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Lightning Attributes map shallow stratigraphy
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350 million annual Lightning Strikes is a rich database to mine

» Thermosphere

Mesosphere

Lightning Strikes can travel 250 km (155 miles)
cloud-to-cloud, or 2 % times the distance of

Sprites or Elves.

Stratosphere

Altitude (km)

- - .
Troposphere / ? ! ! g Q’
’

ions prlmarlly controlled
by terraWallow earth) currents.
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330 Sensors record U.S. lightning strike locations
with 100-500 foot (30-150 meter) horizontal resolution

Thunderstorm

-x(a. ﬁ-@ﬁ
Cloud-to-Ground Lightning
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Lightning recorded for early storm warning,
safety, insurance, and meteorological purposes
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Lightning Measurements

Location

Time and Duration
Rise Time

Peak Current
Peak-to-Zero
Polarity

Chi Squared
Number of Sensors
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Lightning Strike Waveform
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Proven and Patented Technology
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Vaisala and Wipro Partnerships

= Exclusive worldwide license with
Vaisala of Finland to use their
data in the NLDN and GLD-360
for natural resource exploration.

= Agreement with Wipro to
clean, process, and handle
lightning data according to
DML specifications

WIPRO

Applying Thought

HALLIBURTON | Landmark

urton. All Rights Reserved.
images Copyright © 2014 Dynamic Measurement




Lightning Maps and
Natural Resources

Lightning density regionally controlled by
meteorology, and locally controlled by
terralevis (shallow earth) currents.

Colorado County, Texas:
YL R 1 White circles known oil & gas fields;
o Il R VR Yellow circles new leads from lightning density.

fiisq km/year
"
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Topography, Vegetation, Infrastructure, & Soils
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Map Layers:

= GoogleEarth base
= Peak Current

= LIDAR

= Interpretation of the
Long Point Fault

= Solils Unit vector Map j
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Lightning Analysis provides a quick regional overview
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More details come out at
Play Fairway & Prospect Scales
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Resistivity Volumes & 3-D Seismic Surveys

= Lightning as a RC (resistance—capacito([) circuit

4

= Key:
= V(out)= Lightning Stroke R(1) R(2)

V(in)=Thunderstorm Static Charge ¢ VW' ’
C=Capacitance between cloud & earth

= R(1)=resistance of earth below thundercloud

= R(2)=resistance as static charges rebalanced
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In-Line 580 and Trace 1165 from Louisiana 3-D seismic survey
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I -Line Animation of ReS|st|V|ty Sectlons
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Cross Line Animation of Resistivity Cross- Sectlons
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After First Pass Vertical Callbratlon Tlme Slice 1000 ms
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ReS|st|V|ty Slice on left and Selsmlc Tlme Slice at 1500 ms on right

SeisWorks/Seismic View: TIME 1488 SeisWorks/Seismic View: TIME 1500

=

EET I

eismic orizons

n
1<
3
£
7]

Seismic Horizons Faults Wells

T1100 T1150
[ R RN A

,,,,,
nnnnn
JJJJJ

a Mamer|i| Annotation
I Interactive Update

Jore| st | [

I Interactive Update

Jor| i | e

EesZNoEhBERRDESED|: ™

[ |® 1S |27 )] |0 [E8 |1 |8

L

¥y
LINE:

TRACE:

HALLIBURTON | Landmark

© 2014 Halliburton. All Rights Reserved.
Lightning text and images Copyright © 2014 Dynamic Measurement LLC




ReS|st|V|ty Slice on left and Seismic Time-Slice at 2000 ms on right
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ReS|st|V|ty Slice on left and Selsmlc Tlme Slice at 2500 ms on right

SeisWorks/Seismic View: TIME 2496 SeisWorks/Seismic View: TIME 2500
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ReS|st|V|ty Slice on left and Selsmlc Tlme Slice at 3000 ms on right

SeisWorks/Seismic View: TIME 3024 SeisWorks/Seismic View: TIME 3000
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ReS|st|V|ty Slice on left and Selsmlc Tlme Slice at 3500 ms on right

SeisWorks/Seismic View: TIME 1488 SeisWorks/Seismic View: TIME 1500
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ReS|st|V|ty Slice on left and Selsmlc Tlme Slice at 4000 ms on right
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ReS|st|V|ty Slice on left and Selsmlc Tlme Slice at 4500 ms on right
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ReS|st|V|ty Slice on left and Selsmlc Tlme Slice at 5000 ms on rlght
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Giant businesses are built on measuring subsurface resistivity
-] SelsWorks/Selsmic View: Multipanel Display €7 sessmic color Bar
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Giant businesses are built on measuring subsurface resistivity
DML calculates resistivity volumes at 3-D seismic line & trace spacing
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How this new data type can aid reservoir characterization

= Lightning attribute maps identify lineaments related to faulting
= Lightning resistivity volumes provides an independent view of geology
= Lightning resistivity volumes can be created to match 3-D geometry

= We anticipate a merger of resistivity volumes and lithology predictions
from velocity volumes via Archie’s equation going forward
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The Business Value of Lightning Analysis

Scenario 1 Scenario 2~ ~

Company A has a $2 million C'ombany*B has millions of acres
seismic budget - .. of leases about to expire

‘e Is the optimal location for 4~ How do they identify and rank S
eismic? “the sWeet Spots?

NIeh of the $2 million worth of ‘el at leases need to be
SPEe:seismic is best to purchase? ined? |

o

/ ANSWER: Conduct a lightning analysis"

/
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‘Summary - @

= Lighting Databases provide a new geophysical da
= Data mining lightning databases is an example of inno\

Topography, vegetation, & infrastructure not primary |
- = Lightning analysis works at regional, play fairway, &

\_
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See Lightning, \ Think DML

= Contact Information: = www.dynamicmeasurement.com
= H. Roice Nelson, Jr.
cell: 713.542.2207 = 211 Baker Road #382

e-mail: roice@dynamicmeasurement.com

= Dr. Jim Siebert
cell;: 832.423.2355

Barker, TX 77413
Office: 281.579.0172

e-mail: im@dynamicmeasurement.com . $w
Sl s T = 2155 West 700 South #31 6’ "
cell: 281.879.6010 Cedar City, UT 84720

e-mail: le dqmicmeasurement.com Fax: 435.267.266-
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