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Before operating the system, please read this manual fully to obtain the best results from
your product. The lightning flash with arrowhead inside the triangle, is intended to alert the
user to the presence of un-insulated dangerous voltage within the products enclosure that
may be of sufficient magnitude to constitute a risk of electrical shock to persons.

CAUTION: TOPREVENT THERISK OF ELECTRIC SHOCK,DONOTREMOVE COVER (OR
BACK). NO USER-SERVICEABLE PARTS INSIDE. REFER SERVICING TO QUALIFIED
SERVICE PERSONNEL ONLY.

SAFETY INSTRUCTION:

Please read all the instructions herein. Please retain this manual for future reference.
Please heed all safety warnings. Please install in accordance with these instructions.

Note that if the equipment is used in a manner not specified in the manual,
the protection provided by the equipment may be impaired.

Removal of the equipment cover will void any warranty.

WARNING
TO REDUCE THE RISK OF ELECTRIC SHOCK:

* Do not expose this equipment to rain or moisture.
» Do not use the unit near water, and do not immerse in any liquid or pour any liquid on the unit.

* Servicing is required when the unit has been damaged in any way, such as the power-
supply cord or plug is damaged, liquid has been spilled or objects have fallen into the unit,
the unit has been exposed to rain or moisture, does not operate normally, or has been

dropped.
» Refer all servicing to qualified personnel only. The equipment contains no user servicable parts.

Disclaimer
Boreal Laser Inc. assumes no liability or responsibility for issues or harm resulting from the
use of this equipment.
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Product Warranty

Boreal Laser Inc. provides a standard warranty with the GasFinderAB. The warranty covers
the GasFinderAB instrument plus spare parts ordered through Boreal Laser Inc.

For items covered by the standard warranty, Boreal Laser Inc. guarantees that during the
first 12 months following delivery, there will be no charges for parts or service required to
correct:

* Equipment breakdowns
* Equipment malfunctioning

* Repeated or recurring faults or errors in the system.
Instrument shipping and/or travel expenses for on-site service will be charged at cost.

This warranty does not apply to situations where system performance has been compromised
as a result of customer negligence or abuse or damage resulting from natural disasters.

Boreal Laser Inc. provides software upgrades and unlimited telephone and e-mail support
free of charge for the lifetime of the installation.
Extended warranty is available, see your Boreal Laser Inc. sales contact for information.

Procedure for returning the GasFinderAB

If the unit has to be returned for service or repair, please contact Boreal Laser Inc. for a return
material authorization (RMA) number and form. An email will be sent containing complete
instructions on how to package the unit and containing a shipping address.

Tel: +1 780 488 5173
Fax: +1 780 488 0780

Email:support@boreal-laser.com

viii
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Section 1. System Description

Boreal Laser’s patented (US Patent 5,637,872) TDL (Tunable Diode Laser) used in the
GasFinderAB measures gas concentration over an open path. The open path monitoring
system consists of an integrated transmitter/receiver and a remote, passive sensor unit
mounted under the helicopter.

The GasFinderAB houses the laser diode source, the transmitter and receiver electronics
and microcomputer subsystems. The GasFinderAB has connectors for 12VDC power input,
and data I/O and connectors for fibre and coaxial connections to the cell (remote sensor unit).
The cell contains the transmitter and receiver optics.

A schematic representation of the GasFinderAB system is shown below in figure 1.

GasFinderAB

Fibreoptic Cable

Coaxial Cable

Control Calibration
Electronics Reference

Cell .
N
a

Keypad Signa_l

Dispiay Processing )
Computer . &
Display
12VDC input
Data I/O

Cell

Imos retro Mirro,
e

Fig. 1 Schematic representation of GasFinderAB and remote cell

The laser light emitted from the transceiver unit propagates through the air in the cell to the
retroreflector and returns to a photodiode detector. In the GasFinderAB a portion of the laser
beam is passed through an onboard reference cell to provide line centering. The returning
optical signals are converted into electrical waveforms, which the computer processes to
determine the actual concentration of gas in the cell. The computed gas concentration is then
displayed on the hand held display, and can be transmitted to a computer where the data can

be collected, stored, and graphically displayed.

11
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The two main parts of the equipment are the GasfinderAB and the Cell.

GasFinderAB

* The GasFinderAB transceiver contains the laser diode
and electronics, and can be placed in any position
providing it is accessible, is within the temperature
operating limits and puts no strain on the cables. The
rear panel contains connectors for the I/O cable, the
display unit, power supply socket and the on/off switch.
The unit is configured by manually entering values with
a key pad on the remote display unit. The specifications
for the GasFinderAB are given on page 1.3.

GasFinderAB

* Attached to the GasFinderAB is the remote display unit. This
contains a Liquid Crystal Display (LCD) which indicates the
gas concentration in ppm/ppmm with an R? or Light Value
indicator. When required, the display can also show the system
parameters which are accessed with the key pad. These
values are defined in the Menu Structure which contains
three subsections: "Hand Held Display

* Main Menu — contains items such as path lengths, units, memory, etc.
» System Menu — contains arrays, real time clock, baud rates, etc.

* Password Protected Menu — contains calibration values.

Details of the menus are given in Section 5 and a flow diagram is shown in Appendix A.

Airborne Cell

* TheAirborne Cell is a passive unit and requires no power.
It contains the emitter, mirrors, the retroreflector and the
photo diode. The cell is mounted on special brackets under
the fuselage of the helicopter between the skids.

Airborne Cell

1.2
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Specifications

GasFinderAB

Weight
Dimensions (L x W x H)
Power Requirements

Operating Temperature Range

Scan Rate
Laser Type
Laser Output
Divergence
Data Output

Baud Rate

Remote Display

Weight
Dimensions (L x W x H)
Display

Power Supply Converter

Weight
Dimensions (L x W x H)

Airborne Cell

Weight
Dimensions (L x W x H)
Power Requirements

Cables

Combined weight
Cable, Fibreoptic
Cable, Coaxial
Data Output

5.2kg (11.5lIb)

290 x 195 x 150mm (11.4 x 7.7 x 5.9 inches)

2A @ 12vDC

-20C to +40C (HF is +10C to +40C)

1 sample / sec

Semiconductor

20mW (conforms to Class 1 as per IEC 60825-1)
1.5 milli-radians

RS232, serial data, CSV.

4-20mA current loop
03/12/24148/9.6/19.2/384/57.6/115.2/230.4 kbps.

0.2kg (0.41b)
160 x 80 x 55mm (6.2 x 3.1 x 2.2 inches)
2 x 20 character Liquid Crystal Display

1.2kg (2.61b)
245 x 170 x 52mm (9.6 x 6.7 x 2.0 inches)

14.8kg (32.6lb)
1300 x 300 x 230mm (51.2 x 11.8 x 9.8 inches)
Nil

1.0kg (2.2Ib)

9/125 micron single mode with FC/APC connectors
Belden 9907 Ethernet Cable

RS232, serial data, CSV.

1.3
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Accessories

« GPS Various.

« Computer Any modern laptop will run the program required for airborne operation.

Labels

This Caution label is fixed to the front of the GasFinderAB.
Laser Radlatlon.
DO NOT STARE
INTO BEAM.

BEAL LASER INC.

#13, 51127 RR 255, Spruce Grove, AB Canada TTY 1A8

This label is fixed to the top of the GasFinderAB and gives the
instrument serial number and manufacturing date. MODEL No GasFinder FC

SERIAL No CH4AB-1035

MFG DATE June 24, 2013

Made in Canada

. . g . . —— BOREAL LASER INC ——
This label is fixed to the top of the GasFinderAB and gives the =

time for the next recommended service. i R e s Seshe e | 81015

|——— Prone: (7801 887-9382 Fax: (780) 887-2418

1t power must
This label is fixed to the rear of the GasFinderAB adjoining the power lljﬂl:onilected .
socket. a Non-Incendive
source of supply
that does not
exceed 12.5Vde
and 3A

Safety Concerns

Boreal Laser’'s GasFinderAB contains an infrared laser which conforms to Class 1 as per
IEC 60825-1 and is eye-safe. It does not require the use of protective eye wear, protective
equipment, or outdoor control measures. There is no optical ignition hazard presented by
lasers of this type.

There are no user serviceable components contained in apparatus, all units must be returned
to factory for repair.

Complies with FDA
performance

L AS E R standards for laser
products except for

1 deviations pursuant

to Laser Notice No.

50, dated 07/24/2007

Caution: The infrared and red laser output from the GasFinder3-OP have very low power (conforms
to Class 1 as per IEC 60825-1) and will not damage eye tissue.

However, it is the recommendation of Boreal Laser Inc. that, as with ANY LASER SYSTEM, the user/
operator should avoid staring directly into the output aperture of the instrument.

Note that the laser beam is infra-red and is not visible to the eye.

1.4
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Section 2. Pre Installation Checks

Tools and Equipment

The hand tools found in a hangar are all that are needed for installation. No special equipment
is required. Installation on a Bell 206 normally takes 1 hour (15 minutes on a Robinson R44)
unless specific requirements are necessary. The first installation on a Bell 206 will take longer
(4hrs) due to the necessity for drilling a mounting hole in the cell.

Equipment Check

Verify that all the equipment on the order sheet has arrived complete and in good condition.
Any damage due to shipping should be reported immediately and steps taken to obtain
replacement parts.

cel

getP® @

A0

Installation - External

* On a Bell 206 the cell is mounted under the fuselage on the brackets(supplied) which
attach to the 4 screws under the rear doors. Before the first installation, a hole for the
mounting the eyebolt must be drilled.

Airborne Cell

Airborne Cell in Position

Cables taped to
Fuselage

2.1
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Installation - Internal

The GasFinderAB is certified for use in a Bell 206 helicopter. It is normally carried in the rear
passenger cabin of the helicopter but can be placed in any location which does not interfere
with flight operation. The small remote display unit is placed within the operator or pilot’'s view.

2.2

: "Remote Display
Rear Cabin Mount Front Cabin Mount mounted to windscreen

Temperature limits: the GasFinderAB should be located in an area where the temperature
does not go below -20°C or above 40°C. A higher temperature can be tolerated for a short
time (1hr). These conditions are well within the operating parameters of the cabin.

Power supply: the GasFinderAB operates from a regulated,12Vdc, 2A supply. This can
be from a 12V battery or a power supply module which converts the helicopter auxiliary
supply voltage (28Vdc) to 12Vdc. Special care should be taken to ensure that the polarity
is correct and there is a good ground.

Cables: from the GasFinderAB there is a 2m cable going to the cell underneath the
fuselage. Care should be taken to route this without any sharp bends or tight cable ties
as this may compromise the fibre optic cable. A 3/4” clearance hole is required for the
cables if it is taken through an opening in the fuselage but most operators will route the
cable though an opening side window and fix it to the side of the fuselage with Duct
tape. A 2m cable goes to the display and a power cord goes to the supply. A 2m data
cable is taken to the computer.

Accessibility: easy access to the front and rear of the GasFinderAB should be possible.

Mounting: all units should be securely fastened to prevent movement during flight.

A licensed air mechanic is required for installation.
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Section 3. Installation
Tools Required:  The hand tools normally used in a hangar.

GasFinderAB
Installation of the GasFinderAB is limited to connecting the cables and strapping it down.

It can be placed in the rear cabin or
in the front cockpit. The routing of
the cables to the cell may determine
the best position. All cables need to
be kept out of the way of foot traffic.
If the pilot is the sole operator, it is | 48
preferable to have the system in the
front otherwise there is no way of
switching the GasFinderAB off. Rear cabin mount

Front cabin mot

Airborne Cell in a Bell 206

The cell is shipped with only one mounting hole drilled. Installation is as follows.
1. Install the two mounting
brackets onto the fuselage.
They are fixed to the step
mounting holes under the
rear cabin doors using
four AN4AH5A screws. The
brackets are supplied with
mounting screws and are _
marked left and right. The Le€ftand right brackets
two safety anchor plates are  With safety anchors and

5 _ optional. The screws should eyebolts
Left bracket mounted with ~ be wired with safety lock
safety wire anchor wire.

2.  When both brackets are mounted, loosely fasten the cell
to the right(starboard) bracket and raise the cell up to meet the
left(port) bracket. Mark the position of the eyebolt hole. Remove
the cell and drill a hole in the required position, ensuring that all
the cuttings are prevented from going inside the cell. The drill size
is letter ‘P’. Fasten the eyebolt (AN45-20A) in the hole.

Drilling the eyebolt hole
3. Fasten the cell to the two mounts using an AN5-10A bolts
through the eyebolts.

"\ |

Airborne Cell in position on different helicopters
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Alarm

Attenuator

/

Data Cable
ASFinge, AR
O
(o]
<
Power Converter
i Airborne Cell

Connections to Equipment

Cable Connections

Once the position of the GasFinderAB and computer have been decided upon, connect the
units together with the cables provided. The power converter plugs into the helicopter’'s 28VDC
auxiliary power and supplies 12VDC to the GasFinderAB and the computer. Ensure that the
polarity of the connections are correct. ‘A’ is negative. ‘B’ is positive.

The Cell is connected to the GasFinderAB with a fibreoptic and a coaxial cable. These are
already sheathed in a Nylon Spiwrap or Split flex cable protector. The cables are normally
routed through a window, down the hinge side of the door and down the mounting bracket.
Cable ties should be used where possible but care should be taken when tightening. They
should be firm but not tight. Any bending of the fibre cable should be limited to a 20mm radius.
Nylon Spiwrap or Split flex cable protector is very useful for supporting cable and preventing
sharp bends. Duct tape can be used to keep the cable in position.

3.2
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Fibreoptic cables

The laser output from the GasFinderAB is taken from the FC/APC
connector at the front of the instrument. The connection to the cell
is made with a single mode fibreoptic cable. A coaxial return cable
is run along side the fibreoptic cable.

Special care is required when installing the fibreoptic cables as too
much strain will break them or cause large losses.

Cleanliness is of paramount importance when dealing with fibre
optic cables. The core of a single mode optical fibre is 9 microns
in diameter, and a speck of dust can easily block the signal. The
Boreal Laser Inc. Trouble Shooting and Diagnostic Kit contains
cleaning tape and instructions for its use. It is important to clean the
connectors before inserting them into the couplings. This is done by
holding the end of the connector perpendicular to a clean section of
tape and describing a figure of eight movement two or three times. The
cleaning tape is held in a dispenser which exposes a new section of
tape as needed. Do not use alcohol as it leaves a residue.

Fibreoptic couplings are type FC/APC and are used to
connect two FC/APC fibre connectors. There is a key on the
connector barrel to align with the keyway in the coupling.
The key and keyway must be engaged in order for the
connection to be made correctly. FC/IAPC Connectors

Remote Display & Keypad

The Remote Display & Keypad is normally placed within the pilot’s
view. This unit also has the buzzer/horn on it which will sound if the
gas concentration goes above a set value.

Remote Display
GPS & Keypad

The GPS unit is connected to a USB port in the computer. It is
normally fixed with a suction cup to the top window of the cockpit.
Bluetooth GPS units have been used successfuly.

USB - Serial Adaptor

The GasFinderAB is connected to the computer with a cable having
a 15 pin connector at the GasFinderAB end and a 9 pin connector '—"—-‘
at the computer end which fits in the serial connector. If the computer

does not have a 9 pin serial connector, a USB to Serial adaptor is
available. See Data Cables page 3.4.

USB - Serial Adaptor

3.3
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Data Cable

DB15M Plug DB9F Plug
to to
GasFinder2 Computer Serial Port
15
@(? ----------------------------- J @8
> 2 : ; =
4 G ' —— S Sl ,.@
?2’ = —I Three wire cable 2(@®
° DB9F
DB15M

The data cable carries the RS232 signal from the GasFinderAB to the computer, which
stores and displays the data.

Power Cable

Amphenol

Amphenol
PTO6E-8- 2P(SR) 9902

PTO6E-8- 2S(SR) 9812

To GasFinderAB To Power supply

v

The power cable uses an Amphenol connector with two-wire connectors marked ‘A’ and ‘B’.

‘A’ is positive and uses a white or red wire;
‘B’ is negative and uses a black wire.

Power Converter

The 28VDC cable is already attached to the power converter. The
output is 12VDC to supply the GasfinderAB and the computer.

Note the pin wiring on the 28v supply from the helicopter:
‘A’ is Negative
‘B’ is Positive

Power Converter

3.4
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Section 4. Data Input/Output

DB15 Connector

8 1

PREEEEEE
PEPEEEEE
9

15

Data I/0O connector
as viewed on rear panel

Pin  Signal Pin Signal

1 n/c 9 PCDSR

2 PCRX 10 PCRTS

3 PCTX 11 PCCTS

4 PCDTR 12 +5VDC

5 GRD 13 RCVR

6 Ramp 14 Monitor

7 I sink (-) 15 | source (+)
8 n/c

The DB15F connector on the back of the instrument is a hybrid data I/O connector, combining
serial data output (RS-232) and analogue signals useful for examining system performance.
The cable details are shown on page 3.4 of this manual.

Signal Description: n/c = no connection

1| nlc

2 | PCRX Data Receive at PC Serial output from GasFinder2

3| PCTX Data Transmit at PC Serial input to GasFinder2

4 | PCDTR Data Terminal Ready Serial input from GasFinder2

5| GRD Signal Ground Digital / Analogue

6 [ Ramp System Timing Clock Analogue output from GasFinder2

7 | Isink () 4-20mA loop return Analogue output from GasFinder2

8 | nlc

9 | PCDSR Data Set Ready not currently implemented

10 [ PCRTS Ready to Send not currently implemented

11| PCCTS Clear to Send not currently implemented

12 | +5vDC System Voltage Digital / Analogue

13| RCVR System Signal Analogue gas level output from GasFinder2
14 | Monitor System Signal Analogue light level output from GasFinder2
15| I source (+)| 4-20mA loop source Analogue output from GasFinder2

Note: I/O equipment may be connected or disconnected while the system is operating.
Caution should be observed that data may be compromised during transition.
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Serial Communications

The GasFinderAB will transmit serial data at 300 / 1200 / 2400 / 4800 / 9600/ 19200 / 38400
/ 57600 / 115200 / 230400 baud, no parity, 8 bits, one stop bit, (i.e., 9600,N,8,1) after each
scan. Two handshaking options are available:

* No Handshaking — Connect pin 4 (PCDTR) to pin 12 (+5VDC) at the GasFinderAB end
of the data cable. Data will be sent automatically after every scan. This is the standard
configuration of the cable as supplied by Boreal Laser Inc.

* DTR Handshaking — The control computer raises the voltage to +5VDC on pin 4 (PCDTR)
in order to request a data string. Data are transmitted as an ASCII string and will be sent
only when requested by the host computer.

Data String Specification

$GFDTA

data_header confidence factor R2 light_level ser number check_sum
ya Z — _
[$GFDTA, [7.7, |98, | 3, [9527, [2011/01/27 13;29:28, |[CH2AB-1xxx, |1, |*56 |
N\ 7

gas_concentration distance date_time status_code
data_header header designating the type of data String
gas_concentration in ppmm (parts per million meter) Number
confidence_factor,R2 between 0 and 99 Integer
distance user-set distance to retro in metres Number
light_level returning light level Integer
date_time current date and time YYYY/MM/DD hh:mm:ss
ser_number identification number of the system String
status_code code giving system operating status Integer
check_sum checks the data stream for errors String
Field Description Range Max. Width (Chars) Restrictions
data_header Any 6
gas_concentration 0 — 99999999 8
confidence_factor 0-99 2
distance 1-9999 4
light_value 1-16384 5
date_time Year/Month/Day 19

Hour/Minute/Sec

serial_number Any 10
status_code 1 - FFFF 4
check _sum 0-FF 2

These data strings are comma-delimited (,) and an asterisk (*) signifies end of string.
Each string is terminated by a carriage return and a line feed.
The status codes are described in detail in Appendix B of this manual.
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Diagnostic Data
Periodically, strings containing diagnostic data ($GFDBG) are transmitted giving internal

details of the GasFinderAB operation.
The $GFDBG string is output whenever the system performs a calibration check.

The format of the $GFDBG string is as follows:  (* on systems with older software the duty cycle varied from 0 to 255)

debug_peader centerline_duty _cycle reference_R2 /supply_voltage checksum
[$GFDBG, [32.6, |512%, [9332, |98, ~ |1, [1244, [2011/01/27 13:29:31 [*8C |
internal_temperature referenc\e_cell_quality reference_status date_time

This string may vary depending on the firmware version. The variations are additional numbers
for internal use only placed in between the supply voltage and the date_time figures.

Explanation:

debug_header header designating the type of data String
internal_temperature internal temperature of GasFinder in degrees C Number
centerline_duty cycle setting to enable array peaks to line up Integer
reference_cell_quality reference cell quality as a percentage x 100  Integer
reference_R2 reference cell R2 Integer
reference_status code giving reference system operating status Integer
date_time current date and time YYYY/MM/DD hh:mm:ss
checksum checks the data stream for errors String

These data are comma-delimited (,) and an asterisk (*) signifies the end of a string.
Each string is terminated by a carriage return and a line feed.

Date and Time fields

When data is viewed using the ‘View Data’ window of the GasMap program, the time in the
$GFDTA string is taken from the internal clock in the GasFinderAB.

When data is downloaded using the GasMap program, the file extension is .gvl. The date and
time fields are taken from the computer running the GasMap program. These PC generated
date and time fields are inserted into the data in every $GFXXX string and will appear in the
log file.
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Data Transmission

GasFinderAB

The data cable carries the RS232 signal from the GasFinderAB to the computer which
stores and displays the data.

GPS

The output format from the GPS is given in the NMEA - 0183 standard. This is shown in
Appendix H.

Connectors

The GasFinderAB data cable terminates in a DB9 connector. If the ""'——.

ﬁ(;rendputer input ports are USB then a ‘Serial to USB’ adaptor can be Serial to USB adaptor
If a Serial to USB adaptor is used care must be taken to configure the computer ports correctly.
It is advisable to plug the connector into the computer first and then into the accessory. This
enables the computer to recognize the adaptor and allocate a port for it. Should the computer
be unable to do this it can be done manually by clicking:

Start > Control Panel > System > Hardware > Device Manager > Ports.

Clicking on the +sign will list the number of ports in use and their assigned IDs. This ID
number can be matched to the accessory.
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Downloading Data

The serial data from the GasFinderAB can be viewed using a computer that has a serial port.
Boreal Laser Inc. has developed the GasMap program to view and log the data. This program
is described fully in the GasMap manual.

Alternatively, any computer with a Hyperterminal program can be used to download the data.
HyperTerminal is a standard accessory in Windows 9X and Windows NT & XP. Windows 7
requires a terminal emulator program to be downloaded.

HyperTerminal
E— Choose Program Files, Accessories,
Communications, HyperTerminal.

L EFLLTE Choose a name and an icon, and
: click OK.

%r.a

Erbr et b fhe vt s oot .80
Countpigan [oeia 1 :
Asan ence

Flooe mater

In the Connect to display, bypass the phone connections and under
Connect Using, scroll down to the correct port (i.e. go directly to COM1
or COM2). Click OK.

In the Port Settings window, change the bits per second (baud rate) to

e f——3 the correct value, typically 9600. Also select 8 data bits, no parity, and
i 1 stop bit.

Flow control should be set to none. Click OK.
If the computer is correctly connected to the GasFinderAB, the data
should now be appearing on the screen.

o ] e | o |

il pig] s To save the data to a file, on the Upper Toolbar click on Transfer and
- — ——Capture Text.

Designate a file in the Capture Text window, or use the Browse option
to choose one, and the data can be recorded to a file in a specific
location.

Clicking Start will activate the recording procedure and on the lower

To stop recording the data, in the upper Tool Bar click on Transfer,
Capture Text, and Stop.

]
Note that some versions of Windows may have a different path for accessing
HyperTerminal.

The data can be loaded into Excel, but each line will be separated by a space. The extra
spaces can be removed within Excel using a Data Sort routine or a Macro.
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Mouse or Pointer Problems

Sometimes, on the first start up of the computer when everything has been connected,
the pointer or mouse will not work. This is due to a problem with the windows programing
which mistakes the GasFinderAB for a Microsoft Serial Ball Point. For Windows 7 users this
problem can be corrected as follows:

2 | ‘Windows Explorer L

— Computer [+ Computer

@ Internet Explorer 3 g Disk drives

- ' - = B, Display adapters

A adobe acrobei 8 professtona . — ti3 Adminstrative Tooks L3 DVD/CD-ROM drives
a_— Devices and Pi ,\y Backup and Restore tg Human Interface Devices
2= | Microsoft office Word 2007 3 - e g IDE ATA/ATAPI controllers

- ault Programs N Crexlenil Mreyer - @ IEEE 1394 Bus host controlers
| E Microsoft Office PowerPoint 2007 0| prmara s ¥ Defautt Programs - == Keyboards

=l J Mice and other pointing devices

@ Google Earth @ Device Manager I% +~.J HID-complant mouse
B Dispiay ‘- PS/2 Compatible Mouse

anid GasViewO! - Il Monitors
g Flash Player L¥ Network adapters
d Adabe Tlustrator C53 » |a Fonts = !nlb Other devices i

|35, Base System Device
v AlPrograms & HomeGroup -- ﬁ:a(z (a)lc\lqa ;ti:;n
- <
| Search programs and fies B shutdon  |» € mtemet optons - ‘3 Communications Port (COM1)
) Location and Other Sensors D Y3 USB Serial Port (COM4)
s | ey Processors

[start ‘ \% | &1 m = |  Mouse | & SD host adapters

1. Click on Start > Control Panel. 2. Click on Device 3. Click on the + symbol by the ‘Mice

Manager. and other pointing devices’ and the

‘Ports’ icons to expand them.
If there is no problem, the ‘USB Serial
Port’ will be listed with the port number.

Fla  Artion  Vew Hep
- 4 pgm N
'_-?"Wmﬁ . "J Keyboards +-[=8 Human Interface Devices
g = ™) Mice and other poirting devices +)-{=4) IDE ATAJATAPI contrallers
: imﬁﬂi“ _J HID-ceenpliank reuse +- Kevboards
5 3 Fopor dok contaers [Microsoft Geskidaesy T owe o - ,
: Eﬁ%ﬂ.::; N bt e Update Criver... ) r:'!lce and Dther pointing devices
+ 3 IDE ATAATAH contickers # i@ Moniors ) HID-compliant mouse
DD s s s ¥ M Hetwerk adag  Uninst Py Microsoft Serial BallPoint
| Lﬁﬁﬁaﬁm : g xﬁ;‘;ﬂ& Scan for hardware changes + L Madems
:x“_:,‘m, + @ sound, videa  Properties t @ Monitar s
« ¥ Purts(con B15T) T ge Skorage vohsmes +-E8 Metwork, adapters
4 e —— e —— 4 Ports (COM & LPT)
- S vk -
4. If there is a problem 5. Right'click on ‘I_\/Iicrosof_t Serial Ball The Microsoft Serial Ball Point
it will show up in the Point’ and click on Disable. will now show with a red X to the
‘Mice and other pointing left and will be disabled.
devices’ as a Microsoft This is a permanent correction.

Serial Ball Point.

For a Windows 7 user the pathway is:

» Start > Control Panel > Device Manager > Mice and other pointing devices.
Right click Microsoft Serial Ball Point and disable.

For a Windows XP user the pathway is:

» Start > Control Panel > System > Device Manager > Mice and other pointing devices.
Right click Microsoft Serial Ball Point and disable.
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Section 5. Operating Instructions

Start Up

1. These start up instructions assume that the GasFinderAB has been set up in accordance
with the procedures specified in Section 3, and the unit is connected to the power supply,
computer, GPS and the airborne cell.

When first switched on, the display for an airborne system will read: GasFinderAB Warm-up

This warm-up cycle lasts two (2) minutes. Acount-down timerin |J|ver: 1.10.c CH4 180
the lower right of the display will indicate the time remaining.

2. After the warm-up cycle, if the system is receiving enough
returning light, the display will read CALIBRATING: Efg SAE ke
indicating that the GasFinderAB is checking the internal CALIBRATING
reference cell and performing calibration diagnostics. If the
system is not receiving sufficient light it will not calibrate.

3. Ifthe fibre or coaxial cables have not been connected correctly,

) . : . Low Light
or the reflecting surfaces are dirty , the display will read: o9

No Reading

Refer to Section 3 for the connection details to the cell.

If the operator presses and holds the ENT key any time the instrument is in the normal operating
mode, the system will enter the parameter display/adjustment menus. The arrow keys can be
used to move between the various menu items. When the operator is in the menu system,
pressing the ENT key will enter the adjustment mode of the displayed menu item. A blinking
“Adj.” will be visible in the bottom-left corner of the display, and the value of the parameter
displayed can be raised or lowered using the arrows. Pressing the ESC key always jumps
back to the previous level; that is, if the user is in the adjust mode, pressing ESC once will
move back to the display mode of that item, and pressing ESC again will return the user to the
main display menu.

The menus are divided into three separate sections:

Main Menus - Used for the normal operation of the GasFinderAB.
System Menus - Used for initial set up and various checks.

Password Protected Menus - This can only be accessed by qualified personnel and is

GasFinder2 Warm_up
Ver. 1.09.b HF 60

ppm HF R2
Calibrating

Low Light ppm HF R2 ppm HF Light|
No Reading 1.7 0.99 1.7 6172

escape | | escape | | |_escape |

I enter I
System »{password Protected
Menus Menus Menus
used to change calibration parameters.
See Appendix A for the complete menu logic diagram.
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To exit the Menu, press Esc until the instrument enters a self calibration mode. This may take

between one and three minutes depending on temperature.

After the computer checks the calibration, the display will read
something like:

ppm CH4AB Light
2.01 10972

This indicates a concentration of 2.01ppm with a Light Level of 10,972.

Menu Details

Note: The ESC key returns to the previous menu section. If the user becomes “lost”
within the menu system, press the ESC key until the system returns to the normal
operating mode. Changes made to the menu values do not take effect until the menu

is exited.

Main Menus

1. Serial ## Version V1.10.c: thisisthe first menuitem accessed
when the ENT key is pressed in the Main Menus. This item
provides a convenient way of checking the serial number of the

Serial # CH4AB - 1100
Version V1.08.c

instrument and the software version currently installed. This is not an adjustable item.

2. Concentration Units: this item displays the units chosen to
display the concentration in the main display.

The units can be adjusted to display:

Concentration units

ppm

ppmm (parts per million metre): the total amount of gas along the path.

ppm (parts per million): average concentration along the path.

mg/Nm? (milligrams per normalised cubic meter): See Appendix E for details.
Note that ppmm / m = ppm. See Appendix C for a more detailed explanation.

3. Light Value Dist: pressing the down key will display Light
Value and Distance. This is the returning light value as well as
the entered distance to the retroreflector. The distance is set
to 3.0m.

4. Path Temperature: as the GasFinderAB is used for detecting
the presence ofgas and notthe absolute quantity, the temperature
is not required. If in doubt it should be set to 20°C.

5. Altitude: asthe GasFinderAB is used for detecting the presence
of gas and not the absolute quantity, the altitude is not required.
It should left alone as the pressure setting will automatically set
the altitude.

5.2

Light Value Dist
10972 3.0

Path Temperature
20°C

Altitude

Metres
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6. Absolute Pressure: as the GasFinderAB is used for detecting
the presence of gas and not the absolute quantity, the pressure
is not required. It should be set to a nominal sea level pressure
of 101.325 Pa.

7. Light Menus: this contains the ‘Minimum Acceptable Light’
value which is set at the factory. The value is usually 1000.

8. Gas Light/R2: pressing the down key will show the display
as Gas Concentration and a choice of Light Value or R2.

9. Min. acceptable R2: this item allows the user to specify the
value of the confidence factor below which the concentration is
deemed to be insignificant. An airborne system is normally set
to 0.0 for the Min. acceptable R2

10.Serial Output Menus: the GasFinderAB should be left with the
default setting of Real Time.

11.Alarm ppmm: this item allows the user to select the set-point at
which the optional audible alarm will sound. For a 10ppm alarm with
a 3m path, the set-point will be 30ppmm. This is 10ppm x 3m.

Note: The units for the alarm are always in ppmm.

12.4-20mA Current Loop Settings: this submenu allows the
user to configure the 4-20mA current loop option but is not
used in an airborne system and should be disabled.

13.Log to Memory Menus: this submenu enables the
GasFinderAB to be used as a data logger. The storage
capacity is 131,000 samples. This menu item is not required
in the airborne system because the computer is used to store
the data.

System Menus

When the Main Menus is showing in the window, pressing the
down arrow will display the System Menus. This contains items
which do not need to be regularly accessed. With System Menus
showing in the display press the Ent key.

Absolute Pressure
101.325 Pa

Light

Menus

Main Gas Display as
Gas Light/R2

Min. acceptable R2
0.0

Serial Output

Menus

Alarm ppmm
30

4-20mA Current Loop
Settings

Log Memory Menus

Enter

System

Menus
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14.Internal Arrays Xfer: If there is a need to check the system,
the Internal Arrays Xfer allows the instrument’s internal array
configuration to be downloaded to a file. The operator can transmit
this file to Boreal Laser Inc. for analysis. Boreal Laser personnel will
instruct if necessary. GasViewOP or Hyperterminal is necessary
for the file transfer.

15.Sample / ref. scan: This item selects the number of times
the sample path is measured before the reference cell is
checked.
It should not be necessary to change this value from the factory
default setting.

16.swps/ref swps/samp: The laser drive electronics are designed
to vary the emission wavelength of the laser from just below to
just above the selected wavelength. This varying laser wavelength
effectively ‘sweeps’ across the selected line, and the resulting
readings are called ‘sweeps’. A series of ‘'sweeps’ are averaged to
form a ‘scan’. When the data for the ‘sample scan’, ‘reference cell
scan’, and ‘associated readings’ are incorporated into the calculations
of gas concentration by the onboard computer, the resulting value is
called a ‘'sample’. One ‘sample’ typically takes about 1 sec.
It should not be necessary to change this value from the factory
default setting.

17.Serial Checksum: To ensure the integrity of the data when it
is sent to a computer, a checksum string is added to the serial
data. Checksum should always be enabled.

18.Serial Baud Rate: This item allows the user to select the baud
rate at which data are transmitted from the GasFinderAB
instrument (9,600 is the usual setting). The serial data parameters
are detailed in Section 4 of this manual.

19.Serial Commands: this item enables the GasFinder2 to
receive commands from a computer running the GasViewOP
program or any terminal program. These commands are
described in the user manual for the GasViewOP. Normally
they will not be used in GasFinderAB.

20.Auxiliary Mode: This item is not currently implemented.

21.Real Time Clock: This submenu allows the user to set the
Real Time Clock (RTC). Press ENT to cycle through the date
and time entries, the up and down keys will change the item,
and pressing ESC will back out of the submenu.
The values will automatically be saved on exit.

5.4

Internal Arrays Xfer

<enter>

Sample / ref. scan
50

Swps/ref Swps/samp

256 x 2 =512

Serial Checksum
Enabled

Serial Baud Rate
9600 bps

Serial Commands
Enabled

Auxiliary Mode
Off

Real Time Clock

<Enter>
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19.Ref. Cell Quality check: This item automatically displays the
value and integrity of the internal reference cell (Quality & R2).
This is not an adjustable item.

20.Battery Voltage: This provides a convenient way of checking
the voltage of the 12VDC power supply.

If the voltage falls below 11.5V, a flashing ‘B’ will appear in the top
right corner of the display.

If the voltage falls below 11.0V the GasFinderAB will shut down to
protect the electronics. The data will be stored and can be retrieved
when power is restored.

This is not an adjustable item.

21.Internal Temperature: This displays the internal temperature

of the GasFinderAB. It is usually 10°C above ambient.
This is not an adjustable item.

22.Enhanced Analysis: This item is not currently implemented.

23.System Diagnostics: This item is not
implemented.

currently

24 Alarm Test Menus: These can be used to test the alarm
system.

25.Service Menus
These menus are accessible only for Boreal Laser personnel and

their representatives.

Password Protected Menus
These menus are accessible only for Boreal Laser personel and their
representatives.

Ref. Cell

Battery Voltage
12.35

Battery Voltage ‘B’
11.4

Internal Temperature
32.6

Enhanced Analysis
Disabled

System Diagnostics
Disabled

Alarm Test

Menus

Service Menus

Auth Personnel Only

Password Protected

Menus
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Aerial Operation

The GasFinderAB measures the concentration of methane in the air passing through the
cell mounted under the helicopter. To detect a leak from a pipeline it is necessary to fly the
helicopter through the plume of gas which spreads out from the leak. A successful operation
relies on the ability of the pilot to position the helicopter to fly through the plume of gas.

Itis recommended that the Flight Manual Supplement is read before using the system. Please
consult Boreal Laser Inc. for instructions on obtaining a copy of the FMS and other pertinent
regulatory information.

The pilot must ensure that safe operation of the helicopter is the prime consideration.

Position of the track

» The optimum track is slightly downwind of the pipeline. The lateral distance is a function of wind
speed. With a light wind the plume will tend to rise but a strong wind will keep the plume closer to
the ground. Factors such as buildings and tree lined right-of-ways can complicate matters.

Speed

» To ensure that the down wash from the rotor does not mask the cell, a forward speed
of 60Kts is preferred. 60Kts is 101 feet/sec and a faster speed may cause difficulties in
detecting a narrow plume. When the cell is mounted, the V,_ is 99KIAS or that displayed
on the existing cockpit label, whichever is lower.

Height

* The gas concentration will be strongest at ground level and it decreases with height
above the ground. However the plume is also narrower at lower levels making it
harder to delineate. In practice it has been found that a height of 100ft(30m) AGL is the
optimum. Low level flying is inherently dangerous and a good lookout should be kept for
electrical wires and towers.

Wind

* Wind speeds above 20kts are too strong for successful detection as the gas plume can
be flattened and widely dispersed. The optimum speed is 5kts crosswind to the pipeline,
but this rarely occurs so the pilot’s judgement is required to position the helicopter
where the plume will be. Surface wind can be estimated from pressure on the rudder
pedals, smoke from local fires, flags or waves on water bodies. Calm conditions can
result in the plume being anywhere and early morning inversions can keep the plume
very close to the ground.

A smoke bomb can be a good indicator of surface winds.

It is recommended that before using the system on a leak
detection operation, the pilot fly to a known leak or source
of methane and make some passes to get a feel for the
plume dimensions and the sensitivity of the Boreal Laser
system. The system is capable of measuring differences
of 0.1ppm and detecting a leak of 2scfh and above. Animal

feed lots and landfill operations are usually good sources
of methane Smoke bomb release
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Section 6. Maintenance
GasFinderAB

The GasFinderAB requireslittle maintenanceandthereareno
user-serviceable parts. Calibration is done automatically
at periodicintervals with an onboard reference cell. Unless
damage has been incurred through an accident, maintenance
is limited to checking the cable connections and cleaning the
windows, mirrors and retro tape in the cell.

GasFinderAB
Diagnostic Data:

Periodically, strings containing diagnostic data ($GFDBG) are sent from the GasFinderAB. These
can be seen in the ‘Ports/ViewGasFinderData’ window of GasMap. If the centre line duty cycle is
below 300 or above 800 it would be advisable to contact Boreal laser Inc. for instructions.

The format of the $GFDBG string is as follows: (* on systems with older software the duty cycle varied from 0 to 255)

debug_header centerline_duty_cycle reference R2  ,supply_voltage checksum
[$GFDBG, [32.6, |512%, [9332, |98, ~ [1, [1244, [2011/01/27 13:29:31 [*8C |
internal_temperature referenc\e_cell_quality reference_status date_time

This string may vary depending on the firmware version. The variations are additional numbers
for internal use only placed in between the supply voltage and the date_time figures.

Light Level History
This a good indicator of the condition of the cell.

* Agradual decrease may indicate that dirt is building up on the windows.
* Asudden drop may indicate a break, pinch or disconnection in a cable.

Difficulty in obtaining an adequate light level after cleaning the windows may indicate that the
optical components have gone out of alignment. This may be caused by movement of the mirrors
due to vibration or other factors. If this occurs contact Boreal Laser Inc. for instructions.

Airborne Cell Velery I

The instrument relies on a clear optical path to obtain
readings of gas concentration. Dust settling on the window
of the transmitter and IMOS retro must be cleaned off
whenever it degrades the instrument’s performance. The
average value for the light level should be kept between
the recommended values set at the time of installation.
An inspection schedule should be adopted to prevent  Cell Filter Cloth
any downtime due to dirt build up.

On some occasions when the helicopter is parked outside overnight, condensation will form
on the windows and mirrors inside the cell. This will cause the light level to drop significantly
and take-off should be delayed until the problem has been corrected. This can often be done
by opening the ends of the cover to let natural air movement remove the moisture.

Because operational flights are conducted at low levels, flies and airborne debris can clog
the cell cover and filter. The dirt can be removed by cutting the tie wraps, removing the outer
mesh cover and shaking it clean. The filter cloth can be washed in warm, soapy water.

End Cover
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Airborne Cell (cont)

There are no moving parts and the only optical Outside view Outside view
maintenance required is to clean the window, mirrors | °f TX/Rxend of retro end
and reflecting tape. A visual inspection can be made by
opening the end covers and looking through the cell to
the opposite end. Cleaning requires removal and partial
dismantling of the cell and should only be undertaken
as a last resort.

The window is thin Mylar which is a soft plastic and great
care must be used when cleaning to avoid scratches.
Blow off any dust with canned compressed air and then
use copious amounts of warm, soapy water, rinse with
alcohol and air dry

The mirrors have a film of gold deposited on them and

. B
| oMo \

. ev“v of Inside view of
the surface must not be touched. Blow off any dust with Tx/Rx end Retro end

canned, compressed air?.

Inside vi

The IMOS retro may be cleaned with warm, soapy water, or replaced with a new piece.

Note: The instrument relies on a clear optical path to obtain readings of gas
concentration. Dust settling on the window or the retroreflector enclosure must be
cleaned off whenever it degrades the instrument’s performance. The average value for
the light level should be kept at the recommended values as determined at the initial
installation.

The need for cleaning will be indicated by a consistent loss of light, which may result in poor
gas-concentration readings. A check of the Light History can determine whether the light
loss is gradual or intermittent. Cleaning intervals may vary from once per week to once per
year depending on conditions and usage.

Fibreoptics

Cleanliness
Cleanliness is of paramount importance when dealing with fibre optic cables. The core of a
Single Mode optical fibre is 9 microns in diameter, and a speck of dust can easily block the
signal. It is important to clean the connectors before inserting
them into the couplings. This is done by holding the end of the
connector perpendicular to a clean section of tape and describing
a figure of eight movement two or three times. The cleaning tape
is held in a dispenser which exposes a new section of tape as
needed.

Do not use alcohol as it leaves a residue.

Cleaning Tape

Layout
Make sure that fibres are not being pinched by cable ties and that all bends have an adequate
radius. Both situations are a cause of light loss. A bend radius of at least 2 cm is preferred.

Firbeoptic connections do not deteriorate over time. If they are working well, leave
them alone.
A These cans are available from camera shops and electronic stores or directly from Boreal Laser Inc.

6.2



Boreal Laser Inc. GasFinderAB Operation Manual — Troubleshooting June 17th 2017

Section 7. Troubleshooting

Symptom: » System not operating, display not illuminated.

Solution:  — Check the power supply.
- is the equipment plugged in? Is the supply socket live?
- is the power cable intact? (See Appendix F)

There are no user serviceable components contained in apparatus, all units
must be returned to factory for repair.

Symptom: . Status message: “Low Light - No Reading”

Solution: — Check that the windows, mirror and IMOS retro in
the sensor cell are free of condensation and dirt. o LIt
. . No Reading
This can be done by unfastening the covers from
the ends of the cell and inspecting the surfaces.
Condensation removal is usually a question of waiting until the air flowing
over the surfaces evaporates the moisture.
It is possible to increase light level by unscrewing the white nylon screws in
the black attenuator which is at the front of the GasFinder AB. These should
be unscrewed in unison and a check kept on the light values as the tension is
released in the fibre.
— Cleaning dirty windows and mirrors will require the cell to be removed from
the helicopter and the cover removed (see page 6.2)
If the system is suspected of being out of alignment, contact Boreal-laser for
instructions.
—A broken cable or bad connection between the cell and the GasFinderAB on
either the fibre or coaxial cable will also cause a “Low Light - No Reading”. A
diagnostic test kit can be supplied for this check.

Note: Ifthe system enters the “Low Light - No Reading” status condition
due to temporary path obstruction, normal operation will automatically
resume once obstruction has been removed.

Symptom: * No data transmission from GasFinderAB to the computer

Solution: — Check that the correct baud rate is selected (usually 9600).
This is done by entering System Menus, and scrolling to the Serial Baud
Rate window.
— Verify that the data cable is connected and the cable is OK (see Appendix F)

Check that on the voltage between pins 5 and 12 on the GasFinderAB DB15
connector is 5V. When the GasFinderAB is operating, it is possible to see a
very short signal pulse between pins 2 and 5 on the DB9 connector at the end
of the serial data cable.
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Symptom:

Symptom:

* Low light readings

On older systems manufactured before 2010, ifa flightis carried out in cold weather
(below 0°C) the light values may be 3,000 to 4,000 below the values expected.
The reason for the lower light values is the effect of the cold on the electronics
in the cell. Provided the light readings are above 1,000, the system will perform
satisfactory. The values will return to normal when the cell reaches higher
temperatures. Newer or upgraded systems do not have this problem.

 Radio interference

Some installations experience problems with interference on the radio when
the Boreal system is operating. This has been traced to interference between
the helicopter wiring and the coaxial cable on the GasFinderAB. Some power
supplies also interfere with the radios.

Solution: —-Inspect and reconnect all grounding points in the helicopter especially those

Symptom:

associated with the auxiliary power supply socket. If the problem still persists
it may be necessary to supply a different power supply.

* The display always shows “TEC Failure TEC Failure
Laser Diode Off Line" Laser Diode Off Line

If a problem develops with the ThermoElectric
Cooler (TEC) or the associated electronics, the system will protect the laser
diode by shutting the laser off.

Solution: —In this situation, the operator should contact Boreal Laser Inc. for further

Symptom:

information on resolving the problem.

« Display shows “Cal. Err!” BRI B

Cal. Err!

If the system has difficulty verifying the internal
calibration, the “Cal. Err!” display will flash and the concentration reading from
the instrument may not be valid.

Solution: —Insome cases, especially if the system has been subjected to large variations

7.2

in temperature, the problem can be resolved by switching the unit off and
back on. This restarts the warm-up cycle.

If the display still shows Cal. Err!, collect an Arrays Transfer File, see page 7.3, and
send it to Boreal Laser Inc. together with 30 minutes of data from the .gvl text file.
This will allow Boreal Laser to diagnose the problem.
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Symptom:

* Duty Cycle high

Periodically, strings containing diagnostic data ($GFDBG) are sent from the
GasFinderAB. These can be seen in the ViewData window of GasMap. If
the centreline duty cycle is below 300 or above 800 it would be advisable to
contact Boreal Laser Inc. for further instructions.

centreline_duty cycle
/

|$GFDBG, 32.6, 932, 09832, 98, 1, 1244, 0.03, 0, 1, 1, *56|

Safety Concerns

Boreal Laser’'s GasFinderAB contains an invisible (infrared) laser source.
The infrared laser conform to Class 1 as per IEC 60825-1 and is eye-safe. The
laser does not require the use of protective eye wear, protective equipment,
or outdoor control measures. There is no optical ignition hazard presented by
lasers of this type.

There are no user serviceable components contained in apparatus, all units
must be returned to factory for repair.

Complies with FDA
performance

L AS E R standards for laser
products except for

1 deviations pursuant

to Laser Notice No.

50, dated 07/24/2007

Caution: The infrared laser output from the GasFinderB has a very
low power (conforms to Class 1 as per IEC 60825-1) and will not
damage eye tissue.

However, it is the recommendation of Boreal Laser Inc. that, as with
ANY LASER SYSTEM, the user/ operator should avoid staring directly
into the output aperture of the instrument.

Note that the laser beam is infra-red and is not visible to the eye.

7.3



Boreal Laser Inc. GasFinderAB Operation Manual — Troubleshooting June 17th 2017

Array Transfers

The internal arrays and the various parameters stored internally in the GasFinderAB are
a very important diagnostic tool. In cases of suspected problems with the equipment, if
data from an Arrays Transfer together with 30min of .gvl data are sent (Emailed) to Boreal
Laser Inc., a diagnosis and solution can often be made without the necessity of returning the
system to the factory, and with minimum delay.

These internal arrays can be accessed by downloading an array transfer file to an external
computer. The GasViewOP software can be used to record the file.

To download the arrays:
Connect the GasFinderAB to a computer and run GasViewOP.

Mode
¥ ppmm Mode
mg/Nm3 Mode
Comm Port ...

Open Log File ...
Close Log File
Log File Options ...

ppmm

Click on Port and then Arrays Plot Enable.

Internal Temperature ...
Alarm Sound
Alarm Sound Fie ...
rrays Plot Enable
Arrays Log Options ...
Az View GasFinder Data ...

At the GasFinderAB enter the System Menus and the first item is
‘Internal Arrays Transfer’.

Press Enter.
The display will read - Acquiring, Transferring.

. fidamayspor =lo| x|
The computer screen will show a |ee opsons
series of curves or arrays and a display | . i
giving all the parameter values that the | 1w L%
GaSFInderAB ISCUI’renﬂyUSIng 0- “HHHH’;;THHHHXH\'?-H&HHHHQ« T
. | et = I
. o . B T S N S S S S S T A (TR
The flle_contaln!ng.the data can be saved | v e v Logend GmA Amfe S8 AR
by clicking on File in the top left of the tool | ssmele [s7s3® [0 B2 = F BFi[11221 | L —
. . e . Reference 13415 [0 [2% = . © SampPPMM [308904  SampPPMM|
bar and saving it to a specific location. It e — L  —
can ther) be sent to Boreal Laser Inc. for | caoston [157 o] [ - P Sk‘ppc‘: = smppo.::
dlagnOS|S. JeferenceB ’_ PT b A Alarm | 2801 Alarm
Conc Units | ppmm Alarm PPM | 0 veeps per Samp | 512 Cal Centerline | 70
Distance | 1000  4-20mA Mode | Disabled 3kgndSub Mode | Disabled RefQuahtviDaSSz
Min Light | 500 20mA PPMM | 0 Batiery Voltage | 1256 | RefR2 [1.00
Note that if the user does not have  Acwode] 4mAPPMM |0 Temperature | 351 oints per Sweep | 112
. _ightRange‘ Log Mode | Disabled | Serial Number | CO20P-1008
GasViewOP, the Arrays Transfer and noispiy i Log Type [fi Version | v1 07 bPoirts perSwespB [ |
H H Min R2 | 0.00 Log Records | 0 RefperCal | 1
Data flles Can be downloaded USIng ena\Output‘ Realtime ConcRangeiIuw Dam&Time\m
Hyperterminal (page 4.5). Samp per Ref| 20

Diagnostic Arrays and parameters
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Section 8. The Basics of Laser Gas Detection

LASER
Laser is an acronym for:  Light Amplification by Stimulated Emission of Radiation

In principle, the laser is a tube with a mirror
at each end. In the tube is a crystal or a gas
mixture which is induced to emit radiation by
stimulating it with electricity. The radiation in
the tube bounces between the two mirrors
and starts a chain reaction. The chain reaction, or light amplification, would cause the
device to burn up if continued indefinitely. For this reason, a small amount of the reflective
coating on one mirror is removed or a small hole placed in it. This causes a small stream of
identical photons to be released through the hole. The emitted stream of photons is identical
in both time and space. This is the ‘coherent’ radiation
characteristic of a laser. A crystal or gas is selected which
will emit radiation at a specific wavelength. A ruby crystal
emits a visible red beam with a wavelength of 6500 Gas Laser

angstroms or 650 nanometers.

A Diode Laser works on the same principle except I
that the tube, mirrors, and crystal are all combined in “_%ﬁ N
a small package using semiconductor technology. The ~ Diode Laser Pencil

diode laser is composed of a pn junction, as in the light emitting diode (LED), and specially
cleaved mirror facets that form the optical cavity. The output wavelength is fixed. The combined
laser and focusing optics are similar in size to the eraser on the end of a pencil.

+ve -ve

ATuneable Diode Laser (TDL) can have its wavelength altered or tuned very slightly while it
is operating. This can be done by changing the operating temperature or the drive current.

Absorption Lines

Invisible

If a beam of sunlight is sent Inira-Red
through a glass prism, a NG

spectrum of colours can be seen e S
leaving the prism, which can be
projected onto a screen. Blue, '

which has a shorter wavelength, wnie Light
is bent more than the red. The

Spectral
Lines

g AT
s Absorption

Lines

visible spectrum is only a small ssible >0

part of the emissions. Extending I RN _ ¢ e
beyond the blue is the ultra-violet N

and beyond the red is the infra- .

red.

If the projected spectrum is sharp and defined, a number of black lines may be seen at
various locations. These lines are absences of light where atoms and molecules of gas in the
sun or the light beam path have absorbed the light at a particular wavelength. This results in
a black line on the display. These lines are called absorption lines.
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Gas Detection with a Laser

Every gas is composed of atoms or molecules. If the target gas is hydrogen fluoride, then one
atom of hydrogen would have combined with one atom of fluoride to give one molecule of
hydrogen fluoride. These molecules have various frequencies or wavelengths at which they
resonate or vibrate. See figure 1. These are known as the absorption wavelengths, because
when the molecules absorb a portion of the light energy, they vibrate at these wavelengths.
Because molecules of other gases have different atomic weights, these gases absorb light
at different wavelengths from the target gas. Wavelengths for laser gas detection are chosen
in regions where the absorption of the target gas is not interfered with by the absorption
wavelength of any other gases that may be present.

Mol Press el Mol

EEEEREENn
=
=

3.30E -
4 40E-
H20  7.75E-
HBr 1.70E-
HF 1.00E -

2. 09 -

1. 00E -

RERRARS
BSRRERE

HCI i

e ;‘“n H\Wl\lw\w\_ ‘ \ \ ‘ | Fans T

50.00 —

oo 000 |
1

T T T T T T T [ T T T T T T T T T
1.250000 Microns 1.298077  Micron: 1.350000  Microns 1.320500 Microns 1.321250  Microns 1.322000  Microns

BODO, 0OODON - 7407 407407  cm-1 7572 BBI057 cm-1 7564296520 cm-1
Path(m) 1000.000  Temp (K) = 206.000  Total P (atm) = 1.00E+00  Freq Res (em1) = 1.0601 Path (m] 1000.000 Temp (K) = 296.000 Total P [alm] = 1.00E+00  Freq Res (cm-1] = 0.0154

A laser beam can be chosen which operates at a specific absorption wavelength for this target
gas. See figure 2. The laser operating wavelength is kept stable by housing it in a temperature-
controlled box. A fluctuating (saw-tooth) current is used to drive the laser, and this causes the
wavelength to change slightly so that the laser scans across the absorption wavelength.

A

Superimposed
Waveform

Absorption
Wavelength

Fundamental
Saw Tooth
Laser Signal

STH@SOro<os

-

Fig. 3 — Time¢ ——»

The laser beam has a signal superimposed on it at a different frequency. See figure 3. When
the gas molecule is struck by the laser beam, the molecule is induced to vibrate. These
vibrations affect the laser beam by changing this superimposed frequency. This difference is
detected by a receiver in the instrument, when the laser beam is reflected back.

The difference in the superimposed signal, together with the intensity of the returning beam,
is used by a computer to obtain a measurement of the target gas concentration. The laser
operates in the near infra- red spectrum (1300 to 1700 nanometers) and cannot be seen
with the eye. It has a line width of about 0.3nm and is concentrated and very intense. For the
same power output, it is able to penetrate dust and steam better than a visible laser.

8.2



Boreal Laser Inc. GasFinderAB Operation _Manual — Tutorial July 17th 2017

Retroreflectors
The laser beam is transmitted to a retroreflector made with a special type of corner cube
arrangement. This causes the signal to be reflected directly back to the detector in the
transmitter enclosure. With the appropriate number of reflectors, path lengths up to 1 km can
be traversed.

Most mirrors reflect light the same way as a flat, glass
bathroom mirror, where the angle of incidence(i) =
the angle of reflection(r). A bathroom mirror has the
reflective coating on the rear, behind the glass. See
figure 4.

Reflective Coating
Fig. 4 Flat Mirror

A retroreflector is different in that the reflected light " @eﬁ\'@‘“ )

returns in the same direction as the incident light. P N

The beam is reflected 180 degrees. A retroreflector %ﬁ“

is like a section through a corner and has three b

faces that form the inside corner of a cube. Some R
highway reflectors are everyday examples. See e ases )
figure 5. et
Because retroreflectors used for laser gas detection ° ) "
have the reflective surface on the front, the base -”'\5“’3“{ °

material can be glass or metal. The surface coating
is usually a very thin layer of gold or sometimes
silver. This means that cleaning the fragile coating
is very difficult and is done with an air brush to avoid
touching the surface.

Bottorm mirror deflected

Fig. 5 Retroreflector

75 Element retro
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Glossary of Common Terms and Abbreviations

absorption lines

absorption wavelength

angle of incidence(i)
angle of reflection(r)
angstrom

arrays
corner cube
coherent
digitised
facets

frequency
inert

infra- red

laser
microcontroller

microcomputer
micron
modulated
molecule
multimode

nanometer

NIST

OTDR

orders of magnitude
permeation tube

photo-diode

ppm

ppmm

ppb
retroreflector
retro arrays

saw-tooth
singlemode
spectroscopy
TDLS

tuneable diode
wavelength

8.4

Dark lines in the spectrum due to absorption of the light.
The wavelength at which a gas absorbs light.

The angle to the perpendicular that a beam makes.

The angle to the perpendicular that a reflected beam makes.
Measurement of wavelength 0.000 000 000 1 part of a meter.

A group of graphs or curves.

Special type of reflector surface (see retroreflector).
Having the same frequency and phase.
Represented by numbers.

Sides or faces.

Number of repeated oscillations a wave makes in a set time.
Not reactive.

Long wavelength electromagnetic radiation.

Light Amplification by Stimulated Emission of Radiation.
A small device using a microcomputer.

A small computer the size of a postage stamp.
0.000 001 part of a meter.

Like a wave.

A collection of atoms bonded together.

A light beam containing many different frequencies.

0.000 000 001 part of a meter.

National Institute of Standards and Technology.

Optical Time Domain Reflectometer.

Multiples of ten.

A device to generate a gas at a known and controlled rate.

An electronic device used to detect light.

parts per million.

parts per miliion metre.

parts per billion.

A device to reflect a beam back to where it came from.
A group of retro reflectors.

Serrated, or shaped like the teeth on a saw.
A light beam containing only one frequency.
Measurement of different radiation spectra.
Tuneable Diode Laser Spectroscopy.

A diode (emitter) that can have its wavelength altered.
Distance between the same points in two consecutive waves.
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Intentionally left blank
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Appendix B — Status Codes

When the GasFinderAB is used in conjunction with ‘Hyperterminal’ or Boreal Laser’s
‘GasMap’ data-logging program, the data stream which is sent to the file is as follows:

[$GFDTA, |7.7, |98, | 3, [9527, |[2011/01/27 13:29:28, |CH4AB-1xxx, |2800, [*56 |

$GFDTA 7.7 99 3.0 9527 2011/01/27 | 13:29:28 [CH4AB-1xxx | 2800 * 56
Header ppmm R? |Distance Light Date Time Serial Status | End of | Check
(meters) level number code string sum
Status Code | 2|1 8| 0] O
—_— =
Hex | nis | Nua | N3 [Nz [fHexX | nu |nwo | ne | ns Jf Hex| nz [ ne | ns | na || Hex| ns [ n2 [ n1 | no
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 1 1 0 0 0 1 1 0 0 0 1 1 0 0 0 1
2 0 0 1 0 2 0 0 1 0 2 0 0 1 0 2 0 0 1 0
3 0 0 1 1 S 0 0 1 1 3 0 0 1 1 3 0 0 1 1
4 0 1 0 0 4 0 1 0 0 4 0 1 0 0 4 0 1 0 0
5 0 1 0 1 5 0 1 0 1 5 0 1 0 1 5 0 1 0 1
6 0 1 1 0 6 0 1 1 0 6 0 1 1 0 6 0 1 1 0
7 0 1 1 1 7 0 1 1 1 7 0 1 1 1 7 0 1 1 1
8 1 0 0 0 8 1 0 0 0 8 1 0 0 0 8 1 0 0 0
9 1 0 0 1 9 1 0 0 1 9 1 0 0 1 9 1 0 0 1
A 1 0 1 0 A 1 0 1 0 A 1 0 1 0 A 1 0 1 0
B 1 0 1 1 B 1 0 1 1 B 1 0 1 1 B 1 0 1 1
© 1 1 0 0 © 1 1 0 0 © 1 1 0 0 Cc 1 1 0 0
D 1 1 0 1 D 1 1 0 1 D 1 1 0 1 D 1 1 0 1
E 1 1 1 0 E 1 1 1 0 E 1 1 1 0 E 1 1 1 0
F 1 1 1 1 F 1 1 1 1 F 1 1 1 1 F 1 1 1 1
|n15|n14|n13|n12| |n11|nlo|n9|ns| |n7|n6|n5|n4| |n3|nz|n1|no|
n,s- CAL_ERR:  calibration line centre error n,-LD_COLD:  TE Failure, laser diode off line
n,,- WAVG_ENAB: averaging enabled ng- Lt_Lv_ERR: turbulence, timed out
n,,- NOT_CALIB: calibration not verified ns - NOLOCKDET - receiver unlocked, low signal
n,,- LOW_BAT: low battery indication n,-LOW_LIGHT: laser path blocked, low light
n,,- MENU_MODE: unit is currently in menu mode n,-R2_LOW: R? lower than set minimum value
n,,- CALIB_ERR: reference cell out of factory calibration | n, - NOT_CTRD: laser not centred on gas wavelength
n, - OVERFLOW: gas concentration >8 digits n, - GAS_HIGH:  concentration higher than set maximum
Ng - OVERRANGE: receiver signal beyond gain switch control | N, - NO_ERROR:  normal operation, no errors

Examples:

(a).The sample status code of “2800” corresponds to “0010_1000_0000_0000". This indicates an instrument status of:
n, - NOT_CALIB, n, - MENU_MODE

13

(b). Code “A42E” would correspond to “1010_0100_0010_1110" and indicate an instrument status of:
n,.-CAL_ERR,n . -NOT_CALIB,n, -CALIB_ERR,n,-NOLOCKDET,n,-R2_LOW,n,-NOT_CTRD,n,-GAS_HIGH

13

Under normall operating conditions, the most common status code is “1”. This is actually 0001, but the software
ignores the leading zeros and indicates a status code of “1”". This corresponds to “0000_0000_0000_0001",

and indicates an instrument status of: n; - NO_ERROR.
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Appendix C — Explanation of ppmm

Gas concentration is measured in ppm, ‘parts per million’ by volume. If a room measuring
100m x 100m x 100m (1 million cubic metres) has 10 cubic metres of air replaced by a pure
gas, then the gas concentration is expressed as 10ppm. A point sensor measures directly in
ppm. Open path monitors, like the GasFinderAB, measure the total amount of a specific gas,
for example CH4, in the path of the laser beam between the transmitter unit and a reflector.
This is a ‘total path’ measurement. The units are ‘parts per million metres’, or ‘ppmm’.

A uniform background concentration of 10ppm over 50m gives a reading of 500ppmm.
10ppm x 50m = 500ppmm

P el T POl T - Retroreflector
"dlﬂl -t ﬁ-___.'d .---.’”‘-" -u...---—-..“‘
* ~
. +
GasFinder2 ¢ s

':' 10ppm >

e
.
* - i)
PRs il T . s
~ " 0

-~
h-,---_-‘ﬂh

-
L T L
""---"

A
Jo..

50m

A concentrated cloud of 50ppm, 10m in diameter, in a background of Oppm also gives a
reading of 500ppmm. 50ppm x 10m = 500ppmm

Retroreflector
GasFinder2

. .
: 10m y
h 50m -

When the 500ppmm is divided by 50m the result is a value of 10ppm, which is the ‘path
averaged’ concentration.
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Appendix D — Explanation of R?

When the GasFinderAB receives the returning laser signal after it has passed through the
sample gas, the receiver converts it to the shape of a specific waveform or curve. This is the
sample waveform. The GasFinderAB also receives a similar signal after the laser beam has
passed through the internal reference cell. These curves are then digitised and compared as
two numeric arrays.

Beference and Tusple Taveforss Befarence and Tunple Waveforns
z000e0

szio0e |

wee | Sample Waveform A E Regression Analysis for

R2 =0.98 Waveform A o '
o w  * | R2=098 |
girere --:::::‘u..“‘“.."‘::' . ':- E‘ ' ‘./
Fansen : Lo 3

eooen

.............................................................

Bn9e0 o 10000 183000 IEOSDO  AeDDOB

An accepted mathematical procedure to compare curves or numeric arrays is the Linear
Least Squares Regression analysis. This analysis results in a measure of the similarity
(R?), between the waveform of the sample gas and that of the reference cell gas. A perfect
similarity would give a value for R? of 1.0, and a total mismatch would be 0.0.

Beforence and Sample Baveforss Refarence and Bunple Wavedorns

ET

Sample Waveform B Regression Analysis for
R2 = 0.04 ’ Waveform B
S S " R2=004
- ' § e . "
L PR et LT astugs i

124000 * v

The blue line represents the Linear Least Squares fit of the data and is the best fit of a
straight line between the reference (X) and sample (Y) data points. The slope is a component
in the ratio-metric calculation of gas concentration.

9.5



Boreal Laser Inc. GasFinderAB Operation Manual — Appendices July 17th 2017

Explanation of R? (continued)
A typical plot of concentration versus R2 will give the following graph:

52 v» Concennaanion _ With lower levels of sample gas, the R’s
s tigsT-] decrease, and equal zero when there is
no gas present. As the signal from the gas
becomes stronger, the effect of noise, both
electronic and optical, is reduced and the
R2s will increase (i.e., the signal to noise
ratio will increase). The general shape of the
plot is the same for all gases; however, the
x-axis values will depend on the sensitivity
of the instrument to the gas species being
bt Lo observed.

00

a0

&0 |
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Appendix E — Calibration

The GasFinderAB is shipped already calibrated and does not require any calibration in the
field. HFIH20MC-01 Calibration 26-Nov-03

The calibration of the GasFinderAB is
done by passing a known concentration
of gas through atest cell, whichis placed
in the path of the laser beam. Gases
which are very reactive or unstable,
such as ammonia and hydrogen
fluoride, are generated at the time of
use with a permeation tube.

10 - - — ~

Measured Concentration (ppmm)

o

The tube is placed in a temperature-
controlled chamber and emits the
calibration gas at a known rate. A
measured flow of inert dilution gas R T L
creates a concentration of gas which -

is traceable to NIST standards. The

calibration data are stored in the instrument’s software as a standard reference waveform.

During operation, the GasFinderAB’s internal reference cell is compared with this stored
waveform at frequent intervals. Any significant deviation generates a status code to alert the
user to a potential calibration problem. The GasFinderAB software can be used to check
the reference cell, as well as to download sample, reference, and calibration waveforms
(Maintenance Menus/Internal Arrays Transfer) to verify that the internal calibration system
is functioning correctly. If GasViewOP is being used, these waveforms can be displayed on
the computer (Portl/Arrays Plot Enable and press the ‘Arrays Transfer’ in the GasFinderAB
menu).

A technical note detailing the calibration procedure and quality assurance is available from
Boreal Laser Inc.
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Appendix F — Pre-Ship Settings

Pre-Ship Checkout Sheet for GasFinder 2.0 Aug 2012
Checked by Date Serial # Software version
Coldfire v1.10.c
| Main Menu Setting | | Password Protected menu Setting |

Concentration Units
ppm/ppmm/mg/Nm3

Light Value / Distance
0.1-1000 m

Path Temperature
C

Altitude
m

Absolute Pressure
Pa

Minimum Acceptable Light
0 - 16368

Main Gas Display as
Gas and R2/Light

Min. Acceptable R2
0-0.99

Output
RealTime/RunAv/BlockAv

Serial Output

Average Window
1-256

Alarm ppmm
0 - 65535

4ma ppmm set point
0 - 65535

20ma ppmm set point
0 - 65535

4-20 ma Menu

4-20ma current loop
enabled/disabled

Log Buffer Mode
wrap / fill

Log to mem.

Log to Memory
enabled/disabled

System Menu

Samples per ref Scan
1-32767

Swps/Ref x Swps/Smpl
1-16

Sweeps/Reference

Data Check Sum
enabled/disabled

Serial Baud Rate

1200/2400/9600/19200/57600bps

Serial Commands
enabled/disabled

Auxillary Mode
Off/Simple/Enhanced

Reference cell quality / R2

Enhanced Analysis
enabled/disabled

Sys. Diagnostics
enabled/disabled

0 e A A A N A e R

9.8

Ref. Cell ppmm

Ref Light
0 - 16368

Ref.swps/calibr.chk
0- 65535

Calibr Centreline / Light Value

Reference cell quality / R2

Cal as Reference
DIS/ENA

Skip points/swp at start
0-126

Points per sweep

0-128

g Gas Shift Enable
=
s
o Gas Shift
@
[

End Point centre
2
&
=
o Skip Pts centre
£
2
g
8 Target scan Peak at

Modulation Index
2 Output Linearization
5 Enable/Disable
2 Number Points
3
. Light Compensation
g: Enable/Disable
5 Number Points
3

Periodic Array Xfer

Enable/Disable
Min Attn Index:
| = Attn[1/[2/(3)[4]

<

0 A A A B e A B

4-20

mO=

Notes

Serial communication check

mA output

RTC Set
Scope & Visible Laser Align @100m
CL Duty

Signed By:




Boreal Laser Inc.

GasFinderAB Operation Manual — Appendices

July 17th 2017

Appendix G — Accessories

GasFinderAB
GasFinderAB Manual
Hand held display
Calibration Documentation

Software

GasMap Software (version #
GasView Software (version #
GasMap Manual

Case
Black Plastic Carrying Case

Cell

Internal foam cover
External mesh cover
Tie wraps

Cables

Fibre optic

Coaxial

Fibre tape cleaner

Diagnostic and Trouble Shooting Kit

N—r

Power Supply

Battery

Power Cable

Battery Charger

Power Supply 28V to 12V

Data Cables

Data Cable (DB15M-DB9F)
USB - Serial Port adaptor
Hand held display cable

Retroreflector
IMOS
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Section 10. Drawings

1. GF-D-3D-0002-A GasFinderAB
2. AB-XX-0001 Airborne Cell
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