizes (e.g., remains substantially constant), returns toward the previously-
established trend, or deviates further from the previously-established trend. Controller 136
may control system 100 to further modify the type and/or rate of chemical additive
introduced into the cooling water based on the continue monitoring of the heat transfer
efficiency. For example, controller 136 may increase the amount of chemical additive in the
cooling water (e.g., by starting or increasing the rate of pump 106), at least until the heat
transfer efficiency trend for heat exchanger 104 exhibits an inflection point. The inflection
point may correspond to a change from a downward trend for the heat transfer efficiency
(e.g., indicating that the rate of fouling is increasing) to an upward trend (e.g., indicating that
rate of fouling is decreasing).

[0059] Controller 136 may take a variety of different control actions within system 100 in
addition to or in lieu of controlling pump 106 to change a type or concentration of chemical
additive in the cooling water. As one example, controller 136 may increase the rate at which
cooling water flows through heat exchanger 104 in response to detecting a change in the heat
transfer efficiency trend for the heat exchanger. For example, if controller 136 detects a
sudden change in the absolute magnitude of the heat transfer efficiency of heat exchanger 104
and/or a significant decrease in the heat transfer efficiency trend (e.g., indicating rapid
fouling), that may be indicative of heat exchanger plugging due to silt, debris, or other large
particulate matter. Accordingly, increasing the flow rate of cooling water passing through the
exchanger may help flush particulate matter lodged within the heat exchanger. Controller
136 may control a pump (not illustrated) supplying cooling water from a sump associated
with cooling tower 102 to heat exchanger 104 to control the flow rate of cooling water supply
to the heat exchanger.

[0060] A cooling water monitoring and control system according to the disclosure can be
implemented in any process where a thermal exchange fluid is used to transfer thermal
energy with one or more process streams through a heat exchanger. Example process streams
that may flow through the hot side of heat exchanger 104 include, but are not limited to,
crude oil, derivatives of crude oil (e.g., refined or partially refined crude oil products), and
intermediary or final products in an ammonia production process. The process streams
flowing through the hot side of heat exchanger 104 may generally be liquid phase, although

may be vapor phase, and/or a liquid-vapor multi-phase stream.
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[0061] As briefly mentioned above, although FIG. 1 illustrates an example monitoring and
control system containing only a single heat exchanger, example applications may include
multiple heat exchangers in series and/or in parallel. FIG. 2 is a flow diagram illustrating an
example heat exchanger network containing multiple heat exchangers in which a cooling
water monitoring and control system according to the disclosure may be implemented. As
shown in this example, multiple heat exchangers 104A—104D are fluidly connected to a
cooling water stream supplied by cooling tower 102. Cooling water flows in parallel through
heat exchangers 104A and 104B followed, in series, through heat exchangers 104C-104E
before returning to the cooling tower.

[0062] In applications where there are multiple heat exchangers in a network, one or multiple
of the heat exchangers (and, optionally, all of the heat exchangers) may include sensors as
described in connection with heat exchanger 104 in FIG. 1. Controller 136 can receive data
from the sensors and determine a heat transfer efficiency trend for each of the connected heat
exchangers. Controller 136 can detect a change in the heat transfer efficiency trend of at least
one, and optionally multiple, of the heat exchangers being monitored and control addition of
the chemical additive to the cooling water stream based on the detected trend. For example,
controller 136 may control pump 106 to change the type and/or amount of chemical additive
introduced into the cooling water stream upon detecting a change in the heat transfer
efficiency trend (e.g., exceeding a threshold amount) of a single heat exchanger.
Alternatively, controller 136 may control pump 106 to change the type and/or amount of
chemical additive introduced into the cooling water stream upon detecting a change in the
heat transfer efficiency trend (e.g., exceeding a threshold amount) of multiple of the heat
exchangers. In this latter example, the detection of changed heat transfer efficiency trends for
multiple heat exchangers may indicate the fouling conditions are actually changing as
opposed to receiving errant sensor data from one particular heat exchanger.

[0063] FIG. 3 is a flow diagram illustrating an example ammonia production process. As
shown in the illustrated example, the example process includes multiple cooling heat
exchangers through which cooling water may be conveyed. One or more (e.g., all) of these
example heat exchangers may be monitored using the techniques and systems described
herein, and chemical additive to the cooling water stream controlled based on the heat
exchanger efficiency trends.

[0064] The techniques described in this disclosure may be implemented, at least in part, in
hardware, software, firmware or any combination thereof. For example, various aspects of
the described techniques may be implemented within one or more processors, including one
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or more microprocessors, digital signal processors (DSPs), application specific integrated
circuits (ASICs), field programmable gate arrays (FPGAS), or any other equivalent integrated
or discrete logic circuitry, as well as any combinations of such components. The term
“processor’” may generally refer to any of the foregoing logic circuitry, alone or in
combination with other logic circuitry, or any other equivalent circuitry. A control unit
comprising hardware may also perform one or more of the techniques of this disclosure.
[0065] Such hardware, software, and firmware may be implemented within the same device
or within separate devices to support the various operations and functions described in this
disclosure. In addition, any of the described units, modules or components may be
implemented together or separately as discrete but interoperable logic devices. Depiction of
different features as modules or units is intended to highlight different functional aspects and
does not necessarily imply that such modules or units must be realized by separate hardware
or software components. Rather, functionality associated with one or more modules or units
may be performed by separate hardware or software components, or integrated within
common or separate hardware or software components.

[0066] The techniques described in this disclosure may also be embodied or encoded in a
computer-readable medium, such as a non-transitory computer-readable storage medium,
containing instructions. Instructions embedded or encoded in a computer-readable storage
medium may cause a programmable processor, or other processor, to perform the method,
e.g., when the instructions are executed. Non-transitory computer readable storage media
may include volatile and/or non-volatile memory forms including, e.g., random access
memory (RAM), read only memory (ROM), programmable read only memory (PROM),
erasable programmable read only memory (EPROM), electronically erasable programmable
read only memory (EEPROM), flash memory, a hard disk, a CD-ROM, a floppy disk, a
cassette, magnetic media, optical media, or other computer readable media.

[0067] The following examples may provide additional details about cooling water

monitoring and control systems and techniques according to the disclosure.

EXAMPLES

EXAMPLE 1 - Ammonia Plant

[0068] Temperature sensors were installed on a heat exchanger in an ammonia plant to
measure the inlet and outlet temperatures of the flow streams to the heat exchanger as well as
the flow rate of cooling water through the inlet of the heat exchanger. The heat exchanger
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was a syngas cooler that passed syngas through the hot or process side of the heat exchanger
while cooling water flowed through the cold side of the heat exchanger. The heat exchanger
was a counter-current shell-and-tube exchanger. The syngas was supplied to the shell side of
the heat exchanger at a target flow rate of approximately 99,000 1b/hr, while the cooling
water was supplied at a target flow rate of approximately 1,000,000 Ib/hr.

[0069] The cooling water was supplied from a cooling tower that had a recirculation rate of
approximately 80,000 gallons/minute. The cooling tower had a capacity of approximately
500,000 gallons and exhibited a temperature differential of 12 degrees Fahrenheit. The
cooling water exhibited a FRC of 0.5 ppm as Cl,. The cooling water was initially controlled
with a combination of three chemical additives: a corrosion inhibitor (Nalco® 3DT129)
provided at a concentration of 35 ppm, a scale inhibitor (Nalco® 3DT191) provided at a
concentration of 75 ppm, and a yellow metal inhibitor (Nalco® 3DT199) provided at a
concentration of 10 ppm.

[0070] Temperature data from the heat exchanger were smoothed using local regression with
aspan of 0.1. FIG. 4 is a graph of the cooling water inlet temperature (degrees Fahrenheit)
versus time showing the raw measurement data 200 along with smoothed data 202 overlaid.
FIG. 5 is a graph of the cooling water outlet temperature (degrees Fahrenheit) versus time
showing the raw measurement data 204 along with smoothed data 206 overlaid. FIG. 6is a
graph of the process stream inlet temperature (degrees Fahrenheit) versus time showing the
raw measurement data 208 along with smoothed data 210 overlaid. FIG. 7 is a graph of the
process stream outlet temperature (degrees Fahrenheit) versus time showing the raw
measurement data 212 along with smoothed data 214 overlaid. FIG. 8 is a graph showing
cooling water flow rates (gallons per minute) for an example period of time.

[0071] Heat transfer efficiency values and trends were calculated using the smoothed
temperature data produced from the temperature sensors installed on the heat exchanger. The
heat transfer efficiency trends were used to control the cooling water system, including the
chemical additives introduced into the cooling water. FIG. 9 is a graph showing heat transfer
coefficients calculated using the smoothed temperature data over the example period of time.
The sharp valleys in these data correspond to when water flowrate was decreased.

[0072] FIG. 10 shows heat transfer coefficients calculated for the heat exchanger based on
received temperature and flow rate data over an example range of dates. FIG. 11 shows the
oxidation-reduction potential (ORP) for the cooling water stream over the same example
range of dates, which is indicative of the concentration of chemical additive in the cooling
water. The data in FIGS. 10 and 11 are sectionalized into five periods of experimental
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analysis. In the first period, data establishing a heat transfer efficiency trend were
established. The data showed a downward trend in heat transfer efficiency. In the second
period, the cooling water flow rate was increased, resulting in an increase in the heat transfer
coefficient for the heat exchanger proportional to the change in flow rate. In the third period,
the trend of the heat transfer efficiency was monitored and observed to decrease.

[0073] A changing trend in the heat transfer coefficient, particularly toward the end of the
third period, indicated accelerating fouling conditions. Accordingly, interventional action
was initiated. The cooling water was evaluated and microbial biofoulants suggested as the
cause of the fouling. In phase 4, biocide dosage was increased to the cooling water, resulting
in an increase in the heat transfer coefficient. To understand if this heat transfer improvement
was in response to biocide dosage increase initiated upon detecting the changing trend in the
heat transfer coefficient or some other factor, the biocide dosage was decreased in phase 5.

The data show that the heat transfer coefficient again decreased.

EXAMPLE 2 - Vinyl Plant

[0074] Temperature sensors were installed on a heat exchanger in a vinyl plant to measure
the inlet and outlet temperatures of the flow streams to the heat exchanger as well as the flow
rate of cooling water through the inlet of the heat exchanger. The heat exchanger had a
propylene stream passing through the hot or process side of the heat exchanger while cooling
water flowed through the cold side of the heat exchanger. The heat exchanger was a counter-
current shell-and-tube exchanger. The propylene was supplied to the shell side of the heat
exchanger at a target flow rate of approximately 270,000 Ib/hr, while the cooling water was
supplied at a target flow rate of approximately 4,600,000 Ib/hr.

[0075] The cooling water was supplied from a cooling tower that had a recirculation rate of
approximately 85,000 gallons/minute. The cooling tower had a capacity of approximately
1,000,000 gallons and exhibited a temperature differential of 10 degrees Fahrenheit. The
cooling water exhibited a FRC of 0.5 ppm as Cl,. The cooling water was initially controlled
with a combination of three chemical additives: a corrosion inhibitor (Nalco® 3DT177)
provided at a concentration of 37 ppm, a scale inhibitor (Nalco® 3DT390) provided at a
concentration of 28 ppm, and a yellow metal inhibitor (Nalco® 3DT197) provided at a
concentration of 10 ppm.

[0076] Temperature data from the heat exchanger were smoothed using local regression with
aspan of 0.05. FIG. 12 is a graph of the cooling water inlet temperature (degrees Fahrenheit)
versus time showing the raw measurement data 220 along with smoothed data 222 overlaid.
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FIG. 13 is a graph of the cooling water outlet temperature (degrees Fahrenheit) versus time
showing the raw measurement data 224 along with smoothed data 226 overlaid. FIG. 14is a
graph of the process stream inlet temperature (degrees Fahrenheit) versus time showing the
raw measurement data 228 along with smoothed data 230 overlaid. FIG. 15 is a graph of the
process stream outlet temperature (degrees Fahrenheit) versus time showing the raw
measurement data 232 along with smoothed data 234 overlaid. FIG. 16 is a graph showing
cooling water flow rates (gallons per minute) for an example period of time. The step change
in water flow rate was caused by an intentional decrease in the water flow.

[0077] Heat transfer efficiency values and trends were calculated using the smoothed
temperature data produced from the temperature sensors installed on the heat exchanger. The
heat transfer efficiency trends were used to control the cooling water system, including the
chemical additives introduced into the cooling water. FIG. 17 is a graph showing heat
transfer coefficients calculated using the smoothed temperature data over the example period
of time.

[0078] In this example, the heat transfer coefficient trend during the period of measurement
was substantially flat. However, cooling water flow rates were observed to progressively
decrease during the period of monitoring. This combination of behavior suggested
debris/silting in the heat exchanger which would not be effectively addressed through
chemistry addition alone. Rather, flushing of the heat exchanger and/or exchanger clean out
may be needed to remove the accumulated debris/silting. This conclusion from the data was

confirmed during a plant outage when the heat exchanger was opened and visually inspected.
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CLAIMS:

1. A method of controlling cooling water treatment comprising:

receiving data from a plurality of sensors indicative of at least a temperature of a
cooling water stream entering a heat exchanger, a temperature of the cooling water stream
exiting the heat exchanger, a temperature of a process stream entering the heat exchanger,
and a temperature of the process stream exiting the heat exchanger;

determining a heat transfer efficiency for the heat exchanger based on the received
data from the plurality of sensors;

establishing a heat transfer efficiency trend for the heat exchanger over a period of
time;

detecting a change in the heat transfer efficiency trend; and

controlling addition of a chemical additive into the cooling water stream in response

to the change detected in the heat transfer efficiency trend for the heat exchanger.

2. The method of claim 1, wherein:

establishing the heat transfer efficiency trend comprises fitting a single order curve to
the heat transfer efficiency determined for the heat exchanger over the period of time, the
single order curve having a slope, and

detecting a change in the heat transfer efficiency trend comprises determining a

change in the slope equal to or greater than a threshold amount.

3. The method of claim 2, wherein the threshold amount ranges from 1 percent to 25
percent.
4. The method of either of claims 2 or 3, wherein the threshold amount ranges from 5

percent to 20 percent.
5. The method of any one of the foregoing claims, wherein establishing the heat transfer

efficiency trend for the heat exchanger over the period of time comprises determining the

heat transfer efficiency for the heat exchanger at least once per day over the period of time.
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6. The method of any one of the foregoing claims, wherein determining the heat transfer
efficiency for the heat exchanger comprises determining the heat transfer efficiency

according to an equation:

meATwater

U-Value:

AT mrpxHeat Tr. Area xF,
wherein U-Value is the heat transfer efficiency, m is the mass of the cooling water stream per
unit time, C, is the specific heat of the cooling water stream, ATz 1S a difference between
the temperature of the cooling water stream exiting the heat exchanger and the temperature of
the cooling water stream entering a heat exchanger, Heat Tr. Area is an amount of surface
area of the heat exchanger over which thermal energy is transferred between the process
stream and the cooling water stream, Fyis a correction factor corresponding to a geometry of
the heat exchange and AT rp is a log-mean temperature difference calculated using a
following equation if the cooling water stream and the process stream flow in a counter-

current direction:

(Tprocess,in - twater,out) - (Tprocess,out - twater,in)

ATy yrp = T R
process,in water,out

lo
€ Tprocess,out - twater,in
or calculated using a following equation if the cooling water stream and the process stream

flow in a co- current direction:

(Tprocess,in - twater,in) - (Tprocess,out - twater,out)
ATiyrp =
T o — :
process,in water,in

log
e —_
Tprocess,out twater,out

wherein Tprocessin 1S the temperature of the process water stream entering the heat exchanger,
Trrocess, out 1S the temperature of the process stream exiting the heat exchanger, tyaterin 1S the
temperature of the cooling water stream entering the heat exchanger, and tyater, out 1S the

temperature of the cooling water stream exiting the heat exchanger.

7. The method of any one of the foregoing claims, wherein the period of time ranges

from 5 days to 100 days.

8. The method of any one of the foregoing claims, wherein the period of time ranges

from 10 days to 45 days.

9. The method of any one of the foregoing claims, wherein the period of time begins

upon the heat exchanger being placed in service following cleaning.
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10. The method of any one of the foregoing claims, wherein the chemical additive is
injected at a cooling tower upstream of an inlet of the heat exchanger that receives the

cooling water stream entering the heat exchanger.

11. The method of any one of the foregoing claims, wherein controlling addition of the
chemical additive comprises increasing a flow rate at which the chemical additive is

introduced into the cooling water stream.

12. The method of any one of the foregoing claims, wherein controlling addition of the
chemical additive comprises increasing a concentration of the chemical additive in the
cooling water at least until the heat transfer efficiency trend exhibits an inflection from a

downward trend to an upward trend.

13.  The method of any one of the foregoing claims, further comprising increasing a flow
rate of the cooling water in response to detecting the change in the heat transfer efficiency

trend.

14. The method of any one of the foregoing claims, further comprising determining a type
of foulant present in the cooling water and selecting the chemical additive based on the

determined type of foulant.

15. The method of any one of the foregoing claims, further comprising smoothing the
data corresponding to the temperature of the cooling water stream entering the heat
exchanger, the temperature of the cooling water stream exiting the heat exchanger, the
temperature of the process stream entering the heat exchanger, and the temperature of the
process stream exiting the heat exchanger,

wherein determining the heat transfer efficiency comprises determining the heat

transfer efficiency using smoothed temperature values.
16. The method of any one of the foregoing claims, wherein the chemical additive is
selected from the group consisting of a scale inhibitor, a corrosion inhibitor, a biocide, and

combinations thereof.
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17. The method of any one of the foregoing claims, wherein:

receiving data from the plurality of sensors comprises receiving data from the
plurality of sensors for each of multiple heat exchangers that receive the cooling water
stream,

determining the heat transfer efficiency comprises determining the heat transfer
efficiency for each of the multiple heat exchangers;

establishing the heat transfer efficiency trend comprises establishing the heat transfer
efficiency trend for each of the multiple heat exchangers; and

detecting the change in the heat transfer efficiency trend comprises detecting the

change in the heat transfer efficiency trend for at least one of the multiple heat exchangers.

18. The method of claim 17, wherein:
detecting the change in the heat transfer efficiency trend comprises detecting the
change in the heat transfer efficiency trend for each of the multiple heat exchanges, and
controlling addition of the chemical additive into the cooling water stream comprises
controlling addition of the chemical additive into the cooling water stream in response to the

change detected in the heat transfer efficiency trend for each of the multiple heat exchangers.

19. The method of any one of the foregoing claims, wherein the process steam comprises

crude oil or a derivative thereof.

20. The method of any one of the foregoing claims, wherein the heat exchanger is

integrated into an ammonia production process.

21. The method of any one of the foregoing claims, wherein the heat exchanger is
selected from the group consisting of a shell and tube heat exchanger and a plate heat

exchanger.

22. The method of any one of the foregoing claims, wherein the process stream comprises
fouling material that deposits in the heat exchanger causing the heat transfer efficiency to
decrease over the period of time, the cooling water stream comprises fouling material that

deposits in the heat exchanger causing the heat transfer efficiency to decrease over the period
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of time, and the fouling material deposited by the process stream causes at least 75% of the

decrease in the heat transfer efficiency over the period of time.

23. A system comprising:

a cooling tower that reduces a temperature of a cooling water stream through
evaporative cooling;

a heat exchanger having a cooling water inlet, a cooling water outlet, a process stream
inlet, and a process stream outlet;

a plurality of sensors positioned to measure a temperature of a cooling water stream
entering the heat exchanger through the cooling water inlet, a temperature of the cooling
water stream exiting the heat exchanger through the cooling water outlet, a temperature of a
process stream entering the heat exchanger through the process stream inlet, and a
temperature of the process stream exiting the heat exchanger through the process stream
outlet;

a pump positioned to inject a chemical additive into the cooling water stream; and

a controller communicatively coupled to the plurality of sensors and the pump and
configured to: receive data from the plurality of sensors, determine a heat transfer efficiency
for the heat exchanger based on the received data from the plurality of sensors, establish a
heat transfer efficiency trend for the heat exchanger over a period of time, detect a change in
the heat transfer efficiency trend, and control the pump in response to the change detected in

the heat transfer efficiency trend for the heat exchanger.

24, The system of claim 23, wherein the controller is configured to:

establish the heat transfer efficiency trend by at least fitting a single order curve to the
heat transfer efficiency determined for the heat exchanger over the period of time, the single
order curve having a slope, and

detect the change in the heat transfer efficiency trend by at least determining a change

in the slope equal to or greater than a threshold amount.

25. The system of either of claims 23 or 24, wherein the controller is configured to
establish the heat transfer efficiency trend for the heat exchanger over the period of time by at
least determining the heat transfer efficiency for the heat exchanger at least once per day over

the period of time.
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26. The system of any one of claims 23-25, wherein the period of time ranges from 5
days to 100 days and begins upon the heat exchanger being placed in service following

cleaning.

27. The system of any one of claims 23-26, wherein the controller is configured to
determine the heat transfer efficiency for the heat exchanger by at least determining the heat

transfer efficiency according to an equation:

meATwater

U-Value:

AT mrpxHeat Tr. Area xF,
wherein U-Value is the heat transfer efficiency, m is the mass of the cooling water stream per
unit time, C, is the specific heat of the cooling water stream, ATz 1S a difference between
the temperature of the cooling water stream exiting the heat exchanger and the temperature of
the cooling water stream entering a heat exchanger, Heat Tr. Area is an amount of surface
area of the heat exchanger over which thermal energy is transferred between the process
stream and the cooling water stream, F,is a correction factor corresponding to a geometry of
the heat exchange and AT rp is a log-mean temperature difference calculated using a
following equation if the cooling water stream and the process stream flow in a counter-

current direction:

(Tprocess,in - twater,out) - (Tprocess,out - twater,in)

ATyyrp = T —— t
process,in water,out

lo
€ Tprocess,out - twater,in
or calculated using a following equation if the cooling water stream and the process stream

flow 1n a co- current direction:

(Tprocess,in - twater,in) - (Tprocess,out - twater,out)

AT prp = T > -
process,in water,in

log, T

process,out twater.out

wherein Tprocessin 1S the temperature of the process water stream entering the heat exchanger,
Trrocess, out 1S the temperature of the process stream exiting the heat exchanger, tyaterin 1S the
temperature of the cooling water stream entering the heat exchanger, and tyater, out 1S the

temperature of the cooling water stream exiting the heat exchanger.

28. The system of any one of claims 23-27, wherein the controller is configured to
control the pump in response to the change detected in the heat transfer efficiency trend for
the heat exchanger by at least increasing a flow rate at which the chemical additive is

introduced into the cooling water stream.
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29. The system of any one of claims 23-28, wherein the controller is configured to
control addition of the chemical additive by at least increasing a concentration of the
chemical additive in the cooling water at least until the heat transfer efficiency trend exhibits

an inflection from a downward trend to an upward trend.

30.  The system of any one of claims 23-29, wherein the controller is further configured to
smooth the data corresponding to the temperature of the cooling water stream entering the
heat exchanger, the temperature of the cooling water stream exiting the heat exchanger, the
temperature of the process stream entering the heat exchanger, and the temperature of the
process stream exiting the heat exchanger, and

wherein the controller is configured to determine the heat transfer efficiency by at

least determining the heat transfer efficiency using smoothed temperature values.

31. The system of any one of claims 23-30, wherein the heat exchanger is a shell and

tube heat exchanger.

32, The use of the system of any one of claims 23-31 to monitor and control cooling

water.
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