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1. NSEMI
(Natural SourcélectroMagnetickl
anew geophysicalata type
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Lightning Data Analysis
demonstrates strikes are ti@dyeology
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Zee Lightning . ..

Attribute Maps
related to major coppe
mine being developed Iin
Arizona

. think DML & solutions
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Technical Merit & Economic Benefits

A Maps, Sections, and Volumes
A Evergreen Data

A 17yeardatabase US & Canada
A 4 year database worldwide

A Integrates with other data

A Simple Solution

A Patented, & Patent Pending

A 2 month project turnaround
A Larger Area LessExpense
compared to D seismic
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2. Themeteorology behind lightning databajNe
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Lightning density
regionally controlled

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

.. think DMI: & solutions

Electri rrent

Lightning Strikes Spritesy

normalize the capacitor
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Zee Lightning . ..

350 million annual Lightning Strikes
a rich database to mine

» Thermosphere

Mesosphere

| cloudto-cloud, or 2 % times the distance of
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‘locations pr|mar|ly controlle
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Lightning recorded foearly storm warning,J{§3=xivixa
safety,insurance, and meteorological purpos T Temes
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Zee Lighining ...

330 Sensors recotdS. lightning strike locatiorf{§=xvixis
with 650-980feet(200-300 metey horizontal resolution ISR

Copyright © 2014 Dynamic Measurement LLC.
All Rights Reserved.

22-Jan-2015 BYU 12



Lightning Strike

ALocation Measurements
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Zee Lightning . ..

.. think DMI: & solutions
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Proven and Patented Technology

Zee Lightning . ..

.. think DMI: & solutions
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GULF COAST ASSOCIATION OF
GEOLOGICAL SOCIETIES

WWW.0Cags.org

Dear Kathleen,

Congratulations! You have been selected to receive the First Place Grover
E. Murray Best Published Paper Award for your paper, “Aquifers, Faults,

Subsidence, and Lightning Databases” published in the 2014 GCAGS
fransactions.

Mary Broussard
2013-2014 GCAGS President
Email: Mary_Broussard@fmi.com
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A time-line of newGeophysicaData Types

1752 1833

Each new dattype has sparked a step change in ' ' - ‘/
newrevenues and cost avoidance

for upstream oil and gas companies w"'/7

Copyright © 2014 Dynamic Measurement LLC.
All Rights Reserved.

15-Jan-20

BYU 18



3. Calculatingock property volumes
from lightning databases
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Zee Lightning . ..

The atmosphere is an effective insulator

.. think DMI: & solutions
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The earth 1Is much more conductive tlaan

Assuming a typical sedimentary rock has péfosity, the
electrical conductivity of rocks is 5.0 * ¥®&.m1, or'about
109 times the conductivity of air
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Rock Conductivity Grapkhomputed for a porous rock with
100% brine saturation using Archie's equation
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Zee Lightning . ..

Topography and Lightning Density Arizong{$=xvixa

.« . think DML & solutions
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Zee Lighining ...

LIDAR Extended with NSEM Analysis
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The Atmospheric Capacitor
Plate 11

AThe chargedhundercloud is one plate of a capacitor

ATheother plate of the capacitor is the earth
underlying the charged cloud Dielecttic

AThedielectric is the air

AEnergyfrom a lightning strike is converted to heat,
partly in the air, but largely ithe subsurface

Plate 2
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Lightning a Dielectric Breakdown

ALightning occurs when the voltage across the atmospheric capacitor
exceeds thdielectric strength of thair.

AResistancén the atmosphere is very low once the paibriized.

AResistancén the subsurface is approximately constant over long
periods oftime.

AAtmospheridfactors vary with eachtroke.
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Can we separate rock resistance?

AThe physic®f lightning discharge are similar to the
physics of a nectuberelaxationoscillator.

Aln each case, voltage builds across a capacitor until an
Insulating gas ionizegnd becomea conductor
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Zee Lightning . ..

Relaxation Oscillator
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Lightning

AThe @amospheriacapacitor isearly the same
AJustanadditional resistance gRlimiting the current

AR, is theresistance betweahelightning strikepoint and thésottom plate
of the capacitor
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Zee Lightning . ..

Relaxation Oscillator Physics

v« . think DML & solutions

» When a relaxation oscillator triggers, the discharge current decays

exponentially

» The rate of decay is given by I, = Ipe~"/RC

» If lightning 1s similar, can we use the decay to measure resistance?

» This equation can be rearranged to ln(;l(’;) = —ﬁ or R = — n( I \C
o

» All we need 1s the current at two times (/o and /;), and the capacitance (C) to get
the resistance R
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How do we measure Decay

ALightning measurements do not give this kind of continuous decay.

AWe have two values  Peak Current
APeak current \
APeakto zero time 40 \

Z 30 N
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Peak to Zero
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Zee Lightning . ..

The Avallable Measurements

A Two points on an exponential curve will define the curve

v« . think DML & solutions

Peak Current:
A Themaximum recorded current, when decay stags (

Peak-to-Zero time:

A Theelapsed time from the instant of Peak Current until the recorded signal
disappears intthe backgroundoise.

A This gives us the time
A But what is the current §?
A Thetime for current to decay to a real zerininite.

AWeneed an estimate of the matyinordende of
to compute resistance.
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Zee Lightning . ..
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Histogram of peak current for 1.6 million strikes . ik DML & solutions
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What i1s Zero Current?

ATotal strikes 1.6 million

A320,000less than 10 kA absolute peak current

A30,400less than 5 kA absolute peak current

A13,260less than 4 kA absolute peak current

A2 579less than 3 kA absolute peak current

A15 less than 2 kA absolute peak current

AR Zer caurrent assumed to be 1 kA
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What About Voltage?

AResistancés equal tovoltage/current.

AOur measurements are of curremty.

ABut the equation gives a solution with capacitance rathentbiage.
AHowever how do we find capacitance?

ACapacitancelepends on permittivity, plaggea,and plateseparation.

AWhile permittivity is approximately constant and known for air,
assumptions foarea angeparation are needed to solverfsistance.
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The Assumptions

1. Voltage isproportional to peak current (within a locaka).

2. Cloudheight is proportional to voltage because the dielectric strength of
alr iIsmore orlessconstant.
A This gives plate separation for the atmosphesipacitor

3. Theeffective capacitor is circular, with a radius proportional to cloud
height.
A Thisgives plate area for theapacitor

4. With over 100 lightning strikes per square kilomekethe database In
many areas, wean stackesults to improve signdb-noise ratio
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Zee Lightning . ..

What Is Resistivity?

v« . think DML & solutions

» Resistivity 1s resistance times cross-sectional area of a conductor, divided by

its length; or p = R?A

» For lightning energy dissipating in the ground:

» The area 1s very smal at the strike point, but increases rapidly
» The length is very short for discharging the charge close to the strike point, but
for points near the edge of the effective capacitor, the length 1s much greater

» For low energy lightning, the resistivity measured 1s that of rocks close to the
surface

» For higher energy lightning, the resistivity measured 1s an average of
resistivities to greater depths
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Resistivity and Depth

AAs mentionedabove, electrical energy from more powerful strikes is
partially dissipate@t greatedepths.

ASogrouping strikes by peak current will givesistivitiesgrouped by
depth.
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Determining Resistivity and Depth

1. Lightningdata is divided into several groups (typically 10) by absolute peak
current.

2. Eachpeak current group is divided into small (typically 6@84 kn¥) cellsby
latitudeandlongitude.
A Notall cells will contain a lightning strike, but some cells will contain more tranlightning

strike.
3. Foreach cell in each group, resistivity and depth values are computethfgom
lightning data.

4. Foreach group a smooth surface is fitted to the depth values andrésisterity

values.

A At any point in the project area, a number of depth/resistivity pairs equalrtartiieer of
groups in 1 can be produced by extracting grid values at that point.
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A Resistivity Trace

AFor standard seismic interpretation software, data traces need to be
uniformly sampledn time or depth, with the same number of samples in
eachtrace

A At latitude and longitude for the trace, each depth grid is sampled and each
resistivity gridis sampled.

A Resistivityvalues are interpolated with depth between these points to give sample
at uniform intervals.

ATypical sample interval i48 meters.
ATypicaltrace length is 125amples.
A

Thereis no restriction in sample interval or length beyond those imposed
by the SEGY format.
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Zee Lightning . ..

Resistivity Volume Arizona

. think DML & solutions
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Zee Lightning . ..

South 610
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IP (Induced Polarization) Effect

AIP Effect is the departure of measured voltage
from the square wave input current

Alt can be measured on either the decay curve
or on the charging curve
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Lightning and the IP Effect

ALightning does not have Rise
a square waveform 2l Peak to zero time
ABut it does have a very
steep onset g /
s
@)
AVariations in the onset
as measured (riseme)
show the IP Effect v

Time
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Zee Lightning . ..

The equivalent circuit

.. think DMI: & solutions

» By treating this as charging a capacitor (C;) through a resistor (R3), an
apparent capacitance can be calculated

» From apparent capacitance a value for average permittivity can be calculated

o ' o
Cl

ll’lR R

CZ RS
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Permittivity volumes

ADepth of penetration for permittivity depends on lightning
stroke energy

ALightning strokes at any location vary in energy due to
meteorological variations

AOver time a permittivitydepth function can be constructed at
any location

AThis allows construction of a thretmensional model of
permittivity covering any area and with any geometry

AResolution and depth range are limited by the number of
lightning strikes and the variation in their energy
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Permittivity Volumes Arizona
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4. Example®f using lightning databases t¢
mapgeology
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Lightning Analysis
Defines Stratigraphy

Lightning Attribute: Rate of Risame
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