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Big Picture

How drone technology helps  you.

Why drones lead the charge in reducing methane
emissions.

Compare other monitoring methods.

Data collection tools and visualization.




Why Drones?

Operational Efficiencies
A Greater Coverage, faster and
more accurate data collecti

WORK

SMARTER,

NOT
HARDER!

Cost Savings
A Reduce peopléours

Improved Safety
A Reducing human exposure to
hazardous conditions




Drone Tech for Solid Waste

Thermal Imagery

Structural Integrity
Photogrammetry
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Methane Monitoring Using TDL

e o Remote Monitoring
- ey r A Reach inaccessible areas

A No interference with site
operations

Efficient
A 600 acres/day
A More coverage & more data
A Autonomous flights
A True terrain following

Safety
A Lower risk of slip, trip and falls

A Less exposure to environmental
and wildlife hazards

A Obstacle avoidance sensors

Effective
A Quickly identify leaks & two lasers
A Instant actionable data




Fixed Sensor vs Motorized Gimbal
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Sweeping




Wider Field of View, Smarter Coverage

A More ground
faster

A Fewer passes

A Multi
directional for
flexible viewing
angles

A Improved
detection

A Denser, more
accurate data

Blue = Fixed Red = Sweeping
| SCS ENGINEERS |
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GIS Integration and Visualization
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A Methane Monitoring
A Met Data

A GCCS and Wells
A Liquids

A Flares

A Blowers

A SCADA
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Comparison to Reqgulatory SEM

Drone TDL Method 21

Autonomous Flight Pattern

Walking Pattern

Reaches Inaccessible Areas L Avoids Steep Terrain, Open Face afegjitation

Autonomous Sweeping or Rotating Motion Manual Sweeping Motion
| - PIC from 20m AGL L n Probe 5cm above surface
p— More Frequency w/1 Pilot p— Quarterly Frequency w/Crew
.\ Internal Self Calibration Calibrate w/Gas
L_ Alarming ;_ Alarming
.\ Data Redundancy Data-Redundaney
| Built-In Reporting | Built-ln-Reporting
| Same Day Turnaround | Same-DayTFurnareund




Methods

Other Methane Monitoring




SAN BERNARDINO

Controlled Release Study COUNTY




SAN BERNARDINO
COUNTY

Controlled Release Study

Site Conditions:
AActive Site
AClosed area

ANeutral wind zone of
open face

APartly cloudy
ALow wind




Controlled Release Study -

-Satellite
-Piloted Aircratft
-Drone TDL
-Stationary Units

-Hanaheld TDL

— -Handheld TVA
Ground
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Overview of Tests
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SAN BERNARDINO
COUNTY

Leak
Detection
Range

A3 Releases
A3 Heights
A4 Distances




Side by Side w/Method 21 GJJ_NTL
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SAN BERNARDINO
COUNTY

Overview of Tests
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SAN BERNARDINO

COUNTY
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Side/Side w/Method 21 Results

Reading
Collection
Point

At release
point

YwYo $7
YDPO $7
EYO $7
XODo ¢

2QD+ 0

~500km
AGL

Handheld
TVA

V

ND
ND
ND

ND

n/a

n/a

Handheld
TDL

V

ND
ND
ND

ND

n/a

n/a

Stationary
Unit

n/a

ND
ND

ND

n/a

n/a

Drone TDL

T <K<K <

n/a

n/a

Piloted
Aircraft

n/a

n/a

n/a

n/a

n/a

n/a

n/a

SAN BERNARDINO
( COUNTY

Satellite

n/a

downwind

n/a

n/a

DW

n/a

n/a

n/a

ND = nordetect

n/a
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Hover Test Results -
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Thermal - Surface Temp Monitoring

Remotely detect hidden "hot spots"” in real time

beyond what the eye can see.
2 SCS ENGINEERS |




Notice-flame
irregularities

Locate-heat
anomalies and
structunal
problems




Thermal - Flare Scan

360.9°F

Min: 79.2°E
AVG: 220.1°E4

66.9°F
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Structural Integrity - Interior Flare Scan



https://app2.ricoh360.com/viewer/c9e3ace6-8673-41fb-bda0-c91b443ba5d5

Structural Integrity 0 Exterior Flare Scan



https://app2.ricoh360.com/viewer/c9e3ace6-8673-41fb-bda0-c91b443ba5d5

Photogrammetry
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LIDAR Scan and 3D Models

AGround and Drone -
Based Scans

Alndoor and
Outdoor

AHi-Res Data
AAccuracy

ACost & Time
Efficient

Almproved Design &
Maintenance




