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Lightning, and why it is traﬁke/d, stacked & mapped!

Natural Sourced Electtgiagnetism (NSEM) new
geophysical data typ

Examples of using NSEMto interpret geologic features.

NSEM overview
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See Lightning ...
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Earth: A SelfRepairing Capécitor

See Lightning ...

v« . think DML & solutions
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Sea Level
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See Lightning ...

Geologically Controlled Telluric Current
PrimaryLightning Influence

» Thermosphere

Mesosphere

Lightning can travel 155 miles (250 km) from cleud
to-cloud, so why does lightning strike where it does?

Stratosphere

Altitude (km)

Troposphere

0O ¢

*
25-September2015 Copyright © 2015 Dynamic Measurement LLC. All Rights Reserved.



,}\

Zee Lightning . ..

r +15 Km

+10 km

: st i Thunderstorms - S ' AN
Thunderstorms A Possible increased strength &

\

Sea Level

Interbedded —
Sands and
Shales

Electrotelluric Currents
possibly guided by fluids

moving up fault planes ) —
Electrotelluric Currents

possibly guided by Salt Domes

25-September2015 Copyright © 2015 Dynamic Measurement LLC. All Rights Reserved.



\
|

350 Million Annual CG Lighthing Strikes
Uneven Distribution/i'

Zee Lightning . ..

1 billion annual strikes Low Resolution Full Climatology Annual Flash Rate

Global distribution of lightning April 1995-February 2003 from the combined
observations of the NASA OTD (4/95-3/00) and LIS (1/98-2/03) instruments
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See Lightning ...

Why is lightning recorded?

Early Storm Warning Safety- Insuranc;é Meteorology
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25 Million Annual U.S. Lightning Strikes
17 Year Database, Rich Dataﬁase to Mine

See Lightning ...
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1997 to 2007 Cloud-to-Ground Flash Density

B
A

Gulf Coast Database:
200-350 strikes/square mile.

Strike densityregionally
controlledby meteorology
NS locally controlledby terralevis
B ey (shallow earth) currents.
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How is Lightning Data Collected? N= i
150 Sensors Record U.S. Lightningj? Strike Locat "’
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Thunderstorrr: : — - H OFIZO ntal
\ Resolution

6 50908 0 C
(200-300 meters)

Remote Sensor
-Communication Link

Lightning Detection :
Remote Sen?ggt\ _
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Oil Storage Facility (Tank Farm), Ship Channel, Houston Strike Density Attribute Map
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See Lightning ...

Approximately 60% of Tank Farm
Experienced.ow Strike Den/éity
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Oil Storage Facility (Tank Farnghip Channel, Houston Strike Density Attribute Map
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NATURAL SOURCE
ELECTROMAGNETICS (NSEM)-
A NEW GEOPHYSICAL DATA TYPE
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Time-Line of New Geophysicat Data Type

1920s

l Zee Lightning . ..
v« . think DML & solutions

R 1960s/70s

1833
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Each data type triggered a step Che
In new revenues and cost avoidance

for upstream oil and gas companies.

-

25-September2015 Copyright © 2015 Dynamic Measurement LLC. All Rights Reserved.



Zee Lighining ...

US008344721 B2

8. MESOSPHERE T

a2 United States Patent (10) Patent No.:  US 8,344,721 B2 /€. STRATOSPHERE
Nelson, Jr. et al. (45) Date of Patent: Jan. 1, 2013 : , 4. TROPOSPHERE 1

_ THUNDERSTORM |
SURFACE g

{54) METHOD FOR LOCATING SUB-SURFACE (51) Int.CL
NATURAL: RESOURCES iR 3142 (200601
GOIN 2700 (2006.01)
{(75) Inventors: H. Rolece Nelson, Jr.. Houston, TX (US); GOIW 100 (2006.01)
Joseph H. Roberts, Houston. TX (US): §2) UB L ooeicisinasanes S22 324/T1.1; W24
D). James Siebert, Katy, TX (US). Wulf 58) Field of Classification Search .[............ 324/72, i '
I, Massell, Conroe, TX (US): Samuel D, *“4 71.1; 702/4 .I..-.":’.: F&

MOHOROVICIC DISCONTINUITY

LeRoy. Houston, TX (US): Leslie R. See application file for complete sparch history. : "1:: 2. TELLURIC
Denham. Houston, TX (US): Robert - . e i E:.‘ CURRENTS
Ehrlich, Salt Lake City, UT (US); 56) References Cited URR

- '.“.'

\ . s Kamv TY (11K
l{jlhard L. {_Uuﬂb. Jh..-.‘ll"p.. |._‘\ :Lb U.‘-‘- [”'I.T]_ NT FHKHI. r_"l{]—' Q\-‘
*

25-September2015 Copyright © 2015 Dynamic Measurement LLC. All Rights Reserved.
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Lightning Strike
Measurements
ATime and Duration oo t”

ALocation

. ] / ——— — 4 ) Peak 1o Zero
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ARise Time &= == e |

APeak Current

Current (kA

APolarity

Peak Current (negative for most strikes)

APeakto-Zero

ADensity
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Millions of Lightning Strikes
Millions of Measurements

Zee Lightning . ..
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Peak Currencc Cloud Height

Sea Level
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Lightning Physics Analogous to
Relaxation Oscillator Phy;eics
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Enables generation of[3
apparent resistivity and
permittivity volumes.
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Resistivity & Permittivity Volu\s'nes
Easily Integrated with B Seismic & Well Data

Inlines
Crossline:
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Zee Lightning . ..
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Resistivity & Permittivity Volumes Easily
Integrated with NeaBurface Geophysical Data

Induced Polarization
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A Faults
A Fracture Swarms
A Salinity

A Pore Fluids
A Porosity
A Permeabilit
A Mineralization

Upward lightning shows electrostatic
charge builds up in the ground, as wel
| the atmosphere.
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Examples of Using NSEM to
Interpret Geologic Featur?'
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Iberia Parish, Louisiana
Milam Co., Texas\
Brazos River Alluvium
Houston, Texas 2
TexasGulf Coast R€ |
Colorado Co., TexasProspecting
Hpcklgy Salt Dome; Harrlis County, Texas
Pinal Co. Arizonajf#IROeK Properties
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NSEM Correlates To Geology:
Iberia Parish, LA Salt Domes
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