ENABLING
ORGANIZATIONAL

BRILLIANCE
LA

Enhancing Reservoir Characterization
using Lightning Strike Data

H. Roice Nelson, Jr., Dr. Jim Siebert, & Les R. Denham
Dynamic Measurement LLC

HALLIBURTON | tandmark



Ve

A L) SESH

A ldea’s snosatioh

" "NLDN; CLEDN; & GLD360
Topography, Vegetatlon
Regional, Play Fairway, &
Resistivity Volumes & 3DaSeiSmicSUREYs |
How this fIgy) da a tYPE CaAMFAItNESEROII characterization

L
U )
(b
o
P
<
S
O
({>
|®
e
S
<
U ),
(1
{a)
)
)
D
\
e
(L

& Prespectiseale Example

| "EREGE

14 Hallburion. All Rights Resenved,
et and Images Capyright © 2014 Dynamic Measurement LLC



b Y . v Ty Y. ' :
" 4 =

AP S € : em T
ﬁSI{yogaap‘,shpws;--_ 7

- ‘ "i' ' - > R . 4 "’S.k

“De - i_At_wlyt‘e,m‘ap s'flpﬁvg; ‘$

b t’Tpg_‘iI;ke's/'Cm,st'lef‘" ¢oodlt Domes,ih Sﬁ?né;‘,A e
» ,."“"‘{I(O'_" -o - | - - ~—

=
o0
=
(o k]
.
=
[

riserate

HALLIBURTON | Landmark




Lightning Attributes map shallow stratigraphy
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Lightning Databases: an old & a new ‘eo;)hysical ata by
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350 million annual Lightning Strikes is a rich database to mine

» Thermosphere

Mesosphere

cloud-to-cloud, or 2 ¥~ times the distance of
Sprites or Elves.

Stratosphere

Altitude (km)
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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

A Location

A Time and Duration
A Rise Time

A Peak Current

A Peak-to-Zero

A Polarity

A Chi Squared

A Number of Sensors

HALLIBURTON | Landmark




Lightning Strike Waveform
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Lightning Strike Waveform _ AT
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Proven and Patented Technology
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Vaisala and Wipro Partnerships

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

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

WIPRO

Applying Thought
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Lightning Maps and
Natural Resources

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

1997 to 2007 Cloud-to-Ground Flash Density

Colorado County, Texas:
AT ‘ White circles known oil & gas fields;
B e Yellow circles new leads from lightning density.
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One lightning strike was

CRESECKALEP as close to the towers as
the height of the
EXTER IO turbines, and still struck

downdip of exposed
Buda Limestone
. ememr) SES (outcrops just south of
T — the turbines).
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Topography, Vegetation, Infrastructure, & Soils
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A New Potential Fields Method, Supplementing Gravity & Magnetics
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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

(\

ALightning as a RC (resistance-capacitor) circuit

AKey:
A V(out)= Lightning Stroke
A V(in)=Thunderstorm Static Charge

4

R(1)

R(2)

o——W

A C=Capacitance between cloud & earth
A R(1)=resistance of earth below thundercloud
A R(2)=resistance as static charges rebalanced
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In-Line 580 and Trace 1165 from Louisiana 3-D seismic survey

(] SeisWorks/Seismic View: LINE 580

Wells

SeisWorks/Seismic View: TRACE 1165
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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 Time-Slice 1000 ms

SeisWorks/Seismic View: TIME 1008

7@ seismic Color Ba

=

EET I

eismic orizons

T1100 T1150 T1200 T1250
e O T R

,,,,,
nnnnn
JJJJJ

1 Marker |i| Annotation

W Interactive Update

Jore| st | [

5@ IS |27 )] |0 |7 [ 82

ISRvY: LINE: TRACE: z Al X ¥

ORUMI[2014

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

HALLIBURTON | Landmark




