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This manual was written to be compatible with the following firmware versions:

DSP v1.8, IPM v11.3, LDD 1v034, PLD 1v2a

CAUTION: TO PREVENT THE RISK OF ELECTRIC SHOCK, DO NOT REMOVE COVER (OR BACK). NO US
SERVICEABLE PARTS INSIDE. REFER SERVICING TO QUALIFIED SERVICE PERSONNEL ONLY.

SAFETY INSTRUCTION:

Please read all the instructions herein.

Please heed all safety warnings.

Please retain this manual for future reference.

Please install in accordance witiese instructions.

WARNING

TO REDUCE THE RISK OF ELECTRIC SHOCK:

w {SNDAOAY3I Aad NBIAANBR $gKSYy GKS dzyAl fkehddareo SSy Rl
damaged, liquid has been spilled or objects have fallen into the thieitinit does notoperate normally,

or the unithas been dropped.

w WSFSNIFff ASNBAOAY3I (2 ljddtAFASR LISNE2YYy St 2yfe
Disclaimer

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

Copyright 2017 Boreal Ladec. All rights reserved.

Reproduction in any manner without the written permission of Boreal Laser Inc. is strictly forbidden.
Boreal Laser Inc. makes no representations or warranties with respect to the contents of this document.
Boreal Laser Inc. assesino responsibility for errors or omissions or any damages resulting from the

use of the information contained in this document. Information in this document is subject to change
without notice.Ph.+1 780 488 5173 Fax +1 780 488 (EBil support@borealaser.com
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Product Warranty

Boreal provides a standard warranty with all Boreal manufactured GasFinder units. The warranty covers
the GasFinder laser analyzers plus Boreal manufactured items supplied with the GasFinder laser
analyzers. Thetandard warranty does not cover items manufactured by third parties and supplied as
components of a system, such as: cables; reflector elements; enclosures; scanning mounts;
meteorological instruments; etc.

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

W Equipment breakdowns
W Equipment malfunctioning
w Repeated or recurring faults or errors in the system.

Instrument shpping and/or travel expenses for egite service will be charged at cost.

For the warranty to be valid the equipment must be registered, installed, commissioned, and operated
GAGKAY . 2NBIFfQa LISNF2NNIYyOS aLISOAFAOIGAZ2Yyad

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

.2NBFE a2FGol NB Aad LINPOARSR Wla LaQ ¢gAlKz2dzi | ye
liable or any damages (including, without limitation, lost profits, business interruption, or lost
information) arising out of use of or inability to use Boreal software products.

Enhanced Warranty
Boreal can quote Enhanced Warranty on a project specific basisltmle some or all of the following:
W Include all norBoreal manufactured items supplied on a specific job.

w Extended warranty if a delay is expected from the time of delivery to the time of installation and
commissioning.

W Include a specifiedumber of site visits during the warranty perietlighly recommended for
development projects.

W Extend warranty on GasFinder systems beyond the standard 12 month period.

Vi

(s}
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Proceduresfor Returning a Unit to Boreal Laser
These instructions are to dellowed when preparing to return a Boreal Laser Instrument.

A Service Tech at Boreal Laser must be contacted in order to receive an RMA number

When possible, please return the Boreal Laser Instrument in its original packaging

alk Nl GKS O2yNYyRYySHISGRNICHEL SFEAGADSE (2 SyadzaNBE LINI
If required, ensure proper DG documentation is completed

Mark the RMA number clearly on the outside of the container

Please ensure the commercial customs cost for the shipment is the same as thalatidue when

purchased. Ex. If the original cost of the Gas finder was $35,000.00, that cost must be used for

customs purposes when the unit is returned.

1 ¢KS &/ 2dzyiNBE 2F hNRIAYE a!{¢ o6S aidtliSR Fa /!b! 5!
into Canada

= =4 =4 4 4 =4

If you do not have the original packaging materials please follow these guidelines:

1 Wrap the instrument securely in heavy duty bubble pack or similar foam
T Use a strong doublerall container made for shipping instrumentation. 3B0test material is
adequate
I Use a layer of shock absorbing material 70 to 200mm (3 to 4 inch) thick around all sides of the
instrument. Protect the control panel with cardboard
Seal the container securely
al N GKS O2yidl Ay SN laiCNG I{A$ 54 prageRzasdng B2 G Ny & dzNB
Mark the RMA number clearly on the outside of the container
Do not ship more than one unit per box

= =4 —a A

Important Declarations for Customs Purposes:

T LYRAOFIGS Ay O2YYSNDAIfT Ay@2A0S y2iSa &aSSERVWGEY &9 |
Equipment will be returning to shipper after this has been completed. No sale was made on the
AKALIYSY(l 2F GKAA LINRPRAZOG® !ttt =+l fdzSa I NBE F2NJ Odz

9 FULL original unit cost required for customs.

Country of origin MUST be stated @ANADA.

9 If you are wishing to have Boreal Laser clear your freight through Canadian customs a copy of the signed
documents (commercial invoice, Air waybill, DG declaration (if required) must be sent to our Shipping
Manager atscarey@borealaser.comas soon as the product has been dispatched. There is a $75.00 fee
attached to this clearance on top of billing back of clearance costs. Unsigned, or incorrectly filled out
documents can cause a delay in this cleamprocess

9 Boreal Laser does NOT recommend the use of DHL to ship equipment back to us for service. We base this
recommendation on experience and delays involved.

1 Please reference the attached commercial invoice for pertinent information that will heipfyeight
arrive here quickly and efficiently.

1 Please reference the attached DG declaration sample for use in declaring HF based shipments.

=

Vil
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Return Shipping Address:

Boreal Laser Inc.

Service Department [RMA# xxxxXx]

12846¢ 146 Street NW
Edmonton, Albana
Canada, T5PH7

Tel: +1780-4885173

Commercial Invoice

Date of Exportation

Invoice | RMA#
No.
| Page [ 1 [of] 1

Shipper/Exporter

Consignee

Shippers Address here

Boreal Laser Inc.
12846- 146 Street
Edmonton, AB
Canada T5L 2H7

Attn:Scott Carey

Tel: 1-780-488-5173 Ext.101

applicable)

inches(Dangerous Goods if

Country of Export Purchase Order
Clients Home Country If Applicable
Consignee Contact End —User P.O
Scott Carey If Applicable
Total Number and Type of Packages Total Shipping Weight
1 box =23 x 20 x 10 30lbs

Reason for Export

Freight Carrier International Air Waybill Number
TBD TBD
Country of Description of Goods Qty Unit Value Total Value
Canada Gasfinder Detection Monitoring | 1 $25,000.00 $25,000.00
System — S/N HFFC-2079
HS#9027.80.00
I Currency of Value I usD $25,000.00

are for customs purposes only.

Equipment being RETURNED to manufacturer for SERVICE. Equipment will be returning to
shipper after this has been completed. No sale was made on this shipment of this product. All Values

I declare that, to the best of my knowledge, all information contained in this invoice to be true and correct.

Signed:

Date:

Name:

Title:  Shipper

viii
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SHIPPER'S DECLARATION FOR DANGEROUS GOODS

Shipper

Shippers Address

Air Waybill No.

Page 1 of 1 Pages
Shipper's Reference Number RMA#16055

Tel: 1-780-488-5173 Ext.101

(optional)
Consignee
Boreal Laser Inc. For optional use
12846- 146 Street for
Edmonton, AB
Canada T5L 2H7 Company logo

name and address

Two completed and signed copies of this Declaration must
be handed to the opsralor.

WARNING

TRANSPORT DETAILS

This shipment is within the
limitations prescribed for:
(delete non-applicable}
PASSENGER
AND CARGO
IRCRAFT

Airport of Departure:

Failure to comply in all respects with the applicable
Dangerous Goods Regulations may be in breach of
the applicable law, subject to legal penalties.

Airport of Destination: Edmonton

Shipment type: (dejete non-appiicabie)

Dangerous Goods ldentificaticn
e e ol o s w8 &

1Apparatus

Additional Handling Information

1
UN : ! Class
or - ! or Divisi {
D : Proper Shipping Name 1 [gub's\i‘d::r:' ! Group
No 1 { Rk
* e - 'I-..-..'...'-.-...’-- o :‘ it
1 . H
UN3363 iDangerous Goods in 9 ;

NON-RADIOACTIVE |
| Pack- ! Quantity and Packing'  Authorization

ing ! type of packing inst
"1 Fibreboard box x 962 |
0.02NetQty=002L

| hereby declare that the contents of this consignment are fully and
accurately described above by the proper shipping name, and are
classified, packaged, marked and labelled/placarded, and are in all
respects in proper condition for transport according to applicable
international and national governmental regulations. | declare that all
of the applicable air transport requirements have been met.

|24 Hour Emergency Contact Telephone Number: HTBD |

Name/Title of Signatory
Certifier and Title
Place and Date

Signature

{see warring above)

VT EEEETETTEETEEEEEEEEEESSESESSSYL
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General Warnings and Cautions

This symbol draws attention to warning statementse3e statementsndicate a
potentially hazardous situation vidh, if not avoided, may result in serious injury or
death.

Warningg Explosion hazard Substitution of components may impair suitability for Class
| Zone 2.

Avertissement RA & |j dzS R @ Bafsublti@itiori o2 gopmosant peut rendre ce
materiel inacceptable pour les emplacements de class 1, zone 2.

Warningg Explosion hazard Donot disconnect equipment unless power has been
switched off or the area is known to be nb@azardous.

Avertissement RA & lj dz8 R QAGILYf 2 AR yYNB O2yy SOGSNI f QS |j dzA LJ
O2dzNY yi 2dz aQl &a destBdsigng das dahgeréuX LI | OSY Sy i

Warningg Potential electrostatic charging hazag@®ee section 5

Avertissement; Danger potentiel de charges électrostatiqug¥oir la section 5

> B B>

Failure to follow directions may result in damage or malfunction of the arady.

¢CKS AYyailiNHzySyiQa FdzyOlAz2y> LINRPLISNI AyaidlfttlraArazys 2
Boreal Laser Inc. and are the responsibilities of the analyzer system designer/integrator and end user. If

the equipment is used in a manner rggecified by the manufacturer, the protection provided by the
manufacturer may be impaired.

Disclaimer

Boreal Laser Inc. assumes no liability or responsibility for issues or harm resulting from the use of this
equipment.
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Section 1: System Description

2NBIf [lFaSNRa LI GSYdSR o6'{ LI OGSyl pZco®EYyTHUL ¢5]
(Dual Channelneasures gas concentratiomsth a number of available measurement headie
monitoring system consists of at least one Measurentdaadthat forms the active measurement path
A schematic representation is shown below in Figure 1.

Functional Diagram

Dry Contract Relays

Loop 1/O
Isolators Module

{Model Dependent)

4-20mA Analog Loops

{Optional)

MODBUS (RS-485)

Serial (RS-232) Display

Ethernet (Static IP/DCHP)

{Model Dependent)

24 VvDC

Ref. Cell

Table:

IPM: InterfaceProcessor Module

DSP: Digital Signal Processor

LDDBE+L: Laser DiodeDriver Board + Laser

------------1

11
Measurement Measurement
Head Head

The GasFindefBC (duathannel) monitoring system is a gas detector intended for use in Class 1 Zone 2
Groups IIC, 1IB + H2, and IlA rated environments. It islbase digital analyzer core and uses second
harmonic tunable diode laser absorption spectroscopy. It is used in conjunctiométbrtwo

measurement heads (dual chanhahe variants of which are described below. The analyzer is housed in
a type 4X,R66 rated Stainless Steel enclosure.

Depending on th@nalyzemodel (described belowgan have in totasix6) 4-20 mA outputsfour (4)
analog inputssix(6) Dry Contact Relay (DCR) outputs, arPBSserial data output, a USB serial output,
Modbus R8185 output,and an RJ45 TCP/IP output. TR2OMMNA and DCR outputs come grennected

1
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as flying leads out the side of the enclosarel should be landed in a suitable junction i§Bwereal Laser
supplies an optional Teination Junction Box: BLB). The measurement headxriants are connected
via liquid tight flex (or other by other suitable meatt®ough the bottom of the enclosure.

TheGasFinderdCis technically and economically capable in leak detection, amihonitoring and
process control applications. Three different GasFind2€3models have been created to allow
customers to selfselect which functionality is appropriate for their application and budget. While the all
the models have the same performanspecifications, there are some physical and functional
differences. Listed below is andepth explanation of these three modedsd a table with the list of
features

Basic GasFinder3-DC Model

ON/OFF &
24VDC :: S == Status
MODBUS (RS-485) €= " junction Indication
Serial (RS-232) €= o . o)

,mun,,h‘",,

BOREAL

. GasFinde[3 Tech
Ability to monitor1 or2
Measurement Heads

-

The Basic GasFindelE8C model is the entry level configticmm and only performs the functions it needs
to - quickly and reliably detect the presence of gas. This displays the Local Status Indication (ON/OFF and
Fault) with a single LED indicator.

All GasFinder®C models have internal data logging capabilitiesollect and store all the GasFinder
generated data for around 20 years. The customer can interface with the analyzer using the included
GasView Software. GasView is a Windows based program for remote interfacing over the USB port (RS
232) located in th& ermination Junction Box. GasView enables the user to set basic path parameters,
view realtime data, initiate logfiles (daily accumulation of all collected data) and initiate array transfers
(visualize snapshots of waveforms and other diagnostic data).

The Basic GasFindell8C model has two output options: MODBUS4B%S) and Serial (RE32). Both
outputs are configured with twisted pair flying leads and if the optional Termination Junction Box is
selected then the twisted pairs will be landed in termis@ips. The customer mapurchase the Basic
modeland upgrade to the Standard or Enhanced models by purchasing an upgrade package later.
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Standard GasFinder3-DC Model:

24\/DC == ’ HMI Touchscreen
MODBUS (RS-485) €= . .| == & Interface w/
Serial (RS-232) <:| Junction Numerical
o Displa
Ethernet (TC P/IP) @‘ (Optional) ) ,:l"'lmmnn p y
BOREAL. |
/O Module:
1x4-20mA per Channel - _ GafindersTech
1x Dry Contact Relay per Channel @ @
Ability to Monitor1 or2
MeasurementHeads

Standard GasFinde 8/ a2 RSt Aa (KS ApAtR dzk deteBtioniyasldigstdr ANS NI 2 LISy
other technology or vendor has a local touchscreen display that enables field personnel to sem)pm(
concentrations, light level, and active status in feale. This means that operators and maintenance
personnel have local indication of actual gas concentrations in normal or, more importantly, in

emergency scenarios.

The GasFindefBC has internal data logging capabilities to collect and store all ther@dasBenerated
data for around 20 years.

The Standard model can be interfaced locally by the user with the GasView Software or via the HMI
Touchscreen.

This model has improved output capabilities with the addition of one I/O Module that includes one (1)
4-20mA andbne (1)Dry Contact Relay per channel. TR23IA outputs are user configurable and are
most often used for ppam concentration. This model also includes the additional diagnostic data that is
provided on the £20mA loop such as low light stat(&s7mA) and system fault (3.6mA).

The added functionality of the HMI Touchscreen allows the user to set configurable alarm levels for the
outputs. An added security feature is that touchscreen is only accessible by opening the Gadb{hder3
door as thiss meant to prevent passetsy from tampering with the system. With the HMI Display it is
possible to view reaime GasFinder®C serial string data and view-tag statements.

The customer may purchase the Standard model and upgrade to the Enhancetibyiqguirchasing an
upgrade package later.
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Enhanced GasFinder3-DC Model:

P+T Inputs 7

/ ‘ ‘
24 VDC == —_— HMI Touchscreen
MODBUS (RS-485) ==t | — — &Interface w/
Serial (R5_232)<:| Junction ; Graphical
Bax E— Display

Ethernet (Static IP or DCHP) =i (Optional) |

,,ll'll",”" ot

BOREAL |
I/0 Module:
3x4-20mA per Channel . _ GasFinder3Tech
3x Dry Contact Relays per Channel ﬁ i:[

Ability to Monitor1or2
MeasurementHeads

The Enhanced Model is the tayi-the-line GasFinder®C. This model has full functionality and is
designed to be a ruggedized and industrial version of the GasFi@fef®r ue in hazardous area
locations.

TDL technology is susceptible to effects caused by changes to the pressure and temperature of the gas

matrix being measured. Boreal Laser has therefore developed active pressure and temperature
compensation to correct fordth the Universal Gas Law (Physical) and Absorption Line Strength

0{ LISOGNR&O2LIA OO0 STTS djypossesseshiBustfy leqdingirGaNa3é&r DCo G SOKY
temperature stability (controlled to 0.0001C). This means that there is practically no tatoper

related measurement drift over that an ambient temperature range frdf to 50C and that the

analyzer does not need to be housed in an environmentally controlled building or cabinet. Therefore,

the GasFinder®GE provides the best Raw UncorrectegsRlts in the industry.

It is possible to provide rediime pressure and temperature inputs from the active measurement path
to enable dynamic P+T compensation. With the use of the P+T Inputs and firmwvediable in the
Enhanced GasFindeE3G the systen automatically corrects the raw resulis have P+T compensation
This and other capabilities make the @G Enhanced Model the most advancedtbé-shelf TDL
analyzer in the industry.

The Enhanced model of the GasFindBX3 has full User Interface a@aitput options. The HMI display
is upgraded from the Standard model to include a Graphing Display. The Graphing Displaytiras real
ppm/time, ppmm concentration, light level, R2 confidence factor, and status. With the HMI
Touchscreen the user can loggirogram all the functions that GasView has but has the additional
capability set alarm level parameters and to visualize the snapshot of the waveforms.

All output options are available on the GasFindBx3@M. The Enhanced Model includes t{&) /O

Modules at enable three (3)-20mA Loops & Dry Contact Relays per channel, along with the output and
interface protocol options: Serial (RS2 & Micro USB), Ethernet (Static IP or DCHP), and Modbus (RS
485).
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The GasFindefrBCM is a Microsoft Excel Macro ustmlvisualize ollected data ppm¢m)/ Time,
R2/Time, Light Level/Time, R2/ppm Curve, Status/Time, & Debug (internal temperature, offset, ref
cell quality, reference R2, reference status, supply voltage, system status, date time, and checksum).

Complete List of Model Functionality
S = Standard

O = Optional Basic Model
X = Included in Model (Good)
- = Not Available within Model

GasFinderdC Performance || |
X X

Update through USB port (Requires HMI) -
P+T Input¢RealTime Compensation) - - X

. |
Interface Options | | |
S S

GasView Software S
HMI Touchscreen - X

User Programmable Features _—

PPMM, PPM, or mg/Nm3 Mode S
Set path length S
Set Nominal Pressure and Temperature S
X
X

Standard Enhanced
Model Model

(Better) (Best)

Configurable Alarm Levels
Manually Force Output of-20mA Loop

Display Options I

LED Status Indication =
HMI Numerical Display X
HMI Graphing Display @)
View Reallime Serial String Data X
View Waveforms on HMI -
Visualize Data with Excel Macro -

Retro-Reflector Options _—

Heated Fibre Glass RetEnclosure

Non Heated Fibre Glass RetEnclosure
Heated Stainless Steel Reftmclosure
NonHeated Stainless Steel RetEmclosure

OO0OO0Ow

OOOU)I ><><><><'I ><><U)(DU)I X
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S = Standard

O = Optional

X = Included in Model

- = Not Available within Model

Standard Enhanced
Model Model
(Better) (Best)

Communication Outputs
Modbus (RS185)
Serial (R232)
Ethernet (Static IP or DCHP)
1x 420mA Outputs per Channel
3x 420mA Outputs per Channel
3x Dry Contact Relays per Channel

Analog Loop Isolation
Active Nonlsolated 420mA Loops
Active Isolated €0mA Loops
Passive Isolated-20mA Loops

Cable Termination
Standard 5m Cable Kit
Termination Junction Box (Power & Outputs
120-220 VAC Power Supply
Measurement Head Field Junction Boxes

Measurement Heads
Open Path Measurement Head Assembly
Remote Point Probe Assembly
Transceiver Stack/Duct Probe Assembly
Tx/Rx Stack/Duct Probe Assembly
Extractive Measurement Cell Assembly
In-Line Probe Assembly

Area Classification
General Purpose (NeHazardous Use)
CSA: Class 1 Zone 2 Groups A,B,C,D

@)
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Measurement Heads:

The Measurement Heads are bundled into Assemblies that include all the standard parts and
components to connect to the GasFinddd& and to make measurements. Currently, there are five
available measurement head assemblies: Open Path Measurement HeadieReoimd Probes,
Stack/Duct Probes, Extractive Gas Measurement Cell, andlandriProbe.

Technically, all the measurements heads can be used with the three different GasHd@enddels.
However, it is important to understand which measurement headstwe used in what applications

(leak detection, ambient or process monitoring). It is vital that the-egser understands how gas
specifications (MDL, Sensitivity, and Full Scale) relate to different measurement heads in order to
appropriately perform theApplications Engineering Review and recommend and quote a suitable
product configuration to the customer. (e.g. The Remote Point Probe is not suitable for the typical alarm
points for H2S). It is possible to use the GasFin@&T3with either one or two nasurement heads. The
benefit of being able to use 2 measurements with one GasFirRD€r & that it significantly reduces the
price per path. Listed below are the measurement heads currently available.

/(
R4
OPEN-PATH REMOTE POINT EXTRACTIVE STACK/DUCT IN-LINE

Accessories:
There are many accessories availabletieruse with the GasFindef3C. While the list is not
exhaustive, it does provide the eagser with an indication of what is available.

~ 7 [
o R \\Y | BoREAL |
@ - e /\/ .

TILT-PAN RESPONSECELL  ALIGNMENT KIT MOUNTING KIT 120 VAC REMOTE MONITORING
SCANNER FOROPXHEADS POWERSUPPLY +CONTROL CENTRE
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Termination Junction BoXVhile this accessory is optional, it is strongly encouraged that the
Termination Junction Box be included on every GasFinD€& 3juotation. The Termination Junction Box
includes the din rail and termination terminals required for the power, interface mal&) inputs, and
outputs. The customer is not recommended to land these connections directly in the GasH@er3
enclosure.

Tilt-Pan ScannerThis accessory can be used with the OPX Head for two main purposes. The first is to
create more active measement paths by using one OPX Head to move to obtain alignmeri8on 1
retro-reflectors. The second is to have the Auto Light Optimization functionality to maintain the optimal
light level. The THPan Scanner requiresy' S 2 F (62 /| 2opdiaEPower +&EynirdlGetre (i 2
or the Remote Monitoring + Control Centfeor more information please reference the Fian Scanner

b /2yUNRf / SYyGiNBEQad oNROKdIzZNB®

Power + Control Centrds one of theControl Centre options available for communicating with tiie T
Pan ScanneiThe Power + Control Centhas two main purposed) Supply poweto both the TiltPan
Scanner and the GasFinder uyEnables the supplied GasViewMP Software to communicate locally
with both the TiltPan Scanner and the GasFinder unir more information please reference the Tilt
tly {OFryYySNIb [/ 2YyGNRE [/ SYyidNBQa oNBOKdJIzZNB &
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Zm
120-220 VAC Input Power T e———{
m\l’fm,-m",:
32-Pin Cable that
“onnectors wf Virtual Com 3 P wer and Two-
3m
Ports for running GasViewMP » G W munication to
{for the GasFinder unit & Tilt- POWER + the Tilt-PanScanner and
Pan Scanner) CONTROL CENTRE the GasFinder unitvia

GasViewMP

Weather Tight Fibreglass Junction Box

Remote Monitoring + Control Centrds used primarily with long term ambient monitoring installations

to provide power, log data, and allow remote communicationdlfta andradio modems) with a
GasFindermeteorological instruments (3D sonic anemometer + met station)Paitt Scanner (via
GasViewMP software), Relays (can be used to remotely cycle the power), and Webcam (useful tool for
verifying weather conditios Measurement campaigns can thus be monitored remotely without having
to physically visit the installation. Depending on the accessories the operator can remotely intervene
with the installation if necessary. For more information please reference the Relhanitoring +

Control Centre brochure.

Radio Communication Modul€fhis module allows for the oAgay communication of the GasFinder3
DC serial string data. For more information please reference the Radio Communication Module
brochure.

Response Cellgyre typically used in leak detection installations where the
target gas is not normally present in the ambient atmosphere. Response cells
are used for quality assurance purposes to validate that the GasFinder
instruments is responding appropriately to a nioi@ concentration of the

target gas. The validation using a response cell is NOT a field calibration. Fc
more information please see the Response Cell Brochure.

Alignment Kits:Are used for the initial installation and commissioning of
the GasFinder®C and followup alignment. The components within the
alignment kit include: Fibre power meter, Remote head light level meter,
Visible laser module, variable fibre attenuator, IRdC&bre cleaning tape.
For more information please see the Alignment Kit Brochure.

120-220 VAC Power Supplyhe GasFindefBC is designed to accept 24 VDC. If the customer prefers to
power the system with 12220 VAC power then a 1220 VAC Power Sulygds available as an

accessory. The power supply is to be mounted inside of the Termination Junction Box. When quoting
this accessory, it must be accompanied with the Termination Junction Box.
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120-220 VAC Power Supply (Ndthazardous AreajThe GasFindefBC is designed to accept 24 VDC. If
the customer prefers to power the system with 2200 VAC power then a 1220 VAC Power Supply is
available as an accessory. In Amazardous areas, the power supply can be mounted inside of the
GasFInder®C.

Mounting Structure for Open Path Measurement Head Assembli&support structure is available for
mounting one (1) or two (2) OPX Heads. A swivel mount can spin directly into the mounts superstructure
with the included hardware. This has been designed to be maliatethe same vertically mounted uni

strut as the GasFindes3C and includes clamps to provide the recommend strain relief on the cable kit
for the OPX Heads. The maximum path length that can be accommodated by the mounting structure
depends on the stabilf of the primary structure on which the GIEEC is mounted. See Technical Note

02-3 ¢ Stability of Support Structures for more information.

Stainless Steel Sunshad€his accessory is to be used in hot climates for the purpose of keeping direct
sunlight of of the GasFinder®C to ensure the internal temperature does not exceed the specified

limits. This accessory includes: Stainless Steel Sunshade with mounting holes in same location as on the
GasFinderdC so same mounting hardware can be used (hardwatrénluded).

10
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Application Data

GasFinder3-DC (Analyzer):

Target Component

Can choose from one of the following:
G yASEwRWHESEE Al BRNRISY Cf dz2

Gl y3ISéwRWAGE AaSYiKFyS o/ 1
G f G-NF Yy BG6RE Yy IS4V WHESE /| ND 2y
G yISéwRWHGE A/ I ND2Y az2y2EA

Ammonia (Nh)

Hydrogen Cyanide (HCN)

Hydrogen Chloride (HCI)

Acetylene (@)

1 Ethylene (&H)

NOTE: There may be other gases or ranges that are measbsadlP
TDL that are not listed. Please check with Boreal Laser for more
information.

1
1
1
1
1 Hydrogen Sulfide @9)
1
1
1
1

Calibrated Range

Gas and Application Dependent (please see calibration sheet)

Rull Range

Gas and Application Dependent (please see calibration sheet)

TypicalAccuracy

+/- 0.5% ofReading

Response Time

~1 Second per Channel

Detection Principle

Tunable Diode Laser Absorption Spectroscopy (TDLAS)

Modulation Technique

Wavelength Modulation Spectroscopy (WMS)

Environmental
Temperature Range

-40°C to+60°Cfor GasFinde-DC (Analyzer/CCd)General Purpose
-20°C to +48Cfor GasFinder®C (Analyzer/CCd)Hazardous Location
-40°C to +85°C for Measurement He#&@%®XH, RPXH)

-40°C to +3°C for Measurement Head®PX, RPX)

Ingress Protection

IP66 andlype 4X

Enclosure Material

304 SS (316 SS available upon request) for GasFibdzr3
ClearAnodized AbO61 or AI5052 for Measurement Heads

Humidity

0-100% RH (Ne@ondensing)

Certification

Both the GasFinderBC and select Measurement Heads are certified f
Chss 1 Zone 2, Groups IIC#+HR, and llIA. Thiségjuivalentto Class 1 Diy
2, Groups A,B,C,D. A full list of certifications follows this section.

11



Boreal Laser Inc.

GasFinder@C Operation Manual Apr. 1812019

Electrical Data

GasFinder3-DC (Analyzer):

Nominal Input 24VDC @ 20 W
Max Input Rating| 24 VDC, 4 A
Communication | Serial (R232) +12 VDC, £35 mA
Output Serial (Micro USB) 5VDC,05A
Ethernet (TCP/IP) 5VDC, 50 mA
MODBUS (R&35) +12 VDC, £250 mA
Analog Outputs | 4-20mA Outputs 24V, 2 to 20 mA
1 to 3 per Channel (Model Dependent)
Output #1 Example: Concentrationppmm/ppm)
Output #2 Example: Light Level (Rx)
Output #3 Example: Confidence Factor R
Analog Isolation | Nonsolated Active (Standard) GasFinder®C powers loop
Isolated Active (Optional): GasFinder®C powers loop
Isolated Passive (Optional) Field powers loop
Alarm Relays NC/NO Dry Contact Relays 24 V,20 W max.
1 to 3 per Channel (Model Dependent)
Relay #1 Example: High Alarm
Relay #2 Example: HighHighAlarm
Relay #3 Example: Fault

Display Options

Display Options are Model Dependent

1 Basic:Single LED (ON/OFF and Status Indication)

1 Standard:Numerical Display (ppmm, light level, and  fault)

1 EnhancedGraphical Display (ppmm over time, ppmm, light level,
confidencefactor, and fault)

Cartridge Fuses

TB2: Littelfuse 5x20 mm, 4A ,Fast, P/N: 0216004.HXP
Laser: Littelfuse 5x20 mm, P/N: 02I&ZHXPsee label isystem for fuse rating
G ¥w%%%eY npn G2 mnn oY! D

Heated Retro Reflectors:

Nominal Input

12VDC @ 20 Optional)
24 VDC @ 20 \(6tandard)
120220 VAC @ 70\({Dptional)

12
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Physical Data:
GasFinder3-DC (Core Analyzer)

Net Product Weight

14.6 kg [32.2 Ibs ]

Tare Weight

2.04 kg [4.5 Ibs.]

Gross Shipping Weight

16.6 kg [36.7 Ibs ]

Dimensions (L x W x H)

470x 394 x 171 mm [18.5 x 15.5 x 6ibh|

Mounting

4 bolts in Unistrut or any solid structure. Hole s
Ad TdhPn YY wndomMHpE B

Open Path Measurement (OPX) Head Assembly

OPX Head Weight

2.9 kg [6.5 Ibs.]

X-Y Mount Weight

1.15kg [2.5 Ibs.]

Rain/Dust Cover Weight

1.15kg [2.5 Ibs.]

Total Weight 5.2 kg [11.5 lbs.]
Total Dimensions (L x W x H) 457 x 229 x 140 mm [18 x 9 x fbh|
Mounting 1x© QO bolt for temporary installations (Tripod

2x 832 boltsfor permanent installations

Remote Point Measurement (RPX) Probe Assembly

RPX Probe Weight

4.3kg[9.5 Ibs]

Clamp Weight (x2) 1.6 kg [3.5Ibs.]

Total Weight 5.9 kg [13 Ibs.]

Total Dimensions (L x W x H) 753 x 147 x 109 mm [29.6 x 5.8 x 4.3 inch]
Mounting 4 bolts in Unistrubr any solid structure. Hole siz

is 10.08 mm [0.397 inch] nominal.

Stack and Duct Measurement (SDX) Probe Assembly

SDX Probe Weight

4.5Kkg [9.9 |bs.]

SDX Dimensions

160 x 160 x 300 mm [6.3 x 63.x 11.8 inch.]

Flange Size o¢ !'b{L wmpnl
Extractive Measurement Cell Assembly

Window Fixture Weight 2 kg [4.51bs.]

Cover Weight 0.4 kg [1Ibs.]

Total Weight 2.4 kg [5.51bs.]

Window Fixture Dimensions

76.2 x 76.2 x 108 mm [3.0 x 3.0 x 4.25 inch]

Cover Dimensions

79 x 79 x 152 mm [3.25 x 3.25 X 6 in]

Total Dimensions

Same as Cover

Process Connection

Mé CSYIfS btg¢

Bypass Connection

0¢ CSYIES bt¢

In-Line Measurement Probe Assembly

Probe Weight

11.2 kg [22.5 Ibs ]

Probe Dimensions

153x 153 x 185 mm [6.0 x 6.0 x 7.25 inch]

Process Connection

H € 1B0€ Flange

13
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Certifications

GasFinder3-DC:

W CSA C22.2#213:2016Ed.2 Nonincendive Electrical Equipment For Use In Class 1 And 2, Division 2
And Class 3, Divisions 1 And 2 Hazardous (Classified) Locations

W ISA 12.12.01:2016Ed.7 Nonincendslectrical Equipment For Use In Class | And Il, Division 2
And Class lll, Divisions 1 And 2 Hazardous (Classified) Locations

W CSA C22.2#6104102012Ed.3+G1 Safety Requirements For Electrical Equipment For
Measurement, Control, And Laboratory Use PaGé&neral Requirements

() UL 61016a1:2012Ed.3+R:29Apr2016 Safety Requirements for Electrical Equipment for
Measurement, Control, and Laboratory Use Part 1. General Requirements

W CSA C22.2#6007182015 Explosive AtmosphereBart 0: Equipment General Reguements

W UL 600790 Issued: 2013/07/26 Ed: 6 Rev: 2013/07/26 Explosive AtmosphPaas O:
Equipment- General Requirements

w Enclosure Type 4X

Measurement Heads:

W UL 60079 Issued: 2013/07/26 Ed: 6 Rev: 2013/07/26 Explosive AtmosphPaas O:
Equipment- General Requirements

W CSA C22.2#600-19.:2014Ed.2 Explosive Atmospherézart 11: Equipment Protection By
Intrinsic Safety "I"

w UL 6007911:2013Ed.6+R:28Mar2014 Explosive AtmospheRest 11: Equipment Protection By
Intrinsic Safety 'l

w C C22.2#600728:2016Ed.1 Explosive Atmospheres Part 28: Protection Of Equipment And

w Transmission Systems Using Optical Radiation

W UL 6007928:2017Ed.2 Standard For Explosive Atmospheres Part 28: Protection Of Equipment
And Transmission Systems Usindi€xb Radiation

W IEC 60824.:2014Ed.3 Safety Of Laser Produ®art 1: Equipment Classification And
Requirements

14
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This label is affixed to the body of ti@asFinder®Cand gives the instrument serial number,

manufacturing date, power requirements and area usage classification.
XXX refers to gas type including: HF, H2S, NH3, CH4, CO2, CO, HCN, HCL, C2H2, C2H4, and other

molecular formulae as appropriate
3Z2ZZZ refers tde serial number from: 30001 to 39999

Date is presented in the format: Feb 25, 2018.

i Manufactured by
d Tt gt! Boreal Laser Inc.

12846 - 146 Street
BOREAL &
T5L 2H7

MODEL No. GaskFinder32-DC
SERIAL No. XXKDC-3Z272727 b
MFG DATE. MMM DD, YYYY c us
24vVDC, 4 A max. = _—

Class | Division 2 Groups A.B.C.D T4, Intertek
Class | Zone 2 Groups IIC T4. S011572

Provides intrinsic safety output: [AEx ibl IIC &irg-;;rns m;jB o
Provides Intrinsic safety output: [Ex ibl lIC. UL oo, smEm7971 1

Connect as per SCH-100001 UL Sed. 510101
i . 0 UL Std. 121201
Ambient Temperature: -20°C to 48°C o oA S,
Enclosure Type 4X C22.D No.BOO79-0
22 2 Mo B0073-11
C22.2 No.61010-1
NMade In Canada C22.5 No.21=

This label is affixed to the body of the remote probe head and gives the serial number and

manufacturing date.
XXX refers to probe type: OPX, RPX, and other as datatleel manual Suitable for up to 75°C.

OPX NBTFTSNB (2 4&EGPxiokKel sufadléeis d6rAthididldEavailable for thiRPX.
ZZ777 refers to the serial number from: 30001 to 39999
Date is presented in the format: February, 2018.

Manufactured by

MODEL No. XXX Boreal Laser Inc.
SERIAL No. XXX-ZZZZZ 12846 - 146 Street
MFG DATE. Month YYYY %’TOQ;;” AB

Class | Zone 1, AExib IIC T4 Gb.

Ex ib lIC T4 Gb.
Connect as per drawing SCH-100001
Ambient Temperature: -40°C to 7/3°C

Made In Canada

Manufactured by
MODEL No. OPXH Boreal Laser Inc.

SERIAL No. OPXH-ZZZZ72~7 12846 - 146 Street

Edmonton, AB
MFG DATE. Month YYYY T5L 2H7

]
,;n‘ !l.ll,‘."",p

Class | Zone 1, AEX ib lIC T4 Gb.

Exib lIC T4 Gb.
Connect as per drawing SCH-100001
Ambient Temperature: -40°C to 85°C

Made In Canada

]
,;n‘ !l.l;,‘."",j

BOREAL BOREAL
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.2NBIf [ I & SDOrantaidd ad i6visipl&(Bfvted) laser source that confeon@ass 1 as per
IEC 60824 and is eyesafe. It does not require the use of protectiege wear, protective equipment, or
outdoor control measures. Thers ino optical ignitiomazard presented by lasers of this type.

Complies with FDA
performance
LAS 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 GasFindé&& has very low powéconforms to Class 1 as
per IEC 6082%) and will not damage eye tissudowever, it is the recommendation 8oreal Laser Inc.
that, as with ANY LASBERSTEM, the user/ operator should avoid staring directly into the output
aperture

The Boreal Laser GasFinder product line meets or exceeds the requirements to be listed as Class 1 laser
produds under the IEC 6082bstandard.

The IEC 60825 standard defines Class 1 as any laser product which during operation does not permit
human access to laser radiation (accessible emission) in excess of the AEL of Class 1 for applicable
wavelenghs and enission durations.

The Boreal Laser GasFinder product line operates in the NIRIffieaied) wavelength region for
purposes of gas detection. The appropriate ranges for wavelength and duration have been considered
to ensure that products meet or exced#tiese requirements.

Boreal Laser makes use of a NIST (National Institute of Standards and Technology) traceable testing
program to ensure the NIR thresholds are not exceeded during setup and production of GasFinder
products.

For export into the Unitedt8tes of America, Boreal Laser products are classified as Class 1 and are
compliant with the testing, record keeping and reporting requirements of the CDRH (Center for Devices
and Radiological Health) which operates under the FDA (Food and Drug Adnidmistr&oreal Laser
complies with performance standards for laser products except for deviations pursuant to Laser Notice
No.50, dated 06/24/2007.
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Section 2: Pre-Installation Checks

All equipmenteaving the factory is inspected prior to shipment for quality and completeness. It is
recommended that the shipment be inspected by the end user or system designer after receipt of the
equipment from the Boreal Laser factory and prior to installation.

Thecontents of the shipment should include:

T

=A =4 =4 4 =4

GasFinderdC OPIDL Gas Analyzer

One or two Measurement Headsgemblies
Any applicable accessories

This manual

Calibration documents

Product Registration Card

If any of these items are missing from the shipmeotjfy Boreal Laser immediately.

Make note of any large or obvious damage on the extecaadboard shipping containdrefore
unpacking the instrument. Report any damagetie freight carrie and BorealLaser and
photographically document the damage.

1 The GasFinderBC should be placed on a flat surface for inspection

T Check for any large dents or deformities in the instrument enclosure

1 For theRPXinspect system windows for clarity by removing the hatch cover
using the quartetturn fasteners.

A site survey should be undertaken to check the following jsdiave beerconsidered

1 Factors that DetermiaPath Length:

o Determine the monitoring area:
A Identify the desired locations of the OPX Head (transceiver) and Retroreflector
A Ensure there is a clear lims-sight from the OPX Head and Retroreflector
A Determine the physical path length between the OPXdHand Retroreflector
o0 Expected Gas Concentrations:
A ConcentrationdJnderNormal Operating Conditions
A Worse Case Concentratiodsring Upset and/or release.
A Desired Higland HighHigh Alarm Levels.
A Other gases that could be present.
o Environmental Conditions:
A Israin, snow, sleet, dust, steam, or other particulate matter commonly present
that can block the beam?
A Over the desired path length, is the retroreflector visible from the transceiver?
A Temperature Range:

18
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A Pressure Range:
1 OPXMounting Structure:
o0 Isthe OPX Head mounted within at lea60m of the GasFinder®C (this may be
shorter for certain gases and in certain applications)?
o Isthe OPX Head and Transceiver safety accessible?
0 Isthe operator/maintenance personnel access structure separate from the OPX Head or
Retroreflector mount?
o Is the mounting structuraffectedby vibration?
o Will the materials that have been used cause misalignment by diurnal temperature
changes?
A Can norexpanding materials be used?
Can the mounting structure be insulated?
If installed in a cold weather environment, is the pile installed below the frost
line?

> >

Pred SNY¥AYIlI GSR OloftSa Oy 6S oNRddzZAKG RANBOGfe& Ayihz
specified below. A bent sheet metal protective aluminum Rain/Dust Shield is included for debris,
precipitation and heat protection. Mounting locations outside where sun can strike directly on the

mount structure may require additional insulation to prevenbwement due to differential heating.

Retroreflectors (Retros)

Retroreflector locations should be chosen to limit paths to the suitability of the remote head and be in
areas that are safely accessible for cleaning when necesdaafRetroreflectorcan tolgate small
vibrations and movement, but the reflector enclosure should be attached with the front window
perpendicular to the path. There should be no obstructions in the path between the retroreflector and
the head.All retro enclosures include heatersdarain/dust shields to ensure the end user has all the
tools necessary to maintain maximum up time.

The Remote Point (RPX) Probe can be mounted a maximum distance of 50m away from the GasFinder3
DC. It contains a fixed measurement path of 0.5m and needs no alignment. The point probe requires
clamping to a solid structure dnistrutmetal frame. The claps included with the probe have a
nominalholed LJ- OAy 3 2-I6bdits. T2 NJ oKy é

TheStack/Duct (SDX) Proban be mountedip-to a maximum distance df0Om away from the
GasFinder®C. The SDX Probeismolite 6 & dza Ay 3 GKS o2t 0 K2ftSa 2y o¢
transceiver configuration and requires a second flange to be instafipdsite and orthogonallthat

has the retrereflector attached The maximum physical path length between the SDX Probehand t
Retroreflector is 20m. In some cases, condensation and accumulated dust can cause optical interference
or a blocked path. For cases of positive pressure, instrument air cdloeto the spacer flange to

(

provide a flow rate of 5LUminto keepthediza & FNRY &aSGdtAy3ad Ly Ayaidl yoSs

NPT port in the spacer flange can be left open to allow air circulation.
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The Extractive Measurement Cell can be mountedaip maximum distance df00 maway from the

GasFinderdC. The cell is built as such so the process does not come into contact with the optical
components of the measurement head. The process can flow unobstructed through the cell without
significantly altering pressure or flow charagstics. The length of the active measurement path can be

Ff GSNBR o0& OKIy3aAy3d GKS tSy3aJakK 2F GKS wmé bt ¢ LIALIS
Extractive Measurement Cell Assembly.

The InLine Probe can beounted upto a maximum o0fL00 mfrom the GasFinder®C. The cell is built

as such so the process does not meet the optical components of the measurement head. The process

can follow unobstructed through the probe without significantly altering pressuftoar

characteristics. Thedh Ay S t NP6S Aada Y2dzyiSR o0& dzaAy3a GKS o2t

The GasFindefBC analyzer core is connected to the remote Measurement Heads with single mode

FC/APC terminated fibre and suitable cablth at least 2conductorsii KNP dz3 K okné f AljdzA R
conduit approved for use in hazardous locations. As appropriate to the environment, examples of cables

which may be used are: 9880 coax-&RGax, or CAT6.

Insulated throat connectors or glands providing enirp the box must carry a Type 4X
rating and meet requirements for area classification. Failure to do so will invatigzge
certification. These cables can be supplied by Boreal Laser Inc.

For installation in hazardous area, the system classificagi@lass 1, Zone 1, AEx ib IIC

T4 Gb, Ex ib 1IC T4 Gb when installed according td @11 which can be found in the

appendix. The total length of cable must not exceed €3.5 uF andd= 66 pH.

/| 2y RdzOG 2N RAI YSGSNJ Ydza i dckness of th@aableYrvist bey R {1 K &
¥n®p YYD ¢KS NIGSR 2LISNI A2yt GSYES NI ( dzNB
to 85°C and cabling must be suitable for the end use. The final installation must comply

with NFPA70 and CEC.

As outlined in the installation ston, this liquid tight flex conduit must be straielieved no further
GKFY Myé wnpTt YY8 FTNRBY (KS NBY2:(GS KSIR® ¢KAA &0GNI
box or through appropriate cable ties.
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Section 3: Installation

Listed below are the hardware compatibility requirements for properly connecting and mounting the
GasFinderdC. Specific part numbers have not been listed due to different requirements and/or
preferences from site to site

T oyéO2y RdzZA G Kdzo Oy 2YAYIlf noypé K2tS &aAl So

1 ¢¢ O2yROxFAYKWIOE mdPncupé K2fS airai Sao

9 Junction box for landing preired cables from GasFindeE3C

1 Conduit, as necessary

9 Suitable cable for power connections of up to 4 A at 24 VDC, as required*

9 Suitablecable for data & I/O connections, as required*

f n Y2dzydAy3 o62ftda GKIFEIG FAG GKNRAzZAK y2YAYylLf ndom
1 #10 crimp ring terminal for ground lug

1 10-32 nut for ground lug.

*Cable must be rated for C1Z2 environments and comply with local electoidesc

**Bolts must be able to support four (4) times the weight of the GasFirnds«z3
(130 Ibs or 59 kg).

Be sure to connect the IS Barrier (ZB1) to IS ground in accordance to NFPA70 and
CEC. Use the provided terminals on the barrier or the DIN rail.

Depending on the system configuration requested, some or all of the following tools will be required to
install the instrument.

9 Screwdriver sets

Hand drill/bits

Level

Pencil/grease pencil

Socket wrench set

Adjustable spanner (Crescent wrench)
Allan key set (Imperial)

=A =4 =4 4 -8 4

The preferred sequence is to install the GasFind2€3 the Retroreflector(s) and then the Measurement
Head(s). This ensures that when the measurement head(s) are installed, it/they can be aligned at the
sametime.
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The GasFindefBC can be mounted anywhere in a facility where there is a need to monitor ambient gas
concentrations, provided the area falls under Class 1 Zone 2 classification.

The system is intendei® mount to a solid struatre or Unistrut metal framing in a vertical orientation.

In hot climates care should be made to locate the instrument out of direct sunlight or use the Boreal
Laser Sunshade accessory (Part-®BISS). Mount the GasFind®®& a suitable distance away from
adjacent equipment to allow for conduit routing and access. Ensure there is sufficient space in front of
the analyzer in order to allow for operation and maintenance. A dimensioned drawing is shown in
Appendix A

Fourn ® o (@.84&mm)iameter throughholes are provided fomountingthe GasFinder®C analyer.
They are located on each of the four corners of the enclastine net weight of the analgz is14.6 kg
(32.2 Ibs).

Two 832 threaded blind holes are provided for mounting theXOremote head. They are located on the
bottom of the enclosureThe net weight of the OPX heai® kg (6.5 lbs). Additional information
about the net weight of the Gasfindef3C is available in Section 1, Physical Data.

Ensure that the bolt size uséd mount the GasFindefBC analyer is capable of
supporting up to 4 times the net weight (59 kg or 130 Ibs).

Ensure that any mounting brackets used with the remote heads are capable of
supporting up to 4 times the net weightZ kg or 26 lbs

1. Select a suitable location to mount the instrument.

2. Locate mounting holes on all four corners of the instrument. The bottom two holes may be
partially obscured from vision kifie conduits

3. Mark the center of the top two mounting holes thfe instrument on the wall or framing. For
metal framing, ensure that the hole spacing of the instrument lines up with the openings in the
metal framing.

4. Drill the mounting holes.

5. Hold the GasFindefBC in place and fasten with the top screws. Note: Mayiire two persons
for this step.

6. Repeat the process above for the bottom two mounting holes.

See Appendix A for bolt mounting pattern and dimensions.
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The retroreflector is a vital part of the system and choosing the coryge is necessary for the correct
operation of the system. Refer to the following page for details on choosing a retro. For short paths
where reflective tape is used, the tape can be attached to the back of an enclosure which is fitted to a
tripod or placedon a wall in any convenient location. The angle of the tape can be adjusted to give an
adequate signal return provided this does not degrade the R2 value.

1 Where Retros are used on longer paths, these may be mounted in an enclosure on a tripod, or
the encbsure placed in any convenient location.

9 Purge air may be required for Retros used in ducts.

1 Where long paths are measured in metal buildings, the Remote Head may go out of alignment
as a result of solar heating deforming the structure. The preferred isolig to use multiple
Retros.

1 The GasFindetBC does not require any changes when different path lengths are measured
unless ppm values are needed on the serial output, in which case the distance must be set in the
instrument menus. Otherwise, ppm valuesn be obtained by setting upper and lowe2d@ mA
limits with the help of a trained Boreal technician.

Light Values

The type of Retro used will depend on the path length, atmospheric conditions such as dust or fog, the
type of head and the type of lasaiVhen choosing a Retro, the prime concern should be to keep the
returning light level value at a reasonable value.

IMPORTANT: The Light Level values in the GasFiAO€&are quite different from those used in the
previous GasFinderBased technology. Therare important reasons for this explained on the
following pages. Failure to understand these differences can result in poor setup and compromised
performance of the system.

Condensation

Condensation on the surface of the window is caused by the windoweéeature falling below the dew

point. This may occur in areas of high humidity or large temperature differences between day and night.
The enclosures are sealed but condensation can sometimes occur inside the window. Condensation can
usually be controlledby the following measures:

9 Fasten the included rain/dust hood over the enclosure to shield the window from radiation
cooling at night. This also prevents rain from striking the window.

1 Use a desiccant pack to prevent condensation inside the enclosure.

1 Place a heater in the enclosure. The heater can be 12W to 50W depending on the size of the
enclosure and the operating conditions and is controlled by a thermostat to prevent
overheating. The heater raises the enclosure temperature and prevents condensitier
inside or outside of the window. To minimize heat loss the enclosure is insulated. This option
requires power to be supplied and there are heaters available for use in hazardous areas.
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Path Length Retro Table
1-5m Red/White Tape

1-20 m Grey Tape

2045 m 1 Corner Cube

4575m 3 Corner Cube Array
75-200m 7 Corner Cube Array
200-350m 12 Corner Cube Array
350-500m 19 Corner Cube Array
500-625m 27 Corner Cubes Array
625750m 40 Corner Cube Array

Why the light level appears lower in GF3 tech compared to the GF2

One of the first major differences you may notice when you first set up youb@$sel gas detector is

GKFG GKS tA3IKG tS0St Aa y2¢ Ol £t SR difickentlpfor¢ KA & A &
some important reasons explained below. The second aspect you will notice when you align your system

is that the Received Power has a much lower numerical value than that of a GF2. Your first reaction may

be to say that the GF3 is receigimuch lower light than the GF2.

Different Units
¢KS fAIKG tS@St Ay . 2NBlIfQa DIFACAYRSNA Aa AyTSNNB
received light. With the GasFinder2 technology, we made efforts to try and ensure that systems were
builtconsa 1 Sy it & gAGK | a3I22R { AGBE00. THs@Wastadarbiir&dyh y 3 a2 YS g
dimensionless scale based on thelditmeasurement the electronics would make of the light level (a

dynamic range from 0 to 16,384), and we chose and arranged fer mid

scale to be a good light level.
GasFinder2 GasFinder3

16'”“] H000WW With the GasFinder3 technology, we developed a better method of
calibrating the received light in real physical umjtsicrowatts (uwW). The
number you see displayed as Rx on the GF3 is light level calibrated in

microwatts (W). With the new technology, you now have a better
I aSyasS 2F ¢KI G &2dz2QNBE NBOSAGAYy3a ol O]

more reliably state when you are above the required sigoaloise
ratio for good system performance. While the number for the
GasFindr3 Received Power is lower, that is no indication that it is less
effective at collecting light. The receiving optics in both the GF3 and the
, - GEZ are nearly igentical, SO b(?th are equally effectivg a’t coIIectirJg o
Pty Seals msoteunits  NIB U dzN SR A I KU T NBsWply chawded tN2ndidbdrf S OU 2 N
so that it means something real and physical.
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What is “Good Light”?
With the GasFinder3, we properly set the minimum threshold for light level to be 50ra®/system
performs quite well and reliably above this threshold. The maximum amount of light that can be

obtained is 3,000. This is because the 3,000 Received Power on the GF3 corresponds to 3,000 uW, or 3
Y2 2F NBGAINYySR tA3IKG®P ODKS ah22RepkK3KBe oRINYISy2YyYy

range has been calibrated and optimized for best performance.

GasFinder3
o higher dynamic range of acceptable returned light before satugatin

. amplifiers and/or the photodiode. The GasFinder2 technology would

soagne O @acceptable light levels.

Level

GasFinder2

—_— light where the system is happy. It means you can use corner cubes at
Good Light short distance as well as long. You can takagle type of retroreflector
o ]'i B and use it for nearly all your application needs.
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One of the great benefits of the GasFinder3 is that it now has a much

saturate at what would be a few hundred microwatts on the GasFinder3.
The GasFinder3 therefore has an entire order of magnitude greater range

2 KIG R2Sa dGKAa YSIYy F2NJ e2dzK Li
swapping out retros or attenuating light to reach a narrow sweet spot of
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Mounting the Measurement Heads
For each of the measurement headisere are two connections: Fibre Optic Cable and CAT®6.

(In) Fibre T‘\ > Retro
(Out) Cat6 —)
Photodiode

The Fibre Optic Cable Carries the laser light freenGasFinder®C to the Measurement Head.

The CAT6 (or Coax) Cable carries the small electrical signal generated by the laser light hitting the
photodiode to the GasFindef3C for analysis.

Power Analogloop  1xAnalog& Discrete Ethernet
Distribution Isolators (1-4) Output per Channel Port
A -

SD Card

lL— Micro USB
| USBPortfor

Upgrades
—Serial/Modbus
— Laser

= Reference Cell

—Zener Barrier

= Intrinsically Safe Area

I | |
HMI Touchscreen w/ Measurement Head #1: Measurement Head #2:
Numerical Display CAT6 & Fibre Connectors CAT6 & Fibre Connectors

Grounding the Measurement Head
The aluminium chassis of the Mesement heads may be bonded to ground in 2 ways.

For the OPX Measurement Heads, earth should be connected to tB2 flreaded hole located on the
top of the enclosure next to the chassis symbol.

The aluminium body of the Measurement Head allows grounttirtze provided by the connection from
the conduit hub back to the GasFinder3 DC analyser. When using this method, a suitable hub and
conduit must be used and conductivity should be confirmed.
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The OPX Head is designed to be usegath lengths up to 750m. It can be mounted with or without a
protective aluminum cover and uses at¥Xnount and scope for alignment. For bolt patterns see
Appendix A.

Cross Hair Aiming
Adjustment Screw
\ Red Aiming
Laser Input

I.R. Laser

) Plug for
Conduit Entry Unused Side
Horizontal ; :
Locking Screws .f ~CAT6 Input/
: . Output
Vertical
Alignment
Screw \1
orizontal
X-Y Mount Vertical Alignment Screw

Locking 1 turn - 2.6 mrad

Optional Accessory: Mounting Structure for Open Path Measurement Head Assemblies

A support structure is available for mounting one (1) or two (2) OPX Heads. A swivel mount can spin
directly into the mounts superstructure with the included hardware. This has been designed to be
mounted on the same vertically mounted tstrut as the Gasinder3DC and includes clamps to provide

the recommend strain relief on the cable kit for the OPX Heads. The maximum path length that can be

accommodated by the mounting structure depends on the stability of the primary structure on which
the GF3DC is manted. See Technical Note-32; Stability of Support Structurefor more information.
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Installing the XY Mount and the Bent Aluminum Cover
Caution:care should be taken not to get thefjers trapped between the
coverand the sides of the OPXX¥ mount.

1 Remove the two locking screws for the bottom plate of the XY mount and raise the top two
LX FiSad ' 4SS GKS (62 y E oH E oXYiMouh ONBga 2

2 bolt holes
into OPX
] ®
4 clearance Single 1/47-20
hole for temp
Dole 1x o installations
. permanent
| mounting

T '4S FTRAANEOo&KHE & ONS méauntfozhe mtendair®unting Mae (unless

|
you are doing a temporary installation, in which case a tripod can be screwed into the single

M K 2Cthreaded hole in the base of the XY mount).

0.9¢13Y #5/16 (7.9) through 4 places 3/8-16 through

s o ‘

4 NN
4.0¢102>
T L/
l o O |
? e | 5(3R8)
1.95(38) —= ——
—~—— 2 5(0]) ———— =
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1 Be sure to rattach the vertical locking screws once the OPX and XY mount aredecu
1 If the aiming scope is not already attached, fasten it to the Remote Head with the large end
towards the operator.
1 You may way to roughly align the OPX prior to putting the sheet metal cover on (see the
following pages). While you can still make atjusnts with the cover on, it is slightly easier to
do so without it.
9 Carefully slide the bent aluminum sheet metal cover over the OPX. Line up the holes on the side
of the cover with the holes on the top plate of the XY mount. Use feun8 E ok nith & ONB ¢ &
red caps to secure the bent cover in place.

Screws to fasten cover ——
(both sides)

Optical alignment

Once the OPX is mounted and fastened, adjust the two alignment screws orivtineoxint so that the

Retro appears in the centre of the cross hairs in the alignment scope. Verify thatttheeRetro is

clearly visible and there are no obstructions in the path. Ensure that the GasFib@ei8powered on

and that the fibre and CATG6 cables are connected to the OPX. To verify this, remove the back cover of
the remote head using an Allan keyunscrew the eight 40 bolts. Adjust the XY mount with the
horizontal and vertical adjustment screws so that the light level reading on the analyzer is as high as
possible. Gently tighten the 4 red locking screws on the mount, ensuring that the lighbfedees not
decrease. If the retroreflector is not visible in the alignment scope or difficulty is experienced getting a
reading, connect the visible laser to the fibre connector located above the CAT6 connector. Switch on
the visible laser. Using the stinuous red beam now being emitted from the OPX, the mount can be
adjusted so that the red beam is reflected back from the retroreflector. As soon as the analyzer registers
a reading, the visible laser use can be discontinued and the analyzer usedalpnecfse alignment.

Note: do not stare into the reflected beam of the visible laser through the
aiming scope.
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Attenuation

Because of short path lengths it is sometimes necessary to lower the signal strength. This is done by
using a variable fibrattenuator which bends the fibre. The light level should not exceed 3,000 at the
GasFinderdC. The new GasFinder3 technology has a much wider dynamic range which makes this
procedure very rarely necessary. Boreal Laser sells these fibre attenuators.

o —

Varnable Fibre Attenuator
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Adjusting the Aiming Scope

Cross Hairs Aiming Scope

Once the OPX is aligned, if the cross hairs on the scoj

do not line up with the centre of the retroreflector, they

canbe adjusted by unscrewing the covering caps in th

centre of the scop@nd adjusting the rectangular Focus / Cross Hair Adjustments
headed screws underneath. This enables quick and ei Zoom

system realignment in the future. The factory setting is

made so that the cross hairs are parallel to and thus above the laser beam.

It is better to start by adjusting giamount for maximum signal byaximisinghe light value reading and
then centre the cross hairs in the centre of the Retros by adjusting the cross hairs with the scope
adjustment screws. Note that the scope is made for a rifle where the eye is alwafiged position
determined by the stock at a set distance behind the scope. If you are not at the correct distance from
the eyepiece, moving the eye laterally will cause the cross hairs to move across the Retro.

1 Remove the capsowering the adjustment sews. Vertical Covering
§  Turn the zoom on the scope to a maximum. Adjustment ~ Cap
1 Focus the eyiece so the retros are sharp. . i

9 Position your eye so that all the apertures in the scope ai

concentric and open the full diameter. o, )
1 Depending on your eyes, this may be about 6 inches awi Horizntal ‘
from the eye-piece. Then the cross hairs intersect on the Adjustment
centre line and will not move laterally.
9 Turn the horizontal and vertical screws as necessary to position the cross hairs in the centre of
the retro.
1 Replace the covers.

Focus and Zoom

f The two adjustableings at the front of the scope can be turned to Zaoiii
adjust the focus and zoom. When cold these rings are extremely
stiff.

9 The zoom is used at a minimum when locating the Retro and at a
maximum when checking for movement and aligning the cross he

1 Focus the eygiece so the Retros are sharp. Focus

1 When all adjustments to the scope are finished, tighten all the Ring
locking screws.

Note: Make sure tlat these adjustments do not na$gn the system.
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The RPX Probe is designed to be easily instaladthe GasFinder®C and requires no alignment.

Installing the RPX Head:
T LT &2dz KI@S y2G |t NSBFRe& R2yS a2s PRobatSteof S (KS
each side of the clamp.
1 Mount these asembled clamp bottoms onto the fixed structure. The clamp bottoms have
ndodpTé OmMndm YYB K2mbBaoadAUE&R A2NOGRYMHYI bHneary &Y
 PlacetheRPXA Yy GKS Of I YLI 62G02Ya YR &a86mmsBS dzaiAy3da Of

The Duct Probe is designed for use across ducts and stacks and con
of a laser emitter and receiver in one unit. The laser beam is targetec
a retroreflector at the opposite side of the duct or stack. In some
instances of high gas concentratidghe Retro can be replaced by a
receiver for single pass operation. The type of retroreflector usually
depends on the particulate loading in the duct and can vary from gre
tape to a 62mm retroreflector.

Mounting

9F OK 5dz00 t NRBOS Y2 dinpa Itidithpottantihptif thd flares are weldédb { L
orthogonally to the duct, then both Duct Probe and retro flanges should be mounted at the same
height.

Purge air
Purge air at 1 to 5 I/m will usually prevent dust from settling on the reflector ontinelow inside the
Duct Probe.

Heating
If the Duct Probes are subjected to a temperature lower than that in the ducts they may have to be
insulated and heated to prevent condensation forming on the window or the Retro.
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Optical Alignment
Remove the oppate port cover plate. Attach a visible laser to the optical
connector in the Duct Probe and adjust the alignment screws so that the re
beam is visible in the opposite port. Most ducts have a particulate load anc
the red laser can easily be seen reflectiffjthe particles. A piece of white
paper placed over the port can assist in centering the beam. Place the
retroreflector in the port and connect a Remote Light Meter (RLM) to the
coaxial connector. Remove the Visible Light Meter and conneditibeoptic
cable from the GasFindei3C to the Duct Probe. Energize the channel to th:
Duct Probe. Adjust the alignment screws to obtain maximum signal on the
Remote Light Meter. The signal may require attenuating so that proper
alignment is possible. Connect thATH
cable between the GasFindeEBC and the
Stack/Duct Probe.

Alignment Screws

The Extractive Measurement Cell is a
measurement head for our series of
GasFindeanalyzers that provides a path /

average concentration within the process ‘X\/’\ ' oy

(active measurement path). The Extractive ‘A

Measurement Cell is built as such so the process does not come into contact with the optical

components of the measurement head. The process flow unobstructed through the cell without

significantly altering pressure or flow characteristics. The length of the active measurement path can be

Ff GSNBR o0& OKIFy3aAy3d GKS tSy3aadkK 2F GKS wmé bt ¢ LIALIS

The analyzer can be mounted locally or remotelyrd-@ptic cable carries the laser light from the

analyzer to the remotely mounted transceiver in the Extractive Measurement Cell. The active
measurement path is formed by the laser passing through the window fixtures (and the process) and is
returned by theretroreflector mounted in the opposing cover. The laser light is then collected on the
photodiode and the signal is carried back to the analyzer via coaxial cable. Tha ppntentration is

then transferred from the analyzer to the PLC or DCS.
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The InLine Probe is a measurement head for our series of
GasFinder analyzers that provides a path average
concentration within the process (active measurement
path). The InLine Probe is built as such so the process does
not come into contact withhe optical components of the
measurement head. The process can follow unobstructed
through the probe without significantly altering pressure or
flow characteristics.

The analyzer can be mounted locally or remotely. Fibre optic
cable carries the laser higfrom the analyzer to the

remotely mounted IALine Probe. The active measurement
path is formed by the laser passing through the windows of
the InLine Probe (and the process). The laser light is then
collected on the photodiode and the signal is cartiedk to

the analyzer via coaxial cable. The ppntoncentration is

then transferred from the analyzer to the PLC or DCS.

Fibre Optic Cables

Caution:the laser output from the control unit has a very low povesrd will not damage eye tigs;
however, as with all laser instruments, it is prudent to avoid looking directly into the laser beam. Note
that the laser beam is infreed and is not visible to the eye.

Tools Required
9f SOUNROAI yQ&a KI yR AligargeqtXitfor B 8yStems B NeEbmihended. Bé&ask L y O ®
Boreal Laser Support fdetails.

Cleanliness

It is of paramount importance when dealing withre opticcables
that clean work practies are followed. The core okagle mode
optical fibre is 9 ricrons in diamete and a spechkf dust can easily
block the signk It is important to clean theonnectors before
inserting them into the couplingshis is donéy holding the end of
the comector perpendicular to a cleagection of tape and describing
a figure of eightnovement twoor three times. The cleaningpa is

held in a dispenser whiaxposes a new section of tape as needed. D
not use alcohbas it leaves a residue.

Alignment Kit
TheAlignment Kit containa Power MeterVisible Laar, Infra Red (IR)
card, cables and cleanitape.
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Fibre Optic Connections

The fibreoptic couplings are FC/APC and areduseconnect two
FC/APC filer connectors. There is a key the connector barrel to
align with the keyway in the epling. The kepnd keyway mushbe
engaged in order for the connection to be made correctly.

Cables

The laser output from the Gaisider3-DC is taken from the F&PC
connector near the bottom ahe instrument. The connection to the
measurement heads amade witha sirgle mode fibreoptic cablewhich
may be a single fibre or aidl fibre, in which one is usexb a spare, or via
a multi-fibre calde and a splice box. Electricajnals argypically
transmitted viaethernet cable; please see hazardous location
requirement below. Boththe fibre andsignal cablingre run through
okné f Al dzndit Gihe BeK dond@itmBsE bet@igrelieved ata m—
distance nogreaterthy My ¢ wnpT YY8 FNRY (KS KSI Rao

-ﬂ‘..l r I/‘

Special care is required when installing the cables as too stuaim will break them ocause large
losses. Cable ties should be firm but not tight. Any bending should be limited to a 30mm radius. Nylon
Spiwrapcable protector is very useful for supporting cable and preventing sharp bends.

Measurement Head Signal Cabling

For installation in hazardous area, the system classification is Class 1, Zone 1, AEx ib I1IC T4 Gb, Ex ib IIC

T4 Gb when installed according to SGHO001 which can be found in the appendix. The total length of

cable must not exceedc€ 13.5puFanddl’ cc x1 ® [/ 2y RdzO0G2NJ RAI YSGSNI Ydza i
AyadzZ FGA2y GKAO|{ySaa 2F (GKS OFo6ftS Ydzaad 6S xndp YY
Measurement Head ig10°C to 85°C and cabling must be suitable for the end use. The final installation

must comply with NFPA70 and CEC.

TypicallyCAT6 ethernet cabldpatch)should be used for the connections to the heads from the
GasFinderdC.For hazardous location, be sure to check the capacitance and inductance rating of the
cable used; the signaltisansmitted on all 4 twisted pairs in parall€lonsult with Boreal for alternative
cable recommendations.

CAUTIONDO NOT connect the TCP/IP output to any of the probes. DO NOT connect the CAsI6 cable
attached toprobe heads into a network.

Data Cables

The data cables are optional accessories to transmit theRSZerial data from the GasFinddd® back

to a computer or serial logger. It is easily integrated with the GasView program to interact with the
GasFinderdC remotely. The cable length should egceed 30m. If a longer distance is required, other
options may be available. Contact Boreal Laser Support for more details.
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Data Input /[ Output

The serial data cable uses the standard serial TX/RX/GND pins for RB® &fBnections. The micro
USB sdal data cable requires USB drivers which should install automatically on most Windows
Operating Systems. Contact Boreal Laser if you have difficulty getting the correct drivers.

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

The GasFindefBC is shipped configured for 24 VDC with two labeled flying leads. Consult the terminal
block diagrams for fiher information regarding the power connections. All electrical work must be
performed by qualified personnel. Water tight conduit seals should be used in compliance with local
regulations. The flying leads that come préed with the GasFinderBC shoul be wired into a

termination junction box.

There is a fuse holder located on terminal block-IBPhe fuse used here is a Littelfuse 5x20 mm, 4 A,
Fast fuse, P/N: 0216004.HXP.

Ensure all power is shut off to the wires before attaching the flying leads.

The preconnected instrument wiring should never be tampered with.

Ensure a disconnect is installedliime with the DC power supply. It is recommended that such a switch
or circuit breaker is located near the GasFindPf3. There is no system power sWitn the GasFinder3
DC. Installation of equipment must be carried out in compliance with local electrical code.

Make sure to connect the flying lead with green insulation jacket to earth. Th'~

FfteAy3d £SIR O02yy80dGa (2 I reéthbédzhely J_ (L aaAra |

enclosure of the GasFinder3 DC, the lugs for chassis and functional earth ar =
labeled as pictured to the right.
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The GasFindefrBC comes equipped with three2D mA outputs, and three dry contatlay outputs
per channel (model dependent)

Removing or modifying the connections on the system will compromise the alarm response
of the instrument.

All user 420 mA connections are pwired as labeled flying

leadsfrom either from the 1/0 Module othe (optional)the

Phoenix Contadsolators left). None of these wires should be

removed or altered. They should be connected to an external

Termination dnctionBox throughant LILINR LINR F G S ok né f
tight flex conduit. Altering these wires can compromise the

response of the instrument. The loop is configured at the time

of ordering by the customer and can be either powered by the
GasFinderd / Ay adNHzySy i 2 NThie&fgingddza 2 YS
leadsper4in Y! 2dziLdzi | NB LINRPGARSR {2
Gt I aaABSé . Bor gbmplemiarhibofithe 2Igctrical

connection layoutrefer to Appendices B and C.

For the 420mA loopsthe ppm scale is determined by the gas
type and application at time of ordesr can be user
configurable with the HMI Touchscredfit is a low lighfault the loops will output 2. TA. Ifitis a
system fault the loops will output 3.6mRelays used are 1 Form C, single pole double throw and
provide Normally Open and Normally Closed contadtging normal run mode the relays for the
normally open contact will be @éedand vice versaFor low light faultshe relay will switch if configured
for Rx uW fault on a specific channébr a communicadin failure or system faulthe relay willswitch if
configured for system faullWhen the fault has cleared, the relays ar80mA loops will return to
normal conditions. Table 2 shows the various levels of t28mA loops and the normally open relay
contacts under normal operating condition, low lightdsystem fault.

ppm ol HF
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Table 2.

Example Analog #1 Analog #2 Analog #3 Relay #1 Relay #2

Error CH1 CH1 CHIR CH1 CH1

ppm(-m) Light Level High-High Rx uwW

0 ppm Normal 4.0mA 16-17mA 4mA Closed Closed Closed
Yellow Low Light 2.7mA 2.7mA 2.7mA Closed Open Closed
Highlight
RedFault Communica 3.6mA 3.6mA 3.6mA Closed Closed  Open
LED tion Failure

4-20 mA Details
1 4 mA s equivalent to the lowest programmed value of gagcentration, 0 ppm.
1 >4 mA and <20 mA varies proportionally to the gas concentration.
1 20 mA is equivalent to the maximum gas concentration (varies with gas type and application).
9 Gas concentration higher than maximum setting will display 20 mA.

Current levels <4 mA are usually used for status indicators as follows:

1 A Low Light status sets the PPM loop currents to 2.7 mA.
1 A Communication Failure status, or other faults sets the PPM loop current to 3.6 mA.

This relationship is illustrated in Figure 6.

S RSPl A3

Status INchicators 3 g---- |

Low Limat ppm High

Whenthe GasFinder8/ A& AYyUS3INFXGSR AydG2 ROmX ASydQa
and relay outputs, the installation instructions and wiring diagrams specified in

Section 3 must be followed. Failure to do so may compromise the performance of the
instrument. Adherence to the instructions will ensure that system integration does

not affect GasFinderBC performance.
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Serial Data Output

The serial data output in @asFinderdCuses the RE32 format and is made up of two different types
of strings: daa strings and debug strings. Both are coratedimited ASCII strings. All data are logged

internally on the SD card.

Format of Data Strings
These data strings are comrdalimited (,) and an asterisk (*) signifies the end of the string. Each string

is termnated by a carriage return and a line feed.

$SGFDTA
data_header  gas_conc.  distance ser_number check_sum
y ¥ ¥ "
| SGFDTA, | 1, | 22.941, | 1.00, | 0.225 | 782663.1, | 2011/01/27 13:29:28, | HFDT-3xxxx, | 1, | *‘E*E-—l
channel # R2 light_level date_time status_code: DSP

Explanation

data_header Header designating the type of data String

Channel # Designates channel origin of data (1 or 2) Number
gas_concentration In ppmm (parts per million meter) Number

R2 (confidence factor) | Decimal between 0 and 1 (percentage) Number

distance Factory-set path length in meters Number

received_light Rx Light received on the photodiode Number

date_time Current date and time YYYY/MM/DD hh:mm:ss
ser_number Identification number of the system String

status_code DSP

Code giving system operating status from
the DSP

Integer (hexadecimal)

check_sum

Checks the data stream for errors

String
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Format of Debug Strings

Periodically, strings containing lkoentering data ($GFLCA) are transmitted giving details of the
GasFinderd®C operation. The $GFLCA string is output whenever the system perftimasentering
check and/or adjustment.

$GFLCA

debug_header LD Status Local TEC therm  Inner TEC SetPT Current peak Ref gain Ref quality Phase avg date_time checksum

¥ ¥ 4 t 1 i } ¥
$GFLCA, |1, | 1887, | 2049%, | 5509%, | 30183, | 20500, | 9660, | 181, | 180, | =10, | =10, |93.2, [1.00 | 34.5 | 434 1]*&69
4 ' 4 s ‘ 1 1 i 4
Linear Regression Inner TEC therm Quter TEC therm Ramp DC offset Target peak Pathgain RJ-H2 Ref light status_code:DSP

Debug header & Record ID Line centering data string String ('3’ + 5 letters)

Linear regression Linear Regression Algorithm Enabled (0] 1)

LD Status Laser Diode Status

Inner TEC therm Inner Thermal Electric Cocler Thermistor* m°C Number Integer

Local TEC therm Local Thermal Electric Cooler Thermistor” m°C Number Integer

Quter TEC therm QOuter Thermal Electric Cooler Thermistor* m°C Number Integer

Inner TEC SetPT Inner Thermal Electric Cocler Setpoint® m°’C Number Integer

Ramp DC Offset Line centering position control variable

Curr Peak Laser offset current™ (Line centering control variable)

Targ Peak Line centering target peak location

Ref Gain Referance cell receiver gain (dB)

Path Gain Path receiver gain (dB)

Ref Qual Referance cell quality percent Number (float)

Ref R2 Least Squares R2 Number (float)

Phase Avg Phase Average Number (float)

Ref Light Reference cell received light level calibrated in uW

Date/Time Current system date and time (24h) String (YYYY/MM/DD HH:mm:ss)

DSP Status Code giving system operating status from the DSP Number (hexadecimal, 32 bit)

Checksum Used to validate the data for transmission errors & digit hexadecimal number

*The thermistor values are given in milli-celsius. Example: 30193 in an LCA statement corresponds to 30 193°C.
**The laser offset current is given roughly in 10s of uA. Example: 2395 in an LCA statement is 23 950 uA, or 2395 mA
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Section 4: Operating Instructions
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The following warnings are also located on the side of the GasFhiér@nclosure in both French and
English.

WARNING EXPLOSIONAZARD. DO NOT DISCONNEQUIPMENT UNLESS POWER HAS BEEN
SWITCHED OFF OR THE AREA IS KNOWN TO-BEDMRDOUS.

AVERTISSEMENWL{v'! 9 5Q@! +[ h¢LE® w9/ hbb9/ ¢9w [Q9v!Lt9agl
/h!wlb¢ h! {Ql{{!wOw v!9 [Q9at[RHEUXa9b¢ 9{¢ 59{LDb

WARNING EXPLOSION HAZARBUBSTITUTION OF COMPONENTS MAY IMPAIR SUITABILITY FOR
CLASS EZONE 2.

AVERTISSEMENWL { v 9 5 Q@ LASUBSTITUW KON DE COPMOSANT PEUT RENDRE CE
MATERIEL INACCEPTABLE POUR LES EMPLACEMENTS DE CLASS 1, ZONE 2.

A WARNING POTENTIAL ELECTROSTATIC CHARGNING EHBEERNSTRUCTIONS
AVERTISSEMENDANGER POTENTIEL DE CHARGES ELECTROSTXDIRUESTRUCTIONS
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The HF reference cell used in Boreal Laser GasFibdesstems configured for HF gas detection is a

1% cm wide, completelt S f SR ¢ SFf2yun 620Gt S O2ydl AyAy3a | o62dz
mounted in a solid aluminum block which is bolted to the GasFinB&Daselate. Teflon is the ideal

material for an HF reference cell as it is both meactive with HF and transparent to the laser IR

radiation at the wavelength used to measure HF.

Under normal operating conditions, the reference cell will remain completely sealed and does not pose
arisk. Un6 NJ SEGNBYS O2yRAGA2y&a 2dziaARS 2F y2NX¥If 2LISNI
integrity to be compromised.

The vapour phase in the bottle is in tiheal equilibrium with the aqueous solutioitypically, the
reference cell concentration i9pmm in aneffectivepath length of 1 cmm so the actual vapour
phase concentration is 6000 ppm.

The reference cell and GasFind&g instrument enclosure represent a double containment system for
the HF. If the reference cell is compromised, the HF gas in the cell would dilute within the surrounding
air. The volume of vapour in the ref cell is ab8uail. The internal volume of the GasFind&g is about
40cm x 35cm x 15cm = 21,000 ml. At least 75% of this internal volume soaine dilution factor

resulting from an HF ref cell rupture would be approximately 2000:1. This means that the average HF
concentration inside the instrument, resulting from a rupture, would be less than 3 pjpemajority of

the HF will likely react with the aluminium reference cell mount and base plate inside the enclosure,
further reducing any residual ambient HF gas.

It isimportant to note that Boreal Laser has very few failures of the reference cell. Because of the way
the HF reference cell is mounted, it would require a deliberate action to rupture the referencearel|
even then, the consequences, as described abawelld be restricted to collateral damage of adjacent
internal components.

More details on the design and construction of the HF reference cell used in Boreal Laser GasFinders can

0S F2dzy R Ay !{ tFGSyld b2® cIwmH MBs/wanwibatekib.tcoin/hsdo NI G A 2 y
patents/0612162#or details regarding the shipping of GasFinder systems with HF reference cells, see

sample DG Declaration in Appendix J.

How to spot a compromised HF Reference Cell

The first indications of a compromised HF reference cell will most likely be in a reduction of the
reference cell quality (see debug statement format for more information). A visual inspection may
reveal obvious deformations or punctures teetreference cell, and the surrounding components may
be spotted white from HF acid burns.

Immediate Actions

Ensure the appropriate Personal Protective Equipment (PPE) is worn whenever handling a GasFinder3
DC with a compromised HF reference cell. Seevb&o further details. Contact Boreal Laser, and

consult your local safety officer to perform a risk assessment on the instrument. If no significant risks are
presented by removing the analyzer and moving it to a secure;wsatilated area, do so whileearing
appropriate PPE and following local safety protocols. Await further instruction from Boreal Laser
support.
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Personal Protective Equipment (PPE)
The following minimum Personal Protective Equipment must be worn during operations involving HF.
Note thatsome sites may have additional specific requirements:

1 Eyelface protection: Splagtroof chemical goggles with plastic face shield. Contact lenses
should not be worn.

1 Gloves: long, Best Ultraflex Neoprene 32 gloves over Best NDex 8005 nitrile gloves: Doubl
gloving is required when working with HF. Inspect gloves frequently. Change gloves frequently
and immediately whenever contaminated, punctured or torn. If gloves are to be reused, rinse
thoroughly after use and then dip them into a saturated solutiosafium bicarbonate.

1 Wash hands immediately after removing gloves.

9 A standard or disposable laboratory coat or disposable coveralls. A standard laboratory coat
may be reused before laundering if it has not been contaminated with HF. A cheesisthnt
apron with attached sleeves should be worn over the laboratory coat.

1 Closedtoed, leather shoes (not fabric or mesh). Alternatively, boots made of polyvinyl alcohol
(PVA) may be worn.
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The instrument will power up immediatelyhen power is connected. There is no power switch on the
analyzer, so it is recommended that a disconnect device be installed downstream of the analyzer to
facilitate maintenance.

When the GasFindefBC system powers up, it

will enter a warmup mode and tsplay the Cold i {\
message while the systeand laser are

warming up. At 202 the system takes

approximately two (2) minutes to warm up. In r

extreme cold it may take up to 10min. SVStir;:V?ETigg Up

During the warmup cye, the concentration

and lightlevel will not be tranmitted on the 4 zlﬂ
20 mA bus; thewill be at the system fault -
level.

After the warmup cycle, the system will immediateliag detecting gas withoutiserinteraction.

There are no special requirements foowering down the instrurant.

The touchsreen on the GasFindei3Crespondso finger taps or touches with a stylus or other Ron

sharp itemsNote that thetouchscreen i®nly accessibldy opening the GasFinde®/ Q& S yltdst 2 a dzNB
mountedb&K A YR | 0é¢ UGKAO1Z !+ NBaArAadryld LRtea@orNdb2yl GS
tampering from passersby.

To minimize static hazard from the polycarbonate enclosure window, do not touch the
window while in hazardous environment.
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The front panel display will differ depending on the GasFind®Z3model purchased. Below is an
explanation of the functionalities of the three displays:

Basic Model

With the BasicGasFinderd®C Mdel, the display has been
greatly simgfied to provide only the most essential
functionality. There is a single LED indicdlat notifies the
operator that the system is ON and NOT in a fault status by
emitting a green light. If the system enters a high or Higih
alarm state then the LEDIll emit a yellow light. If the system
enters a fault condition, then the LED will emit a red light. The
analog loop will also communicate a low light (2.7mA) and
fault condition (3.6mA).

Lo-Range

Standard Model
With the StandardGasFinderdC Model, the systermhas a
Touchscreen Human Machine Interface (HMI). In-tieaé, the
numerical display shows the ppm{() concentration, light level
ft ® 8 @ ' (Rx), which channel is active, alarm status, and fault status. The
user also has the ability to view the re¢ahe serialstring on
the HMI. There is one (1}2DmA loopper channel with this
model that can be usetb communicate the ppm(n)
concentration. Also included is one (1) Dry Contact Relay
Outputper chanml that can be used for High bligh-High
Alarms.

Enhanced Model

With the Enhanced GasFindef3C Mdel, the system also has
a Touchscreen HMI. This model has a graphical display that
plots the realtime ppm¢m) over time relationship, pprat)
0w o1 _pmm  mowm concentration, light level (Rx), Confidence Factdy, @hd
- status indication There are three (3)-20mA loopger channel
with this model that can be used to communicate both the

Status o Aim

©® @ ¢ M ) : ppm(m), light level data, and the Confidence Factay.(Rlso
included are three (3) Dry Contact Relay Outputs per channel
for High, HigkHigh, and Fault indicatioThe two (2) analog
inputs can be used for dynamic P+T Compensatiith the
Enhanced Model, the endser has to option of using the
Numerical splay as shown on the Standard Model.

NOTEALt any time, the endiser may purchase an upgrade package to mowoupdifferent
GasFinderd®C Model.
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The HMI Touchscreen is covered by glass on the Gaskbdeed@sure. The reason for this is
because this analyzer was designed for industrial applications where customers watangoeiring
capabilities. Therefore, to access the touchscreen, you will need to open the enclosure door. By
removing the red screw and &wging the door open, the HMI Touchscreen will be accessible.

AYGSNFIOS dzasSa || ydzYoSNI 27

Home

Return to the home page.

Left Return

Return to the previous page. Whenparameter entry
mode, this exits without saving any changes or values
entered.

Up Return

Return to the previous page.

Switch to next/previous page.

OK Arrow

ffn\
e 3
L
@ * Page Arrows
i

Accept the value entered or displayed, and return to th
previous page.

(1)
t NBada (GKS aSidAiayaqQa OdzNN LGES |
Either a popup menu will appear or the display will Path Length (m) 7 8
switch to a page with a keypad. When entering values 9999 4 5
that are outside the allowed range for that setting, the 0_1 1.1 2
allowale limit will be highlighted in red. Use the
touchpad backspace key (<=) to delete the entry and » » 0
enter a valid value.
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The home page has a number of touch sensiti
@ areas that allow access to the featuresda
settings of the GasFindef3Cunit. Press the icons or
scale on the main menu to switch to the additional
screens.

t NBaaiAy3d GKS ofdzS aAé
0 AO0ONBSyd ¢KAa aONBSy R
number and gas type, software version, MAC address
IPV4address, hardware board versions, calibration da
and recommended next service required date.

HF 0.1 ppmm

Aim

Rx R2

&

v

Serial #: HFDC-30001
Software Version 1.0.8
MAC Address: 12 84 61 46 ED AB
IPV4 Address: 192.168.1.106
Digital Board Version: 1.3.8
Laser Driver Version: 1.34
LCD Images Version: 1.0.5

Calibration Date 29 May 2017
Service Required Date 29 May 2019

The color of the status button will change if there is a

© ¥

R2 Low Bad Ramp Fault
Calibration Error
Low Light Light Level Error
£ DMA Fault Ramp Sync Fault
g_ Over Range Laser Diode Fault
o | Not Centered Least Squares Fault

Ref Cell Error
Not Calibrated

Centering Out of Limits
DA Least Squares Fault

NAN Error DA Leven-Maq Fault
Stray Ramp LIA Timeout
S ~L

change in the system status codes:
91 Green: No alarm codes
1 Blue: Linecentering (normal)
1 Yelow: Warning code(s)
1 Red: Alarm code(s)

Pressing the status button icon will switch to the status code page.

Codes that generate a warning or alarm will be highlighted with inverse text in yellow or red. Multiple
codes may be highlighted at the same tirfi@e information indicated on the status page is also
encoded in the Status Word field in the serial data strings. For more information on how to decode the

Status Word, seéppendixD.

Thisbutton allows the GasFindei3Cseril

data to be seen live on the LCD screen as the
system operates. Pressing anywhere on the screen e
to the previous menu.

=

NOTE: The LCD screen does not have memory, so by
going to this screen the historical trend on the home

$GFDTA,6.6,85,6.4,594,2015/01/30 17:56:44,CH40P-30004,1*61
$GFDTA6.2,81,6.4,594,2015/01/30 17:56:46,CH40P-30004,1*63
$GFDTA,7.8,90,6.4,595,2015/01/30 17:56:47, CH4OP-30004,1*68
$GFDTA,7.2,79,6.4,594,2015/01/30 17:56:49, CH40P-30004, 1*6A

$GFLCA,0,1883,20500,55060,30197,20500,9662,180,180,0,4,93.1,1.00,34.

9,441,200001,2015/01/30 17:56:50*58

$GFDBG,37.8,9662,9305,99,200001,1215,94774,2015/01/30 17:56:50*4F

$GFDTA,7.9,71,6.4,595,2015/01/30 17:56:51,CH4OP-30004,1*61
$GFDTA,6.4,84,6.4,595,2015/01/30 17:56:53, CH4OP-30004,1*65
$GFDTA,6.1,87,6.4,595,2015/01/30 17:56:54, CH4OP-30004,1*64
$GFDTA,8.3,80,6.4,594,2015/01/30 17:56:56,CH40P-30004,1*6C
$GFDTA6.2,91,6.4,595,2015/01/30 17:56:57, CH4OP-30004,1*63
$GFDTA,8.3,82,6.4,593,2015/01/30 17:56:59, CH40P-30004,1*66
$GFDTA,7.1,90,6.4,594,2015/01/30 17:57:00,CH40P-30004,1*62

screen graph will be lost.

NOTE: Array dumps are not plotted on this screen.
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Pressing anywhere on the Rx power bar from the hor o )<=
menu page, or anywhere on the graph on the aim pac
will switch the display to the Rx Power Scale Page. Rx Power Span 7.8
Enter a new value for the aximum value that the bar 4 5
will display, or go back to leave it unchanged. Values 100 to 50000 1 2
changed will change the displayed height of the light 0
bar on the home page. 3 »
5 a
Pressing anywhere on the graph image from the hom Graph Type \ Linear
menu page will switch theisplay to the gas graph Autoscaling " Max Only
asudzld LI ISP t Nsaa UKS &s ]
that setting. Values @nged on this page will be Graph Maximum @
reflected in the gas graph on the home page. Graph Minimum 0
: )
o A
The main sgtup menu pgge allows access tot Channel-Specific —
N systemconfiguration settings:

1 Path Parameters System Parameters Utilities

1 System Parameters 1/O Modules ++ Password 11

2 :_/OO Modules »

gging
T Utilities
1

Password (factorprotected menus)

Here you can Enable/Disable channels and adjust
settings for each enabled channelNB & & |
current value to change that setting.

as

Path Length (m)
Enter the length of the target path in meters. This valu
is used to calculate ppm values.

o

Channel E

Path Length (m)

Temperature Source | Manual Entry

Path Temperature (C)

*

7

Path Temperature (C)

Set this value to the average temperature of the active
measurement path (distance betwedhe transceiver
and retro).

P

o

Channel | 1]

Pressure Source Manual Entry
Path Pressure (Pa) 101325
Altitude (m) —

*

D

L
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Path Pressure (Pa)
Set this number to the absolute atmospheric pressure of the path. If the absolute is entered the nominal
pressure is automatically calculated and displayed.

Path Altitude (m)

Set this value to the altitudef the path above sea level. If the correct absolute atmospheric pressure is
known and entered for the path pressure, the nominal altitude is automatically calculated and
displayed. Entering the correct absolute atmospheric pressure is the preferred thetho

Array Transfer & Samples [ Array '0 Channel | 1 Enable o '
This setting adjusts how long the system waits betwet
creating array transfers by number of readings. Set th View Array

value to 0 if you do not want array transfers. Press the
Array Transfer button to instantly transfer array on
demand. This will be vlde out of the serial ports. Samples / Array 0

Array Transfer

View (Array)

Press the View button to capture and display an array
onthe screen of the GasFindeE3C This will take a few
seconds as the system needs to acquire and draw fol
distinct graphs, described below. Note that the
waveforms can be refreshed by tapping the circular
arrow button in the bottomright corner.

This is a plot of the second harmonasgabsorption
signal produced by the wavelength modulation spectroscopy method used in the GasHr@er3

1 Raw (Red)This is the raw waveform captured in the sample path, without any pastessing.

1 Samp (Green)This the wavefronfrom the sample path with some pegrocessing done.

1 Reference (Purple)This is the live reference waveform from the-board reference cell in the
GasFinderdC.

1 Calibration (Blue)This is the stored calibration waveform that was captured in the fgctor

Sweeps/sample i ] Channel 1| Enable o
This item selects the number of times the sample path
input data is averaged before the analysis and data Sweeps / sample 750

output occur. The factory setting varies but it should ne
be necessary to change this value. Contact the factory

before changing tis value.

Minimum R2 ‘ ‘.‘ *

This item allows the user to check the value of the confidence factor below which the concentration is
RSSYSR (2 0S AyairAayAFAOIylid hLISNIG2NR OFy | Readzai

Minimum R2 0.00
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in the presence of factorsuch as steam, traffic or thermal scintillation. Boreal Laser Inc. should be
consulted before changing this value from the factory setting.

Concentration Units
This item displays the units chosen to display the (5 )

concentration for the gagraph on the homelisplay. Concentration Units
The units can be adjusted to display: )
Averaging (Samples) 1]

1 ppm-m (parts per million metre): the total
amount of gas along the path. Output Forcing
1  ppm (parts per million): average concentration

along the path. ‘ “ »

1  mg/Nm3 (milligrams per normalised cubic metre).

Averaging (Samples)

The number of saples collected that are used the movingaverage calculation.

Minimum Light (5} )
The minimum light value is set by the factory and is Minimum Light 50

displayed for reference only. Reference Check

Reference Check Samplesiref scans
The reference check page displays the vafum® the
internal ST SNBy 0SS OSt tsettingshdhhoR
be adjusted. a2 % i
Samples/ref scans

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 the factessting from the factory default value. Contact the
factory before changing this value.

(i

From | 2015 Mar 29 10:30:59|

This menu will display the date range of the internal

logs, and the estimated total file size of the date range
specified. When first entering, it will pause o To | 2015 May 06 12:39:23 |
calculation screen shown below.

2880 KB
The date range of interest can be adjusted by touching

the separate fields, delimited by the grhagrders. » »
When a USB storage device is plugged into the

GasFinderd / = GKS aDhé¢ | NgNtRdnershouldibki$bleoAttar secting the date
NI}y3S 2F f23a FTA(Sa &@2dz RSaANBxX @&2dz Oy G2dzOK GKS
device. The transfer speed is approximatel$ RB/s, and may take longer depending on the number of

files being trangdrred.
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WARNING: Do not remove the USB device while data are being transferred.

IMPORTANTEhe USB storage device must be formatted as FAT32 with 4096 byte allocation. These are
typical settings, but should be checked prior to beginning the USB dump ofahtegs. After dumping,

the files will be in a folder named by the last four bytesofdhé & 6 SYQa a!/ | RRNBaao®
Examplets / nCno dnc ¢

The following feature has not yet been implemented and is currently grayed out:

I Screen Calibration

Clock Settings o . Ev— _ o
Enter the correct year, month, day, hour, minute and ar

o 1234587
second settings. Year 8 910111213114

2015 (151617118 19 2021 1"[') ::g :;
22232425262728 — '~
o3
» | »
Network Settings (5] )
Hostname Hostname  BLSENSOR1
From this menu you can assign a hostname to the DHCP Enable

GasFinderdC device, which is the label that will
appear when the device is connected to a computer
network. Protocols

DHCP & |

Select whether or not DHCP (Dynamic Host

Configuration Protocol) is enabled. With DHCP enabled, #s&iGderaDCwill automaticallybe
assigned an IRddress and other related configuration information such as the sulmastk and default
gateway.

Static IP Address

Static IP Address
If you want to assigthe IRrelated configuration information yourself as fixed values, you cascdio
the Static IP Address Menu.

Protocols
This menu contains information and settings for other network communication podéo

FTP
From the FileTransfer Protocol (FTP) menu, you can enable or disable the protocol, as well as
assign a username and password to the GasFinD€&r3
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Telnet
From the Telnet menu, you can enable or disable the protocol, as well as assign a usamdame
password to the GasFindeE3Cdevice.

HTTP
Not yet implemented.

Brightness
You can adjust the brightness of the LCD screen in this menu.

Beeper Volume
You can adjust the volume of the beeper of the LCD screen in this menu.

Update Software
Softwareupdates can be done through the USB port in the GasFiAder3

1 IPM (Interface Processor Module)
1 DSP (Digital Signal Processor)

9 LDD (Laser Diode Driver)

9 LCD (Liquid Crystal Display)

The screen will display No USB Drive Found if there is no USB devitadingern the menu button is
pressed. If the USB device is not formatted properly, this message will also be displayed.

IMPORTANT: The USB storage device must be formatted as FAT32 with 4096 byte allocation. If a USB
device is inserted and the software ugdas not found in the root directory, the message Valid Update
File Not Found will be displayed. The filename of the update must match exactly to those given below:

9 For IPM updates: iprapd.hex
1 For DSP updates: dsypd.bin
1 For LDD updates: ldapd.bin
1 ForLCD updates: ledpd.bin

If the correctlynamed file is found in the root directory of the USB device, the system will spend some
time checking the fileThenit will list the current ersionand the new version on the USB device.
Updating the software igreversible unless you have the .hex or .bin file of the older version.

t NBaaAy3a Gt NPOSSRé gAfft o0S3IAYy (G2 2R GKS dzLRI S o

When the update is loaded, the system will prompt the user to pegyete the instrument. Doing so
will reboot the GasFinderBC into normal operation. Checking the software version on the info screen
should reveal that the new version is now installed.
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This menu containthe configuration settings for thAnalog, Digital and Serial Outpatgailable in the

GasFinder®C.

Analog Outputs

This menu allows configuration of the2d mA output
of the 1/O ModulesFor the GasFindefBC, there may
be up to 2 modulesThe outputs are labelelDX-AQY
where Xis the 1/O Module number (1 or 2) anis the
output number (1t03), 2dz Ydza il LINBaa
on the bottom right corner of the screen to save any
changes.

Output Parameter

ppmm

Channel ‘ 1

0.0
200.0

4 mA ppmm Value
20 mA ppmm Value

o

Y

Output Parameter:Selects the quantity to report.

ppmm: Gas concentration iparts per million netre

ppm: Gas concentration ingsts per million
Rx uW:Received light in microwatts

R2:Confidence factor of the gas concentration readings

Channel:Selects appropriate channel (path) in a dual channel setup.

4 mA ValueSets the low span of the output.

20 mA ValueSets the high span of the output.

Digital Outputs

This menu allow configuration of the dry contact relays
of the 1/O Modules. For the GasFinddb&, there may
be up to 2 modules. The outputs are label@X-DOY
where Xis the 1/O Module number (1 or 2) atis the
2dzi LJdzi ydzYoSNJI 6m (G2 o0®
button on the bottom right corner of the screen to save
any changes.

Output Parameter Hi-Hi

Channel j
SET ppmm Alarm Value W‘
CLR ppmm Alarm Value 47.5 ‘

o

4

Output Parameter:Selects the quantity to alarm.
Hi-Hi: Gas concentratioq units are in pm-metre
Hi: Gas concentratioq units are in pprmetre
Rx uW:Low light alarnt; threshold set by factory

Fault: Reports system faults channel is disregarded for this option

Channel:Selects appropriate channel (path) in a dual channel setup if ajpjgic

ahyé

SET Alarm Valud®elay alarm will activate when equal to or greater than this value. Setting this value
will automatically adjus€LRo 95% of theSETvalue.

CLR Alarm Valudielay alarm will clear when equal to or less than this value. This walyde adjusted

to any value less than theETvalue.
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Serial Outputs
This menu adjusts settings for serial output through th
micro-USB port, the 4in R&32 port and MODBUS.

USB Serial / RS232 Serial:

Selecting the mode in the box on the right wilbat
G{AYL S¢ IYR a9yKI yOSR¢
or selected between for the USB serial anelR3
ASNRALFE LR2NIaz NBaLISOGAGS
standard (recommended) serial output for viewing

USB Serial

RS232 Serial

5 & NGk | £RS454z() LIdzMgdbys 2 ¢

Modbus Address
fed a{A YL‘ S¢

aSNAL

S

RA&L

2 dzii LJdz

NBIdz F NI REFGF & G NJuydia abspetial gukplit yhéié designed Spedifitatly fo? use with

the GasFinder3 Scope application.

Touching the USB Serial or RS232 Serial (blue button) will open up the menu where the following

settings can be adjusted for that specific serial port.eNwiat if using the micrdJSB port, the computer
will require the appropriate virtual COM port driver (see Appendix D for details).

Bit Rate:The bit rate specifies how fast data are sent over a serial line.

bhe¢9oY C2NJ 49y KIyOSR bpe2dzli$Bd3érialbitrateDd 2203400 RS Nb  {
Data Bits:This determines how many bits constitute a packet. It is not adjustable from 8.
Parity: This lowlevel error checking bit can be set to odd, even or none.
Stop Bits:This is the bit that marks the erad a packet.

Analog Inputs

This menu allows configuration of the2® mA output of the 1/0O Modules. For the GasFindBi3, there

may be up to 2 modules. The outputs are labdl@®-AlY where Xis the 1/0 Module number (1 or 2)
odzitizy 2

andYis the output number (1to@ ® | 2 dz Y dza
screen to save any changes.

Output Parameter:Selects the quantity to report.
Pressure Pressure units in kPa
Temperature Temperature units in °C.

G LINBaa GKS

Channel:Selects appropriate channel (path) in a dual channel setup.

4 mA ValueSets the low span of the output.

20 mA ValueSets the high span of the output.

ahyYé
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RS485
{StSOlGAyYy3 GKS Y2RS Ay SeRafl OR Eq a228RialdabutoNrSaA86is oA f |
currently not available. Modbus allows the RS 485 output to function as a Modbus slave in binary/RTU.

Touching the RS 485 (blue buttami)l open up the menu where the following settings can be adjusted
for that specific serial port.

Bit Rate:The bit rate specifies how fast data are sent over a serial line.
bhe¢9Y C2NJ G9yKIFIYyOSRE 2dziLddzi G2 DFACAYRSNDb {
Data Bits:This determines how many bits constitute a packet. It is not adjustable from 8.
Parity: This lowlevel error checking bit can be set to odd, even or none.
Stop Bits:This is the bit that marks the end of a packet.

Modbus address will set the device address when Modbus mode is selected.

Standard Modbus Output Registers for GasFinder Analyzers
Mode: Slave, Binary/RTU, Decimal Integers.
Comport Out: RS485 1/Variable Baud/8/N/1

Register assignments GAS A (RS485):

ppmm | ppmm | ppmm Distance . Status | Status ppm
Channel . . R2 . Light | Second . m .
" High Low | Decimal Decimeter 9 S High Low i Decimal
o* 41000 | 41020 | 41040| 41060 41080 41100 41120 41140 41160 41180 41200
41001 | 41021 | 41041 | 41061 41081 41101 41121 41141 41161 41181 41201
2 41002 | 41022 | 41042 | 41062 41082 41102 41122 41142 41162 41182 41202
Internal Amb Amb
Internal Ref Statug Ref Statug Suppl
$GFDBG Temp |DC Offsel Ref Qual| RefR2 . PPY Pressure| Pressure
Temp . High Low Voltage .
Decimal High Low
41300 41301 41302 41303 | 41304 41305 41306 41307 41308 | 41309

ppmm ¢ Concentration of gas will be represented with-Bifs and an extra 18its for decimal.

R2¢ Confidence factor from-Q00.

Distance in decimetreg Path length measured idecimetersfor integer values.

Light¢ Received power as reported by the IPM.

Second;| SFNIOSFG AYRAOFIG2NY ¢KA&A Aa aaSO2¢90Raé¢ Ay 510
Statusc 32-bit of Status Code from the DATA statements.

ppm ¢ Path averaged gas concentration - for the whole number and extra 4it for decimal.

Internal Tempg Internal temperature. 1éits for whole number and bits for decimal.
DC Offset; Ramp DC Offset.

Ref Quak 16-bit of Reference Quality.

RefR2¢ Reference Confidence Factor frori00.

Ref Status; 32-bit of Status Code after Line Centering.

Supply Voltage; Supply voltage is displayed as x100 (volts) to display in integers.
Amb Pressureg 32-bit of Ambient Pressure.
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Section 5: Maintenance

Note: If the GasFinder®C is working well it is best to leave it alone while keeping a check on the
parameters mentioned below.

The GasFindefBC requires little maintenance and there are no usenviceable parts. Note that
batteries located in the electrorscof the system are not user replaceable. A system check is done
automatically at periodic intervals with an dmoard reference cell.

The GasFindefBC analyser is rated with ingress protection of IP66 and the remote heddsf sp

resistant. The analyser enclosure alloy is AlSI Type 304 Stainless Steel and the remote head enclosure
alloy is Aluminium 606I6 or 5052H32.All labels and branding on the system and probe enclosures are
<0.2 mm thick. The window on the probe headriade of either polycarbonate or Mylar, and has a total
exposed surface area of 7708 rhraurrounded by and in contact with the earthed chassis of the probe
head.

Warninggnon-metallic windows used in the GasFinder3 DC may accumulate
electrostatic chargeOnly touch or clean the window when hazardous gas is not
present. Follow cleaning instructions detailed in this section.

Wipe down the metal enclosure with a cloth dampened with water. The windows should be sprayed
with water from a spray bottle and géy dried with a soft cloth to prevent scratching. If required, the
window may be cleaned with any typical household ammonia window cleaner if chemically compatible
with the local environment.

After checking chemical compatibility with the enclosure allmyd window material, the system
enclosures can be decontaminated wiping down with a cloth soaked with the appropriate
decontamination solution or spraying the enclosures using any typical laboratory spray bottle.

Automatic System Validation:
Every Boreal Laser GasFinder goittains an integral, internal Referencell@ontaining a small amount
of the target gas species. Boreal Las&s a patent on its particular ReferencgllConfiguration (US
Patent Number 6,121,627)heReference €ll serves two primary purposes:
1. It provides a reference position for the line locking of the laser diode onto the wavelength
required for the target gas and,
2. ltis used as a builh concentration reference for the measurement to ensure ttie
instrument always remains in calibratiamd does not drift

Approximately once per minute the GasFinder will interrogaténéernal ReferenceCell which contains
a sample of the target gas to ensure a high level of performance and incredisdulity and safety.

The GasFinder unit needs to successfully answer these three questions in order to generatena ppm

concentration (and not a fault code):
1. Isthe laser on and is there enough laser light to perform an analysis?
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1 There are four possiellight level scenarios: no light, low light, good light, and too much
light.
2. If so, has a Sample Waveform been generated?
1 If enough of the target gas in present in the active measurement path then a Sample
Waveform should be generated.
3. If so, does the 3aple Waveform look appropriate?
1 The Sample Waveform is compared against the Calibration Waveform by linear least
squared regression to give a R2 Confidence Factor.

Boreal's OrBoard Dagnostics will: determine if it gets a proper response from a reapsammake any
adjustments necessary to eliminate drift, and collect additional system diagnostic information to ensure
the analyzer is operating within required parameters. If any of these conditions is not met then the
analyzer will enter a identifiablefault condition.

User System Validation:

While the system automatically performs its own advanced and sophisticated diagnostics, user

preventative maintenance procedures may require additional testing to ensure operability. The user can
manually force te ppmY O2y OSYGNY (GA2y G2 &aAYdzZ I S RAFTFSNByYyG 2
DCS or PLC. The system can provide a graphical representation of the calibration, reference, and sample
waveforms. The user can verify that the analyzer responds to thettgas by checking thetarnal

reference cell qualitytwhen monitoring atmospheric gases like CH4 and CO2, the system constantly
6asSSaé¢ GKS 3Ara 2F AyidSNBad yR 2dzillzia GKS | OGdz f
target gas is not comonly present, the seltheck performed every minute verifies the system does
AYRSSR NBalLRYR (2 (GKS 3ra 2F AyGSNBadoe LF GKAA Aa
requirements then they can perform their own system challenge with a responséresibonse cells are

used for quality assurance purposes to validate that the GasFinder instruments are responding

appropriately to a nominal concentration of the target gas. While the GasFinder instruments are

designed to report any instrument or measurent errors, this response test provides an independent
GrtARFGAZ2Y 2F GKS AyaidNHzySyiQa 2LISNI A2y ®

The response cell is typically used in leak detection installations that are monitoring for a gas that is not
present in the ambient atmospher&esponse cells are used for quality assurance purposes to validate
that the GasFinder instruments is responding appropriately to a nominal concentration of the target gas.
The validation using a response cell is NOT a field calibration.

The response celiia completely sealed unit that contains the specific target gas that the GasFinder

Instrument has been configured to detect. The®B [ DI ACAYRSNJ Aya i NHzySyida I NX
the number of molecules of the target gas in the active measurement gtice the response cell has a
concentrated number of molecules within the cell it can replicate or simulate a release of gas that would

be similar to a loss of containment. The small amount of gas contained in response cell does not present

a health hazat to the user.

One cannot expect identical readings from the response cell every time it is put into the path as it has an
anticipated repeatability around +20%. Repeatability of the response cellfifectedby two factors:
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Depending on how the response cell is held in the active measurement path, the path length through
the response cell (and number of counted molecules) can change and therefore so will the indicated
reading and optical effects from the response cell windolvis recommended that response cells be
returned to Boreal Laser for factory-certification every two years or within the frequency required by
facility quality assurance and safety procedures.

¢2 aodzYLX 2NJ aOKI ff Sy 3S keddit& % placedinit® ¥clive indaSureid@ i LJ2 y a S
path. The active measurement path is between the transceiver and the-refiector.

The Measurement Heads rely on a clear optical path to obtain accurate readings of gas concentration.
Dustséi G f Ayad 2y G(G(KS gAYR26a Ydzad o6S Of SIySR 2FF 6KSy
The average value for the light level should be kept between the recommended values set at the time of
installation. Regularly inspect the equipment and removeladitructions such as bird nests, cobwebs,

etc. Only if necessary clean the windows. The time between cleaning can only be determined from
experience. See the cleaning procedure on the next page.

If movement of the mounts has occurred;aignment may baecessary. In areas with a lot of dust
and/or humidity, some lubrication of the-X mount may be required. If the Remote Head is consistently
moving out of alignment, the structural stability of the mount supports should be reassessed.

Duct Probes are usilly operating in more severe conditions than Remote Heads and will require more
frequent servicing. Purge air is usually required to minimize dirt fagldn windows.

Boththe signaland fiberoptic cables are best left alone if the equipment israping well.

The Retroreflectors have no moving parts and the only maintenance required is to clean the windows
when absolutelynecessaryThe windowmaterialistypicallyLexan which is a soft plastic and great care
must be used when cl@éng to avoid scratches. The need for cleaning will be indicated by a consistent
loss of light, which may result in poor gesncentration readings. Difficulty in obtaining an adequate
light level may indicate that the Remote Head or Duct Probe has mausof alignment and should be
checked first.

Note: The instrument relies on a clear optical path to obtain readings of gas concentration. Dust settling

2y 0KS ¢6AYyR2% 2F GKS wSGNR SyOf23dz2NB Ydzaid 6S Of St
performance.The average value for the light level should be kept at the recommended values as

determined at the initial installation. It is difficult to clean the windows without scratching them and

should only be done if adequate light levels cannot be obtained {aligament.

Many dusts, especially aluminium oxide, are very abrasive, and care must be taken not to scratch the
windows when cleaning them. The recommended procedure for cleaning is as follows:

91 Blow off any dust using canned compressed air (Cans of casgaair are available from
OFYSNY FyR StSOGNRBYAO aitd2NBaved b2dS GKFd O2YLN
compressor, and should not be used without a filter or oil trap.
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9 If the window is streaked with raideposited particles, wash the windowttvisubstantial
amounts of water, using a spray bottle, (laboratory or other type) and clean fingers.
1 Gently wipe with a soft tissue.
9 Spray a small quantity of argtatic solution on the window. A suitable asstatic solution is
Gb2Pbz& dmé  dzEtS Rbricatbrs &dtl it can be obtained directly from Boreal Laser Inc.
1 Gently wipe clean with a dry, soft tissue.

While there is no Boreal Laser requirement for any inherertalébration, the recommended service

interva is every two (2) years. Service should include some level of the recommended Preventative
Maintenance. If the GasFinder unit continues to operate without fault codes, the system is still within

calibration and will continue to provide accurate and reliad Rl G & Ly a2Y$S | LILX AOF G
preventative maintenance and/or regulatory reporting obligations may require that pobohlibration
andlorreOSNIAFTFAOlI GA2Y R20dzyYSyidldAzy KIFI@S I aOdNNByid R
calibration.

With the Quarterly Data Review Package, it is possible to get a Calibration Certificate Extension with a
GOdZNNByY (i RIFGS¢ gAGK2dzi aSyRAYy3 (GKS DFACAYRSNJI dzyAi
.2NBIf [ ASNRA ¢S OKy Aabeafthchdizthiiti@ssklkey did&ghostic dagh tolelSING 2 NI
operability.

TheQuarterly Data Review Packagequires the following diagnostic data from the customer: Boreal

Laser provided Preventative Maintenance Sheet,Baily Logfiles, and at least 1 Arfiagnsfer. This

information is to be sent to support@borekaser.com every three (3) months. At all four (4) quarterly

RFEGlI NB@GASgax . 2NBIFf [FaSNna ¢SOKYyAOFf {dzJJR2 NI ¢S
performance.

While there is no it to the number of Calibration Extensions aahle per GasFinder unit, it is

recommendedi KI & GKS SljdA LISyl Aa G2 6S NBGdNYySR (2 GKS
¢ SOKYAOFt {dzLLI2 NI ¢S YQa RS(SNY AsFindérudtyo the faictotyK S T NB
depends on and will be dictated by the individual GasFinder unit performance and not by the
recommendedactory service interval. In addition to cheak and calibrations there may be hardware,

software, firmware, or analysisgirithms updates available to improve the performance of the analyzer

that can only be performed at the factory or with acgalibration.

Training Onsite: in conjunction with the system installation and commissioning (or at any porgal

[ FAaSNRa SYy3aIAySSNE 2N 6SOKYAOAlya oAt kiteodb®BARS (NI
system maintenance, operation and troubleshooting after system installation is completed. A training
certificate can be issued upon request foofessional development purposes. Normally this training

program takes onenan day, charged at standard rates, plus travel expenses.

Training at our Edmonton FacilityBoreal Laser will train customer technical personnel at our

Edmonton facility, on system theory, operation and maintenance. The training includes-tands

experience and typically takes one day. Boreal Laser suggests that such training is carriegh@ut on
Odzat2YSNR& &a8adSY FyR Ay O2yedzyOiAizy gAlUK F CIFOdz2
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certificate can be issued upon request for professional development purposes. The charge for training at
Boreal Laser in Edmonton is $1200 per day for tngit# persons max). Customer is responsible for the
salary, travel and subsistence expenses of theisonnel during the training.

Our customers can obtain preventative maintenance services from either Boreal Laser or an approved
local distributor. While the preventative maintenance sequence of activities can change from
installation to installation, there are common set of tasks thoaitn a Servicenterval and theycan

include: monitoring diagnostic datperformance indicatord)y analysis of log files and array transfers,
monitoring the alignment of each channel, performing a system chadlevith a response cell. Boreal
Laser or one of our authorized distributors may be ablpriavideany available field updates

(hardware, sdfvare, firmware, or analysis algorithm). Boreal Laser or our approved local service
providers can provide an estimate upon request.

Reguired Preventative Maintenance Schedule

Action Minimum Frequency

Confirming the system is running without fault codes At least once a month
Fillout the Preventative Maintenance (PM) Sheet At least once a month
Visual Inspection oEntire §stem At least once a year

Additional and Optional Preventative Maintenance Tasks

Action Minimum Frequency

Quarterly Data Review At least once every three (3) months
User System Validation (as mentioned above) At least once a year

Calibration Certificate Extension (from Boreal Laser only Once a year

On-Site or Factory Training At least once every five (5) years

FactoryCalibration and Checkip (from Boreal Laser only) At least once every five (5) years



Boreal Laser Inc. GasFinder@C Operation Manual Apr. 1812019

Section 6: Data Interface

The RJ45 connector is used to connect the GasFifld€r® a local area network. The GasFind2€3
has the capability for alP to be assigned via DHCP or static IP address. To access the Network Settings,
see the Utilities menu section. Once the IP addmesthe GasFindesBCis known, the serial data can be

accessed via telnet, and the fi keansferredvia FTP. The IPaddrét Ol 'y | £ a2 0S F2dzyR 0
button on the info screen.
1. hy | ySG82N]I SR O02YLIMzi SNE 2Ly | O02YYlFYyR ftAyS A

gAftf ONRARY3A dzLJ GKS F LILINBLINRF GS GOYRD®SESE | LILX A O
2. ¢@1LIS aldStysSi! RRNBPaAABED ¢KS aeaidsSYy akKz2dzZ R adl NI
terminal window.

NOTE: If Telnet is not enabled on Windowsohtact your system administrator dio the following:
To enable Telnet command line utilities:

1. Click Start > Control Panel.

dick Programs and Features.

Click Turn Windows features on or off.

In the Windows Features dialog box, check the Telnet Client check box.

Click OK. The 9¢en installs the appropriatelis. This will take a few seconds to a minute.

a s~ wD

1. Notethe IP Address of the GasFinddp&by going into the info screen. This can be done by
02dzOKAYy3 (GKS aAé¢ odzid2y +id GKS (2L €t STaG 2F GKS
address format for your network, you can assign static or DHCP in theNeatwenu (Utilities >
Network Settings). Protocols for user names and passwords can be set in Utilities > Network
Settings > Protocols.

2.hy I ySGg2N] SR O2YLMzi SNE 2LISy | O2YYlIYyR tAyS A
will bring up the appropriatét OYR®SESE | LILX AOF GA2y 0 ®

3. Type ftp [SPACE][IP Addressj F G LI MppH DPMCYy DMDMMH £

4. If you have assigned a user name and password for tk&i@der3DC you will be prompted to
enter that information. If you have not, you can simply hit ENTER twice to bypassthanals
password prompts.

5. You are nw connected to the GasFindeE3Cmicro SD card, and standard FTP commands will
enable you to access the data stored there. Some useful FTP commands are listed in Appendix
D.

The USB connector is useddibach a USB stage device to the GasFindeBC The user can then
SEGNY OO GKS aeadsSvyoQa AyaSNyrt t23a FNRY GKS aeads
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IMPORTANT: The USB storage device must be formatted as FAT32 with 4096 byte allocati@me Thes
fairly typical settings, but are worth checking prior to beginning the USB dump of internal logs.

For more information and instructions on how to do this, see the menus section.

The GasFinderBCtransmits serial data via the 1o USB port and the-pin R&232port. The output
settings can be adjusted in the Utilities menu, under Serial Outputs (see the menu section for more
information). Note that if using the micrdSB port, your computer will require the appropriate virtual
CQM port driver (see Appendix D for details).

$SGFDTA
data_header gas_conc. distance ser_number check_sum
, ; ¥ g
[ sezora, [1, |22.541, [1.00, [0.225 |78s€e3.1, [2011/01/27 13:25:28, |srer-3mce, [1, | l'E*E-—l
i r de: DSP
channel # R2 light_level date_time status_code:

Explanation

data_header Header designating the type of data String

Channel # Designates channel origin of data (1 or 2) Number
gas_concentration In ppmm (parts per million meter) Number
R2 (confidence factor) | Decimal between 0 and 1 (percentage) Number
distance Factory-set path length in meters Number
received_light Rx Light received on the photodiode Number

date_time

Current date and time

YYYY/MM/DD hh:mm:ss

ser_number

Identification number of the system

String

status_code DSP

Code giving system operating status from
the DSP

Integer (hexadecimal)

check_sum

Checks the data stream for errors

String

These data strings are comrdalimited(,) and an asterisk (*) sigréf the end of the string. Each string
is terminated by a carriage return and a line feed.
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The $GFDBG string is output whenever the system performs a calibration check.

$GFDBG

debug_header offset R‘Z supply_voltage system_status check_sum
® . ¥ ¥

[scroRG, |32.6, [96b0, 9316, |98, |1, [1244,  |sxxx, |2011/01/27 13:29:28, | *56 |

internal_temperature reference_cell_quality reference_status date_time

debug_header Header designating the type of data String (‘%" + 5 letters)
internal_temperature | Internal temperature of GasFinder in degrees C | Number

offset Setting to enable array peaks to line up Number (integer)

reference_cell_quality | Reference cell quality as a percentage x 100 | Number (integer)

Reference cell R2 Number (integer)

Code giving reference system operating status | Number (integer)

System input voltage in 10’s of millivolts Number (integer)
Internal_system_status Number (hexadecimal, 32 bit)
Current date and time String (YYYY/MM/DD HH:mm:ss)
Checks the data stream for errors "+ 2 digit hexadecimal number

reference_R2
reference_status
supply_voltage
system_status
date_time
check_sum

Periodically, strings containing lkoentering data ($GFLCA) are transmitted giving imretbdetails of the
GasFinderd®Coperation. The $GFLCA string is output whenever the system performscefhitering
check and/or adjustment.

$GFLCA
LocalTEC Inner TEC .

Record ID LD status Thermistor Set point CurrPeak  Ref Gain Ref Qual PhaseAvg  Status check_sim

2 | 2
|serren, |1, [ 1397, 20409, [55059, | 30193, 20500, [ocso, J1s1, {120, |10, [-10, [e3.2, [ 100, [34.5, Ja3e, 1, Jzo1i/01/27 13520008, [+s5é |

‘ B
Linear_regression  Inner_TEC Outer_TEC Ramp_DC Target Peak Path_Gain Ref_R2 Ref_Light date time
- Thermistor Thermistor Offset |

The format of the $GFDBG string is as follows:

Record ID Line centering data string, gas A String (‘$’ + 5 letters)
Linear Regression Linear Regression Enabled (0 | 1) Number (integer)
LD Status Laser Diode Status Number (integer)

Inner TEC Thermistor

Inner Thermal Electric Cooler Thermistor

Number (integer)

Local TEC Thermistor

Local Thermal Electric Cooler Thermistor

Number (integer)

QOuter TEC Thermistor

Quter Thermal Electric Cooler Thermistor

Number (integer)

Inner TEC Set Point

Inner Thermal Electric Cooler Set Point

Number (integer)

Ramp DC Offset

Line Centering position control variable

Number (integer)

Curr Peak Line Centering current peak location Number (integer)

Target Peak Line centering target peak location Number (integer)

Ref Gain Reference cell receiver gain Number (integer)

Path Gain Path receiver gain Number (integer)

Ref Qual Reference cell quality percent Number (float)

Ref R2 Least Squares R2 Number (float)

Phase Avg Phase Average Number (float)

Ref Light Reference cell receiver power level (uW) Number (integer)

Status Line centering/reference cell status Number (hexadecimal, 32 bit)
Date/Time Current system date and time (24h) String (YYYY/MM/DD HH:mm:ss)
Checksum Used to validate the record data for transmission errors “* + 2 digit hexadecimal number
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Section 7: Troubleshooting

The internal arrays and the various parameters stored internally in the GasFiD@z&se very

important diagnostic tools. In cases of suspected problems with the equipment, data from an Arrays
Transfer, together with at least 30min of .gvl data should be sent (emailed) to support@boreal
laser.com. A diagnosis and solution can often be made quacklywithout the need to return the

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

To download the arrays:

1 Connect the GasFied3-DC to a computer —al B
- File  Options
and run the GasView program.
1 Click on Options and then click Arrays Plot | pf i
‘ I 1% .
Enable. e B / ’& G
1 Atthe GasFinder®C enter the menu and in | - s S
the Channel Specific Menus the first item isj =L L Ll I =
s A - . ight Value verage Menuation  Legen AFi lW— 2 IU—
T WLYOSNyYyFt ! NNIXeéa ¢NJy =¢ P P L T —
1 Press Enter. The display will reaticquiring, | ooir— 55 |
Transferring. The computer screen will sho ===t F. F : e
. | Cono Unis [ ppmm Alarm PPM [T SwespsperSamp [255  Cal Centetine [75
a. Sel’les Of CurVeS Samp Light | 15443 420 Mode | Enabled BkandSub Mode | Disabled CalLight | a779
i L. Distance [6.0 | 20mAPPMM [1600000  BatterpVolage[1257 Ref Qualty [1.0000
1 The file containing the data can be saved by nws/[@ /s Tenpeaee [ T2 L
i . . X AL Mode | Log Mode | Disabled Serial Number | CO2FC-200%  Paints per Sweep [ 128
clicking on File in the top left of the tool bar | == LeaTpe Ve
Main Display [ light Log Records [ 0 Ref Light [ 3714
H H i H in B2 | one Range [ ow of per Cal |
and SaVIng It to a SpeCIfIC Iocatlon' It can Sena\h;ulsj‘n;:a\mme SZmp:erHef\‘WU DHat;&TuEn; ;009/07/0313.0754

then be sent to Boreal Laser Inc. for iysés. - . =
If the user does not have the GasView program, the Arrays Transfer and Data files can be viewed
and downloaded using the Serial Commawith any compatible terminal program.

The diameter of the laser beam when ittsxihe Remote Head is about 1.5mm and the divergence is
approximately 1.%nrad (milliradians). This means that at a distance of 100m the beam diameter is 1.5 x

Mman I mMpnYY 6cé0d {AYAfI NI&x | (2 def RRAESH my=PBa n2YFY wo3pm

beamintensity falls off towards the edgef the beam spat

The Remote Head can be mounted on a tripod, post, or platform, and directs the laser beam to a
reflector, which can be from a few metres to several hundred metres distant. This article diwatev
stability requirements for the mounting structure.
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Calculating the Effects of Movement
¢KS GlrofS 06St26 Aa + 3ASYSNIt 3Idzh R pdthlleighgactial G KS & AT
size may varper application:

Path Length Retro-Reflector “Typical” Beam Size
1-20m Grey Tape 0.2to4cm

20-45m 1 Corner Cube 4to10cm

45-75m 3 Corner Cube Array 10to 15cm

75-200m 7 Corner Cube Array 15cm to 40m
200-350m 12 Corner Cube Array 40to70cm
350-500m 19 Corner Cube Array 70cmto1lm

+500m Multiple Arrays

4cm 10cm .
@45m @ 75m
40cm
@ 200m
70cm
@ 350m
100cm
@ 500m

Consider the example of a 150mm diameter retro array located 100m due north of the Open Path
Measurement Head.
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The post, and therefore the Open Path Measurement Head, can move vertically or horizontally 150mm
6cé0 SAUKSNI A&ARS 2F (GKS OSYyuNBtAyS o0ST2NBE GKS oSt
movement is referred to as translationéth practice, sigfiicant translational movement is unlikely to

occur, as the post issually fastened to a solid badewever, because it is fixed at the bottom,

torsional or bending movement is much more likely, due to wind loading or thermal distortion. Any East

- West tending (i.e. perpendicular to the centreline) is manifested as a lateral motion and will have a

minimal effect. Conversely, any Nor®&outh bending will have a serious negative effect: the top of a

oY o49mnQ0 Glrfft LRad Ol y the gendwiMaveBovad ®50ivivall thewby 7 T € 0
2FTF GKS NBUNR® C2NJ I pnannyY LIGK fSy3aikKT gAGK GKS N
2F GKS oY LRad OFly 2yteée Y2@0S mMoyYY o6nodntmMeéd 0STF2N
Alompa i OFYy Y2@0S cYY 6ndHocéd YR OFdaAaS GKS alyYS N

Note: Movement of the retros has little effect compared to movement of the Remote Head. The retro
support does not require the same structural stability as that required by the Remote Head support.

Types of Supports
All posts require a solid concrete base. In areas where freeze/thaw conditions o¢
the base of the concrete needs to be well below the frost level and an air space
between the base and the surrounding earth down to the frost levelvalgyound,
GKS L2aid OFly 06S O2yONBGS O6LINBFSNNBRU
post can be used for heights up to 2m; above 3m, torsion limits the path length to®
100m.

Longer distances or higher supports require a wider base. This can be oltginsthg selsupporting
lattice towers or a number of posts joined at the top and well braced.

Provided it is in the correct location, a building can often provide a very stable ,
support for an Open Path Measurement Head. However, it should be notedttieat
metal roof structures of long buildings oriented eagtst are very susceptible to
diurnal movement caused by solar heating.

Scaffolds can be used for temporary mounting structures but they must be

W/ dzL) 4 @100 X0 BRI 2 (i K S NJ NXlipthgethedtypéshide Ao R
stable enough. To comply with safety regulations, the height of a scaffold canno
exceed three times the width of the narrowest base dimension. This gives a very
stable platform however the alignment will often move slightlyam the operator Photo by M.
descends. The scaffold can also be placed on adjustable legs to accommodate Ball
different ground elevations.

Thermal Effects

Differential heating of support legs can cause diurnal variations in alignment. This is very common on
long paths (ogr 100m) and can be minimized by shading, insulating the legs, or usingetatiic

materials such as concrete, wood, or fibreglass. The effect can be seen by looking at the light level
history over a number of sunny days. A sinusoidal variation is @aiih of solar heating. In severe
circumstances a dispersed retro array may be the only solution.
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Wind Effects

On outside paths wind effects can be minimised by using open member supports. Note that guy wires
can sometimes oscillate and cause movement.

It is critical that the platform for the Remote Head is not connected to the same
platform that the operator stands on for installation or maintenance work. This m

Platform Separation '
preclude the use of scaffolds for long paths. v A

from the work platform
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All buildings move. Some move more than others depending on the external and internal forces. In most
cases, this movement goes unnoticed until cracks form in concrete or a small piece of plaster flakes off.
Movement can occur over ges as the building foundations settle, or over seconds as wind forces or
cranes move the structure. Settlement over a long time is too slow to cause an alignment problem,
because any movement is incrementally small, and can be compensated for with

periodic adjustments. When the movement is caused by wind, the structure
returns to its previous position once the wind has passed. In the same way, th

shaking motion produced by the movement of overhead cranes is not usually { &

problem as the structure quicklgturns to its original position when the crane
has stopped. Movement caused by thermal expansion due to solar heating is
different. Metal structures are particularly susceptible to deflection when the
solar heating produces large differential forces, whigsult in a twisting or
warping motion of the structure. This is seen, especially on sunny days, as a
diurnal variation in the GasFindeE3C light level. This variation is caused by the
expansion and contraction of the metal structure carrying the laseumh, which
twists with respect to the longitudinal axis of the original laser path. This cause

+ 13:00

-I_ 02:00

Figure 1

the laser beam to move away from the retros
and results in a drop in the returning light
level. The amount of movement will vary
considerably with the orient&bn of the
building and the attachment of the mount
within the building and the length of the path.

Diuvrnal movement

If movement is suspected, it can be verified
and measured as follows: Arrange to have

13:00

2

access to the mount where the Remote Heac
Figure 2

and telescope are locatednd plan to make observations through the
telescope at least four times throughout the day. Movement is usually at a
maximum on bright, sunny days. At each observation, note the time and the|
position of the cross hairs in the telescope with respect pad on the retro.
Shining a flashlight beam on the retro will make it easy to see at long distan
Do not adjust any alignment screws. At the end of the day, you should have
number of points showing the different positions of the cross hairs. This
difference will indicate the amount and direction of movement of the laser
beam. See Figure 1.

The observations can be made over a shorter time period, but the results m

not give an accurate picture of the movement. A plot of the positions over tiffi.

will yield a graph similar to Figure 2. This graph can be used to estimate the
maximum movement of the beam.
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Rather than use a motorized mount to adjust the alignment of the Remote Head, the preferred to

solution is to use a dispersed array of retro reflectors.

In the preceding example, the final retro array will be similar to the shape shown in figure 3.

Typical “spot”
of the laser

3

This adjustable retro
configuration allows for
movement of the laser
path due to the buildings
structure expanding and
contracting throughout
the day.

Typically, the alignment
will move in a diagonal
fashion with mostly a
vertical component.

The number of retrosnay have to be increased from the number used in the single enclosure, and their
spacing will also have to be changed. Contact Boreal Laser for more specific details.

At 400m, the diameter ofite beam is about 600mm, so
the area of the beam may be larger than the enclosure
To find the edges of the beam, the Remote Head has
be traversed horizontally and vertically until the light
level drops. Note where the cross hairs are in the scoyq
relative to the retro at these positions, (see Figure 4)
and position the Remote Head, so that the cross hairs
are in the centre of the travel. In the example shown,
the cross hairs would be at the top right corner of the
retros when the beam is centred on thetro.

7
1

’

horizontal'left edge horizontal right edge

, ~vertical top edge,
’ *.beam coverage
%

\
\

@ % 5.0 centre of

|45 scope travel
et :
WX

vertical bottom Figure 4

Looking through the telescope, and without adjusting the alignment of the Remote Head, adjust the
crosshairs to the centre of the reflector. This is done by removing the two cover caps in the centre of the
scope body and turning the screws underneaththat the cross hairs are centred on¢ress Hair adjustment

screw covers

the middle of the retro. The vertical cross hair is adjusted by the screw on the top  Horizontal vertical

and the horizontal cross hair is adjusted by the screw on right.
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GasFInder®C Enclosure
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Fibre Glass Retro Enclosure:

6”

A

A\

Enclosure Material: Fibreglass
Cornercube Arrays: 1, 3, or 7
Path Lengths: 0-200m

1 1}.’
10”

A

v

8”‘

NOTEIf the path lengths are between 180m and there may suspecteiurnal alignment issues

caused by an insufficient mounting, then it may be an option to house the 7 Cornercube arrays within

GKS I NHSN) SyOft 24dzNB omnEmMcéod Ly OFasSa 2F YA&al €A
cover the diurnal movemeror can add more retros if the former does not suffice.
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12.5”

Enclosure Material: Fibreglass
Cornercube Arrays: 12 or 19
Path Lengths: 200-500m

17”

|A
l

A

14”

A J

16”

73



Boreal Laser Inc. GasFinder@C Operation Manual Apr. 18" 2019

Stainless Steel Retro Enclosures:

10 %"

A

A4

13 3%”
12”

12”

NOTEIf the path lengths are between 1&D0m and there may suspecteiurnal alignment issues

caused by an insufficient mounting, then it may be an option to house the 7 Cornercube arrays within

GKS I NHSNJ SyOt2adz2NB 6HnEHNnéO® Ly OFrasSa 2F YA&ALl A
cover the diurnal movemeror can add more retros if the former does not suffice.
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22%”

A

A4

25 %"

24"

24"
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Appendix B: Electrical Component Layout - Non-Isolated Active Analog Loop

BOREAL LASER INC.
HET 2082

TUE G PN Ve A Aty A
GO0 M Voraw

ENZ 2 Cnoc i vaon T

e

2

S

e
-
o

e e

U TDINRCRL (M 10 |
AT 0 | D
D A W——

AL AL b e

-
W AN TRRCNOn e ST O o
Ml 4

- ——
e s

&

3]

)
.
Wigpes
W awcrnes

L}

76



Apr. 18" 2019

GasFinder@C Operation Manual

Boreal Laser Inc.

| Component Layout - Isolated Analog Loop

Electrica

Appendix C

140 | 133HS ONMYS0 TIVI5 JON 00
Sl TREWATOAED oo o [ SR P —
Wdi™2a€40 2 1avd WD S
Badv I
BuupMTIINPOW O DA€4D 3 W G #2850 50 RONVENICL ONY

<

13020340
[ yszol v 1008

ARG [ 0] w5000% ‘BorvaoL 1

(] s OO0

L 8

TRUBHCIS 51 DN BIEVT TVEROR 4O NOSLN NILEAM B LIOHEM

TIOHM ¥ 5V K0 LAV N NOUDNOORATE ANY DN BIEVT TVI20R 10

ASH34084 105 I1 5 ONIMVAD SHi N 3N VINOD NI YIEOINI 1
TVUNIOHNOD ONY ANVIIION

NOLLYNOIS3A 439NNN

00719 TYNING3 L

a v

77



Boreal Laser Inc. GasFinder@C Operation Manual Apr. 1812019

The DSP status code (or status word) is a hexadecimal value that can be converted to binary (32 bits
wide) to determine which DSP errors are present from the table below.

C2NXYIFG 2F GKS 5! ¢! yR [/! aGladSYSydQa {¢! ¢! { 2hw
BIT Name BIT Position Comments

NO_ERROR 0 Normal operation, no errors.

GAS_HIGH 1 Not used.

NAN_NUMBER_ERR 1 A NaNNumber was detected during: acquiring

data, data processing, or during FLASH memory
read-back (this one must showp combined with
GCw! apw2 gO9wweé v 2LISNI A
line-centering!... This bit is new in v1.2.4e.

NOT_CTRD 2 Laser is not line ceered.

R2_LOW 3 R2 lower than limit set.

LOW_LIGHT 4 Light lower than set point.
BADRAMP_FLT 5 The bad ramps counter overflowed the set

maximum count value during a sample
computation. This event raises the error bit flag.

LT _LV_ERR 6 Signals that th&GC controller was not able to sef
the specified light level because the gains chip is|
the maximum/minimum gain setting..

DA LS FLT 7 This bit applies to Direct Absorption only (DA):
Indicates that DA LeaSquares algorithm failed to
fit the ramp. This event raises the error bit flag.

OVERRANGE 8 The signal in the inputs of the ADC is larger than
the reference voltage.
DA LM _FLT 9 This bit applies to Direct Absorption only (DA):

Indicates that Levenberlylaquardt algorithm failed
to fit absorbed gas signal. This event raises the
error bit flag. (note: for IPM descriptions you may/
AK2NISYSR Aéd NYjlEv$H 2

CALIB_ERR 10 Ref quality < min ref qual, ref quality > max ref
qual,or ref R2 < min Ref R2.

MENU_MODE 11 Not Used.

LOW_BAT 12 Not Used.

NOT_CALIB 13 System is in the line centering loop, the Ramp D
offset may be adjusted but system is not yet
centered.

LIATIMEOUT_FLT 14 The LIA task wasendanton semaphore for too

2y 3aAX G§KS aigner Borce) a hefv famp
AND clean error conditions (also system does ng
allow line-centeringunder these conditions).

REFCELL_ERR 15 A fatal error was found during tHee centering
process. System cannot line center undezgha
conditions. Bit is set if any below is true:
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DCoffset found out of limits

LD_FLT

Low Light in REF Cell

Overrange in REF Cell

DMA_FLT

RAMPSYNC_FLT

LINECENTRING_FLT (when in user mod
trying to capture a stored calibration
waveform, this bit is mirroretdy DSP from
ISSW, system will try to center normally if
possible but still will signal this flag if an
error happened during storing a calibratio
waveform)

=4 =4 =8 -8 -8 -4 -9

LD_FLT 16 Laser Driver Fault detected (communication erro
with the currently active Laser Driver

LEASTSQUARES_FLT |17 The inverse matrix could not be computed

DMA_FLT 18 Operational error could not be computed

CENTERING_OUTOFLIN 19 The Ramp DC offset current needed to move the
G[AySe Aa o0St2g GKS YA
limit allowed.

RAMPSYNC_FLT 20 Ramp sync signal is missing or DSP was not abl
recover the last incoming Ramp.

Rsvd0 21 Reserved for future use.

STRAYRAMP_FLT 21 A not expected Ramp was received but DSP wayg
not expecting it. The Ramp was thrown out. This
is newin v1.2.4e.

Rsvdl 22 Reserved for future use.

FRAM_RW_ERR 22 An error was detected in the last read, write or
erase operation with the FLASH memory. This bi
mirrors the value of a bit of same name found in
the Internal System Status Word (ISSW), please
more details on ISSE in the next table

Rsvd2 23:31 Not available for use.

TheLOW_LIGH&ndR2_LOWstatus bits contain information for sample and ref cell in the sample

status word, and ref cell only for debug word.

Bit 13 NOT_CALIB

This means that the system is ra@nteredand in some cases that DSP is still in the line centering loop,
for example: the DSP have just checked the reference center peak position and adjusted the offset but

system is not at center yet!, therefore DSBa$ng to loop again.

For this particular case in which the DSP still looping through line centering routine, the system will set

bit NO_ERROR = 1 (unless that another error was detected!) to announce user that this is not a

permanent error until line centéng loop ends. If line centering loop ends and system still not centered
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Gbhew/ ' [L.Tmé GKSY o06Al bh w9 wwdrwasdelettddari@Wil LI (2 &l SN
propagate the error conditions into the DATA strings too.

Bit 15 REFCELL_ERR

Therearesi®O2 Yy RAGAZ2ya GKFdG FOGAGFGS GKAA OoAG AT lye 27F
RNRL) G2 al SNRé AYRAOIFIGAY3I | FlLaGFt SNNRN KIF&a 200dzN.

LOW_LIGHT

OVERRANGE

DMA_FLT

CENTERING_OUTOFLIMITS

RAMPSYNC_FLT

LINECENTERING_FLT (durstgrad calibration waveform capturing process and condition was
not cleared by user)

ook wdNE
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