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Drones and

Revolutioniz

Operation'sf‘.|

Alex Steuerwald, P.E.




@ Protecting the Environment

Complying with federal, state, and local regulations and permits

» Minimizing ecological impact, including odor control and
proper waste covering

& u | | | | |
[ Maximizing Airspace

Getting the most waste in the least space
» Optimizing compaction, grading, and cell construction

s are an incredibly powerful tool to help fulfill both!



Further Details

|| ] & | || ] ]
Protecting the Environment ([ Maximizing Airspace
Landfill Gas Collection Landfilling by Design
» Critical for capturing methane and minimizing odors » Constructing waste cells in accordance with an

engineered design

Leachate Collection

> Critical for conveying leachate to be properly treated Optimized Compaction
and preventing it from entering surface waters and > Ensuring that operators are covering enough ground and
groundwater making enough passes

-
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Traditional Methods

@ Protecting the Environment

Monitoring performance of the landfill gas collection system
» (Gas well readings that check landfill gas composition
 Surface monitoring to ensure enough cover soil is in place

Ensuring all leachate is properly collected and conveyed
» Walking the landfill surface and inspecting for leachate seeps
* Monitoring pump station performance metrics




Traditional Methods

[ Maximizing Airspace

Frequently checking landfilling progress
 Utilizing a GNSS rover (i.e. Trimble) to verify finished grades follow design
« Staking out landfilling areas and recording elevations over time to calculate waste volumes

Generating topography maps on a regular basis to monitor life remaining
 Typically involves planes with high resolution cameras and/or LiDAR systems
 Data collected by surveyor then requires processing by a civil engineering firm for the final deliverable and to verify accuracy



Cost Case Study

Topographic Map and Remaining Capacity

Cost for Professional Surveying Services

* Assume organization has (3) operational landfills, each 350 acres in size, and has a survey performed every calendar quarter

- [Establishing ground - Performing the survey - Calculating remaining
controls - Verifying with field volume TOTAL TOTAL
- Providing report for measurements - Providing capacity
those controls - Providing topographic report per annually organization-wide

map and mosaic image

$4,500 $17,500 $2,200 $24,200 $290,400!



Drawbacks of These Methods

Costly

Labor and services necessary are expensive

Time-Consuming

Time lost to perform required tasks adds up

Safety Concerns

Frequent close exposure to the many dangers at a landfill

Solution?



Drones and Software Available

Drones Software

DJI Models Propeller Aero H
« Mavic 3 models H
propeller

* Phantom 4 models
 Matrice 300 models

Kespry Cloud
WISPR Models £E=pry
* Ranger Pro
* SkyScout
DroneDeploy
-~ - Wingtra @

DroneDeploy

“}F « WingtraOne Gen Il



How Drones Can Help

) Protecting the Environment

Monitoring performance of the landfill gas collection system










SnifferDRONE™

SnifferDRONE™ UAS consists of a package, designed and
built by Sniffer Robotics, adapted to a commercially available
unmanned aerial vehicle (UAV - drone). The integrated system
includes the following:

» Gas detector specific to purpose (Methane or Hydrogen Sulfide)

* Flexible hose, weighted nozzle, and break-away coupling
("hozzle" system)

e Laser-guided system to enable terrain hugging capabilities

 Software for flight planning, flight control, in-flight reporting,
algorithms for leak source detection and data management

Source: https://www.snifferrobotics.com/snifferdrone

H2$: 275 ppb

CHY: 200 ppm



How Drones Can Help

@ Protecting the Environment

Ensuring all leachate is properly collected and conveyed




How Drones Can Help

) Protecting the Environment

Inspecting the stormwater conveyance system
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Advantages

Cost Savings

Drone quickly pays for itself by eliminating provider contract costs and cost of the
workforce required to perform the same tasks

Faster Execution

Job is completed substantially faster than a crew working on foot or in a vehicle

Minimized Risks

Pilot can be in a safe area with minimal risk of landfill dangers (traffic, equipment,
landfill gas, etc.)




How Drones Can Help

[ Maximizing Airspace

Checking landfilling progress

Monitoring life remaining

Drones and Powerful Software =————p ..

propeller




What You Need

To get started, you need the following:

Drone supported by Propeller Ground controls (Fixed or AeroPoints) FAA Part 107 Certified Remote Pilot

¥




What You Do

To get started, you need the following:

Establish ground controls

Perform the survey flight
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Upload to Propeller

DATA PROCESSING

Nothing's being processed right now
Begin by uploading a new survey below. Learn more

+ UPLOAD NEW SURVEY



Now You Have a Model




Checking Landfilling Progress

= Cut/Fill v b Units ~

&= properTES (@) 7 STVLE

A\ Surface Comparison (©)

From Surface

Q1 Full Site - Mar 3, 2025 v
i
To Surface

Current Surface (Survey - Apr 2, ~

3DCUT/FILL ~ 2DCUT/FILL  CONTOURS

cut 1,391.3 yd?
NET 51,242.4 yd®
—
52,633.6 yd? >
Ny
54,024.9 yd?
Shrink/swell ® +
Weight +
Density +
9 3

R e R ]



Effective Planning

A Stock... (edited) ~ b Units ~

== PROPERTIES ® 7/ STYE
A Surface Comparison (©)
From Surface

Current Surface (Survey - Aug 1, v
L1t
To Surface

Custom Surface v

3D CUT/FILL = 2D CUT/FILL  CONTOURS

cut 475.2 yd?

. NET 51,700.7 yd®
— \

\t 52,175.9 yd® )

/

TOTAL 52,651 yd?

Shrink/swell ® +

Weight +

Density +
a9 ¥ :




Calculating Life Remaining

Created by Alex Steuerwald, Jan 02, 2025

&3 Cut/Fill (edited) ~ b Units «

2= PROPERTIES ® /7 STYLE

A Surface Comparison @)

From Surface

Current Surface (Survey (Filtered v

1y
To Surface

CIL_195_3DBuildout.dxf:C-TINN +

3DCUT/FILL 2D CUT/FILL CONTOURS

cut 11.9 yd?® 124.04 ft

F163ft |
69,857.2 yd® " 107741t L
69@)
/
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erifying Buildout Accuracy

+ (4]
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@ Slope Check Example [———

108.81ft (US)

106.81ft (US) (-2.00)
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Slope Check Example ~ X
Created by Alex Steuerwald, May 05, 2025
i Cross-section b Units

&= PROPERTIES ® 7 SIYE

]

= Cross Section

@@ Show cross section

@» Enable cutaway view

This view of the cross section is only ‘
available when the line has two
points

ADD DESIGN/SURVEY

=== Survey (Filtered) - Apr 2, 2025
Buildout_faces_150_110.dxf

= Layerl X
®0 X
7T Description
Type text...

+ ADD/EDIT ITEMS

8
.

i "9 ¥

S - -4
Jelaware (ftUS) N 628038.535ft E 630164.407 ft Z 99.325ft



Monitoring Settlement
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Beyond Airspace...

While Propeller is a powerful tool for volume and design
calculations, it’s also incredibly helpful for various other
important operational tasks such as:

» Marking locations of facility utilities (underground electric lines,

stormwater structures, landfill gas wells, etc.)
» Stockpile volume calculations
» Checking grading of hauls roads and side slopes
 Visualizing and storing as-builts
* Creating highly detailed 3D models of facilities
* Stormwater management modeling

......

® 106.01ft (US)

4\ Stockpile v b Units ~

&= PROPERTIES ® 7 sE

A Surface Comparison ©)
From Surface
Smart Volume Surface v
(d
To Surface

Current Surface (Survey - Apr 2, ~

3DCUT/FILL 2D CUT/FILL  CONTOURS

cut 2.7 yd?
. NET 728.8 yd*
i FILL 7315 yd?
TOTAL 734.2 yd?®

Shrink/swell @ +
Weight +

Density +

&= PROPERTIES ® 7 sE

= Cross Section

103

@@ Show cross section

@» Enable cutaway view

This view of the cross section is only
available when the line has two
points

ADD DESIGN/SURVEY

— Survey (Filtered) - Apr 2, 2025

P4-PZ-10 Trench Points (April
2024).DXF

® LINELAYER X

+T Description

Type text

+ ADD/EDIT ITEMS
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More Examples

A Grade/Slope ~ b Units ~

== PROPERTIES o STYLE

A Gradient

Gradient ratio ~

AVERAGE SEGMENT SEGMENT
MAX MIN

343
13 1:3

= Cross Section .4

@» Show cross section

Enable cutaway view

This view of the cross section is only

available when the line has two

points

4 Surface Distance

29.2 ft (US)

7T Description




Stormwater Modeling

Stormwater modeling tools are highly beneficial for weather
preparation and maintenance of the stormwater conveyance system.




Stormwater Modeling

Using the model to identify areas where stormwater is collecting at a
single point and causing significant erosion




Another Example




Incorporating PDF’s

Not all our designs are digital... but they’re still useful!

You can incorporate as-built PDF’s directly into your drone model!




Incorporating PDF’s

This concept is useful for pictures as well!

@ Point - k. Units «
== PROPERTIES ® ,/ sTnEe

(9:) Location

Northing 630171.486 ft
Easting 626879.548 ft
Z (Elevation) 86.549 ft
7T Description

Type text..

+ ADD/EDIT ITEMS
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Field Crew Sharing

Quickly get information out to field
personnel without them needing to
have a login or access to the
organization’s Propeller platform

Details

CREATED ON: May 12, 2025
CREATED BY: Alex Steuerwald
EXPIRES ON; May 26, 2025 11:42 AM EDT

Site details

SITE NAME Cherry Island Landfill
SURVEY: Survey (Filtered) - May 7, 2025

Share link

Copy link to clipboard

Print QR Code




Advantages

Cost Savings

Drone and accompanying software are now the middleman between operations staff
and the results they seek, rather than a surveyor and/or engineering provider

Faster Execution

Staff can perform the surveys on their time, not someone else’s. Software can
generate models in a matter of hours, not days/weeks.

Dependable Results

Survey models have a horizontal and vertical error of < 1.5 cm




Cost Case Study

Topographic Map and Remaining Capacity

Cost for Drone Survey Services

* Assume organization has (3) operational landfills, each 350 acres in size, and has a survey performed every calendar quarter

- Cost Savings
Cost of a DJI Mavic 3E COSt; - a:| Aer;Pomt Subscription to Propeller TOTAL TOTAL compared to hiringg
undle (x5) per annually organization-wide , ,
professional services

$6,500 $4,000  $10,000  $20,500  $20,500  $269,900
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Total images
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X error (ft (US))
0.092

Processing Report Example

0.2

Good quality images

443

Y error (ft (US))

0.094

04

Image quality

Faiir quality images

713

XY error (ft (US))

0.132

l
0.8

0.6

Poor quality images

15

Z error (ft (US))

0.520

10

Unaligned Images

0

Total error (ft (US))

0536

Expected Ground Control Accuracy

Control that was used to correct the model

Paint name

ach2e097d48
ach17a7c95
acBa2f/cBe

acf08e3f94

ac9al123106

B8 8 88

acf7ddfc7e

X error (ft (US))

0.015

0.065

0.005

-0.032

-0.068

0.006

Y error (ft (US))

0.031

0.016

-0.028

-0.034

-0.008

-0.035

Z error (ft (US)) Total error (ft (US))
0.020 0.040
-0.019 0.070
0.017 0.033
-0.036 0.059
-0.002 0.069
0.031 0.047

Total error: 0.055ft (US)

Image Error: 0.536 ft (which is corrected)
Ground Control Error: 0.055 ft



In Summary...

Modernization of Landfill Management

Drones replace outdated methods with tools that integrate directly into GIS systems
and other digital workflows, and positions operations staff to be tech-forward

Precision Tools for Smarter Operations

Real-time site monitoring and progress tracking, enhanced planning, compliance,
and decision-making, with results that are accurate and dependable

Free Up Staff for Higher-Importance Tasks

Faster data collection with reduced turnaround time, allowing manpower and
personnel costs to be allocated to the many other important operational tasks
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Thank you for attending our event today. CADEMY

OF ENVIRONMENTAL ENGINEERS & SCIENTISTS®

Would you like to attend our next event?
We have several webinars happening in the near future. Go to https://www.aaees.org/events to reserve your spot.

Would you like to watch this event again?
A recording of today’s event will be available on our website in a few weeks.

Need a PDH Certificate?
Board Certified Individuals will be emailed a PDH Certificate for attending this event within the next week.

Questions?
Email Marisa Waterman at mwaterman@aaees.org with any questions you may have.

Science


https://www.aaees.org/events
mailto:mwaterman@aaees.org
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