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1.

2.

3.

PURPOSIProvide basic information for ALMA G2
QUALITY RECORDM®rify document is latest version before use.

TRAINING

1. Why has Pergam expende@sources todocument any of the items in all of thr@documents?

All the material has been added to ensureighhquality producis delivered to customesas cost effectively
as possible. Some material may not seem relevant or impouatikthe time they are needed.

2. What is quality and how do you ensure its delivery to customers using training, procedureimbtel
equipment, support, tools, etc.?

All previous electronic and paper versions not including signed copies must be destroyed. It is the
responsibility of the next person to use an ALMA to update the documentation.

3. What is ALMA?

ALMA, Airborne Laseré&thane Assessment, is an instrument for remote detection of an increased methane
gas concentration in ambient air (the gas cloud coming from a leak or other sources) from helicopters.

4. Why does ALMA exist?

To greatly increase the effectiveness of the gk inspection performed by gas companies resulting in
safer and more environmentally friendly pipeline systems.

5. What is ALMA G27?

ALMA G2, Airborne Laser Methane Assessment Generation 2, has a 2.5 times faster scanning rate, 50% m
Laser power from biger optics, simplified design, and has been constructed per aviation standards
compared to ALMA G1 that was used for RMOTC testif§A Department of Transportation Rocky
Mountain Oil Testing Center)

JetRanger with ALMA G2 Optical Unit (grey) MounteBelly
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6. What is a ST@nd why is it importanf

STC stands for SupplentahType Certification and signifies that a change to the helicopter (in this case the
installation of the ALMA G2) has been approved byaationauthority (EASA, FAA, etc.).

Pat of the immense STC documentation package are to critical documents that must be followed and
onboard the helicopter when ALMA G2 is install.

1 STC Certification Document

9 Instructions for Continued Airworthiness (ICA): How to install, maintain, etc.ithege(ALMA G2
system) to promote safe operation of the helicopter.

9 Flight Manual Supplement (FMS): Information for pilot to operate the helicopter with change (ALMA
G2 installed)

7. What are the types of ALMA G2 and how to tell which is which?

=

For JetRargy with STC
o Even numbered G2/6, G2/8, G2/10, etc..
1 For JetRanger without STC
o G2/5and G2/7.
1 For OtheHelicopter(Normally R44) without STC
o G2/1and G2/3.
Note: Systems without a STC require specigdreyal to fly on helicopter which is not responsilyilof
PergamSuisse Technical Department
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8. What are the parts of ALMA and what are they for?

The ALMA G2 system consists:
1. Optical Unit: Housing the Laser, optics, photodetectors, mirrors, rangefinder, and cameras
2. D-Box: Housing the powatistribution, dgital video ecorder (DVR) and electronics
3. Laptop with @Box (Control Panel) & GPS: Main computer with user interface, data recording & post
inspection data analysis
4. Pilot Monitor: Helps pilot aim LasemMot pictured below
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9. What areGPSGPS Accurac¥;PS Erromumber of GPS Satelliteaeeded DGPS, SBAS, WAAS, MSAS,
and EGNOS?

GPSs a spacdased navigation system that provides location and time information in all weather
conditions, anywhere on or near the EarthK S G SN W3t 201t yIF@AIL A2y &l
O2yaidSttliAz2y 2F aldSttAidSa LINRPGARAY3I arayrta TN

NAVSTARGlohalz aA GA2y Ay 3 {&adGdSY 6Dt {0 I vy FSpuinikivayd Sise@ma Df 2
(GLONASS) are examples of GES8®pe is in the process of launching its own independent GNSS, Galileo.

How accurate the GPS reported position to actual position depends on the quality of the equipment, the
number of GPS satelliteand availability of location specifamigmented ¢orrection) data. GPS Error is a
calculated radius for a circle around the report position where the actual position must be within and is
based on the quality of the information provided.

Minimum number @& unobstructed lineof-sight contact tesatellites for GPS position lock is 4. The accuracy
of the position lock improves with more satellites.

There are 2 commolocationsspecificaugmented ¢orrection) data. Ground stations located strategically
calcuhte the error and provide correction data. DGPS is normally not a gratis service based on a land basec
communication network. &ellite-based augmentation syste($BAS) is a gratis service based on a satellite
based communication network.

Several countds have implemented their owBBASEurope has the European Geostationary Navigation
Overlay Service (EGNOS). The USA has its Wide Area Augmentation System (WAAS). Japan is covered by
Multi-FunctionalSatellite Augmentation System (MSAS).

The standard accuracy of about 15 meters (49 feet) can be augmente@gStan8dters (9.816.4 ft) with
DGPS, and to aboGtmeters (9.8 feet) with WAAS

10.! [a! DHQAa Dt{ {LSOATAOIGAZ2YyAK

Update Rate: 5Hz
Accuracy: <3m / 10ft with WAAS/SBAS
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11. How does ALMAG2detect natural gas leaks?

The ALMA is based on an infrared Laser with output radiation wavelémgtisinity of 1650 hm of which
Methane absorbs. A Laser beam is emitted from the Optical Unit (OU) and hits a topographic object (soi
grass, trees, concrete, asphalt, etdhe Laser emits a rainbow of infrared with the wavelength absorbed by
methane in the middleThe sytem analyzes the Laser light back scatter to determine how much if any of the
Laser energy was absorbed by the methane in naturalbgased on comparing to the other wavelengths
emitted. Natural gas is normally at least 90% methafAeunique detection algithm allows for reatime
measurement of total methane content along the Laser light path from the OU to the topographic object.

Gas Leak Detector

Signals of m
photodetetor =
|
-4
Laser contrc

o O bW N

Reflected radiatior

ALMA OU Diagram of Operation
1 ¢ Receiving mirror
2 ¢ Photodetector
3¢ Laser
4 ¢ Objective
5 ¢ Beam splitter
6 ¢ Reference channel
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The diode Laser [1émits in pulse mode through specially coated focusing opffsThe Laser radiation
wavelength is scanned (varied) in each pulse in vicinity of 1650 nm, where metimiserdng absorption lines.
The Laser radiation is reflected by a topographical obj@dspll, grass, trees, etc.); part of reflected radiation is
captured by the receiving parabolic mirror [5] and focused through an optical filter [10] (greatly rexduoest

of unwanted light) onto the photodetector [6]. In the analytical channel the photodetector converts the radiation
into an analog electrical signal which is then amplified. An I/O card from NI converts the analog electrical signal
a digital signk An algorithm measures the difference in the amount of radiation returned at different
wavelengths to determine how much energy was absorbed by methane. hefteseence channel a portion of

the Laser radiation is split off via optical splitf8f from the main beam and passed through the reference
cell [8] (filled with a methanenitrogen mixture).The radiation exiting the reference cell is converted to an
analog electrical signah a second photodetectof9], amplified, and then converted to a digitsignal. The
reference channel signal is used to tune the Laser output to the correct wavelengths.

Laser energy is only emitted if the system has power, is switched on, the operator laser switch is in the o
position, and the software has ba commandedto start running (requires 2 mouse clicks). If any of the
switches or the software fails, laser energy cannot be emitted. The software only controls the laser pulsin
(on/off) and wavelength (+/5 nm). If only the software user interface freezes the laseergy emitted will

0S alyYyS +ta o0SF2NB FyR Oly 06S &aid2LJJSR gAGK (GKS z
using the windows operating system. The ALMA G2 also has a JENOPTIK LDM301 Rangefinder that h
class | measuring laser and assldl red aiming laser which is always off for operatibors K S wl y3S T
nickname is LDM)

9 PhD2

Reference
channel

ALMA OU Alignment of Optics

The optics in the ALMA OU are carefully aligned during the final step of construction. The retaienoest
be replaced on a yearly basis.
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12. What are the electronics inside ALMA Gas Detector Section?

| 2 &3 Optical Unit !
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Blockscheme of the ALMA G1 Gas Detector

1: Laser unit 10: For ALMA G4

2: Objective Main Computer,

3: Beam splitter For ALMA G2

4: Reference channel Laptop (NI Card

5: Analytical cannel and Laptop

6: /0O card from NI communicate over

7: Analog unit USB)

8: GPS receiver 11: Power switch

9: 28 to 12V voltage

converter
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13. Is ALMA aMilitary Tank?

ALMA may look just like strong metal structurgbut is a optically alignedprecisioninstrument and must
be treated arefully for reliable operationSpecificallythe computers monitors, and aviation approved
cabling. The optical unit alignment will be damaged if dropp&tie optical alignment of the laser, optics,
splitter, mirrors, anghotodetector caronly be donen Switzerland. There is a procedure to try to repair the
alignment in the field in case of shock to system.

The ALMA G2 is built with materials mandated toadtan aviation approval. These materials am as

tough as ordinangince designetb be very light weight, andigidly and permanently fixed to the helicopter.

[ a! DHQ& FoAfAGe (2 adi®meksesalas@avhdiag:NdinicoirRiSdlaIbwitiRtBey i
aviation material results in aystem requiring a more refined touch than other field equipment especially
when tired and in a hurry to pack at the end of an inspect@wer 90% of reliability issues have been traced
back to improper handlig.

The laptops are strong, but not tough as rugged/tough lapt@apsheydo not have the performance ALMA
requires. The touch pad on sorfeptop requires a speciaoft touchto find a reliable spot

14. Why does the optical unit cable main connector haveap?

To protect the laser from static electricity damage which significantly degrades the laser power and
performance. The cap must immediately be attached when the cable is disconnected frorBthe D

15. Why does ALMA measure in ppm*m?

ALMA measures themethane for the entire distance that the Laser radiation travels therefore there must be
a length unit.

16. Why rangefinder readingcannot be usedo convert ppm*m to ppm?

Would create an average concentration over the length of beam and the methane costi@mtis not
consistent. The proportion of the gas cloud to the laser beam length is unknddgna rough example
23.9ppm*m could have been a cloud 10ppm and a cloud h&&rs tall orl00ppm and 0.239 meters. From
75 meters a ppm reading would have be&B2 which is completely false.

17. Does not require calibration. Why?

The system is initialized with a known reference cell during assembly. The system then calculates th
changes over time, pressure, temperature, etc. illustrated by the Reference Celpfidasvalue.

The detected level of a pipeline leak depends on hundreds of physical variable between the pipeline and th
measuring device. Procedures such as boring a hole near the pipeline to a specific depth then using a spec
measuring device at specific distance are created to control as many of the variables as possible to ensure
a consistent reading and classification. TRIEMA GXystem detects the natural gas cloud from a leak at
proven distances up to 30Mm100ft awayfrom an altitude greatethan 150m / 500ftat extremely economic
speeds. The detected level therefore depends on a number of additional variables between the pipeline an
the measuring area of the system especially the migration of the natural gas in open air.
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18. What is the meaurement time?

ALMA G2 measure at 0.04 sec (blue line on user interface graphs) and 0.2 sec (red line on user interfa
graphs) simultaneously. One measurement cycle produce8.2 sec and & 0.04 sec measurement3he

0.04 sample rate is faster showjirsmaller detections, but can show false detections as based on 100 laser
pulses. The 0.2 sec sample rate is more reliable and therefore used for alarming, but smaller detections c:
be lost in the averaging calculation of 500 laser pulses.

Table 1¢c ALMAG2 Technical Parameters

Maximum Measurement iStance 150 m
Measurement ime 0.04 sec, 0.2 sec (simultaneously)
Sensitivity for 0.2 sec Measuremening:
from distance 50 m 25 ppm*m
from distance 100 m 100 ppm*m
from distance 150 m 225 ppm*m
Maximal Measurable Gaso@centration | 20,000 ppm*m
Laser Vdvelength Mmbdcp >Y
Laser Bwer 10 mW
Power Spply DC 2232V, 280W
Total Weight 85 kG
Operating Temperatureddge -10¢ +50 °C (Some ALMAs only operate below 35°(
Laser Beam Diameter:
At 50m Altitude 0.4m
At 100m Altitude 0.75m
At 150m Altitude 1.1m
Video @meras Pilot: Tilted 16° Forward & Aligned with Laser
Left and Right for Documenting PipeliRegghtOf-Way
ALMA Camera Resolution
1 G2/5 (Before Upgrade) 3x Standard Defition: 0.4megapixe@ 10 fps
1 G2STC 3xHigh Deihition: 2.0 megapixel @10 fps
1 G2/3 3x Ultra+ High Definition: 12.0 megapixel @ 5 fps
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19. What is JetRanger Mount?

The JetRanger Mount is additional items attached to the OU to mount it horizontally on the bellyBdIthe
206B2 or B3 JetRanger.

The items are:
1 Mirror housing with tilted mirror (45°)
o The rangefinder and cameras are bolted to the sides of the mirror housing
9 Cargo Hook Frame (white frame) from Onboard Systems
9 Attachment brackets between the OU and Mirtdousing, and Cargo Hook Frame

JtRanger Méut
20. Types of ALMA Inspections
Navigating byGPS Only and Visually Following Pipeline
21. What software is used?
ALMALaptop
1 ALMA runs on Win

1 The GLOGas Leak Detectiomn-line software is used for stggn control, realtime inspection data
analysis ad monitoring, and data storage.

PergamSuisse Proprietary 10/32 5.6.12 Bufton 901-011-N



) 1l

PergamSuisseAG

ALMA Introduction, Theory, and Operation

1 Global MapperGIS SoftwareDisplaysgeoreferenced information such as GPS positiwlicopter
tracks, detection locations, pipelinmaps and street maps

A

>\ >\

>

Map formats sipported can be found ahttp://www.bluemarblegeo.com/products/global
mapperformats.php

1 Normally Shapéile (.shp) and GooglEarth(Kml and Kmz)
All maps have a coordinatgstem (same as the scale of a graph) and a datum (0,0 or
starting point of graph). GPS uses a system that covers the whole world. Italy, Switzerland,
and many other countries have their own. You need to know this information to open a map
correctly in Gloal Mapper. Global Mapper has hundreds and will ask you to manually select
the correct information when opening a map. Theoretically this will lespputomatically if
there is aprojection file (.prj) included with the shape files, but not always. Therabse
many times that the projection file is incorrect (as seen with the Ohio ALMA inspection)
despite the customer having profession staff that runs their geodata softwdse.many US
pipeline companies use an older datum.
Best configuration is a lineexsion of street map in black with pipeline in red
Obtainseparatemapsfilesfor parallelpipelines so each line can be shown in a different
color making navigation easier.
For ALMA Inspections by GPS Only use a 40m thickitra¢& help ensure propedistance
from pipeline

15.2 (1072714) [64-b8) - EGISTIRID
P Gt ven ook v Sawh % e

1 GPSGate: Splits the GPS signal for use by Glime@nd Global Mappdsy creating 2x virtual com
ports and shows GPS communication status. Red:ddmtunication, Yellow: communication with
no GPS position lock, and Green: communication with no GPS position lock

1 DVR Remotgideo viewing and saving, control, and configure softwaee DVR type below).

T VNC/Remote

1 Time synchronization: NetTingener
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DVR:
1 For KMT or Sintron DVR with LuxRiot:
1. Video recording software
2. Time synchronization: NetTime Cleint
3. Video viewing and saving, control, and configure software: LuxRiot
4. Free Player: LuxRiot shareware server
Note: Items 34 are not installed on DVR

1 For KMT DVRIith iGuard(Old and being replaced with LuxRiot)
1. Video recording software
2. Time synchronization: NetTin@eint
3. Video viewing and saving, control, and configure software: iGuard RemoteView
4. Free Player: iGuard RemoteView or iGuard Player
Note: Items 34 arenot installed on DVR

1 ForGeoDVRSpecial DVR which automatically georeferences the video)
1. TBD

Other:
1 The GLD process software is used forlioHf review of inspection data and report generation. The
software can be installed on any cpuoter.

22. What are the signal and communicatigraths?

1 MethaneDetection System
A From component tdfrom NI Cardanalog
A NI Gird over USBo computer(digital)
1 GRS Garmin GPS Device teri&l communication then &ial to USB converter then USB laiptop
then split by GPS Gate to dne software and Global Mapper
Rangefinder (LMD): Serial then Serial to USB converter then USB to laptop
Time Synchronizationegserto Client over Ethernet
Laptop to Pilot MonitorVGA
Video:
A Cameras to DVRP/Ethernetexcept G2/5
A DVR to Laptop: IP/Ethernet
A Pilot Camerdo Pilot Monitor. Analog over coax cable

=A =4 =4 =4
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!3.! PERGAM - SUISSE AG Gas Leak Detector wver 9.9.

Methane Concentration, ppm*m

[67 | 46

25

FALSE l FALSE I FALSE
3.533292 3.533292 8.533292 @
a7.5722%8 | W7.s7220 | |azrsiese |

44.28 41.00 21.232

2 2 2

BASE [ZERO] | ‘ ALARM: 20 & 2.0 |

‘ WIND @ GROUND| ‘

PULSES |

START
INSPECTION

00:50:12 | fon
0.0 KM |Distance

l—ﬁl_::mhm LDM GRAPH

o (<)

H

PERGAM-SUISSE AG

G2 | GPSSATELLITES

ALMA G2 Oiline Software Main Screen

A: Methane Concentration Graph
B: NormalizedConcentration Graph
C1: Detection Laser Pulse Signal Strength.

Turns red by configurable limit. (Normally 10) G3: Wind @ Ground Screen Button. Flashes
yellow when inspection started and every

C2: Rangefinder reading. Turns red by
configurable high and low limit.
C3: Ground Speed. Turns red by configurable G4: Pulse Screen Button

limit. (Normally 65)

C4: GP&rror. Turns red by configurable limit. G6 Range Finder Graph Screen Button

(Normally 3m)

C5: Sun vs Channel Limit. Turns red when

above the channel limit

C6: Chnge Laser Mode Alarm. Textturnsred RS U SOUA2Y | &
LINEYLIGAYECE2AaO6KI y3S

when Peltiera
mode.
D: Gas Detection Indicator

X0 Pp

GlL. a8 .dzid2y

Button. Disabled when saving

20min after use.
G5: Ranger Finder On/Off Toggle

H: Detection Table

H1: Maximum Detection Concentration
H2: False Detection TAgggle Denotes a

4 QareeriisS ¢
f I asSNd

~ A LA = a

H3: Detection Longitude
H4: Detection Latitude

E: Start/Stop Inspection Button. Initiates data H5: Detection Time
recording. Flashes Yellow when NOT saving. H6: Detection Signal Strength
Shows data file group number when saving.
F: Runtime, Distance, and Inspection Time

Indicators

PergamSuisse Proprietary
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I: Exit Button. Disabled when saving

5.6.12 Bufton

0%SNR QA&
G2: Set ALARM 1 Detection and 8akeen

901-011-N

aeaid

Ay

i K



PergamSuisseAG

ALMA Introduction, Theory, and Operation

24. What does a gas detection look like?

¥ PERGAM - SUISSEAG  Gas Leak Detector v x|

Methane Concentration, ppm*m

Normalized Concentration

31 2 NaN 0 1 0

67 46 25 26

FALSE FALSE
8.533202 5538292 5.538292 5.533292
47.372243 | W47.372248 || lW47.372248 | W47.372248

11:54:26.3% 11:51:24.79 11:39:21.97 11:39:20.77

44.38 41.00 31.23 31.25

2 2 2 2

BASE [ZERO] ALARM: 20 & 2.0
WIND @ GROUND PULSES
00:31:00 LDM ON
0.0 KM
2 ,m LDM GRAPH
B GPS SATELLITES

ALMA G2 Ofline Software Main Screen with Leak Detection Spike
25. Why are there two graphs?
The two graphdielp distinguish between noise and a gas detectibipper graph is the signal with noise
subtracted. Lower graph is the signal to noise ratispike in only one graph is noistaving the 2 graphs
gives a secongerspective on the data.

26. How is the scale oftte graphs changed?

Click on theaxismin or max and enter a new valuer use zoom controlsRight clicking on the screen gives
other options.
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27. What are ALARM 1 and ALARM 2?

Alarm 1 controls when the detection indicator turns red, a column is addeeétection table, and detection
data added to leak file. Control is on main screen. Set to above noise or to desired level based on custom
biased on customers per flight/ daily report needs.

The system automatically summarizes a cloud into a sitajde and leak file entry. Automatic cloud
grouping combines any ALARM 1 indication occurring within 3 second of anBtmnple: ALARM 1 was
sent to 80so the single cIoud below haddble and leak file entry instead of 3

10103000 10103250 10103500 10103750

¢tKS Gb2N)Y [S@Sté¢ S@St FAEGSNR 2dzi Fff 3JIFa RS
/| 2y OSYGUNI GA2Yyé 3INI LK

Alarm2 controlswhen advanced datéulse datafor post processing is saved. Control is on config screen.
Set to 10.

28. Configuration (Config) Screen?

—Laser Regime; —General settings?
SUMMER | S SUMMER
[m METRIC/ENGLISH E]uecric
Ampmude 1 55 —
Siope l—] WAIT: Rough Set. - | 100]
Timp.r:tur.’ 3 30 | Temperature range SOUND ON/OFF (@
Er— — 1
Factor| - | 1 -5Cto40C \] -
> Speed | 65| knot
GARMIN GPS————————— [~ALARM 2————————— ~RANGE FINDER—————
e I N
GPSCOMPORT | 5 ranGe FINDER | | on
= = - =
BOUND RATE 38400 - CONT.LEVEL2 | 10.00 | LbM301
GPSERROR |* 3|m RFcomport|D] 7 |
MAP;
T RFE_L|Z| 30|
N7 Signal [ =
GLOBAL MAPPER. 2 10 =
M (mV) REH 5 70]
— Channel Limits——— —
Reference - 5+5V [ -
- |+~ OK
Thermistor - -5+5V
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29. ALARM 1 and Cé#Calculation)screen?

&4 Calibration x|

Methane Normalized
Concentration Concentration
Level Level

| 20[ pomm O] 2.0

48|V Reference Cell Pulse Amplitude

[ sas)
| 384/ %  Reference Cell
’w mV External lllumination
-0/ ppm*m Mean Methane Concentration
’—2.3‘ ppm*m STD of Methane Concentration

30. What does the Laser pulse look like?

\/

ALMA Pulse Screen
A: Analytical Channel Signal (Blue Line)
B: Reference Channel Signal (Red Line)
C: Methane Absorption in Reference Channel Signal
D: Analytical Channel Signal Superimposed on Reference Channel Signal
Green Line is Analytical Channigiral from Last Leak detection
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31. What does the Laser pulse look like during a massive gas detection?

EA  pylses

ALMA Pulse Screen Showing Massive Leak Detection
32. Real time detectionin Global MappeP
TheGas Detection Position with Maximum Concentration and Titam@of an Alarm Iis displayed in real

time in Global Mappewhen enabledvia the configuration screennformation is displaynstantly after gas
detection is complete in order to calculate position of maximum concentration

v 4 : D PN .
100m o8 . 0m 100 m 200m \

| ¥, e
Global Mapper Screen WiitvVehicle Position, Vehicle Track,
And Gas Detection (Position Dot, Max Concentration, and Time)

If ALARM 1 level is in the noise range (too low) Globappdr gets overloadedvith data and the
background turns black. Need to change background and reposfi

PergamSuisse Proprietary 17/32 5.6.12 Bufton 901-011-N



PergamSuisseAG
ALMA Introduction, Theory, and Operation

) 1l

33. What aredr-liness?

oRline< is thenamefor the first light absorption band agroup for methane gag’he ALMA emits a rainbow
of infrared with one of these lines in the middle.
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34. What are theLase parameters for?

ThelLase parametersare used byhe system taune the LaséNJ2uput to the correct absorption lin€luring
equipment startup and operation Each_ase has a unigue set. Use of Winter, Summer, and Super Summer
parameters(laser mode)depends on the ambient temperature. The Winter, Summer, and Super Summer
absorption lines are not the same for differdrases. Somd_ases do not have Super Summer parameters.

ALMA G2 Ofine SoftwareConfiguration Window
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