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

DSP v1.8, IPM v1.9, LDD 1v034, PLD 1v2a

CAUTION: TO PREVENT THE RISK OF ELECTRIC SHOCK, DO NOT REMOVE COVER (OR BACK). NO US
SERVICEABLE PARTS INSIDE. REFMERNERO 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 with these instructions.

WARNING

TO REDOE 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 thieit,init does not operate normally,

or the unithasbeen 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 Laser Inc. All rights reserved.

Reprodution 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. assumes no responsibility for errosressions 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 (EBtil support@boreallaser.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. The standard warranty does 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, Boreal guarantees that,glthfirst 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 shipping and/or travel expess for onsite 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 situations whereby systenfgoerance 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 for any damages (includingithout 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 basis to include some oraliabbihing:
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 specified number of site visits during tharranty period highly recommended for
development projects.

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

(s}
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Proceduresfor Returning a Unit to Boreal Laser
These instructions are to be followed when preparing to retuBoeeal 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

al Nl GKS O2y il Ay SHIid aGNIOT { S Sue pridpsidisndliagh 8 O & NP

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 the original value when
purchased. Ex. If thoriginal 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 origal 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

1 Use a layer of shock ab&img 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 O2ydl Ay S{NG laICND® IA$ 64 & YR $O f BD G Ng

Mark the RMA numbeclearly on the outside of the container

Do not ship more than one unit per box

dzNB  LINZ

= —a -8 -
QX

Important Declarations for Customs Purposes:

T LYRAOFGS Ay O2YYSNDAFIET Ay@2A0S y20Sa aSodArzy a9l
Equipment will be returning tshipper 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 as CANADA.

1 If you are wishing to have Botdaaser 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 clearance process

91 Boreal Laser does NOT recoemd 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 help your freight
arrive here quickly and effently.

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

=

Vi
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Return Shipping Address:

Boreal Laser Inc.

Service Department [RMA# xxxxXx]

12846¢ 146 Street NW
Edmonton, Alberta
Canada, T5PH7

Tel: +1780-4885173

° o Invoice | RMA#
Commercial Invoice No.
Date of Exportation mse [ 1 [of] 1
Shipper/Exporter Consignee
Shippers Address here Boreal Laser Inc.
12846- 146 Street
Edmonton, AB
Canada T5L 2H7
Tel: 1-780-488-5173 Ext.101
Attn:Scott Carey
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 x20x10 30lbs

inches(Dangerous Goods if
applicable)

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

vii
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VT EEEEEEETEEETETEEEEESSSSE L

SHIPPER'S DECLARATION FOR DANGEROUS GOODS

Shipper

Shippers Address

Air Waybill No.

Page 1 of 1 Pages

Shipper's Reference Number RMA#16055

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

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

name and address

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

TRANSPORT DETAILS

This shipment is within the

limitations prescribed for:

(delete non-applicable)
PASSENGER

AND CARGO
AIRCRAFT

Airport of Departure:

WARNING

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-applicabie)

1 ! :
UN f ! Class 2
or ' " V' or Division !
D i Proper Shipping Name 1 (Subsidiary ¢
No 1 ’ !
1 : o

Risk)
UN3363 :Dangerous Goods in
\Apparatus

9 )

Additional Handling Information

NON-RADIOACTIVE ]
Pack- Quantity and Packing:  Authorization
ing type of packing inst

"1 Fibreboard box x | 962 |
'0.02.NetQty=002L

|24 Hour Emergency Contact Telephone Number: 'TBD |

| 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

Name/Title of Signatory
Certifier and Title
Place and Date

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.

Signature

{see warring above)

VT EEETETETTEETEEEEEE TGS

viii
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General Warnings an@€autions

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

Warning, explosion hazard. This equipthis suitable for use in Class 1, Zone 2, or-non
hazardoudocations only. Substituting componts may impair the suitability for Class 1
Zore 2 environments. For a list oértificationssee the Specifications section.

Explosion hazard. Do not connectdisconnect equipment unless powkas been
switched off in the area or the area is known to be #@zardous.

Always disconnect the main power thet instrument before attemptingny repair.

This symbol indicates important informah concerning theperation orinstallation of
the instrument.

> P>

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

¢CKS AYyailiNHzySyi(iQa TFdzyQlAz2ys LINRPLISNI Ayaillttlriarzys
Boreal Laser Inc. and attee responsibilities of the analyzer system designer/integrator and end user. If

the equipment is used in a manner not specified by the manufacturer, the protection provided by the
manufacturer may be impaired.

Disclaimer

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

2NBFE [FaSNRa LI adSydiSR 6! { LI GSyiheGasFioder®O Py T HU ¢ 5
(Open Pathmeasures gas concentratiottgough the internally mounted optical transceivirat forms
the active measurement pattA schematic representation is shown below in Figure 1.

Functional Diagram

Dry Contact Relays <@

4-20mA Analog Loops & |slc;rac1,izrs M(IJIl:::IJ..Ile {Model Dependent)

{Optional)

4-20mA Analog Loop {Model Dependent)

MODBUS (RS-485)

Serial (RS-232) Display

Ethernet (Static IP/DCHP)

{Model Dependent)

12vVDC

Ref. Cell

Table:
IPM: InterfaceProcessor Module Transceiver
DSP: Digital Signal Processor

LDDBE+L: Laser DiodeDriver Board + Laser

The GasFinder®P (Open Pajhmonitoring system is gas detector intended for usa general purpose
environments. It is based on a digital analyzer core and ssesnd harmonic tunable diode laser
absorption spectroscopyrhe analyzer is housed inR65rated aluminium extrusiorenclosure.
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TheGasFinderPis technically and economically capable in leatedtion, and ambient monitoring
applicatiors. Three different GasFindef3Pmodels have been created to allow customers to-select

which functionality is apprajate for their application and budget. While the all the models have the

same performance specifications, there are some physical and functional differences. Listed below is an
in-depth explanation of these three modedsd a table with the list of feates

Basic GasFinder3-OP Model:

Graphical Display

USB Port

Power Button

ootn

Vi
Y4 AN
/ \
Serial/Modbus Power Connection

No other technology or vendor has a local touchscreen display that enables field personnel to see ppm(
m) concentrations, light level, and active status in{t@ak. This means that operators and maintenance
personnel hag local indication of actual gas concentrations in normal or, more importantly, in
emergency scenarios.

TheGasFinder®Phas internal data logging capabilities to collect and store all the GasFinder generated
data for around 20 years.

The Standard modelan be interfaced locally by the user with the GasView So#wavia the HMI
Touchscreen.

All GasFinder®Pmodels have internal data logging capabilities to collect and store all the GasFinder
generated data for around 20 years. The customer canfiaterwith the analyzer using the included
GasView Software. GasView is a Windows based program for remote interfacing over the U8Biport
the Serial ConnectoGasView enables the user to set basic path parameters, vievimeatata,

initiate logfilkes (daily accumulation of all collected data) and initiate array transfers (visualize snapshots
of waveforms and other diagnostic data).
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The Basic GasFinde€t®model has two output options: MODBUS {85) and Serial (RE32). Both
outputs are availablgia the Serial/Modbus Connector and Data Cablee customer mapurchase the
Basic modehnd upgrade to the Standard or Enhanced models by purchasing an upgrade package later.

Standard GasFinder3-OP Model:

Graphical Display

USB Port

Power Button

Serial, Modbus, & Power Connection
1x 4-20mA Output

This model has improved output capabilitiggh the addition of one (1) 20mAAnalog Loop. The-4
20mA output iguser configurable and are most often used for ppntoncentration. This model also
includes the additional diagnostic data that is provided on t##9hA loop such as low light status
(2.7mA) and system fault (3.6mA).

The added functionality of the HMI Touchscreen allows the user to set configurable alarm levels for the
outputs. With the HMI Display it is possiliteview reattime GasFinder®Pserial string data and view
de-bug statenents.

The customer may purchase the Standard model and upgrade to the Enhanced model by purchasing an
upgrade package later.
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Enhanced GasFinder3-OP Model:

— Graphical Display
— Ethernet
— USB

— Power Button

/ \ N\

Serial/Modbus |/O Module Power Connection

Termination Junction Box

Isolators _
(Optional) |/0 Module 7
Port
/O Module —p—=] = |= = = = = = = -
|——— -
Radio Modem _| I
Optional
(Optional) : ACto DC
|
Power Supply — 4

The Enhanced Model ibé top-of-the-line GasFinder®P. This model has full functionality @ris
designed to be a ruggedized and industrial ver$truse in general purpose applications.

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

matrix being measured. Boreal Laser has therefore deeel@ctive pressure and temperature

compensation to correct for both the Universal Gas Law (Physical) and Absorption Line Strength

O0{ LISOGNR&AO2LIAO0 ST7TS djypossesseshiBustly leqdingirGaNa3ér DCo G SOKY
temperature stability (conwlled to 0.0001C). This means that there is practically no temperature

related measurement drift over that an ambient temperature range frdf to 50C and that the
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analyzer does not need to be housed in an environmentally controlled building oretaliierefore,
the GasFinder®RE provides the best Raw Uncorrected Results 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+Tsliaput firmwareavailabie in the
Enhanced GasFindef3P, the system automatically corrects the raw restitthrave P+T compensation
This and dber capabilities make the GE3PEnhanced Model the most advanced-tfé-shelf TDL
analyzer in the industry.

TheEnhanced model of the GasFinde@has full Usetnterface and Output optionsThe Graphing
Display has redlme ppm/time, ppm¥m concentration, light level, R2 confidence factor, and status.
With the HMI Touchscreen the user can locally program alfihetions that GasView has but has the
additional capability set alarm level parameters and to visualize the snapshot of the waveforms.

All output options ae available on the GasFinde€&*M. The Enhanced Model includes ong I{D
Module thatenable thres (3) 420mA Loop£ Dry Contact Relayalong with the output and interface
protocol options: Serial (RE2 & Micro USB), Ethernet (Static IP or DCHP), and Modbd8%RS

The GasFinder®RM is a Microsoft Excel Macro used to visualiakected 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).
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Complete List of Model Functionality
S =Standard
O = Optional
X =Included in Model
- = Not Available within Model

Standard Enhanced
Model Model
(Better)

Display/Interface Options
HMI Touchscreen & GasView Software
View Real-Time Serial String Data
HMI Numerical Display
HMI Graphing Display
View Waveforms on HMI
Communication Options
Update Firmware through USB port
Modbus (RS-485)
Serial (RS-232)
Ethernet (Static IP or DCHP)
1x 4-20mA Loop Output per Channel

3x 4-20mA Loop Outputs per Channel

3x Dry Contact Relays per Channel

2x 4-20mA Inputs (Real-Time P+T
Compensation)

Analog Loop Isolation

Non-Isolated Loops (Active)

One (1) Isolated Analog Loops (Active &
Passive)

Two (2) Isolated Analog Loops (Active &
Passive)

Three (3) Isolated Analog Loops (Active &
Passive)

Retro-Reflector Enclosure Options
Heated Fibre Glass Retro-Enclosure
Non- Heated Fibre Glass Retro-Enclosure
Heated Stainless Steel Retro-Enclosure

Non-Heated Stainless Steel Retro-Enclosure
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Accessories:
There are many accessories availabletiie use withthe GasFinder®P. While the list is not
exhaustive, it does provide the eager with an indication of what is available.

Tilt-Pan ScannerfThis accessory can be used with GasFinder&Pfor two main purposes. The first is

to create more active measement paths by usig one GasFinder®Pto move to obtain alignment on

1-8 retro-reflectors. The second is to have the Auto Light Optimization functionality to maintain the
optimal light level. The TiPan Scanner requiresy S 2 F (62 /| 2opdiadBPower+Sy (i NB Q&
Control Centre or the Remote Monitoring + Control Cerfiia more information please reference the

Titt 'y {OFYYSNI b /2yGNRt / SYyiNBQa o6 NROKdJzZNBE ®

Power + Control Centrds one of theControl Centre options available for communicatingwifie Tilt
Pan ScanneiThe Power + Control Centhas two main purposed) Supply poweto both the TiltPan
Scanner and the GasFinder u@i}Enables the supplied GasViewMP Software to communicate locally
with both the TiltPan Scanner and the GasFindait. For more information please reference the Tilt
tlFy {OFryYySNIb [/ 2yGNRBE / SYyidNBQa oNBOKdJIzZNB @

Zm
120-220 VAC Input Power T e———{
Hl\""ﬁfm,l,‘;!
32-Pin Cable that
)BY Connectors wy Virtual Com ) G 2m wer and Two-
Ports for running GasViewMP W ommunicationto
{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 communioas (cellular andadio modems) with a
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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 coditions). 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 refereheeRemote Monitoring +

Control Centre brochure.

Radio Communication Modul€efhis module allows for the oAagay canmunication of the GasFinder3
OPserial string data. For more information please reference the Radio Communication Module
brochure.

Response €lis: Are 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 & nominal concentration of the

target gas. The validation using a response cell is NOT a field calibration. For '
more information pleassee the Response Cell Brochure.

120-220 VAC Power Supplyhe GasFinder®P is designed to accept ¥DC. If
the custaner prefers to power the system with 12220 VAC power then a 1220 VAC Power Supply is
anincludedaccessoryvith the assembly

Rain/Dust EnclosureSome applications that include heavy
settling dust or water deluge may want to install the GasFinder
OP inside a Rain/Dust Enclosure to prevent the returned laser
light being returned to an uaisable level.
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Application Data

Target Component

Can choose from one of the following:

G[2F yIASEwRWHASE Al @RNRISY Cf dz2
G [y INédvizy 3S¢é aSiikKEyS o/ 1
Gt G-MdF yEEH$RE Y ISEWRWASE A/ | ND 2
Gl yISEwRWASE A/ | ND2Yy a2y 2EA
Hydrogen Sulfide @9)

Ammonia (Nk)

Hydrogen Cyanide (HCN)

Hydrogen Chloride (HCI)

Acetylene (eH)

Ethylene (gH,)

Oxygen (Q)

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

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

Calibrated Range

Gas and Application Dependent (please see calibration sheet)

Full Range

Gas and pplication Dependent (please see calibration sheet)

TypicalAccuracy

0.5% ofReading

Response Time

~1 Second

Detection Principle

Tunable Diode Laser Absorption Spectroscopy (TDLAS)

Modulation Technique

Wavelength Modulation Spectroscopy (WMS)

Environnental
Temperature Range

-40°C to +50°C for GasFind€d®(Analyzer/CCW) General Purpose
-40°C to +85°C for Measurement Heads

Ingress Protection

Weathertight (IP69juivalend

Enclosure Material

Powder Coated Aluminium Extrusion

Humidity

0-100% RH (Noefondensing)

Certification

General Purpose.
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Electrical Data

Nominal Input
Required

24VDC @ 20 W

Max Input Rating

24VDC, 4 A

Communication
Output

Serial (R232)
Serial (Micro USB)
Ethernet (TCP/IP)
MODBUS (R&35)

+12 VDC, 35 mA
5VDC,05A
5VDC, 50 mA
+12 VDC, 250
mA

Analog Outputs

4-20mA Outputs

1 to 3 per Channel (Model Dependent)
Output #1 Example: ppm (or ppm) Concentration
Output #2 Example: Light Level (Rx)
Output #3Example: Confidence Factof)R

24V, 2to 20 mA

Analog Isolation

NonlsolatedActive (Standard): GasFindetd®Ppowers
loop

IsolatedActive (Optional): GasFinde3Ppowers loop
Isolated Passive (Optional): Field powers loop

Alarm Relays

NC/NO Dry Coatt Relays

1 to 3 per Channel (Model Dependent)
Relay #1 Example: High Alarm
Relay #2 Example: Higtigh Alarm
Relay #3 Example: Fault

20 W max.

Display Options

Display Options are Model Dependent

1 Basic:Numerical Display (ppm, light leveland
fault)

9 Standard:Numerical Display Graphical Display
(ppm-m over time, pprm, light level, confidence
factor, and fault)

1 EnhancedNumerical Displag Graphical Display
(ppm-m over time, pprm, light level, confidence
factor, and fault)

10
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Physical Data:
GasFinder3-OP (Core Analyzer)

Net Product Weight

5.0 kg [11.0bs.]

Tare Weight

5.0 kg [11.0 Ibs.]

Gross Shipping Weight

10kg [22lbs.]

Dimensions (L x W x H)

260 x200 x 160 mm [10.2 x 7.9 x 6.3inch]

Mounting

ME d&NPE Hole

nE pkmcé C¢CKNRAdAK | 2¢

S

x

-Y Aiming Mount

X-Y Mount Weidnt

1.15 kg [2.5 Ibs.]

Total Dimensions (L x W x H)

260x160x 95mm [10.25x 6.25x 3.75inch]

Mounting

1x3/8¢-16 Threadfor temporary installations
(Tripod).

4x 5/16 Through Holefor permanert
installations

120-220 VAC Power Supply

Total Weight

3.2kg [7Ibs.]

Total Dimensions (L x W x H)

260x 159 x83mm [10.25x 6.25x 3.25inch]

11
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Labels

My, Manufactured by This label is affixed to thigody of the

Boreal Laser Inc. . . .
12846 - 146 street ~ GasFinder®Pand gives the instrument
Edmonton, AB : :
BOR En L T5L 2H7 serial number, manufacturgdate, power
requirements and area usage classification.

MODEL No. GaskFinder=
SERIAL No. HFOP-20005
MEG DATE. June 18, 2018

Made In Canada
There is also a label indicating the following (see below):

COMPLIES WITH FDA PERFORMANCE STANDARDS FOR LASER PRODUCTS EXCEPT FOR DEVIATION
PURSUANT TO LASER NOTICE NO. 5, DATED 07/24/2007

Warnng labels are described in a later section.

12
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.2NBIf [ I & SORochtais larsirwisiyeRisfraied) laser source that confotmGlass 1 as per
IEC 60824 and is eyssafe. It does not require the use of protectiege wear, protetive equipment, or
outdoor control measures. There is no optical igniti@zard 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 lasr output from the GasFinder®Phas very low powefconforms to Class 1 as
per IEC 6082%) and will not damageye tissueHowever, it is the recommendation of Boreal 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 exceedsdh@ements to be listed as Class 1 laser
products under the IEC 60825standard.

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 excessAElthef Class 1 for applicable
wavelenghs and emission 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 havednsiteced
to ensure that products meet or exceed these 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 productiaskEihGer
products.

For export into the United States 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) whiclperates under the FDA (Food and Drug Administration). Boreal Laser
complies with performance standards for laser products except for deviations pursuant to Laser Notice
No.50, dated 06/24/2007.

13



Section 2: Pre-Installation Checks

All equipment leaving th 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.

The contentsof the shipment should include:

GasFinder®PORTDL Gas Analyzer

XY Aiming Mount (w/ Quick Release Plate & Swivel Mount)
Data Cable

120-220 VAC Power Supply

12 VDC Alligator Battery Cable

Any applicable accessories

This manual

Calibration documents

Produwct Registration Card

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

If any of these items are missing from the shipment, notify Boreal Laser immediately.

Make note of any large or obvious damage on the extecaadboard shipping containdrefore
unpacking he instrument. Report any damage ttee freight carrier and Boredlaser and
photographically document the damage.

1 The Gakinder30OPshould be placed on a flat surface for inspection
1 Check for any large dents or deformities in the instrument enclosure

14
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A site survey should be undertaken to check the following jgd¢iave beerconsidered

1 Factors that Determin@ath Length:

(0]

(0]

(0]

Determine the monitoring area:
A Identify thedesired locations of the GasFinde@8(transceiver) and
Retroreflector.
A Ensure there is a cledine-of-sight from the GasFindet@Pand Retroreflector
A Determine the physicadath length between the GasFinde@Pand
Retroreflector
Expected Gas Concentrations:
A ConcentrationdJnderNormal Operating Conditions
A WorseCase Concentratiorduring Upset and/or release.
A Desired Higtand HighHigh Alarm Levels.
A Other gases that could be present.
Environmental Conditions:
A Is rain, snow, sleet, dust, steam, or other particulate matter commonly present
that can block the beaf
Over the desired path length, is the retroreflector visible from the transceiver?
Temperature Rangé€:40 to 50C)
A Pressure Range:

A
A

1 GasFinder®DPMounting Structure:

(0]
(0]

Is the GasFinder®Pand Transceiver safety accessible?
Isthe operator/maintenance persmel access stature separate from the GasFinder3
OPor Retroreflector mount?
Is the mounting structuraffectedby vibration?
Will the materials that have been used cause misalignment by diurnal temperature
changes?

A Can norexpanding materials be used?

A Can the mounting structure be insulated?

A Ifinstalled in a cold weather environment, is the pile installed below the frost

line?

Mounting locations outside where sun can strike directly on the mount structure may require additional
insulation to prevent moement 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 necesdagfretroreflectorcan tolerde 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 heaters arain/dust shields to ensure the end user has all the
tools necessary to maintain maximum up time.

15



Section 3: Installation

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

1

1
1
T

Junction box for landing preired cables from GasFinde3P

Conduit, as necessary

Suitable cable for power connections of up toMat24 VDC, & required*
Quitable cablefor data & I/O connections, as required*

Depending on the system configuration requested, some or all of the following toolseweiquired to
install the instrument.

T

= =4 =4 4 -4 4

Screwdriversets

Hand drill/bits

Level

Pencilgrease pencil

Socket wrench set

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

Optional: Range Finder Binoculars

The preferred sequence is to insttile Retroreflecor(s)and then the GasFindeitQP
This ensures thavhen the measurement head(s) are installed, it/they can be aligned
at the same time.

16
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The GasFinder®Pcan be mounted anywhere in a facility where there is a need to monitor ambient gas
concentrations, provided the area falls undgeneral purposelassification.

The GasFinder@P is attached to the-X Aiming Mount by a Quick Release Plate. FifeA¥ning Mount
Oy 0SS Y2dzy i SR (2 (KS & dzLILIbNBT (ColrdepiandetNmle or ivithK (1 K S
0 KS ¥ 2 dzNbraighbolep.k mc ¢ (i

GasFinder3 Tech |

3/8” NPT Course

023> $5/16 (7.9) through 4 places 3/8-16 through

| 7 ; l

T C’/ 4.0¢102>

? e 1038

~— 300D ——=

~ 701785 -

17
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In hot climates care should be made to locate the instrument out ¢
direct sunlightor use the Boreal Laser Rain/Dust Enclosure access
(Part # BIOPRD Care should be taken to keep the GasFinder3
under 50CMount the GasFinder®Pa suitable distance away from
adjacent equipment to allow for conduit routing and access. Ensul
there is sufficient space in front of the analyzer in order to allow fo
operation and maintenance. A dimensioned drawing is shown in
Appendix A

1. Select a suitable location to mount the instrument.
2. Decide the mounting option on the X Mount:
a. One (1) 3/816 NPT Thread (and the Swivel Mount)
b. Four (4) 5/16 Through Holes
3. Connect the GasFindef3P to the XY Mount via the Quick ReleaPlate

SeeAppendix Aor bolt mounting pattern and dimensions.

The retroreflector is a vital part of the system and choosing the correct type is necessary for the correct
operation of the system. Refer to the following pdge details on choosing a retro. For short paths

where reflective tape is usg®-20m), the tape can be attached to the back of an enclosure which is

fitted to a tripod or placed on a wall in any convenient location. The angle of the tape can be adjusted t
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 enclosure placed in any convenient location.

9 Purge air may be required for Retrased 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 solution is to use multiple
Retros.

1 The GasFinder®Pdoes not require any changasen 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 values can be obtained by setting upper and leR@emé
limits with the help of arained Boreal technician.

18
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Path Length Retro Table

Mp Y  WSRKk2KAGS ¢
ME Y DNB& ¢I LIS

Hmp Y M [/ 2NJ SNJ / dz
nmEpyY o / 2NYSNJI / dzo ¢
TEANY T [/ 2NJ SNJ / dzo ¢
HoopnyY MH [/ 2NJY SNJ / dzo
opmnnyY Md 2NYSNI / dzo S
PpAGIHDPY HT [/ 2NY SNJ / dzo
CHTPP NY nn [/ 2Ny SNJ / dzo

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 laser. When choosing adi¢tie prime concern should be to keep the
returning light level value at a reasonable value.

IMPORTANT: The Ligha\el values in the GasFinde3GPare quite different from those used in the
previous GasFinderBased technology. There are important reass for this explained on the
following pages. Failure to understand these differences can result in poor setup and compromised

performance of the system.

19
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Condensation

Condensation on the surface of the window is caused by the window temperature fadliog 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 controlled by the followingeasures:

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

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

9 Place a heater ithe enclosure. The
heater can be 12W to 50W depending o
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 condensation either inside
or outside of the window. To minimize
heat loss the enclosure is insulated. Thig
option requires power to be supplied anad
there are heaters available for use in hazardous areas.

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

One of the fist major differences you may notice when you first set up youriziséd gas detector is

GKFEG GKS tA3KG S8t Aa y2g OLFLtftSR AawEéd ¢CKA& Aa
some important reasons explained below. The second aspectwlbnotice 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 receiving much lower light than the GF2.

20
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Different Units

ThelBK G f S @ SstGaskisder.usitddiefefre® through an indirect measurement of modulated

received light. With the GasFinder2 technology, we made efforts to try and ensure that systems were

odzat i O2yaraidSyiafte gAlGK I GadA0B. Thiskaddoarbita @St ¢ o0 SAY
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 foscaie to be a good light level.

GasFinder2 GasFinder3 With the GasFinder3 technology, wevddoped a better method of
16'3"“—. e calibrating the received light in real physical umitsicrowatts (UW). The
number you see displayed as Rx on the GF3 is light level calibrated in
microwatts (uW). With the new technology, you now have a better
asSyasS 2 Tremdéiving bagkXrdea retroreflector, and we can
more reliably state when you are above the required sigoaloise
ratio for good system performance. While the number for the
GasFinder3 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
GF2 are nearly identical, so both are equally effective at collecting
. - NBGdz2NYySR fA3IKEG FNRY || NBGNBNBTFE SOG2N
Arbitrary Scale asouteunits SO that it means something real and phyic

0 8,000 light level
e 0

GasFinder2
collecting optic

Same number of
photons — same
amount of light

energy received —
O 200 uW in both cases
® ®

GasFinder3
collecting optic
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What is “Good Light”?

With the GasFinder3, we properly set the minimum threshold for light level to be 50 uW. The system

performs quite well and reliably above this threshold. The maximum amount of light that can be

obtained is 3,000. This is becauthe 3,000 Received Power on the GF3 corresponds to 3,000 uW, or 3

mW of returned ligh® ¢ KS aD22R [A3JK{Gé¢ NIy3dS 2y | DCo Aa | ye¢
this range has been calibrated and optimized for best performance.

GasFinder3 One of the great begfits of the GasFinder3 is that it now has a much
— higher dynamic range of acceptable returned light before saturating
. amplifiers and/or the photodiode. The GasFinder2 technology would
saturate at what would be a few hundred microwatts on the GasFinder3.
The GasFinder3 therefore has an entire order of magnitude greater range
coatgne  Of ACCEptable light levels.

Level
2K G R2S8a GKAa YSIyYy F2NJ éz2dK LG YStya

caskiriera swapping out retros or attenuating light to reach a narrow sweet spot of

—_— light where the sy'em is happy. It means you can use corner cubes at
Good Light short distance as well as long. You can take a single type of retroreflector
o :i - and use it for nearly all your application needs.
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Optical alignment

Once the GasFindei@Pis mounted and fastened, adjust tio alignment screws on the-X mount so
that the Retro appears in the centre of the cross hairs in the alignment scope. Verify that the entire
Retro is clearly visible and there are no obstructions in thé.pahsure that the GasFinde@Pis

powered on.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 light level on does not decrease. Ifrteoreflector is not visible in the
alignment scope or difficulty is expericed getting a readingydtch on the visible laser. Using the
continuous red bea now being emitted from the GasFinde@®, the mount can be adjusted so that
the red beam is réécted back from the retroreflector. As soon as the analyzer registers a reading, the
visible laser use can be discontinued and the analyzer used alone for precise alignment.

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

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 scope and adjustingetiectangular 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 the mount for meaaim signal bynaximisinghe 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 always at a fixed 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 capsoeering the adjustment screws. Vertical Covering
f  Turn the pom 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 c
from the eyepiece. Thenhe cross hairs intersect onthe  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.
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Focus and Zoom

1 The two adjustable rings at the froof the scope can be turned to
adjust the focus and zoom. When cold these rings are extremely
stiff.

1 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 eypiece so theRetros are sharp. Focus

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

Zoom

Note: Make sure tlat these adjustments do not nagn the system.

Data Cables

The data cables are optional accessories to transmit theRSeial datafrom the GasFinder®Pback
to a computer or serial logger. It is easily integrated with the GasView progrartetact with the
GasFinder@Premotely. The cable length should not exceed 3Brthe data is communicated via-RS
232 If a longer distance iequired, other options may be available. Contact Boreal Laser Support for
more details.

24



Boreal Laser Inc. GasFinder8DPOperation Manual June 19" 2018

Data Input / Output

The serial data cable uses the standard serial TX/RX/GND pins for RB® &fBnections. The micro
USB serial data cable requires USB driwdrish 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 is operating. Caution should
be observeditat data may be compromised during transition.

The GasFinder®Pis shipped configured fak2-24 VDQwith abarrel connector All electrical work must
be performed by qualified personnel. Water tight condsgtals should be used in compliance with local
regulations.

Aiming Scope

RJ-45 Connector
HE_ 01 ppmm _ Rx R2 ' USB Connector

Micro USB
Connector

HMI Touchscreen

LED Indicator

Power Button
RS-232/Modbus
Connector 12-24VDC
Power Connector
X-Y Mount

The GasFinder®P operates from a regulated,12VDC, 5A supply. This can be from a 12V
battery or a power supply module which converts the local supply voltage (110V/220VAC) to
12VDC. The GasFar8-OP has a buiiin membrane switch on the front panel.

Connect the power cable between tsecket on the rear of the Gasfler3-OP and the 12V

power supply and connect the power supply to a power source. Turn on the power supply (if
required).
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Power Button
The membrane switch embedded in the GasFind@FBoperates in the following manner:

Power Onif there is adequate voltage, the system can be powered on by a short
press of the power button.

Power Off:The system can be powered off by-a&cond pess of the power button.

Power-on Mode: The GasFinder®P will require a butin press to power on every timgower is
disconnected and reconnectedou can change this to make t@asFinder automatically power on
eveay time there is adequate powday doirg the following: Press and hallde power button for 15
secondsor longer. The LED indicator with$h at ahigh frequency to indicate the pow&mn mode has
been changedA power cycle is required to see the change.

LED IndicatorThe green LED indicattight will illumirate and fash when the voltages adequate to
power the GasFinder@P (+12VDC). If the system isiandby mode, the illumination period will be
long, and the off period will bghort. During operation, the LED indicalight will flash for short
periods,with long off periods.

Make sure taconnect the protective conductor terminal flying leadth a green insulation
jacket,to earth. The protective conductor lugs inside the enclosure are also lalfetgd).
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The GasFinder®P can comequipped with three 20 mA outputs, and three dry contact relay 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 pngired as labeled flying leads

from either from the 1/0O Module or the (optionathe Phoenix

Contactlsolators left). None of these wires should be removed or

altered. They should be connected to an exteffi@miration

dunctionBox throughanl LILINB LINA F §S okné f AljdzAR
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 eiher powered by the GasFinde@3Pinstrument or the

) Odza ( 2 Y S Wdea flyihg?lehdsiper-20 mA output are provided

G2 Ftt2¢6 TFT2NJ a! Ol A @ SForcanpletdedtalisa a A FS ¢
of the electrical connection layoutefer to Appendices B and C.

For the 420mA loopsthe ppm scales determined by the gas type
and application at time of ordesr can be user configurable with the
HMI Touchscreerlf it is a low lighfault the loops will output 2. TA.
If it is a system fault the loops will output 3.6nfRelays used are 1
Form C, sifg pole double throw and provide Normally Open and Normally Closed confagifg
normal run mode the relays for the normally open contact will msetiand vice versaFor low light
faultsthe relay will switch if configured for Rx uW fault on a spectiannelFor a communication
failure or system faulthe relay willswitch if configured for system faulVhen the fault has cleared,
the relays and €20mA loops will return to normal conditions. Table 2 shows the various levels of the 4
20mA loops ad the normally open relay contacts under normal operating condition, low ligtit a
systemfault.

ppm ol HF
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Table 2.
Example Analog #1 Analog #2 Analog #3 Relay #1 Relay #2 Rehy #3
Error CH1 CH1 CHIR CH1 CH1 Fault
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 loweprogrammed value of gas concentration, O 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 widhthy 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 illusited in Figure 6.

W dm e —————

B RSPt A

Status Incicators 3 g---- |

Low Limat ppm High

When the GasFinder®PA & AY G S3INI SR Ayid2 | -BXmRASYy (Qa
and relay outputs, the installation instructions and wiring diagrams specified in

Section 3 must be followed. Failure to do so may comprothisgerformance of the
instrument. Adherence to the instructions will ensure that system integratioes

not affect GasFinder®Pperformance.
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Serial Data Output

The serial data output in @asFinder®Puses the RE2 format and is made up of two diffaretypes
of strings: data strings and debug strings. Both are cordeianited 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 thengtrEach string
is terminated 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 lkeentering data ($GFLCA) are transmittedngj\wdetails of the
GasFinder®Poperation. The $GFLCA string is output wheméfie system performs a lineentering
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

The following warnings are also locatedtbe side of the GasFindef3Penclosure in both French and
English.

WARNING EXPLOSION HAZARDO NOT DISCONNECT WHILE THE CIRCUIT IS LIVE OR UNLESS THE
AREA IS FREE OF IGNITIBLE CONCENTRATIONS.

The HF reference celled in Boreal Laser GasFind@®systems configured for HF gas detection is a

1% cmvide, completelyd S t SR ¢ STt 2yu 06204t S O2y il AyAy3 | 62dzi
mounted in a solid aluminum block whics bolted to the GasFinde3Pbaseplate. Teflon is the ideal

material for an HF reference cell as it is both #meactve 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
a risk. Under extreme conditions outside of normal operatforiy, Y|l & 06S Ll2aairotS F2NJ
integrity to be compromised.

The vapour phase in the bottle is in theal equilibrium with the aqueous solutioifypically, the
reference cell concentration is 60 ppm in an effective path length of 1 anrso theactual vapour
phase concentration is 6000 ppm.

Thereference cell and GasFinde@Pinstrument 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 about 8ml. Thermevolume of the GasFindef3Pis 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 approxiely 2000:1. This means that the average HF
concentration inside the instrument, resulting from a rupture, would be less than 3 Phenmajority 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 is important 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 referenceacell

even then, the consequences, as described above, would 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

be found in US PatentNo. &M c HT = &/ F f A0 NI O A Blys://O8fphtexiE.CoMUNS | Ol A @
patents/0612162#or details regarding the shipping of GasFinder systems with HF reference cells, see

sample DG Declaration 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 inspectipn ma
reveal obvious deformations or punctures to the reference cell, and the surrounding components may
be spotted white from HF acid burns.
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Immediate Actions

Ensure the appropriate Personal Protective Equipment (PPE) is viemewer handling a GasFinder3
OPwith a compromised HF reference cell. See below for 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 movin@iatsecure, welentilated area, do so while wearing
appropriate PPE and following local safety protocols. Await further instruction from Boreal Laser
support.

Personal Protective Equipment (PPE)
The following minimum Personal Protective Equipment musvben during operations involving HF.
Note that some 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 32vgs over Best NDex 8005 nitrile gloves. Double
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 useand then dip them into a saturated solution of sodium bicarbonate.

1 Wash hands immediately after removing gloves.

1 A standard or disposable laboratory coat or disposable coveralls. A standard laboratory coat
may be reused before laundering if it has not beentaminated with HF. A chemieadsistant
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.

The instrument will power up immeately when power is connected.

When the GasFinder®Psystem powers up, it
will enter a warmup mode and display the Colc 0 /n\
message while the systeamnd laser are

warming up. At 2QC the system takes

approximately two (2minutes to warm up. In

extreme cold it may take up to 10min. System Warming Up

OTEC stabilized

During the warmup cye, the concentration

and lightlevel will not be tranmiitted on the 4 2/’!9
20 mA bus; thewill be at the system fault
level.

After the warmup cycle, the system will immmedidyegart detecting gas withoutiserinteraction.
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There are no special requirements fmowering down the instrument.

A Power Button is located on the GasFindéx3:

The touchseen i the GasFinder®Prespondgo finger taps or touches with a stylus or other Ron
sharp items.

The front panel display will diffelepending on the GasFinde€model purchased. Below is an
explanation othe functionalities of the twalisplays:

Basic Model

With the BasicGasFindersOPModel, the system has a
Touchscreen Human Machine Interface (HMI). In-tiead, the
numerical display shows the ppm{() concentration, light level
(Rx), which channel is active, alarm status, and &atus. The
user also has the ability to view the reaahe serialstring on
the HMI.

Standard/Enhanced Model

With the Standard &Enhanced GasFindeit@PModels, the

system also has a Touchscreen HMI. This model has a graphical
display that plots theeaattime ppm¢m) over time relationship,
ppm(m) concentration, light level (Rx), Confidence Factéy; (R
and status indicationThe numerical display is also available

and user configurable with the Standard & Enhanced Models.

Status o

B
K

NOTEAt any time, the ed-user may purchase an upgrade package to mgwo a different
GasFinder2DPModel.
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¢tKS G(G2dzOK &aONBSYy AYyOGSNFIOS dzasSa | ydzyoSNI 2F A02vya
N Home Return to the home page.
aml
[T( Left Return Return to the preious page. When in parameter entry
mode, this exits without saving any changes or values
entered.
@ Up Return Return to the previous page.
o
T Page Arrows Switch to next/previous page.
@ @ g p pag
i OK Arrow Accept the value entered or displayed, and return to th

A,

previous page.

t NBaa (GKS aSidAaAy3aqQa OdzNN
Either a popup menu will appear or the display will
switch to a page with a keypad. When entering values
that are outside the allowed range for thattdag, the
allowable limit will be highlighted in red. Use the
touchpad backspace key (<=) to delete the entry and
enter a valid value.

The home page has a number of touch sensiti
@ areas that allow access to the features and
settings of theGasFinderd)P unit. Press the icons or
scale on the main menu to switch to the additional
screens.

Stat_rus

DC Aim Data

(5 )
+
Path Length (m) 7 8 9
9999 4 5 6
0
K ok
i) HF 041 ppmm Rx R2
15
£ 10
Q.
=2 5
X

t NBaaAy3d GKS o6fdzS aAce
6 AONBSy® ¢KA&a aONBSy R
number and gas type, software version, Madtiress,
IPV4 address, hardware board versions, calibration da
and recommended next service required date.

Serial #: HFDC-30001 AN
Software Version 1.0.8 Fa

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

i2 GKS
NA It

QX
(0p))
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The color of the status button will change if there is a
change in the system status codes:

9 Green: No alarm codes

9 Blue: Linecentering (normal)
1 Yellow: Warning code(s)

1 Red: Alarm code(s)

o R2 Low Bad Ramp Fault 2
Calibration Error
Low Light Light Level Error
E DMA Fault Ramp Sync Fault
g_ Over Range Laser Diode Fault
a  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 I
oK
\ _/
= ~ b

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 #te same time. The 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, seédppendixD.

This button allows the Gaisieler3-OP serial
= 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

screen graphwill be lost.

$GFDTA,6.6,85,6.4,594,2015/01/30 17:56:44, CH4OP-30004,1*61
$GFDTA,6.2,81,6.4,594,2015/01/30 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
$GFDTA,6.2,91,6.4,595,2015/01/30 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

NOTE: Array dumps are not plotted on this screen.

Pressing anywhere on the Rx power bar from the hon o N
menu page, or anywhere on the graph on the aim pac
will switch the display to the Rx Power Scale Page. Rx Power Span 78
Enter a new &lue for the maximum 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 »

| . o 2
Pressing anyv.vhe.re on the.graph image from the hom Graph Type ‘ Linear
menu page willwitch the display to the gas graph
8S8Gdzd LI 380 t NBas (kS as  Autoscaling Max Only
that setting. Values @nged on this page will be Graph Maximum 10000
reflected in the gas graph on the home page. Graph Minimum 0

: )
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o >
The main setup menu page allows access to t - .
"N\ system configuration settings: — D Logging
M Path Parameters System Parameters Utilities
S —
T System Parameters 1/0 Modules 1|+ Password 1
. _______________________&a 4
1 1/O Modules
T Logging 4
M Utilities
1 Password (factorprotected menus)

@  Chamnel 1)
Here you can Enable/Disable channels and adjust

settings for each enabled channBress asét A y 3 Q& Path Length (m)
current value to change that setting. Temperature Source | Manual Entry

Path Length (m) Path Temperature (C)
Enter the length of the target path in meters. This valu ‘ ‘ »

is used to calculate ppm values.

Path Temperature (C) (1) Channel | 1] )

Set this value to the average temperature of the active
measurement path (distamcbetween the transceiver Pressure Source Manual Entry

and retro). Path Pressure (Pa)
Path Pressure (Pa) Altitude (m) 0]

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 thaltitude of 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 peeferethod.

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

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

2 P L
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View (Array)

Press the View button to capture and display an array
on the screen of the GasFinde@®. This will take a few
seconds as the system needs to acquire and draw fol
distinctgraphs, 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 harmonic gas absorption
signal produced by the wavelength modulation spectrosampyhod usedn the GasFinder®P.

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

1 Samp (Green)This the wavefrom from the sample path with some ppsicessing done.

1 Reference (Purple)This is the live reference waveforfinom the onboard rekrence cell in the
GasFinderP.

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

Sweeps/sample '

e _ Ch 1 Enabl :
This item selects the number of times the sample path ° anne e e
input data is averaged before the dpsis and data s / I 750

weeps / sample

output occur. The factory setting varies but it should ne
be necessary to change this value. Contact the factory Minimum R2 0.00
before changing this value.

Minimum R2 ‘ 5 »

This item allows the user to check the value of the

confidence factor below which the noentration is deemed to be insignificant. Operators can adjust
GKAA @I fdzS G2 NBRdzOS GKS 200dz2NNByOS 2F ayz2raegé
or thermal scintillation. Boreal Laser Inc. should be consulted before changinglingsfiom the

factory setting.

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

concentration for the gas graph on the homisplay. C - -
oncentration Units -m
The units can be adjusted to display: )
Averaging (Samples) 1

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

along the path. ‘ “ D

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

Averaging (Samples)
The number of saples collected that are used the movingaverage calculation.
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Minimum Light
The minimum light value is set by the factory and is
displayed for reference only.

Reference Check

Minimum Light

50

Reference Check

Samples/ref scans

The reference check page displays the values from th
internal ST SNByYy OS OSt fsettingshdhhoR
be adjusted.

« %

h

Samples/ref scans

This itemselects the number of times the sample path is measured before the reference cell is checked.
It should not be necessary to change the factory setting from the factory default value. Contact the
factory before changing this value.

o

From

This menu will play the date range of the internal

logs, and the estimated total file size of the date range [ 2015 Mar 29 10:30:59)

specified. When first entering, it will pause on To (2015 May 06 12:39:23]
calculation screen shown below.

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

the separate fields, denited by the grayporders. » »

When a USB storage devisepiugged into the
GasFinder®FZ ( KS daDhé¢ | NIghtgornarghouidb8 visibla. iNie2s¥lecting the date
NI}y3IS 2F ft23a FTA{Sa @2dz RSaANBI &ferdzth®USB stir@gdzO K
device. The transfer speed is approximatel$ RB/s, and may take longer depending on the number of
files being transferred.

iKS

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

IMPORTANTEhe USB storage devigrist be formatted as FAT32 with 4096 byte allocation. These are
typical settings, but should be checked prior to beginning the USB dump of internal logs. After dumping,
the files will be in a folder named by the last four bytes ofdh@ 4 G SYQa a!/ | RRNBaa®
Exampledt / nCno dnc é

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

91 Screen Calibration
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Clock Settings 0 A
Enter the correct year, month, day, hour, minute and Mar =

second settings. |1/2]3]4/5/6|7
Year 8 91011121314

2015 (151617118 19 2021 1'; : ?T) : 539
22232425262728 | © T
3031 |
4 »
Network Settings
Hostname (i ) A
From his menu you can assigrhostname to the Hostname  BLSENSOR1
GasFinder@®Pdevice, which is the label that will DHCP Enable
appear when the device is connected to a computer Static IP Address
network.

Protocols

DHCP
2 )

Select whether or not DHCP (Dynamic Host
Configuration Protocol) is enabled. With DHCP enalhedGasFinder30P will automaticallype
assigned an IRddress and other related configuration information such as the sulmastk and default

gateway.

Static IP Address
If you want to assigthe IRrelated configuration information yourself as fixedweas, you can dso in

the Static IP Address Menu.

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

FTP
From the FileTransfer Protocol (FTP) menu, you can enable or disable the protocol, as well as
assign aisername ad password to the GasFinde€3P

Telnet
From the Telnet menu, you can enable or disable the protocol, as well as assign a username and
password to the GasFindef3P device.

HTTP
Not yet implemented.

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

Beeper Volume
You can adjust the volume of the beeper of the LCD screen in this menu.
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Update Software
Software updates can be done throudietUSB port in the GasFindet®?

1 IPM (Interface Processor Module)
91 DSP (Digital SighProcessor)

9 LDD (Laser Diode Driver)

1 LCD (Liquid Crystal Display)

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

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

1 For IPM updates: iprapd.hex
1 For DSP updates: dsypd.bin
1 For LDD updates: ldabd.bin
1 For LCD updates: lagbd.bin

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

t NBaaAy3a at NB OS S RuépdateAThi§ mag taka A fgw niirtitest 2 | R K

When the update is loaded, the system will prompt the user to pegyete the instrument. Doingo
will reboot the GasFinder®Pinto normal operation. Checking the software version on the info screen
should reveal tht the new version is now installed.
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This menu containthe configuration settings for thAnalog, Digital and Serial Outpatgailable in the
GasFinderP

Analog Outputs (5 ] )
This menu allows configuration of the2® mA output Output Parameter E
of the 1/0O Modue. The outputs are labeletDX-AQY Channel ‘ 1

where Xis the I1/O Module number andis the output
number (1t03), 2dz Ydzad LINBaa @k 4mAppmm Value 0.0

bottom right corner of the screen to save any changes| 59 ma ppmm Value 200.0

Output Parameter:Selects the quantity to report. 3 »

w»

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 Vdue: Sets the low span of the output.

20 mA ValueSets the high span of the output.

Digital Outputs )

; o (i) )
This menu allow configuration of the drgrtact relays Output Parameter Hi-Hi
of the 1/O Module.The outputs are labeletDX-DOY
where Xis the 1/0O Module number an¥is the atput Channel j
YydZY6oSNJ 6m G2 o00® , 2dz YdzA  SETppmmAlarmValue 50.0 2iGz2y 2

bottom right corner of the screen to save any changes
CLR ppmm Alarm Value 47.5 ‘

Output Parameter:Selects the quantity to alarm. » »

Hi-Hi: Gas concentratioq units are in pprametre

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 applicable.

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

CLR Alarm Valudkelay alarm will clear when equal to or less than this value. This value may be 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 ’W‘

USB Serial / RS232 Serial: : :

Selecting the mode in the box on the right will allow i

G{AYLX $S¢ YR @a9YyKLI Yy Gskd R 38 R

or selected between for the USB serial anelR3 Modbus Address 142

ASNRALFE LR2NIaz NBaLISOGAGS ‘ 2 dzii LJdz

standard (recommended) serial output for viewing
NB3IdzZA F NJ RFGF AGNAYIE&D a9y KIYOSRE &S NRyfdruse with LIdzi A &
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. Note that if using the +iSE® 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¢9Y C2NJ G9yKIYyOSRE 2dzilddzi G2 DFACAYRSND {
Data Bis: 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.

RS485
Selecting the mode inthe baxy (1 KS N Bkriaf I ¢/ARf fa ad28RrtiaWm@pution RS 485 is
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 $igigs 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 9y KIYyOSRE 2dziilddzi G2 DFAaCAYRSNDb {
Data Bits:This determines how manyitb 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 modecistsé|

Standard Modbus Output Registers for GasFinder Analyzers
Mode: Slave, Binary/RTU, Decimal Integers.
Comport Qit: RS485 1/Variable Baud/8/N/1
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Register assignments GAS A (RS485):

ppmm | ppmm | ppmm Distance . Status | Status ppm
Ch I R2 Light | Second
anne High Low | Decimal Decimeter 9 conas High Low ppm Decimal
0* 41000 | 41020 | 41040 | 41060 41080 41100 41120 41140 41160 41180 41200
1 41001 | 41021 | 41041 | 41061 41081 41101 41121 41141f 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| Ref R2 ) . a PRl 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 repmsted with 32bits 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.

Secondg | SI NIIoSIi AyBODPVREANDAYKIBISECEHXS FBSER 2F GKS
Statusg 32-bit of Status Code from the DATA statements.

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

Internal Tempg Internal temperature. 16its for whole number and 1bits for decimal.
DC Offset; Ramp DC Offset.

Ref Quak, 16-bit of Reference Quality.

RefR2¢ Reference Confidence Factor froriQ0.

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

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

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

The GasFind8rOPrequires little maintenance and there are no usarviceable partaNote that
batteries located in the electronics of the system are not user replacealdgstem check is done
automatically at periodic intervals with an dmoard reference cell.

The GasFinder®Panalyselis equivalentwith ingress protection of IP63 he windows on both
enclosures are made ofylar.

Wipe down the enclosure with a cloth dampened with water. The windows should be sprayed with
water from a spray bottle and gently 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 compatibilityittv the enclosure alloys and window material, thestem
enclogires can be decontaminatesliping down with a clotlsoakedwith the apprriate
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 Lds&s a patent on its particular Referencgll€onfiguration (US
PatentNumber 6,121,627)The Referencedl 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 meaement to ensure that the
instrument always remains in calibratiamd does not drift

Approximately once per minute the GasFinder will interrogaténgernal ReferenceCell which contains
a sample of the target gas to ensure a high level of performandencreased reliability 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?
1 There ae four possible light 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. Ifso, does the Sample Waveform look appropriate?
1 The Sample Waveform is compared against the Calibration Waveform by linear least
squared regression to give a R2 Confidence Factor.
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Boreal's OrBoard Dagnostics will: determine if it gets a proper respoifiegn a real sample, make 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 the ppr¥ O2 Yy OSY G NI GA2y (2 aAYdzZ 4GS RAFFSNByd 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 resisao the target gas by checking thésimal

reference cell qualitytwhen monitoring atmospheric gases like CH4 and CO2, the system constantly
GasSsSa¢ GKS 3Ara 2F AyidSNBad yR 2dzillzia GKS | Ofdz f
targetgas is not commonly present, the selieck performed every minute verifies the system does
AYRSSR NBaLRyR G2 (KS 31a 2F AyGSNBadoe LT (GKA& Aa
requirements then they can perform their own system challenge witesponse cell. Response 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 instruemt or measurement errors, this response test provides an independent
GrtARFGAZ2Y 2F GKS AyaidNHzySyidiQa 2LISNI A2y ®

The response cell is typically used in leak detection installations that are monitoring for a gas that is not
present in the amladnt atmosphere. Response 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.

Theresponse cell is a completely sealed unit that contains the specific
target gas that the GasFinder Instrument has been configured to detect.
TheORt 5[ DF&ACAYRSNI AyaldNHzySyida I N
of molecules of the target gas in the activeasurement path. Since

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 tc
a loss of containment. The small amount of gas contained in response
cell does not presdra health hazard to the user.

G2 ao2d

P AR

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 celififectedby two factors:

Depending a 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 windows. It ismegended 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 GodzYLX 2NJ aOKFftSy3asS¢ (K Splaged in thSactive nie&sGrenelB 4 L2 y & S
path. The active measurement path is between the transceiver and the-refiector.

45



Boreal Laser Inc. GasFinder8DPOperation Manual June 19" 2018

TheGasFinderP relieon a clear optical path to obtain accurate readings of gas concentration. Dust
settingonthewiR2 g a Ydzald ©06S Ot SIFYySR 2FF 4gKSYS@OSNI Al RSINI
average value for the light level should be kept between the recommended values set at the time of
installation. Regularly inspect the equipment and remove all obstructiorts asibird 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;atignment may be necessary. Ireas with a lot of dust
and/or humidity, some lubrication of the-X mount may be required. If tteasFinder®Pis
consistently moving out of alignment, the structural stability of the mount supports should be
reassessed.

Boththe signalcables aréest left alone if the equipment is operating well.

The Retroreflectors have no moving parts and the only maintenance required is to clean the windows
when absolutelynecessaryThe windowmaterialistypicallyLexan which is a soft plastdod great care

must be used when cleaning to avoid scratches. The need for cleaning will be indicated by a consistent
loss of light, which may result in poor gasncentration readings. Difficulty in obtaining an adequate

light level may indicate that th&asFinder®DPhas moved out of alignment and should be checked first.

Note: The instrument relies on a clear optical path to obtain readings of gas concentration. Dust settling
on the window of the Retro enclosure must be cleaned off whenever it degiade$S a e a i SyQa
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 leselannot be obtained by falignment.

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 corepsed air (Cans of compressed air are available from
OFYSNY FyR StSOUNRBYAO ad2NBaved b2dS GKFd O2YLN
compressor, and should not be used without a filter or oil trap.
1 If the window is streaked with raideposited paticles, wash the window with substantial
amounts of water, using a spray bottle, (laboratory or other type) and clean fingers.
1 Gently wipe with a soft tissue.
1 Spray a small quantity of argtatic solution on the window. A suitable astatic solution is
Gb2Pozd dmé dzaSR o0& LIXFAGAO FFEONROIG2NA yR Al OC
1 Gently wipe clean with a dry, soft tissue.
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While there is no Boreal Laser requirement for any inherertaiération, therecommended service

interval 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 ttIN2 A RS | OOdzN> 6S I yR NBfAlFLo6otS RFEGF & |
preventative maintenance and/or regulatory reporting obligations may require that pobohlibration
andlorreOSNIAFAOlI GA2Yy R20dzYSyidl A2y K|l @&edat a OdZNNBy G R
calibration.

With the Quarterly Data Review Package, it is possible to get a Calibration Certificate Extension with a

G OdzNNByYy (G RIFEGSé 6A0GK2dzi aSyRAYy3a GKS DFACAYRSNI dzyA i
. 2NB I [ |cal Suppi TeansStOpesfoim a healtheck that uses key diagnostic data to ensure
operability.

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

Laser provided Preventative Maintenance Sheet,[Baily Lofijles, and at least 1 Array Transfer. This

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

RFEGlI NBGASgaz . 2NBIf [FaSNRna ¢SOKYAOFf {dzZJR2 NI ¢S
performance.

While there is no limit to the number of Calibration Extensions alslElper GasFinder unit, it is

recommendedi KI 4 GKS SljdaA LISyl Aa G2 6S NBGdNYySR (2 GKS
¢ SOKYAOFf { dzLJLJ2 NIi ¢ SieaGehdy ofReBuinBd\tve /GysFirtidar 2init to 2ng fadlioly S F
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 analysis algorithms updates available to improve the performance of the analyzer

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

Training Onsite: in conjunction with the system installation and conssioning (or at any point) Boreal

[ FaSNRa Sy3aAySSNE 2NJ 6SOKYAOAlya oAt Giteadb®s@BARS (NI
system maintenance, operation and troubleshooting after system installation is completed. A training
certificate carbe issued upon request for professional 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 ou

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

experience and typically takes one day. Boreal Laser suggests that such training is carried out on the
OdzaGi2YSNRa aeadasSy | yR A yptaiee Tes (equasied)yAtrgfing K I CI OG 2
certificate can be issued upon request for professional development purposes. The charge for training at
Boreal Laser in Edmonton is $1200 per day for training (4 persons max). Customer is responsible for the
salary travel and subsistence expenses of their personnel during the training.
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Our customers can obtain preventative maintenance services from either Boreal Laser or an approved
local distributor. While the preventative maintenance seqgoe of activities can change from

installation to installation, there are common set of tasks tfoaim 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 cha#lemith a response cell. Boreal
Laser or one of our authorized distributors may be ablprtavideany available field updates

(hardware, software, firmware, or analysis algorithm). Boreal Laserroamaroved local service

providers can provide an estimate upon request.

Reayuired Preventative Maintenance Schedule

Action Minimum Frequency

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

Additional and Optional Preventative Maintenance Tasks

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

Calibration Certificate Extension (from Boreal Laser only Once a year

OnSite or Factory Training At least once every five (5) years

Factory Calibration and Chealp (from Boreal Laser only) At least once everfive (5) years

48



Boreal Laser Inc. GasFinder8DPOperation Manual June 19" 2018

Section 6: Data Interface

The RJ45 connector is used to conrtbet GasFinder®Pto a localarea network. The GasFinde€s

has the capability for an IP to be assigned via DHCP or static IP address. To access theSdtings,

see the Utilities menu section. Once the IP address of the GasFi@dker8 known, the serial data can be

accessed via telnet, and the fi leansferred@dA I C¢t & ¢KS Lt | RRNXaa OFy I fa
button on the info screen.

1. hy | ySGs2N]I SR 02YLlzi SNE 2 LSy
gAfE ONRY3I dzLJ GKS F LILINBLINR | 4GS

2. ¢@1LJS aidStySié w{t!/ 98 wLt ! RRN
terminal window.

I O02YYlIyR fAYyS A
GOYRDPSESE |
Baaseeéod ¢KS aeads

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.

Click Programs and Features.

Click Turn Windows features on or off.

Inthe 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. Note the IP Address of the GasFind@B by going into the info screerhi3 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 the Network menu (Utilities >
Network Settings). Protocols for user names gadswords can be set in Utilities > Network
Settings > Protocols.

2.hy I ySGg2N] SR O2YLMzi SNE 2LISy | O2YYlIYyR tAyS A
gAtt ONAY3A dzLJ GKS | LILINBLINAFGS aOYR®PSESE | f

3. Type ftp [SPACE][IP Address} F (i LI mdbm dmE y dm

4. If you have assigned a user name and password for the GasFaéergu will be prompted to
enter that information. If you have not, you can simply hit ENTER twice to bypass the user and
password prompts.

5. You are now connected to the GasFind&nB nicro SD card, and standard FTP commands will
enable you to access the data stored there. Some useful FTP commands are listed in Appendix
D.
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The USB connector is used to attach a USB storage device to the GasBiRd@itse user can then
extt OG0 (GKS aeadasSyQa AyaSNylrt t23a FTNRY (KS aeaidsSyQq:

IMPORTANT: The USB storage device must be formatted as FAT32 with 4096 byte allocation. These are
fairly typical settings, but are worth checking prior to beginrimggUSB dump of internal logs.

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

The GasFinder®P transmits serial data via the micro USB port and
the 6-pin R&32port. The output settings can be adjed 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 COM port driver (see Appendix D for
details).

$SGFDTA
data_header gas_conc. distance ser_number check_sum
y ¥ ¥ M
serpra, |1, |22.541, |1.00, [o.225 [7ss€es.1, [2011/01/27 13:25:28, |mFer-dmee, |1, 1-5*5—|
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 Integer (hexadecimal)
the DSP

check_sum Checks the data stream for errors String

These data strings are comrdalimited(,) and an asterisk (*) sigrég 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 tialibcheck.

$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 internal details of the
GasFinder®P operation. The $GFLCA string is output whenever the system performsartierng
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 stangernally in the GasFindeitQPare very

important diagnostic tools. In cases of suspected problems with the equipmeiat fidath an Arrays

Transfer, together with at least 30min of .gvl data should be sent (emailedieort@boreal

laser.com A diagnosis and solution can often be made quickly and without 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 GasFindef3Pto a computer
and run the @GsView program.

9 Click on Options and then click Arrays Plot
Enable.

1 Atthe GasFinder®Penter the menu and in
the Channel Specific Menus the first item is

f WLYGSNYFE ! NNF¥ea ¢ NJ

9 Press Enter. The display will reaficquiring,
Transferring. The conyer screen will show |
a series of curves.

1 The file containing the data can be saved by

clicking on File in the top left of the tool bar
and saving it to a specific location. It can

File  Options
228290~
rf \.Rq
I 1% .
PR %
g a X}ik ,-"”T{‘T
137198- P |
" LightValue  Average Aenuation Legend E— ) —
0 0 B
Reference [0 o o
Calculated Sample PPMM [1741756
Backgiound [0 Jo Jo Fieference PPMM [32500
Calibration [0 [o [o Alam (2501
Cone Units | ppmm Alarm PP [0 Sweeps per Samp [ 268 Cal Centerline [ 76
Samp Light [ 15443 420 Made | Enabled BkandSub Mode [ Disabled CalLight [ 6773
Distancs [ 6.0 20mé PPMM [ 1600000 Battery Yoltage [ 1257 Ref Qualty [1.0000
Iin Light | 500 4mé PPMM [ 0 Temperature [ 438 RefRi2 [057

ALC Made [

Log Mode [ Disabled

Serisl Mumber [ COZFC200: PointsperSweep [ 128

Light Range [

Log Type | fll

Main Display [ light

Log Records [ 0

Ref Light [ 3714

Min A2 [ 0.00

Conc Range | low

Fief per Cal [1

Serial Output | Fiealtime

Samp per

Ref [ 10

Date & Time | 2003/07/03 13:07.54

then be sent to Boreal Laser Inc. for analysis™—
If the user does not havéné 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 it exits the Remote Head is about 1abmirhe divergence is
approximately 1.%nrad (milliradians). This means that at a distance of 100m the beam diameter is 1.5 x

I_l

M AN MpnyYY

beamintensity falls off towadls the edgeof the beam spat

6cé0d {AYAEINI&S

I (2 def RR A0&S( Fmy=(pSt n2YFY mZp

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 deals with the

stability requirements fothe mounting structure.
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Calculating the Effects of Movement

¢KS GlrofS 06St2¢ Aa I 3ISYSNIt 3Idzh R Pdthienghgactial G KS a Al
size may varper application:

Path Length G¢eeLAOKEE [FASNI 520 (
50m 0.1m

100m 0.2m

250m 0.5m

500m im

750m 1.5m

1,000m 2m

Consider the example of a 150mm diameter retro array located 100m due north of the Open Path
Measurement Head.

The post, and therefore the Open Path Measurement Head, can move vertically or horizdsatign1

6cé0 SAUKSNI aARS 2F (GKS OSyYyuUNBftAyS o0ST2NB GKS oSt
movement is referred to as translation#éh practice, signifiant translational movement is unlikely to

occur, as the post issually fastened to a sdlibasehowever, 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 bending (i.e. perpendicular to the centreline) is manifested as a lateral motion and wil have

minimal effect. Conversely, any Nort&Bouth bending will have a serious negative effect: the top of a

oY o49mnQou Glrftf LRad Oly 2yte Y20S nopYY O6ndMTTED
off the retro. For a 500m path length, with thefeN2 | NNJ & R2dzof SR Ay RAI YS{ SNJ
2T GKS oY LRad OFly 2yfeé Y20S mMdyYY o6ndntmén 0SF2N
I mMnY LRad Oy Y20S cYY o6ndHocé0 FyR OlFdzasS G4KS &l

Note: Movement of the retros has littlefeect 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.
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Types of Supports

All posts require a solid concrete base. In areas where freeze/thaw conditons, ol
the base of the concrete needs to be well below the frost level and an air spacef
between the base and the surrounding earth down to the frost level. Above grou:
GKS LRad Ory 08 O02yONBGS O0LINBTSNNBR| :
postcan be used for heights up to 2m; above 3m, torsion limits the path length t¢ ¥
100m. » d met pport

Longer distances or higher supports require a wider base. This can be obtained by usinpsating
lattice towers or a number of posts joined at the top and well bchc

Provided it is in the correct location, a building can often provide a very
stable support for a GasFinder®P. However, it should be noted that the
metal roof structures of long buildings oriented eagtst are very
susceptible to diurnal movementased by solar heating.

Scaffolds can be used for temporary mounting structures but they must
W/ dzL) @100 RWJI 2 G KSNJ NR 3tagithed typésiiie A=
not stable enough. To comply with safety regulations, the height of a
scaffold annot exceed three times the width of the narrowest base i
dimension. This gives a very stable platform however the alignment will
often move slightly when the operator descends. The scaffold can also
placed on adjustable legs to accommodate differentugrmb elevations.

Thermal Effects

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

materials such as canete, 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 an indication of solar heating. In severe
circumstances a dispersed retro array may be the only solution.

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.

Platform Separation

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
preclude the use of scaffolds for long paths. '

Remote Head separaied
from the work platform
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All buildings move. Some move more than others depending on the external andahterces. In most
cases, this movement goes unnoticed until cracks form in concrete or a small piece of plaster flakes off.
Movement can occur over years as the building foundations settle, or over seconds as wind forces or
cranes move the structure. 8lement 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 ond¢be wind has passed. In the same way, the
shaking motion produced by the movement of overhead cranes is not usually { &
problem as the structure quickly returns to its original position when the crane
has stopped. Movement caused by thermal expansion dusolar heating is
different. Metal structures are particularly susceptible to deflection when the
solar heating produces large differential forces, which result in a twisting or
warping motion of the structure. This is seen, especially on sunny days, as a
diurnd variation in the GasFindei@Plight level. This variation is caused by the _I_
expansion and contraction of the metal structure carrying the laser mount, whi $=an
twists with respect to the longitudinal axis of the original laser path. This causg Figuiz 1
the laser beam to move away from the retros 4
and results in a drop in the returning light
level. The amount of movement will vary
considerably with the orientation of the
building and the attachment of the mount
within the building and the length of the path.

Diurnal movemeant

If movement is suspected, it can be verified 13:00
and measured as follows: Arrange to have
access to the mount where the Remote Heac
and telescope are located, and plan to make
observations through the telescope at least four times throughout the day. Moveigergually 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 to a part on the retro. Shining a flashlight beam on the retro will make it
easy to see at long distances bot adjust any alignment screws. At the end d i
the day, you should have a number of points showing the different positions
the cross hairs. This difference will indicate the amount and direction of

movement of the laser beam. See Figure 1.

2

Figure 2

The observiions can be made over a shorter time period, but the results maj
not give an accurate picture of the movement. A plot of the positions over tir
will yield a graph similar to Figure 2. This graph can be used to estimate the
maximum movement of the beam.

Rather than use a motorized mount to adjust the alignment of the Remote o o o
Head, the preferred to solution is to use a dispersed array of retro reflectors R :

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

Typical “spot”
of the laser

|

|

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 rumber of retros may 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, tte diameter of the beam is about 600mm, sd
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 arehia scope
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 isemtred on the retro.

, “vertical top edge,
4 ) !
¥ . beam coverage
\
' ¥
1

\
horizontal'left edge horizontal right edge

re centre of
|45 4 scope travel
wer /

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 s underneath so that the cross hairs are centred g¢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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Section 9: Appendices

Net Product Weight 5.0 kg [11.0bs.]
Tare Weight 5.0 kg [11.0 Ibs.]
Gross Shipping Weight 10kg [22Ibs.]
Dimensions (L x W x H) 260 x200 x 160 mm [10.2 x 7.9 x 6.3inch]
Mounting ME d&NPT Hole
nNE pkmcé C¢KNRdAAK | 2t S

<INSERT DRAWING>
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Appendix B: Electrical Component Layout - Isolated Analog Loop
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The DSP status code (or status word) is a hexadgeialue that can be converted to binary (32 bits
wide) to determine which DSP errors are present from the table below.

C2NXI G 27

NO_ERROR
GAS_HIGH

NAN_NUMBER_ERR

NOT_CTRD
R2_LOW
LOW_LIGHT
BADRAMP_FLT

LT_LV_ERR

DA LS FLT

OVERRANGE

DA LM_FLT

CALIB_ERR
MENU_MODE

LOW_BAT
NOT_CALIB

LIATIMEOUT_FLT

G§KS 51 ¢!

[

a b~ wiN

10
11

12
13

14

[/!' &adlaSySydQa {¢! ¢! { 2hw

Normal operation, no errors.

Not used.

A NaN Number was detected during: acquiring
data, data processing, or during FLASH memo
read-back (this one must showp combined with
GCw! agw2 p9wweé v 2 LISNI @
ALLOW lineentering!... This bit is new in
v1.2.4e.

Laser is not line centered.

R2 lower than limit set.

Light lower than set point.

The bad ramps counter overflowed the set
maximum count value during a sample
computation. This event raises the error bitgfla
Signals that the AGC controller was not able to
set the specified light level because the gains ¢
is at the maximum/minimum gain setting..

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

The signal in the inputs of the ADC is larger the
the reference voltage.

This bit applies to Direct Absorption only (DA):
Indicates that Levenberlylaquardt algoithm
failed to fit absorbed gas signal. This event rais
the error bit flag. (note: for IPM descriptions yol
YIe AK2NISYySR-axiNF ¢yYIpY
Ref quality < min ref qual, ref quality > max ref
qual, or ref R2 < min Ref R2.

Not Used.

Not Used.

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

The LIA task wasendanton semaphore for too
f2y3aX 0KS #Higoar{ifGe) avewt €
ramp AND clean error conditions (also system
does not allowline-centeringunder these
conditions).
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REFCELL_ERR 15 A fatal error was found during tHae centering
process. System cannot line center under thes:
conditions. Bit is set if any ek is true:

1 DcCoffset found out of limits
1 LD_FLT
9 Low Lightin REF Cell
9 Overrange in REF Cell
1 DMA_FLT
1 RAMPSYNC_FLT
I LINECENTRING_FLT (when in user mc
trying to capture a stored calibration
waveform, this bit is mirrored by DSP
from ISSW, system will try tenter
normally if possible but still will signal
this flag if an error happened during
storing a calibration waveform)
LD_FLT 16 Laser Driver Fault detected (communication eri
with the currently active Laser Driver).
LEASTSQUARES _FLT 17 The inverse ratrix could not be computed
DMA_FLT 18 Operational error could not be computed
CENTERING_OUTOFLIM 19 The Ramp DC offset current needed to move ti
G[ AySe Aa o0St2g GKS Y
limit allowed.
RAMPSYNC_FLT 20 Ramp sync signal is missimgDSP was not able
to recover the last incoming Ramp.
RsvdO 21 Reserved for future use.
STRAYRAMP_FLT 21 A not expected Ramp was received but DSP w

not expecting it. The Ramp was thrown out. Th
bit is new in v1.2.4e.

Rsvd1l 22 Reserved for future se.

FRAM_RW_ERR 22 An error was detected in the last read, write or
erase operation with the FLASH memory. This
mirrors the value of a bit of same name found i
the Internal System Status Word (ISSW), pleas
see 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 somecases 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 DSP is going to loop again.
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For this particular case in whithe 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 centering loop ends. If line centering loop ends and sysdikmot centered

Gbhew/ ' [L.Tmé GKSY o6Al bhw9 wwdrwasdelettddar@ Wil LI (2 &l SN
propagate the error conditions into the DATA strings too.

Bit 15 REFCELL_ERR

There are six conditions that activate this bit if any of thesedvan A & | OGA GBS GKSy oAl n
RNBL) G2 4T SNRE AYRAOFGAY3I +F FrLalt SNNBNI KFa 200dzN
1. LOW_LIGHT
OVERRANGE
DMA_FLT

CENTERING_OUTOFLIMITS

RAMPSYNC_FLT

LINECENTERING_FLT (during a stored calibration waveform capturing processditiod o@s
not cleared by user)

ook wN
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DFa O2yOSYGNYIGA2Y A& YSFadaNBR Ay LILIVZ WLI NI & LISNI
x 100m (1 milbn cubic metres) has 10 cubic metres of air replaced by a pure gas, then the gas

concentration is expressed as 10ppm. A point sensor measures directly in ppm. Open path monitors, like

the GasFinder®P, measure the total amount of a specific gas, for examp, in the path of the laser

0SIFY 06S0G6SSy (KS GNIYaYAGOSNI dzyAld FyR I NBFESOG2N
WLI NI A LISNI YATEAZ2Y YSOUNBaQ:I 2N WLILIYYQ®

Openpath measurements are slightly different from the traditional point measuremargood
visualization of the how opehJ- 1 K Y SI adzNBSYSyda ¢2N)] Aa adrkroOlAy3a (K
used to. The standard unit of measure for an ofpeth instrument is Parts Per MillianMeter (ppm

m).

Physical Path Length

AYAVAYAY

Retro-
OP-TDL Reflector

Remember, O DL technology simply countsetnumber of molecules in the active measurement path
(the distance between the transceiver and reteflector).

RETRO-REFLECTOR

8.
‘\\ TRANSCEIVER
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There are two commomways to discuss to opgmath measurementdPath Integrated Concentration
(PIC)yandPath Average Concentration (PAC).

1 Path Integrated Concentratiofi*ICunits of measure is ppram and a good way of thinking of
PIC is simply the GFDL counting the number of molecules in the active measurement path.

1 ThePath Average ConcentratioRAQ s the PIC divided by the physicatiplength (or the
length of the active measurement pattg give a ppm concentration

Small & Highly Concentrated Plume:

100m Path Length

Path Integrated Concentration
300ppm * 1m = 300ppm*m

Path Average Concentration
ey 300ppmM*m/100m = 3ppm

Large Dispersed Plume:

3'01007 *

100m Path Length

Path Integrated Concentration
3ppm * 100m = 300ppm*m

Path Average Concentration
wep 300ppm*m/100m = 3ppm
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When the GasFinder@Preceives the returning laser signal aftehas passed through the sample gas,
the electronics convert it to the shape of a specific waveform or curve. This isrtimesavaveform. The
GasFinder®Palso has a similar signal from the calibration waveform. These curves are then digitised
and compaed as two numeric arrays.

An accepted mathematical procedure to compare curves or numeric arrays is the Linear Least Squares
Regression analysis. This analysis results in a measure of the similarity (R2), between the waveform of
the sample gas and that tie reference cell gas. A perfect similarity would give a value for R2 of 1.0,
and a total mismatch would be 0.0.

Fagression Analysis for

fiavedom B

e

=

The blue line represents the Linear Least Squares fit of the data and is the best fit of a straight line
between the reference (X) and sata{Y) data points. The slope is a component in the ‘ratiric
calculation of gas concentration.

A typical plot of concentration versus R2 will give the following graph: With lower levels of sample gas,
the R2s decrease, and equal zero when there isasgpgesent. As the signal from the gas becomes
stronger, the effect of noise, both electronic and optical, is reduced and the R2s will increase (i.e., the
signal to noise ratio will increase). The general shape of the plot is the same for all gasesyhtheeve
x-axis values will depend on the sensitivity of the instrument to the gas species being observed.
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Use of R2

¢CKS LRAYG +d 6KAOK (KS oSyl
the plot of R2 / ppmm can be used to determine the
sensitivity of the instrumet to the gas concentration

measurement. This varies with thiestrument and the type of . ‘

gas but an R2 of 0.85 is generally considered to be the poir
at which the readings can be considered valid. Below this tt
readings should be treated with suspicion.

FZ vr Concentiabion

i TIIEITESLE LRSS vl

Concenszasion (ppmn)
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Parts pemillion to milligrams per cubic metre

To convert from ppm to mg/ithe following equation is used and follows the EPA Air Emissions
Monitoring Guidance Note #2 (AG1):

#1 1 AAT OBBAI@ET T A AONEAQE O
#IIAAIOQ—% B+ 165 BT &

In the folbwing example Hydrogen Fluoride (HF) is used to illustrate the conversion:

HF reading from GasFinder lppm at STP*
Molecular weight of HF 20.006 g/mole
At STP the molar volume of an ideal gas = 22.41 litres

4EA0M@ﬁbAAAi©£§%§§F

1ppm HF 0.8927 mg/nt at STP

*STP refers to:
Standard Atmospheric Pressure (P) 2101.325 kPa
Standard Temperature (K) = 273.15K

If the measurement is not taken at STP then an additional correction is required to adjust to STP.

#11 AAT OPfE OEdpInd ¢ v
¢ X b

#1 1T AAI OIQ—EAGBEMOI
where T is the path temperature (Kelvin)
P is the absolute path pressure (kilopascals)

Eg. With a reading of 11 ppm, a path temperature of 30°C and path pressure of 94.34 kPa:
R EONE) © Cg TIEY WP TIE I

I IR rr W W G ‘Q‘ LR (_A)C }‘c c _
OWO@®E WQE 01 B DD T @&
=9.8197 x 1.11 x 1.074 mgim
11 ppm of HF = 11.71 mg/n?

Note: If the measured ppm values have already been corrected for pressure and/or temperaiiuge us
either the onboard compensation or the supplied compensation curves, then in the above equation use
T =293.15 K and/or P = 101.325 kPa; not the sample measurement conditions.
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GasFinder2P supports commands over the serial interface portSZB2, USBedice and Telnet).
Commandsnay execute a function or accessystem parameter and generatllyimica GasFinder
menu. All commandadhere to the following famat:

gff<cc>][<n>][? | = [<m>]]

¢tKS f26SNDIFAS WwITQ LINBE O&&Rconimarid actday Xisd ngledigit OOF A &

channel number. Parameter access command$B F2 f f 2 ¢ S Ryet@ardl setrsPect®aNd S&tI' Q T 2 N.
commands take parameter <m>. There are no whipacecharacters to keep the interface lean. All

commands are termirtad by carriage return (Entefltommands are responded to using the

GasFinder®P chek summed output line conventin P DC9/ 9w Py / hYoXr yib®B YFKS ¢ 6§

hexadecimal checksuma,g.& D C/ 9 w f gn prirecogrizdd, malformed or out of range command.

Serial commands will be echoed using a GasFir@&®rapper (as described above)time following
F2NXIFGY WPDC/ a5 Zé¢rf OYRS Elieadud edmin&8tring’en®rgd= s will
provide confirmatiorof what wasreceived by the GasFindserial port as well as provide a wed of
serial line transactionghen logging.

GasFinder3OP Commands:

of $GFCOK*46 Check for command interface

gfal? $GFCOK{ §*MX PAYAYy3 tFasSN) adl ddzaz v
AT £ T {$GFCOK,*46 F'AYAY3 tFaSN) O2yGNRf >
gfam? $GFCOK, <d>*XX Get altitude in meters

gfam=<d> $GFCOK*46 Set altitude in meters

ofip? $GFCOK,<n>.<n>.<n>.<n>.<n> Qurrent static IPV4 address

gfpa? $GFCOK,<p>*XX Get pressure in Pascels

gfpa=<p> $GFCOK*46
gfpat=<p> $GFCOK*46

Set pressure in Pascals
Set pressure in Pascals (not saved to-wolatile)

gfpl? $GFCOK,<d>*XX Path length query, <ds path lengthin decimeters
gfpl=<d>  $GFCOW6 Set path length to <d> in decimeters

gftc? $GFCOKC>*XX Get path temperature in degrees Celsius
gftc=<c> $GFCOK6 Set path temperature in degrees Celsius
gftct=<c> $GFCOK6 Set path temp in C (not saved to raalatile)

gfvn $GFCOH6 Firmware version query

gfxd $GFCOM6 Arrays dump
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The GasFinder®Pis shipped already calibrated and can only be recalibratedBairaal Laser facility
and not in the field.

HF/H20MC-01 Calibration 26-Nov-03

Thecalibration of the GasFindei@Pis done by
passing a known concentration of gas through
test cell, which is placed in the path of the lasel " ’ =
beam. Gases which are very reactive or b :
unstable, such as hydrogdluoride, are
generated at the time of use with a permeation
tube. The tube is placed in a temperature
controlled chamber and emits the calibration
gas at a known rate. A measured flow of inert
dilution gas creates a concentration of gas whic «
is tracealte to NIST standards. The calibration . L B I
RFGlI FNB at2NBR Ay (K, L NB La |

L] 2 4 L] 8 10 12 14 16 18 20

standard reference waveform. Expacted Goncentration (ppmm)

2
1]
|
[
|

B
|

-
3

@
|

Measured Concentration {(ppmm)

@
T

During operation, the GasFindeBM & Ay i SNy I f NBFSNByOS OStt Aa O2YL
frequent intervals. Any significadiviation generates a status code to alert the user to a potential

calibration problem. The GasView software can be used to check the reference cell, as well as to

download sample, reference, and calibration waveforms (System Menus/Internal Arrays Tr&msfer

verify that the internal calibration system is functioning correctly.

A technical note detailing the calibration procedure and quality assurance is available from Boreal Laser
Inc.
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Recommended Monthly Preventative Maintenance
R boraal-lesar £oim

e | BOREAL

HE Light Diagnostc Information ($GFDBG) Haading
[eC Oififged
Yz Wan 200
frioams imitial RrdClual Raf B2
Date Rx Light It Temp vl =4} =85 popimm R
__
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Appendix K: Dangerous Goods Declaration Form

VT NS TEEEE GGG

SHIPPER'S DECLARATION FOR DANGEROUS GOODS

be handed to the operator.

Shipper
Boreal Lasering. Air Waybill No.
12846- 146 Street
Edmonton, AB
Canada T5L2H7 Page 1 of 1 Pages
Tel: 1-780-488-5173 Ext.101 Shipper's Reference Number RMA#15077
(optional)
Consignee
. For optional use
for
Company logo
name and address
Two completed and signed copies of this Declaration must WARNING

TRANSPORT DETAILS

This shipment is within the Airport of Departure:
limitations prescribed for:

(delete non-applicable) Ed monton

PASSENGER
AND CARGO
AIRCRAFT

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:

NATURE AND QUANTITY OF DANGEROUS GOODS

-
UN H E
fg : Proper Shipping Name [ gu?;'::::;
No. ' { Risk)
----- T -
1 .
UN3363 \"Dangerous goods in 19

\Apparatus"”

Additional Handling Information

'
N

- . Quantity and ;Packingi Authorization
ing | type of packing {Inst
1 Fibreboard boxx | 962
1 0.02L.Total Net Qty !

f=0.02L :

!24 Hour Emergeng Contact Teleghone Number: !1613-996—6666(Canutec) |
—_——

| 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.

Name/Title of Signatory

Scott Carey/Shipper

Place and Date
Edmonton,AB,CA 05.27.2016

Signature M /C.:‘~§

{see waming above)”

WV ML T LML

Below is a sample Dangerous Goods (DG) declaration fortmef@hippirg of a GasFinder@PSystem
with an HF Reference Cell.
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Tunable Diode Laser
Laser is an acronym fdight Amplification bySimulated Emission ofRadiation

In principle, the laser is a tube with a mirror atol
end. In the tube is a crystal or gas mixture which is
induced to emit radiation by stimulating it with
electricity. The radiation in the tube bounces betwee
the two mirrors and starts a chain reaction. The chain
reaction, or light amplification, wouldause the device to burn up if continued indefinitely. For this
reason, a small amount of the reflective coating on one mirror is removed or a small hole placed in it.
This causes a small stream of identical photons to be released through the hole. ifieel stneam of
LIK2G2ya Aada ARSYGAOFIfT Ay 020K GAYS FyR aLl OS® ¢KAA
crystal or gas is selected which will emit radiation at a specific .

wavelength. A ruby crystal emits a visible red beam with a
wavelergth of 6500 angstroms or 650 nanometers.

+ve -ve

ADiode Laseworks on the same principle except that the tube, mirrors, Gas Laser
and crystal are all combined in a small package using semiconductor
technology. The diode laser is composed of a pn junction, as in the ligh Diode Lases Pencil

emitting diode (LED), and specially cleaved mirror facets that form the
optical cavity. The output wavelength is fixed. The size of the laser and focusing optics is similar to the
size of a pencil eraser.

ATuneable Diode Laser (TDign have its wavelegjih w
altered very slightly while it is operating. This can be do g =

by changing the operating temperature or the drive LI
current. whie L

Absorption Lines N
If a beam of sunlight is sent through a prism, a spectrur bl
of colours can be seen leaving the prism, which can be
projected onto a screen. Blue, which has a shorter wavelength, is bent more than the red. The visible
spectrum is only a small part of the emissions. Extending beyond the blue is theialettand beyond

the red is the infrared.

If the projected spectim is sharp and defined, a number of black lines may be seen at various locations.
These lines are absences of light where atoms and molecules of gas in the sun or the light beam path
have absorbed the light at a particular wavelength. This results iack bhe on the display. These lines

are called absorption lines.
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Gas Detection with a Laser

Every gas is composed of atoms or molecules. If the target gas is hydrogen fluoride, then one atom of
hydrogen would have combined with one atom of fluoride teegone molecule of hydrogen fluoride.

These molecules have various frequencies or wavelengths at which they resonate or vibrate. See Figure
1. These are known as the absorption wavelengths, because when the molecules absorb a portion of the
light energythey vibrate at these wavelengths. Because molecules of other gases have different atomic
weights, these gases absorb light at different wavelengths from the target gas. Wavelengths for laser gas
detection are chosen in regions where the absorption oftdrget gas is not interfered with by the

absorption wavelength of any other gases that may be present. See Figure 2.

04 8 Mol Press  Sel
0H 4.40E-14 = H20  7.75:-04
i 440614
HBr 1.70E-12 m CO02  3.30c-04 =
HF 1.00E-06 = HF 1.006-06 m
02 2.09E-01 ™
HCI 1.00E-09 =

- "“'“'*’”V'WH'f\”') - \ | il ::” i

50.00 —|

50.00

000 _| 000 _|
T T T T T T T T [ T T T T T T 7
! ; : 1.320500 M 1221250 M 1.322000  Mic:
gn‘dﬁ%%%n M'c'o;' & 12007 Micons "16353,070‘%7 """’1’" 7572899057 :.o: GGGGG 7561.206520  om1
cm- : cm-
Path (m) 1000.000 Temp (K) = 296.000 Total P (atm) = 1.00E+00  Freq Res (cm-1) = 1.0601 Path (=) 1000.000 Tomp (K) = 296000  Total P (atm) - 1.006400  Freq Res (em1) - 0.0164

Figure. 1 Figure.2The laser
operating wavelength is kept stable by housing it in a temperatamrolled box. A fluctuating (saw
tooth) current is used to drive the laser, and this causes the wavelength to change slightly so that the
laser scans across thesorption wavelength.

W A

a i 7%&1\[/‘/(7rxr71;,)(>sec

V' Waveform

e

L ;

e Absorption
n Wavelength
g Fundamental

t Saw Tooth

h Laser Signal

>

Time ————»

The laser beam has a signal superimposed on it at a different frequency. See Figure 3. When the gas
molecule is struck by the laser beam, the molecule vibrates. These vibrations affect the laser beam by
changing this superimposecdefjuency. This difference is detected by a receiver in the instrument, when
the laser beam is reflected back. The difference in the superimposed signal, together with the intensity
of the returning beam, is used to obtain a measurement of the target gasecwration. The laser

operates in the near infrared spectrum (1300 to 1700 nanometers) and cannot be seen with the eye. It
has a line width of about 0.3nm and is concentrated and very intense. For the same power output, it is
able to penetrate dust andesam better than a visible laser.
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Retroreflectors

The laser beam is transmitted to a retro made with a special type of
corner cube arrangement. This causes the signal to be reflected
directly back to the detector in the transmitter enclosure. With the
appropriate number of retros, path lengths up to 750m can be
traversed.

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

A retro is different in that the reflected light returns in the same

direction as the incident light. The beam is reflected 180 degrees. A retro

is like a section through a corner and has three faces that forrmgide

corner of a cube. Some highway reflectors are everyday examples. See

figure 5. Because retros used for laser gas detection have the reflective

surface on the front, the base material can be glass or metal. The surface

coating is usually a very thiayler of gold or sometimes silver. This means that cleaning the fragile
coating is very difficult and is done with an air brush to avoid touching the surface.

) Physical Path Length _ g
Active Measurement Path g
Retro-
Transceiver Reflector
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