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FLUID TREATMENT SYSTEM
CROSS-REFERENCE TO RELATED APPLICATION

This application claims priority to Great Britain Patent Application Serial No. 1421845.7
filed on December 9, 2014, the disclosure of which is incorporated herein by reference in

its entirety.
FIELD OF THE INVENTION

This invention relates generally to a fluid treatment system and more particularly to fluid
treatment control systems for controlling such a system to treat a heat transfer fluid. More
specifically, although not exclusively, this invention relates to water treatment control
systems and associated treatment systems for treating feed water in heating and cooling

systems, such as boilers, water heaters, radiators and air conditioners.

BACKGROUND OF THE INVENTION

Heating and cooling systems such as boilers, water heaters, radiators and air conditioners
are generally fed by water that requires some treatment to avoid build up of contaminants.
Industrial heating systems in particular will normally incorporate a treatment means for
removing impurities, dissolved and suspended solids and hardness elements in the feed
water in order to prevent scaling within the system. Such treatment can generally be split
into two categories, namely external treatment focused on removal of impurities and
internal treatment, which is focused on limiting the tendency of water impurities to collect

within the heating system.

One example of an external treatment device is a water softener, which typically utilises
an ion exchange process, whereby hardness is reduced by replacing magnesium and
calcium ions (Mg>" and Ca”) with, for example, sodium ions (Na*) using ion exchange
resins. When the ion exchange resin is saturated, rendering it ineffective, regeneration of

the resin is performed by reaction with brine.
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In many cases, the point at which regeneration is required is determined based on the total
flow volume of feed water that has passed through the softener, particularly in small scale
operations. 'This approach typically involves measuring the hardness of the feed water
prior to installing the softener and calculating an estimated volume of water that can be
treated by the softener before requiring regeneration based on the measured value.
However, the set point for regeneration is adjusted down from this estimated volume in
order to avoid hardness leakage, since the actual hardness of the feed water is likely to
vary. This will often result in premature regeneration, which can cause a reduction in

efficiency and/or unnecessary downtime.

Moreover, feed water treatment for industrial heating systems can be particularly
challenging in some industries, such as the palm oil processing industry, due to the level
of contaminants and the general quality of the feed water. In such industries, it is common
to use small scale steam-generating boiler systems, typically operating at relatively low
pressures, e.g2. below 40 bar, and relatively low temperatures, for example in the region of

200°C to 300°C.

The present invention is particularly, although not exclusively, concerned with small scale
boilers and treatment systems for feed water of such boilers. Feed water treatment
systems for small scale steam-generating boilers can vary, but typically they include two
or more water softeners arranged in parallel to enable continuous use when one of the
softeners is in a regeneration mode. It is also known for such installations to include a
deaerator and/or some form of internal treatment, for example by dosing reactant
chemicals such as sulfite, sodium phosphate, chelates, polymers, and/or caustic, when

water quality is particularly challenging.

In some installations, shifting from one softener to the other is carried out automatically
based on the total flow volume of feed water measured by a totalizer as outlined above.
However, regeneration of the spent softener is normally initiated and controlled manually,
requiring an operative to be alerted of the need to do so. It would be desirable to extend

the time between softener shift to reduce the burden on manpower.

It is therefore a first non-exclusive object of the invention to provide a fluid treatment

system that mitigates the above issues associated with prior art water treatment systems,
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particularly but not exclusively those for small scale steam-generating boilers. It is a
further non-exclusive object of the invention to provide a fluid treatment solution that can
be retrofitted to existing fluid treatment systems to improve performance. It is a yet
further, more general non-exclusive object of the invention to provide an alternative fluid

treatment system that provides one or more advantages over known systems.

SUMMARY OF THE INVENTION

In accordance with a first aspect of the invention, there is provided a feed water treatment
system and/or control system, e.g. a boiler feed water treatment system and/or control
system, the system comprising a hardness measurement means for measuring the hardness
of water treated by a softener, a water flow and/or quantity measurement means for
determining a quantity of water treated by the softener and a chemical dosing means for
introducing one or more treatment chemicals into the feed water, wherein the system is
configured to cause the chemical dosing means to introduce, in use, one or more treatment
chemicals, or to increase a quantity or concentration thereof, into the feed water if a
hardness measured by the hardness measurement means reaches or exceeds a first
predetermined threshold and a water quantity determined by the water quantity

measurement means reaches or is below a second predetermined threshold.

The system may further comprise a control means, which may be operable or configured
or programmed to control one or more features of the introduction of the one or more
treatment chemicals into the feed water. The control means may be operatively connected
to the hardness measurement means and/or the water flow and/or quantity measurement
means and/or the chemical dosing means. At least one of the operative connections may
comprise a wired connection, e.g. a cable or wire. Additionally or alternatively, at least
one of the operative connections may comprise a wireless connection means, such as a
radio frequency or optical or sonic or ultrasonic transmission means, e.g. a transmitter
and/or receiver, or any other suitable transmission means. The system or control means
may be programmable with the first and/or second predetermined thresholds. TFor
example, the system or control means may comprise an input means, e.g. for selecting or
setting or entering at least one or each threshold. The input means may comprise an

interface, such as a connection for communicating with a computer or other device, or a
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human machine interface, for example in the form of a keyboard and/or display and/or

touchscreen.

The first predetermined threshold may comprise a threshold value, which may correspond
to a measured or determined or calculated or estimated hardness value or concentration of
ions, for example multivalent ions or cations, e.g. magnesium and calcium ions.
Additionally or alternatively, the first predetermined threshold may comprise or be
indicative of a change or rate of change of a measured or estimated hardness value or
concentration of ions. Additionally or alternatively, the first predetermined threshold may
comprise any other parameter indicative of hardness leakage and/or a fault or issue or
problem with the softener and/or an unacceptable hardness or value or degree thereof. By
way of example only, the first predetermined threshold may comprise about 1 ppm, for
example between 0.5 and 2 ppm, e.g. between 0.8 and 1.2 ppm or any value therebetween

or any other value.

The second predetermined threshold may comprise a threshold value, which may
correspond to a measured or determined or calculated or estimated flow or total flow or
volume, e.g. of feed water treated or treatable by the softener. In some embodiments, the
second predetermined threshold comprises a predetermined or precalculated design
volume or flow or total flow that may correspond to an estimated capacity, e.g. treatment

capacity, of the softener, or a percentage or fraction or multiple thereof.

The one or more treatment chemicals preferably comprises one or more scale inhibiting
chemicals or scale inhibitors, for example a scale inhibitor sold under the Nalco® brand,
for example whose chemistry and/or concentration is selected to suit the feed water to be
treated. The system or control means may be configured to cause the chemical dosing
means to introduce or increase the concentration of one or more scale inhibiting chemicals
or scale inhibitors into the feed water if a hardness measured by the hardness measurement
means reaches or exceeds the first predetermined threshold and a water quantity
determined by the water quantity measurement means reaches or is below the second

predetermined threshold.

The system or control means may be configured to generate a softener signal, for example

a shift and/or regeneration signal, which may be an alarm and/or command signal, for
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example if a water quantity determined by the water quantity measurement means reaches
or exceeds the second or a third predetermined threshold and/or if a hardness measured by
the hardness measurement means reaches or exceeds the first predetermined threshold.
Preferably, system or control means is configured to generate the softener signal if a water
quantity determined by the water quantity measurement means reaches or exceeds the or a
third predetermined threshold and a hardness measured by the hardness measurement
means reaches or exceeds the first predetermined threshold. More preferably, the second
predetermined threshold corresponds to a first percentage or proportion of an estimated
capacity, e.g. treatment capacity, of the softener and/or the third predetermined threshold
corresponds to a second percentage or proportion of the estimated capacity. By way of
example, the first proportion or percentage may comprise about four fifths or 80%, for
example between 50% and 100%, e.g. between 60% and 95%, such as between 70% and
90% or between 75% and 85% or their equivalent fractions. Additionally or alternatively,
the second proportion or percentage may comprise about six fifths 120%, for example
between 100% and 150%, e.g. between 105% and 140%, such as between 110% and
130% or between 115% and 125% or any value therebetween or any other value or their

equivalent multiples.

The system or control means may be configured to generate an alarm signal, e.g. a first
alarm signal, for example if a hardness measured by the hardness measurement means
reaches or exceeds the first predetermined threshold. Additionally or alternatively, the
system or control means may be configured to generate an alarm signal, e.g. a second
alarm signal, for example if a water quantity determined by the water quantity
measurement means reaches or exceeds the second predetermined threshold. Additionally
or alternatively, the system or control means may be configured to generate an alarm
signal, e.g. a third alarm signal, for example if a water quantity determined by the water
quantity measurement means reaches or exceeds the third predetermined threshold.
Additionally or alternatively, the system or control means may be configured to generate
an alarm signal, e.g. a hardness alarm signal or fourth alarm signal, for example if a
hardness measured by the hardness measurement means reaches or exceeds the first
predetermined threshold for a predetermined period of time or if a predetermined number
of first alarm signals are generated, e.g. within a predetermined period of time, and/or if
the first alarm signal remains active for a predetermined period of time. In embodiments,

the system is configured such that the hardness measurement means draws and/or analyzes

5



20

25

30

WO 2016/094027 PCT/US2015/060500

a sample at predetermined intervals, for example wherein the hardness alarm signal is
generated if a hardness of each of a predetermined number of feed water samples drawn
and analyzed reaches or exceeds the first predetermined threshold. The predetermined
number may comprise about 10, for example between 5 and 15, e.g. between 8 and 12,
such as between 9 and 11. Additionally or alternatively, the predetermined period may
comprise about 5 hours, for example between 2 and 8 hours, e.g. between 3 and 7 hours,

such as between 4 and 6 hours.

The system or control means may be configured to introduce or increase the introduced
quantity or concentration of the one or more treatment chemicals if the first alarm signal is
active or generated and the second and third alarms are inactive or have not been
generated. Additionally or alternatively, the system or control means may be configured
to generate the softener signal if the third alarm signal is active or generated, e.g.
irrespective of whether the first and/or second alarm signals are active or generated.
Additionally or alternatively, the system or control means may be configured to generate
the softener signal if the first and second alarm signals are active or generated, e.g.

irrespective of whether the third alarm signal is active or generated.

In some embodiments, the system or control means comprises, or is configured to activate,
an alert or alarm means, for example an audible and/or visible alert or alarm means and/or
an alert signal, e.g. to alert an operator, for example when any one or more of the alarm
signals is generated. Additionally or alternatively, the system or control means is
configured to send the or an alert signal to a remote system, for example a remote

monitoring system, for example when any one or more of the alarm signals is generated.

The system may further comprise one or more softeners, e.g. water softeners and/or the
system or control means may be operable to control one or more softeners, for example
not forming part of the system. The system or control means may be configured to send or

transmit the softener signal to the one or more softeners or a control means thereof.

At least one, for example each, softener may comprise a regeneration means or circuit, for
example a brine regeneration means or circuit, which may be operable manually or
automatically at least in part, e.g. to initiate a regeneration cycle or process or operation.

In some embodiments, the system or control means is configured to operate and/or control
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and/or initiate the regeneration means or circuit and/or to alert an operative or remote
system of the need to manually operate the or a regeneration means, for example when the
softener signal is active or generated. The system may further comprise one or more inlets
or inlet lines, for example water inlets or inlet lines, and/or one or more outlets or outlet
lines, for example that feed or configured to feed a heating or cooling system, such as a
boiler, e.g. for connection directly or indirectly or via one or more further components, to
a heating or cooling system, such as a boiler. The further components which may, but
need not, form part of the system may comprise one or more reservoirs or storage tanks
and/or one or more deaerators for removing oxygen and/or other dissolved gases from the

feed water.

The one or more softeners may comprise two or more softeners, which may be configured
or plumbed or piped in parallel and/or operable independently. In some embodiments, one
of the softeners, for example a first softener, may be operable or configured to operate
while or as another softener, e.g. a second softener, is in a regeneration mode or is being
regenerated, for example by the regeneration means. The system or control means may be
operable or configured to cause a change or shift in softener operation, for example
between the two or more softeners, e.g. from the first to the second softener and/or vice
versa. Por example, the system or control means may be operable or configured to
activate or enable initiate or cause the activation or enablement or initiation of the second
softener and/or to deactivate or disable or de-initialise or cause the deactivation or

disablement or de-initiation of the first softener.

The system or the two or more softeners may comprise a valve means or assembly, such as
one or more valves, configured to connect or fluidly connect, for example selectively
connect or fluidly connect, each of the two or more softeners to the one or more inlets or
inlet lines and/or to the one or more outlets or outlet lines and/or to the one or more
reservoirs or storage tanks and/or to the one or more deaerators. The valve means or
assembly may comprise a feed valve or valve means, for example a respective feed valve
or valve means, e.g. for selectively connecting the or each of the softeners, e.g. an inlet
thereof, to at least one of the inlets or inlet lines. Additionally or alternatively, the valve
means or assembly may comprise an outlet valve or valve means, for example a respective
outlet valve or valve means, e.g. for selectively connecting the or each of the softeners,

e.g. an outlet thereof, to the one or more outlets or outlet lines and/or to the one or more
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reservoirs or storage tanks and/or to the one or more deaerators. For the avoidance of
doubt, the terms “valve” and “valve means” are intended to encompass valve assemblies

that incorporate more than a single valve to carry out the required operation.

The system may further comprise a temperature measurement means, e.g. for measuring
the feed water temperature, for example downstream of the deaerator. The temperature
measurement means may comprise a temperature sensor or thermocouple or thermistor
and for the avoidance of doubt any reference to temperature measurement means herein
can be replaced with such terms. The temperature measurement means may be
operatively connected to the one or more outlets or outlet lines. The system or control
means may be configured to detect a deaerator fault or upset, for example based on one or

more temperatures measured or detected by the temperature measurement means.

In accordance with another aspect of the invention, there is provided a feed water
treatment system and/or control system, e.g. a boiler feed water treatment system and/or
control system, the system comprising a temperature measurement means for measuring
the temperature of water treated by a deaerator and a chemical dosing means for
introducing one or more treatment chemicals into the feed water, wherein the system is
configured to cause the chemical dosing means to introduce, in use, one or more treatment
chemicals, or to increase a quantity or concentration thereof, into the feed water if a
temperature measured by the temperature measurement means reaches or is below or

exceeds a predetermined threshold.

The system or control means may be configured to generate an alarm signal, e.g. a fifth
alarm signal, for example if a deaerator fault is detected and/or if the temperature
measurement means reaches or is below a predetermined threshold or a predetermined
temperature threshold, for example a fourth predetermined threshold or temperature
threshold. The system or control means may be configured to operate and/or control
and/or cause the dosing means to introduce one or more treatment chemicals and/or
increase the concentration thereof, for example if the fifth alarm signal is active or
generated and/or on detection of a deaerator fault and/or if the temperature measurement
means reaches or exceeds or is below the, or the fourth, predetermined threshold or
temperature threshold. The one or more treatment chemicals introduced in such

circumstances may comprise an oxygen scavenging chemical or an oxygen scavenger,

8



20

25

30

WO 2016/094027 PCT/US2015/060500

which may but need not comprise a sulphide based chemistry. Additionally or
alternatively system or control means may be configured to alert an operative or a remote
system if the fifth alarm signal is active or generated. By way of example only, the
predetermined temperature threshold may comprise about 95°C, for example between
70°C and 120°C, e.g. between 85°C and 105°C such as between 90°C and 100°C or any

value therebetween or any other value.

The chemical dosing means may comprise a doser or pump, for example a dosing and/or
metering pump, which may comprise a diaphragm pump, a gear pump, a peristaltic pump,
a piston pump, a syringe pump or any other suitable pumping means and for the avoidance
of doubt any reference to chemical dosing means herein can be replaced with such terms.
The pump may comprise an on/off pump or a variable pump, for example a proportional
integral derivative (PID) pump. Additionally or alternatively, the chemical dosing means
may comprise any other suitable and/or known means for introducing the requisite
chemicals into the feed water where, for example the treatment chemical is not in a
pumpable or fluid or liquid form. Additionally or alternatively, the one or more chemicals
may comprise an oxygen scavenging chemicals or an oxygen scavenger, which may

comprise a sulphide based chemical.

In some embodiments, the chemical dosing means comprises two or more dosers or
pumps, for example that may be enabled or initialised in sequence to introduce the one or
more treatment chemicals into the feed water and/or to increase the concentration of one
or more treatment chemicals introduced into the feed water. The system or control means
may be configured to enable or initialise a first doser or pump, for example to introduce
one or more treatment chemicals, e.g. a first quantity or concentration thereof, into the
feed water. 'The system or control means may be configured to enable or initialise a
second doser or pump, for example to introduce one or more treatment chemicals, at least
one of which may be the same or different to the one or more treatment chemicals
introduced by the first doser or pump. In some embodiments, the system or control means
is configured to enable or initialise a second doser or pump to introduce a second quantity
or concentration of the same or at least one of the same treatment chemicals as the first
doser or pump. The first doser or pump may be configured to operate constantly and/or
continuously or intermittently and/or the second doser or pump may be configured to

operate on demand and/or continuously or intermittently.
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The system may comprise a further one or more, e.g. a third and optionally a fourth and/or
further, dosers or pumps that may comprise any one or more of the features of the first
and/or second dosers or pumps. One or more of the further dosers or pumps may be
arranged to introduce one or more treatment chemicals, which may be different from the
dosing chemicals introduced by the first and/or second dosers or pumps. In some
embodiments, the first and/or second and/or one or more further dosers or pumps are
operable to introduce one or more scale inhibiting chemicals or scale inhibitors into the
feed water, while the third and/or fourth and/or one or more further dosers or pumps are
operable to introduce one or more oxygen scavenging chemicals or oxygen scavengers
into the feed water. Other arrangements are also envisaged, for example more or less

dosers or pumps.

The control means may comprise a controller and/or control circuitry and/or a processor
and/or a memory means or memory and for the avoidance of doubt any reference to
control means herein can be replaced with such terms. Furthermore, the term controller
should not be interpreted as being limited to a single component as it may comprise two or
more separate elements, which may but need not be connected together either physically
or even operatively. In some embodiments, the control means comprises two or more
controllers, each of which may, but need not, communicate with one another, and/or
control a respective and/or different aspect of the system. For example, a first controller

may be provided that controls

The hardness measurement means may comprise a hardness monitor and/or analyzer and
for the avoidance of doubt any reference to hardness measurement means herein can be
replaced with such terms. Preferably, the hardness measurement means comprises an
automatic or semi-automatic monitoring system, which may be configured to operate
continuously or discontinously. More preferably, the harness measurement means is
configured to operate, e.g. the system or control means may be configured to cause the
hardness measurement means to operate, at regular and/or predetermined intervals. By
way of example, the hardness measurement means may be configured to operate at regular
and/or predetermined intervals of, e.g. every or once every, about 30 minutes, for example
the intervals may be between 10 and 50 minutes, e.g. between 15 and 45 minutes, such as

between 20 and 40 minutes or between 25 and 35 minutes. The harness measurement
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means may be operable to collect sample water and/or inject a chemical reagent and/or
mix and/or analyze or evaluate the sample water, e.g. the mixed sample water and
chemical reagent. The reagent may be selected to react with one or more elements of the
feed water, for example to create a color indicator or indication that may provide an
indication of hardness. The hardness measurement means may be configured to measure
or monitor the transmissivity of the feed water or color indicator or indication and/or to
determine or conclude a hardness value, e.g. from the measured or monitored

transmissivity.

The water quantity measurement means may be configured to determine the quantity of
water treated by a softener from a predetermined point in time and/or within a
predetermined time period or interval. In some embodiments, the water quantity
measurement means is configured to determine the quantity of water treated by a softener

after regeneration or from the completion of a regeneration cycle.

The water quantity measurement means may comprise a flow sensor or flow meter or a
totalizer and for the avoidance of doubt any reference to water quantity measurement
means herein can be replaced with such terms. In some embodiments, the system may
comprise a processing means or processor and/or a control means or controller, which may
be at least partially remote from or adjacent and/or mounted to the flow sensor or flow
meter or totalizer, for determining a quantity of water treated by the softener, for example
from one or more signals or a continuous signal received by the flow sensor. The
processing means or processor and/or control means or controller may be operable to
determine or calculate the quantity of water treated by the softener. In some
embodiments, the water quantity measurement means comprises a totalizer or flow meter,
which may comprises a flow sensor, that is operable or configured or programmed to
determine, e.g. to measure and/or calculate, a quantity of water treated by the softener.
The flow sensor may comprise an open-core rotor with blades and/or an arrangement of
magnets that may generate a frequency output proportional to flow velocity. Other flow

sensors would also be suitable.

The system may further comprise a boiler water withdrawal or blow down means and/or
valve and/or circuit and/or assembly, hereinafter referred to as blow down means. The

blow down means may comprise a blow down valve and/or a drain and/or a sampler, e.g.
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operatively connected to, and/or for sampling and/or analyzing water from, the or a boiler,
e.g. a steam chamber or drum thereof. The blow down means or sampler may comprise
any one or more of the features described in US5041386, the entire contents are

incorporated herein by reference.

The dosing means may be operable or configured to introduce, in use, for example
continuously or regularly or intermittently, a tracer, e.g. an inert tracer, which tracer may
be configured to reach, in use, a final concentration in the or a boiler or in a steam
chamber or drum thereof, for example at a steady state therein, and/or which may exhibit a
blow down concentration at one or more different points in time. The system or controller
or sampler may be configured to sample continuously or regularly or intermittently water
samples and/or to measure the pH and/or conductivity and/or blowdown concentration of
the tracer, e.g. within the blow down sample. The system or controller or sampler may be
operable or configured to generate a signal, e.g. an alarm or blow down signal, which may
comprise an alarm signal and/or a command signal, for example when one or more of the
parameters measured reaches or exceeds or is below a predetermined set point. The
system or controller or sampler may further be configured to cause or initiate or generate,
e.g. when the blow down signal is active or generated, an audible and/or visible alarm,
and/or to send the blow down signal to the or a remote monitoring system and/or to cause

a blow down valve to open and/or to initiate a blow down procedure or cycle.

A further aspect of the invention provides a method of treating feed water, e.g. boiler feed
water, the method comprising measuring the hardness of water treated by a softener,
determining a quantity of water treated by the softener and introducing one or more
treatment chemicals that may include a scale inhibitor, or increasing a quantity or
concentration thereof, into the feed water if the hardness measured reaches or exceeds a
first predetermined threshold and the water quantity reaches or is below a second

predetermined threshold.

The method may further comprise disabling the softener and/or enabling a further softener,
for example if the measured hardness reaches or exceeds the first predetermined threshold
and/or if the determined water quantity reaches or is below a third predetermined
threshold. The method may comprise measuring the hardness of water treated by the

softener at predetermined intervals and/or generating a hardness alarm signal, for example
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if the measured hardness of one or more or each thereof or of a predetermined number of
feed water samples, e.g. drawn and analyzed, reaches and/or exceeds the first

predetermined threshold.

Additionally or alternatively, the method may further comprise measuring a temperature
of the feed water, for example downstream of a deaerator, and/or introducing or increasing
a quantity or concentration of one or more treatment chemicals, e.g. an oxygen scavenger,
for example into the feed water, e.g. if the measured temperature reaches or is below or

above a predetermined threshold.

Another aspect of the invention provides a method of treating feed water, e.g. boiler feed
water, the method comprising measuring the temperature of water treated by a deaerator
and introducing one or more treatment chemicals that may include an oxygen scavenger,
or increasing a quantity or concentration thereof, into the feed water if a temperature

measured reaches or is below or exceeds a predetermined threshold.

Moreover, the method may further comprise introducing a tracer, for example an inert
tracer, into the feed water, and/or drawing and/or analyzing a water sample from the
boiler. The method may comprise measuring the conductivity of the drawn water sample
and/or the concentration of the inert tracer therein. In embodiments, the method may
comprise generating an audible and/or visible alarm and/or sending a signal, e.g. to a
remote monitoring system, and/or initiating a blow down cycle, for example if either the

measured conductivity or concentration reaches a respective predetermined set point.

A further aspect of the invention provides a computer program element comprising
computer readable program code means for causing a processor to execute a procedure to
implement the aforementioned method. A yet further aspect of the invention provides the

computer program element embodied on a computer readable medium.
A yet further aspect of the invention provides a computer readable medium having a

program stored thereon, where the program is arranged to make a computer execute a

procedure to implement the aforementioned method.
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A yet further aspect of the invention provides a control means or control system or
controller comprising the aforementioned computer program element or computer

readable medium.

For the avoidance of doubt, any of the features described herein apply equally to any
aspect of the invention, whether they be features or operations of the system or features or
steps of the method or any other features that would be understood to apply to each of the

various aspects described above.

Within the scope of this application it is expressly envisaged that the various aspects,
embodiments, examples and alternatives set out in the preceding paragraphs, in the claims
and/or in the following description and drawings, and in particular the individual features
thereof, may be taken independently or in any combination. Features described in
connection with one aspect or embodiment of the invention are applicable to all aspects or

embodiments, unless such features are incompatible.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described by way of example only with

reference to the accompanying drawings in which:

Figure 1 is a schematic of a water treatment system according to one embodiment of

the invention;

Figure 2 is a logic diagram illustrating the circumstances in which softener shift,
regeneration and treatment chemical dosing is controlled in the water treatment

system of Figure 1;

Figure 3 is a schematic of a water treatment system according to another

embodiment of the invention; and

Figure 4 is a schematic of a water treatment system according to yet another

embodiment of the invention.
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DETAILED DESCRIPTION OF THE INVENTION

Referring now to Figure 1, there is shown a water treatment system 1 for feeding a steam-
generating boiler 10 according to one embodiment. It will be appreciated by those skilled
in the art that the water treatment system 1 according to this embodiment may be used to
treat feed water to any heating or cooling system in which the elements of the present
invention are useful and that the components thereof may be replaced or altered with

substantially equivalent features adapted for such a system.

The water treatment system 1 according to this embodiment includes a supply line 11
feeding supply water to a water softener assembly 2 that treats the supply water and feeds

treated supply water through a first feed line 12 to a storage tank 3 via a totalizer 4.

The water softener assembly 2 includes first and second softeners 20, 21 each with a
respective supply valve 22, 23 and outlet valve 24, 25. The water softener assembly 2 also
includes a regeneration circuit (not shown) that is operated manually in this embodiment.
The totalizer 4 in this exemplary embodiment incorporates a flow sensor having an open-
core rotor with blades and an arrangement of magnets that generates a frequency output
proportional to flow velocity, but other flow sensors are also envisaged. The totalizer 4
includes control logic that is operable to determine based on the measured flow a quantity

of water treated by the softener.

A hardness analyzer 5 is also connected to the first feed line 12 between the totalizer 4 and
the storage tank 3. The storage tank 3 includes two outlets 30, 31, a first outlet 30
supplying a deaerator 6 via a second feed line 13 with a first pump 13a and a second outlet
31 fluidly connected via a third feed line 14 to a fourth feed line 15 that connects the
deaerator 6 to the boiler 10 via a second pump 15a and temperature sensor 15b. The third
feed line 14 enables the deaerator 6 to be bypassed and includes a valve 14a for isolating
the second outlet 31 from the fourth feed line 15. The system also includes a valve 60 in
the fourth feed line 15 upstream of the connection with the third feed line 14 for isolating
the deaerator 6 in the event that bypass is required. The bypass valve 14a and the

deaerator isolation valve 60 are both operated manually in this embodiment.
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The hardness analyzer 5 is fluidly connected to the first feed line 12 via a valve 50 that is
wired to and controlled by the hardness analyzer 5 in this embodiment. The hardness
analyzer 5 is configured to sample the feed water treated by the water softener assembly 2
at predetermined intervals, for example every 20 minutes. The hardness analyzer 5 then
injects a chemical reagent into the water sample, mixes and analyzes the mixed sample
water and chemical reagent. The reagent is selected to react with elements of the feed
water to create a color indication of hardness. The analysis involves measuring the
transmissivity of the color indication and determining a hardness value therefrom. Other
harness analyzers 5 are also envisaged and may present advantages in circumstances as

would be appreciated by the skilled person.

The water treatment system 1 also includes a first treatment chemical doser 7 for dosing a
scale inhibitor into the fourth feed line 15 via a first dosing line 16 and a second treatment
chemical doser § for dosing an oxygen scavenger into the fourth feed line 15 via a second
dosing line 17. The connection between the second dosing line 17 and the fourth feed line
15 is downstream of the connection between the first dosing line 16 and the fourth feed
line 15. Each doser 7, 8 includes a doser tank 70, 80 containing treatment chemicals and a
dosing pump 71, 81 that feeds the treatment chemicals to a respective one of the dosing

lines 16, 17 via a respective non-return valve 72, 82 and doser valve 73, 83.

The system also includes a controller 9 for controlling the system 1 and a blow down line
18 incorporating a blow down valve 18a for selectively initiating a blow down cycle to
withdraw boiler water and discharge it to a common drain 18b. Fach of the temperature
sensor 15b, water softener valves 22, 23, 24, 25, totalizer 4, hardness analyzer 5, dosing
pumps 71, 81 and doser valves 73, 83 is operatively connected to the controller 9 by a
respective cable in this embodiment, although one or more such cables may be replaced
with wireless connections. 'The blow down valve 18a is operated manually in this
embodiment, but it is envisaged that it could also be operatively connected to and
controlled automatically by the controller 9 via a cable or wireless connection. Similarly,
the hardness analyzer valve 50 may also be operatively connected to and controlled
directly by the controller 9 via a cable or wireless connection instead of being controlled

by the hardness analyzer 5.
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As explained above, the totalizer 4 includes control logic that is operable to determine
based on the measured flow a quantity of water treated by the softener. However, it is also
envisaged that the totalizer 4 may be replaced with a simple flow sensor that
communicates with a controller 9 of the system, for example wherein the controller 9 is

configured to determine the quantity of water treated by the softener.

In use, the supply and outlet valves 22, 24 of the first softener 20 are open and water is fed
from the supply line 11 through the first softener 20, where it is treated to replace
magnesium and calcium ions (Mg>* and Ca®") with sodium ions (Na*) using ion exchange
resins. The softener treated feed water then passes through the first feed line 12 to the
storage tank 3 via the totalizer 4. Softener treated water from the storage tank 3 is then
pumped through the second feed line 13 by the first pump 13a from the first outlet 30 of
the storage tank 3 to the deaerator 6, where it is treated further to remove oxygen and/or
other dissolved gases. The deaerator isolation valve 60 is also open and the treated feed
water is pumped through the fourth feed line 15 by the second pump 15a to the boiler 10

via the temperature sensor 15b.

As explained above, the hardness analyzer 5 draws a sample of the softener treated feed
water at regular intervals, every 20 minutes in this embodiment. This is achieved by
opening the hardness analyzer valve 50 to draw the sample, into which the chemical
reagent is injected, the sample is mixed and analyzed as explained above to determine a
hardness value. The controller 9 then carries out a procedure as outlined in Figure 2,
where HA represents the reading from the hardness analyzer 5, SP represents the
excessive hardness set point, which is 1 ppm in this embodiment, and T represents the
total flow measured by the totalizer 4. DF represents the design flow for each softener 20,
21, that is to say the estimated volume of water that can be treated by the softener 20, 21
before requiring regeneration as measured by the procedure described above. SP,
represents the normal set point for the totalizer 4, which is set at 80% of the design flow in
this embodiment. SP. represents the critical set point for the totalizer 4, which is set at
120% of the design flow in this embodiment. Shift represents a signal generated by the

controller 9 to initiate a shift between the softeners 20, 21.

Regeneration Alarm represents a signal generated by the controller 9 that is sent to a

remote monitoring system (not shown) and that initiates an audible and visible alarm at the
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relevant softener 20, 21 to indicate to an operative that the regeneration circuit must be
activated. Similarly, Hardness Alarm represents a signal generated by the controller 9 that
is also sent to a remote monitoring system (not shown) and that initiates an audible and
visible alarm at the hardness analyzer 5 to indicate to an operative that there is a fault with
the hardness analyzer 5 or somewhere else in the system 1. Dosing Pump represents a
signal generated by the controller 9 to initiate the first treatment chemical doser 7 by
opening the first doser valve 73 and causing the first dosing pump 71 to dose a scale
inhibitor into the fourth feed line 15. It is also envisaged that the first dosing pump 71
may be operable to dose continuously a scale inhibitor into the fourth feed line 15 at a first
rate or concentration, for example wherein the signal generated by the controller 9 causes
an increase from the first rate or concentration to a second rate or concentration. In such
embodiments, the first dosing pump 71 may comprise two speeds or may be continuously
variable with the controller 9 being configured to operate it at one of two set points. Other

arrangements are also envisaged and would be appreciated by the skilled addressee.

As illustrated in Figure 2, a reading HA is taken from the hardness analyzer 5 at step 51
and a comparison with the set point SP is carried out at step 52. If the reading HA is less
than the set point SP, then the controller 9 proceeds to step 53, where the total flow T from
the totalizer 4 is compared with the critical set point SP.. If the total flow T is less than
the critical set point SP., then the controller 9 proceeds to step 53a and no alarms or

signals are generated and no softener shift is carried out.

Accordingly, by monitoring the hardness of the softener treated feed water at regular
intervals, operation of the softener can be extended by up to 20% of its normal design flow

DF, thereby improving the efficiency of the system 1.

If the total flow T is more than the critical set point SP, then the controller 9 proceeds to
step 53b, where a Shift signal is generated and then to step 53¢ where a Regeneration
Alarm signal is also generated. The Shift signal results in the controller 9 initiating a shift
between the softeners. This is achieved in the configuration outlined above, in which the
first softener 20 is in operation, by opening the supply and outlet valves 23, 25 of the
second softener 21 and closing the supply and outlet valves 22, 24 of the first softener 20.
The Regeneration Alarm signal alerts the operative that regeneration of the first softener

20 must be carried out.
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Turning back to step 52, if the reading HA is more than the set point SP, then the
controller 9 proceeds to step 54, where the total flow T from the totalizer 4 is compared
with the normal set point SP;. If the total flow T is less than the normal set point SP,, then
the controller 9 proceeds to step 54a, such that no softener shift is carried out, and then to
step 55 such that a Dosing Pump signal is generated, thereby causing the first dosing pump
71 to dose, or increase the dosage of, a scale inhibitor into the fourth feed line 15. If the
total flow T is more than the normal set point SP,, then the controller 9 proceeds to step
54b, where a Shift signal is generated and then to step 54c where a Regeneration Alarm
signal is also generated. The Shift and Regeneration Alarm signals result in the same

procedures described above in relation to steps 53b and 53c.

As a result of this arrangement, in situations where the softener 20 is unable to cope with
the quality of the feed water, for example due to seasonal fluctuations, its operation before
softener shift may be extended up to at least 80% of its design flow DF whilst mitigating

the risk of excessive scale deposits accumulating in the boiler 10.

In this embodiment, the temperature sensor 15b is configured to measure continuously the
temperature of the treated feed water passing through the fourth feed line 15. If the
measured temperature drops below a predetermined threshold value, which is indicative of
a fault in the deaerator 6, the controller 9 is configured to generate a deaerator fault alarm
signal, which initiates the second treatment chemical doser 8 to introduce into the fourth
feed line 15 an oxygen scavenger by opening the second doser valve 83 and initiating the
second doser pump 81. It will be appreciated that the temperature threshold value is
selected based on the environmental conditions, the characteristics and settings of the
deaerator 6 and features of the feed water supply. By way of example, the temperature

threshold value may be approximtely 95°C.

As with the first treatment chemical doser 7, it is envisaged that the second dosing pump
81 may be operable to dose continuously an oxygen scavenger into the fourth feed line 15
at a first rate or concentration, for example wherein the signal generated by the controller
9 causes an increase from the first rate or concentration to a second rate or concentration.
In such embodiments, the second dosing pump 71 may also comprise two speeds or may

be continuously variable with the controller 9 being configured to operate it at one of two
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set points. Other arrangements are also envisaged and would be appreciated by the skilled

addressee.

In this embodiment, a blow down operation is carried out at regular intervals according to
a predetermined schedule or where the efficiency of the boiler 10 indicates that this is
required. Blow down is achieved by opening the blow down valve 18a to withdraw boiler
water and discharge it to a common drain 18b. As indicated above, it is also envisaged
that the blow down valve 18a could be operatively connected to and controlled by the

controller 9 to carry out the blow down cycle at regular intervals.

Turning now to Figure 3, there is shown a water treatment system 100 according to a
second embodiment, which is similar to the system 1 according to the first embodiment
wherein like references depict like features and the system 100 operates in a similar
manner that will not be described further. The water treatment system 100 according to
this embodiment differs from that of the first embodiment in that the system 100 includes
a blow down sampler 118 and the first treatment chemical doser 107 in this embodiment
includes a further doser tank 170 with a further dosing pump 171 that feeds the treatment
chemicals from the tank to the first dosing line 16 via a further non-return valve 172 and
further doser valve 173. Each of the further dosing pump 171 and the further doser valve
173 is operatively connected to the controller 9 by a cable in this embodiment, although

the cable may be replaced with a wireless connection.

In this embodiment, the first treatment chemical doser 107 is configured such that the first
dosing pump 71 doses continuously a formulation that includes a scale inhibitor and an
inert tracer into the fourth feed line 15. The system 100 follows a similar procedure to that
shown in Figure 2. When the Dosing Pump signal is generated by the controller 9, the
further doser valve 173 is opened and the further dosing pump 171 is initiated to dose
additional scale inhibitor into the fourth feed line 15, thereby increasing the concentration
of scale inhibitor to mitigate the higher hardness value determined by the hardness

analyzer 5.

In this embodiment, the tracer introduced into the fourth feed line 15 reaches a final
concentration at steady state in the boiler, which exhibits a blow down concentration at

different points in time, as explained in US5041386, the entire contents are incorporated
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herein by reference. The blow down sampler 118 is configured to sample continuously
water samples from the steam drum of the boiler 10 and to measure the pH, conductivity

and the blowdown concentration of the inert tracer within the blow down sample.

The blow down sampler 118 is operatively connected to the controller 9 by a cable in this
embodiment, although the cable may be replaced with a wireless connection. The blow
down sampler 118 is configured to generate a blow down alarm signal when one of the
parameters measured reaches or exceeds or is below a predetermined set point. The set
point is determined based on the characteristics of the feed water and the configuration of
the system 100. When the controller 9 receives a blow down alarm signal, an audible and
visible alarm is initiated at or adjacent the manual blow down valve 18a to indicate to an

operative that the blow down cycle should be initiated.

Turning now to Figure 4, there is shown a water treatment system 200 according to a third
embodiment, which is similar to the systems 1, 100 according to the first and second
embodiments wherein like references depict like features and the system 200 operates in a
similar manner that will not be described further. The water treatment system 200
according to this embodiment differs from that of the second embodiment in that the
system 200 includes an automated blow down circuit with a second blow down valve 218a
and a non-return valve 218b, the controller 209a, 209b is incorporated in part 209b into the
blow down sampler 218 and the second treatment chemical doser 208 includes a further
doser tank 280 with a further dosing pump 281 that feeds the treatment chemicals from the
tank to the second dosing line 17 via a further non-return valve 282 and further doser

valve 283.

The valves 22, 23, 24, 25, totalizer 4 and hardness analyzer 5 are each connected to and
controlled by a first controller 209a. The blow down sampler 218 in this embodiment
functions in a similar manner to the blow down sampler 118 of the first embodiment, but it
also includes a second controller 209b. The second blow down valve 218a and each of the
dosing pumps 71, 171, 81, 281, dosing valves 73, 173, 83, 283 and the temperature sensor
15b is operatively connected to and controlled by the second controller 209b by a cable,
although the cable may be replaced with a wireless connection. The first and second
controllers 209a, 209b are also operatively connected to one another by a cable in this

embodiment, although the cable may be replaced with a wireless connection.
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In this embodiment, the second treatment chemical doser 208 is configured such that the
second dosing pump 81 doses continuously an oxygen scavenger into the fourth feed line
15. If the measured temperature drops below the predetermined threshold value described
above and a deaerator fault alarm signal is generated, the further doser valve 283 is opened
and the further doser pump 281 is initiated to dose additional oxygen scavenger into the
fourth feed line 15, thereby increasing the concentration of oxygen scavenger to mitigate

the fault in the deaerator 6.

In addition, when a blow down alarm signal is generated as outlined above in relation to
the system 100 according to the second embodiment the controller 209b is configured to
open the second blow down valve 218a automatically in order to initiate the blow down

cycle.

Whilst embodiments of the present invention have been described and illustrated above, it
will be appreciated by those skilled in the art that several variations to the aforementioned
embodiments are envisaged without departing from the scope of the invention.
Specifically, although not exclusively, one or more of the features and the arrangements
described in the summary section above may be included or implemented or embodied

within any one of the specific embodiments described.

It will also be appreciated by those skilled in the art that any number of combinations of
the aforementioned features and/or those shown in the appended drawings provide clear
advantages over the prior art and are therefore within the scope of the invention described

herein.
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CLAIMS

1. A boiler feed water treatment system comprising a water softener, a controller, a
hardness analyzer operatively connected to the controller for measuring the hardness
of water treated by the softener, a water flow meter operatively connected to the
controller for determining a quantity of water treated by the softener and a chemical
doser operatively connected to the controller for introducing one or more treatment
chemicals into the feed water, wherein the controller is configured to cause the
chemical doser to introduce or increase, in use, a quantity or concentration of one or
more treatment chemicals into the feed water if a hardness measured by the hardness
analyzer reaches or exceeds a first predetermined threshold and a water quantity
determined by or from the water flow meter reaches or is below a second

predetermined threshold.

2. A system according to claim 1 further comprising two or more water softeners,
wherein the controller is further configured to generate a softener alarm signal if a
hardness measured by the hardness analyzer reaches or exceeds the first
predetermined threshold and a water quantity determined by or from the water flow

meter reaches or is below a third predetermined threshold.

3. A system according to claim 2, wherein the controller is configured to activate or
cause the activation of one of the two or more water softeners and to deactivate or
cause the deactivation of another of the two or more water softeners when the

softener alarm signal is generated.

4. A system according to claim 2, wherein the controller is configured to generate an

audible or visible alarm when the softener alarm signal is generated.

5. A system according to claim 2, wherein the controller is configured to activate or
cause the activation of a regeneration cycle when the softener alarm signal is

generated.

6. A system according to claim 2, wherein the second predetermined threshold

comprises a fraction of an estimated treatment capacity of one or each water softener
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10.

11.

12.

and the third predetermined threshold comprises a multiple of the estimated

treatment capacity.

A system according to claim 1, wherein the controller is further configured to
generate a hardness alarm signal if a hardness measured by the hardness analyzer
reaches or exceeds the first predetermined threshold for a predetermined period of

time.

A system according to claim 7, wherein the system is configured such that the
hardness analyzer draws and analyzes a feed water sample at predetermined
intervals and the hardness alarm signal is generated if a hardness of each of a
predetermined number of feed water samples drawn and analyzed reaches or

exceeds the first predetermined threshold.

A system according to claim 1, wherein the one or more treatment chemicals

comprises a scale inhibitor.

A system according to claim 1 further comprising a deaerator for removing one or
more dissolved gases from the feed water and a temperature sensor downstream of
the deaerator for measuring the feed water temperature, wherein the system is
configured to cause the or a further chemical doser to introduce or increase, in use, a
quantity or concentration of an oxygen scavenger into the feed water if a
temperature measured by the hardness measurement means reaches or is below a

predetermined threshold.

A system according to claim 1, wherein the system further comprises a blow down
sampler for drawing and analysing a water sample from a boiler to which the system
is connected in use, the blow down sampler being operable to measure the
conductivity of a drawn water sample, the controller or blow down sampler being
configured to generate a blow down signal if a measured conductivity reaches a

predetermined set point.

A system according to claim 11, wherein the or a further chemical doser is

configured to introduce, in use, an inert tracer into the feed water, the blow down
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13.

14.

15.

16.

17.

18.

sampler being operable to measure the concentration of the tracer within the drawn
water sample, the controller or blow down sampler being configured to generate a
blow down signal if a measured concentration reaches or is above a predetermined

set point.

A system according to claim 12, wherein the system or controller or blow down
sampler is configured to generate an audible or visible alarm in response to the blow
down signal or to send the blow down signal to a remote monitoring system or to

initiate a blow down cycle.

A method of treating boiler feed water, the method comprising measuring the
hardness of water treated by a softener, determining a quantity of water treated by
the softener and introducing or increasing a quantity or concentration of one or more
treatment chemicals into the feed water if the measured hardness reaches or exceeds
a first predetermined threshold and the determined water quantity reaches or is

below a second predetermined threshold.

A method according to claim 14 further comprising disabling the softener and
enabling a further softener if the measured hardness reaches or exceeds the first
predetermined threshold and the determined water quantity reaches or is below a

third predetermined threshold.

A method according to claim 14 comprising measuring the hardness of water treated
by the softener at predetermined intervals and generating a hardness alarm signal if
the measured hardness of each of a predetermined number of feed water samples

drawn and analyzed reaches or exceeds the first predetermined threshold.

A method according to claim 14 further comprising measuring a temperature of the
feed water downstream of a deaerator and introducing or increasing a quantity or
concentration of an oxygen scavenger into the feed water if the measured

temperature reaches or is below a predetermined threshold.

A method according to claim 14 further comprising introducing an inert tracer into

the feed water, drawing and analysing a water sample from the boiler, measuring the
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19.

20.

conductivity of the drawn water sample and measuring the concentration of the inert
tracer therein and, if either the measured conductivity or concentration reaches a
respective predetermined set point, generating an audible or visible alarm or sending
a signal to a remote monitoring system or initiating a blow down cycle in response

thereto.

A computer readable medium having a program stored thereon, where the program
is arranged to make a computer execute a procedure to implement a method
comprising measuring the hardness of water treated by a softener, determining a
quantity of water treated by the softener and introducing or increasing a quantity or
concentration of one or more treatment chemicals into the feed water if the measured
hardness reaches or exceeds a first predetermined threshold and the determined

water quantity reaches or is below a second predetermined threshold.

A computer readable medium according to claim 19 incorporated within a controller.
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