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1. Introduction & Overview
77 Sep 7011 Hocl\le\ Dome Hanls ount\

DML Started with 2

Questions:

1. Can lightning hit el P B  F
twice at the same AR Lo RS, Harrls County ’Tx \
place? ke A iy i B |
2. Does this mean |

there is oil on my ] Ft. Bend County XY

property?  Strikes from-1 Storm Colors Peak Cufbent

0 10.6 miles
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The Answer to Both Questions Is Yes

The answer to the first
- | question Is “yes,” lightning

- -, strikes cluster and the clusters
4 are consistent over time.

= | he answer the second
& e question Is “there Is oll here,”
& 45 shown by the tanks now at
£ 1 the location of the lightning
= strikes raising the question.

-,
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Ea | !ghtning Salt Dome Extent — Iberia Parish, LA
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EA f ﬂghtning Aeromagnetics — Steuben County, NY
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|‘ghtn|ng Cross-Sections — Steuben County, NY
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E!i!ghtning Comparison of Air Mag & Lightning Prices

S65

$3,900
$65,000
Lightning Analysis Price $180,000
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iibhtning EM Surveys — Hockley, TX

NSEM Reveals Additional Fauylting
3-D Data Provides Interpretive Checks & Balances YA

Acquired by Enrironmental served s
=0 Geophysics Associates. Fault Scarp (Fault “A”) USGS Survey

Marker F1254
Hockley Fault SE

300 360 480

Depth ()

'

Tt ation = 4 R‘w“ 6.91% ﬂgnnlmt”) 0.96

—_—— ————

3-Dresistivity volume facilitates ' The followmg slides dem onstrate NSEM
. validation of fault interpretation. = consistency depicting subsurface faults.

NSEI\"I 3-D Resistivity Profile

EI\/I Survey ties Lightning Derived Re5|st|V|ty Cross Section
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Lightning Resistivity Cross-Section Faults and Wells
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Stratton Stratton
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A i |‘ghtning Seismic Interpretation — Stratton, TX
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EA f ﬂghtning Faults and Fluids — Harris County, TX

Lightning interpretation of pinchouts, fluid extent, and faults
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2. Lightning Attributes & Databases
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Electrically, Earth is a Self-Repairing Capacitor

Lightning

SU

Electricurrent

Height (Km)
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Telluric & Atmospheric Currents
make up the Earth’s Electrical System

Up-Going Lightning Strikes
demonstrate the earth 1s charged

/

y

»
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NLDN & CLDN, 17 years of data collected

NLDN (National Lightning Detection Network)

Avg Flash Density
fVsq km/year
 mww

B0 wu
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NLDN Sensor Locations in U.S.
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GLD360 Data
strokes/sq km/year

and up
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Stroke Density Map - 20 km grid May 6, 2011 - May 5, 2015 GLD360 data
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Lightning Strike Measurements

* Location

* Time and Duration

* Rise Time

e Peak Current

Current (kA)

* Polarity

» Peak-to-Zero

* Density

Copyright © 2016 DOE HADES 21 O =N
Dynamic Measurement LLC.




3. Calculating Rock Properties and Volumes
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The Atmosphere Is an Effective Insulator

The electrical conductivity of air
1s 0.3-0.8 * 10-'* S.m-' (Siemens per meter).

The effectiveness seen 1n air's
common use separating high
voltage transmission lines
from'the ground, from towers
used o support the lines, and
fromilmesicanying difierent
voltagespaniddifierent, phases.
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Lightning Occurs when there Is Sufficient Charge
to Bridge Atmospheric Capacitor

fiop)Plate) >

= Base Plate
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The earth 1s much more conductive than air

Assuming a typical sedimentary rock has 3% porosity, the
electrical conductivity of rocks1s 5.0 * 10-* S.m-1, or about
1019 times the conductivity of air.

0.03

0.025

% Geothermal temperature
§ oms Increases, further
& oo increase conductivity

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 04
Porosity

Rock Conductivity Graph computed for a porous rock with
100% brine saturation using Archie's equation
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Resistivity Maps
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5. Calculating Attribute Volumes

Plate 1

* The charged thundercloud 1s one plate of a capacitor

* The other plate of the capacitor 1s the earth
underlying the charged cloud Dielectric

* The dielectric 1s the air

* Energy from a lightning strike 1s converted to heat.
partly i the air, but largely 1n the subsurtace

Plate 2
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Lightning a Dielectric Breakdown

* Lightning occurs when the voltage across the atmospheric
capacitor exceeds the dielectric strength of the air.

 Resistance In the atmosphere Is very low once the path Is
lonized.

 Resistance in the subsurface Is approximately constant
over long periods of time.

» Atmospheric factors vary with each stroke.
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Can we separate rock resistance?

* The physics of lightning discharge are similar to the physics of a
neon-tube relaxation oscillator.

* In each case, voltage builds across a capacitor until an insulating gas
lonizes and becomes a conductor
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Relaxation Oscillator
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Lightning
* The atmospheric capacitor is nearly the same

» Just an additional resistance (R,) limiting the current

* R, Is the resistance between the lightning strike point and the
bottom plate of the capacitor

Jan 2016 A Copyright © 2016 DOE HADES 31 (} (o o o
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Terralevis (Shallow Earth) Currents

U.S. Patent March 9, 1976 Sheet 4 of 8 3,943,436

[54] LINE INTEGRAL METHOD OF
MAGNETO-ELECTRIC EXPLORATION

[T6] Inventors: Sylvain J. Pirson; jacques E. Firson,
both of 8608 Mesa Drive, Austin,

Tex., 78759
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Millions of Lightning Strikes
Millions of Measurements
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nghtnlng Analy3|s A New Way for Remote Sensmg
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nghtnlng AnaIyS|s A New Way for Remote Sensmg
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3-D Resistivity Volume Interpolation on Arbitrary Line
through Goose Point, LA Resistivity Volume

10,000 feet
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3-D Resistivity Volumes matching any
3-D seismic geometry delivered within 2 months
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Lightning Database Analysis Provides
A Geological Framework for Exploration

3 a
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§

Analyze large areas
Fill the gaps between existing geological and geophysical control
|dentify sweetspots laterally and vertically between 1,000 and 15,000 feet
Predict rock properties including Resistivity and Permittivity
Measure and orient Anisotropy
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5. Next Steps

* Review Presentation at:
http://www.dynamicmeasurement.com/160119 DOE-Geothermal

«  Review other DML Presentations at:
http://www.dynamicmeasurement.com/TAMU

 Additional / More Detailed Webinars
« Calibration / Test Project

 DOE Suggestions
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http://www.dynamicmeasurement.com/160119_DOE-Geothermal
http://www.dynamicmeasurement.com/TAMU
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Hot Energy — A Very Efficient Natural Source

Copyright © 2016 DOE HEAVENS 54 O =N
Dynamic Measurement LLC.




www.dynamicmeasurement.com

DM L ContaCtS www.dynamicmeasurement.com/TAMU
* H. Roice Nelson, Jr.

cell: 713.542.2207

= 2155 West 700 South #31

Cedar City, UT 84720

e-mail: roice@dynamicmeasurement.com —  Fax: 435.267.2668

* Dr. Jim Siebert = 211 Baker Road #382

cell: 832.423.2355 Barker, TX 77413

e-mail: jim@dynamicmeasurement.com — Office: 281.579.0172
« Kathy Haggar = 12283 Queensbury Avenue

Baton Rouge, LA 70815
cell: 225.953.1076

e-mail: kathy@dynamicmeasurement.com
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