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SYSTEM AND METHOD FOR MONITORING WATER QUALITY

RELATED APPLICATIONS

[001] The present application claims priority from Australian provisional application
number 2020904744 filed 18 December 2021, the content of which is hereby incorporated
by reference in its entirety.

TECHNICAL FIELD

[002] The present invention relates to a system and method for monitoring water quality.
BACKGROUND

[003] Any references to methods, apparatus or documents of the prior art are not to be
taken as constituting any evidence or admission that they formed, or form part of the
common general knowledge.

[004] Drinking water in many drinking watar distribution systems is currently monitored
by manually taking infrequent water samples at a limited number of iocations. Samples
then undergo laboratory analysis for a list of contaminants. From the fime of
contamination, the tumarcund time for a positive detection could range from days {o
weeks, depsnding on the type of contaminant and the accessibility to laboratory services.
Therefore, thers is a need {o provide real time water quality monitoring.

[005] In real time water quality monitoring, considerable difficulties have been
experienced in collecting and processing of measurements from remote sensors in a way
that facilitates quick and accurate interpretation of the measurements by a human
operator. The Inventors have discerned that these difficulties arise mainly because of
problems associated with correlating measurements with actual conditions over time
periods of interest. Moreover, when a large number of water sampling devices are used
for constant water quality monitoring, large volumes of water quality related data need to

be processed and analysed to provide any meaningful inference to personnel who are
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responsible for monitoring water quality. The applicant’s previous invention, published as
PCT/AU2020/050073 (incorporated herein by reference) provides a water quality
monitoring device that enables real time water quality monitoring. However, when a large
number of water quality monitoring devices are reporting water quality results back to the
server it becomes incredibly difficult, if not impossible for a person to process the data in
real time and provide any meaningful information to operators. Therefore, there is at least
a need to provide an improved method and system that addresses some of the

shortcoming of the prior art and existing technologies.

SUMMARY OF INVENTION

[006] In some of the following statements summarising the invention, where features are
mentioned item numbers from the Figures will be provided as an example of the feature
for the convenience of the reader. It will be understood that such examples are purely
exemplary and are not intended to be limiting of the features.

[007] In an aspect, the invention provides a water quality monitoring system for
monitoring water quality in a water distribution network 80, comprising a plurality of
distribution lines 90 interconnecting one or more nodes from which water is supplied into
the distribution network, the system comprising:

a plurality of water sampling sub-systems (100), each sub-system (100) being
arranged in fluid communication with a corresponding distribution line (90) for obtaining
data related to water quality parameters from said corresponding distribution line (90),
each sub-system (100) comprising a communication module (110) for communicating the
data related to at least one water quality parameter to a database (42) over a
communication network (29) wherein each of the sub-systems (100) are_functionally linked
with each other over the communication network to allow all of the sub-systems in the
corresponding distribution lines to be triggered to perform simultaneous measurements of

the water quality parameters in a measurement event (213);
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a remotely located server computer (33) in communication with said plurality of
water sampling sub-systems (100), said server computer (33) including a processor (35)
and a non-volatile memory device (47), wherein said processor (35) is operable to perform
the steps of: retrieving the data from the database (42) to determine:

a maximum measured value (202) for the water parameter from a set of water
parameter values measured by each sub-system in each measurement event (213);

a minimum measured value (204) for the water parameter from the set of water
parameter values measured by each sub-system in each measurement event (213);

an average measured value (205) for the water parameter computed by calculating

an average of all the measured values of the water parameter in the set;

the memory device comprising executable instructions to display a graph (207) that
includes a first axis (209) to indicate the maximum measured value (202), the minimum
measured value (204) and the average value (205) for each measurement event (213)
and a second axis (211) to indicate a time period over which a plurality of said

measurement events have occurred thereby provide a visual indication of water quality.

[008] In an embodiment, the processor (35) for the remotely located server computer 33
is operable to determine a range (206) of the measured values of the water quality
parameter by computing a difference between the maximum measured value (202) and
the minimum measured value (204) and wherein the memory device comprises
executable instructions (48) to indicate the range (206) of the measured values on the first
axis (209).

[009] In an embodiment, the system further comprises a user input interface (43,44) in
communication with the processor (35) for controlling operation of the functionally linked

water sampling sub-systems (100) and initiating one or more measurement events (213).
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[010] In an embodiment, each sub-system (100) is configured to measure one or more
of the following: (a) pressure: (b) transient pressure; (c) temperature of water; (d) pH of
water; (e) oxidation reduction potential (ORP); (f) Conductivity (Ec); (g) Free Chlorine
concentration, (h) Turbidity.
[011] In an embodiment, the memory device (47) comprises executable instructions (48)
to additionally indicate if a maximum measured value exceeds a pre-determined
maximum limit value and/or if a minimum measured value is less than a predetermined
minimum limit value for the water quality parameter.
[012] In an embodiment, the memory device comprises executable instructions to
compute a difference between the average value of each measurement and the maximum
measured value for each measurement and process said difference in accordance with
one or more predetermined rules to provide an indication of unexpected changes in water
quality.
[013] In an embodiment, the memory device comprises executable instructions to
compute a difference between the average value of each measurement and the minimum
measured value for each measurement and process said difference in accordance with
one or more predetermined rules to provide an indication of unexpected changes in water
quality.
[014] In another aspect, the invention provides a method of monitoring water quality in
a water distribution network (80) comprising a plurality of distribution lines (90)
interconnecting one or more nodes from which water is supplied into the water
distribution network (80), the method comprising:

arranging a plurality of water sampling sub-systems (100) in fluid communication
with a corresponding distribution line (80) and obtaining water quality parameters from
said corresponding distribution line wherein each of the sub-systems (100) are functionally

linked with each other over the communication network to allow all of the sub-systems in
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the corresponding distribution lines to be triggered to perform simultaneous
measurements of the water quality parameters in a measurement event (213);

communicating data, via a communication module (110) of each of the the water
sampling sub-systems, related to a water quality parameter to a database (42) over a
communication network (29);

arranging a remotely located server computer(33) and retrieving data from the
database (42), said server computer (33) including a processor (35) and a non-volatile
memory device (47) and operating the processor (35) to process the retrieved data to
determine:

a maximum measured value (202) for the water parameter from a set of water
parameter values measured by each sub-system in each measurement event (213);

a minimum measured value (204) for the water parameter from the set of water
parameter values measured by each sub-system in each measurement event (213);

an average measured value (205) for the water parameter computed by calculating
an average of all the measured values of the water parameter in the set; and

arranging a display device (33) in communication with the processor (35) and the
memory device (47) to display a graph (207) that includes a first axis (209) to indicate the
maximum measured value (202), the minimum measured value (204) and the average
value (205) for each measurement event (213) and a second axis (211) to indicate a time
period over which a plurality of said measurement events (213) have occurred to thereby
provide a visual indication of water quality.
[015] In an embodiment, the method further comprises the step of determining a range
of the measured values of the water quality parameter by computing the difference
between the maximum measured value and the minimum measured value and wherein
the memory device comprises executable instructions to indicate the range of the

measured values on the first axis.
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[016] In an embodiment, the method further comprises the step of displaying pre-
determined maximum and minimum limit values for the water quality parameter on the
display device.

[017] Inan embodiment, the method further comprises the step of computing a difference
between the average value of each measurement and the maximum measured value for
each measurement and processing said difference in accordance with one or more
predetermined rules to provide an indication of unexpected changes in water quality.
[018] Inan embodiment, the method further comprises the step of computing a difference
between the average value of each measurement and the minimum measured value for
each measurement and process said difference in accordance with one or more

predetermined rules to provide an indication of unexpected changes in water quality.

BRIEF DESCRIPTION OF THE DRAWINGS

[019] Preferred features, embodiments and variations of the invention may be discerned
from the following Detailed Description which provides sufficient information for those
skilled in the art to perform the invention. The Detailed Description is not to be regarded
as limiting the scope of the preceding Summary of the Invention in any way. The Detailed

Description will make reference to a number of drawings as follows:

Figure 1 is a line diagram of a water distribution network utilising a plurality of water
sampling sub-systems 100 in corresponding distribution lines in a water distribution

network.

Figure 2 is a box diagram illustrating various functional elements of a water quality

monitoring system in accordance with a preferred embodiment.

Figure 3 is a first visualisation produced by the system of the preferred embodiment.
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Figure 4 is a second visualisation produced by the system of the preferred embodiment.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[020] Figure 1 illustrates a line diagram of a water distribution network 80 comprising a
plurality of distribution lines 90 (arrows show the direction of flow of water) interconnecting
one or more nodes from which water is supplied into the distribution network where n
water sampling sub-systems 100-1,..,100-n generally denoted by 100 have been arranged
in fluid communication with a corresponding at least one distribution line 90.

[021] In at least some embodiments, each water sampling sub-system 100 may be
provided in the form of a pit lid mounted water sampling and testing system described in
PCT/AU2020/050073. Each lid mounted water sampling sub-system 100 may be
arranged to be in fluid communication with a corresponding distribution line 90 for
obtaining water quality parameters from the corresponding distribution line. Each water
sub-system comprises a communication module 110 for communicating data related to
water-quality parameters from each sub-system to a database 150 over a communication
network 29, such as a wireless communication network (internet in the preferred
embodiment).

[022] As illustrated in Figure 2, the sampling sub-systems 100 are grouped into a number
of groups wherein sampling sub-systems of each group are in data communication with a
common Remote Terminal Unit (RTU) 120. A RTU is a microprocessor-based device that
monitors and controls field devices, that then connects to plant control systems. The term
“RTU” as used herein is meant to encompass functionally equivalent devices, for example
suitably programmed programmable logic controllers (PLC) with network accessibility and
data storage capability.

[023] For example, in Figure 2 groups 70a, 70b,...,70m of sampling sub-systems 100 are
shown wherein the sampling sub-systems 100 of group 70a are each in data

communication with RTU 120a, the sampling sub-systems 100 of group 70b are each in
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data communication with RTU 120b, and so on, up to group 70m whose sensor sub-
systems 100 are each in data communication with RTU 120m. Each of the sensor-
subsystems 100 is a network device and is able to monitor a reference time signal, for
example a signal from an internet accessible clock. Each sampling sub-system 100
assumes an idle mode in which it listens for a wake-up call from the RTU in its group.
Upon receiving the wake up call the sampling sub-system readies itself to make
measurements of parameters at a time specified by the RTU. Since all the sub-systems
monitor a common reference time signal they are effectively functionally linked with each
other over the communication network to allow them to be triggered for simultaneous
measurement of the water quality parameters by all the of the functionally linked sub-
systems 100 in the corresponding distribution lines in a measurement event. For example,
measurement events 213 may be triggered at five minute intervals as shown in Figure 4
where 72 measurement events are shown over the course of a six hour period from 00:00
hours on 13 November to 06:00 hours on the same day. Each RTU includes a data logger
122b which stores measurement data from the sensor sub-assemblies 100 in the RTU’s
group. Measurement data from the RTU data loggers 122 is then transmitted via
communication network 29 for storage in database 42. In other alternative embodiments,
measurement events 213 may be triggered to be performed simultaneously within a
certain time period or range of time whereby the measurement events 213 may not occur
exactly at the same time but within a defined time period. For example, that time period
may be defined to be a 5 minute period and all “simultaneous” measurements in an event

would be undertaken during this specified time period.

[024] A remotely located server computer 33 is arranged to be in communication with
the plurality of water sampling sub-systems 100, said server computer including one or
more processors (CPUs) 35 and a non-volatile memory device 47 such as a secondary

storage hard drive or solid-state drive. The server 33 also includes usual componentry
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such as a mainboard that couples various modules together including a ROM containing
a BIOS or UEFI for booting up the server prior to loading of an operating system, RAM,
an operating system stored in the secondary storage, a communications module such as
a network-interface-card and a graphics driver for interfacing between the CPU and a
display device such as a flat screen monitor.

[025] The processor 35 is configured by instructions comprising a program 48 stored in
secondary storage 47 to be operable to perform the steps of: retrieving data from the
database 42 to determine: a maximum measured value (My) (indicated as 202 in Figure
3) for the water parameter from a set of water parameter values measured by each sub-
system 100 in each measurement event 213; a minimum measured value (Mn) (indicated
as 204 in Figure 3) for the water parameter from the set of water parameter values
measured by each sub-system in each measurement event and an average measured
value (Av) (indicated as 205 in Figure 3) for the water parameters, which processor 35
computes by calculating an average of all the measured values of the water parameter in
the set of water parameter values for each measurement event. In the preferred example,
for every measurement event, 16 data points are recorded for each water sampling sub-
system 100. Specifically, a range (indicated as 208 in Figure 3) of the measured values
(MR) of the water quality parameter is obtained by computing the difference between the
maximum measured value (Mx) 202 and the minimum measured value (Mn) 204.

[026] The memory device 47 stores executable instructions that comprise a program 48
that configure processor 35 to display a graph (indicated as 207 in Figure 3, on a display
device 49, that includes a first axis 209 to indicate the maximum measured value (Mx) 202,
the minimum measured value (Mn) 204 and/or the range 206 of the measured value (Mr)
and the average value (Av) 205 for each measurement event 213 (Figure 4) and a second
axis 209 to indicate a time period, e.g. from 00:00 Hrs on 13 November to 12:00 Hrs on

20 November in Figure 3 over which a plurality of said measurement events 213 have
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occurred thereby providing a visual indication of water quality. The system and method
described herein are used to transform data obtained by the inter-connected water
sampling sub-systems 100 and visualization techniques are used for presenting a large
volume of data in a manner that is more suitable and useful for quick evaluation and

analysis by operators and supervising personnel.

{027] Referring once again to Figurs 2, the processor 35 in combination with the memuory
device 47 and the display device 49 may be referred {0 as a data visualization device 45
in accordance with an embodiment. The dala visualization device 45 may f include an
inputinterface, e.g. keyboard 44 and mouse 43, an output interface such as display device
48, a communication interface such as modem 41 and may retrieve datasets (e.g. ssais of
measuremesnt valus data relating to water quality parameters) from the database 42.
Fewar, different, and/or additional componenis may be incorporated into data visualization
device 45,

[628] An Input interface may provides an interface for receiving information from a user
for entry into the data visualization device 45 as understood by thoss skilled in the art
input interface may interface with various inpul technologies including, but not fimited to,
a keyboard , a mouse , a display, a track ball, a keypad, a microphone, one or more
buttons, eic. to allow the user o enter information into data visualization device or to make
selections presented in a user interface displayed on the display. The same inferface may
support both inpul interface and output interface. For example, a fouch screen display
supports user input and presents output o the user. The data visualization device 45 may
have one or more inpul interfaces that use the same or a different input interface
technology. The input interface technology furthsr may be accessible by data visualization
device through communication interface. The user input interface may also receive user
input fo trigger a measurement event. Specifically, each of the water sampling sub-

systems 100 may be funclionally linked to the processor 35 via the communication



WO 2022/126194 PCT/AU2021/051504

11

network 29 and RTUs 120 to actuate or frigger one or more measurement svents
simultansously in each of the sensor sub-assembliss 100.

{028] An oulput interface may also be provided for oulpulling information for review by a
user of data visualization device. For exampls, oulput interface may interface with various
ouiput technologias including, but not imifed to, a display, a printer, efe. Data visualization
device may have ong or more output interfaces that use the same or a different output
interface technology. The output interface technology further may be accessible by data
visualization device through the communication interface.

{030] The communication interface, e.g. interface 41, provides an interface for receiving
and transmitting dafa belwesn devices using various profocols, transmission
technologies, and media as undersiood by those skilled in the arl. Communication
interface may support communication using various transmission media that may be wired
andfor wireless. Dala visualization device 45 may have one or more communication
interfaces thal use the same or a different communication interface technology. For
exampie, data visualization device may support communication using an Ethernet port, a
Blustooth antenna, a telephone jack, a USBE port, ste. Data and messages may be
fransferrad between data visualization device and other compuiing devices using
comimumnication interfaces.

{031] The memuory device 47 is an electronic holding place or storage for information and
instructions such as the instructions comprising program 48, so the information can be
accessed by processor 35 as undersiood by those skilled in the arl. The memory device
47 can include, but is not limited to, any typs of random access memary (RAM), any type
of read only memory {ROM), any type of flash memory, et such as magnetic storage
devicas (e.g., hard disk, floppy disk, magnetic strips, . . . ), oplical disks (e.g., compact
disc {CD}, digital versatife disc (DVD), . . .}, smart cards, flash memory devices, elc. The

data visualization device 45 may have one or more computer-readable media that use the
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same or a different memory media technology. Data visualization device also may have
ane or more drives that support the loading of a memeory media such as a CD, DVD, an
external hard drive, stc. One or more extemal hard ditves further may be connected o
data visualization device using the communication interface.

[032] As explained in the earlier seclions, the processor 35 executes instructions as
undersiood by those skilied in the art. The insfructions may be carried out by a special
purpese computer, logic circuits, or hardware circuits. Processor 35 may be implemented
in hardware and/or firmwars. Processor 35 executes an  instruction, meaning it
performs/controls the operations called for by that insfruction. The term “execution” is the
process of running an application or the carrving out of the operation calied for by an
instruction. The instructions may be writlen using one or more programming language,
scripting language, assembly language, etc. Processor 35 operably couples with the input
inferface {(e.g. keyboard 44, mouss 43}, with oulput interface {(e.g. display 49}, with the
communication interface (s.g. modem 41), and with memory device 47 to receive, to send,
and o process information. Processor 35 may refrisve a sst of instructions from a
permanent mamory device and copy the instructions in an executable form o a temporary
mermory device that is generally some form of RAM. Data visualization davice 45 may also
include a plurality of processors that use the same or a different processing technology.
{033] A data visualization application in the form of program 48 may be provided on the
data visualization device 45 to perform operations associated with providing one or mors
visualizations in the form of graphical displays such as graph 207, generated from
dalasets associated with waler quality parameters (which encompasses monitoring
sewage parameters in some embodiments) measured for each measurement event from
the plurality of the waler sampling sub-systems 100, Some or all of the operations
described herein may he embodied in dals visualization application 48, The operations

miay be implementsd using hardware, firmwares, software, or any combination of these
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methods. Referring to the example embodiment of FIG. 2, the data visualization method is
implemented in software in the form of program 48 (comprised of computer-readable
and/or computer-execulable instructions) stored in the memaory device 47 and accessible
by processor 35for exscution of the instructions that embody the operations of data
visualization application. Dala visualization application 48 may be writien using one or
morg programming languages, assembly languages, scripting languages, ete.

{034] The dala visualization application 48 may alse be implemented as a Web
application. For example, data visuglization application may be configured fo recsive
hypertext transport protocol (HTTP) responses and o send HTTP reqguests. The HTTP
responses may include web pages such as hyperiext markup language (HTML)
documents and linked objects generated in response to the HTTP requests. Each web
page may be identified by a uniform resource tocator (URL) that includes the location or
address of the computing device that contains the resource to be accessed in addiion to
the location of the resource on that computing devics. The type of file or resource depends
on the internst application profocol such as the file fransfer protocol, HTTP, H.323, efc.
The file accessad may be a simple text file, an image file, an audio file, a video filg, an
executable, a common gateway interface application, a Java applet, an exiensible markup
language (ML) file, or any other type of file supported by HTTR.

{038] Each dataset visualized by ae visualization device 45 according to an embodimant
of the present invention includes measurement valuas for a plurality of water quality
parameters undertaken by svery connected water sampling sub-system 100 for a
measurement event. For every measurement event, each water sampling sub-systern 100
may undertake measurement of a plurality of waler quality parameters at the same lime
{(when a measurement event is friggered across ail the water sampling sub-sysiems 100},

For example, values for the following waler quality parameters may be measursd:

(a) pressure,
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(b) transient pressure;

(b) temperature of water;

(c) pH of water;

(d) oxidation reduction potential (ORP);
(e) Conductivity (Ec)

(f) Free Chlorine concentration

(9) Turbidity

{038] Data generated by sach walsr sampling sub-system 100 for each measuremeant
eventis logged in its Remole Terminal Unit (RTU) data logger 122 and may be transritted
o a central dalabase 42, The dalabase may also take the form of a computer-readabie
mediun and/or on one or more other computing devices and accessed by the remote
server computar 33 using the communication interface 41, The dataset may be stored
using various file formats as known 10 those skilled in the artincluding a file, a file system,
a relational database, a system of tables, a structured query language dalabass, a cube,
ste.

{037] Referring {0 Figure 3, and to Figure 4 which is a detall of the first six hours of the
graph displayed in Figure 3, an example of the result of operations performed by the data
visualizer 45 is illustrated. In the illustrated example, free chiorine levels were measured
by each water sampling sub-systern 100, A measurement event 213 was triggered across
all of the watser sampling sub-systems 100 every five minutes and measuraments were
recorded for a 7day period. Free chlorine measurements were conducted for 1 week by
using 16 sampling sub-systems where each sampling subs-system conducted
2,193 measurements (measurements every five minutes) over the 7 day period or 35,088

individual measurements were performed.
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[038] In & visualisation operation, a graph (similar to the graph 207 shown in Figure 3) is
prasented by processor 35 on the display 49. The graph 207 includes a vertical axis 209
to indicate the maximum measured value (Mx) 2002 , the minimum measured value (Mn)
204 with the range 206 of the measured values of free chlorine being visually displayed
on the graph 207. In addition, the average value 205 of free chlorine level across all 16-
water sampling sub-systems 100 is also shown on the graph for each measurement event.
The horizontal axis 211 indicates the time period over which a plurality of said
measurement events have occurred thereby providing a visual indication of water quality.
In the visualization shown in Figure 3, the horizontal axis 211 is shown over a a 7-day time
period.

[039] In the visualization operation, the memory device 47 may comprises executable
instructions in program 48 for the processor 35 to compute the difference (a first variable)
between the average value across all 16 sub-systems 100 for each measurement event
and the maximum measured value or the minimum measured for each measurement.
Similarly, deviation or difference (a second variable) between each individual value from
the average value and the maximum and minimum values may also be computed. The
first and second variable may then be processed in accordance with one or more
predetermined rules to provide an indication of any unexpected changes in water quality.
As shown in Figure 5, when the pre-determined rules are satisfied, the data visualization
device 45 provides an indication of the specific sub-system 100 which is recording
unexpected changes in water quality. In the preferred embodiment, pie charts 75a, 75b,
75¢ have been shown with each sector of the pie chart denoting a specific water sampling
sub-system 100. Any unexpected changes are indicated by red colour (represented in
Figure 5 by a black segment 77 in pie chart 75b) on the specific water sampling sub-
system 100 when the predetermined rules are satisfied. The segments in a pie chart (may

be identified as each segment representing a sensor sub-assembly 11) act as an
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immediate visual identifier of a node in the water distribution network 80 where some of
the measured parameters lie above, or below, variable user pre-set or calculated defined
limits for a measurement parameter.

[040] In the example (shown in Figure 5) for pH the red segment 77 is the highest grade
of alarm indicating that pH at the site in question is well above, or below, the user
established and pre-set alarm level parameters for maximum and minimum pH levels for
that particular measurement node.

[041] In some further embodiments, the segments of the pie charts may be programmed
to provide more than one indication. For example, any segment may be shown as orange
to signify that a measurement has exceeded a threshold alert level predetermined and set
into the system by a user.

[042] The segments in alert (orange) or alarm (red) status indicate real time events
where water quality at the particular node is exceeding predetermined parameters of safe
water quality established by the end user for that node, or part of a water distribution

system.

{043] [t is important fo note that even though the preferred embodiment ulilizes a line
graph, other graphs such as a bar graph, a histogram, a binned bar graph, a density piot
graph, a kermsl density estimation plot graph, a pie graph, a free map, a bubble graph,
efe. may be ullised without departing from the spint and scope of the invention. Any graph
where aggregated data is mapped o the dimensions of an element in the graph may be
used.

{044] The skilled reader will understand that the substance of the invention lies in the
realisation that by triggsring the sensor sub-assambliss to perform simultansous {or near
simulianasus) measurements at common measuremant event times and then deriving
average, minimum and range vaiues from those measurements for paramsters of inferast,

the measurements can be meaningfully presented to a human user in a manner that
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allows the user to quickly interpret the measurements and discem out of range
measurements that may be a cause for alarm. Whilst the in the preferred embodiment a
specially programmead computer has been used o implemsant the visualization.

[045] In compliance with the statute, the invention has been described in language more
or less specific to structural or methodical features. The term “comprises” and its
variations, such as “comprising” and “comprised of” is used throughout in an inclusive
sense and not to the exclusion of any additional features.

[046] Itis to be understood that the invention is not limited to specific features shown or
described since the means herein described comprises preferred forms of putting the
invention into effect.

[047] The invention is, therefore, claimed in any of its forms or modifications within the

proper scope of the appended claims appropriately interpreted by those skilled in the art.
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CLAIMS

1. A water quality monitoring system for monitoring water quality in a water
distribution network comprising a plurality of distribution lines interconnecting one or
more nodes from which water is supplied into the water distribution network, the water

quality monitoring system comprising:

a plurality of water sampling sub-systems, each sub-system being arranged in fluid
communication with a corresponding distribution line for obtaining water quality
parameters from said corresponding distribution line, each sub-system comprising a
communication module for communicating data related to a water quality parameter to a
database over a communication network wherein each of the sub-systems are functionally
linked with each other over the communication network to allow all of the sub-systems in
the corresponding distribution lines to be triggered to perform simultaneous

measurements of the water quality parameters in a measurement event;

a remotely located server computer in communication with said plurality of water
sampling sub-systems, said server computer being in communication with a processor
and a memory device, wherein said processor is operable to perform the steps of

retrieving the data from the database to determine:

a maximum measured value for the water parameter from a set of water parameter

values measured by each sub-system in each measurement event;

a minimum measured value for the water parameter from the set of water

parameter values measured by each sub-system in each measurement event; and

an average measured value for the water parameter computed by calculating an

average of all measured values of the water parameter in the set;

wherein the memory device comprises executable instructions to configure the

processor to display a graph, on a display device, that includes a first axis to indicate the
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maximum measured value, the minimum measured value and the average value for each
measurement event and a second axis to indicate a time period over which a plurality of
said measurement events have occurred thereby providing a visual indication of water

quality.

2. A water quality monitoring system wherein the processor for the remotely located
server computer is operable to determine a range of the measured values of the water
quality parameter by computing a difference between the maximum measured value and
the minimum measured value and wherein the memory device comprises executable

instructions to indicate the range of the measured values on the first axis.

3. A water quality monitoring system in accordance with any one of claims 1 or 2
further comprising a user input interface in communication with the processor for
controlling operation of the water sampling sub-systems and initiating one or more

measurement events in a time period.

4. A water quality monitoring system in accordance with any one of the preceding

claims wherein each sub-system is configured to measure one or more of the following:

(a) pressure;

(b) transient pressure;

(c) temperature of water;

(d) pH of water;

(e) oxidation reduction potential (ORP);
(e) Conductivity (Ec); and

(f) Free Chlorine concentration
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(9) Turbidity.

5. A water quality monitoring system in accordance with any one of the preceding
claims wherein the memory device comprises executable instructions to additionally
display pre-determined maximum and minimum limit values for the water quality

parameter.

6. A water quality monitoring system in accordance with any one of the preceding
claims wherein the memory device comprises executable instructions to compute a
difference between the average value of each measurement and the maximum measured
value for each measurement and process the difference in accordance with one or more

predetermined rules to provide an indication of unexpected changes in water quality.

7. A water quality monitoring system in accordance with any one of the preceding
claims wherein the memory device comprises executable instructions to compute a
difference between an average value of each measurement and the minimum measured
value for each measurement and process said difference in accordance with one or more

predetermined rules to provide an indication of unexpected changes in water quality.

8. A water quality monitoring system in accordance with any one of the preceding
claims wherein the memory device comprises executable instructions to process the
measured value for each measurement in accordance with one or more predetermined

rules to provide an indication of unexpected changes in water quality.
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9. A method of monitoring water quality in a water distribution network comprising a
plurality of distribution lines for interconnecting a plurality of distribution lines with one or
more nodes from which water is supplied into the water distribution network, the method

comprising:

arranging a plurality of water sampling sub-systems in fluid communication with a
corresponding distribution line and obtaining water quality parameters from said
corresponding distribution line wherein each of the sub-systems functionally linked with
each other over the communication network to allow all of the sub-systems in the
corresponding distribution lines to be triggered to perform simultaneous measurements of
the water quality parameters in a measurement event; communicating data, via the
communication module of the water sampling sub-system, related to a water quality

parameter to a database over a communication network;

arranging a remotely located server computer and retrieving data from the
database, said server computer being in communication with a processor and a non-
volatile memory device and operating the processor to process the retrieved data to

determine:

a maximum measured value for the water parameter from a set of water parameter

values measured by each sub-system in each measurement event;

a minimum measured value for the water parameter from the set of water

parameter values measured by each sub-system in each measurement event;

an average measured value for the water parameter computed by calculating an

average of all the measured values of the water parameter in the set; and

arranging a display device in communication with the processor and the memory
device to display a graph that includes a first axis to indicate the maximum measured

value, the minimum measured value and the average value for each measurement event
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and a second axis to indicate a time period over which a plurality of said measurement

events have occurred to thereby provide a visual indication of water quality.

10. A method in accordance with claim 9 further comprising the step of determining a
range of the measured values of the water quality parameter by computing a difference
between the maximum measured value and the minimum measured value and wherein
the memory device comprises executable instructions to indicate the range of measured

values on the first axis.

11. A method in accordance with any one of claims 9 or 10 comprising measuring one

or more of the following water quality parameters:

each sub-system is configured to measure one or more of the following:

(a) pressure;

(b) transient pressure;

(c) temperature of water;

(d) pH of water;

(e) oxidation reduction potential (ORP);
(f) Conductivity (Ec); and

(9) Free Chlorine concentration

(h) Turbidity.

12. A method in accordance with any one of claims 9 to 11 further comprising the
step of displaying pre-determined maximum and minimum limit values for the water

quality parameter on the display device.
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13. A method in accordance with any one of claims 9 to 12 further comprising the step
of computing a difference between an average value of each measurement and the
maximum measured value for each measurement and processing said difference in
accordance with one or more predetermined rules to provide an indication of unexpected

changes in water quality.

14. A method in accordance with any one of claims 9 to 13 further comprising the step
of computing a difference between the average value of each measurement and the
minimum measured value for each measurement and process said difference in
accordance with one or more predetermined rules to provide an indication of unexpected

changes in water quality.



