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1 INTRODUCTION AND PREPARATION FOR USE

Thank you for choosing a FCS 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
pressurized 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)
S16S/1/* Hydrophone 2 sensor.

This includes the following systems:

e Touch Pro
e Touch Pro TM
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 pressurized 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: FCSperiodically updates software toinclude new features and any required
changes, thus you may observe slight changes from the diagrams and features
shown in this manual.

FCS provides support by means of our customer support webpages:
https://www.fluidconservation.com/support/customer-resources/

Should you have any questions that are not covered by this manual or the system'’s
online help, please contact the FCS Technical Support team on (800) 531-54650r email
info@fluidconservation.com
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Acknowledgements:
USB interface:

The Outstation USBdriver, 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. Redistributionsinbinary form must reproduce the above copyright notice, this list of
conditions and the following disclaimerinthe 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 ORIMPLIED WARRANTIES,
INCLUDING,BUTNOTLIMITEDTO, THEIMPLIED WARRANTIESOF MERCHANTABILITY AND FITNESS
FORAPARTICULAR PURPOSE ARE EXPRESSLY AND SPECIFICALLY DISCLAIMED. IN NO EVENT
SHALL ATMEL BE LIABLE FORANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE
GOODSOR; SERVICES LOSSOF USE,DATA, ORPROFITS; ORBUSINESS INTERRUPTION) HOWEVER
CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, ORTORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY USE OF OUT OF THE THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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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 adapters should be appropriately
sterilized 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 tobe 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.

A
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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 equipmentis 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 notbe 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 QOutstations 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.

141  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 asindicated
using a

No. 1Posi 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 (Color of base unit may vary)
straps.
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1.4.2  OQOutstation Units - Battery pack installation

Remove the 2 off V2 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 systemis 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 willautomatically switch off the
outstation. This is to prevent the outstation being left on when chargingin the case. To use
an outstation while itis charging, please depress the on/off button for 2 seconds to switch
the outstation back on. An outstation will always charge when a chargeris 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.
Nodamage willbe done to the unit, but it willcause the outstation to run a bootloader
program.

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




2 QOVERVIEW

21 INTRODUCTION

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

e C(Class-leading sensors.
e Alarge full-color touch screen.
e Anintegrated noise filttering, analysis, and management software.

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

Leak correlation is used to find the exactlocation of aleak on a pipe. Highly sensitive
acoustic sensors are placed at intervals on the pipe. These listen to the sound made by the
leak. The datais 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 latestmodel retainsall 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 easiertoinput data and also maximizing 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
evenin 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
evenin 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 allitems can be shown at the
touch of a button.

10
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2.2 THE CORRELATION PRINCIPLE

The prime function of the sophisticated correlator builtinto Touch Prois 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
pressurized 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). Itis 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:

LY
V x Td L >|< L

D

(CCLCCCCCCCCCCC ) D)) ) )
-t [)

Further details of correlation can be found in section 14.

11
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2.3 SYSTEM OVERVIEW

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

e One Touch ProBase Unit

e Two Accelerometer Sensors
with protective shrouds and
leads

e Two Outstations
(Red and Blue)

e Headphones

e Carrycase

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 W .l=

e Cables for connection of

e Adaptor Options and tools
to confirm avail'ability. . . (Cables and Spares)
Adaptorsrequired vary according to loce

Hydrophone 2 4 T o) [T
e Bleed valve accessory kit. - A
L] /N
(These must first be discussed with
your HWM representative,
needs).
e Consumable items (various)

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

12
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In addition, the following optional extras are available:

¢ Vehicle Mounted Aerials

¢ Hydrophone 2 Sensor installation tool
e SoftCarryCase

e 12V Vehicle Supply Cable

e 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.

2.31 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 traveling 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 operationis to have two
outstations (red and blue) _ Cable and i -

. . . connector R
operating remotely and linked via Magnet
radio to the base unit. (for attaching to pipe)

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 notdrop sensors onto the ground and ensure they donotbang

13
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against the pipeline during fitting or removal.

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

Do notclean 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 pressurized water.

The two Hydrophone-2 sensors supplied with the
Touch Pro TM system detect the noise signals traveling
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 blue) (for attaching to a water access point).

operating remotely and linked via radio to the base unit. Note: Thread adaptor(s) may
also berequired.

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 notdrop sensors onto the ground and ensure they do not bang againstthe
pipeline during fitting or removal.

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

Do notclean the connectors with water-based cleaning fluids.

Do notdamage threads and seals of the unit ; return to the carry-case when not in
use in order to protect them.

Note: Currentsystems 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)).

14

Confidential



2.3.3 Base Unit

Touch Prois a totally self-contained electronic unit which performs the leak noise
correlation calculationsaccurately and very quickly. The system features aMSWindows- CE
embedded software driven operating system with several intuitive menus, which guide
and prompt the operator throughout all data inputand processing phases.

The system s designed primarily for rapid Leak Position and Velocity Measurement
operations, butitalso 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 / -

Full colour

virtual buttons on the high visibility : - VGA touchscreen
full color VGA display screen. T

Arange of language options are
selectable via the menu screen.

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

The Touch Probaseunitcan be

connected to a personal computer via the USB port. Windows will recognize the unit
whenitis connected and willdisplay afolder containing alldata 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
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2.3.4 Outstations

Touch Prois 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 toits appropriate receiver builtinto 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
provides greater operational flexibility and
speeds up many aspects of on-site work.

Radio links also increase operator safety by
allowing the sensors to be deployed

Handle

Battery .
compartment &
Base magnet

remotely in busy streets or other work areas with heavy traffic flows.

Abase 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.

With both sensors plugged into
outstations the Touch Pro base unit
can belocated anywhere within radio
signal range or mounted in a vehicle
for fully mobile operations.

The sensor connection on the
outstation can either be used with two

Sensor &
USB connector

On / Off switch

Antenna
connector "
Charging &
headphone
connector

different sensor types - an accelerometer (default) ora Hydrophone
(e.g., Hydrophone-2 ; The unit is also compatible with the Hydrophone version 1).

16
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235 Headphones

The Touch Pro operator monitors the noise from the sensors with stereo headphones.
These can confirminstantly 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 labeled 'Right'and 'Left’ and
should be worn accordingly for effective operations. Headphones are supplied to enable
the user tolisten to the leak noise either fromred, 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 whichinclude the
following (or similar) models:

David Clark Model 10S-DC . .
_ David Clark Model 10S-DC (Optional)

Stereo Noise Attenuating Headset.
NewestUndercut, Comfort Gel Ear Seals.
Double-Foam Head pad.

Dual volume controls.

Lightweight, 5ft. straight cord.

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

NRR 23dB.

Fame Headphones
Fame Headphones (Standard)

Spatial sound image.

Outstanding wearing comfort forlong
listening sessions.

Excellent attenuation of ambient noise.
Earcupis rotatable for one-earlistening.
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 panelinside the charging case (FIG
B) enables the operator to view the charging status of each component atthe touch of a
button without needing toremove them from the case.

In-case charging can take place through mains power (using the supplied mains adapter)
or a12V vehicle supply.

FIG A

Storage

compartment
/ for cables

Blue Outstation Headphones
Storage stored in
compartment / case lid

Storage

compartment
/ for cables

Antennae Storage
Compartment

Red Outstation

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

18
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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
canalso be operated from a vehicle's 12- volt
battery forlong-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 panelinside the case
(FIGB)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 color 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 buttonis pressed power
indicates that individual unitis not connected or faulty. cable

When the charging adapteris connected, any unit connected to
the case charger will be charged. Units may be disconnected orre-
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 lightson
the display panel will switch off and charging will resume
automatically.

g
J

When the charging adapterisinitially connected to the connector on the outside of t |
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.

2.41 Vehicle mounted aerials

An extension aerialis required for effective receiver operation when Touch Prois 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 kit)
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 fittering 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. Itshould 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 adapter(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 inlarge diameter trunk lines.

Hydrophones generally give good resultsin 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.

20

Confidential a




Confidential

24.3 Hydrophone Thread adapters

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

Thread adapters available for Hydrophone-2 include:
e Hydrophone-2toLondon Round Thread adapter.
e Hydrophone-2 toBelfastadapter.
e Hydrophone-2toEuroadapter.

Forinformation 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 aquiet 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 alimiting 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. Itis
stressed that the actual range achieved may be better or worse than indicated
depending on the site conditions.

Generalreliable maximum Pipe Materials working distances for pressures above 2 Bar:

Urban Network

Pipe Material Accelerometers Hydrophones

Iron, Steel, Copper 400 meters 800 - 1200 meters

Lead, A/C, Concrete 300 meters 600 - 800 meters

Plastic 50 - 100 meters 400 - 500 meters
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Trunk Mains

Pipe Material Accelerometers Hydrophones

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

2.6 INSTALLATION OF ACCELEROMETER SENSOR

The accelerometer makes a dry connection with the pipe
network. (i.e., Thereis 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 sensorisin direct
contact with the water column).

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

Where the thread of the Hydrophone 2 is
unsuitable for the fitting, adapters (1stage 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 adapter,
being installed on fire hydrant).

Furtherdetails of connection of the Hydrophone 2 to j-;J
afitting, 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
(e.g., to aFire hydrant with side connections),
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.

Bleed-hole
position

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 additionalitems).

Adapters 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-1with the
Touch Pro system is identical to Hydrophone-2.

24

Confidential




Confidential

2.8 THE HYDROPHONE 2 KIT (HYDROPHONE PAIR AND CARRY-CASE)

The Hydrophone 2kit 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:

1x carry case

2 x Hydrophones

2 x Hydrophone to correlator connection cable

1x Hydrophone fitting tool ; 1x adapter fitting tool. (The

tools are for use with a1.25" square hydrant key).

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

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

(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.

D j‘m"hs

(Cables and Spares)

(Note: Contents may vary according to kit supplied).
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Afitting tool is available to assist in tightening and releasing
certainadapters that arerequired to be fitted firstin order to make
the valve thread compatible with Hydrophone 2.

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

It adapts a 1-1/4 inch square peg (suitable for
a1-1/4inch hydrant key) to a50mm wide
U-shaped end (suitable for engaging with
the Hydrophone 2 body).

When using the tool, ensureitis correctly
positioned (as shown) so that it does not
cause damage to the Hydrophone-2
connectors or bleed valve or any attached
cables.
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S __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 Profeatures 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 tocommencing use, ensure batteries have been charged and correctly installed in the
base unitand 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 Connecttheantennato
the connector shown. Connect '
o . Headphones
e [f the base unit is being for Touch Pro here
used with a sensor, Connect
connectthe sensor (via Sensor cable
its cable) to the here Connect

Antenna

connector shown. here

e Thewired 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 Uniton by pressing the On / Off button for at least

2 seconds. on / Off

A number of system tests and calibrations are carried out on isn":it:a:::
power up toensure the unitis fully functional. After a few

. . . i (Also slowly
seconds the main Correlation screen willappear on the display.

flashes during

harging).
Note: Ifthe 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 beeninstalled and charged
in the Outstations:

3.2.2

Connectthe antennatothe connector
shown.

Connect the sensor (viaits cable) to the
connector shown.

The wired headphones option can be
connected to the connector shown
(if required).

Switching on / Setting the Transmit
Power

The position of the On/Off power is shown opposite.
(Prior to switching on, confirm the antenna is connected).

Connect

Sensorcable
here /

Connect
Antenna

here
Connect

Headphones /

forTouch Pro here

An outstation can be switched on by pressing the On/Off button
for atleast 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 atleast 2 seconds.

Note: If operating the Base Unit within 20m of an outstation,

3.2.3

On / Off
switch &
Radio Power
selector

itis recommended that the Outstationis set to low transmit power, to
ensure thatthe more distant Outstation radio signalis received.
If both outstations are closer than 20m to the base station, ensure that both are

operating in low power mode.

Deployment

Ensure any safety precautions arein 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 (fora
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.
¢ To install Hydrophone type sensors, follow the directions given in section 2.7.

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

3.24 LEDs - operation and meaning:

The Outstationincorporates 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-color LED is also on the outstation, which
produces short flashes when the unitis on, and simultaneously shows the battery
charge level.

Tri-colour LED

Tri-color LED: (indicates battery level)

When the unitis 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 (short flash) =Unit on; Battery is Mid-Level.
¢ Red (short flash) =Uniton ; Batteryis Low.

e Green (long flash) =Unit being charged.

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.
Thisindicates that the sensor has beenregistered, 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
greentoindicate charging. If the outstationis 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-color 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 buttoniis
pressed.

4 BASEUNIT OPERATION

41 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 unitis 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 localization 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. Itincludes a useful tool to obtainthe
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 localize 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 alsoincludes 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 unitincludes 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 : . - Dansk Deutsch .
language to esiy (Crech) g e (Chinese) Y Danish) (German) e
select it.

==l Francais Hrvatski taliano ietuviy kalba
The unit will {Spanish) {(French) (Croatian) (Italian) (Lithuanian)

appearto shut
down but does
not re-start on

Norsk <=l (Persian ! , Portugués Romana
{Norwegian) Iran) Polski (Polish) (Portuguese) {(Romanian)

its own. PYCCIoNi A3bIK cpnckn Suomi Svenska Turkge
(Russian) {Serbian) (Finnish) (Swedish) (Turlash)
Power-down

the unit using

the push l : IADE HERE WILL TAKE EFFECT
ANY CHATGE AL E WILL TAKE EFFEC

button. Then AFTER THE UNIT HAS BEEN POWERED DOWN

turn the unit AND POWERED LIF AGAIN

back on.

The unit will PALMER FCS LA‘NGUf\GE
change to use CHECK

your chosen
language.
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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.

START SURVEY Sgg.ﬂﬁﬁ? SETUP | FILE MENU

A | | \)

Filter- None 'Elapsed: 'E(‘I’i'.)..nllllll
[T]:I lI“IIIII P[Ee SNR: = )

\ N AUTO o PEAK
Ea e IR CURSOR SUPPRESS

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

menu selection and lead to sub-
menus.

\‘ | L)

6 Filter- None 'Elapsed .t(‘l’)) .||I||||
) antlll weamm: | Pipe: |SNR: —

\ " AUTO PEAK
LISTEN FILTERS ey SIS
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Abutton’s color gives an indication of the availability of its function:

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 ‘ﬁ [Fiter: None TElapsed: 1) ol
total distance between the -'“““ Pipe: [SNR: — | )|

sensors (the sum of pipe 5 T
: ( ' PP LISTEN FILTERS _AUTO ZOOM SEE
sections, where a pipe is made of CURSOR 2 SUPPRESS

more than one section).

The outstation symbols (or a base symbol) that appear on the display are
colored to represent the red or blue outstations.

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

A blue button indicates the function is available to be selected. ¥ SNAPSHOT
OPTIONS

Ared buttonindicates that a feature has been selected, and that
itis currently stillactive. (The feature can be de-activated by tapping the red |
button ; the feature can be toggled between being on or off).

Ared button can alternatively be used toindicate

acurrent selection, where one of a group of similar
. . . . METRIC IMPERIAL
options is available, but where only one can be active.
Tapping an alternative selection willmake the current selection inactive (its button
returns to blue) and the new selection active (its button turns red).

start | survey | SSAESNOT T setue [ me | menu
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Below the red and blue | “ Aeskhione 4 |
outstation symbols a Filter: None Elapsed: () tll
thereis aninformation () onnll |Pipe: | SNR: —

[ 2= 1 =115
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 fron
arriving atthe base unit. Each bar indicates a higher signal strength. ([‘T’D .

The battery level for the base unitis 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 low as
this can have an adverse result on the correlation result.

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

Filter: This reading shows the audio filter settings that
have been used to obtain the correlation result.

Filter i=433Hz {1250 Om/s)

It also shows the sound velocity chosen for the leak Eiltar SARALE (1950 Oms)
localization. : Garz 1. i
Pipe:
This reading shows the selected pipe material

Pipe 58 Om DUCTILE IRON
selection.

It also shows the total length of pipe that has been = R O BUCTILE IRON
o 58 U B I
input for this correlation. P

Elapsed: This displays the time that the unit has been
correlating. The longer the correlation the more Elapsed: 39.7s {
datais used to calculate the precise leak location.

SNR: The SNR figure (Signal to Noise Ratio, here shown as 4:1) =TS =) ‘
displays the confidence in the highest peak. bl =

- The unitprovides 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).

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

Acolored light (large dot) is displayed next to the
SNR result, indicating a judgment of the confidence SNR 41 O t
for the correlation.

- 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 SNRresult of 99:1indicates either a problem with the system or a failure to be
able to correlate.

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

To switch between the two modes, tap on the High Contrast | : 3,
icon (shown opposite). &;}.
When in high-contrast mode, most of the color is removed from the

screen and a monochrome display is produced thatis easier to view in direct sunlight.

Note: Certain parts of theimage
will remain displayed in
color when High Contrast
mode is activated.

e.g.. The icons for the red
and blue outstations,
the colored light for
indicating confidence in the b

J[rer a2z [Flapsed 6725 __Ju)
. [Pipe SURVEYMEDIUMRANGE _[SNR. 711 @)
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There are buttons displayed SNAPSHOT
STAR S SR S MEN
on each of the screens the TART URVEY BTN ETUP FILE MENU

unit displays.

Whilst some buttons are
common across most
screens, the buttons can
alsovary according tothe
screen being viewed.

The various screens are organize( \‘ ‘
in a hierarchical structure for “ @ [Fiter: None T W
navigation purposes. .||||I

Certain buttons will cause the _— — - -
. STEN S R b Z0C » e
unit to change to a lower- CURSOR SUPPRESS

level screen. Certain other buttonscause the unitto exitthe currentscreenand goup alevel
to the previous screen. The upwards navigation process ends at the top level, which is the
main screen (as shown above).

—
=
_

Ptpe

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.

Forexample, “Start” (to start the correlation process in the above screen), willchange to
“Stop” (to pause the correlation process and allow the screen to stabilize).

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 atthe bottom of the screen SNAPSHOT
(without having to stop the current correlation process, if running). OPTIONS

Regular buttons: AUTO
LISTEN FILTERS C.I_IFZ":BEJ R

|mm—— ' s

compute | LSTMSE TveLocmycacc] Maaee

Buttons when
Menuis selected

(red):

Buttons when immmmmr [ —
Snapshot ' OFT, OT, SNAPSHOT,

Options is '

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 ata given time).

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

SURVE - This helps the user toidentify whether there is aleak on
the pipe. (See section 5).

Y

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

SETU - Thisenablesthe operator to change the configuration settings
P on the unit.
(See section 11; also discussed within various other sections).

- Thisallows you to save a correlation result orload a
FILE ; : 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 tothree sensors connected; one at each of two outstations and
onedirectly connected to the base unit. Correlation can only be between two units, sothe
inputs being used must be selected first.

. |
The current selections are
shown on the main display. (here ‘ \‘
itis the red and blue ir= T g

. ( ifer WNune _Llapbeu Q‘llj’lfl |I|||||I
outstations). Q) ..|||I|| Pipe: [SNR — .. )|
(The base unit ma . AUTO PEAK

_ Y _ LISTEN FILTERS EReh ZOOM SUPPRESS
alternatively be shown, if y
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 [1 (make choice on this screen).

CONFIGURATION
The “Station Selection” panel contains STATION SELECTION
buttons enabling you to specify which two
units you are correlating between. $ Q AVAILABLE

e Redandblue,
e Red and base station, or
e Blue and base station. $¢ E

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

configuration. SET CLOCK

Then tap on the OK button ; you will return to ADVANCED CANCEL

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 meters 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 thatis shown within the main screen.

Upon pressing the button, a graph appears.

If a distinct peakis shown on the graph thisis an indication that a leak exists between the

two sensors.

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

FILE

SU R II.IEE\T‘.

No distance
information is
provided, butthe

graph buta

timespan is.
This corresponds
to a selection
shown in the
'Pipe’ information
box.

The ‘Filter’

-100.0ms

)
(i) ﬁ
[[TLLL1]

LISTEN

Filter
Fipe:

Open
SURVEY SHORT

.

Elapsed: 155

731 @ ().,

ShE:

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 [1 Advanced [ Survey Settings. The

“Rapid Survey Configuration” screen is displayed.

Current selections are shown inred. To change settings, first make your selection and then
tap on Accept.

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

RARID SURVEY CONFIGURATION

——————1, [SINGLE HISTOGRAM FILTERS——
:

MEDIUM RANGE 250ms (UP TO 250m
METALLIC, S0m PLASTIC)

OPEN (USE WHEN MATERIAL 1S

NOT KNOWVN)

OPTIMISED FOR METALLIC
MATERIAL

LONG RANGE 1s (UP TO 1km
(Ifin doubt about METALLIC, 200m PLASTIC)
the pipe material,
select the

maximum range

you may require).

OPTIMISED FOR PLASTIC
MATERIAL

MAXIMUM RANGE 25 (UP TO 2km
METALLIC)

Medium, Long and : il s
Maximum range
settings can be
selected.

The audio filter to be used can also be selected (within the ‘Single Histogram Filters’
panel). The filters used during sound processing can be optimized 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.

40




6 _USING HEADPHONES

The operator can work with the correlator using the display only. However, the correlator
console has ausefulheadphone 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 LEFT RIGHT
the “LISTEN"

button, the ‘ ‘
following BASE BASE
screen is

displayed.

The grapharea

of the screenis Ll il
splitinto three -5.4dB

panels. $ %
BLUE BLUE

.lI“IIIII .lI“IIIII
i -4.ZdB

f i
20 —0 Ob

e Ifasensor has beenconnected directly to the Base Unit, the audio signal
waveform from that sensor is reproduced and displayed graphically in the top
panel.

e Ifasensorhasbeenconnected tothe Red Outstation, the audio signal waveform
from that sensor is reproduced and displayed graphically in the middle panel.

e |fasensor 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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Inthe 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 Dﬂ?x
channels have been muted (the Left and Right selections are set to ‘audio off’). .

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

LEFT RIGHT
For example, if
the operator ﬂ ﬂ
wished to listen BASE BASE

to the sound
from the red

outstation $ $
through his left
ear and the

sound from the il il

blue outstation Q '56"“3
through his right

ear, he would
select the

following il '-'2.“7'!1'!3

configuration:

b
(A button turns
red when it is

20 0 =
selected, to show

the operator whatis 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 LOCALIZATION)

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 signalis 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. Itis also aware of the speed of
sound in each section of the pipe.

After the Start SELECT FIFE MATERIAL
button is tapped, ) ) R ~

. DLCTILE IROM CAST IROM STEEI
the operator will
be presented with
the Pipe Material
Select screen.

HOFE

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

LEAC >

Additionally, there
are buttonsforup : SER-DEFINED
to four user AL TERIAL 3

defined materials.

The Touch Prois preconfigured with the sound velocities and default filter settings for the
various pipe materials.
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Note: If the pipeis 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 IRON
displayed

suit the material

selected.

1000mm+

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

ACCELEROMETERS HYDROPHOMNES

Note: Sensor selection.

Selection of the correctsensor type isimportant for accurate correlation results. Itis
also important for correct filter selections during operation.

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

HYyDROPHOMES

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.

ENTER FIFE LEMGTH m
A00-39%mm DUCTILE IROM
Input the length of

the current section
of pipe using an

on-screen keypad,
as shown opposite.

DELETE

200-299mm DUCTILE IRON

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 fulllength of
pipe uses the
same material, tap
on the “Start

MULTI-SECTION START
EDITOR CORRELATION
ENTER FIFE LEMGTH 125 m

DELETE

Correlation”

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 beinput ; tap on the “Multi Section Editor” button.
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The Multi Section Editor button produces a ‘Multi-Section Definition’ screen.

MULTESECTION DEFIMITICN

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

In the example
shown opposite, ; UCTILE IRON (200-299mm, 1.1900m/ms)
250m of Ductile
iron pipe has
been entered.

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

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 SELECT FIFE MATERIAL

closest to the Blue
Outstation...

DIJCTILE 1RO

..and then input
the required pipe
material.

Confidential



Theninputthe
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.

Confidential

EMTER FIFE DIAMETER
WMOFE

200mm+

ENTER FPIFE LENGTH 25 m
18-22rmm MDFE

ACCEFT DETAILS

MULTI-SECTION DEFIMITION

250.0m DUCTILE IRON {200-299mm, 1.1900mfms) DELETE

259 0m MDPE (18-22mm, 0 2700mims) DELETE
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Additional sections of pipe material can be added by selecting the “Inset” button until
the fulllength of pipe located between the two outstations has been input. Then
select the “Start Correlation” button to proceed.

The pipe lengths S 5]

the graph area,

color coded =3

according to | < [

material types [ - i
|

selected. | .

The correlation
results are
shown as a
histogram _-0.0088s

(set of vertical “ 144 4m 155 6m ‘

lines); after some
. . Filter 128-190Hz ApSe
tlmek, a distinct . ..ulll" ﬁ Ty E|..F“ j[ 408 1s E((t[:)
peak may appear » i CTION SNR 7 -
indicator of the
leak position
having been
There are various vertical markers on the screen:
e Reddotsindicate the position of the red outstation.
e Bluedotsindicate the position of the blue outstation.
outstationsindicate 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.

which is a good
( o LISTEN FILTERS AUTO
CURSOR
located).
e The grayed-out areas between the edge of the graph and thered / blue

The cursor position is important ...

e Below thecursorisa (numeric) time-difference; itindicates the time difference at
the current cursor position.

¢ Thetime differenceis used to calculate the position of the leak on the pipe
network.

o The leak positions are shown next to the outstations on the display.
(Intheimage 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 FIBREGLASS CONCRETE

LEAD

screen will give
the operator the
option of selecting
“Use Existing
Definition” to
select the pipe
materials used in
the previous
correlation.

UsER-DEFINEL UsER-DEFIMNED UsER-DEFINED UsER-DEFIMEL
MATERIAL 1 MATERIAL 2 MATERIAL 3 MATERIAL 4

VIEW/EDIT PIPE

DEFIMNMTION

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

o The ‘Survey’ button cancels any existing correlation and starts the survey mode.

o 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.
This can be done manually, but Touch Proincludes
some automation tools.

lter: 128-190H;z

e The cursor had to be accurately positioned on the peak.
This can be done manually, but precision is needed. Touch
Proinclude some helpful tools and / or automation.
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7.2 ToOLS TO ASSIST CORRELATION

721  Zoom feature
The cursor can be re-positioned manually, by tapping the screenin the desired
new location.

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

The zoom function centers 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 B 14.4m
lower part of the
screen. . « Filter: 300-2500Hz Elapsed: 055 _
(fg) . . : o A (i,
aamm FiPe 50.0m CAST IRON SNR 31 @

Tap ‘Return’ when

finished to go back
to showing the

regular buttons.

FULL FIFE

= =l =

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-0Out’ 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. 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.

When switched
on, the auto
cursor will always

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

i

operator to 50.0ms
automatically $15E3.3m 93.8m “
pinpoint exactly

Filter: BO0-2500Hz Elapsed 0.25
where the @ ﬁ ~ | - - £ (i,
highest peak is. - Pe 250 0m DUCTILE IROM  SMR: 181 @

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 outstationis also
displayed (93.8m). The Signal to Noise Ratio (SNR)is 16:1and 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, thiscan 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 peakis.
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7.2.3  Peak Suppress feature

Peak suppression allows the operator to remove an unwanted peak from the
correlation result. Thisis useful when the source of that peak has been identified asa
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,
which is usually located at the bottom of the main screen.

SNAPSHOT E y
ﬂ -I_I I I-.Ir ’ I.:; rl;“: I]I_

S0.0me
When the “Peak “?9_0,” 21.0m $
Suppress” button
has been selected, r 6 Filter 200-2500Hz Elapsed: 1.3s o
the following (). mimn Fipe: 100.0m CAST IRON SNR: 401 @ (i),

buttons appear at
the bottom of the

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 tobe
suppressed. Todo 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 thefirst method is used, the area for suppression willbe shown on the screen. The
operator can now use the second method, which is to drag the area tobe 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 thatremoving a peak also causes the graph tore-scale, based on the new highest
peak.

52

Confidential a




In the example shown below, the grey area shows the original peak (at 50ms) is suppressed.

If Auto-Cursor is

jump to the new OPTIONS

peak, which is
outside of the
suppressed area.

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

peak. 47 1ms
3 T7.2m 27 7Tm Q

The graph has also

been re-scaled, . ﬁ Filter: 300-2500Hz Elapsed 77 93 .

also based on the (). Pipe: 100.0m CAST IRON SNR: 131 @ (i),

new peak. APPLY =y
SETLEFT MSETRIGHT M o \oonezcion IR <0 pPRE=SION RETURN

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 optimized for every leak situation.
Experienced userscan manually change the filter settings to find the leak, but thisis 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 Prorunsup to 55 different filter combinations on the correlation data, checking the
quality of the result and optimizing 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 MULTLFILTER
HISTOGRAM DISPLAY
R e Il TER DISPLAY MODE
e LOGARITHMIC LINEAR

(The setup PLASTIC: 1 A FREQUENCY FREQUENCY
options for
running the FILTER OPTIMISATION MODE
AFISfeature DISABLED MANUAL AUTOMATIC
are shown

opposite).
EXITTO — e

SHARPNESS
SELECT

MATERIAL
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REsuME | Reser | ShAreHRT T setup | me | MENU

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

PO S S S S S S S Y

48 9ms
. 25 Om Test Mode 0.0m
The button is “ Q
displayed from 6 |Filter: <300Hz |Elapsed: 38 35 [TJ _,,,|||||
the main screen () "'“““ |Pipe: 250m PVC ISNR: 7:1

after the ‘'menu’

OPTIMISE MATERIAL
but_ton hasbeen COMPUTE FILTERS SOUND SPEED DATABASE RETURN
activated.

When Filter Optimization Mode setting is set to:

e ‘Disabled":
The Optimize Filters button is ‘grayed out’ and has no function.

e ‘Manual:
The Optimize Filters button is blue in color and allows the user to decide if and when
the AFIS feature is put to use.
Tapping on the Optimize 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 optimize the filters during correlation whenever the
existing filter settings are not effective in producing an accurate correlation. The
featureis 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 ‘Optimize Filters’
button.

Whilst AFIS is running. the ‘Filter’ information box

. . ntimising (25%)
shows its progress, as shown opposite. pUmising (22
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7.2.5  Filter Settings - Manual Adjustment

Confidential

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

Touch Prouses 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 fitter
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 bein use.

The comprehensive audiofilters 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 maximize 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 analyze 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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The following MATERIAL QUICK SET QUICK SET
screen is DEFAULTS METALLIC PLASTIC
displayed: HIGH CUTOFF None

LOW CUTOFE Nore NOTCH:Mone

Max

This screen shows Q
the frequency = . 4
spectrum of the
noise being “
received. The
range is 0-5 kHz. hax
)

I-J L T T I T ]I l.- T L
20 40 80 160 320 640 1250
Frequency (Hz)

SET LOW SET HIGH SET NOTCH

CUTOFF CUTOFF CUTOUT

Three graphs
aredisplayed:

e Thetop graph shows the noise being received from the red outstation.
Noise datais displayed in red.

e Themiddle 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 thered and
blue outstations. This is known as the Coherence Graph.
Noise data is displayed in black.

In the example shown above, nofilters have been selected because the whole spectrum
of noise is displayed against a white background.

HIGH CUTOFF None R T W
When filters are LOW CUTOFF. 300Hz e
applied, the e
frequencies being
filtered out are

displayed against a
grey background.

NOTCH: Mone

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

i T
160 320 640
Frequency (Hz)
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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 areaimmediately 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.

QUICK SET
_ METALLIC _
[HIGH CUTOFF. 1657Hz :
LOW CUTOFF: 31Hz

MaY g I I X

|
|
|
[

Combinations of ‘
all 3 filter types
can be applied.

Details of each
filter applied are ‘

shown in the

information area 0 - : — L. - j

20 40 &0 |6 320 B40 1250 2500 SOCOEEES
above the Frequency (Hz) =
graphs.

SET HIGH SET NOTCH

CUTOUT

CUTOFF

Using the touch screen, the filterbands can be moved simply by dragging a finger to the
left or right of the graph to widen or narrow the white nonfiltered area.
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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 thatit 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 isrecommended 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 correlationis performed, the filter settings willrevert 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 laterin time orit can also be used as an input tothe 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

Em. SNAPSHOT Y =

I N N

& ]
When selected 0.0118s By
(File button is red) § = e
) &
thebuttons on the Filter »239Hz (1250 0mis) Elapsed 9165 ()t
bottom line change, as ‘ ..|||I|| . | Pipe: 58 0m DUCTILE IRON [SNR 51 :

shown.
L m

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 selectand load a previously

saved graph into the correlation screen.

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

e The'Return’button returnsthe operator tothe main correlation
screen .
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7.31  Saving aCorrelation Result

Tap the “Save” button.

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

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

T_ap_ the ‘Enter’ button to NUMERIC DELETE
finish. i

Then enteraname for SAVE CORRELATION FILE AS
the file.

(The name can be a r
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”  AVAILABLEFILES FILE INFORMATION ——————————

button. T ——

e TV, v IYPE. CORRELATION
The unit displays a list ik RECORDED AUDIO. 26 3s
of saved correlation HYD 32 corr PIPE 44 0m DUCTILE IROM
results (in the left- HyDeocorr =~ FILTERS =689Hz

INOLE AKOQLDNEW cotr
hand panel). lOLD NEW corT

JLDOLD corr STATIONS:RED, BLUE
Theoperatorcannow == =5 o SENSORS ACCELEROMETER
select a file to open by TITLE ACC
using the COMMENTS:

‘Select Up’ and
‘Select Down’

buttons to choose. REF.

A summary of the file

information is shown £ ) oy g
in the right-hand \ __ a , g
panel. o

OPEN FILE DELETE FILE
When thefile 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
741  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 aslong toreach it).

Itis 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)

# ) F g %

L

~ag]— - Correlation Result 1

e} e Correlation Result 2

gl .,_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 sensorto 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 otheris 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 usedin
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.
Atthe end of the compute function, a graphis displayed showing all correlation results
pinpointed. An average line is drawn through each correlation in order to pinpoint the leak
position.

742  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 Selectthe “"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 operatoris now ready to
commence the compute operation..

The Compute Mode is accessed as follows:

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

SOUND SPEED COMPUTATION
TIME DELAY {ms)

Itinitially looks as
shown opposite.

The screen

includes aset of
buttons that can
be used to drive
the file system of

the Touch Pro. DISTANCE {m)
These operatein a LEAK DISTANCE SEMNSOR SEPARATION:

similar manner to SPEED OF SOUND: MEASURED TIME DELAY;

that described in

PR REMOVE TOGGLE
section 7.3, and ADDRESULT ( RESULT ) ( RESULT ) (‘SELECT) (SELECT’)
will not be

described in any detail here. However, please note that they apply to Compute Mode datain
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’ AVAILABLE FILES

button.
AB corr

Then select one AC corr

of the saved JERESULT 1.corr

correlations.

(Note that all

selected correlation
must have been
conducted with the

) CILE INEQEMATION
stationary sensor

L TYEE: CORRELATION TITLE:
remaining in RECORDED AUDIO 10.0s COMMENTS:
position; The PIPE 38 1m CAST IROMN

correlations must FILTERS:600-5000Hz

vary only by re- STATIOMS RED, BLUE
positioning the SENSORS ACCELEROMETER

moving sensor to
different locations OPEM FILE DELETE FILE CANCEL

along the pipe).

REF:

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

SOUMD SFEED COMPUTATICRM
TIME DELAY (ms)
2000000

150000
10,0000 ®
50000

® o000 Q

0.0 50 100 150 200 250 300 350 400
DISTANCE {m)
LEAK DISTAMCE A7 0m SEMNS0OR SEFARATION: 38.17m

SPEED OF SOUND:  120732mims - MEASURED TIME DELAY: 10.1ms

ADD RESLULT E (..; SELECT) (SELECT = )

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.

SOUNMD SPEED COMPUTATION
TIME DELAY {ms)
S0.0000 .,
HH\'\
04 W T T DR O e \‘t
f + 1
500000 i N
M“\

~100,0000 i g
* -150.0000 / RN i’

0.0 100 200 300 400 500 600
DISTAMCE {m)
LEAK DISTANCE: 18.5m SENSOR SEPARATION:  53.5m

SPEED OF SOUND:  0.1481mims MEASURED TIME DELAY. -111.3ms

ADD RESULT = < SELEC 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 pointson 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 asa“ +“ or “[+]” symbol on the graph. |
rm
The “[+]" symbol is also a cursor, identifying the “currently selected correlation”. I_-I:.

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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74.3  Understanding the Data Produced from a Computation

EIIT
SOUND SPEED COMPUTATION
TIME DELAY {ms)
50,0000 “
S
e
B T A — i ‘“:{1'
+M“\
50,0000 >
N
1000000 KK“EE\R
.
® 1500000 < ~ 4
0.0 100 200 300 4010 50.0 60.0
OISTAMCE (m)
LEAK DISTANCE 18.5m SENSOR SEPARATION:  53.5m
SPEED OF SOUND:  0.1481m/ms  MEASURED TIME DELAY: -111.3ms
SELECT >

Since the correlations had sensors placed at different distances between them, the results
will also show different time delays. The graph has toaccommodate 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 se/ected correlation

e Measured Time Delay

e LeakDistance (& 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 materialtypes 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 screenis accessed as follows:
(Main screen) [1 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 FIFE MATERIAL TO EE EDITED
To edit the name

of a pipe material:

DUCTILE IROM

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

“Edit Name".

EINED = IISER-DEFIMNED
BIAL 1 AL 2 MATER J

TS EDIT SOUND
( EDIT MAME ) ( SPEEDS

SET MATERIAL MARE
Use the virtual
keyboard to input the [F=cc PESINED MATERIAL |
new name orto edit
an existing one.

Tap on “Enter” to

et s T buibiifie § r ] o |
6

9
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You will be returned to the Materials Database, where the new name will be displayed.

To edit the Sound ISER-DEFINED MATERIAL 1 SOUMNI
speeds for a pipe

ial: | HEmm 1000 Omis : ED” NEN
material: {100 - 149mm 1000 Omis Sy tew
Select the pipe ) - 199mm. 1000 0mis NTR
. pIp 200 - 249mm: 1000 Dmis MINIMUM DIAMETER PANGE=
material to be 350 299min: 1000 .0mis ‘.
edited (tap on a : A9mm: 1000.0miis I'J___ - E
material button ; it 399mm: 1000.0mis
. ' A00 - 448mm: 1000 Omis MAXIMUM DIAMETER RANGE
will turn red) and 450 - 498mm; 1000 Omis E
then tap on 500 -599mm: 1000.0m/s 09 =

: 600 - 839mm: 1000.0m/s
“Edit Sound el s LN ;
J- 799mm: 1000 0m/s “SOUND VELOCITY

iU

Speeds”. =00 - 899mm: 1000.0m/s

000 - 299mm: 1000 0m/fs W TS
The “Sound Velocity 300 - 1199mim: 1000 0mfs —
Table” screen is | 200 - 1299mm; 1000 0mfs e —

141 7_ q!’f.l'.'":if\‘!'l ||-”.”.‘ [.."T_If.'fi
displayed, complete 600 - 1799mm: 1000 0m/s
with a table 1800 -1999mm: 1000 Orm/s

(0mm + 1000 Ornfe

showing the -

_ DELE L p—
database contents ENTRY ACCEPT
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 KINIMUNM DIAMETER BAMNGE
of the specific line ; this activates the - =0T
edit options. A numeric keypad pops up ; Edit the N
value and then tap on “Enter” WAX MM DIAMETER RANGE

mm EDIT

rAIMINLN DIAMETER RANGE

=FEED OF SOLUMND
Tl
mims

CANCEL NEWY

ENTRY

When the table lineis 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. Itis
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
correlation display mode is shownin red.
(‘'Single Histogram’ display).

FREQUENCY
TIME DOMAIN SO

CORRELATION DISPLAY MODE

SINGLE MULTIFILTER
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 setup allows
the operator to RESUME FILE MWEML

perform three
different

correlations
simultaneously 1

at the leak site.

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

Each graph has
different filter

settings applied, a
thereby enabling E

ry

the operator to ,O

choose (at a M

glance) the best X‘%'Um

out of the Filter.  MULTIFLE Elapsed: 11.95
correlation W & B somDUCTLERON  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. The .zlﬁ]%r
filter typeimages are spread across 2 lines and includes frequency details. D...':
The images represent the following: Mone

Low-pass filter

High pass filter

Band pass filter

PP

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
apass band and shaded areas (gray) signifies the stop band.

Be careful toremember 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
7.2.5; each of the 3 graphs will have its own settings). Mone
The filter settings I[EI-H;ISL_
can now be
changed.

LOW CLUTORF 400Hz HIGH CUTOFF Open MNOTCH Mone
When filter settings Ml
have been

\

changed, select
“Accept” to return
to the main
correlation screen.

Repeatthe process M-
for the other filter ‘\

settings if required.

300 25 1250 2500
Frequency (Hz)
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An example of a setup for a High pass
filter response is shown opposite.

High-pass filter |_-

(Implemented by ‘set low cutoff’ button)

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

I/ Low-pass filter

(Implemented by ‘set high cutoff’ button)

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

| L Band-passfilter

(Implemented by both ‘set low cutoff’ button

and also the ‘set high cutoff’ button)

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

Y Band stop filter.

(Implemented by ‘set notch
cutout’ button)

Confidential

HIGH CUTOFF None

LOW CUTOFF 300Hz_

NOTOH: Mone

160

Frequency {Hz)

Joci
320 640 1250

SGH CUTORF 1657Hz

LOW CUTOFF: 31Hz

MNOTCH: 51-327Hz

[
I
I
I

N
1
1
1

160 | 320p 640 1250 2500

Frequency (Hz)
N T T T ——— .




For convenience, each
correlation graph is
numbered 1, 2and 3.

FILE '

|
@uidoia i ki
‘ -

Y 2 & 4

Pressing one of these
numbers will expand that
particular graph. Other
graphs shown on the screen
will be reduced in size.

L35 3R 2
IR R R

+ +

* ¥

For example, if the middle ~ 21.4ms
graph were required, “25-0'"”

pressing the blue button Filter MULTIPLE Elapsed: 1195
labelled “2", shown to the left (). g Pipe  250mDUCTLERON |SNR 21

of the graph, willchange the
display as shown below:

If the operator
wishes to select
the filter settings

SURVEY MEML
used to generate

Graph Number 2, kil bl it i i sl bl 5

tap the small blue

arrow 1

button I 200-200Hz
[ ¥

underneath the [ Mona

number.

This will apply _ a o . o~ - A & A

thes.e filter '(;) St

settings and QS'Tm 46 3 Q

return the

operator to a « Filter: MULTIFLE Elapsed 1.5z

single histogram ().l & e SoomDuCTLERON  snr 31 @ (T

view showing the
correlation LISTEM
produced with

these filter settings.

FILTERS Rl ZO0M

This feature (3 graph display) is particularly useful when pipe materialis uncertain or when
performing a survey to identify whether (or not) aleak 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: Inorder 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 — - 1
when selected. e

(The option can be
canceled by tapping
on the ‘Return’
button).

f\

Py
.,,,‘nolIOIOQ"

The bottom row of
buttons are re-

assigned new — — : . _ T e———
functions for ek 0.0116s

. = 20.6m
allowing a snapshot 3 34 A

of the current graph Elapsed 10208 'Miu;))

“10e

Cilte 4‘;‘..H_-‘M]'IHLHH.'.] ===
to be taken. . « e — o
7 -.nll““l g =0 &5 Om DUCTILE IRON SNR: 6:1 O -

Also, thereis a
buttonrelated to
the file system.

RETURN

SNAPSHOT,
CONTINUE

: g . AS
SNAPSHOT, SNAPSHOT, _“OF‘Er\i
F?ES'!?ART STOP SNAPSHOT

Tapping on one of the blue ‘Snapshot .." buttons will cause the screen area to be split to

supportan 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 pressis related to the correlation (which is currently paused):

e The"Snapshot, Stop” button makes a copy of the currentresult, and the
correlation remains paused.

¢ 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 anew 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” buttonsare selected, the static snapshotimage appears towards the
top of the screen, while the real time correlation continues to rununderneath.

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
grapharea(andthe
graph shape has
moved on from the
snapshot image).

The Snapshot
process can be
repeated, with up to
4 snapshots being
taken.

The graph size
reduces each time
toaccommodate the
new image (as
shown opposite).

(The live correlation
is always the lowest

graph).

0.0116s

‘34.4# . )
A Fl!tpr >366Hz (11 190, Dmfs) Elapaed __5 = \(tp)__‘
‘«“ﬂ)"“ Pipe £5 Om DUCTILE IRON HHNR 4.1

OPEN AS
SNAPSHOT

= dn m_ ‘

0.0116s
" 206m @
() ol Filter. >366Hz (11900m/s) - ]ﬁ,—jlapsed 67 1s ,;(u;)_‘
& Pipe 550m DUCTILE IRON |SNR:51

--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 Acorrelation mustbein 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 characterized and stored as a user-defined material
(for future use).

The sound speed Calculation tool is accessed as follows: (Main

screen) [1 Menu [/ Velocity calc

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

If the sound source _ |
is out-of-bracket BETWEEN SENSORS OUT-OF -BRACKET i

select that button.

TNCE FROM EITHER SENSOR TO LEAK
If the sound source

T (0D D B |

choose the

Between Sensors’ o N REENE ] (=] (=] G

i

A TR
ATION

DELAY -00009s

il

(See the discussion
of in-bracket vs

CURRENT WELOCITY: 1000.0m/s ‘
out-of-bracket in |
|

|

|

|

|

section 14 for an - ALCULATED VELOCITY: 2222 2mis

explanation of

these terms). ACCURACY: +£277 8m/s DISCARD
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10.1 OUT-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
shown on the

OUT-OF-BRACKET

screen does not DISTANCE FRC _El_HFT\:EI\l'\ETU LEAK
get used ; there is (1J(2J{3J(4J{5'
therefore no field —
available to enter

a value, 3 ) FBJ(?]('SJ.(?N _J

& & |
TiME DELAY: -0.0009s

The calculation
results are shown

in the Calculation ~ ALCULATED VELOCITY: 2222 2mls | APPLY
panel.

CCURACY. +1-277 Bmls |

10.2 IN-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 thetwo sensors.
From this it can calculate the speed of sound through the pipe.

Speed =distance /time .. =(total length - (2 xshortest distance to sensor)) / time
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The user mustinput e — I = A
the distance to one DIS :

s (0 0 G0 G0 6B

the keypad.

The results are
calculated
immediately and
shown in the
Calculation panel. ACCURACY: +1-184 Amis

TURRENT YELOCITY: 1000 Omils

CULATED VELOCITY: 185656 Bmis

10.3 USING 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.

Citar 171 4124y (1 11 s ) - ‘ 7 (156 fe )
riner. 11 1 AN =) P T TrrandZ (199 bMiS)

b e 2 0m USER-DERFINEL Pipe 2 0m USER-DEFINED
The velocity should be noted if characterizing 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 usefulin 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 thatif 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




Confidential

11 STATUS AND SETTING OPTIONS

111 SETTING 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) [1 Setup [1 Advanced [] Set Clock
ETDATE AND TiME

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

down buttons. ‘ “ “
Then tap on “OK". ” “ “ ,

11.2 DISPLAYING THE SOFTWARE VERSION
The software version of the Touch Pro can be viewed as

follows: (Main screen) [] Setup [ Info

N
m
.

Halma Water Management Fluid Conservoion Systems

STATUS enviranmenlal

Touch Pro

VERSION: 1.17D (AUG 7 2013)
0S: PC

Copyright © 2010, 20011, HWM-Water Limited. All rights reserved.
This product uses the following licensed technologies:
Windows Embedded CE 6.0 Copyright © 2009, Microsoft. All rights reserved.
Atmel BEP Copyright © 2009, Adeneo. All rights reserved.
Portions of Boot Loader Copyright © 2009, Atmel Corporation. All rights reserved.
Compression library zlib Copyright © 1995-2004, Jean-loup Gaillv 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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11.3 DISPLAYING 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 [1 Status

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

The radio i
frequencies and “ i I
received power f’ TN
levels (RSSI ; | POWER SOURCE: BATTERY
Received Signal BATTERY ‘STAT Ei T EEE?‘“-'@(;QZIF‘?@?Eﬁ%ﬁ?f 5
Strength Indication) AR :lTJN:‘FTETEM* il | "RSSIADC 735 (2 153V)
from the two g =
outstations are “15,2':‘.377“33"':’1
shown in the =
right-hand display ENSOR TYPE: None FQ
panel.
= FREQUENCY: 467 8000MHz CO
RSS| -21 7dBm (-21 7dBm)]
The current power RSSI ADC: 738 (2.162V)
source for the base ALDIO SIGNAL: ADC 572 (1 676Y)
and voltage level of . ' AGC LEVEL 4005 L {_k o e

the internal battery L A T S
is shown in the

left-hand panel.

The RSSl level can be a useful diagnostic tool to check that the signalis being received 0K
from the outstations.

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

Note: The “Service” buttonisforuse only by HWM-Water Ltd engineering personnel.
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1.4 SETTING 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 [1 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 IMPERIAL
measurement required.
(The selected option is displayed in red). SECONDS MILLISECONDS TS

SHARPNESS

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

11.5 SETTING 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 [1 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 FRS{%!&E::;"Y
used to calculate the correlation result.

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

Note: This settingisforadvanced useronly.

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 Proincorporates 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 O represents no sharpening. Values in the range of 1-15 representincreasing
degrees of sharpness.

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

ADVANCED CONFIGURATION
CORRELATION TECHNIQUE

FREQUENCY

UNITS

METRIC IMPERIAL TIME DOMAIN
SECONDS MILLISECONDS

SET LANGUAGE

DOMAIN

CORRELATION DISPLAY MODE

SINGLE MULTI-FILTER
HISTOGRAM DISPLAY

SHARPNESS

SELECT FILTER DISPLAY MODE
MATERIAL
T LOGARITHMIC LINEAR
S \ )
PLASTIC: 1 e FREQUENCY JB FREQUENCY
. FILTER OPTIMISATION MODE

DISABLED MANUAL AUTOMATIC

EXITTO
UPGRADE
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12 TROUBLESHOOTING

Problem: Thereisirregular behavior from the correlator
(e.g., unusual noise or poor audio).

Recommended Actions ..

e Checkthebatterylevel of each unitusing the in-case charge status indications.
Charge the batteries if they are in alow condition. (See section 2.3.6).

84

Confidential



Problem:  Thereis noRF Signal being received from the Outstations.

Recommended Actions ...

e Check that the outstations are switched on.

e Check that the antenna is connected, and that the RF connector is clean.

e Check that the outstation is registering the connected sensor (LED Flashes).

e Checkthe Outstation and Base Unit battery levels.

e OntheBase Unit, check that you have the correct stations selected
(e.g., correlate between RED-BLUE not RED-BASE)

e 0OntheBaseUnitcheckinthedisplay screen that the outstation frequency is
correct and that the RSSI should approximately -80dBm or less.
Check the battery level shown for the baseis ata minimum7.2V.

e Ifstanding 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 Signalis being received butitis very weak.
Recommended Actions ..

e Check the battery levels on all units.

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

e There may beinterference fromanother RF system operating in thatarea on the
same frequency.

e Checkthatthe outstations are at least 2m away from the Base Unit.

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

Problem: Audio being received but the correlation peakis poor.

Recommended Actions ..

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

e Check that both sensors are working correctly (sensor test mentioned above).

e Checkthatboth Outstation signals are being received over the RF clearly at the
Base Unit through headphones.

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

e Trycorrelating at a different time of day/nightin case there are pumps or other
external noise sources interfering with the correlation result.

e Check sensor cables and connectors for damage.

e Ifusinganaccelerometertype sensor, try toimprove the leak noise audio signal
level from the sensor:
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o Ensurethatthe accelerometer mounting pointis on the pipe where the
suspected leak islocated. Confirm this with a map of the network.
Check that the sensor contact on the pipe is clean from debris.

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.
Ensure that the accelerometeris mounted vertically where possible.

If there is ambient noise, try correlating using hydrophones.

Note: Don'tstand 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 ..

This message means that a possible leak has been found, butitis outside of the
area in-between the outstations.

The Touch Prowill 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 ..

This message means that a correlation peak has occurred exactly at the midpoint
between the two sensors.

This may notbe aleak 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 noleak 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.
Checkthat the pipe length entered is as accurate as possible and that the pipe
material is correct. Confirm this with a network map if necessary.
Checkon theFilters 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 Usean Outof Bracketleak and obtain the velocity using the sound speed
screen.
o Openataponthepipe 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 Proto give both velocity readingand a
leak position based on more than one correlation.
Use the Peak Suppression facility to eliminate any unwanted peak. The graph will
rescale atthe 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.

Itisrecommended that all leak positions from the correlation results be confirmed
with alistening 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 portin 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:  Cannotconnectto 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.
Checkthe LED when ON/OFF button is pressed. The LED should continually flash
once asecond when valid application firmware is running.
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Problem:  The units will not charge.

Recommended Actions ..

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

Try swapping the batteries from the other units toidentify whether the battery is
defective.

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

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

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.

Check the Amphenol connectors and cables for damage.

Note that whilst a unitis 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 atall

Recommended Actions ..

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.

If the 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:  Allunitsare connected forin-case charging, but1or more of the LEDs do not

light when pushing the button.

Recommended Actions ..

Check that the unitindicated by the un-lit LED has been connected to the case
correctly.

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 tosee 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 circuitand 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

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

There are no user serviceable partsinside 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 currentsinvolved 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.

13.1 ROUTINE 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 allitems 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 orimpact.
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:

¢ Connectone 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 Pluginthe otheraccelerometer and repeat the test.

e Ifthereis alargedifferencein the signallevels 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 center
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 itis 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 sanitized.

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 not discharge completely.

¢ Recharge batteryimmediately after use.

e Do notinvertthe battery during recharging.
(see opposite for the recommended
equipment orientation during charging: itis
the same as when in the carrycase).

Note: Regularovercharging willreduce the
battery life.
The batteries may not be charged below
OlC and thereis a safety cut out to stop
this from happening.

To preventdeterioration or damage to the battery:

e Do not drop or subject to strong physical
shock.

e Batteries should only be charged using a
Touch Pro charger supplied by HWM
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e Do not use below 0O|C (32[/F) or above +55[/C (131/IF).
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:

¢ Donotincinerate.

e Do not directly connect the positive and negative terminals.

¢ Do notuseotherthan the specified battery charger.

o 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 Prooutstations 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 Probehind glassin direct sunlight as temperatures above
55/ Celsius may be exceeded even in the U.K.

e Inveryhotclimatesthe battery charge capacity may be reduced, and you will
have to recharge the units more frequently.

13.2 REPLACEABLE PARTS

Batteries

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

Gaskets / Seals / 0-Rings

e Checkcondition 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 Onlyuse replacement partsrecommended and provided by HWM.

Adaptors

e Checkcondition of threads on any adapters provided for use with Hydrophone. Do not
use an adapter or Hydrophone 2 with a damaged thread.
e Only use replacement parts recommended and provided by HWM.

Silicon Grease

¢ Onlyuse replacement partsrecommended and provided by HWM.
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Hydrophone 2 Installation Tool

e Onlyuseareplacementtool provided by HWM.

Carry Case

e Contactyour HWMrepresentative to check for availability of a carry case for
Hydrophone 2.

13.3 RETURN 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 productis being returned and provide contact details.

If returning to FCS, this can be done by completing the on-line RMA form:
https://www.fluidconservation.com/support/

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

13.4 UPGRADING THE QUTSTATION 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 USBis
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 torun, 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 aliguid 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

Leak

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. Atthe 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 toas Td.

Diagram 2

Touch Procompares the two sound signals from the outstations and determines the extra
time taken for the sound wave to travel the extra distance, ‘N’, toreach 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 =V

x Td.

The total distance between the Red and Blue sensorsis givenby: 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)
Lz ——— or Lz —
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 datato 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 pointis nearer the Red sensor as Touch Pro automatically deals with
either situation.

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

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

If the sensors are S |

incorrectly ; |
positioned, Touch : '.

Pro will detect the : |
'non-bracket’ s
conditionand warn
you by displaying a
warning message
on the screen.

“ 00m 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
D (
Sensor

Careisrequired 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

LYY Leak

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

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

Sensor

09 Leak

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

Action: Move theright-hand sensor further to the rightand try again.
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Diagram 7

Sensor

Leak :

Sensor

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

Diagram 8

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

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

Different pipe materials give different velocities.

To locate aleak 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, aleak would be indicated at 65.9
meters from the Red sensor. In fact, Touch Proin Mixed Pipe Material Mode under identical
conditions calculated the true leak position at 88.9 meters 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 runsare combined to
producearesultwhich is totally independentonthe velocity of sound V. The effectof any
errorin the measurement of the distance D between sensorsis 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 toremain fixed as the reference sensor. The
sensors must bracket the leak for the Compute Mode runsto 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)

P . — -

4

i h

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
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Particular care should be taken when using Compute Mode with T connection pipework. If a
leak isindicated neartoa T connection, it is quite possible that the leak is actually down the

T (as shown in Diagram 11).

:’. 1
= =

Diagram 11

If this situation occurs the Red sensor should be moved to a fitting down the T connection
(P)and a complete re-runin Compute Mode should be carried out.

Fluid Conservation Systems
1960 Old Gatesburg Road
Suite 150

State College PA, 16803
(800) 531-5465
www.fluidconservation.com
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