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IS IT A BIRD…. OR A SWARM OF BEES?

SMOKE TESTING USING DRONES



CLEANING     INSPECTION   REPAIR
• LARGE AND SMALL DIAMETER 

PIPE CLEANING
• ROOT REMOVAL
• WWTP CLEANING SERVICES

• LATERAL AND MAINLINE CCTV 
INSPECTION

• MULTI-SENSOR INSPECTIONS
• MANHOLE INSPECTIONS
• WATER MAIN INSPECTIONS
• SSES – SMOKE, DYE, FLOW

• LATERAL LINING
• CENTRIFUGALLY CAST 

STRUCTURAL COATINGS
• GROUTING
• CIPP POINT REPAIRS
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INFLOW – FROM PRIVATE CONNECTIONS                     
  INFILTRATION -  RESULTS FROM STRUCTURAL PIPE DEFECTS



SMOKE TESTING 101



Why Smoke Test?

➢  We can inspect a lot of footage quickly

➢  Lower overall cost as it will gather 
information on laterals and mainlines 
simultaneously

➢  Smoke testing will tell you what a CCTV 
camera may be unable to see:
• Unsealed pipe joints
• Cross connections between storm and sanitary 

sewer systems
• Illegal private connections (downspouts, driveway 

or yard drains, foundation drains, etc)
• Broken House laterals



Smoke Test Equipment



Smoke Testing Inefficiencies

➢   Will not ‘see’ critical structural pipe defects or 
O&M Issues that may exist. Does not replace 
periodic CCTV inspections.

➢   May need to enter private property to look for 
smoke returns.

➢You may introduce smoke into a structure if a 
resident does not fill their p-traps as directed in 
the notification letters (the smoke is non-toxic).

➢Not as effective in wet weather if the ground is 
saturated. Better results in drier soils.



EASEMENT SEWERS ARE 
DIFFICULT TO INSPECT
• Must arrange and get access from residents
• Need a lot more people to smoke test easements
• Takes a lot more time to investigate each easement
• Some locations are too treacherous or wooded to 

enter



Backyard Easements
OPTION 1 – 4 PERSON CREW 
ENTERING EACH BACKYARD

 

OPTION 2 – DRONE FLYING 
THROUGH THE BACKYARDS



DRONE ADVANTAGES

• FASTER THAN ENTERING EACH 
BACKYARD

• DON’T HAVE TO WORRY ABOUT 
RESIDENTS OPENING GATES OR 
SECURING PETS

• CAN ACCESS REMOTE OR STEEP 
AREAS

• OBTAIN LIVE VIDEO AND 
IMAGES OF SMOKE DEFECTS

• GPS CAPABILITY



EBMUD/CITY OF OAKLAND 
SMOKE TESTING 2-DAY DRONE PILOT

NOVEMBER 2-3, 2023



Airspace Approval

FAA has set a legal limit of 400 feet for 

both recreational and commercial drone 

flying.



Hiring a Drone Pilot

• NPS obtained several 
proposals from FAA 
licensed pilots

• Drone technology options 
were reviewed

• CopterOptics was chosen 
for the work



Technology Options

MAVIC 2 PRO WAS USED



Film Permit
• Permit Application
• Detailed Flight Plan
• UAS (Unmanned 

Aircraft Systems) FAA 
Pilot License

• COI from drone vendor 
listing City of Oakland

• Registration paperwork 
for drone



SMOKE TESTING 
FIELD PLAN WAS 
DEVELOPED

• HUMANS TO WALK THE 
STREETS ONLY AND 
RECORD DEFECTS

• DRONES TO FLY OVER 
THE STREETS, AND THE 
EASEMENTS

WE WANTED TO COMPARE 
WHAT COULD BE SEEN BY 

DRONES VS HUMANS



TWO WEEK AND ONE WEEK DOOR 
HANGER NOTICES DELIVERED



Notify City, Police, and Fire



LET’S FLY!
SMOKE TESTING BEGINS



SET UP TRAFFIC CONTROL AND 
SIGNAGE



SANDBAGGING TO DIVERT SMOKE



BLOWER WITH 
LIQUID SMOKE

SMOKE CANDLES ARE NOT 
SUFFICIENT FOR LARGE 

AREAS



SPOTTERS WALK THE TEST AREA – 
RECORD SMOKE OBSERVATIONS



DEFECTS OBSERVED BY HUMANS



DEFECTS OBSERVED BY DRONES



THE FINDINGS



Human vs. Drone Smoke Defects

• Most of the drones’ efforts were focused on easements and lateral alignments/property yards, 

with less time spent looking at the street, so this is the reason why the drone missed some of 

the more obvious street defects. 

• Of a total of 76 defects recorded, 44 of the defects were from manufactured vent holes in the 

sanitary manhole covers,



VENTED MANHOLE COVERS

• Were helpful as we had 
locations for smoke to 
exit the pipes

• Unless the pipes had 
known defects, how 
could we check the 
drone effectiveness?



Drone was able to identify defects that are medium to 
heavy smoke density, if they were not obscured by 
dense tree cover.



Humans could see smoke from smaller defects like 
cracks along pavements, cleanouts and water meters 
that was harder for the drone to see. 



Lessons Learned

1. Use liquid smoke to 
maintain a steady and 
substantial level of smoke

2. Dense tree coverage can 
obscure the visibility of 
smoke in the drone videos



Lessons Learned (Cont.)
3. Fly looking straight down, then fly back looking at an angle. 

• The sunlight combined with the light color of the smoke 

posed challenges in detecting the smoke with the drone. 

See below how much more visible the smoke is when the 

drone views at an angle, than straight above.



Lessons Learned (Cont.)

4. The background color of the ground 

was very close to ‘smoke’ color.

5. Having a breeze helps to blow the 

smoke, makes it easier to spot.

6. Fly as low as possible to get best 

images when zooming later



Lessons Learned (Cont.)
7. In many instances, the drone had to view the defect at an 
angle, so the GPS reading is not precise.



Lessons Learned (Cont.)

8. Long easement lines take 
longer to smoke so using 
liquid smoke is vital.
9. There wasn’t enough time 
to log all drone defects in the 
field, requiring office work 
later.
10. You may need to make 
follow up efforts to enter 
property to fully investigate 
smoke sightings.



PUBLIC RESPONSE TO THE TESTING
• Very positive response from all residents! A few 

comments that were mentioned to me:

• “Let us know if you needed to access our yard”
• “What a cool use of technology!”
• “How innovative”
• “Did you see any smoke coming from my yard? I 

just replaced my lateral and want to make sure it’s 
tight”

• “I’m glad you are doing this study”
• “Any of my neighbors have violations?”



QUESTIONS?

MICHELLE BEASON, PE
NATIONAL PLANT SERVICES, INC.
925-262-7366
MBEASON@NATIONALPLANT.COM 

mailto:MBEASON@NATIONALPLANT.COM
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