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1. NSEMI
(Natural SourcélectroMagnetickl
a new geophysical data type
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A time-line of newGeophysicaData Types
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Each new dattype has sparked a step change in
newrevenues and cost avoidance
for upstream oil and gas companies
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v« . think DML & solutions
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Zee Lightning . ..

.. think DMI: & solutions
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Zee Lightning . ..

Lightning Occurs Everywhere and
Lightning Databases Exist i UL & s
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Lightning Data Analysis
demonstrates strikes are ti@jeology
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Zee Lightning . ..

Attribute Maps
related to major coppe
mine being developed Iin
Arizona

. think DML & solutions
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Zee Lightning . ..

GULF COAST ASSOCIATION OF i, o/ v
GEOLOGICAL SOCIETIES @y |Tmmulaiunes

WWW.0Cags.org

A\l

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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an Exclusive License to Lightning Databa
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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 Less Expense
compared to D seismic
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2. Themeteorology behind lightning databajNe
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Lightning
Charges
Telluric
Currents
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Zee Lightning . ..

.. think DMI: & solutions

Sprites

-

Lightning
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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
Stratosphere g z SrlteS OI’ E|VeS

Troposphere ,,/’/ i !! ‘ E(
’
- «

‘locations prlmarlly controlle
by terralﬁ(shallow earth) currents.
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Zee Lightning . ..

Lightning recorded foearly storm warning,J{§3=xivixa
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Zee Lighining ...

110Sensors record.S. lightning strike locationg{§=xivixs
with 650-980feet (200300 meter) horizontal resolution ST
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Lightning Strike

ALocation Measurements
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3. Calculating rock 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 Graplbomputed for a porous rock with
100% brine saturation using Archie's equation
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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.

06-Oct-2015 Copyright © 2015 Dynamic Measurement LLC. TAMU CoRE 24



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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Relaxation Oscillator

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

Each Strike Represents a Unique Capac

.. think DMI: & solutions
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Lightning

AThe @amospheriacapacitor isearly the same
AJustanadditional resistance gRlimiting the current

AR, is theresistance betweahelightning strikepoint and thévottom plate
of the capacitor
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Millions of Lightning Strikes
Millions of Measurements
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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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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

on 3 (TWT) o |

E Color Bar
B % AWPLITUDE!/Resistity_.. _ /| — - ! = 8 2 8 8 g & 8
54 Min 12,000 |00l || R 1 1 (5 O &2 ) =
e ! Max 6,000 O || [ )
B ;

. think DML & solutions

@ > Cube 2 (TWT) |

oo ]
:

25,000 feet
7,500 meters

. & Seion' (WD
'i

O

Resolutiqn_(}opper

400

600

v

TWT (ms below 0 feet)
800

1000

3,000 feet
750 meters

1200

06-Oct-2015 Copyright © 2015 Dynamic Measurement LLC. TAMU CoRE 33




06-Oct-2015 Copyright © 2015 Dynamic Measurement LLC. TAMU CoRE 34



Zee Lightning . ..

Houston Area Resistivity Volume Examg O, BNLL
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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 :llr%l‘e Peak to zero/time
ABut it does have a very
steep onset g /
s
@)
AVariations in the onset as
measured (riséme)
show the IP Effect v

Time
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Zee Lightning . ..

The equivalent circult

.. 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 thremensional model of

permittivity covering any area anc

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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Zee Lightning . ..

Permittivity Volumes Arizona
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4. Example®f using lightning databases t¢
mapgeology
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Zee Lightning . ..

Lightning Analysis
Defines Stratigraphy

Lightning Attribute: Rate of RisBme
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Zee Lightning . ..

Lightning Analysis
Interprets Paleochannels and Meander Sch

Lightning Attributes: Surface Resistivity (left) Pero (right)
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Lightning Analysis
Correlates with Fields
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Zee Lighining ...
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Peak Current Zoom
with LIDAR & Long Point Fault
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Zee Lightning . ..
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Zee Lightning . ..

Integration with Long Point Faudlver Soils

over LIDAR over Peak Current ov&oogleEarthV RS
AW Lo . =4 L L T T '
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A New Potential Fields Method,
Supplementingsravity & Magnetics
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