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David M. Velozzi

• Magnetic Variation Services LLC (MagVAR)
• B.S in Geological Sciences, M.S. in Earth Sciences
• Senior Geoscientist/Exploration Project Manager NEOS Geosolutions
• Geophysicist  Schlumberger/WesternGeco
• Specialized in 

• E&P & Consulting Geoscience Services
• Exploration Geology & Geophysics New Ventures- Regional and Prospect Scale 

• Well Log Correlation and Advanced Subsurface Mapping

• Log Analysis & Petrophysical Modeling

• 2D & 3D Structural & Stratigraphic Seismic Interpretation 

• Play and Prospect Identification, Generation and Evaluation

• Geophysical Acquisition, Processing, Integrated Interpretations
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Drone Magnetic Site Surveys
Outline

• Introduction

• Acquisition Platform

• Methodology

• Results and Discussion

• Summary and Way Forward
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Drone Magnetic Site Surveys
Introduction- Verification of Existing Legacy Well Locations 

• Major study compared over
10,000 well locations from 
commercial vendor with surveys GPS
locations

• 95% confidence is 200 feet
• Recommendaton:

Assume 200 ft uncertainty for well
locations that have not been verified

Source: Devon Energy
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Drone Magnetic Site Surveys
Introduction – Identification of Unreported Wells for Collision Avoidance

• Lack of historical reporting of well

locations

• Incomplete well database- state

and/or commercial vendors

• Results in drilling hazard

Source: PA IRS
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Drone Magnetic Site Surveys
Acquisition Platform  – Specifications

• QuSpin Total Field Magnetometer
• High Sensitivity rubidium vapor 
• Reading at 50 Hz and up to 400 Hz 

(3 readings per meter at 50 Hz)       

• DJI Matrice 600 Pro
• Flight speed of 15 m/s
• Flight time around 20 minutes on one 

set of batteries

• Carbon Fiber Dragon Housing 
• Built in house at MagVAR
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Drone Magnetic Site Surveys
Acquisition Platform  – Drone Flight Video
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Drone Magnetic Site Surveys
Methodology  – Survey Design Flight Specifications

• Drone altitude of 35 meters AGL

• Sensor altitude of 30 meters AGL

• Main Lines flown North-South at 15
meter spacing

• Tie Lines flown West-East at 75 meter
spacing
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Drone Magnetic Site Surveys
Methodology  – Placing Anomaly over the Causative Body- Reduced to Pole

Total Magnetic Intensity (TMI) Reduced to Pole (RTP)
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Drone Magnetic Site Surveys
Methodology  – Cultural Separation from Geology

Acquired Magnetic Survey

Geology 
Separation

Culture 
Separation Pre-Ground

Verification 
Interpretation

Basement
Modeling &
Geologic 
Integration
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Drone Magnetic Site Surveys
Methodology  – Pre-Ground Interpretation and Ground Verification

• Pre-Ground Interpretation locations 
from RTP Total Horizontal Gradient 
(THG) minima

• Ground verify locations with 
Differential GPS and Overhauser
magnetometer to record peak 
magnetic signature and get final 
surface location (X,Y) and elevation 
location (Z)
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Drone Magnetic Site Surveys
Methodology  – Refined Cultural Separation – Final Interpretation

All Other
Culture

Reported&
Unreported 

Wells

Final Interpretation of
Existing Legacy

Wells

Pre-Ground Verified Culture
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Drone Magnetic Site Surveys
Results and Discussion  – Case Study #1 Study Area

Regional View

~ 1 sq. mile area
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Drone Magnetic Site Surveys
Results and Discussion  – Case Study #1 Post Ground Verification

 18 point magnetic signatures identified

 100% of 17 reported locations corrected

 1 additional water well identified

Abandoned Location

Plugged and Abandoned

Legend

Shut In

Dry and Abandoned

Producing

Temporarily Abandoned

Survey Area

Water Well (new)

Final Post Ground Verified Locations
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130 meters

TM
I

Drone Magnetic Site Surveys
Results and Discussion  – Case Study #1 Inaccurate Well Location Reporting

Legend

Energy Minerals Corp
P&A 06/14/1989

Energy Minerals Corp
P&A 04/06/1987

Plugged and Abandoned

Ground Verified 

Pre Ground Verified

100 meters 100 meters

Profile of P&A Mag Anomaly 

40 nT

λ
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Drone Magnetic Site Surveys
Results and Discussion  – Case Study #1 Reported vs. MagVAR Comparison 

73 Meters= Length of Boeing 747!
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Drone Magnetic Site Surveys
Results and Discussion  – Case Study #2 Study Area 

~ 0.7 sq. mile area
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Drone Magnetic Site Surveys
Results and Discussion  – Case Study #2 Airborne Interpretation 

RTP Culture THG with Known Culture
18 Point Source Magnetic Signature Locations Identified

RTP Culture THG with Pre-Ground Verified Locations

Pre-Ground Verified Locations

potential noise
from excavators

Potential unreported 
P&A Well

Surface Facilities?

Potential Unreported 
P&A Well

Potential unreported 
P&A Wells

Powerline/pipeline
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Drone Magnetic Site Surveys
Results and Discussion  – Case Study #2 Post Ground Verification

Final Interpreted Well Signatures with Reported COGCC Wells

Final Interpreted  Well Locations

• 10 out of 18 point source aeromagnetic signature locations 
were identified as wellheads. Ground verification was further 
able to delineate the dry abandoned hole in western portion 
of study area as separate location giving 11 final locations

• 3 tightly spaced wells (producer and 2 shut-in) in eastern 
portion of study area had no surface expression of pre-
existing wells and were ground verified with  peak magnetic 
value as 1 location due to magnetic noise in area - signature 
tied to Shut In well 6-18 Walker-Shands

• Other 8 aeromagnetic signature locations were verified and 
interpreted as surface cultural noise

• Of the 11 locations  2 magnetic signatures were Identified 
and Interpreted as Unreported P&A wells 

• Correctly identified 100% of 11 COGCC reported 
wells in study area (9 signature locations)

Unreported P&A wells
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Drone Magnetic Site Surveys
Results and Discussion  – Case Study #2 Reported Comparison

API 12323684
13-15 Kreykes

API 12305226
1 Yancey

API 12305226
1 Yancey

API 12323684
13-15 Kreykes

API 12332265
6-18 Walker Shands API 12311115

11-18 Walker

API 12329054
12-44 Flockhart

API 12324764
13-14 Kreykes

Ground Verified LocationsAirborne Locations

API 12332265
6-18 Walker 
Shands
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Drone Magnetic Site Surveys
Results and Discussion  – Final Deliverables

• Final Geosoft Database: including Final Total Magnetic Intensity, RTP Culture, RTP Culture Wells Only 
• Grids: in Geosoft .GRD and .DAT format – TMI, RTP, TMI_Geology, RTP_Culture, RTP_Culture_THG, RTP_Culture_Wells
• Public Domain Data:  NAIP Imagery, SRTM 30 meter and Well Database used (COGCC)
• Final Powerpoint
• Final Packed ArcMap MXD inclusive of all data deliverables
• Interpretation Products:  Final Location Shapefile and CSV tied in with existing well header attributes (well spot data)

Airborne MagVar Z (ft) from SRTM sampled to the well location

4896
4874

4849
4857
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Drone Magnetic Site Surveys
Conclusions and Way Forward

Magnetic Site Surveys help:

• Avoid collisions with existing wellbores

• Avoid frac hits of legacy wellbores

• Identify hazardous objects before planning a new pad 

Magnetic Site Surveys enable:

• Verification of the location of existing wellheads

• Identification of wellheads missing in the database

• Discovery of buried objects: storage tanks, pipelines, etc
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Drone Magnetic Site Surveys
Conclusions and Way Forward
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Thank You

Questions?
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