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d nced laser technologies

LASEN WHO IS LASEN, INC.

® INCORPORATED 1989

® ZERO SAFE INCIDENTS SINCE THE INCEPTION OF THE COMPANY

® DESIGN/BUILT REMOTE LASER DETECTION TECHNOLOGY FOR DEPARTMENT
OF DEFENSE

® APPLICATION — DETECTING BIOLOGICAL CHEMICAL GASES
® WRIGHT PATTERSON AFB RESEARCH FUNDED BY DEPT. OF DEFENSE

* DOT/PHMSA GRANTS RESEARCH & DEVELOPMENT FUNDING TO LASEN
IN 2001-2007. SEe DOT/PHMSA’S WEB SITE FOR LASEN’S PUBLISHED
ACCOMPLISHMENTS AND UNMATCHED CAPABILITIES

® INSPECTED OVER 250,000 MILES OF GATHERING & TRANSMISSION
PIPELINE



AIRBORNE LEAK
DETECTION

EFFICIENCY + ACCURACY = COST SAVINGS

Locer I .
vehicle Based [ weliiniy

® ELIMINATES ACCESS ISSUES WITH LAND OWNERS. NO LOCKED GATES, ANGRY DOGS...
® NO ISSUE DRIVING/WALKING OVER ROUGH TERRAIN

® PERSONNEL CAN WATCH THE VIDEO AND FOCUS ON FINDING/FIXING PROBLEMS FAST
VS. WALKING THE PIPELINE

® BY WATCHING THE VIDEO, PERSONNEL CAN IDENTIFY: ENCROACHMENTS, EROSION,
VEGETATION DISCOLORATION, DOWN PIPELINE MARKERS AND CP TEST MARKERS,
UNIDENTIFIED STRUCTURERS, AND UNMAINTAINED SECTIONS OF PIPELINE ROW



(=Y WHAT DOES A PIPELINE
LAS 2 INCIDENT REALLY COST?

® CIVILIAN CAUSALITIES IN HCA AREAS
® ENVIRONMENTAL DAMAGES

® STATE AND FEDERAL REGULATORY. FINES
® COST OF LOST GAS

® SIGNIFICANT FINANCIAL IMPACTS

® LAWSUITS...

® BETTER TO LOCATE SMALL LEAKS BEFORE THEY BECOME
LARGE... (REDUCES REPAIR TIME & COST)



... TYPES OF AERIAL
W. %3\ LEAK DETECTION SYSTEMS

*TUNABLE LASERS SYSTEMS (ACTIVE)

® AIRBORNE SAMPLING SOLUTIONS (SNIFFERS)
*INFRARED CAMERA (FLIR)

®* GAS CORRELATION RADIOMETERS

Did you know? Methane
molecule’s absorb
Infrared energy (photons)
and vibrate...




INFRARED

IN

METHANE (DARK BLUE) vs n-PENTANE (RED) vs BUTANE (PURPLE) vs PROPANE (BLUE)

advanced laser technologies
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I):\!A\SEN AIRBORNE SAMPLING SOLUTIONS

(SNIFFERS) - APOGEE

® AIR IS SUCKED INTO THE HELICOPTER MOUNTED INSTRUMENT AND ANALYZED
FOR HYDROCARBONS

® AIRIS ANALYZED BY SEVERAL TECHNOLOGIES... FLAME IONISATION
DETECTORS (FID), SPECTROSCOPY, OPTICAL METHANE DETECTION
(OMD), ECT.

® A WIDE VARIETY OF HYDROCARBONS CAN BE DETECTED WITH HIGH
ACCURACY, BUT HELICOPTER ROTOR WASH OR WIND DISSIPATES SMALL
PLUMES BEFORE THEY REACH THIS EQUIPMENT (TYPICALLY 25 — 50 FT)




?SEN AIRBORNE SAMPLING SOLUTIONS
* (SNIFFERS) - CONTINUED
® THE SNIFFER MUST PASS THROUGH THE METHANE PLUME.

SMALL LEAKS WILL DISPERSE BEFORE REACHING THE
HELICOPTER

® REQUIRES THE HELICOPTER TO FLY SLOW AND VERY CLOSE
TO THE GROUND (25 - 50 Fr)

L

Gas Plume

25 - 50FT

Natural Gas
Pipeline



INFRARED CAMERAS (FLIR, HEATH
CONSULTANTS, LSl....)

SFLIR ™ HI AUTO HIST WH

‘SPECIALIZED VIDEO CAMERA WITH A
FILTER WHICH RECORDS A SELECT
SPECTRUM OF WAVELENGTHS IN THE
INFRARED REGION

® WITHIN THESE WAVELENGTHS,
CERTAIN HYDROCARBONS ABSORB
INFRARED RADIATION

® HYDROCARBONS THEN CAN BE SEEN
AS SMOKE IN THE VIDEO IMAGERY

® TEMPERATURE, SUNLIGHT, CAMERA
ANGLE, AND WIND ARE CRITICAL




advawced laser technologies

LAS EN INFRARED CAMERA - CONTINUED

® INFRARED CAMERA MOUNTED ON HELICOPTER

® SYSTEM RELIES ON AN OPERATOR VISUALLY IDENTIFYING GAS IN VIDEO
IMAGERY

® VERY USEFUL FOR SURVEYING LEAKS ON THE GROUND IN COMPRESSOR & GAS
PROCESSING FACILITIES

® DIFFICULT TO SPOT ALL BUT THE LARGEST LEAKS FROM AN AERIAL PLATFORM
BECAUSE SUNLIGHT, WIND, AND CAMERA ANGLE ARE CRITICAL

Key Concepts To Make The Cloud Visible

¢ The gas must absorb infrared radiation in the
waveband that the camera can see

¢ The cloud must have a radiant contrast to the
background

¢ The apparent temperature of the cloud must be
different to the background

¢ Cloud motion assists the visibility of the gas




GAS CORRELATION RADIOMETERS
- SYNODON

* ORIGINALLY DEVELOPED FOR SPACE (SATELLITE)
MONITORING OF HYDROCARBONS IN THE ATMOSPHERE

®* MEASURES THE AMOUNT OF INFRARED LIGHT REFLECTED
BY THE EARTH FROM THE SUN

® VERY USEFUL FOR MEASURING LARGE GEOGRAPHIC
AREAS

Evacua ted

‘ Beam Gas Cell
Incomin g Splitter Infrared

Radiation I . Detector 1

Narrow

bandpass Gas Cell Computer
“Correlation Cell’

filter

Infrared —
Detector 2 ——

Mk



GAS CORRELATION RADIOMETERS -
CONTINUED

®*THE TECHNOLOGY REQUIRES INCIDENT SUNLIGHT, SO THE
SYSTEM DOES NOT WORK WELL EARLY/LATE IN THE DAY

* SHADOWING CREATED BY CLOUDS OR CANYONS LIMITS
THE TECHNOLOGIES ABILITY TO SEE METHANE

®* PRODUCES LARGE AMOUNTS OF DATA THAT CAN TAKE A
LONG TIME TO PROCESS



TUNABLE LASER SYSTEMS
BASIC LASER OPERATION

® ACTIVE LASER SYSTEMS

® L ASER IS TUNED TO THE ABSORPTION WAVELENGTH OF
METHANE MOLECULES

® | ASER BEAM PASSES THROUGH ATMOSPHERE WITH A
PORTION BEING ABSORBED BY METHANE

® L ASER BEAM BOUNCES OFF THE GROUND (THE RETURN
SIGNAL) AND IS MEASURED TO DETERMINE EXISTENCE OF
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METHANE IN ATMOSPHERE

Methane Transmission
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BOREAL LASER SYSTEM

®* TUNABLE LASER MOUNTED UNDER HELICOPTER

® HELICOPTER MUST PASS INTO/THROUGH GAS PLUME TO
DETECT LEAK

® SYSTEM IS VERY SENSITIVE AND CAN BE USED TO DETECT
MULTIPLE HYDROCARBONS

® REQUIRES THE HELICOPTER TO FLY LOW TO THE GROUND
(25-50FT ABOVE GROUND)




PERGAM — AERIAL LASER METHANE
ASSESSMENT (ALMA)

25 Hz LASER SYSTEM — 25 MEASUREMENTS PER SECOND
BEAM FOOTPRINT — 18” X 18" (2.25 SQFT ON THE GROUND)

BEAM REFLECTS OFF THE GROUND AND A PORTION OF THE BEAM IS ABSORBED
BY GAS PLUME

25 PPM*M SENSITIVITY (AT 165 FT)
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300 - 5001t AGL

Infrared Laser Beam

LASEN’S LASER SYSTEM (ALPIS)
HOW IT WORKS:

400 HZ LASER SYSTEM — 400 PULSES PER
SECOND, LOCATES THE SMALLEST OF LEAKS
VS. ANY OTHER TECHNOLOGY FROM AN
AIRCRAFT

LASER FOOTPRINT — 40’ X 40’ (1600 sQFr
ON THE GROUND)

TWO LASER PULSES ARE REFLECTED OFF THE
GROUND. ONE IS ABSORBED BY A METHANE
PLUME AND THE PASSES THROUGH METHANE.
THE DIFFERENCE BETWEEN THE TWO PULSES IS
USED TO DETECT METHANE

BECAUSE LASER IS FIRED FROM THE
HELICOPTER TO THE GROUND IT IS LESS LIKELY
TO MISS LEAKS

® GPS COORDINATES OF THE FLIGHT PATH AND ANY METHANE
INDICATIONS AND RECORDED

®* DIGITAL PHOTOS & HD VIDEO OF THE INDICATION SITE (PLUS THE
ENTIRE FLIGHT) ARE RECORDED



LASdEN LASEN LASER SYSTEM

® LOCATES THE SMALLEST OF LEAKS FROM AN
AIRCRAFT

® EYE SAFE LASER

® SENSITIVE ENOUGH TO DETECT LEAKS AT VENT
CASINGS AND ABOVE GROUND FACILITIES

* FLOWN AT 300 - 500 FT, SAFELY ABOVE POWER
LINES

® ROTOR WASH DOES NOT EFFECT THE PLUME
* FLOWN UP TO 60 MPH
® FLOWN IN WINDS UP TO 35 MPH

® 5PPM*M SENSITIVITY, LOCATING LEAKS INCHES
ABOVE THE ROW, UNLIKE OTHER AIRBORNE SYSTEMS
THAT MUST FLY THROUGH THE PLUME (AT ALTITUDES
OF 25 - 50 Fr1)




1 ASEN LASEN LASER SYSTEM

REPORTING RESULTS

® 1-12 HOURS AFTER SURVEY (IDEA
FOR PRESSURE UPRATE)

® SECURE ONLINE DATABASE LOGIN

® GPS COORDINATES OF INDICATION,
MAPS, DIGITAL, AND SATELLITE
IMAGERY OF ROW

®* HD vIDEOS OF ROW (125FT &
800FT WIDE VIEWS) ARE MAILED ONE
WEEK AFTER SURVEY




SENSITIVITY OF DETECTION
SYSTEMS

* SYNODON: BETTER THAN 50 PPM*™M

®* APOGEE: 0.25 PPM (WIND & ALTITUDE
CONSIDERATIONS)

* BOREAL: 0.2 PPM (WIND & ALTITUDE
CONSIDERATIONS)

®* LASEN: 5 PPM*M
* INFRARED CAMERA: 10,000 PPM*M



WEATHER RESTRICTIONS:

® SNIFFER SYSTEMS: HIGH WINDS DISPERSE GAS QUICKLY
MAKING IT DIFFICULT TO FLY THROUGH THE PLUME

®INFRARED CAMERA:

* WINDS LESS THAN 10 MPH

® REQUIRES DIRECT SUNLIGHT (NOT OVERCAST)
*TUNABLE LASER SYSTEMS:

® ACCURATE IN WINDS 35 MPH

®* WORKS ON CLOUDY DAYS



FACTORS TO CONSIDER

® LOCATE & Fix LEAKS FASTER SAVES SSS ON Lost GAS
Cost

® SENSITIVITY TO ENSURE YOU FIND THE SMALLEST LEAKS
® RELIABLE RESULTS

® REPORT TURN AROUND TIME AVAILABILITY

® SURVEY CoOST

® FLYING ELIMINATES LAND OWNER FENCES AND OVERALL
LAND ACCESSIBILITY ISSUES

® REFERENCES



LASEN, INC.
CREDENTIALS

®* |ISN MEMBERSHIP #400-141959
® FLIGHT TECHNICIAN IS VERIFORCE OQ QUALIFIED

® LASEN CARRIES ALL REQUIRED LIABILITY
INSURANCE

® REFERENCES AVAILABLE UPON REQUEST
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