User Guide: Touch Pro series correlators.
(Touch Pro, Touch Pro TM, Tri-Corr Touch).

Warning: This manual contains important safety and operating information.
& Please read, understand, and follow the instructions in the manual
and also any safety / approvals documents shipped with the device.
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1 INTRODUCTION AND PREPARATION FOR USE

Thank you for choosing a HWM system. We trust it will provide you with many years of
service.

The Touch Pro series are correlator systems. They are designed to detect leaks within a
pressurised water pipe network. More precisely, they are used for detecting the most
probable location of a water leak. (i.e., To pin-point the leak location).

1.1 DOCUMENTATION AND SUPPORT OF PRODUCT

This user-guide covers the following model families:
Model Number(s) Description

MCT - * Touch Pro correlator system
HYDKITMCT * Hydrophone kit (for correlators)
S1es/1/* Hydrophone 2 sensor.

This includes the following systems:

e Touch Pro
e Touch ProT™M
e Tri-Corr Touch.

This user guide gives detailed information for the use of the correlator system to
pinpoint the most probable location of a water-leak from a pressurised water pipe.

The user guide covers use of various parts of the system and its sensor options.

The user-guide should be read in conjunction with the user-guide(s) of the equipment it
is being used with. Read any Safety Warnings and Approvals Information supplied.

For use with the Hydrophone 2 sensors, also read any appropriate sections of:
e MAN-165-0001 User-Guide - Hydrophone 2.

Note: HWM periodically updates software to include new features and any required
changes, thus you may observe slight changes from the diagrams and features
shown in this manual.

HWM provides support by means of our customer support webpages:

https://www.hwmglobal.com/help-and-downloads/

Should you have any questions that are not covered by this manual or the system'’s
online help, please contact the HWM Technical Support team on +44 (0) 1633 489479,
or email cservice@hwm-water.com



https://www.hwmglobal.com/help-and-downloads/
mailto:cservice@hwm-water.com
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USB interface:

The Outstation USB driver, although developed and tested by HWM-Water, is based on
code examples generated by Atmel Corporation. To satisfy Atmel copyright licensing
requirements, HWM-Water must display the following Atmel disclaimer:

Copyright (c) 2007, Atmel Corporation All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are
permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of
conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of
conditions and the following disclaimer in the documentation and/or other materials
provided with the distribution.

3. The name of ATMEL may not be used to endorse or promote products derived from
this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY ATMEL “AS IS" AND ANY EXPRESS OR IMPLIED
WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE EXPRESSLY AND
SPECIFICALLY DISCLAIMED. IN NO EVENT SHALL ATMEL BE LIABLE FOR ANY DIRECT,
INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR;
SERVICES LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER
CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY,
OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY USE OF OUT
OF THE THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.




1.2 SAFETY CONSIDERATIONS

Safety Note:

Before continuing, carefully read and follow the information in the “Safety Warnings
and Approvals Information” document supplied with the product.
This provides general safety information.

Safety Procedures:

Working with water and other fluids under pressure can be hazardous. Recommended
safety procedures for working conditions must be followed at all times, and operational
procedures described in this manual should not take precedence over local safe
working practices or company procedures. If in doubt, ask your local safety officer.

The use of Touch Pro equipment Hydrophone 2 sensor option with the water supply is
subject to the hygiene procedures applicable to any objects coming into contact with
drinking water supplies. Hydrophone sensors and adaptors should be appropriately
sterilised prior to use and applicable procedures should be followed during their
installation.

Use of Touch Pro with other liquids or gases should follow national and company safety
procedures for operation in proximity with these substances.

DO NOT use your hands for installing the sensors in valve/hydrant chambers or meter
boxes without checking for foreign objects. Sharp objects can easily pierce gloves. If
any excavation is required, use suitable tools.

Electrical Safety:

Water pipes are frequently used as the connection for electrical earth. Danger of
electric shock exists with metal pipes when disconnecting meters, etc. An earthing strap
should be fitted between the two ends of the pipe before disconnection.

Sensor Magnet:

The Touch Pro Sensors are equipped with a Neodymium Magnet. This feature allows
the sensor to be connected to any ferrous valve, and to remain stable. This magnet has
been chosen due to its magnetic strength and small size.

The Touch Pro outstations are equipped with a Neodymium Magnet. This feature allows
the outstation to be connected to a ferrous pit lid, and to remain stable even under
high-wind conditions. This magnet has been chosen due to its magnetic strength and
small size.




1.3 OPERATING TEMPERATURE

Refer to the equipment datasheet or your sales representative for guidance on the
storage and operating temperature range of the device. Ensure the equipment is within
its operating temperature range prior to and during use.

1.4 BATTERY INSTALLATION AND CHARGING

Due to shipping regulations, the Touch Pro Base Unit and Outstations are dispatched
with the battery packs packaged separately. All batteries supplied are rechargeable
lithium-ion. The batteries are identical and are interchangeable.

Warning: Do not short-circuit the batteries. Any misuse may result in explosion
. or fire. They must not be used in any other application or used with any
& other equipment. Only batteries/battery-packs supplied by

HWM-Water Ltd must be used. The sealed battery packs contain circuitry
to prevent overcharging and over discharging.

When delivered, the internal batteries required for the Base Unit and Outstations
will only have a nominal charge and should be fully charged before mobile
operations are undertaken.

To charge the batteries they must first be installed in the equipment.

Tools required:  No. 1 Posi bit, Note: Sensors are powered from
Torque driver set to 0.8 - 1.0 Nm the equipment they are
Flat head screwdriver fitted to, and do not contain
batteries.

1.4.1 Base Unit - Battery pack installation

Loosen / remove the Velcro hand
straps from the rear of the unit.

Remove 6 off M3 x 10 Posi
countersunk screws as indicated
using a

No. 1 Posi bit.

Remove screws x6 here

Remove the battery cover.
Install and connect the battery.

Replace the battery cover and
secure with 6 off M3x10 Posi
countersunk screws, using a No.1
Posi bit and tighten to 0.8 - 1.0
Nm.

Replace / tighten the Velcro hand (Colour of base unit may vary)
straps.




1.4.2 Outstation Units - Battery pack installation

Remove the 2 off % turn fasteners from the
base of the unit, as indicated, using a flat
head screwdriver.

Remove the battery cover assembly.
Install and connect the battery.
Replace the battery cover assembly.

Tighten the 2 off % turn fasteners on
the base of the unit, using a flat head
screwdriver.

(Repeat the steps above with the second outstation).

1.4.3 Battery charging and storage
Following the battery fitting procedure, the units will require a full charge before use.

All batteries may be charged simultaneously while the components are stored in the
Touch Pro case. The units will charge regardless of their on/off status.

Charging for all batteries takes up to 6 hours from flat, although an overnight charge is
recommended for maximum performance.

When the batteries are fully discharged, they should be recharged within 24 hours.

Provided the above instructions are followed carefully maximum battery life should be
maintained.

Note: If the system is going to be stored for any length of time, to ensure long life of
the batteries it is recommended that they are charged to approx. 1/4 of capacity.
The batteries should be removed from the units during extensive periods of
storage.

Plugging a charger into an outstation that is switched on will automatically switch off the
outstation. This is to prevent the outstation being left on when charging in the case. To
use an outstation while it is charging, please depress the on/off button for 2 seconds to
switch the outstation back on. An outstation will always charge when a charger is
connected and the battery is not full, regardless of whether the outstation is on or off.

Note: When replacing the Outstation battery, please ensure that no USB is connected.
No damage will be done to the unit, but it will cause the outstation to run a
bootloader program.

(This feature is for factory use or maintenance purposes only).




2 OVERVIEW

2.1 INTRODUCTION
The Touch Pro is a high-speed leak location system which employs:

e C(lass-leading sensors.
e Alarge full-colour touch screen.
¢ Anintegrated noise filtering, analysis, and management software.

The equipment package combines to produce accurate survey data using cross
correlation techniques.

Leak correlation is used to find the exact location of a leak on a pipe. Highly sensitive
acoustic sensors are placed at intervals on the pipe. These listen to the sound made by
the leak. The data is transmitted wirelessly from ‘outstation units' to a handheld ‘base
unit’, which processes the information to identify the leak sound, and then applies
mathematical algorithms to pinpoint the leak position.

This latest model retains all the key features of earlier Touch Pro systems and provides
many new benefits which ensure greater operating flexibility and faster operating
speed.

The Touch Pro system is fully menu driven and is operated by touch screen, making it
much easier to input data and also maximising the visible screen area to display results
more clearly than has ever been possible before.

The Touch Pro has sensitive transducers built into its sensor. This enables it to perform
well even in traditionally difficult conditions, such as on plastic and large diameter
pipes. This can be further extended with the use of the Hydrophone-2 sensor option.

The Touch Pro features a high visibility full colour VGA touch screen to greatly improve
data entry and the quality of data presentation. The touch-sensitive user interface eases
and simplifies leak-finding without compromising on functionality or precision and
enables the unit to be operated with the minimum number of key presses. The large
screen, with anti-glare screen protection, clearly displays correlation results and
supportive information even in bright sunshine, effectively combining outstanding
performance with excellent ease of use.

The system is equipped with an innovative multi-filter correlation option which can
simultaneously perform three correlations at different filter settings. This is particularly
useful when the pipe material is uncertain.

The outstation is compact with high-quality long-range radio transmission; it also
features a magnet to secure onto metallic street furniture.

The purpose designed robust case not only carries and protects all components but
charges them via mains or vehicle supply. The charge level for all items can be shown at
the touch of a button.
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2.2 THE CORRELATION PRINCIPLE

The prime function of the sophisticated correlator built into Touch Pro is to measure the
time difference between the leak noise signals arriving at each sensor. Touch Pro
determines the leak position by relating this difference in propagation (travel) time to
the velocity of sound along the pipe and to the measured distance (pipe length)
between the sensors.

In the "classic" correlation process, two sensors are deployed on pipe fittings.

“Dry” connections require one type of sensor; these are attached to the outside of pipes
or fittings. “Wet” connections require a different type of sensor; these are in direct
contact with the water; they are attached using a suitable fitting (e.g., a hydrant) which
provides and access point to the water.

The sensors are positioned either side of the suspected leak position. Noise is created
as pressurised water escapes from the pipe through the leak.

This noise is conducted in both directions away from the leak through the pipe wall (as
minute vibrations). It is also conducted through the water column (as a pressure wave).

The leak noise travels at a constant velocity (V), which depends on the material and
diameter of the pipe. It arrives first at the sensor nearer the leak.

The sounds arriving at each sensor are compared. The time difference (Td) between the
two sound arrival times, combined with knowledge of the sound velocity, which is
provided by the pipe type and length, allows the leak position to be calculated by the
correlator.

The principle of correlation can be defined by: L =% (D - (V x Td)) and is shown
graphically below:

((((((((((((((((()) WD)

- :
-

V x Td L L

o

Further details of correlation can be found in section 14.
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2.3 SYSTEM OVERVIEW

Touch Pro is generally supplied

in the following basic kit form,
which is the minimum system
configuration specified for
effective leak location operations:

e One Touch Pro Base Unit

e Two Accelerometer Sensors
with protective shrouds and
leads

e Two Qutstations
(Red and Blue)

e Headphones

e C(Carry case

The carry case enables
in-case charging of all
components from a mains
or a 12V vehicle supply.

It also includes the facility to
indicate the status of charge
for all components.

The Touch Pro TM system adds:

e Two Hydrophone 2 type sensors P | .|=

e Cables for connection of :
Hydrophone 2 \ L o) T
e Bleed valve accessory kit.
e Adaptor Options and tools
(These must first be discussed
with your HWM representative,
to confirm availability.
Adaptors required vary according to
local needs).
e Consumable items (various)

The additional equipment is usually supplied within an additional carry-case.
(Note: Contents and layout may vary according to kit supplied).

12




In addition, the following optional extras are available:

e Vehicle Mounted Aerials

e Hydrophone 2 Sensor installation tool
e Soft Carry Case

e 12V Vehicle Supply Cable

¢ Mains Charge Cable

e Consumable items (various)

A standard Touch Pro system can be upgraded to the Touch Pro TM system by the
purchase of the additional Hydrophone-2 kit and other items. Discuss any upgrade
requirements with your HWM representative.

2.3.1 Accelerometer sensors

Accelerometers are suitable for a
very wide range of leak detection
operations on pipes or fittings.

The two accelerometer sensors
supplied with the Touch Pro system
detect the noise signals travelling
along the body of the pipe from the
leak point.

These signals are then fed into the
correlator unit for measurement
and analysis.

Deployment
hook

An accelerometer is positioned on
either end of the pipe work under
investigation and connected either
to an outstation or directly to the
base unit.

Protective
shroud

The normal operation is to have two Cable and ’ -
outstations (red and blue) connector M'aagnet
operating remotely and linked via (for attaching to pipe)

radio to the base unit.

The radio inside each outstation, which transmits data to the base unit automatically,
switches on whenever a sensor is connected. The radio frequencies used by the
outstations are matched to the frequencies used by the base unit. To ensure correct
operation, do not mix equipment from different kits.

Caution: Operators should note that all sensors can be damaged by sudden
shock impact and should be handled with care.
Do not drop sensors onto the ground and ensure they do not bang

13




against the pipeline during fitting or removal.

Ensure the connectors of the sensors and other equipment are kept
clean, dry, and free of debris.

Do not clean the connectors with water-based cleaning fluids.

2.3.2 Hydrophone-2 sensors

The Hydrophone sensors are suitable for leak detection
operations where the sensor can be mounted onto a fitting
that provides access to the water column; the sensor must
be in direct contact with the pressurised water.

The two Hydrophone-2 sensors supplied with the
Touch Pro TM system detect the noise signals travelling
within the water column itself, from the leak point.
These signals are then fed into the correlator unit for
measurement and analysis.

A Hydrophone is positioned on either end of the pipe work
under investigation and connected either to an outstation or
directly to the base unit.

Thread
The normal operation is to have two outstations (red and (for attaching to a water access point).
blue) operating remotely and linked via radio to the base Note: Thread adaptor(s)
unit may also be required.

The radio inside each outstation, which transmits data to the base unit automatically,
switches on whenever a sensor is connected. The radio frequencies used by the
outstations are matched to the frequencies used by the base unit. To ensure correct
operation, do not mix equipment from different kits.

Caution: Operators should note that all sensors can be damaged by sudden
shock impact and should be handled with care.
Do not drop sensors onto the ground and ensure they do not bang
against the pipeline during fitting or removal.
Ensure the connectors of the sensors and other equipment are kept
clean, dry, and free of debris.
Do not clean the connectors with water-based cleaning fluids.
Do not damage threads and seals of the unit; return to the carry-case
when not in use in order to protect them.

Note: Current systems are supplied with the Hydrophone-2 version, shown above.
Earlier systems may have been supplied with Hydrophone (1).
(Refer to the note within section 2.7 for further information on Hydrophone (1)).
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2.3.3 Base Unit

Touch Pro is a totally self-contained electronic unit which performs the leak noise
correlation calculations accurately and very quickly. The system features a MS Windows-CE
embedded software driven operating system with several intuitive menus, which guide
and prompt the operator throughout all data input and processing phases.

The system is designed primarily for rapid Leak Position and Velocity Measurement
operations, but it also incorporates excellent Listening mode and Surveying mode
facilities.

The intuitive menu driven touch
screen enables the operator to
navigate the set-up procedure by

simply tapping the appropriate qbq.

-~ Full colour
VGA touchscreen

virtual buttons on the high visibility
full colour VGA display screen.

A range of language options are
selectable via the menu screen.

A key feature of Touch Pro is its
Windows compatible software and
USB to PC software-enabled
printing.

The Touch Pro base unit can be

connected to a personal computer via the USB port. Windows will recognize the unit when
it is connected and will display a folder containing all data files without the need for any
external software. This enables easy navigation of the data via the PC.

Battery
Compartment

The required cable for Handle
USB connection is /Strap
CABA7605

(CA-068-0008).

On / Off
switch &
indicator
Charger /
headphone
connection
Sensor / USB
connection Antenna
connection

15




2.3.4 Outstations

Touch Pro is supplied with two outstations
which are coded 'Red"' and 'Blue’ for ease of
identification during operations.

They are identical in operation (but with
different transmission frequencies - each
matched to its appropriate receiver built into
the Touch Pro Base Unit).

The basic Touch Pro kit includes a Red
outstation which is connected to the
remote sensor.

The outstation captures the leak noise
from the sensor and transmits the signals
at U.H.F. to the Base Unit.

The addition of the optional Blue

outstation with a secondary radio link Handle
provides greater operational flexibility and Battery SR f -
speeds up many aspects of on-site work. compartment &

o . Base magnet
Radio links also increase operator safety by

allowing the sensors to be deployed
remotely in busy streets or other work areas with heavy traffic flows.

A base magnet at the bottom of each outstation allows the unit to be securely held in an
upright position on metallic street furniture during use.

The outstations are powered by a
lithium-ion battery. The battery is
recharged within the outstation. The
charging may be done in either the
Touch Pro carry case (using the cable
harness), or with a supplied power
lead, or 12V supply cable.

On / Off switch

With both sensors plugged into

outstations the Touch Pro base unit Sensor &

can be located anywhere within radio ~ YSB connector o

signal range or mounted in a vehicle conneer ,

for fully mobile operations. Charging &

headphone
The sensor connection on the connector
outstation can either be used with two
different sensor types - an accelerometer (default) or a Hydrophone

(e.g., Hydrophone-2 ; The unit is also compatible with the Hydrophone version 1).
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2.3.5 Headphones

The Touch Pro operator monitors the noise from the sensors with stereo headphones.
These can confirm instantly that the sensor pick up and signal transmission part of the
system is functioning correctly. This important procedure also enables experienced
operators to determine if the leak signals are suitable for effective correlation and to
check for the presence of background interference in the pipework under test.

The studio quality stereo headphones supplied have earpieces labelled 'Right' and 'Left’
and should be worn accordingly for effective operations. Headphones are supplied to
enable the user to listen to the leak noise either from red, blue or both outstations. The
Base Unit gives the operator full control over the source into the headphones.

The headphones can also be plugged directly into each outstation connected to a
remote sensor on the pipe to monitor a monaural signal. This technique aids sensor
installation and set up by allowing the operator to confirm leak noise and interference
levels quickly at each sensor position before completing the correlation.

HWM-Water Ltd supplies an optional choice of quality headphones which include the
following (or similar) models:

David Clark Model 10S-DC
David Clark Model 10S-DC (Optional)
Stereo Noise Attenuating Headset.
Newest Undercut, Comfort Gel Ear Seals.
Double-Foam Head pad.

Dual volume controls.

Lightweight, 5ft. straight cord.

Earphone elements are hi-fidelity, dynamic
with a range of 10-20,000 Hz.

NRR 23dB.

Fame Headphones
Fame Headphones (Standard)
Spatial sound image.

Outstanding wearing comfort for long
listening sessions.

Excellent attenuation of ambient noise.
Ear cup is rotatable for one-ear listening.
Convenient protective pouch included.
Extremely rugged.

Single-sided coiled cable, detachable.
Comfortable headband and ear pads.

17




2.3.6 Charging case

The Touch Pro carry case enables all components to be stored and charged
simultaneously (FIG A).

A single recessed charging connector on the side of the case charges the two
outstations and the base unit when they are in storage. A display panel inside the
charging case (FIG B) enables the operator to view the charging status of each
component at the touch of a button without needing to remove them from the case.

In-case charging can take place through mains power (using the supplied mains
adapter) or a 12V vehicle supply.

FIG A

Storage
Headphones

compartment
/ for cables
stored in
/ case lid
Storage
compartment
/ for cables

Blue Outstation
Storage
compartment

Antennae Storage
Compartment

Red Outstation

Q

Storage
compartment
Sensor
Storage
compartment Recessed
Charging
Connector

Sensor
Storage
compartment

Charging
Display Panel == —»

Push button to display charging status
for Base Unit and Outstations
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The internal battery of the Touch Pro
system will run continuously for
approximately eight hours without
re-charging.

The system draws very little current and
can also be operated from a vehicle's 12-
volt battery for long-term site operations.

The lithium-ion rechargeable batteries
employed are interchangeable with those
of the outstations.

Units can be stowed with accelerometer
type sensors still connected for fast
deployment.

The battery display panel inside the case
(FIG B) is used to show the battery status
of each connected outstation and base
units without having to physically switch
on each unit.

An LED displays the battery status of each
individual unit connected. To operate,
simply push the button to activate the
LEDs. The LED colour displayed will either
be green, amber, or red to show the
battery level for each unit connected. The LED will remain lit

for 5 seconds after the button is pressed before switching off. 12-volt
Any LED that does not light when the push button is pressed power
indicates that individual unit is not connected or faulty. cable

When the charging adapter is connected, any unit connected
to the case charger will be charged. Units may be disconnected
or re-connected to the case charger whilst charging at any
time. Whilst each unit is charging, an LED on that unit will
slowly flash green. When charging is completed, the LED will
stop flashing.

Pushing the button whilst charging to display the battery
status will temporarily stop the charging in order to allow an
accurate reading to be taken. When the 5 seconds has expired
the lights on the display panel will switch off and charging will
resume automatically.

When the charging adapter is initially connected to the connector on the outside of the
case, the LEDs will light to show the battery levels of the connected units. After 5
seconds the lights will switch off and the charging will begin. This automatic process can
be used to check that the units have been connected to the charger successfully and will
charge when power is applied.
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2.4 OPTIONAL EQUIPMENT

HWM-Water Ltd can provide the following optional equipment which expands the
overall capability of Touch Pro even further and improves operating flexibility in difficult
situations.

2.4.1 Vehicle mounted aerials

An extension aerial is required for effective receiver operation when Touch Pro is
mounted in a vehicle and operating over extended ranges.

The standard Touch Pro receiver aerial is simply unscrewed, and the coaxial cable of the
extension aerial is connected instead. The extension aerial has a magnetic base for
fixing to the vehicle's roof. Alternatively mounts for non-ferrous roofs are available.

2.4.2 Hydrophone-2 (sensor Kkit)

Hydrophones are available as optional equipment (or included in Touch Pro TM
systems).

Because accelerometers are attached to the external surfaces of pipe systems, weak
noise signals may sometimes be degraded by mechanical filtering or high background
interference effects. In these instances, and if suitable pipe fittings are available,
Hydrophone sensors can be used instead of accelerometers. Hydrophones may
provide better leak noise signals in difficult operating conditions.

If two suitable pipe fittings are not available, operators may use one hydrophone and
one accelerometer. It should be noted, however, that this technique is not generally
recommended because the although the hydrophone has a greater sensitivity and
working range, the system as a whole will be restricted by the accelerometer sensor
performance.

Hydrophone sensors are mounted for direct contact with the water at hydrant, air valve
or flowmeter points. The Hydrophone may have to use adaptor(s) to convert to the
thread appropriate for the fitting it is being connected to. A selection of adapters for
various pipe fittings is available from HWM; discuss your requirements with your HWM
representative for further details.

Leak noise propagates very efficiently along the water core, which gives hydrophones a
greater working range than the accelerometer type sensors. Hydrophones are also far
more sensitive to low pressure waves (signals) and they are particularly effective in
locating leaks in large diameter trunk lines.

Hydrophones generally give good results in all types of plastic pipe systems and the
signal information from hydrophones often increases operator confidence where any
soft or non-metallic pipe materials are encountered.
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2.4.3 Hydrophone Thread adapters

When the Touch Pro used with a Hydrophone-2, thread adaptors may be required to
attach the sensor to the water network.

Thread adapters available for Hydrophone-2 include:
¢ Hydrophone-2 to London Round Thread adapter.
e Hydrophone-2 to Belfast adapter.
¢ Hydrophone-2 to Euro adapter.

For information on the availability of other adapters, please discuss with your HWM
representative.

2.5 OPERATING RANGES (ACCELEROMETER & HYDROPHONE)

Using hydrophones, the operating range between outstations can be very high
particularly during a quiet period of the day. For example, distances over 4km of 4" iron
can be achieved from leak to sensor.

Note: Increasing the operating distance always decreases the chance of correlating
successfully. Radio power may also be a limiting factor at extreme distances.

Actual operating ranges are influenced by a number of variables. The results will vary,
being dependent, for example, on:

e pipe wall thickness,

e ground conditions,

e size and shape of the leak,

e background noise and other noises in the pipe system.

Successful correlation distances in excess of 2,000 meters have been achieved on 8"
PVC pipe using hydrophones.

The following table gives a general indication of maximum working distances.
It is stressed that the actual range achieved may be better or worse than
indicated depending on the site conditions.

General reliable maximum Pipe Materials working distances for pressures above 2 Bar:

Urban Network

Pipe Material Accelerometers Hydrophones
Iron, Steel, Copper 400 metres 800 - 1200 metres
Lead, A/C, Concrete 300 metres 600 - 800 metres
Plastic 50 - 100 metres 400 - 500 metres
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Trunk Mains

Pipe Material Accelerometers Hydrophones

Iron, Steel 500 - 800 metres 2000 - 3000 + metres
A/C, Concrete 400 - 600 metres 1000 - 2500 + metres
Plastic 100 - 200 metres 500 - 1500 + metres

2.6 INSTALLATION OF ACCELEROMETER SENSOR

The accelerometer makes a dry connection with the pipe
network. (i.e., There is no contact with the water column).
The sensor has a strong magnet that will enable it to
remain in position on steel/iron fittings.

The magnetic sensor must ideally be mounted vertically
on top of the water pipe or tap where possible. Mounting
the sensor horizontally, on the side of the tap, may affect
the sensor sensitivity.

Prior to fitting the sensor, the surface should be prepared
by cleaning with a wire brush to ensure any dirt, debris, or
corrosion is removed. This allows the sensor and magnet
to make good contact with the water pipe.

Ensure sufficient slack is in the cable to avoid disturbing
the sensor position when other equipment is moves
around during use.
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2.7 INSTALLATION OF HYDROPHONE SENSOR

The Hydrophone 2 makes a wet connection with
the water pipe network (i.e., The sensor is in direct
contact with the water column).

(The picture opposite shows Hydrophone 2
being used without any adaptor within a thread-
compatible boundary box).

Where the thread of the Hydrophone 2 is
unsuitable for the fitting, adaptors (1 stage or
multi-stage) will be required to match the thread
to the fitting.

(The picture opposite shows Hydrophone 2
with a single-stage London Round Thread adaptor,
being installed on fire hydrant).

Further details of connection of the Hydrophone 2
to a fitting, including safety precautions, can be
found within the Hydrophone 2 User-guide
(MAN-165-0001).

Be sure to follow any additional measures for
safety and hygiene required by your company or
safety officer.
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Note: When fitting the Hydrophone-2 horizontally Bleed-hole
(e.g., to a Fire hydrant with side connections), | position

try to ensure that the bleed hole is at the top
when fitted. This will allow effective removal
of trapped air when bleeding the air from the
water column after fitting and turning on the
water feed to the hydrant outlets.

Note: Hydrophone 2 is an updated version of an earlier Hydrophone sensor design
from HWM, now known as Hydrophone 1.
The earlier version has different electrical and mechanical connections.
It required different cables and an in-line amplifier box (see pictures below).

Hydrophone 1 with its in-line amplifier

(Outstation and thread adaptor also shown in this picture ; these are additional items).

Adaptors for the earlier version of the Hydrophone are not compatible with
the Hydrophone 2 unit. (An adapter would be required).

For details of the earlier version of Hydrophone, including adapters and how

To connect it to a fitting, refer to the earlier version (issue ‘K’) of this user-guide,
(i.e., MAN-068-0001-K).

Whilst its construction and installation are different, use of Hydrophone-1 with
the Touch Pro system is identical to Hydrophone-2.
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2.8 THE HYDROPHONE 2 KIT (HYDROPHONE PAIR AND CARRY-CASE)

The Hydrophone 2 kit is an upgrade option for HWM correlator systems ; these are
normally supplied with just a pair of accelerometer type sensors (with a magnetic base
coupling). However, certain correlator systems (e.g., the Touch Pro TM) also include the
Hydrophone kit as standard.

The Hydrophone 2 kit for Touch Pro typically comprises:

e 1 xcarrycase

e 2 xHydrophones

e 2 xHydrophone to correlator connection cable

¢ 1 xHydrophone fitting tool ; 1 x adaptor fitting tool.
(The tools are for use with a 1.25" square hydrant key).

e Consumable items (e.g., Silicone grease, PTFE tape)

e Spares (e.g., O-rings / gaskets)

e (optional) 2 x Hydrophone to Hydrant adapters / other valve adapters.
(Depending on your local needs / discussion with your HWM representative).
Note: May be supplied as a single-stage or a multi-stage adaptor.

Refer to section 2.7 for additional details.

A plastic case is supplied, with foam cut-outs that can securely and safely store the pair
of Hydrophone 2 sensors and accessory equipment. There are compartments for some
couplers, a bleed kit, cables, a fitting tool, and spares / consumables.

(Cables and Spares)

(Note: Contents may vary according to kit supplied).
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A fitting tool is available to assist in tightening and releasing
certain adaptors that are required to be fitted first in order to
make the valve thread compatible with Hydrophone 2.

A fitting tool is available to assist in
tightening and releasing the Hydrophone.

It adapts a 1-1/4 inch square peg (suitable
for a 1-1/4 inch hydrant key) to a 50mm
wide U-shaped end (suitable for engaging
with the Hydrophone 2 body).

When using the tool, ensure it is correctly
positioned (as shown) so that it does not
cause damage to the Hydrophone-2

connectors or bleed valve or any attached
cables.

." -
|
i :
§
¥
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3 EQUIPMENT: CONNECTORS, CONTROLS, INDICATORS, DEPLOYMENT

This section covers Touch Pro operating procedures and describes the functions and
effects of the various keys and controls.

Important: Always press the keys on the touch screen with a touch screen stylus or
using fingernails. Do not use sharp objects.

The Touch Pro features an intuitive user interface designed to perform accurate
correlation with the minimum number of key presses. In this manual, we will show you
some of the key screens that will be used during a correlation.

Prior to commencing use, ensure batteries have been charged and correctly installed in
the base unit and outstation units (refer to section 1.4).

All connectors should be kept dry and free of dirt and debris at all times.

3.1 BASE UNIT - CONNECTING UP AND SWITCHING ON

Once the batteries have been
installed and charged in the
Base Unit:

e Connectthe antenna to
the connector shown. Connect
. ) Headphones
e If the base unitis being for Touch Pro here
used with a sensor, . Connect
connect the sensor (via Sensor cable

its cable) to the here f\o?nea
ntenna
connector shown. here

e The wired headphones
option can also be connected, whenever required.

The Base unit may now be switched on. The position of the
On/Off power is shown opposite.
(Prior to switching on, confirm the antenna is connected).

Switch the Base Unit on by pressing the On / Off button for at
least 2 seconds.

On / Off
A number of system tests and calibrations are carried out on fr‘:‘gits:ti‘r
power up to ensure the unit is fully functional. After a few (Also slowly
seconds the main Correlation screen will appear on the display. flashes during

. e
Note: If the sensors being used have swapped between charging)

accelerometer and hydrophone, be sure to also change
the setting in the Base unit when in use (see section 7.1).
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3.2 OUTSTATION UNITS

3.2.1

Connecting up

Once the batteries have been installed and
charged in the Outstations:

3.2.2

The position of the On/Off power is shown opposite.

Connect the antenna to the connector
shown.

Connect the sensor (via its cable) to the
connector shown.

The wired headphones option can be
connected to the connector shown

(if required).

Switching on / Setting the Transmit
Power

Connect

here

(Prior to switching on, confirm the antenna is connected).

An outstation can be switched on by pressing the On/Off
button for at least 2 seconds. (Transmit power is high).

To set the outstation transmit power to low,

press the On/Off button a second time for at least 2 seconds.

To switch off the outstation, press the On/Off button for a
third time for at least 2 seconds.

Sensor CV

Connect
Antenna

here
Connect

Headphones /

for Touch Pro here

On / Off
switch &
Radio Power
selector

Note: If operating the Base Unit within 20m of an outstation,
it is recommended that the Outstation is set to low transmit power,
to ensure that the more distant Outstation radio signal is received.

If both outstations are closer than 20m to the base station, ensure that both are

3.2.3

operating in low power mode.

Deployment

Ensure any safety precautions are in place prior to deployment or during use of the
equipment (e.g., Protection from road traffic).

Prior to deployment of a sensor, it may be checked to confirm it is working, if desired.

To check that a sensor is working correctly, connect the headphones to the Outstation
(or Base unit) and listen while running your finger over the sensor magnet (for an
accelerometer type sensor), or gently tapping the sensor body with your finger (for a
Hydrometer type sensor). A clear crisp noise should be heard.
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Deploy each sensor on a water pipe fitting either side of the suspected leak position.

e Toinstall accelerometer type sensors, follow the directions given in section 2.6.
e Toinstall Hydrophone type sensors, follow the directions given in section 2.7.

When both sensors have been installed, the equipment should be powered up. Set the
transmit power of the outstations according to their distance from the base unit. The
equipment is now ready for use (see section 4.3 and subsequent sections).

3.2.4 LEDs - operation and meaning:

The Outstation incorporates a green LED in the On/Off
button which indicates the transmit power level.

LED within On/Off button: (transmit power level)

e Green = Transmit power high.

e Off=Transmit power low. -

A separate tri-colour LED is also on the outstation, which
produces short flashes when the unit is on, and simultaneously shows the battery
charge level.

Tri-colour LED

Tri-colour LED: (indicates battery level)

When the unit is on and functioning normally, the battery level LED flashes briefly once
a second. To indicate the battery status the LED will change from Green to Yellow and
Red.

e Green (shortflash) =Uniton; Battery OK.

e Yellow (shortflash) =Uniton; Batteryis Mid-Level.
e Red (short flash) = Unit on; Battery is Low.

e Green (longflash) = Unitbeingcharged.

The LED will show green for most of its battery life and turn yellow when the battery is
starting to run down. A Red flashing LED indicates the battery requires immediate
charging.

HWM-Water Ltd recommends that no correlations are attempted when the outstation
requires charging, as this may interfere with the quality of the correlation result.

When the outstation is initially connected to a sensor the LED should flash 10 times
quickly. This indicates that the sensor has been registered, the radio has been switched
on, and the relevant audio filters have been setup.

When charging voltage is applied to the outstation the battery level LED will begin
flashing green to indicate charging. If the outstation is switched on, then it will
automatically switch off when power is applied. When the battery is fully charged then
the LED on the unit will switch off.
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If the outstation is being charged whilst it is switched on the Tri-colour LED will flash 10
times faster than normal, and will only show green. When charging completes the LED
will return to its normal flashing rate.

The case charger automatically stops charging temporarily when the case button is
pressed.

4 BASE UNIT OPERATION

4.1 INTRODUCTION

The mechanical features of the base unit are described in sections 2.3.3 and 3.1. This
section (and subsequent ones) deal with the operation of the base unit, driven by its
touch-sensitive LCD screen. The base unit is also called “the console”.

The console is driven mainly by means of buttons which appear on the screen.
Occasionally the user will also have to tap on the graph area to set up parameters or
drag edges to adjust.

There is a top-level screen, which we will refer to as the “main screen”. Other screens
can be reached from the main screen by pressing a sequence of buttons. This manual
will sometimes show the sequence of buttons required as follows:

(Main screen) - Button1 - Button 2 ... (substituting the description of Button1, 2, etc).

The basic principles of leak localisation by correlation were described in sections 2.2
and are further described in section 14. To position the leak, the base unit requires
information about distance between sensors (following the path of the pipe network),
the speed of sound within the pipe material, and the time difference between a leak
sound reaching its two sensors.

The base employs a database which stores the speed of sound within various pipe types
(differing pipe materials and diameters). It also allows the user to add to the database
for up to 4 new pipe materials, or additional pipe diameters. It includes a useful tool to
obtain the speed of sound from a pipe by experiment ; the user can enter the results
into the definition of a custom pipe material if desired. The materials database can
therefore be set up for new materials, or existing materials adjusted, via the console.

The pipe length is also required for the correlation process to localise the leak position.
This information has to be entered by the user, who must first obtain it by the use of a
map of the pipe network and a measuring wheel, or similar means.

The time difference between the leak sound reaching the two sensors is estimated by
the unit by means of a considerable amount of calculations; these sometimes produce a
set of results (likely positions and an estimate of a confidence level of the leak being
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located at each of the positions). The user can investigate each position further (e.g., by
using a ground microphone) before considering excavation and remedial works.

The correlator also includes a headset option for the user to listen to the sounds being
picked up by the sensors ; this can often verify if the pipe includes sounds similar to a
leak noise, or if some other type of repetitive noise source is present.

The pipe materials can distort various sounds, and other noises from moving water will
be present. It can be helpful to remove some of the background noise when undergoing
the correlation process. The base unit includes a comprehensive set of filter features to
accomplish this. These can be tuned manually by expert users, or selection can be
automated by the unit to find an appropriate filter.

The unit has the facility to store correlation results for examining later within the unit,
using various “file” functions. The unit can also produce snapshots of the current graph
and display the snapshot and live correlation results (by splitting the screen area).

4.2 LANGUAGE SELECTION

The base unit supports many languages, which can be selected by the user.
To select the language, use the screen:

(Main screen) - Setup - Advanced - Set Language

The tap on
your preferred x —_ Dansk Deutsch
language to b (Danish) (German) English
select it.

o Francais Hrvatski taliano lietuviy kalba
The unit will {French) (Croatian) (Italian) {Lithuanian)

appear to shut
down but does
not re-start on
its own.

Power-down
the unit using
the push

Norsk
(Norwegian)
PyCCioNi A3bIK
(Russian)

<=Jls (Persian
Iran)

CPNCKK
{Serbian)

Polski {(Polish)

Suomi
(Finnish)

Portugués
(Portuguese)

Svenska
(Swedish)

ANY CHAMNGES MADE HERE WILL TAKE EFFECT
button. Then FTER THE UNIT HAS BEEN-POWERED DOWN
turn the unit AND POWERED LIFP AGAIN
back on.

The unit will LANGUAGE

change to use
your chosen
language.

PALMER

FCS

CHECK

Romana
(Romanian)

Turkge
(Turkash)

CANCEL
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4.3 MAIN SCREEN (A QUICK TOUR)

After powering the unit, some initial splash screens are displayed, followed by the main
screen (shown below). The main screen is the top of any menu selections.

SNAPSHOT
START SURVEY OPTIONS SETUP FILE MENU

9 | \

« Filter None |Elapsed: ‘I’ ..||II|||
(‘1’ ..||II|||-I Pipe- |SNR: —

AUTO PEAK
LISTEN FILTERS EUREOR ZOOM SUPPRESS

The buttons at the top and
sometimes start operations; at
other times they behave like a

menu selection and lead to
sub-menus.

. ]

« Filter: None Elapsed: ((‘I’)) .||II|||
() ol s Pioe: SNR: -

AUTO PEAK
LISTEN FILTERS CURSOR Z0am SUPPRESS
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A button'’s colour gives an indication of the availability of its function:

e Agreyed-out button indicates the function is not currently
selectable (usually incompatible with the current operation of the unit).

e A blue button indicates the function is available to be selected. SNAPSHOT ‘
L “opTiONS

e Ared button indicates that a feature has been selected, and that . —
it is currently still active. (The feature can be de-activated by tapping the | SNAPSHOT
red button ; the feature can be toggled between being on or off).

OPTIONS

e Avred button can alternatively be used to indicate

a current selection, where one of a group of similar vt

. . . METRIC IMPERIAL
options is available, but where only one can be
active.

Tapping an alternative selection will make the current selection inactive (its button
returns to blue) and the new selection active (its button turns red).

SNAPSHOT
START SURVEY OPTIONS SETUP FILE MENU

The center of the main screen
(see dashed area, opposite)
is used for displaying graphs.

Just below the graph area
there is a thick line, which
represents the pipe network
between the 2 sensors. “ \‘
The line also represents the ﬂ = [Elapsed ”) ““““
total distance between the ‘1’) | Pipe: SNR .

sensors (the sum of pipe
: o LISTEN FILTERS AUTE ZOOM DEAiS
sections, where a pipe is made CURSOR SUPPRESS

of more than one section).

The outstation symbols (or a base symbol) that appear on the display
are coloured to represent the red or blue outstations.
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Below the red and blue | Y Test Mode
outstation symbols there ﬂ = Eanced O el
is an information panel. ((‘1’))....|||II| Pipe: T

The radio inside each outstation, which transmits data to the base unit automatically,
switches on when a sensor is connected. The user can switch between high and low
power transmission, as appropriate to its position relative to the base unit.

The signal bars below an outstation symbol shows the received radio signal
strength from it, arriving at the base unit. Each bar indicates a higher signal (':‘T]D.

strength.

The battery level for the base unit is shown. Each bar indicates more charge.
When the battery level is critically low battery icon will turn red. #
We advise that no correlations be performed when the battery charge is critically AR
low as this can have an adverse result on the correlation result.

The additional data at the lower part of the screen is related to any correlation process,
and is summarised as follows:

Filter: This reading shows the audio filter settings that

Filter 1=433Hz {1250 0mis)
have been used to obtain the correlation result.

It also shows the sound velocity chosen for the

L Filter =433Hz (1250 0mis)
leak localisation.

Pipe: This reading shows the selected pipe material Pipe 58 0m DUCTILE IRON
selection.

It also shows the total length of pipe that has

. : . Pipe: 58 Om DUCTILE IRON
been input for this correlation.

Elapsed: This displays the time that the unit has been —
correlating. The longer the correlation the more ClapSadl 9269 \
data is used to calculate the precise leak location.

SNR: The SNR figure (Signal to Noise Ratio, here shown as 4: 1) “NRT 41 O ‘
displays the confidence in the highest peak. —~ =

- The unit provides a confidence factor by measuring the ratio between
the highest peak and the next highest peak(s).
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(The peak under consideration is first selected, with the selection being
indicated by a dotted line).

- A high peak (i.e., an SNR of 20:1 or more) will be a strong clearly defined
peak which equates to a good correlation.

A coloured light (large dot) is displayed next to the
SNR result, indicating a judgement of the confidence
for the correlation.

SNR 41 Ot

- Agreen light indicates that confidence is high.

- An amber light indicates that confidence is medium,
will be shown when there is a less well-defined peak
(e.g., an SNR figure of 8: 1).

- Ared light indicates that confidence is low on a result.
This will be when there is no clearly define single peak
(e.g., an SNR figure of 3: 1).

A SNR result of 99:1 indicates either a problem with the system or a failure
to be able to correlate.

The Touch Pro can be switched between normal display colours and a high-contrast
mode. The high contrast mode is useful when using Touch Pro in bright sunshine.

To switch between the two modes, tap on the High Contrast icon ; : \
(shown opposite). : “‘“‘I“'_

When in high-contrast mode, most of the colour is removed from the
screen and a monochrome display is produced that is easier to view in direct sunlight.

Note: Certain parts of the image
will remain displayed in
colour when High Contrast
mode is activated.

e.g., The icons for the red
and blue outstations,

the coloured light for
indicating confidence in the

SNR result. ! -0.0086s

Elapsed: 67.2s ()
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There are buttons displayed START SURVEY [ SNAPSHOT T oerup | Fe | mEnu
on each of the screens the OPTIONS

unit displays.

Whilst some buttons are
common across most
screens, the buttons can also
vary according to the screen
being viewed.

The various screens are “
organised in a hierarchical ﬂ Filter None Elapsed: (o) amtll
structure for navigation () onntll 'Pipe: SNR: — o.L)

urposes. "
e e I 2 oS5
Certain buttons will cause the

unit to change to a lower-
level screen. Certain other buttons cause the unit to exit the current screen and goup a
level to the previous screen. The upwards navigation process ends at the top level,
which is the main screen (as shown above).

Each button’s text (and function) can potentially change during operation and when
navigating through the screens ; the button use is re-assigned to be relevant to driving
the unit, or to the next screen.

For example, “Start” (to start the correlation process in the above screen), will change to
“Stop” (to pause the correlation process and allow the screen to stabilise).

To keep the number of buttons limited, to avoid cluttering up the display, MENU
certain buttons at the top of the main screen (‘Menu’ and ‘Snapshot Options’)

will change the buttons shown at the bottom of the screen (without having SNAPSHOT
to stop the current correlation process, if running). OPTIONS !
Regular buttons: ALTO

LISTEN FILTERS CURSOR

comute | FTMSE TveLocmycac] MTaas:
SNAPSHOT, Wi SNAPSHOT, YWl OPEN AS
RESTART STOP SNAPSHOT

Buttons when
Menu is selected
(red):

Buttons when —
Snapshot SNAPSHOT,

Options is CONTINUE
selected (red):
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Certain buttons on the top of the main screen are used to start sound processing by the
correlator unit (alternatively, the unit could be paused from such activities).

(e.g. The ‘Start’ button or the ‘Survey’ button ; these are mutually exclusive selections of
operation ; only one of these can be active at a given time).

START - This begins the correlation process. (See section 7).

SURVEY - This helps the user to identify whether there is a leak
on the pipe. (See section 5).

Certain buttons on the top of the main screen (‘Setup’ and ‘File’) can only be used when
there is no currently active sound processing.

SETUP - This enables the operator to change the configuration
settings on the unit.
(See section 11 ; also discussed within various other sections).

FILE - This allows you to save a correlation result or load a
. . FILE
previously saved result. (See section 7.3).

These menu options (buttons) will be explained in more detail in the relevant section of
this manual. Likewise, an explanation for the buttons on the lower part of the display
will also be given.
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4.4 SELECTION OF SENSOR INPUTS

The system can have up to three sensors connected; one at each of two outstations and
one directly connected to the base unit. Correlation can only be between two units, so

the inputs being used must be selected first.

The current selections are
shown on the main display. “
(here it is the red and blue

\]

) ( Fiter-Nune Clapseu: \\‘ ‘)) |II||||I

outstations). ..||III|- Pipe: SNR: - oL )|
AUTO PEAK

LISTEN FILTERS il ZOOM CUPBRESS

(The base unit may
alternatively be shown, @

if selected).

If the selection is not correct or the user wishes to change it, this can be done via the

Setup screen.

(Main screen) - Setup = (make choice on this screen).

The “Station Selection” panel contains
buttons enabling you to specify which two
units you are correlating between.

e Red and blue,
e Red and base station, or
e Blue and base station.

Tap on one of the buttons to select the
station combination being used for
configuration.

Then tap on the OK button ; you will return
to the main screen.
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5 SURVEY MODE (QUICKLY CHECK FOR LEAKS)

5.1 OPERATION

Survey Mode provides a simplified correlation display that enables you to check large
distances rapidly for the presence of leaks. (No pipe material settings are required as all
of the filters can be set to ‘open’).

The survey mode helps the user to identify whether there is a leak on the pipe ; it does
not try to locate the leak.

Accelerometers are the most practical signal sensors for quick operation and the
distance between sensors should be kept reasonably short; generally, up to 400 metres
for metal pipes and 50-60 meters for plastic is a good maximum for accelerometers in
this mode of operation.

To activate the Survey mode, attach the sensors to the pipe fittings and tap
on the ‘Survey’ button that is shown within the main screen.

Upon pressing the button, a graph appears.

If a distinct peak is shown on the graph this is an indication that a leak exists between

The Sound to
Noise ratio (SNR)
is displayed to
indicate the unit's
confidence in a
leak having been
identified.

the two sensors.
SURVEY

No distance
information is
provided, but the
graph but a
timespan is.

This corresponds “ $
to a selection ﬁ Filter Open Elapsed: 15s _
shownin the )l B Pipe:]  SURVEY SHORT s 731 @[
‘Pipe’ information
box.

The ‘Filter

-100.0ms

LISTEM

information box also contains a selection (here set to ‘Open’).
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5.2 SETTINGS FOR SURVEY MODE (RANGE AND FILTERS)

There are two settings for survey mode:

e Range selection (timespan required for the correlation software).
e Filter selection (to remove unwanted frequencies).

The settings can be made from the “Rapid Survey Configuration” screen, accessed as

follows:

(Main screen) - Setup = Advanced - Survey Settings.

The “Rapid Survey Configuration” screen is displayed.

Current selections are shown in red. To change settings, first make your selection and

then tap on Accept.

The ‘Survey Range’
panel selection
determines the
duration of the
audio sample
required by the
correlation engine
for various lengths
of pipe materials.

(If in doubt about
the pipe material,
select the
maximum range
you may require).

Medium, Long and
Maximum range
settings can be
selected.

RAPID

MEDIUM RANGE 250ms (UP TO 250m
METALLIC, S50m PLASTIC)

LONG RANGE 1s (UP TO 1km
METALLIC, 200m PLASTIC)

MAXIMUM RANGE 2s (UP TO 2km

METALLIC)

SURVEY CONFIGURATION

(’SIMGLE HISTOGRAM FILTERS

OPEN (USE WHEN MATERIAL IS
NOT KNOWIN)

OPTIMISED FOR METALLIC
MATERIAL

£
 OPTIMISED FOR PLASTIC
| MATERIAL

DEFINE CUSTOM SETTINGS

The audio filter to be used can also be selected (within the ‘Single Histogram Filters'
panel). The filters used during sound processing can be optimised for metallic, plastic,
or unknown pipe materials.

Expert users can define a custom audio filter setting using the ‘Define Custom settings'
button. This button uses the same custom filter settings screen as used for the
correlation process. (Refer to section 7.2.5).

The operator has the option to return to pre-set filter defaults by selecting the “Set
Defaults” button.
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6 USING HEADPHONES

The operator can work with the correlator using the display only. However, the
correlator console has a useful headphone output and is normally supplied with

headphones.

Refer to section 2.3.5 and 2.3.3 for typical headphone options and also the connector
used on the console for attachment ; the headphone connector is custom made for the

correlator.

When the headphones are plugged in, the audio will continue to be available for use
during survey or correlation modes. This is a useful feature for confirming that noise is
being successfully transmitted and received. However, there is a separate screen

dedicated to the audio controls, which can be accessed as follows:

(Main screen) - Listen.

After pressing
the “LISTEN"
button, the
following screen
is displayed.

The graph area
of the screen is
splitinto three
panels.

LEFT

¢

)

BLUE

.lIlIIIIII
G

=20—0

RIGHT

¢

BASE

)

.lIlIIIIII
-5.4dB

BLUE

.lIlIIIIII
—4.7’d B

<

o L

e If a sensor has been connected directly to the Base Unit, the audio signal
waveform from that sensor is reproduced and displayed graphically in the top

panel.

e If a sensor has been connected to the Red Outstation, the audio signal waveform
from that sensor is reproduced and displayed graphically in the middle panel.

e If a sensor has been connected to the Blue Outstation, the audio signal
waveform from that sensor is reproduced and displayed graphically in the
bottom panel.
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In the above example, the operator can clearly see that sound is being received from
both the red and blue outstations. There is no audio, however, because both left and
right channels have been muted (the Left and Right selections are set to ‘audio off’).

&
o

The operator can now use the buttons on the screen to select the sound that is heard
through the left and right speakers on the headphones.

For example, if
the operator
wished to listen
to the sound
from the red
outstation
through his left
ear and the
sound from the
blue outstation
through his right
ear, he would
select the
following
configuration:

(A button turns
red when it is
selected, to show

LEFT

¢

BLUE

20 0

EXIT

RIGHT

¢

BASE

.lIlIIIIII
-5.4dB

BLUE

.lIlIIIIII
-4.7’d B
(-

the operator what is being heard through each speaker).

If the operator wished to hear only the noise transmitted from the blue outstation, he
could select the blue outstation for both the left and the right speakers.

Audio volume into the headphones can be controlled using the
“<"and">" buttons shown on the volume control.

@ —

The “EXIT” button returns the operator to the main correlation screen.
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7 CORRELATION (LEAK LOCALISATION)

7.1 CORRELATION USING THE TOUCH PRO

Before beginning a correlation, ensure that each sensor is positioned at either end of
the pipework under investigation, and has been connected either to an outstation or to
the main base unit. When a sensor is connected to an outstation it automatically
transmits its signal. The operator can check to see whether the radio signal is being
received by examining the signal bars on either side of the main correlation screen.

Selecting the ‘Start’ button from the main screen activates the Correlation
mode and begins the correlation process proper.

The correlation process refers to a Materials Database within the memory of the
console unit. Initial stages are for the correlator to build a picture of the pipe structure
between the sensors by the operator picking the relevant pipe material(s) and size(s).
The Touch Pro correlator can support single pipes or pipes built up from a mixture of
materials, diameters, and sizes.

Once the correlator has the relevant pipe structure information it can calculate the
length (time) of audio it needs to obtain for correlation purposes. It is also aware of the
speed of sound in each section of the pipe.

After the Start SELECT FIPE MATERIAL

button is tapped, i i R _
. DUCTILE IRON CAST IRON STEEL
the operator will

be presented with
the Pipe Material
Select screen.

HOFE

This screen shows REGLASS CONCRETE
a list of pipe
materials that the
operator can
select from.

Additionally, there
are buttons for up
to four user

defined materials.

USER-DEFIMED

MATERIAL 4

The Touch Pro is preconfigured with the sound velocities and default filter settings for
the various pipe materials.
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Note: If the pipe is built of multiple sections of different types of material or size, enter
the first one.

After selecting the required pipe material, the operator is automatically taken to
another screen; This is the Pipe Diameter Selection for the chosen pipe material.

Arange of pipe ENTER PIPE DIAMETER

diameters is DUCTILE IROM
displayed

suit the material

selected.

1000mm+

The operator
should input the
diameter (range)
of the pipe.

ACCELEROMETERS HYDROPHOMNES

Note: Sensor selection.

Selection of the correct sensor type is important for accurate correlation results.
It is also important for correct filter selections during operation.

The sensor type is set to
Accelerometers by default. ACCELEROMETERS
If using Hydrophone Sensors
(Hydrophone 1 or Hydrophone 2), the operator must notify the Base Unit at this
point.

HYDROPHOMES

The button of the currently active sensor selection is displayed as red.
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The operator is then taken to the Pipe Length Input Screen.

Input the length of
the current section
of pipe using an

on-screen keypad,

as shown opposite.

When the pipe
length has been
input, the buttons
“Multi-Section
Editor” and

“Start Correlation”
buttons turn from
grey to blue,
enabling them to
be selected.

If the full length of
pipe uses the
same material, tap
on the “Start
Correlation”

ENMTER FIFPE LENGTH

300-29%9rmm DUCTILE IRCM

DELETE

START

MULTLSECTION
EDITOR CORRELATION

ENTER FIFE LEMGTH

200-299mm DUCTILE IROM

DELETE

button ... You will be returned to the main correlation screen, and the correlation

process begins.

However, If the pipe has been constructed using different materials and / or diameters,
these should be input ; tap on the “Multi Section Editor” button.
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The Multi Section Editor button produces a ‘Multi-Section Definition’ screen.

This displays the
details of the first
length of pipe
input.

In the example
shown opposite,
250m of Ductile
iron pipe has
been entered.

Additional
parameters
including the
speed of sound
through the audio
path are also
shown.

)

MULTLSECTION DEFIMITION

250,0m DUCTILE IRON (200-298mm., 1.1900m/ms)

START

CORRELATION

The operator can then select where to insert an additional section of pipe by using one
of the two “INSERT" buttons.

For example, if the operator wishes to add a short 25m section of MDPE pipe, located
250m from the Red Outstation...

... Select the
“INSERT" button
closest to the Blue
Outstation...

... and then input
the required pipe
material.

DUCTILE IR I

SELECT FIFE MATERIAL

AST IRON

46




Then input the
pipe diameter.

Finally, input the
pipe length and
tap on the “Accept
Details” button.

The unit returns
to the Multi-
Section Definition
screen, which now
displays the two
different pipe
materials and
lengths (and now
3 possible insert
locations).

If an error has
been made, a pipe
length can be
adjusted by
tapping on the
pipe section or
deleted using the
relevant “Delete”
button.

EMTER FIFE DIAMETER
MOFE

75-198mm

200mm+

ENTER FIFE LENGTH
18-2Zmm MDOPE

25 m

ACCEPT DETAILS

230.0m DUCTILE IRON {200-299mm, 1.1900m/fms)

MULTI-SECTION DEFIMITION

29.0m MDPE (18-22mm, 0.2700mfms)

DELETE

DELETE

START

CORRELATION
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Additional sections of pipe material can be added by selecting the “Inset” button until
the full length of pipe located between the two outstations has been input.
Then select the “Start Correlation” button to proceed.

The pipe lengths 5]
are shown below RESUME RESET Sgé%gHgT SETUP m
the graph area,

= ESna

colour coded
according to
material types
selected.

The correlation
results are shown
as a histogram
(set of vertical

lines) ; after some “ 144 4m 155 6m
time, a distinct ‘ ‘

Filter: 128-190Hz lapsed 408 -
pea!( m'ay appear "l“"" ﬂ o Elaj \»:j 408 1s ((t])))
(which is a good Tl m SECTION SNR 7:1 olimy

indicator of the

leak position

located).
There are various vertical markers on the screen:

¢ Red dots indicate the position of the red outstation.

¢ Blue dots indicate the position of the blue outstation.

e The greyed-out areas between the edge of the graph and the red / blue
outstations indicate an “out of bracket” area ; it is outside of the zone between
the sensors and as such the position of any leak cannot be determined.

e Black dots indicate the position of a cursor.

The cursor position is important ...

e Below the cursor is a (numeric) time-difference ; it indicates the time difference
at the current cursor position.

e The time difference is used to calculate the position of the leak on the pipe
network.

e The leak positions are shown next to the outstations on the display.
(In the image above, the cursor is placed on the peak of the histogram. The time
difference corresponds to the leak being estimated to be most likely at a
distance of 144.4m from the red outstation sensor or 155.6m from the blue
outstation sensor).
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Helpful Note: SELECT PIPE MATERIAL

If, following a DUCTILE IROM
correlation, the
operator wishes
to perform a new .
correlation, the
Pipe Material MOPE
screen will give
the operator the
option of selecting
“Use Existing
Definition” to
select the pipe

materials used in USER-DEFINED Wl USER-DEFINED Wl USER-DEFINED Wl USER-DEFINELC
MATERIAL 1 MATERIAL 2 MATERIAL 3 MATERIAL 4

the previous
correlation.
VIEWWEDIT FIPE

DEFIMNTION

Note that the ‘Start’ and ‘Survey’ buttons will change whilst the user is driving a
correlation or survey (see below for an example):

e The'Survey' button cancels any existing correlation and starts the survey mode.

e The'Start’ button cancels any existing survey and starts the correlation mode.

e The 'Stop’ button pauses any existing correlation or survey.

e The’'Resume’ button un-pauses any existing correlation or survey.

e The'Reset button cancels any existing correlation or survey and clears the
screen (i.e., no graph content).

It should be noted that correlation is not always as straight-forward as the previous
description. In particular, note that:

e The correlation required the selection of a filter. Iter 128-190Hz
This can be done manually, but Touch Pro includes e, (ORI VT
some automation tools.

e The cursor had to be accurately positioned on the peak.

This can be done manually, but precision is needed.
Touch Pro include some helpful tools and / or automation.
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7.2 TOOLS TO ASSIST CORRELATION

7.2.1 Zoom feature

The cursor can be re-positioned manually, by tapping the screen in the desired new
location.

To improve the resolution, you can first tap on the Zoom’ button, which is
usually located at the bottom of the main screen.

The zoom function centres on the cursor position. The cursor position can be changed
prior to activating the zoom function simply by tapping the area of the graph that you
wish to magnify.

Selecting Zoom
will modify the
buttons on the 35 6 14.4m
lower part of the

screen. , « Filter: 300-2500Hz Elapsed: 055 ,

Tap Return’ when )l e, Pipe 50.0m CAST IRON sk 31 @

finished to go back FULL PIPE _ _
_ JLL I RETURN
to showing the VIEW

regular buttons.

The "Zoom-In’ button zooms in to the area surrounding the current cursor position. The
zoom-in function can be used a maximum of twice, which gives maximum resolution.

Using the zoom function changes the scale and gives improved leak position resolution
(control over where the cursor is re-positioned), which is particularly useful when the
sensors are far apart.

The "Zoom-Out’ button similarly zooms one stage out from the current zoom level.
The ‘Full Pipe View"” button automatically displays the full correlation graph.

The Zoom Max’ button automatically zooms to the maximum level.
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7.2.2 Auto-Cursor feature

To assist in positioning the cursor onto the peak, you can tap on the
‘Auto Cursor’ button, which is usually located at the bottom of the main screen. CURSOR

When active (displayed as red), cursor positioning will no longer be manual.
The Auto Cursor can be turned off at any time by tapping the button again.

-.:. II .:- ﬂ rﬂ E r l -J

AUTO

When switched
on, the auto
cursor will always

locate itself onto
the highest peak, i ' ||| |I ‘”“ m \ “ | " I" ” " || i | \ “ " . "
allowing the : -

i+

operator to 50.0ms

automatically $1SE_Em 93 8m \‘
pinpoint exactly

where the ) " Filter: 600-2500Hz Elapsed 025 ()
highest peak is. P et ommy | Pipe 2500m DUCTILEIRON  SNR: 161 @ “T7=

In the above example (which has a very sharp peak), the Auto Cursor is automatically
positioned over the highest peak. The distance from the highest peak to the red
outstation is displayed (156.3m), and the distance from the highest peak to the blue
outstation is also displayed (93.8m). The Signal to Noise Ratio (SNR) is 16:1 and
displaying a green light, indicating that that confidence is high for this particular
correlation.

Should the operator wish to move the cursor to another point on the graph, this can be
achieved simply by touching the screen at the required point. The Auto Cursor is
immediately switched off and the screen displays the distance from the outstations to
the selected position.

To move the cursor back to the highest peak, press the Auto Cursor button again.

Please note that the position of the cursor may take several seconds to steady during a
correlation depending on how well defined the correlation peak is.
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7.2.3 Peak Suppress feature

Peak suppression allows the operator to remove an unwanted peak from the
correlation result. This is useful when the source of that peak has been identified as a
non-leak. By suppressing this, the unit will correlate ignoring the sound levels being
produced at this location on the pipe.

To navigate to the Peak Suppress features, tap on the ‘Peak Suppress’ button, PEAK
which is usually located at the bottom of the main screen. SUPPRESS

SNAPSHOT - =
n -|_I I I-.Ir - I.:; rlllll:[ "_

50.0ms
When the “Peak 79.0m 21 0m
Suppress” button “ $
has been selected, ) ‘ﬁ Filter 300-2500Hz Elapsed: 1.3s .
the following )il M pine 1000mCASTRON (SR 401 @
buttons appear at —
the bottom of the SUPPRESSION
screen.

There are two ways to select the area of the graph to be suppressed.

The first method to use the “Set Left” and “Set Right” buttons to mark the area to be
suppressed. To do this, tap the “Set Left” button and then touch the screen to mark the
point to the left of the peak to be suppressed. Then, tap the “Set Right” button and then
touch the screen to mark the point to the right of the peak to be suppressed.

The background area in between the two settings will then turn grey to indicate that this
selected area will be removed from the correlation.

Once the first method is used, the area for suppression will be shown on the screen.
The operator can now use the second method, which is to drag the area to be
suppressed with a finger on the touch screen. The dragged area will then turn grey
indicating that this area will be removed from the correlation.

Note that removing a peak also causes the graph to re-scale, based on the new highest
peak.
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In the example shown below, the grey area shows the original peak (at 50ms) is

suppressed.

If Auto-Cursor is
enabled, it will
jump to the new
peak, which is
outside of the
suppressed area.

... The distance
results (from red
and blue
outstations) have
been updated
based on the new
peak.

The graph has also
been re-scaled,
also based on the
new peak.

3?? am
). ﬁ Filter:

Fipe:
SETLEFT

OPTIONS

SET RIGHT

200-2500Hz
100.0m CAST IROMN

Elapsed: 77 95

SNR

4T Ams

131

r.l.l.“._ [I I-I

EETmQ

@ “W.

RETURM

To view the correlation graph without the suppression, tap the “Remove Suppression”
button. To re-view the correlation with the suppression, tap the “Apply Suppression”
button ; this restores the previous suppression settings.

When finished, tap on the ‘Return’ button.
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7.2.4 AFIS (Filter Optimization) feature

Touch Pro provides default filter settings for a wide range of different pipe materials
and sizes. However, due to the number of unknown variables that can change the
frequency of leak noise, default filter settings can never be optimised for every leak
situation. Experienced users can manually change the filter settings to find the leak, but
this is often a time-consuming process involving multiple correlations. Even then, it can
be “hit or miss” to successfully locate the leak.

To assist the operator, Touch Pro incorporates a unique
Automated Filtering Intelligence System (AFIS),
which effectively builds an ‘expert user’ into the unit.

AFIS works by automatically applying multiple filter settings to determine the best
possible correlation result during the correlation.

Touch Pro runs up to 55 different filter combinations on the correlation data, checking
the quality of the result and optimising the filter settings as required, until the clearest
and most accurate result can be presented.

Setup options for the running of the AFIS feature can be accessed within the Advanced
Configuration screen (see below).
To access this screen (from the main screen) tap the following buttons:

(Main screen) > Setup - Advanced Setup

ADVANCED CONFIGURATION
UNITS CORRELATION TECHNIQUE

FREQUENCY
METRIC IMPERIAL TIME DOMAIN DOMAIN
SECONDS MILLISECONDS CORRELATION DISPLAY MODE
SINGLE MULTI-FILTER
HISTOGRAM DISPLAY

SHARPNESS
SELECT SRS e [l TER DISPLAY MODE
MATERIAL
LOGARITHMIC LINEAR
SSEU#}{QEGYS FREQUENCY FREQUENCY

(The setup PLASTIC: 1
FILTER OPTIMISATION MODE

options for
running the x

AFIS feature DISABLED MANUAL AUTOMATIC
are shown
EXITTO
UPGRADE

opposite).
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SNAPSHOT
RESUME RESET OPTIONS SETUP FILE MENU

The settings
(above) are
related to the
‘Optimise Filters’
button, which is
shown opposite.

N S N

*
>

25 0m Test Mode 0.0m
The button is “ ‘
displayed from @ Filter: <300Hz Elapsed: 38.3s rp _,,,|||||
the main screen () ol Pipe: 25.0m PVC 'SNR: 7:1

after the ‘'menu’

OPTIMISE MATERIAL
but'Ftor; Zas been COMPUTE FILTERS SOUND SPEED DATABASE RETURN
activated.

49.9ms

When Filter Optimisation Mode setting is set to:
e ‘Disabled"
The Optimise Filters button is ‘greyed out’ and has no function.
e ‘Manual’
The Optimise Filters button is blue in colour and allows the user to decide if and
when the AFIS feature is put to use.

Tapping on the Optimise Filters button allows the AFIS to run just once.
AFIS will run once every time the button is tapped.

e ‘Automatic”
The AFIS is run automatically to optimise the filters during correlation whenever
the existing filter settings are not effective in producing an accurate correlation.
The feature is re-run periodically (approx. every 30s) to re-assess the most recent
sound information, until a filter selection producing a correlation result with the
highest confidence level is found.

The user can also start the AFIS feature by tapping on the ‘Optimise Filters’
button.

Whilst AFIS is running, the ‘Filter’ information box

shows its progress, as shown opposite. pumising (£9%)
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7.2.5 Filter Settings - Manual Adjustment

Helpful Note:
This section is for expert users only...

Touch Pro uses a unique Automated Filtering Intelligence System (AFIS) which
automatically runs up to 55 different filter combinations on the correlation,
checking the quality of the result and optimizing the filters until the best result is
obtained.

AFIS works with both live and saved data and is designed to make manual

filter setting a thing of the past by effectively building an “expert user” into the
unit.

AFIS Filter Optimization may be set to be “always on” enabling it to work
whenever a correlation fails to produce an accurate result.

We recommend that the Filter Optimization mode is first used to automatically
optimize filter settings during the correlation before deciding whether any
manual filter adjustments are required.

Note: Before making any manual adjustments to filter settings, the AFIS running
settings have to be switched to ‘Disabled’ or ‘Manual'.
If left in "Automatic’ mode, AFIS is very likely to begin to run and override the
manual filter settings; they will no longer be in use.

The comprehensive audio filters in Touch Pro cover the frequency range up to 5000 Hz
and are designed to be used to eliminate background noise and to thereby enhance the
leak noise signals.

Adjustment may be made to maximise the similarity between the two sound channels,
to compensate for the modification of the leak noise by the pipe material. The filter
settings below 20Hz are lower than human hearing can notice, although Touch Pro can
analyse and correlate at these subsonic frequencies.

The filter settings screen can be navigated to by tapping on the ‘Filters’ button
that normally appears on the main page.

FILTERS
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QUICK SET
METALLIC

QWUICK SET
PLASTIC

The following MATERIAL
screen is DEFAULTS

CANCEL

displayed: HEHCUTOFENos = s e
LOW CUTOFF Nons NOTCH:Flone
Ivlaxs
This screen shows ‘
the fre = .
quency -
spectrum of the
noise being ‘
received. The ol—
range is 0-5 kHz. ‘ EVE
Q 0 ’ ; . I T L nery ——
20 40 80 , 160 320° 640 1250

Frequency (Hz)

SET LOW SET HIGH SET NOTCH
CUTOFF CUTOFF cuTOoUT

Three graphs
are displayed:

e The top graph shows the noise being received from the red outstation.
Noise data is displayed in red.

e The middle graph shows noise being received from the blue outstation.
Noise data is displayed in blue.

e The bottom graph shows the noise being received from a combination of the red
and blue outstations. This is known as the Coherence Graph.
Noise data is displayed in black.

In the example shown above, no filters have been selected because the whole spectrum
of noise is displayed against a white background.

HIGH CUTOFF None R Fr
When filters are LOW CUTOFF_300Hz g
applied, the Max : et

frequencies being
filtered out are
displayed against a
grey background.

This makes it easy for
the operator to see
which filters have
been applied, as
shown in the
example opposite:

Loy
160 320 640 1250
Frequency (Hz)




The only the sound frequencies in the being displayed within the white background
area are used to perform the correlation.

To reject low frequencies:

Press the “Set Low Cut-off” button and then touch the screen at the point on the graph
that the cut off is to be applied up to. The area immediately to the left of this point will
be filtered out and displayed graphically on a grey background.

To reject high frequencies:

Press the “Set High Cut-off” button and then touch the screen at the point on the graph
that the cut off is to be applied up to. The area immediately to the right of this point will
be filtered out and displayed graphically on a grey background.

To reject a band (notch) of middle frequencies:

Press the “Set Notch Cut-out” button and then touch the screen graph at points either
side of the middle frequencies that are to be filtered out. The area in-between the two
selected points will be displayed graphically on a grey background and the sound
frequencies filtered out.

MATERIAL QUICK SET QUICK SET
~DEEALLTS g _ METALLIC _
5H CUTOEF 1657Hz o |
ostARR Ll _Inoten 5130742 i
LOWCUTOFF 31Hz |
Max

!
Combinations of 3‘
all 3 filter types 0
can be applied. :

Details of each

\)
filter applied are ‘ o
!

shown in the

information area 0 ' — — L R - 2

20 40 30 160 320 B840 1250 2500 SO00E
Frequency (Hz) g

graphs. |
ETLOV SET HIGH SET NOTCH CLEAR ALL ;
CUTOFF CUTOUT FILTERS J

Using the touch screen, the filter bands can be moved simply by dragging a finger to the
left or right of the graph to widen or narrow the white nonfiltered area.

above the
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Once finished, tap on “Accept” to apply the settings to the correlation.

The function of the remaining buttons is as follows:

Note:

The “Cancel” button cancels the settings and returns you to the main correlation
screen.

The “Clear all Filters” button removes all of the grey filtered areas.

The “Automatic Settings” button looks at the black coherence graph and sets the
filters so that it only allows the area that contains the most dominant sound
frequencies to pass through. This allows the specific noise to be correlated and
removes some of the additional background noise.

The “Material Defaults” button configures the filters to the settings specified by
the pipe material (as previously selected during setup of the correlation).

The “Quick Set Metallic” button is recommended if a pipe is known to be metal,
but the specific type of metal is uncertain.

This automatically cuts out the lower frequencies and uses only the higher
frequencies (i.e., above 300Hz) to identify the leak noise.

The “Quick Set Plastic” button is recommended for non-metallic pipes if the
specific pipe material is uncertain.

This automatically cuts out the higher frequencies and uses only the lower
frequencies (i.e., up to 200Hz) to identify the leak noise.

When a new correlation is performed, the filter settings will revert back to the
standard filter settings for the selected material, diameter, and pipe length.
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7.3 FILE FUNCTIONS: SAVING AND RE-OPENING A CORRELATION

The Touch Pro includes a file system, allowing information to be saved as data files. This
includes the ability to be able to save and re-open correlations. This can be used to re-
examine the correlation later in time or it can also be used as an input to the Touch Pro
‘Compute Mode' feature (see section 7.4).

The file system functions can be opened by tapping on the ‘File’ button
which appears on the main screen. FILE

Y SNAPSHOT ¥ & :

-

When selected 0.0116s 2
(File button is red), ‘ 36.3m 21.8m ‘
\
\
the butt(?ns on the ‘ Filter. »239Hz (12560 0m/s) Elapsed 91 6s (), ,,‘
bOttf?m ine Change, . "'l“"" as s | Fipe. 58 0m DUCTILE IRON SNR: &1 Q
as snown.

The buttons function as follows:

e The'Save’ button saves the current data and graph(s).
It allows you to enter information and name the file.

e The'Open’ button allows the operator to select and load a previously _
saved graph into the correlation screen. S

e The'Info’ button allows the operator to input (or edit) information
about the correlation for future reference. (Five lines of text are
available).

000

e The'Return’ button returns the operator to the main correlation
screen .
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7.3.1 Saving a Correlation Result

Tap the “Save” button.

Enter information about
the correlation (e.g.,
location, date, etc).

The operator can toggle
between numbers and
letters by selecting the
“ALPHA"” or “NUMERIC”
buttons that appear at
the bottom left of the
screen.

nisn.

Then enter a name for SAVE CORRELATION FILE AS
the file.

(The name can be a ﬁ
combination of numbers
and letters)

Tap the ‘Enter’ button to
finish.

(The correlation data is
then saved).
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7.3.2 Opening a Previously Saved Correlation Result

Tap the “Open” s AILABLE FILES FILE INFORMATION —— —
button. AcCicor
Bt T TYPE: CORRELATION
The unitdisplaysalist = . RECORDED AUDIO: 26 35
of saved correlation 0 22 conr PIPE 44 0m DUCTILE IRON
; - HYDBE con RS =689Hz

results (in the left L EAKOLDNEW corr FILTERS =6
hand panel). LD NEW com \

| DOLD corr STATIONS:RED, BLUE |
The operator can now EN 32 corr SENSORS ACCELEROMETER
select a file to open TITLE:ACC
by using the COMMENTS:
‘Select Up’ and i
‘Select Down’

REF

buttons to choose.

A summary of the file

information is shown i ¢

in the right-hand \_ el -

panel. SELEC e
sececTur I SELETT M openFiLE JDELETE FILE

When the file has
been selected, press the ‘Open File’ button to view this correlation result.

Alternatively, the operator can choose to delete the currently selected correlation result
file from the system by pressing the ‘Delete File’ button.

To cancel the operation, select ‘Cancel’. This will you return to the File Menu.

How many correlations can be stored in the memory?

The Base Unit is supplied with approximately 200Mb of free space which can be used
to store correlation results. A correlation that uses one minute of data will create
2.4Mb of audio data, enabling about 80 of these correlations to be stored in the base
unit at any one time. Saving a result stores a maximum of 1 minute of audio samples.

However, most correlations will require substantially less data; thereby enabling a
much larger number of correlations to be stored in between downloads to the PC.
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7.4 CoMPUTE MODE - IMPROVING LEAK LOCATION ACCURACY

7.4.1 Purpose /Overview

It should be noted that the leak position measurements described so far could be based
on an estimated velocity of sound within the pipe (especially when the structure of the
pipe network is unknown). Greater confidence in the result is achieved if two or more
correlation runs are conducted for the same leak.

Compute mode provides an additional way of pinpointing leak positions by using a set
of correlation results, rather than a single correlation result. This also provides a useful
way of obtaining a more accurate calculation of the sound velocity.

Where the same pipe material and diameter are used within the network, the time
delay / distance relationship of the correlation is theoretically linear. Therefore, as the
distance between a sensor and the leak noise increases, the time taken for the sound to
reach the sensor increases proportionally with the distance. (e.g., if you move the
sensor twice as far away, the sound will take twice as long to reach it).

It is this linear relationship that makes it possible to determine the sound speed (and
therefore the leak point) automatically, when using a set of correlation results.

Sensor (static) Sensor (re-positioned several times)

P p— §

. N\

\

HCorrelation Result 1
- ».Correlation Result 2
el - Correlation Result 3

In Compute mode the base unit will give you the leak position from the static sensor,
based on multiple correlations taken when moving the other sensor to several different
access points away from the leak.
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To use compute mode, several correlations need to be produced (3 or more is
recommended). Each correlation needs to be saved (see section 7.3). One sensor should
be kept static (fixed) on a selected pipe fitting and the other is moved from
fitting-to-fitting, each time making a new correlation run (and saving it).

Compute mode enables the operator to utilize a set of previously stored leak position
files to compile a computed result. Care must be taken to ensure that all correlation
files used in Compute mode are taken from the same leak site and that one sensor
remained on the same fitting for all of the selected runs; It does not matter which of the
sensors remains static. Simply enter the set of relevant files to produce the computed
calculation and graphical plot.

The compute function calculates the sound velocity based on the sum of correlation
graphs previously entered, thereby giving you a more accurate overall correlation
result. At the end of the compute function, a graph is displayed showing all correlation
results pinpointed. An average line is drawn through each correlation in order to
pinpoint the leak position.

7.4.2 Using Compute mode
To use compute mode, follow the normal procedure for a standard leak correlation.

e Select Pipe Material.
e Select Diameter.
e Enter the Pipe length (i.e., the distance between sensors).
e Correlate and obtain a definite peak.
(Adjust filter settings as required to obtain a good correlation peak).
e Select the “FILE” menu and save the correlation result.

Then, move one outstation and repeat the correlation procedure, inputting the new
pipe length and saving the new correlation result.

HWM-Water Ltd recommends at least three separate correlations be conducted in this
manner. The more times this correlation process is repeated, the more data is available
to improve the overall accuracy of the combined correlation graph.

Once the set of correlation files have been prepared (as above), the operator is now
ready to commence the compute operation...

The Compute Mode is accessed as follows:

(main screen) > Menu - Compute
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When ‘Compute’ is
selected, the
‘Sound Speed
Computation’
screen will be
displayed.

It initially looks as
shown opposite.

The screen
includes a set of
buttons that can
be used to drive
the file system of
the Touch Pro.
These operate in a
similar manner to
that described in
section 7.3, and
will not be

SOUND SPEED COMPUTATION
TIME DELAY (ms)

DISTANCE (m)
LEAK DISTAMNCE SEMNSOR SEFARATION:
SPEED OF SOUND: MEASURED TIME DELAY:

ADD RESULT

EOIEIEEICED

described in any detail here. However, please note that they apply to Compute Mode
data in this context (i.e., for saving and opening Compute graph results).

To proceed with the Compute mode, the operator must add the set of previously saved
correlations to the computation screen (shown above).

Tap on the “Add
Result” button.

Then select one
of the saved
correlations.

(Note that all
selected correlation
must have been
conducted with the
stationary sensor
remaining in
position; The
correlations must
vary only by re-
positioning the
moving sensor to
different locations
along the pipe).

AVAILABLE FILES
AB corr
AC corr
JERESULT 1 corr

FILE IMFORMATICIN

YRR CORRELATION
RECORDED AUDIC: 10.0s
PIPE381m CAST IROMN
FILTERS:600-5000Hz

[TLE:
COMMENTS:

REF:
STATIONS RED, ELUE
SENSORS ACCELEROMETER

DELETE FILE CANCEL

OFPEM FILE

Then select “Open File” to load this correlation result into the Compute graph.
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The selected
correlation result
will now appear as a
cross hair on the
Sound Speed
Computation
screen, as shown in
the example
opposite.

SOUMD SFEED COMPUTATICNN
TIME DELAY (ms)
200000

150000
100000 22
50000

§ o000

0.0

50 100 150 200 250 300 350
DISTANCE (m)
SEMNS0R SEFARATION: 38.1m

MEASURED TIME DELAY. 10.1ms

( < SELECT) ( SELECT = )

LEAK DISTANCE
SPEED OF SOUMD:

A7 0m
120732mdms

ADD RESULT

Repeat this procedure to add all of the correlation results conducted on the pipe into
the Sound Speed Computation screen.

In the example
opposite, three
correlation
results have been
plotted onto the
Compute graph.

The base station,
by default,
assumes that the
red outstation
has remained
static during the
different
correlations.

If this is not
correct, press the
“Toggle Static”
button to swap.

SOUND SPEED COMPUTATION
TIME DELAY (ms)
50,0000 -
HH\\
: + ™y
50,0000 ; o
\x&
1000000 \':'E.
I = \_\
\‘ -150,0000 | . $
0.0 100 200 300 400 50.0 60.0
DISTANCE (m)
LEAK DISTANCE: 18.5m SEMSOR SEPARATION:  53.5m
SPEED OF SOUND. 0.1481mims  MEASURED TIME DELAY -111.3ms

ADD RESULT

SELECT =

Note: The static correlator must always be displayed on the left-hand side of the graph.
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The markers for the correlation results should give a good approximation to points on a
straight line when plotted on the graph (the more points available on the graph, the
better it will be to see where the line should be drawn). However, if there are some
“outlying” results these should be removed from the graph...

Correlation results are shown as a “ + “ or “[+]” symbol on the graph. |

ot

-

The “[+]" symbol is also a cursor, identifying the “currently selected correlation”.

L

To move between the different correlation results displayed on the Compute graph, use
the “ < SELECT " and “ SELECT > " buttons.

Any Correlation results which are considered by the operator to be significantly
'off-the-line' and therefore skewing the leak position can be excluded from the
computed results.

Move the cursor over the erroneous correlation result.

The “Toggle Result” button can be used to temporarily exclude this specific result from
the computed results. The correlation result remains on the screen but does not
influence the plotting of the compute position until the “Toggle Result” button is pressed
again.

Alternatively, a correlation result can be permanently removed from the Compute
graph completely by moving the cursor over the result and selecting the "REMOVE
RESULT" button.

The greater the number of correlations used, the more easily an erroneous result can
be spotted.
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7.4.3 Understanding the Data Produced from a Computation

SOUMD SPEED COMPUTATICN
TIME DELAY (ms)
50,0000 ~
x&_%
8.0000 - - ]
N
50,0000 RN
™~
-100.0000 e
B
® 1500000 & N \‘
0.0 10.0 20.0 300 40.0 50.0 60.0
DISTAMCE (m)
LEAK DISTANCE 18.5m SENSOR SEPARATION:  53.5m
SPEED OF SOLKD: 01481 1m'ms MEASLURED TIWE DELAY: -111.3ms
- TOGGLE
ADD RESUL RESULT SELECT =

Since the correlations had sensors placed at different distances between them, the
results will also show different time delays. The graph has to accommodate all
correlation results. Therefore ...

e The X-axis of the graph shows distance

(scaled to allow all of the selected correlation files to be included).
e The Y-axis of the graph shows time delay,

(scaled to allow all of the selected correlation files to be included).

The correlator draws a straight line through the points (correlation results) in order for
the operator to spot any significantly outlying points ; the effect of these should be
removed from the results.

The information panel on the screen should be considered a two separate panels ; the
one on the left shows the over-all result of the computation ; the one on the right shows
information relevant to the single correlation identified by the cursor position.

e Sensor Separation - This displays the distance between the non-static sensor
and the static sensor for the selected correlation.

This is the time delay for the selected correlation

e Measured Time Delay

e Leak Distance - This displays the result of the Compute graph, giving the
(& vertical arrow) distance between the identified leak position and the
stationary outstation.
e Speed of Sound - This displays the speed of the sound traveling through

the pipe that has been calculated by the Compute graph.
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8 MATERIAL DATABASE (EDIT / DEFINE PIPE MATERIALS)

The Touch Pro base unit has a built-in database of pipes of differing material types and
diameters. Each pipe material type and pipe diameter is pre-programmed with the
expected speed of sound traveling through it. This data enables the correlator to obtain
a good estimate for the speed sound in a pipe network when doing correlations,
allowing it to pinpoint the distance from the sensors to the leak (when the correct pipe
material(s) and diameter(s) are identified).

The Material Database screen is accessed as follows:
(Main screen) > Menu > Material Database ; (Its title is “Select Pipe Material to be Edited).
The Material Database screen allows the operator to edit the name and sound speeds

of the pre-programmed pipe materials stored in the Base Unit. It also allows up to four
additional user-defined materials to be stored.

SELECT FIPE MATERIAL TO EE EDITED

To edit the name
of a pipe material:

Select the pipe
material to be
edited (tap on a
material button ; it
will turn red) and
then tap on

“Edit Name”.

LISER-DEFINED USER-DEFINED USER-DEFIMED

MATERIAL 2 MATERIAL 3 MATERIAL 4

= EDIT SOUND
( ECIT MAME )( SPEEDS )

SET MATERIAL MAME

Use the virtual

keyboard to input ISER-DEFINED MATERIAL 1
the new nameorto '

edit an existing one.

Tap on “Enter” to
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You will be returned to the Materials Database, where the new name will be displayed.

To edit the Sound ER-DEFINED MATERIAL 1 SOUMI
speeds for a pipe 0 - 49mm: 1000.0m/s

. 50 - 99mm: 1000 0mfs ( 7 ) EDIT =
material: 0 - 149mm: 1000 Omis EMTRY ENTRY
Select the pipe o0 - 198 o

, 200 - 249mm: 1000 0m/s - MINIMUR DIAMETER
material to be 350 - 299mm: 1000 .0mis

edited (tap on a 200 - 249mm: 1000 Omfs |'3' L EDIT

materlal button . |t 350-3 ':{‘;”T”T[ 1000.0mfs

1000.0mfs -MAXIMUM DIAMETER RAN

&
M

- 799mm: 1000 0m/s

will turn red) and =3.- 499mm: 1000 Orr/s ;

then tap on 500 - 599mm; 1000 .0m/s 49 mm s @
" . £00 - B99mm: 1000 0mfs

Edit Sound I9mm: 1000 .0m

Speeds”. 500 - 599mm: 1000 0ms rSOUND VELOCIN
) 300 - 299mm: 1000.0m/s W,‘_ mis E
The “Sound Velocity 500 - 1199mim: 1000 0m/s e
Table” screen is 200 - 1299mm: 1000 .0m/s (250
; 1400 - 1599mrr; 1000.0m/s
displayed, complete £00 - 1798mm: 1000 .0m/s
with a table 0 -1999mm:. 1000 Omis

0+ 1000 O/

showing the
database contents
for the selected
pipe material. Check each sound velocity (speed) value

see also section 10).

—

The operator can use arrowed buttons to scroll up and down the sound table
displayed on the left-hand side of the screen.

This will automatically populate the fields, enabling the operator to edit only the
field(s) that require changing.

Lines can also be inserted (New Entry button) or can be deleted (Delete Entry button).

Tap on “Edit Entry” button to enable editing MIMIMUIM DIAMETER RANGE

of the specific line ; this activates the —-

edit options. A numeric keypad pops up ; Edit the

value and then tap on “Enter” MAXIMUM DIAMETER RANGE
mim

MINIMUM DIAMETER RANGE
SPEED OF SOUND

mims

CANCEL NEW

ENTRY

When the table line is complete, tap
on “Accept New Entry”.

When the table editing is finished,
tap on the “Accept” button to end
the editing of the material table.




9 MULTI-GRAPH MODES

9.1 CORRELATION DISPLAY (1 HisTOGRAM / 3 HISTOGRAM)

The default setting is to display a Single Histogram graph during the correlation. For a
single graph, with AFIS disabled, only one set of audio filter settings can be applied. It is
however possible for the Touch-Pro to display three separate graphs, with each using its
own manual filter settings.

The setting for this is in the Advance Configuration screen, accessed as follows:

(Main screen) - Setup - Advanced Setup

ADVANCED CONFIGURATION
CORRELATION TECHNIQUE

The currently selected option for
FREQUENCY
correlation display mode is shown in MEFIESL HIE TION DOMAIN

red. ('Single Histogram’ display).
LLISECONDS CORRELATION DISPLAY MODE

SINGLE MULTI-FILTER
HISTOGRAM DISPLAY

When the Multi-Filter Display option is selected, the main correlation screen changes to
simultaneously, display three correlation graphs, as shown below.

This can be toggled to the
‘Multi-Filter display’ if required.

This setup allows
the operator to ES FILE MEMNU

perform three
different
correlations
simultaneously
at the leak site.

Each graph has
different filter
settings applied,
thereby enabling
the operator to ,(f)
choose (at a

glance) the best “25.0m 0.0m @

out of the « Filter: MULTIPLE Elapsed: 1195
r

correlation W & ppe ™ sompucTiERON  sne 21 @ e
results that are

on display. LISTEN FILTERS
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Next to each graph there is a ‘filter icon’, which also behaves as a button.

The images displayed on the icon will vary, according to what filters are set. A00Hz

The filter type images are spread across 2 lines and includes frequency details. Y.

The images represent the following:

3 PP

Low-pass filter

High pass filter

Band pass filter

Band stop filter.

Note: The white areas in the above icons signify a stop band.
The cyan (light blue) shaded areas indicate a pass band.

This is the opposite way around to the filter setting screen, where white areas
signify a pass band and shaded areas (grey) signifies the stop band.

Be careful to remember this when adjusting filter settings.

The filter settings can be adjusted.

To edit the settings, tap on the filters icon of the relevant line.

400Hz+
You will be taken to a filter setting screen (similar to that described in section | Y S
7.2.5; each of the 3 graphs will have its own settings). Mope

The filter settings
can now be
changed.

When filter settings
have been
changed, select
“Accept” to return
to the main
correlation screen.

Repeat the process
for the other filter
settings if required.

MATERIAL

DEFALLTS

LOW CUTOFF 4004z

RS

$

UERS

4
“ WERS
$

0
2

HIGH CUTOFF: Open MNOTCH Mone

300 525 1250 2500
Fraquency (Hz)

SET NOTCH

CUTOUT
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HIGH CUTOFF None
| LO’H CUTCFF: 300Hz

NOTCH:Mone

An example of a setup for a High pass _
filter response is shown opposite. *

High-pass filter |

(Implemented by ‘set low cutoff’ button) a

160 320 640
Frequency (Hz)

An example of a setup for a Low pass
filter response is shown opposite.

/s Low-pass filter

(Implemented by ‘set high cutoff’ button)

An example of a setup for a Band pass
filter response is shown opposite.

| Band-pass filter

(Implemented by both ‘set low cutoff'
button and also the ‘set high cutoff’
button)

§GH CUTOEF 1657Hz
JOW CUTOFF 31Hz

MNOTCH; 51-327Hz

An example of a setup for a Band stop
filter response is shown opposite.

[ | Band stopfilter.

(Implemented by ‘set notch cutout’

button) 160  320] 640 1250 2500 S

1 Frequency (Hz)
N e e = = = = = 7 o
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For convenience, each
correlation graph is
numbered 1, 2 and 3.

Pressing one of these

numbers will expand that

particular graph. Othe

graphs shown on the screen
will be reduced in size.

For example, if the middle

graph were required,

pressing the blue button
labelled “2", shown to the left
of the graph, will change the
display as shown below:

o
LR RN

|

r

+ *

Muh

LR O 4

Y

e
$25.0m

fipl)

21.4myg

MULTIPLE
25.0m DUCTILE IROM

Elapsed. 11.95
ShR: 21

« Filter
,/

m_» Pipe:

If the operator
wishes to select
the filter settings
used to generate
Graph Number 2,
tap the small blue
arrow

button
underneath the
number.

This will apply
these filter
settings and
return the
operator to a
single histogram
view showing the
correlation
produced with

MAEMIL

SURVEY

+ L=
400Hz+

Lo
200-400Hz
==

LB 3 4

Mone

: D_
+ 0-200Hz
ry = 3 Y

Jo

- -3 1ms
QS.?m 48 3m “
Filter: MULTIFLE Elapsed: 155
(((]1):1 > P . _ (((TJ))
- — Fipe 50.0m DUCTILE IRCM SMNR: 31 . -

PEAK

LISTEM FILTERS

SUPPRESS

these filter settings.

This feature (3 graph display) is particularly useful when pipe material is uncertain or
when performing a survey to identify whether (or not) a leak is present on the pipe.
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9.2 SNAPSHOT OPTIONS (GRAPH COPY)

The Snapshot feature enables the operator to record (for comparison purposes) a still
image of the correlation graph at any time during a real-time correlation. This is useful

for highlighting temporary noises such as a flushing toilet or sudden traffic noise that
might interfere with the correlation result.

Note: In order to use the Snapshot Options features, the current graph must first be
frozen (paused by tapping on the ‘Stop’ button).

(Note that whilst the Snapshot Options features are being described here for use with
the Correlation mode, the feature operates similarly during the Survey mode).
The Snapshot Options features are accessed as follows:

(Main screen) > Menu = Snapshot Options

The Snapshot —— .
when selected. .
(The option can be NN

cancelled by tapping
on the ‘Return’
button).

:
+ ot bttt b

The bottom row of
buttons are re-

assigned new
functions for A 0.0116s

. - 20.6m
allowing a snapshot “ 54 A ‘
;)f E)hetalirrent graph Citer »366Hz (1190 0mis) Elapsed 1020s »(u,»))_‘
o be taken. Mol : s——

5 Om DUCTILE IRON SNR: 6.1 O

Also, there is a
button related to SNAPSHOT,
the file system. CONTINUE

SNAPSHOT,
RESTART

APSHOT, Jlf OPEN AS

Tapping on one of the blue ‘Snapshot ... buttons will cause the screen area to be split to
support an additional graph. The live correlation is shown within the lower graph area.
The snapshot of the correlation is shown immediately above it.

The choice of which button to press is related to the correlation (which is currently
paused):

e The “Snapshot, Stop” button makes a copy of the current result, and the
correlation remains paused.

e The “Snapshot, Continue” button makes a copy of the current result and allows
the current correlation to continue (it is resumed).
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e The “Snapshot, Restart” button makes a copy of the current result and then
starts a new correlation (displayed on the on the lower graph area).

The Snapshot feature effectively enables the operator to compare noise levels at
different points during the correlation process. When the “’Snapshot. Continue” or
“Snapshot. Restart” buttons are selected, the static snapshot image appears towards
the top of the screen, while the real time correlation continues to run underneath.

An example of the
‘Snapshot. Continue”
button press is
shown opposite.

In this example, the
original graph
contents now
occupy the upper
graph area whilst
the live correlation
(which is running)
occupies the lowest
graph area (and the :
graph shape has - ) -
moved on from the P
snapshot image).

Tritter >366Hz (11900mis) [Elapsed 67s
e ~ l
Pipe 550m DUCTILE IRON !\NR 41

OPEN AS

. APT SNAPSHOT

€5
process can be

repeated, with up to R
4 snapshots being
taken.

The graph size
reduces each time
to accommodate the
new image (as

) : O — ‘:
shown opposite). 001165 :

‘ 34 4m 20.6m ‘ ‘

(The live correlation )l ’ Filter >366Hz (1190.0m/s) - |Elapsed 67 1s n (lp))_,,‘
is always the lowest Pipe: 55 0m DUCTILE IRON ISNR:5:1

o &R o - &a - J

e The"Open as Snapshot” button opens an existing correlation as a snapshot.
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10 VELOCITY CALCULATION (SOUND SPEED CALCULATOR TOOL)

The Touch Pro correlator contains a handy tool for calculating the speed of sound
within a pipe or pipe network. It has various pre-conditions:

e The length of the pipe must be known.
The pipe details must have been entered as part of a correlation.
e The leak (or another sound source) can be in-bracket or out of bracket.

If the leak (or another sound source) is in-bracket, its position (distance from one
of the sensors) must be already known.

e A correlation must be in progress.

The tool has various uses:

e The current speed of sound (from the material table) can be substituted by the
calculated value.

e New pipe materials can be characterised and stored as a user-defined material
(for future use).

The sound speed Calculation tool is accessed as follows:

(Main screen) - Menu - Velocity calc

The user must select one of the buttons on the “Leak Location” panel.

!f the sound source OUT.OF -BRACKET
is out-of-bracket,
select that button. g s

NSTANCE FROM EITHER SENSOR TO LEAK —
If the sound source

e @@

choose the

‘Between Sensors' th ( J ra J ryj st (9 : [ J E 1

button.

(See the discussion
of in-bracket vs :
out-of-bracket in 2

NT WELOCITY: 1000.0m/fs

section 14 for an ~ ALCULATED VELOCITY: 2222.2mis APPLY
explanation of

these terms). LOCURACY: +1.977 8mis
) o @ | > +1-277 8mi t DISCARD
|
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10.10UT-OF-BRACKET CALCULATIONS
The out-of-bracket sound calculation is the easiest to understand.

If the sound source is outside of the space between the connectors, it reaches one
sensor first (the near sensor). It then travels the full length of the pipe between sensors
and is picked up by the other sensor (the far sensor).

In this situation, the pipe length (between sensors) is known. Also, the time-difference is
the time the sound took to travel down the known length.

Since Speed = Distance / Time ... the speed of the sound can be easily calculated.

In this situation,

the keyboard BETWEEN SENSORS OUT-OF-BRACKET

shown on the STy

screen does not _DISTANCE FROM EITHER SENSOR TO LEAK
get used ; thereis r1 J (ZJ rs J ( 4J ( p
therefore no field

available to enter n |
e OO EE G )

=

“URRENT YELOCITY: 1000.0m/s
results are shown
in the Calculation

CALCULATED YELOCITY; 2222 .2mis
panel.

The calculation \‘
|
RACY +-277 8m/s I

\

10.2IN-BRACKET CALCULATIONS

In-bracket sound speed require the leak position (distance from any one of the sensors)
to be already known ; this is input into the calculation screen.

The correlator requires the shortest distance to a sensor. Since the total pipe length is
also known it is easy to determine whether the input distance value is for the sensor
nearest the leak (the distance is less than half the pipe length) or the sensor furthest
from the leak. The correlator measures the time difference between the sound arrival at
the two sensors. From this it can calculate the speed of sound through the pipe.

Speed = distance / time ... = (total length - (2 x shortest distance to sensor)) / time
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BETWEEN SENSORS OUT-OF -BRACKET

The user must input i — e
the distance to one FROM EITHER SENSOR TO LEA

mmm—vnnnnn
the keypad.

T

AY- -0 0009s

The results are ‘
calculated ASHENEVEL.OCITY: 1000.0m/s
immediately and
shown in the

Calculation panel. ACCURACY: 184 4mis

CULATED WYELOCITY: 1555 Bmls

10.3USING THE VELOCITY CALCULATION RESULT
A calculated velocity can either be discarded or used.

Tap on the ‘Discard’ button or the ‘Apply’ button respectively.

DISCARD

When ‘Apply’ is selected, you are returned to the correlation screen,
but the sound speed being used for correlation is updated.

ilter 1/ 113y (1000 0mis) TPz (1555 bmis)

b pe 2 0m USER-DEFINED Pipe: 2 Om USER-DEFINELD
The velocity should be noted if characterising the pipe as a new user-defined material ;
it has to be entered manually in the definition of any new material.

For an out-of-bracket calculation, the calculated velocity reading will be useful in the
next correlation, when the outstation has been moved so that the suspected leak
position now falls between the two outstations. This will bring the leak within the
bracket to get a correlation result.

The operator can choose whether to use the velocity calculation from the out-of-bracket
attempted correlation to generate a user defined material or to continue using the
default material velocities. Note that if generating a user-defined material, the user will
have to enter the velocity value on the relevant line of the material table (i.e., for the
correct pipe diameter range).

79




11 STATUS AND SETTING OPTIONS

11.1SETTING THE DATE AND TIME

The date and time can be set on the “Set Date and Time" Screen, which is accessed as
follows:

(Main screen) - Setup = Advanced - Set Clock
[E—

ETDATE AND TIME

The date and time can
be adjusted by using
the relevant up and

down buttons. “ “
Then tap on “OK". “ “ “

11.2DISPLAYING THE SOFTWARE VERSION

The software version of the Touch Pro can be viewed as follows:

(Main screen) - Setup = Info

Sl Fes

enviranmental Halma Water Management Fluid Conservasion Systems

Touch Pro

VERSION: 1.17D (AUG 7 2013)
05:PC

Copyright © 2010, 20011, HWM-Water Limited. All rights reserved,
This product uses the following licensed technologies:
Windows Embedded CE 6.0 Copyright © 2000, Microsoft. All rights reserved.
Atmel BSP Copyright © 2000, Adeneo. All rights reserved.
Portions of Beot Loader Copyright © 2009, Atmel Corporation. All rights reserved.
Compression library zlib Copyright © 1995-2004, Jean-loup Gailly and Mark Adler.
Image library libpng Copyright © 1998-2010 Glenn Randers-Pehrson;

1996-1997 Andreas Dilger; 1995-1996 Guy Eric Schalnat, Group 42, Inc.
This software is based in part on the work of the Independent JPEG Group.

The software version
is shown.
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11.3DISPLAYING RADIO DETAILS AND BATTERY INFORMATION

The Status screen gives details of the dual radio channels used by the Touch Pro
correlator system.

The Status screen can be viewed as follows:
(Main screen) = Setup = Info - Status

Status information includes battery and charging status of the base unit.

The radio o
frequencies and a 3 “ e
received power BT .
levels (RSS! ; POWER SOURCE: BATTERY
Received Signal BATTERY STATE 7.18V FPECJUENC'é 46{722’531&/”4,_:‘:—?
icati BATTERY ADC: 855 {2.505V) RSS! -22 4dBm (-22 3dBrm)
?trengﬁh Indication) L ARGING STATE. — RSSI ADC: 735 (2.153V]
rom the two E =
outstations are DATE 2022-03-01
shown in the =
right-hand display =NSOR TYPE: None F“
panel.
F- 14 OO0 /;‘ r z o
= el FREQUENCY: 467 8000MHz CO
: RSSI -21.7dBm (-21.7dBm)
The current power RSSI ADC: 738 (2.162V)
source for the base | AUDIO SIGNAL: ADC 572 (1.676Y)
and VOItage level of y AGC LEVEL 4095 Lﬁ_.,,g,,,f ¥ St o A

the internal battery | Do bRl o
is shown in the SERVICE EXIT

left-hand panel.

The RSSI level can be a useful diagnostic tool to check that the signal is being received
OK from the outstations.

Pressing the “Exit” button will return you to the Setup screen.
Note: The product name may vary according to market region.

Note: The “Service” button is for use only by HWM-Water Ltd engineering personnel.
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11.4SETTING UNITS OF MEASURE

The units of measure used by the Touch Pro console are set within a panel within the
Advanced Configuration screen.

The Advanced Configuration screen can be viewed as follows:

(Main screen) - Setup - Advanced
The operator can toggle between metric or

imperial units being used for distance ADVANCED CONFI
measurements. UNITS CO

Simply press the button to select the unit of METRIC
measurement required.
(The selected option is displayed in red). SECONDS

SHARPNESS

IMPERIAL

MILLISECONDS %Y

Units used for displaying the time delay can
similarly be toggled between seconds or
milliseconds.

11.5SETTING CORRELATION TECHNIQUE (TIME OR FREQUENCY DOMAIN)

The correlation technique used by the Touch Pro console is set within a panel within the
Advanced Configuration screen.

The Advanced Configuration screen can be viewed as follows:

(Main screen) - Setup - Advanced

The Advanced Configuration screen enables the ‘
operator to toggle between “Time Domain” and CONFIGURATION
“Frequency Domain”, as shown opposite. CORRELATION TECHNIQUE

These refer to different mathematical processes TIME DOMAIN FRggﬁ/E\mCY

used to calculate the correlation result.

OADDCL ATIAM NICDI AV MNNTC |

Tap a button to make a selection.
The selected option is displayed in red.

Note: This setting is for advanced user only.

HWM-Water Ltd recommends that the pre-set time domain correlation
technique be used.

However, it should be noted that Frequency Domain may speed up correlations
in long pipe situations.
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11.6 SHARPNESS SETTINGS

The Touch Pro incorporates a sharpening function to help pinpoint leaks where the
correlation data has broad rounded peaks, as commonly happens with plastic

materials.

There are two sharpness values, one used for plastic pipes and one for all other

materials.

Avalue of 0 represents no sharpening. Values in the range of 1-15 represent increasing
degrees of sharpness.

Plastic pipes normally require a higher value. The default values are 2 for plastic and 0

for other materials.

Use the ‘Select
Material button
to determine
which value to
change; the
material is
shown below
the button.

Then use the
+and - buttons
to adjust the
value.

UNITS

METRIC
SECONDS

SHARPNESS

SELECT
MATERIAL

PLASTIC: 1

‘IIII"IHII'
EXITTO
UPGRADE

ADVANCED CONFIGURATION
CORRELATION TECHNIQUE

FREQUENCY
IMPERIAL TIME DOMAIN DOMAIN

NI o] CORRELATION DISPLAY MODE
SINGLE MULTLFILTER
HISTOGRAM DISPLAY
SET LANGUAGE

FILTER DISPLAY MODE
LOGARITHMIC LINEAR
SURVEY
SETTINGS FREQUENCY FREQUENCY
FILTER OPTIMISATION MODE

DISABLED MANUAL AUTOMATIC
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12 TROUBLESHOOTING

Problem: There isirregular behaviour from the correlator
(e.g., unusual noise or poor audio).

Recommended Actions ...

e Check the battery level of each unit using the in-case charge status indications.
Charge the batteries if they are in a low condition. (See section 2.3.6).
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Problem: There is no RF Signal being received from the Outstations.

Recommended Actions ...

Check that the outstations are switched on.

Check that the antenna is connected, and that the RF connector is clean.
Check that the outstation is registering the connected sensor (LED Flashes).
Check the Outstation and Base Unit battery levels.

On the Base Unit, check that you have the correct stations selected

(e.g., correlate between RED-BLUE not RED-BASE)

On the Base Unit check in the display screen that the outstation frequency is
correct and that the RSSI should approximately -80dBm or less.

Check the battery level shown for the base is at a minimum 7.2V.

If standing close to one of the outstations and receiving no RF signal from the
other check that the nearest outstation is set to low transmit power.

Problem: The RF Signal is being received but it is very weak.

Recommended Actions ...

Check the battery levels on all units.

Check that the antennas are not damaged.

(e.g., The outstation antennas can be swapped to see if the problem follows the
antenna).

There may be interference from another RF system operating in that area on the
same frequency.

Check that the outstations are at least 2m away from the Base Unit.

To improve signal strength, try using a mag-mount antenna on the base unit.

Problem: Audio being received but the correlation peak is poor.

Recommended Actions ...

Check for leak noise signal at both outstations through the headphones to
ensure leak noise can be heard as clearly as possible

Check that both sensors are working correctly (sensor test mentioned above).
Check that both Outstation signals are being received over the RF clearly at the
Base Unit through headphones.

Adjust the filters on the Base Unit to take out any unwanted ambient noise.

Try correlating at a different time of day/night in case there are pumps or other
external noise sources interfering with the correlation result.

Check sensor cables and connectors for damage.

If using an accelerometer type sensor, try to improve the leak noise audio signal
level from the sensor:
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o Ensure that the accelerometer mounting point is on the pipe where the
suspected leak is located. Confirm this with a map of the network.

o Check that the sensor contact on the pipe is clean from debris.

o Try different contact points on the fitting, if possible, to get the best leak
noise (metal surfaces are preferred).
Always check leak noise at the Outstation with headphones first.

o Ensure that the accelerometer is mounted vertically where possible.

o Ifthereis ambient noise, try correlating using hydrophones.

Note: Don't stand too close to sensor when listening through headphones to
avoid audio feedback.

Problem: The Main Correlation Screen displays the warning message
“Correlation out of bracket”.

Recommended Actions ...

e This message means that a possible leak has been found, but it is outside of the
area in-between the outstations.
The Touch Pro will not give a position on an out of bracket leak so the
outstations will need to be re-positioned so that the suspected leak is in between
the outstations.
Out of bracket leaks can, however, be used to measure the speed of sound for
the pipe.

Problem: The Main Correlation Screen displays the warning message
“Centre correlation”.

Recommended Actions ...

e This message means that a correlation peak has occurred exactly at the midpoint
between the two sensors.
This may not be a leak at all. A non-leak noise heard on the pipe could also
produce this effect. Therefore, caution is advised.
Move one outstation to the next convenient point, to ensure the leak position is
well away from the center point, and then perform the correlation again to
ensure that the result is genuine.
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Problem: The Main Correlation Screen shows good peak, but no leak can be heard at

that location.

Recommended Actions ...

Note:

Check the audio signals at the Base Unit through headphones to ensure that the
leak noise can be heard as clearly as possible.
Check that the pipe length entered is as accurate as possible and that the pipe
material is correct. Confirm this with a network map if necessary.
Check on the Filters screen that noise levels are included in the filter pass band
(the white area).
Perform a velocity check on the pipe. This can be done in 3 ways:
o Use an Out of Bracket leak and obtain the velocity using the sound speed
screen.
o Open atap on the pipe network and use the velocity check facility on the
Touch Pro. Perform the correlation using this velocity reading
o Use Compute mode on the Touch Pro to give both velocity reading and a
leak position based on more than one correlation.
Use the Peak Suppression facility to eliminate any unwanted peak. The graph will
rescale at the next highest peak.
Check that the batteries on all units are not low.
Check that the sensors are not damaged.
Check that there is no RF interference.

It is recommended that all leak positions from the correlation results be
confirmed with a listening device, such as a Ground Microphone.

Problem: Windows ActiveSync or Windows Mobile Device Center will not connect to

the Base Unit.

Recommended Actions ...

Try using a different USB port in the PC.

Check any virus scans are not preventing the connection.

Check the active sync is configured to start when a connection is detected.
Check the USB cable for damage.

Problem: Cannot connect to the outstation using the USB port

Recommended Actions ...

Check that the Outstation is turned on.

After a successful upgrade the outstation will always automatically switch off.
Check the LED when ON/OFF button is pressed. The LED should continually flash
once a second when valid application firmware is running.
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Problem: The units will not charge.

Recommended Actions ...

e The lithium-ion batteries may not be charged at temperatures below 0°C and
there is a safety cut out to stop this from happening.

e Try swapping the batteries from the other units to identify whether the battery is
defective.

e Check that power is being applied to the units by plugging in the charger and
checking that the light on the charging adapter is lit.

e |If the charging adapter is not lit, check that the fuse in the plug is working
correctly.

e When power is applied to the case charger, the LED should initially light up to
give the current battery level of any connected units. After 5 seconds the LEDs
will go out and the charging will begin.

If a unit is connected and the LED doesn't light this means that either the battery
is defective, or the connection is faulty for that unit.

e Check the Amphenol connectors and cables for damage.

¢ Note that whilst a unit is charging, a green LED will flash slowly on the unit.
When charging is completed, the LED will be extinguished.

Problem: When trying to switch on the outstation the LED flashes 10 times quickly
and then switches off. The outstation will not operate at all

Recommended Actions ...

e The outstation bootloader is running.
If the USB lead is connected then please disconnect the USB lead and then
switch the outstation off and then back on.

e Ifthe 10 LED flashes still show, when the ON/OFF button is pressed, then please
reconnect the USB and perform and upgrade using the Touch Pro PC software
provided.

Problem: All units are connected for in-case charging, but 1 or more of the LEDs do
not light when pushing the button.

Recommended Actions ...

e Check that the unit indicated by the un-lit LED has been connected to the case
correctly.

e Ensure that the unit will switch on.
If the battery is too low to switch the unit on, ensure that the battery is
connected inside the unit correctly.
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The battery level may be too low to register on the display panel of the charging
case.

Charge the unit for approximately 30 minutes and then check again.

Check to see whether a defective battery is causing the problem by swapping
batteries with another unit. See if the corresponding LED will now light.

Check to see whether the case charger circuit and connection is defective by
attaching the unit to another connector and to see whether the corresponding
LED will light when the button is pressed.
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13 MAINTENANCE, SERVICE AND REPAIR

Unauthorised servicing will void the warranty and any potential liability for
HWM-Water Ltd.

There are no user serviceable parts inside Touch Pro, except for replacing the battery
Do not attempt to disassemble any of the units since it may become damaged (e.g., by
static discharge), which will not be covered by warranty.

Caution: Please be extra careful with items of the system which are connected to
mains electricity supplies as the high voltage currents involved can be lethal.
If the Touch Pro mains adapter fails to operate, get a qualified electrician to
check the power circuits and the cables to the equipment.

13.1ROUTINE CARE AND MAINTENANCE

The following care and maintenance procedures are designed to keep your Touch Pro
system in good general working order. If any part of your Touch Pro system does not
work correctly, please contact the Service Team at HWM-Water Ltd or your local Touch
Pro distributor.

CLEANING

Touch Pro and its accessories must not be cleaned with any solvent or abrasive type
cleaners as these may damage the equipment. For safety, ensure that all items are
disconnected from the mains electricity supplies before you start cleaning.

Touch Pro equipment should be cleaned with a soft cloth which has been lightly
moistened with water and a mild household detergent. Use only light hand pressure
when cleaning all items and be particularly careful when cleaning the Touch Pro display
screen to avoid scratching the surface.

All electrical connectors should be cleaned with a 'no deposit' type electrical cleaner.

ACCELEROMETERS

The accelerometers supplied with Touch Pro are sensitive to sudden shock or impact.
These sensors should be handled with care at all times. Ensure the connectors are kept
clean and dry. Do not clean the sockets with any water-based solvents.

Check the accelerometers daily before conducting any field operations:

e Connect one of the accelerometers to an outstation and monitor the signals on
the headphones as you gently stroke the base of the sensor with your fingers.

e Plugin the other accelerometer and repeat the test.

e Ifthereis a large difference in the signal levels from the accelerometers, please
contact the Service Team at HWM-Water Ltd or your local Touch Pro Distributor.
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To preserve the strength of the magnets they should always be stored with their
'keeper’ plates fitted. The magnets on the accelerometers may effect or even damage
magnetically sensitive equipment if placed too near.

The system can be further checked by placing both sensors together on a desk (or
fitting) and correlating whilst "scratching" the surface of the desk or fitting. A rapid
centre correlation should be produced.

When a sensor is connected to an outstation, the LED on the outstation will flash quickly
ten times to show that it is transmitting the signal.

HYDROPHONES

Before use check that the rubber sealing washer is undamaged and lubricate the
washer with silicone grease provided to ensure you obtain a good watertight seal.

Check the washer regularly during use and apply a little silicone grease at frequent
intervals during the daily operations. This simple maintenance will ensure good
watertight seals and will reduce wear on the seals themselves.

Always chlorinate the hydrophones before bringing into contact with the drinking water
supply to ensure they are sanitised.

BATTERIES

The lithium-ion batteries fitted to the Touch Pro and outstations are interchangeable
between units. Recharge only with the supplied Touch Pro charger.

To ensure long battery life:

e Do notdischarge completely.

e Recharge battery immediately after use.

¢ Do notinvert the battery during recharging.
(see opposite for the recommended
equipment orientation during charging; it is
the same as when in the carrycase).

Note: Regular overcharging will reduce the
battery life.
The batteries may not be charged below
0°C and there is a safety cut out to stop
this from happening.

To prevent deterioration or damage to the battery:

e Do notdrop or subject to strong physical
shock.

e Batteries should only be charged using a
Touch Pro charger supplied by HWM

91




e Do not use below 0°C (32°F) or above +55°C (131°F).
There is no built-in safety device to stop any operations outside these
temperatures. However, the battery does have internal circuitry to protect just
the battery from damage.

Important SAFETY considerations:

e Do notincinerate.

e Do notdirectly connect the positive and negative terminals.

e Do not use other than the specified battery charger.

¢ When handling the batteries or equipment containing batteries, observe any
additional warnings and caution points found in the Safety Warnings document
supplied with the product.

Environment:

e Touch Pro outstations and accelerometers are waterproof, but care should be
taken to keep water off them where possible.
Always dry the equipment carefully before storing it away.

e The Touch Pro outstation operates effectively between 0 and 55° Celsius.
At temperatures below 0 and above 55° Celsius performance may become
erratic and extreme temperatures will eventually damage the system.

e Do notleave Touch Pro behind glass in direct sunlight as temperatures above
55° Celsius may be exceeded even in the U.K.

¢ Invery hot climates the battery charge capacity may be reduced, and you will
have to recharge the units more frequently.

13.2REPLACEABLE PARTS

Batteries

¢ Only batteries with the correct specification and type must be used.
These are available from HWM-Water Ltd should replacements be required.

Gaskets / Seals / O-Rings

e Check condition of any gaskets, O-rings, or other seals on the Hydrophone 2 or any
supplied adaptors prior to use. Do not use if damaged.
e Only use replacement parts recommended and provided by HWM.

Adaptors

e Check condition of threads on any adaptors provided for use with Hydrophone. Do
not use an adaptor or Hydrophone 2 with a damaged thread.
e Only use replacement parts recommended and provided by HWM.

Silicon Grease

¢ Only use replacement parts recommended and provided by HWM.

92




Hydrophone 2 Installation Tool

e Only use a replacement tool provided by HWM.

Carry Case

e Contact your HWM representative to check for availability of a carry case for
Hydrophone 2.

13.3RETURN OF PRODUCT FOR SERVICE OR REPAIR

When returning product for investigation or repair, be sure to follow the instructions of
your distributor to document why the product is being returned and provide contact
details.

If returning to HWM, this can be done by completing the on-line RMA form:
https://www.hwmglobal.com/hwm-rma/

If soiled, ensure the unit is cleaned with a mild cleaning solution and soft brush,
disinfected, and dried prior to shipment.

13.4UPGRADING THE OUTSTATION FIRMWARE

Each outstation has a bootloader firmware (program) installed. During normal
operation the bootloader is disabled and will not be seen by the user.

The bootloader firmware program is used to interface with the PC software when
upgrading the software of the outstation. The bootloader will run automatically if either
a problem is found with the normal application firmware or when the PC software is
used to upgrade the outstation.

When the bootloader is running pressing the on/off button will result in 10 Red LED
flashes after which the outstation will switch off. If the bootloader is running when the
USB is connected, then disconnect the USB and try and switch on the outstation.

If the application firmware is OK, then the outstation will switch on and can be used as
normal.

If the bootloader continues to run, then please reconnect the USB and perform an
upgrade.
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14 APPENDIX 1 ...
THE PRINCIPLES OF LEAK LOCATION USING NOISE CORRELATION

This Appendix section of the Touch Pro Operating Manual provides an overview of the
basic theory and principles of leak location using leak noise correlation techniques.

LEAK NOISE

When a liquid under pressure escapes from a pipeline it creates a sound pressure wave
(leak noise) which travels along the pipe from the exit point (see Diagram 1).

The velocity (speed) at which the sound travels within the pipe depends mainly on the
pipe diameter and material.

Diagram 1
Water Filled
Pipe
Sound / Pressure
Waves
g ((((CCCCCCCCCCCCCL ) 0))))))
le

The Touch Pro system detects these leak noise sound signals with two sensors which
are attached to the pipe on either side of the leak point. The sensors can be attached to
pipe valves, hydrants or stop taps, etc.

TIME DIFFERENCE

Diagram 2 shows the Red and Blue colour-coded sensors which are attached to the pipe
on either side of the leak. The sensors detect the sound wave signals and transmit this
information to Touch Pro Base Unit by radio.

In our illustration the leak is situated at distance ‘L' from the Blue sensor.

If the leak was exactly in the middle of the two sensor positions the sound pressure
wave would reach each sensor at precisely the same time. In this theoretical situation
we should say there was zero time- difference between the two signals.

Diagram 2 shows the leak closer to the Blue sensor, so the sound wave reaches this
sensor first. At the same time, of course, the sound wave has also travelled the same
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distance ‘L' towards the Red sensor but has some distance yet to travel (N’). This extra
travel time creates a time-difference between the signals arriving at the Red and Blue
sensors. The time-difference is referred to as Td.

Diagram

2)))) (((

L=D-(V x Td)
2

(VxTd)

Touch Pro compares the two sound signals from the outstations and determines the
extra time taken for the sound wave to travel the extra distance, ‘N’, to reach the Red
sensor. (i.e., Touch Pro seeks to determine Td).

VELOCITY-TIME-DISTANCE

As the velocity of sound V' for various liquids and pipe systems is known, we can now
determine distance by applying the formula:

Distance = Velocity x Time (D =V x T).

If the time-difference (Td) between sensor signals is known, and the velocity of sound
within the pipe (V') is known, then the distance N can be determined simply from:

N=VxTd.

The total distance between the Red and Blue sensors is given by:

D=(2xL)+N
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As we wish to find L, which is the distance between the Blue sensor and the leak point,
we can rearrange the equation to:

D-N D-(VxTd)
L= —m— or L= —

2 2

So, we can measure the distance D between the sensors (following the pipe network)

and can estimate the velocity V from our knowledge of the pipe size and material. We
then measure the time-difference Td between the sound waves reaching each sensor
and apply all these data to calculate L which gives us the actual leak location.

In practice, Touch Pro performs all of the time measurements and calculations for you.

In diagram 2 the leak point was shown nearer to the Blue sensor. In fact, it doesn't
actually matter if the leak point is nearer the Red sensor as Touch Pro automatically
deals with either situation.

SENSOR BRACKETS (In-bracket vs Out-of-bracket conditions)

In order to locate leaks precisely the two sensors must 'bracket’ the leak point. This
means that the leak should be between the Red and Blue sensors ; this is referred to as
an “in-bracket” leak condition. Conversely, if the leak is not between the Red and Blue
sensors, the leak position cannot be detected ; this is referred to as an “out of bracket”
or “non-bracket” leak condition.

If the sensors are
incorrectly
positioned, Touch
Pro will detect the
'non-bracket’ - SRR
condition and warn
you by displaying a
warning message
on the screen.

I I

00418

“ 0.0m WARNING: OUT OF BRACKET 0.0m ‘

Touch Pro will also indicate which sensor is nearest to the leak, so you know which one
to move (further away) ; the nearest sensor is indicated by a 0.0m distance from the
leak.

If the leak is shown fairly near to one sensor it is good operating practice to also treat
this as a non-bracket condition. In these instances, you should move the near sensor
away from the indicated leak position and re-correlate.
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‘T" CONNECTIONS

The distance D which you have to key-in to Touch Pro refers to the total length of pipe
between the sensors. If the sensors are attached to T connections, then the length of
the T network must be included in D.

Diagram 3

Sensors Connected to Fittings on T Connections

Sensor

Sensor —!

Care is required when interpreting the results from T connection surveys. The following
illustrations demonstrate predicted results for various pipe-work layouts and shows
recommended actions.

Diagram 4

Sensor Sensor

—:—

.“ Leak

The Leak (shown in Diagram 4) will be indicated correctly.
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Diagram 5

Sensor

Sensor

LYY

The Leak (shown in Diagram 5) will be indicated at the left T connection that is circled.

Action: Move the left-hand sensor further to the left and try again.

Diagram 6

Sensor

0g Leak

The leak (shown in diagram 6) will be indicated at the right-hand T connection that is
circled.

Action: Move the right-hand sensor further to the right and try again.
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Diagram 7

Sensor

Leak :

Sensor

The Leak (shown in Diagram 7) will be indicated correctly.

Diagram 8

Sensor

Sensor

The Leak (shown in Diagram 8) will be indicated at T connection that is circled..

Action: Move either sensor to a fitting down the T connection (e.g., to P) and try again.
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Mixed pipes

Diagram 9

65.9 M

-

< 88.9 M

The speed or velocity at which leak noise travels is greatly dependent on pipe material.

Different pipe materials give different velocities.

To locate a leak in a pipe run made up of mixed materials, the velocities applicable to

each material, and the length of each pipe must be used. This is not the same as using
an average velocity.

e.g., Using an average sound velocity for the materials, a leak would be indicated at 65.9
metres from the Red sensor. In fact, Touch Pro in Mixed Pipe Material Mode under

identical conditions calculated the true leak position at 88.9 metres from the Red
sensor.
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COMPUTE MODE THEORY

Compute Mode is a special Touch Pro operating feature which can improve the overall
accuracy of correlation surveys.

In Compute Mode the data from two (or more) correlation runs are combined to
produce a result which is totally independent on the velocity of sound V. The effect of
any error in the measurement of the distance D between sensors is also significantly
reduced. In practice at least three results are needed.

Touch Pro takes the basic equation D = (2 x L) + (V x Td) and solves the equation for two
or more values of D and Td.

The additional values for D and Td are obtained by keeping (in this example) the Red
sensor on one fitting while the Blue sensor is moved from fitting to fitting (B1, B2, B3).

In practice either sensor can be selected to remain fixed as the reference sensor. The
sensors must bracket the leak for the Compute Mode runs to be valid. The new values
of D and Td generate a very accurate figure for V which is then used to calculate the leak
position from the fixed sensor.

Diagram 10 (Re-locate) (Re-locate)

-—— —-——

- \\ - ~
-, -,
s R y

i % i’ a1 i

LY (B1) (B2) (B3)
- . 60M
- =110 M
- > 160 M
Indicated leak position R-B1:52.8M )

(Distance from the Red) R-B2:48.4M ) Average position 47.8m
R-B3:42.4M )  Computed position 49.0m

101




Particular care should be taken when using Compute Mode with T connection pipework.
If a leak is indicated near to a T connection, it is quite possible that the leak is actually
down the T (as shown in Diagram 11).

Diagram 11
N\ |
l ]
LV
:"r m N 3“5
m =
P

If this situation occurs the Red sensor should be moved to a fitting down the T
connection (P) and a complete re-run in Compute Mode should be carried out.
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