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American Revolution: Fall of 1777

Washington’s Retreat: Brandywine to Valley Forge
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American Revolution: Fall 1777

Warwick Furnace: Forging & Proving Cannon
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American Revolution: Fall 1777

Bury All Cannons at Warwick Furnace:

when the Hessians were passing through the town, the bell was rung

to summon the citizens to bury the cannons cast at the furnace
that were awaiting delivery to the Continental Army.
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250 Years After Hasty Burial, Rediscover Warwick Cannon
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Drone Magnetometer Surveys

UAS-based Magnetic Sensor Payload

Combines Mini-Atomic MAGs, RTK-GPS,
IMU, Radar Altimeter, Telemetry, Processing

Heavy-lift UAS (1-10 kg payloads)
Automated airframe & survey control
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Drone Magnetometer Surveys

Connect _ Time Latitude Longitude Roll Pitch Yaw

0 0 0 136.0 01.2 -62.4
TestMewLine 2

. Filter Graph Open Map Real-time Data Telemetry
TestEvent Log Event Graph Time F{ange (SJ 30 . > Data Iogg i ng

Raw Data Mean (nT) 34721.7 Strength 99 X 33200 ¥ 108933 7 -32426.7 Total 34368.2

o > Data QC
MADCOM - | » Data filtering and displ_ay
: ' > Rea-time system tracking (map)
» Formatted output (GDB, CSV)

7 WRT Field Map Makers

Coordinate System
UTM . Load Data Files. ..

4 | HeatMap

Blanking Distance(m) Z Limit Colormap
. . Create Geotiff Save Table
5.00 15 < et -

PointiD X Y z

I m E rts . MAD M ap M a ke r: 626536.88 3320763.17 2081

626500.23 3329773.57 -10.13
+3.329e6

626547.45 3329758.55 29.76

> Multiple MAG data types - st i 075
> Geotiff overlays ,
» Points, PolyLines
Functions:
> Import, crop, filter data
» Gridding, Manual pick (points)
Exports: |
> Geotiffs of gridded data

» CSV pick points

=15

- : =626519.6 y=3329800.9
A€EI QW * ¥ Z




Field Data Collection (video)
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MagPi Anomaly Map
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MagPi Ground Surveys

Areas Inaccessible to UAS

 Hand-carried in & along banks of
French Creek (Area C)

« Simultaneous real-time telemetry
from multiple units to OCS




white river
technologies

MagPi Inversions
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Map - Detect - Classify

UAS-MagPi APEX 3DEM

Rapid Area Search Dynamic AGC
(Map & Detect) (Classify)
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APEX 3DEM: Object Classification
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APEX 3DEM: Object Classification
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Controlled Source 3D Cart Unit

Amplitude

Triaxial EM Transmitters
Array of Multi-axis Receivers

Inverted Parameters Unique
Yield Intrinsic Features: size,
shape, composition, metal

thickness
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MagPi + APEX Combined




APEX 3DEM Inversions

Inverted Target-of-Interest Signatures
Same Signatures for TOIs 120 & 121
Likely large iron-rich cylinders
Smaller Irregular TOI-073

Listed as highest priority items to
dig first

{T0I-073
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TOI 120 & 121 Are Same Object Type
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— TOI-120
— TOI-121

Signature

TOI-120 depth = 111cm
- TOI-121 depth = 91cm

Respohse Time

= TOI-120
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Prioritized Dig List

12 Dig Locations Recommended

 Based on MagPi & APEX Inversions

* First 5 Dig Locations Resulted in Discoveries

4 Cannons Were Discovered

« Cannonball and Other Artifacts Were Also Found
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Contact Locations Legend
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Dig Site #1
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DISCOVERY: Dig Sites

Warwick Cannon (4500-4800 Ibs each)
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Synopsis

« Washington’s cannon suspected to be hidden at \Warwick
Furnace in Fall of 1777 (246 years ago)

 Little known of MAG or EM signatures

« Efficient combination of unmanned airborne MAG, limited
ground MAG, and high-resolution APEX 3D-EM deployed

« Unique characterizations from “advanced geophysical
classification” inversions using APEX 3D-EM

 Prioritized dig-list resulted in discovery of cannon and artifacts at
first 5 locations

Acknowledgments: GES, F&P CCT, Moose Meadows Properties
Ray Bentley & Jim Moore Steph Grillo (GES)
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APPENDIX
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APEX 3DEM
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UAS-MAG Workflow

1. Site Assessment 2. Mission Planning 1. PLANIT
WRTMAD [ . 2. FLY IT
Performance | ¥ _ ,

3. FIND IT

Optimization " R
Tool =

» Airspace approval

» Coverage / waypoints
* Altitude control

* Exclusion Areas

3. Flight Survey/QC 4. Analysis &

. Geodetics Anomaly ID List

* Quality Control
» Take-off / Land
» Power Mgt.



	Warwick Furnace:�Lost & Found Using UAS-Magnetometer and APEX 3D Electromagnetics�
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23

