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Dr. Jim Siebert, DML &m@under and Chief Meteorologist at Fox News, is recovering from
foot surgery and was not able to join us. Les Denham, DMEoGonder and Geophysicist
Extraordinaire was on a Linux system and he could hear us, but he could not be heard
and soRoiceNelson gave the presentatioRoiceintroduced himself as being best

known as a founder of Landmark Graphics Corporation, which built the first-siane
seismic interpretation workstations for oil and gas exploration.
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The topics to be covered are as outlined here.



1. Introduction & Overview
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Thepossibility of using lightning databases to interpret geology started with two

guestions in 2006. Joe Roberts, a commercial Real Estate agent in West Houston, had

spent several years negotiating for mineral rights under some property he bought on the

east flank of the Hockley Salt Dome. He was hunting ducks and a storm came up. There

was a lightning strike just in front of his truck which scared him enough he remembered

it. The next year he was back at the same place hunting ducks another storm came up

and struck the same place. He droveRoiceb Sf a2y Qa L)X I OS yR | ai1s$s
Oy &aidNR]1S G6A0S Ay GKS &l yYS L} I OSKé ! yR A
LINE LISNII @ K¢ ¢ KSY, 20 he WaS baidl 8 Wsgp®pedtyragain, and there

were lightning strikes all around him and his truck. He was sure he was going to be killed.

The map above shows the lightning strikes associated with this one storm. The colors of
GKS adNRTS t20F0A2Y | NB t Slksite confinhahith tfigi @ ¢ KA 3
lightning databases accurately reflect what happens when a storm comes through.



The Answer to Both Questions is Yes

The answer to the first
question is “yes,” lightning
., strikes cluster and the clusters
% are consistent over time.

question is “there is oil here,”
as shown by the tanks now at
the location of the lightning
strikes raising the question.
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where the concept was first recognized. The next 10 slides highlight some of the things

we have learned since 2008, when we first started working with this new geophysical

data type. Note, DML has presentations backing up each of these 10 slides, which go into
more detail and provide context for the results presented introducing this new way to

map geology.



Ell Lhtning Salt Dome Extent — Iberia Parish, LA
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The map on the lefshows lightning density in Iberia Parish, Louisiana. Reds are the
highest strike density with 30 strikes per grid cell. The blues are the lowest strike density
at 10 strike per grid cell. This same type of lightning density clustering has been found
from Arizona to Florida, and from Michigan to South Texas. Zooming in on lightning
density maps, lineaments have been shown to be related to fault trggidshouts and
subsurface geology. The map on the right shows one of many lightning attribute maps for
the same area: Rate of Ri3@ne. Note the three circular areas, far northwest corner,
center, and on trend on the east side. These circular anomalies are the locations of large
salt domes in this area.
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Interpolated NewMag® and Interpretation Overlay
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This is a residual aeromagnetic madjgwMag®, covering part of Steuben County, New
York. The red overlay is an interpretation of the residual air mag data showing the
location of basement concordant faulting. | anticipate Air mag is one of the tools DOE is

using to map basement faults as part of the process to identify potential geothermal
deposits.
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Lightning Den

This image shows the air maderpretation of basement faulting overlain on a lightning
density map in the same part of Steuben County, New York. This was the first project
DML did back in 2008 and the strongest lightning density areas are the dark red
surrounding white contours. Note the strongest lightning concentrations are at basement
fault intersections. Also note there seems to be a consistency of lightning density within
different basement fault blocks. DML expects this is because subsurface earth currents,
known as telluric oterraleviscurrents, are the primary control for lightning strike

locations. Different fault blocks appear to be charged differently. Note map corner
locations A, B, and C.
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This image showsrosssections from A to B to C and beyond. On the left image the
yellow curve is strike density and the green curvdesvMag® from Applied Geophysics
in SaltLake City, Utah. The image on the right shows the key lightning attributes from
theVaisaladatabase along these same cEsgions, including Ris€ime, Peak Current,
and Peako-Zero time. Again, this was one of the first two projects DML did, and we
have since been able to convert the vertical axis from measurement space to depth.



El | khtning Comparison of Air Mag & Lightning Prices
S
Cost per 1 line km (price) $65
@
% Cost per 60 line km (factor) $3,900
k-1
@
g Cost per 1,000 line km (min) $65,000
2
-] Cost per 3,600 sq km area
< (60 " 'ons ﬁnes, 3234'0m $1'170’000 --
Lightning Analysis Price $180,000
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Anyexploration data costs money, and the previous three slides emphasize the
relationship between lightning data and aeromagnetic data. This slide demonstrates the
cost of a lightning analysis is an order of magnitude less than the cost of an
aeromagnetic survey, and of course this means a lightning analysis is around 2 orders of
magnitude less cost than a3 seismic survey. Remember, a lightning analysis is not a
silver bullet, rather it is a new geophysical data type, providing a different view of

subsurface geology, and is best utilized integrated with and in conjunction with other
exploration data types.



E!I &htning Mineralization — Resolution Copper, AZ

- 1 mile " -~
RBeak Current Neg. 4—) Eve Altitude 39,261] B#ak Current Neg. Possibl&@Dikes Eye Altitude 39,261

Copyright © 2016 DOE HADES 10 O { o A4
Dynamic Measurement LLC.

This example is from the Resolution Copper Mine rg&2gyeriorArizona. Here, ithis

desert, there are about 2 lightning strikes per square kilometer per year, or about 30
lightning strikes per square kilometer over 15 years of lightning data. Note the

interpreted red mineralization halo surrounding the copper porphyry mine location. The
smaller dashed red lines are possible volcanic sills through the area. Note in the Mojave
Desert of California there are an average of 0.5 lightning strikes per square kilometer per
year. This is still 9 lightning strikes per square kilometer over the 18 years of data
currently in the evergreen database. In Texas and Louisiana there can be 14+ lightning
strikes per square kilometer per year, which means over 18 years you have an average of
up to 250 strikes per square kilometer per year.

10



E!f khtning EM Surveys — Hockley, TX
NSEM Reveals Additional Faulting
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This is an example from Hockldgxas where there is a known fault that comes to the
surface. This fault was imaged with a standard EM Resistivity survey, shown in the top
crosssection. You can see the strong resistivity contrast on either side of the fault, with
higher resistivity on the left (west) side of the section. The results on a-sez$®n
generated from the lightning database shows the same results. Note all of the additional
faults interpreted on this crossection. These anomalies and the fault interpretations are
consistent and can be followed from line to line across the area. Again note we have
entire presentations showing the development of each of these interpretation results.

11



E!f&hming Well Interpretation — Goose Point, LA
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This examplés from Goose Point on the north shore of L&anchartrain Louisiana.

The circles show the control for the interpolated resistivity along this arbitrary cross
section.. The deepest well is 11,200 feet (forth from the left) and the shallowest well is at
7,200 feet (forth from the right). Notice the higher resistivity anomalies on the
downthrown side of the large regional fault. Lightning analysis helped to tie down the
location of this fault. The GCAGS (Gulf Coast Association of Geological Societies) gave
DML Geologist Kathy Hagger best paper for the second year in a row based on the paper
behind this image. GCAGS has awarded best paper to the same author twice before.
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Eb&htning Seismic Interpretation — Stratton, TX
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Thisexample is from South Texas, close to Corpus Christi. He2 se&Bmic survey,
available from the BEG (Bureau of Economic Geology), was overlain with semi
transparent sections from a resistivity volume interpolated to the same line and trace
spacing as the seismic. The higher resistivity red area in the center ofsecissn Al Q

is in the middle of the Vicksburg formation right where you would expect significant
production. The strongest negative seismic amplitudes, colored green, are also exactly
where this resistivity anomaly is. These negative seismic amplitude anomalies have
proven to identify hydrocarbon accumulations in otheb3eismic surveys | have

worked in this area.

13



E!f &htning Faults and Fluids — Harris County, TX

Lightning interpretation of pinchouts, fluid extent, and faults
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The last example is from the Houstdiexas area, just to the northwest of downtown
Houston. Notice the shallow vertical striping at the top and the bottom of the section.
This is interpolation of the first and last valid values. | will explain our assumptions in
more detail later. As an introduction we assume the height of the lightning stroke source
is related to the depth of the telluric electrical currents controlling the strike location.
Notice the higher blue conductiviginchoutjust underneath the red and yellow vertical
stripping. The red/yellow higher resistivity lens is possibly a gas charged aquifer. Also the
interpreted faults underneath the anomaly look very geological and they are consistent
line to line as | will show at the end of the is presentation.

14



2. Lightning Attributes & Databases
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Dr.Jim Siebert, DML @ounder and Chief Meteorologist at Fox News Houston was
going to present this portion of the presentation, which is why these two images were
included, as his introduction.

15



Electrically, Earth is a Self-Repairing Capacitor

| Conducting
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¢ KS S NI Ks@siem Sons$sts af thk idniodphere, lightning strikes, and subsurface
telluric currents. Like all electrical systems, all components are tied together. Cosmic rays
from the sun charge the ionosphere. Energy from the ionosphere goes into the earth
charging telluric currents via the Aurora Borealis and the Aurora Australis, and the
atmosperhietelluric capacitor is kept in balance with lightning strikes.



Telluric & Atmospheric Currents
make up the Earth’s Electrical System

Up-Going Lightning Strikes
demonstrate the earth 1s charged

.}
‘ ’,
.
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This image shows lightning going up from the ground, showing the earthecaharged
enough to send an ugoing lightning strike. With each lightning strike, once the leaders
come down from the cloud and reaches the ground, it creates an ionized channel with
virtually zero resistance. Lightning can travels 250 kilometers cloud to cloud before it
goes to ground. It goes to ground primarily due to shallow earth currents. Topography
(mountains), infrastructure (radio towers, etc.), and vegetation (oak and elm and pine
trees) have an impact on lightning strike locations, but are not the primary control on
strike location.

17



NLDN & CLDN, 17 years of data collected

NLDN National Lightning Detection Network)
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In North Americaightning strikes are monitored by the National Lightning Detection
Network (NLDN) and the Canadian Lightning Detection Network (CLDN). The CLDN is
owned by the Crowiand is maintained byaisalaa Helsinki lightning instrumentation
companyVaisalaalso owns and maintains the NLDN. The NLDN is primarily selling data
to insurance companies monitoring claims for lightning damage, meteorologists who
show lightning strikes locations on the evening weather reports, and for safety warnings
to places like airports and golf courses. DML is opening a new business avasséda

and has an exclusive to sublicense and use their data for geologic application like
exploring for natural resources.

18



NLDN Sensor Locations in U.S.
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The NLDN consists of 115 lightning detectors. Each detector is abouttélfeeat shown

to the left. A typical lightning strike in Texas is picked up on between 16 and 24 lightning
sensors. This means sensors within about 600 miles of the strike contribute to
triangulation of the strike location, and the associated recorded lightning attributes. The
electromagnetic pulse emanating from lightning striking the ground is traveling at close
to the speed of light, and times are measured to the nearest microsecond, explaining the
100 meter location accuracy and fidelity of data in the NLDN.
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GLD-360 Lightning Density 2011-2015
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Since DML started working with thé&aisaldightning database, a new technology has

been developed byaisalavhichprovides lightning stroke time and location information
worldwide. The location accuracy is about an order of magnitude less than the NLDN
data because the sensors are much further apart and because the sensors use VLF (Very
Low Frequency) measurement techniques. DML has demonstrated there is a good tie
between GLEB60 and NLDN data with the Resolution Copper project in Arizona.
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Lightning Strike Measurements

* Location

* Time and Duration

3 . Peak 10 Zero

* Rise Time isaaryaasT asaLs
Time (45)
* Peak Current 4 — "
* Polarity ' = ¢ |
] : Peak Current (negative for most strikes)
* Peak-to-Zero ;e
s Time:
. Densit_\‘ =
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These are the key lightning attributes available from the lightning NLDN database.
Lightningstrike locations are calculated with about 100 meter accuracy. However, DML
has demonstrated geologic lineaments like faults and stratigraghchoutscan have a
horizontal accuracy of-80 meters. This is the same order of location accuracy aS a 3
seismic survey. The time the lightning strike occurs is measured to the nearest
microsecond, which is a key requirement for integrating the same lightning stroke
information recorded on multiple sensors. The duration of the lightning strike consists of
the RiseTime plus the Peato-Zero time. Risdime measures the time from energy
exceeding background electrical noise to the Peak Current-teéed&ro time measures

the time from Peak Current back to the background electrical noise. Peak Current is
measured in KilklAmps and can have negative or positive polarity. About 90% of lightning
strikes are negative polarity and originate with negative charge huldt the base of
clouds. Knowing the location of each strike, DML bins the strikes and sums the number
of strikes in bins to come up with lightning strike density.

21



3. Calculating Rock Properties and Volumes

IJohr\ Denham mailbox

AWollongong

‘:‘Canber'a

Copyright € 2016 DOE HADES 22
Dynamic Measurement LLC.

Algorithm development and processing of lightning databases is coordinated by Les
Denham an Australian Geophysicist with about 60 years experience. Les has worked all
across the world, including in Antarctica and Greenland, with most of his time spent
doing seismic interpretation. Les was going to give this part of the presentation, and it
turns out we could not hear him, dRoicegave the entire presentation.

22



The Atmosphere is an Effective Insulator

The electrical conductivity of air
15 0.3-0.8 * 10:1* S.m-! (Siemens per meter).

The effectiveness seen in air's
common use separating high
voltage transmission lines
from the ground, from towers
usedito support the lines, and
fromimesicarrying different
voltagessanddifferent phases.
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We know the atmosphere is a very effective insulaésrjs shown by how high power
transmission lines do not spark across the gap (unless you throw bailing wire across the

transmission line, which | assure you from personal experience causes a very big spark).

In terms of electrical conductivity, air is 10 to tHel Siemens per meter. Only if
something more conductive connects two power lines, like a bird or a hot air balloon,
will there be an electrical connection between power lines.

23



& w Lightning Occurs when there is Sufficient Charge
" to Bridge Atmospheric Capacitor

——130SC Plate
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Lightning needs to build up a tremendottsarge to bridge 1,000 to 15,000 feet of
atmosphere. The new idea Dynamic Measurement has been pursuing is that the path of
these lightning conduits through the atmosphere is guided by the combination of
electrical currents around the static buildup in the clouds and interaction with electrical
currents in the subsurface of the earth. Our initial assumption is that the electrical flux
lines driving this connection is symmetric around the surface of the earth, as shown in
the cartoon above.
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The earth 1s much more conductive than air

Assuming a typical sedimentary rock has 5% porosity. the
electrical conductivity of rocks’ts 5.0 * 10 S.m"!, or about
1019 times the conductivity of air.

003

, Geothermal temperature
fons increases, further
8 i increase conductivity

0 005 01 0.15 02 025 03 035 04
Porouty

Rock Conductivity Graph computed for a Porous rock with
100% brine saturation using Archie's equation
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An important factor is the earth is much more conductive than air. This graph shows rock
conductivity fora porousrock A G K mnm> ONRARYS al (dzNF GA 2y dzi.
that geological conductivity is 10 to thé Siemens per meter, or which is about 10 to

the 10" times more conductive that the atmosphere. This difference makes a very good

case for the impact of subsurface electrical currents on guiding lighting strike locations.

We anticipate geothermal temperatures will further increase conductivity. Thus we

anticipate the tools we have developed for lightning analysis will be enhanced when

exploring for geothermal deposits.
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Resistivity Maps

Milam County
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From the lightning databases DMas developed ways to calculate surface resistivity and
resistivity volumes. The large map above shows resistivity distributions from Sealy to the
San Jacinto Monument east @610 in Harris County, Texas. The map to the right is
resistivity over a much smaller area northwest of Houston in Milam County, Texas. The
resolution on the large map would look similar to the smaller map if the map were
zoomed in on. The crosection on the bottom is a vertical cressction from a

resistivity volume calculated from the lightning database. Note this eseston crosses

the major metropolitan area of Houston, and infrastructure seems to have a minor
impact on data quality and continuity. DML has a US patent for the process of using
lightning databases for natural resource exploration. This patent was issued 01 January
2013.
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5. Calculating Attribute Volumes

Plate 1

* The charged thundercloud is one plate of a capacitor

- » The other plate of the capacitor is the earth
underlying the charged cloud Dielectric

* The dielectric 1s the air

* Energy from a lightning strike is converted to heat,
partly in the air. but largely in the subsurface

Plate 2
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The first volumes Les figured out how to create were resistivity volumes. The concept
starts with the faclightning strikes are an electric breakdown across a capacitor. The
upper plate is the source of the lightning strike in the clouds, The base capacitor is the
accumulation of telluric currents in the subsurface underneath the charged clouds. Air
and geology make up the dielectric between the plates. Energy from each lightning strike
is converted to heat, partly in the air and largely in the subsurface.

27



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
ionized.

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

» Atmospheric factors vary with each stroke.

Copyright © 2016 DOE HADES 28
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A lightning strokeoccurs when voltage across the atmospheric capacitor exceeds the
dielectric strength of the air. As a static charge builds up in the clouds, lightning leaders
work their way down towards the ground until they meet upcoming leaders. Once a
connection is made, the path becomes ionized and there is basically no resistance in
along the ionized stroke path. Over long periods of time the resistance and electrical
currents in the subsurface is approximately constant. However, the atmosphere varies
with each individual lightning stroke. The fact the geology is constant is what makes it
possible to stack the data, similar to how we stack seismic traces, to increase single and
decrease noise.

28



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
ionizes and becomes a conductor

Copyright € 2016 DOE HADES 29
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C=n0t 7]

In looking for an analog to the physics of a lightning stroke, Les recognized each stroke is
similar to the physics of a nednbe relaxation oscillator. In each case, the voltage builds
up across theapacitor until the insulating gas ionizes and becomes a conductor. Neon
tubes have different colors because of the different inert gases which are placed in the
tubes. Lightning is bright white because it includes all colors.

29



Relaxation Oscillator
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The image above is a circuit diagram for a relaxation oscilltenltage is put into the
circuit, which builds up a charge across the capacitor until the spark discharges across
the dielectric. When the voltage is sufficient for a continuous discharge, the sparks light
up the inert gas in the neon tube.
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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

o,
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The electriccircuit for lightning is similar. There is an addition resistance, the resistance
of the earth between the lightning strike point and the bottom plate of the capacitor.
Again, we are glad to do a webinar to go into this theory in more detail than is possible in
the introductory presentation.
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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
(76]) Inventors: Sylvain J. Pirson; Jacques E. Pirson,
both of 8608 Mesa Drive, Austin,
Tex. 78759
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Particularlythe oil and gas industry has known for decades about shallow earth currents.
Terraleviss Latin for shallow earth. This example of subsurface current flow is from a
patent issued in 1976 and shows shallow earth currents as defined on standard oil and
gas electric logs.



Millions of Lightning Strikes
Millions of Measurements
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A key point to realize is that geology does not change over the time fragiag

discussed. Every lightning stoke in every storm is unique, like each snowflake is unique.
Each stroke is part of a unique capacitor discharge. Most of the lightning strokes are
negative, originating at the beginning and from the bottom of clouds. The stronger
positive strikes come from the tops of the clouds at the end of the storms. These strokes
are much stronger, because they have to travel so much farther through the 10 taé4he
Siemens per meter atmospheric dielectric. The Peak Current (positive or negative) is
proportional to cloud height, and this is key to calculating resistivity points in the
subsurface. Millions of lightning strike provide millions of subsurface resistivity and other
attribute calculations. These calculated points are then interpolated to create resistivity,
permittivity, risetime, peak current, peako-zero, and other lightning attribute volumes.

33



3. Geothermal Opportunities
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We thinkthese lightning attribute maps and volumes have great potential in identifying,
confirming, and ranking geothermal exploration opportuniti@siceNelson lives in

Cedar City, in southwestern Utah. There are two significant geothermal operations within
45 minutes of Cedar City. To the west, in Newcastle, is one of the most successful
geothermal heated greenhouse operations there is. To the north is the very successful
Milford geothermal power plant. Just north of Cedar City is one of the most active-micro
earthquake swarms in the Rocky Mountains, which has been studied for years by
University of Utah seismologists. Active miearthquakes often accompany geothermal

opportunities, and it seems logical to merge lightning data and rearthquake data to
see if a new and better picture of the subsurface results.
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Lightning Analysis — A New Way for Remote Sensing
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These micreearthquakes areow 2 A OF 08 S Yy BRZRQH Ot S ¢ SR QA LINE L
Roicegrew up on now has a crop circle and is west of the marker for the Enoch-micro
earthquake swarm. ARoiceSELJ  Aya A (X KS 3IAINBg dzZLJ 2y GKS
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Lightning Analysis — A New Way for Re
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Control for Louisiana Resistivity Volume Interpolation
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This image shows the locatiaf calculated resistivity points for the arbitrary line
through the Goose Point example shown earlier.
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3-D Resistivity Volume Interpolation on Arbitrary Line
through Goose Point, LA Resistivity Volume
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This slide showthe interpolated resistivity values calculated for this crgsstion. The
results improve on silo interpretations using just surface geology, or just well logs, or just
sparker seismic data. The key for almost all subsurface interpretation projects is to

integrate all available geological and geophysical data to come up with an optimal
interpretation.



3-D Resistivity Volumes matching any
3-D seismic geometry delivered within 2 months
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The result is a new way to look at the subsurfacerosssection (upper and lower left),
map, and perspective views.
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N-S Resistivity Section 463-493 — Harris County, TX
S - B P = . AV -

l (P W, g e i
\ s puc ; W,g__] ST s :/ Ul
ey =y

0 7,500 feet Gk On

3
3
Copyright € 2016 DOE HADES 43

6
Dynamic Measurement LLC.

The next few slides go into a bit more detail with the resistivity volume to the northwest
of downtown Houston. The following slides show every fifibssline from X463 to XE

493 across the anomaly shown in slideabove

43



N-S Resistivity Section 463 — Harris County, TX
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Ten faults were interpreted underneath the high resistivity (red/ye)lawomaly at 1345
ms. Note the high conductivpinchoutat the top of the first good data. The first good
data is tied to cloud height, and in this area the data above aboun&i8 an
interpolation artifact. More recent processing algorithms includes muting this

interpolated stripping out of the volume. The faults were interpreted on this section, XL
463.
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N-S Resistivity Section 468 — Harris County, TX
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Thefaults were not interpolated on this section,-468. Note the dashed fault marks are
interpolated between the section the faults were interpreted on.
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The faults were interpretedn this section, X#473. Note how consistent the faults are
line to line, as well as how consistent the high condugbivmehoutand the high
resistivity lens are on the three sections shown so far.
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N-S Resistivity Section 478 — Harris County, TX
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The geological consistency continues across the 7 sections shown in this example. Here,
on thissection Xt478, the faults are again interpolated and there are sections of the
high resistivity lens which are thicker and have higher resistivity.
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N-S Resistivity Section 483 — Harris County, TX
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Thehigh resistivity anomaly is at 1348s, which at 6,000 feet per second seismic
velocities is about 4,000 feet deep. Fresh water gives high resistivity anomalies on well
logs in the Gulf Coast. However, fresh water aquifers do not tend to have the lens effect
seen on these seismic sections. Note how thick and how strong the resistivity lens is on
this section, X#483.
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N-S Resistivity Section 488 — Harris County, TX
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It makes sensthis high resistivity lens could be a gas charged aquifer. Again, the faults
are interpolated on this section, »88.
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It is also possible this highsistivity anomaly has nothing to do with an aquifer, and the
lightning analysis is providing a new and unique way to explore for shallow gas fields,
which is what the high resistivity anomaly looks like on this sectief98L
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