—wws WS e y'
8323383 %
se® > ¢ > © @
= IITT > © ¢
IILXT » @ ¢ >
000000 0000000000 OQ000000eC
0000000800000 0000 0000000000 0C
000000 elelele) Q0O elelele]
000000000000 Q Q 111 O -
© Q000000 ~
o 000 SAND2015- 82 ;
s S380%
300 > ¢ > ¢ o
JIil11 ) ¢ D € -
e
& &
nnnnn ) &
5 ¢ 580
o -9
O Q0
® elele O8O0
0000 Q0
Q00000 QO
Q0000080 QO

Kyle R. Jones?!, Rob Abbott?, John Hampshire?, Bob White3, Omar Marcillo? & Rod Whitaker?

Sandia National Laboratories', Los Alamos National Laboratory?, ITW: October 2015
National Security Technologies?, HK Exploration*

Sandia
Exceptional service in the national interest National
Laboratories
Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a wholly owned
subsidiary of Lockheed Martin Corporation, for the U.S. Department of Energy’s National Nuclear Security Administration
under contract DE-AC04-94AL85000. SAND NO. 2011-XXXXP m Sal'ldia National laboratories

UUR Sand #:



Multi-Discipline Collaboration

Sandia T
National . Los Alamos
I_aborat[]"es NATIONAL LABORATORY

EST.1943

7ot ABIGGER

HAMM En :

National Security Technologiestt.c
Vision » Service » Partnership

| Sandia National Laboratories
June 2015 2




"ﬁ ---dddddddddddddddddd i tiddddd i 94040000

900¢

HK Exploration Seismic Hammer:

Impulsive Source can generate up to 0.19 Mega-Joules of energy by

hydraulically lifting and dropping 13 metric ton mass from 1.5 m at
roughly 3 shots per minute
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Six Infrasound Waveforms Stacked and Filtered 5-40 Hz
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Amplitude (Pa)
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* Waveforms are incredibly
repeatable

e First motion 1s down due to
initial ground deflection

* Dominant frequency 1s
between 10 - 12 Hz
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(ctocopte ASound i
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Landing
Transit
"l Octocopter Octocopter transit Octocopter hovering 50 m
takeoff to station above hammer
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Hammer Shots on Ground prior to
flight ~250 m distance
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Octocopte asound .
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Octocopter Infrasound : i

-

Hover Elev. 30 m

3 hover locations:
- North 30 m

- Center

- South 30 m

4 ground stations
- North 30 m

- East 30 m

- South 30 m

- West 30 m

Hammer location
- center

Flight path shown in
red

Tour Guide 2| 1998
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Summary

* The seismic hammer DOES generate infrasound signals

 Signals have been recorded with good Signal to Noise Ratio (SNR) out to
nearly 2 km

* The hammer is an incredibly repeatable source

 This holds true in both the time and frequency domains

* Using an airborne infrasound system we have been able to map the
acoustic wavefield in 3D

e The hammer can be used as a seismo-acoustic n-situ array
calibration source
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