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The Pressure I1s On!

Regulations Interveners Neighbors
and regulatory agencies Coming to your site soon!? and community

Methane menace: Aerial survey spots 'super-

A Aggressive regulator s anot
ad a dzZNLJINA a S ¢

A Increasing inspection
requirements
A Penetrations . I
A H p Q é L‘]I é 7\ y 3 NASA Finds More !'han;n Super-l':mirq of I )‘

Vethane
PR &

o o

A Odors
A Particulate matter
A Remote sensing

A NOVs and fines

A Instantaneous averaging

. 9.
A 200 ppm min threshold —
for remediation :

A Increased SEM frequency

GHGSat to launch 6
| high-resolution

" emission monitoring
.| satellites in 2023

srpe
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But Monitoring for Landfill Methane Emissions |
Il VUAIldzl 0 SRX

HAZARDOUS LABORIOUS

An average100-acre landfill
requires a technician to walk many
miles to perform the inspection.

Serpentine Walking
Spacing Distance (miles)

SUBJECTIVE LIMITED

Generally performed : Exposed

by single technician. geomembranes?
} Steep slopes?
Snow?

Active areas?
Wind?

Differencesin
detection
technology &
. . - ~ ety interpretation of
Ticks, Spiders, Scorpions & Othef 3. R regulations.
Insects B e

Alligators &
Other Aimals

®
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We Can Do Better!
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Many Approaches, but,
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Various Drone Technologies & Methods

\
o
Path Integrated Laser

|
|
|
|
G{ YATFTFSNI aSiK 2 R for TéndBleDio® & aser (TDL) In-Plume Concentration
Unit of Measure: ppm : Unit of Measure: ppm*m Measurements

!

|

A Point Source Measurements A Indirect measure of emissions and leak Unit of Measure: kdir

A Air samples directly from the locations within laser column A Indirect measure of emissions
surface and concentrations directly; A concentration measurements highly influenced A Leak locations mathematically derived
measured. L by wind A Horizontal and/or vertical plan flight
A Leak location accuracy 90% within 1 & Prone to false positives and negatives due to paths.
30 feef[._ _ | reflected/absorptions across the landfill (i.e. A Est fugitive emission calculations with
A Quantification from hypetocal ' grass to dirt, dust particles, dry vs moist large uncertainty

data. , egetation, geomembranes to grass, etc.).

A 7 7 v W w 4 A\ V
A . NBI | hozdeée e ad S Y1 LINBL 5 f translate opm*m to ppm
safe after 5,000 flights.

| .
I concentrations.
|
1
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Thesis

Meeting compliance is not Why Sniffer method?
S y' 2 dz3d K S () I dza @39@ source detection at groudével is most
' precise and accurate.
A Morel stringent regulations, and A Operationally, we speak the same language (ppn
regulators _ A Automation aids data collection without biases of
A Interveners (satellites, manned manual method.
A NONJ TuXv A Quality assurance via verification and automated
A Technology advancements ClS aneliies:
A h h A Additional relevant data collection provides
Increased revenue through better gas analytics and calculations for valuable insights.

capture A Improves results via automation while keeping

within industry operating rhythm.

®
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DSEM Method

Captures comparable data with greater control, resulting in better effectiveness

SnifferDRONE Data Points
Appm (CH4 concentration)
AlLat/long (GPS coordinates)
AWind speed/direction
AAbove ground level (AGL)

Methane Detector Data Points
Appm (CH4 concentration)
AlLat/long (GPS coordinates)

S g e P g ‘ ~\~\ - - Ve
ST A s ST N R M0 AARRAGAZYL E X
___________________ @ D S P ‘_______-__—---—---".'_
P S @
‘ GSD= distance between readings
ME | SnifferDRONE GSD comparable to traditional method, with greater control.

L J
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Consistent & Accurate Data Collection

Automated surface emissions monitoring

TR & A TR e |
Preprogrammed flight paths

APre-programmed, precisélight = s
paths |

Alnfinite variability
A Serpentine path spacing
A Directionality

A Same flight paths flown, or new
flight paths for each event

AQuality Assurance

A Geospatial buffer for each data point to
assure coverage

¥ : G

®
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Cover Integrity from 4K at 6m AGL

with GPS coordinates for reference and automated reporting.

®
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Two different approaches

Which one tells the story better? Which one is actionable?

NASA EMIT Satellite (501px)
By viewing this satellite image, which
was publicly posted, one might
expect the landfill is a major source
of methane emissions. Only visual
provided¢ no data.

13 | 2024 05 20 NY FED SWA Conference

SnifferDRONIt Surface Scan
Automated drone surface emissions
monitoring (DSEM) technology
scanned the surface of the landfill
around the same time.

FASTEST TO TH
FLAG WINS!

SnifferDRONE Methane Leak Locations
Programmatically derived leak locations
NELRZ2NIOSR 6A0K B e
from reported GPS coordinates.
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Comparative Statistics Provides Full Picture

Distribution of CH4
Acreage:69
Number of data points measured:2,571 12,000
No. of measurements above 0 ppB1281 (26.1%) 10000
Averagell.6 ppm oo
Median: O ppm 3 oo

Standard Deviatiorb8 ppm
No. of measurements above compliance threshdld6 (1.2%)
Actual leak locations above compliance threshdld:

4,000

2,000

CH4 ppm

Distribution of CH4

Acres: 105 -
Number of data points measure®6,416 20000 {1
No. of measurements above 0 ppf,763 (67.3%) 16000

Average99.9ppm
Median: 12 ppm .
Standard Deviation265 ppm J
No. of measurements above compliance thresh@¢B306 (12.5%) o
Actual leak locations above compliance thresh@@0+ %

12000

Count
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OTM51 (SnifferDRONE) and laser based TDL flights for emissions monitoring were performed
simultaneously.

Laser TDL was flown on DJI M300 and data processed according to manufacturers
recommendations.

Methane emissions reported by the Laser TDL and SnifferDRONE had minimal correlation as
shown in interpolated maps shown below.

Method 21 and OTM1 ground inspections did not identify methane emissions in locations as
reported by the Laser TDL, with exception to a few locations.

Blind Test

Do Do Do

Laser TDL v DSEM (SnifferDRON

}«

2 5. VR R

s e AR S e Tl W & 7 : ; P - A s =
. Laser TDL interpolated i . o - GONCRE e . SnifferDRONE interpolated
map depicting measured & ‘ 7 y: ' - ./ map depicting methane

. methane emissions and B v ey, i D Y g : ~ . emissions and their

[ their intensities. . T ot S G % == ; ey . ntensities. Manual

. g prE e e aan o § i 2 GSNRATFAOIFGAZY
Vo AL . 3 et G, N o) e 5 ppm shown in red.

&« 2
5

B R G agr
False Positives .

~~ False Negatives and .
False Positives
T Wi ide L:._‘.‘)‘
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Accuracy Matters

The greatest value one can provide is confidence

- =543 = x 7 S S B L S % 57E o1
h: R 3 ! e . € : . A ‘,‘.~".‘i.’:~v ¥ NS vy N

PSP P = >

A Leak source
locations with 90%
 OOdzNJ) Oé &

A Credibility from US #
EPA approval, |

iIndustry and
International
adoption.
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The SnifferDRONE Tool

and its use cases

Data Collection

Data Transformatio

Use Cases
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QUARTERLY
COMPLIANCE

EMISSIONS
STUDIES

ODOR
G4l ' beLb
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Compliance: OTNd1 / ALE150

SnifferDRONE Method for Quarterly SEM Complianc4

AOther Test Method@TM51) defines the procedures to be

applied
AAlternative

est MethodALF150) approves use of method

Ad . NBIFRSRE | LILINR O f
AExclusive to Sniffer Robotics

AAffected facilities using OTBIL must notify the responsible
agency before use

Read the press releasg this link
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https://www.epa.gov/system/files/documents/2022-12/Barron%20Sniffer%20Alt%20with%20OTM%2051%20attached_signed.pdf
https://www.epa.gov/system/files/documents/2022-12/Barron%20Sniffer%20Alt%20with%20OTM%2051%20attached_signed.pdf
https://www.snifferrobotics.com/post/us-epa-approves-the-snifferdrone-for-monitoring-landfill-methane-emissions

OT I\/I_5 1 / A LTl 5 O Sections in 40 CFR Parts 60, 62, and 63 Addressing SEM for Landfills
40 CFR Part Subpart Relevant Testing Provision Citations

60 WWW8&860.753(d) and 60.755(¢g)(e)

60 XX>8860.763(d) and 60.765(¢))

60 Cf§860.34f(d) and 60.36f(e(e)

62 O0C8862.16716(d) and 62.16720
63 AAAASS63.1958(d) and 63.1960¢6)

Too o Too To T I

Key Elements of the Methog

Mimics NSPS / Method 21 prescribed regulations but places the detector in the drone rather than on a person.

b2 OKFy3ISa 02X . ! ¢ NBIj dzA NB a X

A Unit of measure (concentration levelppm) AGAYONBF &SR YSUSNI NBIFRAyYy3E
A Calibration method A Imagery for cover integrity

A Serpentine pattern A Spiral pattern for manual leak verification (30m radius)
A Followups A Improved quality control by

AYlFydzrt OSNAFAOFGAZ2Y 2F RNRY
A 30m buffer as means to confirm required spacing is met
A Cover integrity imagery with followp inspection

A Backgrounds readings

A Manual verification of penetrations (reverts to
Method 21)

19 | 2024 05 20 NY FED SWA Conference




OTM51 / ALT150

Initial Inspection Process

SnifferDRONE methane Programmatically derived Manually verified methane Reported leak location as
emissions data leak location leak location. exceedance.

e —
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OTM51 Adoption

“\, Rt -0l
A 3

A Washington State &
Florida adopted
OTM51 as
alternative in their
landfill methane
emission rules.

A Canada expected to
adopt OTM51 as
alternative.

A OTM51 active in
>20 states

A NOtiﬁcation and |:| Engaged with Regulators

Minor mods include (2] Notification
t [ Minor Mod OTMS51 in use
revert. || Major Mod, Other [ OTM51 active discussions

21 | 2024 05 20 NY FED SWA Conference
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Data Is not our friend. Actionable Information is!

Sniffer Field Ops (SFO) for Compliance

Key for Surface

Colorkey Exceedances  [ff FE8E Sesall  \Watch our technicians work
5 on our site in near real time

AMobile app (i0S/Android)
AAutomated alerts

ASymbology
Almagery
AHistory @

ArcGIS Field
Maps

°®
@ esrl Partner Network

120 feet ESE of EW-
156H/158H

®
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Daily Reports for Compliance

Automated binary pdf reports by noon the following day.

AREAS OF CONCERN

sn' e| Company/Site
PROJECT: 2023 Q1 SEM OTM-51/ALT-150 Excedences and Areas of Concern Map A Penetration Inspection Map
00000 JOB: 10-day Inspection . 15 snifer FRGLECT. 203 Q3 62N 0 : er‘
Report Submitted 2023/1/1 PERERSE Qou0n _ pbutrign st
&
Fw-tensi - o™
OTM-51 / ALT -150 Daily Report s P
Information presented within provides results from the emissions monitoring inspection performed by Sniffer Robotics' technicians during the date(s) noted, in compliance K I:] ¢ 2
with US EPA OTM-51 / ALT-150. As work is completed, this report will be updated and disseminated, no later than by 10:00 am the following morning after the daily ey | &
inspection. >500 ppm g .
PP ’ 2 o
This d@ily report may provide ag:lditlonal details that may be helpful for operations, such as areas of concern with images. Therefore, this report is not meant for <500 ppm Legend s et @5 E,
compliance purposes and only intended for customer review. v A s * R - L Y
& @
Leverd *
® trinca bmachern ® v = ’ 2
@ essiatn Eioomiis = ¢
BACKGROUND DETERMINATION Date: 1-Jan % Bt of Coannt - |
Upwind (ppm) 0.00 X w3 @ - 8
Downwind (ppm): 0.00 % o Q » 5
Average (ppm) 0.00
; Ak
WEATHER CONDITIONS Date: 1-Jan N u TN 2 @ caser s
Sky. Clear 3 A - 228R2 / )
Ground: Temperature: Dry « e ae o1 w ¢ S A L e e s ,.....«.,m.m.&.:;.’
Wind Direction: Sor — kU A e 4 s L Lo et i v
Wind Speed: NW
Barometric Pressure: 3 mph
Humidity: 299 sn. er
i ssone ©oooo0
LOCATION DE INITIAL INSPECTION EXCEEDANCES )
. < SnifferDRONE Manually Verified Notes g
Ref Lat. Long. Ref Gas Well and Location Description Date Time (UTC) Class Potential Root Cause ppm ppm 5
3
1 000K XOXK Edge of active area 2023/1/1 3:00 PEN Soil-Crack 590 %
7 | oo woox | 157t W. of Well 1 2023/1/1 100 PEN | Sollril 1,800 2,000 H
3 XXk XIOUXX Near unmarked penetration 2023/1/1 2:00 SEM LFG-Disconnected Pipe 325 760 Strong odor %
4 XK 200K S4ft SE of Well 23 2023/1/1 3:00 SEM Soil-Vent Hole 245 900 E
H
£
5 | 0o xoxx | 40ft N of Well 70 2023/1/1 4:00 SEM | Soilrill 3,800 5,000 ';L"o';ﬁ:;‘:::‘i %
£
2
&
&
%
£
£
a

]
| Manually Verified
Ref Long Lat Date Time UTC ppm Comments
|
AOC1 XXX XX 2023/1/1 4:00 3,800 See exceedance No. 5
AOC 2 XK XX 2023/1/1 3:00 | 50 No exceedance found
AOC3 XK XIOKX 2023/1/1 3:00 110 No exceedance found
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LEGEND J
‘ OTMb51 ¢ Penetration exceedance
. OTMb51 ¢ Surface exceedance .

* OTMb51 ¢ Penetration exceedance
_ A Major investorowned waste company. (not on asbuilt)
| A 128-acre MSW landfill.
A Objective: evaluate performance of
Method 21 vs. OTMb51 for detecting leak
sources, performed according to

regulations.

Method 21¢ Penetration exceedance

A M21 and OTMb1 inspections were
simultaneously performed. Both parties
knew of the inspections prior. _

A M21 inspection resulted in 17 leak source&;_"' :

g all at penetrations (no surface leaks "

‘0“ identified). Highest measured

i concentration was 54,000 ppm.

- A OTMS51 inspection resulted in 27 leak B
sources; (22 penetrations, 5 surface leaks).. « . ’
Highest measured 82,000 ppm. EREES

A 16 similar leak locations detected by M21 | 4+

and OTM51. Bo




aS /Fas pu G{YyATFTFAY

Noncompliant emissions studies to for capturing more gas and improving operations

GuP-7

Discrete Leak Locations with >90% Interpolated Maps Analyses for gas migration and  Est Fugitive Gas Emissions (SCFM) b
accuracy 1 ppm¢ 100% CH4 remediation impacts cell or cover system
(Compliance Prscreen)
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Analytics, Calculations, and Visualization

For analysis and informed decision making

&

ArcGIS Field
Maps

Sniffer Field Ops

mobile app

Automated Reports GIS Engineering Custom Solutions

ABy 10:00 am next day ATopographical surveys AArcGIS Mapping
— AExceedance details ADetails and cusheets AArcGIS Configuration
_ AMaps AVolumetric studies AMobile app development
SnifferVIEW Almagery AEmissions maps AWeb GIS Applications
desktop solution APotential root cause(s) ACompliance or Studies
AcCalibration reports ®
@ ACompliance or Studies es rI Partner Network

ArcGIS
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