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BEFORE YOU BEGIN

“!.JI In the interests of safety and correct equipment operation, please take the
— time to read and understand the content in this manual.

IMPORTANT ICONS

The STOP symbol highlights a potential risk of INJURY OR DEATH.

The CAUTION symbol highlights a potential risk of DAMAGE TO EQUIPMENT.

The NOTE symbol highlights KEY INFORMATION.

( 0 The ENVIRONMENTAL symbol highlights areas which may have an impact on the
") SURROUNDING FAUNA AND/OR FLORA.
Ampcontrol

For the purposes of this User Manual, “Ampcontrol” means Ampcontrol Limited (ACN 000 915 542) or
Ampcontrol SWG Pty Limited (ACN 001 737 533) or either of their related body corporates.

Copyright Notice

This User Manual, including all content herein (including but not limited to logos, text, designs,
methodologies, processes, patents, trade secrets and proprietary information) is the exclusive property of
Ampcontrol and is protected under Copyright law. This User Manual and its content are provided under a
license agreement to the purchaser of the product and may only be used in accordance with the terms of
the license agreement.

Unauthorised use, reproduction, modification, distribution, transmission, replication or any form of
dissemination of the User Manual or any of its contents, in whole or in part, without explicit prior written
consent from the copyright owner, is strictly prohibited. Requests for permission to use, reproduce, or
distribute any part of the User Manual or any of its contents should be directed to Ampcontrol.

Disclaimer

While all care has been taken in preparing and publishing this User Manual, Ampcontrol and its respective
officers, employees and agents accept no responsibility for any error or omission in the User Manual’s
contents, or their consequences, including any damage or loss which may be incurred as a result of reliance
on the accuracy, currency, or completeness of the User Manual’s contents. Access to and use of the User
Manual's contents is provided subject to and conditional upon acceptance of the terms of this disclaimer.
Ampcontrol reserves the right to make changes to any products described in this User Manual to improve
reliability, function or design. Ampcontrol further reserves the right to revise the content in this User Manual
at any time in Ampcontrol’s sole discretion and without notice.

Ampcontrol Contact Details
PH: | EMAIL: | WEB:
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Term Definition

CO2 Carbon Dioxide
SO2 Sulphur Dioxide
CHa Methane
CO Carbon Monoxide
02 Oxygen
H2S Hydrogen Sulphide
NATA National Association of Testing Authorities, Australia
NDIR Non-Dispersive Infrared
Time interval, with the equipment in a stated atmosphere, between the time
Warm Up Time when the equipment is switched on and the time when the indication reaches

and remains within the stated tolerances

AS/NZS 4641:2007

Electrical apparatus for detection of Oxygen and other gases and vapours at
toxic levels - general requirements and test methods

AS/NZS 2290.3-2018

Electrical equipment for coal mines- maintenance and overhaul Part 3:
maintenance of gas detecting and monitoring equipment.

AS/NZS 2290.3-1990

Electrical equipment for coal mines - maintenance and overhaul Part 3:
maintenance of gas detecting and monitoring equipment.

AS/NZS 60079-29.1:2008

Explosive atmospheres Part 29.1: Gas Detectors - Performance requirements
of Detectors for flammable gases

AS/NZS 60079.0-2011

Explosive atmospheres - Part 0: Equipment - General requirements

AS/NZS 60079.11-2011

Explosive atmospheres - Part 11: Equipment protection by intrinsic safety "i"

GG2

Gasguard 2

Time of response T90

Time interval, with the equipment in a warmed-up condition, between the time
when an instantaneous change between clean air and the standard test gas,
or vice versa, is produced at the equipment inlet, and the time when the
response reaches a stated percentage (90%) of the stabilised signal on the
standard test gas

RTGMS

Real Time Gas Monitoring System

SIS

Safety Instrumented Functions. A SIF is composed of any combination of
Detector(s), logic solver(s), and final element(s). A SIS usually has a number
of safety functions with different SIL’s, so it is best avoid describing it by a
single SIL

SIL

Safety Integrity Levels

SRS

Safety Requirement Specification - containing all the requirements of the
safety functions that have to be performed by the safety-related system. It
includes both what the functions must do and also how well they must do it. It
is often a contractual document between companies and is one of the most
important documents in the safety lifecycle process

ILAC

International Laboratory Accreditation Cooperation Mutual Recognition
Arrangement.

ILAC is the international organisation for accreditation bodies operating in
accordance with ISO/IEC 17011 and involved in the accreditation of
conformity assessment bodies including calibration laboratories (using
ISO/IEC 17025), testing laboratories (using ISO/IEC 17025), medical testing
laboratories (using 1ISO 15189), inspection bodies (using ISO/IEC 17020) and
proficiency testing providers using ISO/IEC 17043.
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The Ampcontrol designed VoiceCom system is a multi-station audio communication system suitable for long
wall and conveyor message applications. The system’s three principal functions include generating pre-start
alarms, playing pre-recorded voice messages and one to many station communications. The system is

comprised of two main components, the VCA VoiceCom Controller and VAA VoiceCom Amplifier field units.

For safety reasons, the GG2 Real Time Gas Monitoring System must be installed, operated and serviced only
by competent personnel. Please read and understand this instruction manual completely before installing,
operating or servicing this equipment. Failure to install or operate this instrument in accordance with the
instructions contained in this manual may create hazardous operating conditions.

1.1 Safe Use of Equipment
The equipment supplied has been designed and manufactured to ensure safe operation. The equipment must
only be used within the design parameters.

The instructions within this manual must be observed as an aid towards achieving the safest possible
installation.

Persons responsible for installation, maintenance, or operation, must observe the following
instructions:
1.1.1 Changes to Equipment

Changes in the design and modifications to the equipment are not permitted. Unauthorised changes made to
the hardware or operating firmware will void the manufacturer's warranty and may compromise the integrity of
the system into which it is installed and other connected equipment.

1.1.2 Equipment Knowledge

Experience with, or understanding of, this equipment is essential for the safe installation and removal of the
equipment. Therefore, please read and understand this manual prior to use. Competency based training
courses are recommended and are available on request.

1.1.3 Manual Handling

Precautions have been taken to ensure all equipment is safe to handle and free from sharp edges. However,
care should always be taken when handling enclosures and gloves should be worn.

1.1.4 Installation

Correct operation and safety depend on GG2 Display and associated equipment being installed correctly.
Mechanical and or electrical installation and maintenance of plant and equipment must only be carried out by

appropriately qualified personnel and must be tested thoroughly prior to operation.

1.1.5 Operation
As safety depends on GG2 Display functioning correctly it is highly recommended that all safety functions of

the unit be periodically tested to ensure correct operation.
1.2 Supplementary Documentation

The GG2 Detector Real Time Gas Monitoring Design, Installation and Maintenance Guide is expected to be
read in conjunction with the following documentation:

GG2B023 GG2 Display User Manual

GG2B011 GG2 Detector User Manual
GG2B032 GG2 Communication User Manual
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21 Receiving

All possible precautions are taken to protect the equipment against damage or losses during shipment;
however, before accepting delivery, check all items against the packing list or bill of loading. If there is
evidence of physical damage, notify Ampcontrol immediately.

Notify Ampcontrol immediately in the case of any discrepancies to the packing list. Keep a record of any
claims and correspondence. Photographs are recommended.

Where practicable do not remove protective covers prior to installation unless there are indications of damage.
Boxes opened for inspection and inventory should be carefully repacked to ensure protection of the contents
or else the parts should be packaged and stored in a safe place. Examine all packing boxes, wrappings and
covers for items attached to them, retain and store any approval documentation for your safety file as
applicable prior to wrapping being discarded.

2.2 Inspection

Equipment that is found to be damaged or has been modified away from its published specifications must not
be used. Please contact Ampcontrol if the equipment is suspected to be different than that ordered or if it does

not match the published specifications.

2.3 Storage after Delivery

When the equipment is not to be installed immediately, correct storage is important to ensure protection of
equipment and validity of warranty.

For optimal performance of all detectors, here are some key considerations:

Storage

e A controlled environment free from poisons such as aerosols, silicones, lead compounds, sulfur
compounds, alcohols/solvents.

* Avoid extreme or freezing temperatures

* Avoid prolonged exposure to target gases during storage

e Packaging should avoid materials that gas off VOC’s during temperature variations
Avoid condensation and low humidity (<15%) environments for the electrochemical detectors

All equipment should be stored indoors between 0-40 °C, preferably on shelves and protected from moisture
and sunlight.

2.4 Unpacking of Equipment

The method of packing used will depend on the size and quantity of the equipment. The following cautions
should be interpreted as appropriate.

CAUTION!
Take care when unpacking crates as the contents may have shifted during
transport.
The disposal of packaging materials, replaced parts, or components must
ENVIRO p p ging p p p

comply with environmental restrictions without polluting the soil, air or water.

Ensure that any timber and cardboard used as packaging is disposed of in a

( \“’ ' safe and environmentally responsible manner.

Where possible, dispose of all waste products i.e. oils, metals, plastic and rubber
products by using an approved recycling service centre.
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3.1 Planning and Designing RTGMS’s

Real Time Gas Monitoring systems are typically used to perform safety-instrumented functions, i.e. by design
taking an industrial process to a safe state when specified conditions are violated and taking action to mitigate
the consequences of a hazard. Real time gas monitoring systems commonly comprise a single or multiple
gas Detector input(s), a logic controller and an output. Additional equipment is typically incorporated into a real
time gas monitoring detection system, i.e. a gas monitoring telemetry system. If a real time gas monitoring
system is to be effectively used for safety-instrumented functions, it is essential that the system as a whole
achieve certain minimum standards and performance levels.

A real time gas monitoring safety management system, at the very least, should provide the following:

a. Safety requirements specification
a. Specific actions and behaviour of the gas monitoring system

b. Continuous monitoring of the mine’s atmosphere to detect flammable and toxic gases applicable at
the site being monitored, i.e. Methane, Carbon Monoxide, Carbon Dioxide, and Oxygen

Identifies the locations at which the gas content of air is to be monitored
Automatically detecting the values and trends

Automatically activating an alarm if a gas alarm level is exceeded
Recording the values (historian)

An alternative electricity supply to ensure the system continues to function if the normal electricity
supply fails

h. Continuous monitoring, using the mine’s gas monitoring system, to detect products of combustion in
the mine atmosphere

The system designer should consider the following but not limited to:

@ o oo

The purpose of the gas monitoring safety system and the safety function
Statutory requirements
Local government requirements

Safety Requirements specification

* The stated safety function per sensing point should include an acceptable response time when a
proof test is required.

Detector types
e Diffusion
* Aspirated
Detector Location
* Ambient operating conditions — temperature, pressure, humidity
e Air flow volume and direction
* Vibration, shock and mechanical protection
e Electromagnetic Interference (EMI)
Gas types
* Flammable gases
* Toxic Gases

The number of Detectors; ensuring that failure or maintenance removal of an individual Detector does
not compromise the safety of the area being monitored. Duplication or triplication of Detectors and
control apparatus may be required for continuous monitoring and to prevent false alarms.

Coverage Density — potential sources
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iMAC Fieldbus

Figure 1: GG2 Example System (iMAC Communication)

3.2 Real Time Detectors as part of a Safety System
Simplified Design Principle:
¢« Why choose, purchase, install, commission, and maintain real time Detectors (at significant cost)?
* To implement a safety function such as:

If <concentration is greater/less than x%> then <take action> within <timeframe>

o <take action> might be:

e Trip power

e Sound alarm

e Give visual indication
o <timeframe> might be:

e 10 milliseconds

e 100 milliseconds

e 30 seconds
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4.1 Electromagnetic Immunity

The following diagrams provide detailed diagrammatic explanations of the installation requirements of the
Gasguard System protocols and methods to provide immunity to noise being induced in the systems. Due to
numerous possible installation types, showing a single complete system diagram is not practical. For this
reason, it is important to read the entire document suite to gain a full understanding of the combined
requirements for a given system type. This is of particular importance when constructing an Intrinsically Safe
system.

4.2 iMAC Installation Requirements
iMAC Cable Screening
iIMAC cabling and earthing are crucial for reliable communication.

Grounding the Cable Shield:

It is essential to ground the cable shield at only one end to prevent ground loops. Ground loops can
cause noise and interference, leading to unreliable communication.

Single Common Earth Point:

Cable screens should be connected to earth at a single common earth point, specifically the I.S
(Intrinsically Safe) Earth. This helps to ensure a consistent and reliable grounding system.

Earth Connections on the MLB (Master Line Barrier):

Three earth connections are required on the MLB, and each earth wire should be 1.5 mm?2. This
ensures proper grounding and reduces the risk of noise and interference.

GG2 —IMAC Earthing and Screening

ISUPS/SIMP

/ Auzx supply
E (chassis)
IMACIGAS Cable Screen
Ve 7\
V- R
e o
- S
[
\
1
|
r‘
IMAC Controller S | GG2 Display Module GG2 Display Module
‘/ Aux supply MLB \
E (chassis) (Master Line Barrier) I“.
\
“ V4 V- L1+ L1- W+ V- L1+ L1-
| , |
e ( ;Z i ‘I i ;/14 _?| ‘ P ] ‘
L L1 L1B——— - i t
L e YD A W 0 L 20 A A 2 (0] 2 i ‘FT\J\-—\
e vI__EeE 7 = - - £ 4 N
x v h(;\‘d
i i Insulated i Insulates
i 15 i Terminal = Terminal 1

e R —
(_ unwantedearinloop ) (__ unwantedearthloop ) =
single (unwanted earth Ioop )
qwanted earth 'oop
common earth point

Handling of spare cores

The (first) spare core is used to provide a single common earth point for the cable screens. The (first) spare
core must provide a continuous electrical connection and thus act as the earth backbone. This backbone may
not connect to any enclosure or structure and may only terminate at the single common earth point. If there
are more than 1 spare core, the additional spare cores must provide a continuous electrical connection, may
not connect to any enclosure or structure, and may only terminate at the single common earth point.

Version 3 | 13/03/2026 | Page 11 of 54




USER MANUAL: GG2DETECTOR RTGM DESIGN, INSTALLATION AND MAINTENANCE GUIDE

MLB Enclosure
(Master Line Barrier)

Enclosure

Spare core (

» - // yi 7 L1- [ // yi ~
AR i B O RS S O

nsulated termination

T T
[ ey

common earth point

4.3 RS-485 Installation Requirements

RS-485, cabling and earthing are crucial for reliable communication. and it's essential to ground the cable
shield at only one end to prevent ground loops.

Shielding:
Use a shielded cable to minimize noise interference and improve communication reliability.

Length:

The maximum recommended cable length for RS-485 networks is generally around 1200 meters.
Earthing Requirements:

Ground at One End:

The shield of the cable should be grounded at only one end of the RS-485 network to prevent ground
loops and reduce noise.

Avoid High Voltage Cables:

It's recommended not to run RS-485 cables in the same ducts or in close proximity to high voltage or
high current cables, as this can introduce noise and interference.

GG2 — Modbus Earthing and Screening

1SUPS

‘/ Aux supply

E (chassis)

MODBUS|GAS Cable Sereen |

£ :
C N

RS 485 Master | GG2 Display Module GG2 Display Module

‘ V+V- B+A-

/j | =7 [ | :
. I L1 Lg | | Pt
g AR 72 0] g 77 iF

i
o S

P
i Insulated i Insulated
i ; £
1 Terminal =+ Terminal

unwanted earth loop b}
B e — ("unwanted earth loop )
W J
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44 Analogue (4-20 mA) Installation Requirements

For 4-20 mA current loops, earthing should be done at a single point to avoid ground loops and potential
errors. using a properly designed and installed 4-20 mA loop, with a single point ground and appropriate cable

specifications, will help ensure accurate and reliable signal transmission.
Earthing:

Single Point Earthing:

It's crucial to connect the ground (or earth) wire to the loop power supply at a single point to prevent
ground loops. Ground loops can cause current to flow through unintended paths, leading to noisy
signals and inaccurate readings.

Avoiding Multiple Grounding Points:

Do not connect the ground wire to multiple grounding points in the system. This is because earth
potentials may not be the same across all points, which can lead to current flowing between them,

causing errors or noise.

GG2 — 4-20mA Earthing and Screening

ISUPS

\/ Aux supply

E (chassis)

Analogue/GAS Cable Screen

A
N —

v
h=

Barrier \ GG2 Display Module GG2 Display Module

Analogue Input
4-20mA

V+ V- sig

4-20mA Sig

Insulated Insulated
Terminal - Teminal |

unwanted earth loop
(_unwanted earth loop )
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5.1 Methane (CHa4)

Methane is a colourless, flammable, non-toxic gas that has no odour in its pure state. Methane is the major
component of natural gas and is found in varying levels in most coal deposits. It is a simple asphyxiant due to
its ability to displace Oxygen from air where sufficient quantities exist. With a density relative to air of 0.55, it is
lighter and will tend to accumulate at the roof level of spaces where limited ventilation exists.

5.2 Hydrogen Sulphide (H2S)

Hydrogen Sulphide is a colourless gas that has a sweet taste and a pungent odour resembling that of rotten
eggs. Hydrogen Sulphide is produced from the decay of organic materials and is a naturally occurring seam
gas in some coal and shale deposits. Hydrogen Sulphide has a density of 1.19 relative to normal air and, as
such, will tend to pool and stagnate in low lying areas and poorly ventilated areas.

5.3 Carbon Monoxide (CO)

Carbon Monoxide is a colourless, odourless, tasteless gas with a density relative to normal air of 0.97. Carbon
Monoxide is formed during the incomplete combustion of any carbonaceous material. It is always present in
proximity to coal fires. Due to its general association with heat it is usually found in spaces tending toward roof
level even though it has a specific gravity similar to air. Carbon Monoxide is both flammable and explosive.
The flammable limits in air are 12.5 to 74% with the most explosive concentration being 29%.

5.4 Carbon Dioxide (CO2)
Carbon Dioxide is a colourless gas with a slight pungent or acrid smell and a soda water taste. It has a density
relative to normal air of 1.53 and will accumulate in low lying and unventilated areas.

5.5 Sulphur Dioxide (SOz2)

Sulphur Dioxide is a colourless gas with a strong pungent odour that can be detected when the concentration
reaches approximately 3 ppm. It is heavier than air with a density relative to air of 2.26. Sulphur dioxide is
produced by the combustion of sulphur compounds and is usually found in the vicinity of heating in coal

containing sulphur.

5.6 Nitrogen Dioxide (NO2)

Nitrogen Dioxide belongs to a group of gases collectively referred to as the oxides of nitrogen. Other gases in
this group include Nitric Oxide (NO), Nitrous Oxide (N20) and Nitrogen Peroxide (N204).
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Real time gas monitoring systems are used whenever there is the possibility of a hazard to personnel or
property caused by the increase or outburst of a flammable and/or toxic gas to air ratio. Real time gas
monitoring systems are typically deployed as means of reducing the hazard by detecting the presence of a
flammable or toxic gas and issuing suitable warnings to initiate precautionary steps such as electrical plant
shutdown.

It is imperative to understand the real time gas monitoring design, i.e. the purpose, the number of sensing
points, their appropriate location, redundancy and the management of regular maintenance.

Performance capability alone cannot ensure that the use of real time gas monitoring systems will suitably
safeguard personnel or property where flammable or toxic gases may be present. To achieve the desired level
of safety relies on conversant management, a well-developed safety requirement specification, system
limitations and maintenance practices.

6.1 Risk Analysis Guidelines

Flammable and toxic gases are responsible for the generation of numerous hazards. Oxygen levels may be
depleted. A risk analysis should consider all hazards associated with gases and vapours, which include:

i.  Short-term effects
ii. Long-term effects
iii. Personnel exposure (TWA, STEL)

Computational modelling is recommended to simulate and study the complexity of a real time gas monitoring
system, i.e. modelling ventilation, specific gas densities, and planning location of electrical plant and task
areas from the outputs of the model.

6.1.1 System Behaviour, Safe, Unsafe and Special State Failures

The detection of failures in a real time gas monitoring system should be referenced to the Safety
Requirements Specification, and to the result of the development and initiation of trigger action response
plans detailing but not limited to:

a. A method where the fault is conveyed to the attention of the system maintainer/operator, who initiates
a repair action.

b. A method where the fault is conveyed to the attention of the system maintainer/operator to initiate an
action to achieve a safe state so that the safety function is made available within the specified time to

reinstatement of the real time gas monitoring system.

The Safety Requirements Specification and trigger action response plan should specify the acceptability of the
system unavailability when a fault is detected.

Version 3 | 13/03/2026 | Page 15 of 54




USER MANUAL: GG2DETECTOR RTGM DESIGN, INSTALLATION AND MAINTENANCE GUIDE

Gas detection systems are reliant upon the ventilation system to move the gas vapour to the sensing element.
However, it should be realised that the sensing point location can have an overall effect on the operation of

any fixed gas detection system, irrespective whether the system is safety related or not.
A real time gas monitoring safety system can be considered to consist of at least five consecutive subsystems:
Gas propagation from source to Detector
Gas propagation through Detector
Sensing element delay
Detector signal processing

Safety system actuation
Each of these subsystems has an inherent delay.

o—

A

Environmental
filters

(i

Telemetry
driver
Sensing Amplifier Filter
element
_:‘:'»" ; / \
’ - . 4 - 20 mA

Figure 2: Factors Effecting Response Times

7.1 Detector Filter Elements

GG2 Detectors incorporate a passive filter element to protect the Detector gas membrane from airborne dust,
dirt and moisture. All types of passive filter elements have a dangerous undetected failure mode (e.g.
blockage) and therefore, require scheduled inspection and proof testing.

7.2 Maintenance Considerations

Accurate adjustment of the GG2 Detector requires span gas for bump/challenge testing, and
calibration/adjustment purposes, which usually contains the target gas in a known concentration with a
tolerance of less than 5% relative.

Kits for routine adjustment, calibration functional checks and performance testing of single point Detectors,
and portable and transportable equipment usually consist of:

Zero gas

Span gas

0.5/1.0 LPM Flow Regulator

Tubing

Calibration Mask (cup)

Magnet — for instrument adjustment
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The intent of time of response test is to determine degradation in the sensing element or blockages be
partial or full. The critical observation is the trend over time of each Detector. If the Detector response
is slowing in successive observations, then the Detector performance is degrading and further
inspection or intervention is required before the Detector fails. One of the most common causes of
performance degradation is due to the accumulation of dust and particles on external filters.
AS/NZS2290.3:2018 is a guide to facilitate safe and efficient use of gas detection equipment.

A Detector’s response time is a critical parameter which validates its intended safety function which is the real
time monitoring of gas concentrations.

Diffusion type gas Detectors are reliant on the natural equalisation of gas concentrations inside and outside
the Detector, driven by the respective partial pressures of gases. This equalisation can be impeded (to a
greater or lesser degree), by the necessary filters and hydrophobic barriers protecting the fragile sensing
elements from the typically harsh mine environments. This impediment is present in all Detectors and typically,
the gas Detector design is verified to comply with the performance requirements of relevant Australian

Standards. (AS/NZS 60079.29.1 for flammable gases and AS/NZS 4641 for toxic gases and Oxygen).

Where the mine environment is dusty, airborne contaminants are deposited on the gas Detector’s external
surfaces, including its protective filters and barriers. The gradual accumulation of dust and other foreign matter
on the protective filters and barriers can further inhibit the diffusion of gas into a Detector, degrading the two
key performance criteria of accuracy and speed of response.

AS/NZS2290.3:2018 Electrical equipment for coal mines — Introduction, Inspection and Maintenance Part 3:
Gas Detecting and Monitoring Equipment, prescribes the acceptance criteria for time of response for
flammable Gas Detectors being <30 seconds.

How critical is time of response? Is less or even greater than 30 seconds acceptable?

To determine an acceptable response time, a design risk assessment should be undertaken and consider
items as mentioned in Section 3.

Key factors being:

Ventilation speed

Location of Detectors in reference to the plant or personnel
Telemetry response times

HV reticulation and electrical plant

Task areas

The absolute response time of a Gasguard Detector should only be undertaken
by an ILAC recognised test laboratory accredited to AS ISO/IEC 17025 and to
IEC/ASNZS 60079-29-1.

The relative response time of a Gasguard Detector (that is, relative to a
Gasguard Detector of known response time) can be measured as detailed in
Section 8.

WARNING

Factors affecting the T90 Response Time Test:

Environmental — Dust and water

Physical — damage

Gas exposure — high exposure

Poisoning — chemical compounds
Temperature — exceeding temperature limits
Humidity — moisture condensing on Detectors
Calibration drift

Integrity or test kit

Pressure in span gas sample/bottle

Version 3 | 13/03/2026 | Page 17 of 54




USER MANUAL: GG2DETECTOR RTGM DESIGN, INSTALLATION AND MAINTENANCE GUIDE

Recommendations

1. Review the mine safety management system and the Real Time Gas Monitoring System safety
requirements specification, with consideration of the following:
The purpose of the gas monitoring safety system i.e Safety function and the Safety Requirements
Specification

Statutory requirements
Local government requirements
Safety Requirements specification
Detector types
e Diffusion
e Aspirated
Detector Location
e Ambient operating conditions — temperature, pressure, humidity
e Air flow volume and direction
e Vibration, shock and mechanical protection
e Electromagnetic Interference (EMI)
Gas types
* Flammable gases
* Toxic Gases
Telemetry response times

The number of Detectors, ensuring that failure or maintenance removal of an individual Detector does
not compromise the safety of the area being monitored. Duplication (or triplication) of Detectors and
control apparatus may be required for continuous monitoring and to prevent false alarms.

Coverage Density — potential leak sources
HV reticulation and electrical plant location

2. Assess this test under a risk-based approach
The intent of a time of response test is to determine degradation in the sensing element or blockages, be
they partial or full. The critical observation is the trend over time of each Detector. If the Detector
response is slowing in successive observations, then the Detector performance is degrading, and further
inspection or intervention is required before the Detector fails. One of the most common causes of
performance degradation is due to the accumulation of dust and particles on external filters.
AS/NZS2290.3:2018 is a guide to facilitate safe and efficient use of gas detection.

AS/NZS2290.3:2018 extract “The objective of this Standard is to facilitate the safe, efficient and productive
use of gas detection and monitoring equipment in coal mines, by specifying requirements and
recommendations for the inspection and maintenance of such equipment.”
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Some consideration may be given to the following during a risk analysis:
Test a sample of new Detectors in-situ under the environment they are required to perform in
Set a baseline to which degradation can be measured
Determine a suitable toffset to the baseline

Use this value as your T90 pass/fail reference to initiate maintenance on the Detector.

8.1 Detector Blockages

New Sensor

Response time Sensor partially blocked light
CH4%

Time
Figure 3: Detector Blockages

8.2 Response Time @ Different Concentrations
5.00

t(50) Time taken to reach
50%

t(90) Time taken to reach
90%

TIME in seconds

Figure 4: Response Time @ Different Concentrations
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8.3 Response Time to a Set Alarm or Trip Point

5.00
5% gas concentration past
4.50
4.00
3.50
3.00
2.50 2% gas concentration past
the sensor
2.00
1.50
ey el
1.00
0.50 Alarm Set
point/Trip
0.00 set point
Time taken to _ 1.25%
reach set point
Figure 5: Response Time to a Set Alarm or Trip Point
8.4 Gastrack Simulation — Ventilation/Gas Outburst Distribution
Gastrack is a simulation tool to visualise the latency in a typical telemetry system.
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Figure 6: Gastrack Simulation
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8.5 Response Time Inspection/Test Criteria
1. Aspan gas shall be presented to the Detector using the GG2 recommended fittings to the Detector or
Detector head.

2. The elapsed time between presentation of the span gas and the Detector indicating 90% of the span gas
concentration (t(90)) shall be recorded.

The span gas concentration used for each successive test should be the same
so that trends in Detector performance can be readily observed.

NOTE The recommended fitting is typically referred to as a ‘calibration cup’, ‘cal cup’ or
A ‘calibration mask’.

For testing of Oxygen Detectors, a test gas consisting of nitrogen can be used in
/ lieu of the target gas (Oxygen), with the response time calculated as the time
> taken for the display to fall to 10% of the original value (i.e. t(10)).

Response time shall be based on the end user's risk assessment or AS/NZS
2290.3:2018

AS/NZS 2290.3:2018 Electrical equipment for coal mines — Introduction, Inspection and Maintenance Part 3:
Gas Detecting and Monitoring Equipment.

Clause 4.5.3 Acceptance Criteria
The recorded elapsed time shall be less than:

1. 30 seconds for ch4 (methane) detectors; and

2. 60 seconds for all other detectors.

Clause 4.5.4 Corrective Action

Detector’s filters and barriers may be serviced in accordance with manufacturer’s instructions to minimize
response times. If the Detector fails to meet the acceptance criteria, the equipment shall be withdrawn from
service until the Detector alarm response time is verified to be less than the stated acceptance criteria.
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Commissioning shall comprise the introduction activities necessary to confirm correct installation,
configuration, operation, and performance verification of the gas detecting and monitoring equipment prior to
first use as part of the mine safety system.

Commissioning involves conducting the initial inspections, tests, adjustments, and calibration required before
the system is placed into service for the first time. Calibration is not limited to commissioning activities and
must also be carried out periodically throughout the operational life of the system, as well as following any
major repair or modification.

During commissioning and all subsequent recalibration activities, it is essential that approved procedures are
followed to ensure that abnormal detector signals do not inadvertently initiate fault conditions, warnings,
alarms, or control actions in auxiliary equipment connected to the detector.

All supplied instruments are NATA-calibrated prior to delivery. However, it is recommended that calibration be
verified before the system is placed into service. This is particularly important where commissioning does not
occur immediately after delivery.

Where the detector output is used to initiate alarms and/or equipment control actions (e.g., trips) external to
the detector, commissioning and maintenance shall include verification that the intended remote alarm/trip
functions actuate correctly, including fail-safe behaviour where applicable.

9.1 Preliminary Checks

Perform the following preliminary checks:

1. Verify that all connections are correct and installation complete as detailed in the user manuals.
2. Check that the correct supply voltage is available to the GG2 Detector.
3. Apply power to the system.

9.2 Performance Verification

9.2.1 Detector Performance Verification

9.2.1.1 Sequence of Tests
Performance verification checks shall be performed in accordance with the requirements of AS/NZS 2290.3
and conducted in the following order:
a. Zero Test —The zero test shall be performed without adjustment, unless the detector fails to meet the
acceptance criteria specified in AS/NZS 2290.3.
b. Span Test - The span test shall be conducted without adjustment, unless the detector does not comply
with the acceptance criteria defined in AS/NZS 2290.3.
c. Calibration (6 monthly) — Calibration may include adjustment of the zero (offset) and/or span (gain)
settings as required to achieve compliance.
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9.2.2 Detector Tests and Calibration Guideline

9.2.2.1 Applying Test Gas

A range of testing and calibration procedures must be undertaken at specified intervals to maintain ongoing
detector performance. These procedures generally require the application of test gas to the detector using the
GG2 Calibration Cup. Test gas shall be applied at a controlled flow rate of 0.5 litres per minute.

Stabilisation times allow the sensor and associated electronics to reach stable operational conditions.

9.2.2.2 Definition - Stabilisation:
The state when three successive readings of an equipment, taken at two-minute intervals, indicate no
changes greater than +1% of the measuring range.

Before initiating calibration, if the GG2 Detector has spent considerable time at low or elevated temperatures,

allow the device to stabilise to ambient temperature in a powered-up operational (no fault) state as per Table 1
before beginning calibration.

9.2.2.3 Adjustment Stabilisation Time:

If the GG2 Detector has not experienced exposure to temperature extremes, the apparatus should be left in a
powered-up operational (no fault) state as below before commencing adjustments of the instruments

Detector calibration procedures are detailed in the following sections.

CAUTION!
Excessively large flow rates during calibration will artificially cool the Detector

and potentially pressurise the calibration cup leading to errors in ambient gas
measurements.

>

CAUTION!
GG2 Detectors should be tested regularly to verify proper operation.

AS/NZS 2290.3 provides guidance depending on the application.

>

CAUTION!

GG2 Detectors should be calibrated by a NATA accredited laboratory at least
every six months.

>

NOTE

Human breath contains a high concentration of CO2 and this may cause the CO2
instrument to read above zero.

NOTE
Direct human breath contains approximately 100% relative humidity, and a large
humidity spike may cause the instrument to temporally report incorrectly.
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Table 1: Corrective Maintenance Checks

Adjustment
Cold Cold Start in Brief Removal | Stabilisation
Instrument Start/Unpowered CET ) of Power time
storage environment <5 minutes [Zero and
Span]
GG2 Detector CAT 60 . .
CH4 0-5% Seconds 12 Hours 2= 1 Hour 10 Minutes <3 Minutes
GG2 Detector CAT 120 . .
NDIR 0-5% Seconds 12 Hours 2> 1 Hour 10 Minutes <3 Minutes
GG2 Detector CAT 120 . .
NDIR 0-100% Seconds 12 Hours 2 1 Hour 10 Minutes <3 Minutes
GG2 Detector EC 60 S . <a Mi
CO 0-100 ppm Seconds 12 Hours =1 Hour 10 Minutes <3 Minutes
GG2 Detector EC 250
CO 0-100 ppm 12 Hours =1 Hour 10 Minutes <3 Minutes
. Seconds
Generation 2
GG2 Detector EC 60 . .
> <

CO 0-50 ppm Seconds 12 Hours 2> 1 Hour 10 Minutes <3 Minutes
GG2 Detector EC 200

CO 0-50 ppm s d 12 Hours =1 Hour 10 Minutes <3 Minutes
Generation 2 econas

GG2 Detector EC 30 . .

02 0-25% Minutes 12 Hours =1 Hour 30 Minutes <3 Minutes

GG2 Detector EC 33

02 0-25% . 12 Hours 2> 1 Hour 30 Minutes <3 Minutes
. Minutes

Generation 2

GG2 Detector EC 120 . .

CO2 0-5% Seconds 12 Hours > 1 Hour 10 Minutes <3 Minutes

GG2 Detector EC 120 . .

CO2 0-2% Seconds 12 Hours 2> 1 Hour 10 Minutes <3 Minutes

GG2 Detector EC 60 . .

H2S 0-100 ppm Seconds 12 Hours 2 Hours 10 Minutes <3 Minutes

GG2 Detector EC 60

H2S 0-100 ppm 12 Hours 2 Hours 10 Minutes <3 Minutes
. Seconds

Generation 2

GG2 Detector EC 60 . .

H2S 0-50 ppm Seconds 12 Hours 2 Hours 10 Minutes <3 Minutes

The environment - temperature, air pressure, humidity and many other conditions can affect the measuring
instrument, or the item being measured
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9.2.3 Adjustment Errors and Uncertainty
It is important not to confuse the terms ‘error’ and ‘uncertainty’:

Error is the difference between the measured value and the true value of the thing being measured

Uncertainty is a quantification of the doubt about the measurement result.
Whenever possible, we try to correct for any known errors; for example, by applying corrections from
calibration certificates. But any error whose value is not known is a source of uncertainty.

Every measurement is subject to some uncertainty. A measurement result is only complete if it is
accompanied by a statement of the uncertainty in the measurement. Measurement uncertainties can come
from the measuring instrument, from the item being measured, from the environment, from the operator, and
from other sources.

The use of good practices - such as traceable calibration, careful calculation, good record keeping, and
checking, can reduce measurement uncertainties. When the uncertainty in a measurement is evaluated and
stated, the fitness for purpose of the measurement can be properly judged.

So where are error and uncertainty introduced?
Many things can undermine a measurement. Flaws in the measurement may be visible or invisible.
The measuring instrument. Instruments can suffer from errors including bias, changes due to ageing,
wear, or other kinds of drift, poor readability, noise and many other problems
The measurement process
Imported uncertainties
e Calibration Gas
* Analysis
o Staff
e Quality Control
* Maintenance
Operator Skill
Sampling Issues
The Environment. Temperature, Air Pressure, Humidity and many other conditions can affect the measuring
instrument or the item being measured
What is not a measurement uncertainty?
Mistakes made by operators are not measurement uncertainties. They should not be counted as
contributing to uncertainty. They should be avoided by working carefully and by checking work
Tolerances are not uncertainties. They are acceptance limits which are chosen for a process or a
product

Specifications are not uncertainties. A specification tells you what you can expect from a product. It
may be very wide-ranging, including ‘non-technical’ qualities of the item, such as its appearance

Accuracy and measurement uncertainty are distinct concepts and are not interchangeable. Accuracy
describes qualitatively the closeness of agreement between a measured value and the true value of
the measurand, while measurement uncertainty provides a quantitative indication of the dispersion of
values that could reasonably be attributed to the measurand. Accordingly, a ‘plus or minus’ value
represents measurement uncertainty and should not be referred to as accuracy
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Ways to Eliminate Errors

Errors are not the same as uncertainties, even though it has been common in the past to use the words
interchangeably in phrases like ‘error analysis’.

Equipment Inspections

* Regular inspections of all equipment including the maintenance kits will highlight any problems
with the measurement process. I.e. if the seal on the calibration mask is damaged, or does not
exist than the calibration mask may be diluted in high velocity areas resulting in the span being

incorrectly adjusted
Incorrect span gases
e |f the span gas for a catalytic Detector does not contain Oxygen, the combustion process cannot
take place

Test Gas - bottle pressure
e Ensure bottle pressure is >20% when adjusting the instruments

NOTE

=%

Catalytic Detectors are able to detect more than 200 flammable gases and
vapours. However, they are not able to differentiate between those so be aware

of cross contamination or other flammable gases that may affect the gas value.

9.2.4 Warmup

The warm-up time, defined as the time when the apparatus is switched on until the indication reaches and
remains within the stated tolerances, is crucial. During this stabilisation period, it's recommended to
challenge/bump test the detectors, with acceptable results falling within the allowable tolerance stated in
AS/NZS 2290.3:2018.

Should the detector not meet the acceptance criteria an initial zero and span can be undertaken, however
should be challenge tested after the recommended stabilisation period.

+ TOLERANCE

APPARATUS ZERO
TIME

=TOLERANCE

[ * SPECIFIED TOLERANCE ON ZERQ INDNCATION

* Should the Detector be adjusted (Zero or span) at the upper or lower limits of the damped oscillation;
can result in the detector reading over-range or under-range and potential of
entering low cell sensitivity state or excessive drift from zero.
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9.3 Zero/Span Tests

9.3.1 Powering up detectors from unpowered storage:

Typical practice from industry is to perform a zero and span adjustment each time a detector is
powered/commissioned, the standards do not require an instrument to be adjusted, the need to adjust the
instruments should only be required when it falls outside of the requirements specified in AS/NZS 2290.3 or
your operations risk assessment/s. Therefore, after the warmup period and challenge testing of the

instrument, the instrument would be ready for service. If the instrument is adjusted during the stabilisation time
subsequent testing after the stabilisation may be required.

Should the NATA process be adding to the low cell sensitivity issue, ensuring future NATAs are conducted on
the detectors that have allowed appropriate warmup/stabilisation times you shouldn’t see the low cell
sensitivity issue unless the instrument’s sensing cell has deteriorated. When repowered the instrument
shouldn’t powerup in a faulted state

9.3.2 Zero Test

The zero test is the application of zero gas or zero conditions to the detector without adjustment of zero
(offset), sensitivity (span), or alarm set points, for the purpose of verifying that the detector indication and

output comply with the applicable acceptance criteria.

9.3.3 Span Test

Span gas is a mixture of gaseous components used as a comparative reference in the adjustment or linearity
assessment of analytical instruments, such as gas analysers or gas Detectors. Instrument adjustment is
important for all testing instruments, and the span gas is a means of establishing a known response to a

certified chemical component concentration.

The calibration system should be connected to the equipment and the final span reading noted. The
calibration should be adjusted, if necessary, so the output reading equals the concentration of the calibration
mixture, or a predetermined reading. The calibration mixture should be removed, and it should be ascertained
that the equipment returns to "zero." This procedure may require repeating if the equipment zero and span
adjustment interact. The recommended gases for spanning are listed in Table 2.

Table 2: Recommended Calibration Gases

| Detector Type Zero Gas | Span Gas

GG2 Detector NDIR CH4 5% Synthetic Air or | 5o, oy, mixed with Synthetic Air or 100% Nitrogen

100% Nitrogen

Synthetic Air or | 18t point ~2% CHa4 and 2" point ~>50% CH4 mixed
100% Nitrogen with Synthetic Air or Nitrogen
Synthetic Air or | 18t point <2.0% COz2 and 2" point >3.0% CO2 mixed
100% Nitrogen with Synthetic Air or Nitrogen

GG2 Detector NDIR CH4 100%

GG2 Detector NDIR CO2 5%

GG2 Detector NDIR CO2 2% Synthetic Airor | 1o/ o1, with Synthetic Air or 100% Nitrogen
100% Nitrogen

GG2 Detector CAT CH4 5% Synthetic Air 2% CHa4 balance with Synthetic Air

GG2 Detector EC CO 100 ppm Synthetic Air 50 ppm CO balance with Synthetic Air

GG2 Detector EC CO 50 ppm Synthetic Air 25 ppm CO balance with Synthetic Air

GG2 Detector EC O2 25% 100% Nitrogen <18% Oxygen balance with Synthetic air

GG2 Detector EC H2S 100 ppm | Synthetic Air 50 ppm H2S balance with Synthetic Air

GG2 Detector EC H2S 50 ppm Synthetic Air 25 ppm H2S balance with Synthetic Air

WARNING  Ampcontrol Recommends:
To conduct a challenge/bump test on new or returned to service detectors and
only adjust the instruments if they fall outside of the allowable acceptance
criteria of AS/NZS 2290.3:2018. If the adjustment is conducted outside of
stabilisation times they should be challenged post the stabilisation time.
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Table 3: Allowable Tolerances for Verification Tests

Gas Type Test Type Allowable Deviation

CH, (0-5%) - Zero Test +0.1% 0.1 -0.1
- Span Test @ 2.5% 10.25% 2.75 2.25

02 (0-25%) - Zero Test +0.5% 0.5 -0.5
- Span Test @ 17% 10.3% 17.3 16.7

CO (0-100 ppm) | 30 ppm Zero Test +3 ppm 3 -3
- Span Test @ 80ppm +5 ppm 5 -5

CO2 (0-5%) 0.50% Zero Test +0.05% 0.05 -0.05
- Span Test @ 1.8% +18% 1.98 1.62
- Span Test @ 3.2% +0.25% 3.45 2.95

H2S (0-100 ppm) | 10 ppm Zero Test +1 ppm 1 -1
- Span Test @ 20 ppm 12 ppm 22 18
- Span Test @ 40 ppm 14 ppm 44 36

NOTE: Allowable tolerances represent acceptance criteria for performance verification and do not represent
instrument accuracy or measurement uncertainty.

9.4 Electrochemical and Catalytic ZERO Test

The zero test is intended to check the constant error (sometimes called the ‘zero offset’ or ‘d.c. offset’) of the
instrument, that affects all readings regardless of the gas concentration.

9.4.1 Inspection/Test Criteria
The Detector shall be exposed to zero gas using the recommended gas listed in Table 2.

9.4.2 Acceptance Criteria
The Detector shall read the zero concentration within:
For flammable gas Detectors indicating up to 5% v/v Methane in air, the apparatus response shall not
vary from the test gas concentration by more than:
*  +5% of the stated measuring range, or £10% of the test gas concentration, whichever is least
OR
* A minimum of £0.1% v/v of Methane

For flammable gas Detectors indicating up to 100% Methane in air, the apparatus response shall not
vary from the test gas concentration by more than:

*  +5% of the test gas concentration
OR
* A minimum of +3% v/v of Methane

For Oxygen Detectors, the apparatus response shall not vary from the test gas concentration by more
than a volume fraction of:

* +0.3% v/v for test gas concentrations +10% v/v Oxygen
OR
e +0.5% v/v for test gas concentrations <10% v/v Oxygen
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The acceptance criteria for toxic gas Detectors are as follows:

* For test gas concentrations greater than the specified value for the particular gas (see Table 4),
the equipment response shall not vary from the test gas concentration by more than 5% of the
manufacturer’s stated measuring range, or £10% of the test gas concentration, whichever is least

e For test gas concentrations less than the specified value, the equipment response shall not vary
from the test gas concentration by more than a volume fraction of £10% of the specified value

Table 4: Specified Value for Various Gases

Gas Specified Value
Carbon Monoxide 30 ppm
Hydrogen Sulphide 10 ppm
Sulphur Dioxide 2 ppm
Nitric Oxide 25 ppm
Nitrogen Dioxide 3 ppm
Carbon Dioxide 0.5%

9.4.3 Corrective Action

Where zero testing indicates the need for adjustment, the Detector shall be adjusted in accordance with the
following instructions. However, if the Detector fails to meet the acceptance criteria, the equipment shall be
withdrawn from service until a zero adjustment is completed within specified accuracy.

CAUTION!
Excessively large flow rates during calibration will artificially cool the Detector
and potentially pressurise the calibration cup leading to errors in ambient gas
measurements.
NOTE
h Human breath contains a high concentration of CO2, and this may cause the CO2
/ instrument to read above zero.

9.4.4 GG2 Display Ul — Catalytic and Electrochemical Zero Adjustment

1. Access the GG2 maintenance menu via the display Ul with the magnetic calibration tool by pressing any

segment of the keypad to progress. Refer to the Display User Manual for an overview of navigating the
user interface and the menu structure.

2. Access the “GAS CALIBRATION” menu by pressing RIGHT on the keypad to progress.

CHY 0D0%
b GAS CALIBRATION ey

RESPONSE TEST
TELEMETRY TEST
SYSTEMRESETS

LED INDICATION TEST

| 2[4l MANTENANCE ()

Figure 7: Maintenance
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3. For Catalytic and Electrochemical Detections, access “ZERO ADJUSTMENT” menu by pressing RIGHT
on the keypad to progress.

Figure 8: Gas Calibration
4. Apply zero gas and GG2 Calibration Cup.

Figure 9: Zero Adjustment — Apply Zero Gas

5. Itis recommended to apply gas for 180 seconds prior to adjustment. Once the reading is stable, press
the keypad ENTER button to save the ZERO ADJUSTMENT.

Figure 10: Zero Adjustment — Set Zero

Figure 11: Zero Adjustment — Saving Changes
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9.5 Electrochemical and Catalytic SPAN Test

The span test is intended to check the proportional error (sometimes called the ‘gain’) of the instrument, that
introduces an error proportional to the gas concentration.

9.5.1 Inspection/Test Criteria

The Detector shall be exposed to the span gas using the recommended gas listed in Table 2.

a. Asingle span check shall be made that tests both the alarm levels and the operating range of the
instrument.

b. A single point span check can be made at 40%-50% of LEL for flammable gas Detectors used in-situ,
with a range of 0-100% LEL.

9.5.2 Acceptance Criteria

The following apply:
The Detector’s local display, and all remote displays that form part of the mine’s safety system, shall
indicate the gas concentration within the applicable accuracy specified below.

For flammable gas Detectors indicating up to 5% v/v Methane in air, the apparatus response shall not
vary from the test gas concentration by more than:

e 15% of the stated measuring range, or +10% of the test gas concentration, whichever is least.
OR
* A minimum of £0.1% v/v of Methane.

For flammable gas Detectors indicating up to 100% Methane in air, the apparatus response shall not
vary from the test gas concentration by more than:

e 15% of the test gas concentration
OR
* A minimum of +3% v/v of Methane

For Oxygen Detectors, the apparatus response shall not vary from the test gas concentration by more
than a volume fraction of:

e 10.3% v/v for test gas concentrations £10% v/v Oxygen
OR
e 10.5% v/v for test gas concentrations <10% v/v Oxygen
The accuracy requirements for toxic gas Detectors are as follows:

* For test gas concentrations greater than the specified value for the particular gas (Table 4), the
equipment response shall not vary from the test gas concentration by more than +5% of the
manufacturers stated measuring range, or £10% of the test gas concentration, whichever is least

* For test gas concentrations less than the specified value, the equipment response shall not vary
from the test gas concentration by more than a volume fraction of +10% of the specified value

9.5.3 Corrective Action

Where span testing indicated the need for adjustment, the Detector shall be adjusted in accordance with the
following instructions. However, if the Detector fails to meet the acceptance criteria, the equipment shall be
withdrawn from service until a span adjustment is completed within specified accuracy.
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9.5.4 GG2 Display Ul — Catalytic and Electrochemical Span Adjustment

1. Access the GG2 maintenance menu via the display Ul with the magnetic calibration tool by pressing any
segment of the keypad to progress. Refer to the Display User Manual for an overview of navigating the
user interface and the menu structure.

2. Access the “GAS CALIBRATION” menu by pressing RIGHT on the keypad to progress. Refer to Figure 7.

3. For Catalytic and Electrochemical Detections, access “SPAN ADJUSTMENT” menu by pressing RIGHT

on the keypad to progress.

CHY 0D0%
MEASURED: 0D0%

—SPAN VALUE 2_30 % —

169 SEC REMAINING

[1[2]3]4|SPAN ADJUSTMENT
Figure 12: Span Adjustment — Span Value

4. Adjust the SPAN VALUE to the appropriate level as specified on the span gas bottle. Apply the span gas
and calibration cup. It is recommended to apply gas for 180 seconds prior to adjustment. Once the
reading is stable, press ENTER on the keypad to save the SPAN ADJUSTMENT.

CHY 250%
SAVING CHANGES

[1]2[3]4[SPAN ADJUSTMENT
Figure 13: Span Adjustment— Saving Changes
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9.6 Non-Dispersive Infrared ZERO and SPAN Test

The Zero and Span test are conducted in the same manner as the Electrochemical and Catalytic detectors,
only if the detectors fall outside of the tolerances stated in Table 3 should the following adjustment steps be
conducted.

9.6.1 Non-Dispersive Infrared ZERO and SPAN Adjustment

The NDIR Detectors requires both the zero and span adjustment to be carried out consecutively; therefore,
the user interface will be structured slightly differently; the 100% Methane and 5% Carbon Monoxide

Detectors require a second span point, Refer to Table 2. Recommended calibration Gases.

9.6.2 GG2 Display Ul — Non-Dispersive Infrared ZERO and SPAN Adjustment

1. Access the GG2 maintenance menu via the display Ul with the magnetic calibration tool by pressing any
segment of the keypad to progress. Refer to the Display User Manual for an overview of navigating the
user interface and the menu structure.

2. Access the “GAS CALIBRATION” menu by pressing RIGHT on the keypad to progress. Refer to Figure 7.

3. Access the “SCALING ADJUSTMENT” menu by pressing RIGHT on the keypad to progress.

CHY 000%
SCALING ADJUSTMENT

ILACLINEARITY TEST

[1|2]|3|4] GAS CALIBRATION
Figure 14: Gas Calibration
4. The NDIR Detector requires both the ZERO and SPAN adjustment to be carried out consecutively. If the

process is interrupted, the following warning will be displayed, and the adjustment will need to be
restarted.

CHY 0D0%

WARNING

THIS INSTRUMENT WILL NOT
RETURN TO NORMAL OPERATION
UNTIL THE ZERO AND SPAN
ADJUSTMENTS ARE SAVED

1 [2]3 4| GAS CALIBRATION
Figure 15: Gas Calibration — Warning

5. Apply zero gas and the GG2 Calibration Cup.

INCOMPLETE ADJUSTMENT

APPLY ZERO GAS
ANEEEEN

WAITING FOR CAL CUP

[1[2]3]4]SCALING ADJUSTMENT
Figure 16: Scaling Adjustment — Apply Zero Gas
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6. It is recommended to apply gas for 180 seconds prior to adjustment. Once the reading is stable press
ENTER on the keypad to save the ZERO ADJUSTMENT.

Figure 17: Scaling Adjustment — Set Zero

7. Adjust the SPAN VALUE to the appropriate level as specified on the span gas bottle. Apply the span gas
and calibration cup. It is recommended to apply gas for 180 seconds prior to adjustment. Once the
reading is stable, press ENTER on the keypad to save the SPAN ADJUSTMENT.

Figure 18: Scaling Adjustment — Apply Span Gas

Figure 19: Scaling Adjustment — Span Value

8. Adjust the SPAN VALUE to the appropriate level as specified on the span gas bottle. Apply the span gas
and calibration cup. It is recommended to apply gas for 180 seconds prior to adjustment. Once the
reading is stable, press ENTER on the keypad to save the SPAN ADJUSTMENT.

9. For the 100% Methane and 5% CO2 Detectors require a second span point Refer to Table 2
Recommended calibration Gases

10. Access the GG2 maintenance menu via the display Ul with the magnetic calibration tool by pressing any
segment of the keypad to progress. Refer to the Display User Manual for an overview of navigating the
user interface and the menu structure.

11. Access the “GAS CALIBRATION” menu by pressing RIGHT on the keypad to progress. Refer to Figure 7.

12. Access the “SCALING ADJUSTMENT” menu by pressing RIGHT on the keypad to progress.
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Figure 20: Gas Calibration

13. The NDIR Detector requires both the ZERO and SPAN adjustment to be carried out consecutively. If the
process is interrupted, the following warning will be displayed, and the adjustment will need to be
restarted.

Figure 21: Gas Calibration — Warning
14. Apply zero gas and the GG2 Calibration Cup.

Figure 22: Scaling Adjustment — Apply Zero Gas
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15. It is recommended to apply gas for 180 seconds prior to adjustment. Once the reading is stable press
ENTER on the keypad to save the ZERO ADJUSTMENT.

Figure 23: Scaling Adjustment — Set Zero

16. Adjust the SPAN VALUE to the appropriate level as specified on the span gas bottle. Apply the span gas
and calibration cup. It is recommended to apply gas for 180 seconds prior to adjustment. Once the
reading is stable, press ENTER on the keypad to save the SPAN ADJUSTMENT.

Figure 24: Scaling Adjustment — Apply Span Gas

Figure 25: Scaling Adjustment — Span point 1 Value

Figure 26: Scaling Adjustment — Span point 1 adjustment
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25%
APPLY SPANGAS >=20%

WAITING FOR CAL CUP
RECOMMENDED S0% CHM

|']2]3|4|SCALING ADJUSTMENT o

Figure 27: Scaling Adjustment — Span point 2 Value/adjustment

17. Adjust the SPAN VALUE to the appropriate level as specified on the span gas bottle. Apply the span gas
and calibration cup. It is recommended to apply gas for 180 seconds prior to adjustment. Once the
reading is stable, press ENTER on the keypad to save the SPAN ADJUSTMENT.

9.7 Response Test

The response time of portable, fixed, transportable and machine mounted Detectors is a critical parameter in
ensuring their intended safety function of real time monitoring of gas concentrations.

The response test measures the time taken for the Detector to reach 90% of the target gas concentration. The
response test may trigger alarms and setpoints. Operational procedures should be in place prior to

undertaking a response test.

The following procedure minimises the delays and errors associated with inconsistent application of gas while
measuring the response time. The procedure applies a sharp and repeatable step change in gas
concentration, to reduce the effects of flow rate and delays associated with purging the calibration cup and
tubing.

Table 5: Response Time Determination

A 9( 018

€ Approximate :
T90 value L)
2% CH4 mixed with Synthetic Air
0, 0, -
GG2 Detector CAT/NDIR CH4 5% or 100% Nitrogen 1.8% <=30 sec
= : .
GG2 Detector NDIR CHs 100% 2% ChHs balance with Synthetic 45% <=30 sec
50 ppm CO balance with _
GG2 Detector EC CO 100 ppm Synthetic Air 45 ppm <=60 sec
25 ppm CO balance with _
GG2 Detector EC CO 50 ppm Synthetic Air 22.5 ppm <=60 sec
GG2 Detector EC 02 25% 100% nitrogen 2.09% <=60 sec
5 - - .
GG2 Detector NDIR CO2 5% 2.5% CO2 mixed with Synthetic 2.25% <=60 sec
Air or 100% Nitrogen
1% CO2 mixed with Synthetic Air
0, 0, -
GG2 Detector NDIR CO2 2% or 100% Nitrogen 0.9% <=60 sec
50 ppm H2S balance with _
GG2 Detector EC H2S 100 ppm Synthetic Air 45 ppm <=60 sec
25 ppm Hz2S balance with _
GG2 Detector EC H2S 50 ppm Synthetic Air 22.5 ppm <=60 sec
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9.7.1 Inspection/Test Criteria
The following apply:

The response times of portable, fixed, transportable and machine mounted Detectors shall be tested
in accordance with this instruction for field-testing of response times
* A span gas shall be presented to the Detector using the GG2 Calibration Cup

* The elapsed time between presentation of the span gas and the Detector indicating 90% of the
span gas concentration (t(90)) shall be recorded

NOTE

h The span gas concentration used for each successive test should be the same
/ so that trends in Detector performance can be readily observed.
-

9.7.2 Acceptance Criteria
The recorded elapsed time shall be less than:

a. 30 seconds for CH4 (Methane) Detectors
AND

b. 60 seconds for all other Detectors

9.7.3 GG2 Ul — Response Test

CAUTION!

The response test may trigger alarms and setpoint flags.

CAUTION!

Ensure that the device does not have a fault and that the Calibration Cup is not
attached to the GG2 Detector.

1. Access the GG2 maintenance menu via the display Ul with the magnetic calibration tool by pressing

any segment of the keypad to progress. Refer to the Display User Manual for an overview of navigating
the user interface and the menu structure.

2. Access the “RESPONSE TEST” menu by pressing RIGHT on the keypad to progress. Refer to Figure
7.

CHY 010%

TARGET GAS CONCENTRATION

E.50 %

1 [2]3]8] RESPONSE TEST

Figure 28: Response Test - Target Entry
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3. Enter the gas concentration of your test gas. Refer to the Display User Manual for guidance. Press the
centre segment to proceed. Should the ambient target gas concentration be greater than the target gas
the test will be aborted.

CHY - 339%
WARNING
EXCESSIVE CONCENTRATION
PLEASE CHECK
SOURCE GAS

| [2|3 4] RESPONSE TEST

Figure 29: Response Test — Excessive Ambient Target Gas
4. Aninstructional screen will be shown, outlining the steps to be performed to apply the test gas. The 30
second timer is to allow for adequate filling of the Calibration Cup with the target gas. The steps can be
expanded as follows:
a. STEP 1 - turn on gas: get the target gas flowing into the Calibration Cup at the correct rate (refer
to Section 9.2.1)
b. STEP 2 - cover cal cup: cover the cal cup to create a seal.
STEP 3 — purge cal cup: allow the target gas to replace the air in the cup for ~30 seconds.

CHY 010%
STEP 1- TURN ON GAS
STEP 2 - COVER CAL CUP
STEP 3 - PURGE CAL CUP

HEEEENN
25 SEC REMAINING

(1 |2|3|4| RESPONSE TEST

Figure 30: Response Test— Instructions

%y
§99 =
‘ S
1y L‘w—p”
i -

Figure 31: Testing & Calibration
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5. Once 30 seconds has passed, the system will advance automatically to the next screen. Follow the
on-screen instructions and apply the Calibration Cup to the Detector. The measurement will begin
when the Calibration Cup is detected, and the screen will advance automatically.

CHY 010%

REMOVE CUP COVER
APPLYCUPTO
DETECTOR

1 [2]3]4] RESPONSE TEST

Figure 32: Response Test - Apply Cup

NOTE

A As the gas concentration increases, setpoint flags may become set, triggering a
/ status message.
)

6. The timer screen will be shown, and the gas concentration measurement will start to increase. Once
90% of the target value has been reached, the screen will advance.

CHY 010%
MEASURED. 11 SEC

WAITING FOR READING
TOSTABILISE

| [2]3]8) RESPONSE TEST

Figure 33: Response Test - Timer

7. Once 90% of the target value has been reached, the screen will be displayed. In this example the
response time was 24 seconds. Once the result has been recorded, remove the Calibration Cup and

press the centre of the keypad to leave.

SETPOINTFLAG SET
RESPONSE TIME: 24 SEC

REMOVECAL CUP

| [2]3]8I RESPONSE TEST

Figure 34: Response Test — Result
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9.8 Telemetry Test

The telemetry test is intended to allow controlled testing of the system alarms and setpoint flags and the
resultant behaviour of the external interfaces (4-20 mA loop and/or Modbus/iMAC) without having to apply a
test gas. The telemetry test evaluates the latency of the telemetry system. This feature can be useful for
routine testing and/or commissioning testing.

The telemetry test provides several test modes, outlined in Table 6.

Table 6: Telemetry Test Target Values

Transmitted Gas Value (permyriad %oo).

Test name See Display User Manual for info. 4-20 mA output value
4 mA — 20 mA for normal operation
UNFORCED Actual Detector gas value (%co) OR 3/21 mA for actual warmup pcondition
fault/warmup value 2/22 mA for actual fault condition
HIGH FAULT 11250 %00 22 mA
HIGH WARMUP 10625 %oo 21 mA
100 PERCENT 10000 %oo 20 mA
50 PERCENT 5000 %o0 12 mA
0 PERCENT 0 %00 4 mA
LOW WARMUP 625 %00 3mA
LOW FAULT -1250 %00 2 mA

9.8.1 Inspection/Test Criteria

The telemetry test can be conducted in conjunction with the response time test:

a. The response time test shall be carried out as per Clause 4.5.2 AS/NZS2290.3:2018.
b. The elapsed time between presentation of the span gas and the actuation of remote alarms or tripping
functions shall be recorded.

c. The telemetry time shall be calculated as the difference between the response time and the elapsed
time from Item (b).

NOTE
h The telemetry test may necessitate establishing a means of real time
/ communication between the Detector location and the remote alarm/tripping.

NOTE
[ The telemetry test may be conducted separately to the response time test of the
Detector where appropriate functionality is built into the Detector by the
/ manufacturer for that purpose.
b

9.8.2 Acceptance Criteria
The telemetry time shall not exceed that value specified in the mine’s safety system specification.

9.8.3 Corrective Action

The affected mine’s safety system shall be considered to be inoperative until the telemetry time specification
is achieved.
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9.8.4 GG2 Ul - Telemetry Test

CAUTION!
The telemetry test may trigger alarms and setpoint flags.
NOTE
[ Gas values transmitted over Modbus and iMAC have the units of ‘permyriad of
full scale’ and may require conversion. Refer to the Display User Manual for
/ more information.

1. Access the GG2 maintenance menu via the display Ul with the magnetic calibration tool by pressing

any segment of the keypad to progress. Refer to the Display User Manual for an overview of navigating
the user interface and the menu structure.

2. Access the “TELEMETRY TEST” menu by pressing RIGHT on the keypad to progress. Refer to Figure
7.

CHY 003%
TARGET OUTPUT:

PRESENT OUTPUT.
UNFORCED

(1|2l TeLEMETRY TEST V)
Figure 35: Telemetry Test Screen

3. Once on the telemetry test screen, tests can be selected by pressing up or down on the keypad. To
activate the selected test press enter.

CHY 003%
TARGET OUTPUT:

PRESENT OUTPUT.
LOWFAULT.2MA

115 SEC REMAINING

(1 [2[aMITELEMETRY TEST (V)
Figure 36: Telemetry Test Underway

4. Atelemetry test typically runs for 120 seconds but may be stopped at any time by pressing LEFT on the
keypad or by selecting and activating “UNFORCED” as an output. While a test is running, it is possible
to select and activate another test.
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9.9 ILAC Linearity Test

The Detector should respond linearly to a change in the gas concentration, whilst within the designed
measurement range. The linearity test function may assist in meeting regulatory and operational requirements
for maintenance of the GG2 system. Linearity test results are available in the Modbus table (Refer to the
Display User Manual).

CAUTION!

The linearity test may trigger alarms and setpoint flags.

The linearity test will NOT adjust the Detector and is only used to verify the performance of the Detector. The
linearity test should be carried out in accordance with relevant legislation to ensure compliance. The linearity
test consists of 1-6 measurement points, which typically correspond with varying gas concentrations to cover
the measurement range between zero and full scale of the Detector. The process for gathering checkpoints is
as follows:

1. Navigate the menu tree to the “ILAC LINEARITY TEST” screen; refer to the Display User Manual for
more information. The authorisation screen will appear and must be acknowledged by pressing the
centre segment of the keypad to progress.

2. Aninstruction screen will be shown for checkpoint one. Follow the on-screen instructions to proceed.

CHY 010%

ster1- TURN ONGAS
ster2- APPLY CAL CUP

e CHECK POINT ONE

(1 |2/3[4]ILACLINEARITY TEST

Figure 37: Linearity Test - Instruction Screen

3. Once the calibration cup has been detected the following screen will be presented (Figure 38). The
timer counts 180 seconds, which is the recommended duration for convergence of the measurement.

Once the measurement has stabilised, press the centre segment of the keypad to proceed.

CHY 010%

WAITFORCAL

GAS TO STABILISE
167 SEC REMAINING

[1]2|3[4]ILACLINEARITY TEST
Figure 38: Linearity Test - Waiting for Stabilisation
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4. The next screen will show the measured value which was captured from the Detector and allow manual
input of the gas concentration which was applied to the Detector (actual concentration). Please refer to
the Display User Manual for further guidance on entering numerical values. If necessary, record the
measured value as displayed and the actual gas concentration. Once the actual gas concentration has
been entered, press the centre segment of the keypad to proceed.

CHY 010%
MEASURED.0.10

-CAL CHECK VALUE[1.10 %-

nE ILACLINEARITY TEST

Figure 39: Linearity Test - Input Gas Concentration

5. The CHECK POINT saving screen will be displayed momentarily.
CHY 010%

CHECK POINT ONE
SAVING
EREREES

IIE ILACLINEARITY TEST
Figure 40: Linearity Test - Check Point One Saving

6. Finally, the menu in Figure 41 will display. The menu contains three options.

Save Checkpoints; will trigger advancement to the testing complete screen
Continue Testing; will allow capture of another checkpoint
Abandon All; will discard all saved checkpoints and return to the menu

CHY 010%

SAVE CHECKPOINTS

CUNTINUE TESTING
ABANDON ALL

[ [2]3]4]ILAC LINEARITY TEST

Figure 41: Linearity Test — Confirmation
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7. After choosing “SAVE CHECKPOINTS” OR after six checkpoints have been captured, the “TESTING
COMPLETE” screen will be displayed, refer to Figure 42.

CHY 010%

TESTING COMPLETE
TEST DATE: 08-11-2018

| [2]3]4]ILAC LINEARITY TEST
Figure 42: Linearity Test - Testing Complete

9.10 Calibration Troubleshooting

If during calibration or zero of the GG2 Detector the status indicates a fault or the reading becomes erratic
then possible reasons are as follows:

9.10.1 Calibration Error

a) Check the calibration gas. It should be a correct range in air mixture although other trace gases may be
present. Lower percentage gas mixtures will reduce the output leading to unnecessary change out of
the Detector.

b) Check the gas flow to ensure it is 0.5 to 1.0 litres/min.

c) Check the surrounding airflow. If the ambient airflow is above 1.5 metres/second, it can dilute the
calibration gas. Use a shield or bag over the Detector if there is a high wind speed.

d) Check Detector is not blocked with dust or mud. The filter cage can be cleaned out with an antistatic
brush before re-attempting calibration.

9.10.2 Zero Error

The Detector zero balance is required to be within a pre-set level and if the Detector is damaged the zero shift
may take it outside the limit. Once this occurs an indication is shown when trying to zero the instrument, and
the Detector should be replaced.

If left in Cal mode the instrument will revert to normal mode after about 2 minutes, retaining its last settings.

9.10.3 Erratic Readings

Check the calibration cup, gas cylinder and gas lines for leaks or improper flow regulation.
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NO.LE If a GG2 Display Module is damaged a replacement may be obtained from the
manufacturer. See the Conditions of Safe Use for details. Otherwise, there are
no user serviceable parts. For repairs or decommissioning, return to the

/ manufacturer.

10.1 Equipment Service

A number of external system-based checks should be completed on a regular basis. These ‘routine
inspections’ must be carried out by suitably trained people with knowledge of the GG2 Display and the
systems into which it is fitted. Routine inspections may take the form of either visual-only checks, or visual and

‘hands-on’ checks.

10.1.1 Visual Only Inspections

A basic visual inspection focuses on looking at the installation for signs of physical damage, water or dust
ingress, and the condition of cables and labels. This type of inspection may involve opening cabinets to gain
access to the unit and other equipment. This level of inspection may also include cleaning display windows
that have become obscured by dirt.

Observations would typically be:

Check that equipment enclosures, cable trays, conduits, etc. are in good order with no physical
damage

Check that sealed wall boxes are free from water and dust ingress internally. Door seals are in good
condition

Check that connected cables are free from cuts, abrasions and obvious signs of damage. Cable
restraints are in good order and correctly fitted

Check that labels on equipment, wall boxes and cables are present and in good condition (especially
certification labels)

Check that no modifications have been carried out to installed equipment

10.1.2 Hands-On (Detailed) Inspections

A more detailed inspection would include all of the elements of a visual inspection, plus some checks that
cover the integrity of connections, fixtures and fittings.

In addition to basic visual observations, more detailed integrity checks would involve:
Verify that equipment housings, wall boxes and other mechanical fixtures are secured in place. This
includes terminal box lids, tightness of cable glands, integrity of wall-box mountings, security of
equipment fixing to walls/DIN rails etc

Verify all electrical connections are secure with no loose screw terminals or DIN rail terminals not
fitted to rails etc
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10.2 Equipment Maintenance

Refer to Section 9 for an overview of calibration and testing procedures.

WARNING
Maintenance operations should not compromise safety in the area being

protected. Maintenance procedures should only be undertaken by personnel
trained in the operation, maintenance and repair of flammable gas detection
equipment.

Inadequate maintenance, incorrect zero and span adjustment are all causes for errors in gas detection. It is
important to remember that errors and failures in gas detection equipment or systems may not be self-evident.
I.e. the DC offset (adjustment away from zero either positive or negative), if incorrectly adjusted, will
compromise the DC gain or span of the instrument resulting in the incorrect values/safety function of the
Detector/safety system.

10.2.1 General Maintenance Practices
The equipment or kit used for challenging or adjusting the Gasguard 2 instruments should be maintained to a
high standard and includes the following items:

Zero Gas, synthetic air and Nitrogen

Span Gas suitable for the instruments

Gasguard 2 Calibration mask

0.5l/m regulator

Tubing

NOTE
[

7

Spares may deteriorate in storage owing to mishandling or age and should always be tested before use.

Each item shall be inspected prior to use.

10.2.2 Periodic Maintenance

Periodic maintenance consists mainly of scheduled checks to ensure the instrument remains in adjustment
and gives the required response to the sampled gas. For recommended maintenance tasks and schedules,
refer to the AS/NZS 2290 series.
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10.2.2.1 AS/NZS2290.3:2018 - Schedule of Tests
AS/NZS2290.3:2018 prescribes the maintenance requirements of Gas Detectors for Coal Mines.

Table 7: AS/NZS2290.3.2018 - Schedule of Inspection and Tests

AS/NZS 2290.3
Associated
Clause

AS/NZS 2290.3
Associated
Clause

Maintenance .
Machine Mounted

Frequency

Daily External Inspection 4.2 External inspection 4.2
Zero test 4.3
Weekly N/A N/A Span test 4.4
Response time test 4.5
External inspection 4.2
Zero test 4.3
Monthly Span test 4.4 Telemetry test 4.6
Response time test 4.5
Six Monthly 'I(';jllét:;?attlr(;/ntest jg Calibration 4.1
Dynamic range test 4.8 Dynamic range test 4.8
External inspection 4.2 External inspection 4.2
Zero test 4.3 Zero test 4.3
On relocation Span test 4.4 Span test 4.4
! Response time test 4.5 Response time test 4.5
Telemetry test 4.6 Telemetry test 4.6
Dynamic range test 4.8 Dynamic range test 4.8
Zero test Zero test
Span test 4.3 Span test 4.3
R time test 4.4 R time test 4.4
On return to esponse time tes 45 esponse time tes 45
i Telemetry test 46 Telemetry test 46
service Dynamic range test 4-8 Dynamic range test 4-8
Confirm calibration is - Confirm calibration is -
1.3.4 1.3.4
current current
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10.2.3 Corrective Maintenance

During maintenance, it is vital to ensure that suitable procedures are followed to prevent any abnormal
Detector signal from unintentionally operating any fault, warning or alarm status indicator, or equipment control
function. Consult the relevant control unit manual for details as to how to do this.

There are no user serviceable parts. If a fault develops, the Detector must be returned to an accredited repair
facility.

Table 8: Corrective Maintenance Checks

| Fault | Checks
GG2 Detector will not a) Check that voltage and polarity applied to the instrument is correct.
respond to digital b) Check the external interface is wired correctly to a compatible module.
commands c) Check for loose plug and terminal connections.

GG2 Detector cannot

a) Gas element has been damaged or is end of life, return to manufacturer.
be Spanned or Zeroed

Measurement range a) Apply span gas and verify the results are within tolerance.

exceeded

Device status remains a) Check that voltage and polarity applied to the instrument is correct.

in warm-up b) Turn the instrument off for >1 min before turning it back on.

continuously c) Gas element has been damaged or is end of life, return to manufacturer.
a) Inspect and remove blockages from the filter cage.

T90 Time exceeded b) Gas element has been damaged or is end of life, return to manufacturer.

10.3 Alarm/Fault Signals
GG2 Display Module Error Information.

These errors and statuses are displayed on the GG2 Display Module LCD screen in the top banner and in the
status menu.

Note: A non-latching fault is one that is active only for the duration of the fault condition. Once the fault
condition is resolved, the fault automatically resets without requiring manual intervention.

The fault signal is user configurable, for either high or low fault indication, these values are:
Low Fault

e Analogue = 2.8 mA

e iMAC = 2800 uA

e Modbus = -750pmy (Permyriad = pmy)
High Fault

e Analogue = 21.2 mA

e iMAC = 21200 uA

e Modbus = 10750pmy
The following table shows values only for a low fault configuration.
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Detector
Errors

Description
All errors will flag as a hardware fault resulting
in the instrument output being driven to 2800 uA

Fault Signal

Analogue = 2.8 mA

E(rernsor Init Detector sensor board ADC fault iMAC = 2800 uA Yes Factory
Modbus = -750pmy
Sensor Analogue = 2.8 mA
Read Err Detector sensor board ADC fault iMAC = 2800 uA Yes Factory
Modbus = -750pmy
Analogue = 2.8 mA
Temperature Detector sensor board Temp/humidity chip fault iMAC = 2800 uA Yes Factory
Chip Err —
Modbus = -750pmy
Pressure Analogue = 2.8 mA
Chio Err Detector sensor board Pres/humidity chip fault iIMAC = 2800 uA Yes Factory
P Modbus = -750pmy
Analogue = 2.8 mA
e e | Coectorrecoried tomp over o value (DS(ecor | AC™ 2600 WA | Yes | Factay
' - ' Modbus = -750pmy
Under Detector recorded temp under max value (Detector m:giuggocz)'ﬁ AmA Yes Factory
Temperature | config parameter: Under_Temperature. Modbus = -750pmy
Analogue = 2.8 mA
E?rrameters Detector flash chip error iIMAC = 2800 uA Yes Factory
Modbus = -750pmy
Cat Rail Analogue = 2.8 mA
Failure Detector Cat sensor board - 2V rail fault iMAC = 2800 uA Yes Factory
Modbus = -750pmy
_ Auto on
Pressure Detector pressure reading changing continuously for m:g%uzgog'SAmA No stabilisation
Instability extended period. . of Pressure
Modbus = -750pmy change
Reading Gas value currently over max value (Detector config ﬁ/?ilgg:ggo(z)'s AmA No Auto
Over Range | parameter: Over_Range Reading) Modbus = -750pmy
Reading . Analogue = 2.8 mA
Cger | Cas value curently wnder i e (Delector | WACZ 20008 | Mo | Ao
Range - - Modbus = -750pmy
Low Cell Cell sensitivity (ADC counts per gas %/ppm) has Analogue = 2.8 mA
Sensitivit dropped significantly since factory calibration. Based | iMAC = 2800 uA No Auto
Y | on User cal vs Factory cal data in Detector. Modbus = -750pmy
Cell Outside Cell sensitivity (ADC counts per gas %/ppm) has Analogue = 2.8 mA
Boun dsz, ! increased since factory calibration. Based on User | iMAC = 2800 uA Yes Factory
cal vs Factory cal data in Detector. Modbus = -750pmy
No Facto No factory cal data stored in Detector. Requires Analogue = 2.8 mA
Cal ry factory cal with GG2 Dev Ul calibration at iMAC = 2800 uA Yes Factory

Ampcontrol.

Modbus = -750pmy
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Description
All errors will flag as a hardware fault resulting Fault Signal
in the instrument output being driven to 2800 uA

Detector
Errors

Analogue = 2.8 mA
IR Cell Fault | Cell error. Flagged if any NDIR Cell error is set. iMAC = 2800 uA Yes Factory

Modbus = -750pmy

"The Real Time Clock in the Detector failed m:lgiuggo(z)'ﬁp\mp\ Yes Factory
Please return to Ampcontrol Modbus = -750pmy

RTC FAIL
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Detector Error Codes

Description
These errors raised by the display application in the
display firmware.
These appear as an Error screen on the GG2 Display
module.

Fault Signal

Latching

Reset

Analogue = 2.8 mA
1 Detector image failed iIMAC = 2800 uA No Auto
Modbus = -750pmy
Analogue = 2.8 mA
2 RAM Assignment iIMAC = 2800 uA No Auto
Modbus = -750pmy
. . Analogue = 2.8 mA
3 T::e Déat(tactorl; ér?ﬁgs r;/]asdeizralsed vl:lromrthetdlsplay as part of iMAC = 2800 UA No Auto
an update a en the display was rese Modbus = -750pmy
4 Detectqr image file is invalid (error code used for N/A N/A Factory
debugging) use only
Detector image file is invalid (error code used for Factory
5 debugging) N/A N/A use only
Detector image file is invalid (error code used for Factory
6 debugging) N/A N/A use only
7 Detectqr image file is invalid (error code used for N/A N/A Factory
debugging) use only
Detector image file is invalid (error code used for Factory
8 debugging) N/A N/A use only
9 Detectqr image file is invalid (error code used for N/A N/A Factory
debugging) use only
Detector head missing - The Detector image was erased Analogue = 2.8 mA
10 from the display as part of an update and then the display | iIMAC = 2800 uA No Auto
was reset Modbus = -750pmy
Analogue = 2.8 mA
11 Modbus invalid iIMAC = 2800 uA No Auto
Modbus = -750pmy
Analogue = 2.8 mA
12 iMAC invalid iIMAC = 2800 uA No Auto
Modbus = -750pmy
Analogue = 2.8 mA
15 Detector image file is invalid or incorrect file was uploaded | iIMAC = 2800 uA No Auto
Modbus = -750pmy
Analogue = 2.8 mA
16 No file was uploaded to the display iIMAC = 2800 uA No Auto
Modbus = -750pmy
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Description
These errors raised by the display application in the
display firmware.
These appear as an Error screen on the GG2 Display
module.

Fault Signal Latching

Analogue = 2.8 mA
17 The Detector version isn't matched with the display correctly | iIMAC = 2800 uA No Auto
Modbus = -750pmy

Analogue = 2.8 mA
iMAC = 2800 uA No Auto
Modbus = -750pmy

18 Poor connection between Detector and display

Analogue = 2.8 mA
iIMAC = 2800 uA No Auto
Modbus = -750pmy

Display firmware version not compatible with Detector

255 image. Update Display firmware or use suitable Detector.

Duration
Detector Latching | (seconds)

Description Fault Signal

Statuses

Reset

Methane — Catalytic Analogue = 3.0 mA
Warmup S iMAC = 3000 uA Yes Error
Part No. 177871 - 0-5% Modbus = -625pmy
Methane — Non-Dispersive Infrared Analogue = 3.0 mA 120 sec
Warmup Part No. 177870 - 0-5% iMAC = 3000 uA Yes Auto
Part No. 190998 — 0-100% Modbus = -625pmy
Carbon Monoxide — Electrochemical Analogue = 3.0 mA 60 sec
Warmup Part No. 177873 - 0-50ppm iMAC = 3000 uA Yes Auto
(Generation 1) Modbus = -625pmy u
Carbon Monoxide — Electrochemical Analogue = 3.0 mA 250
Warmup Part No. 304456 — 0-50ppm iMAC = 3000 UuA Yes Aufg’c
(Generation 2) Modbus = -625pmy
Carbon Monoxide — Electrochemical Analogue = 3.0 mA 60 sec
Warmup Part No. 177874 — 0-100ppm iMAC = 3000 uA Yes Auto
(Generation 1) Modbus = -625pmy
Carbon Monoxide — Electrochemical Analogue = 3.0 mA 200 sec
Warmup Part No. 304457 — 0-100ppm iMAC = 3000 uA Yes Aut
(Generation 2) Modbus = -625pmy uto
Oxygen - Electrochemical Analogue = 3.0 mA 1800 sec
Warmup Part No. 177872 — 0-25% iMAC = 3000 uA Yes Auto
(Generation 1) Modbus = -625pmy
Oxygen - Electrochemical Analogue = 3.0 mA 1800 sec
Warmup Part No. 304458 — 0-25% iMAC = 3000 uA Yes Auto
(Generation 2) Modbus = -625pmy
Hydrogen Sulphide — Electrochemical Analogue = 3.0 mA 60 sec
Warmup Part No. 192855 - 0-50ppm iMAC = 3000 uA Yes Aut
(Generation 1) Modbus = -625pmy uto
Hydrogen Sulphide — Electrochemical Analogue = 3.0 mA 60 sec
Warmup Part No. 193071 - 0-100ppm iMAC = 3000 uA Yes Auto
(Generation 1) Modbus = -625pmy
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Duration
DEEET Description Fault Signal Latching | (seconds)
Statuses R
eset
Hydrogen Sulphide — Electrochemical Analogue = 3.0 mA 60 sec
Warmup Part No. 193071 - 0-100ppm iMAC = 3000 uA Yes Auto
(Generation 2) Modbus = -625pmy
Carbon Dioxide — Non-Dispersive Infrared Analogue = 3.0 mA 120 sec
Warmup Part No. 180734 - 0-2% iMAC = 3000 uA Yes AUto
(Generation 1) Modbus = -625pmy
Warmup Carbon I|33ig>r<ti?\leo—1l\é%r17—%s_pg_r5sg/\/e Infrared f,{;‘ﬁgg:u%;og 8 AmA Yes 12/3(\) i()ac
: 0 Modbus = -625pmy u
10.4 Disposal
ENVIRO The electronic equipment discussed in this manual must not be treated as
general waste. By ensuring that this product is disposed of correctly, you will be
0 helping to prevent potentially negative consequences for the environment, which
\’ could otherwise be caused by incorrect waste handling of this product.

AS/NZS 2290.3:2018 - Electrical equipment for coal mines— Introduction, inspection and
maintenance Part 3: Gas detecting and monitoring equipment

AS/NZS 60079.29.1:2017 - Explosive atmospheres, Part 29.1: Gas requirements of Detectors for
flammable gases

AS/NZS 60079.29.2:2016 - Explosive atmospheres Part 29.2: Gas Detectors—Selection, installation,
use and maintenance of Detectors for flammable gases and Oxygen

AS/NZS 60079.29.3:2016 - Explosive atmospheres Part 29.3: Gas Detectors—Guidance on functional
safety of fixed gas detection systems

AS/NZS 4641:2018 - Electrical equipment for detection of Oxygen and other gases and vapours at
toxic levels—General requirements and test methods
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