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A Lightning Facts and Theory
A Lightning Analysis and New Attributes
A Applications of Lightning Technology
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Lightning Theory

Earth Plate
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Waveform of Strike
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Cloud Plate Lightning physics is somewhat like
1 neontube relaxation oscillator.

- Voltage builds across a capacitol
until the insulating gas ionizes anc
becomes a conductor.

- R1 allows for charge and rechairrt
- R2 allows for the strike.

Electrostatic pulse emitted by
lightning strike is recorded by
sensors. Each strike has a
unique waveform.

Lightning Attributes are derived from measured and computed values.
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Lightning and the Induced Polarization Effect

Rise
Time -
— Peak to zero time

* Lightning does not have a square waveform
( * But 1t does have a very steep onset
* Variations 1 the onset as measured (rise-time)
show the IP Effect

Current

Time

O L
)

O
L . ¢,
» By treating this steep onset as charging a V. —
capacitor (C2) through a resistor (R3), an o R R, §
apparent capacitance can be calculated. }
* From the apparent capacitance a value for
apparent permittivity can be calculated

c, R,
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R | | p
Longitude Latitude X (m) Y (m) _DX {km) DY (km) DX{miles) DY {miles)

-98.0000 27.4894 5987850 3041037.3 0.00 0.00 0.00 0.00
-98.0000 28.0100 598316.3 30987109 -0.47 57.67 -0.29 39.96
-97.0010 27.4894 6974935 3042230.1 98.71 1.19 61.54 0.74
-97.0010 28.0100 696556.0 3099918.6 o777 58.88 60.95 36.71
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Stratton Seismic Sections
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Stratton Seismic Sections

Strattaon

Two-way time (s)

bind
o

25

Copyright © 2016 66th Annual GCAGS 8
Dynamic Measurement LLC.




Apparent Resistivity extension of Ewing

(1986)AA0 t hrough Stratt
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From Levey,
et al,1994
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others,1982
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Study Area - Geology and Structure
Corpus Christi from Ewing (1986)
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Ewing (1986) FaultAA0 and
nearby seismic crossection
A A

 Lond surfoce 21E2E 1953208 £ %;:'m e i ': SL
s c ) gt N L~ - 10,000 ft
cc4.)
S 20,000 ft

Frio Reservoirs CC-1, CC-4,
CC-9, CC-10, CC-11, and Top
Vicksburg are mapped on this
seismic line. Ewing (1986)

TRAVEL TIME (sec)
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Lightning Derived Structural Framework
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Ewing (1986) Fault CrossSection AA @pparent Resistivity

|
& AMPLITUD...

30 [0

1

OO0

e 5
Foale
£ S
¥

TWT (ms below 0 feet)

4000

3000
T Y R e ER el

1000 0

2000

5000

6000

A

;o.ond fee't\.j‘h A'}ilg [s?"‘AJ’

15,000 meters

ht, - \ ' ’ 3 M f
J * : "‘._,-, Vv =) / I'# // ] !
D A\ e Vol
g y "R 14 > ~ \

» & ¢ O F v Y A L L R ) f ¢ J

A I~

A F 2

f\ ﬁ'l v @ 9 i';'* /") 4 . k

3 Al ¢ 0 (Y

__South_Texas )

olor Bar
B AMPLITUD...
30 |

~
3

-

TWT (ms below 0 feet)

4000

2000 1000 ]

3000

5000

IIIIIIIIIIllliIIIIIIIIIIIHIII!IIIII\III‘\IIIIIIII‘[I Illllll

6000

15,000 meters

@

Copyright © 2016
Dynamic Measurement LLC.

BRSNS 50,000 —
N v T

Depth (ft)

66th Annual GCAGS 15




Zoom In on graben on west S|de ofA\ 0
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wing (1986) FaultBB 60 a n near bygecton

8 8
20E 21Ep2E 18s|i9s 22€|23€ 24 €
seo tadi
- |
-10000 J GEAR
=
R0 QA/94

TRAVEL TIME (sec)

Apparent Resistivity Attribute with Ewing (1986) Cross Section Overlays B-B 6
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Ewing (1986) Fault CrossSection
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Ewing (1986) Fault CrossSection GC 0
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Portion of cross section within lightning study area
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Ewing (1986) Fault CrossSection GC Qapparent Resistivity
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Red & Green Faulton AA 0 -B OB, -@&06 C

(Fault Overlays
Ewing 1986)

Note that lightning analysis is a
new geophysical data type, and
as such it is measuring, over
many years, the large currents L T A PR
from each lightning strike. VoD st WEN SR iR
FlaFA P 4 AN P

Apparent Resistivity calculations, shown on these cross-sections,
seems to show hydrocarbon migration pathways, as if the faults
came much closer to the surface than they actually do.
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Attribute Scales

1. Density (Strikes per sq km, per year). Wholly digital data;
duration and or area can be any desired range of Density
time values.

2. Day-of-Year (Decimal fraction of calendar year; range is
from 0.0 on Jan. 1% to 1.0 at midnight of the following Dec.
31

. Energy ([pc * (1t + pz)/2] milliampere-seconds)

. Frequency (kilohertz)

. Moon Local Longitude (degrees [-180 to 180])

. Moon Phase (degrees [0-360])

. Peak-to-Zero (microseconds)

. Peak Cuirent Absolute (kiloamperes)

. Apparent Permittivity (microfarads per meter)
. Apparent Resistivity (ohm-meters)

11. Rise-Time (microseconds)

12. Spike (map position of strike, or calculated volume position
of strike)

13. Sun Local Longitude (degrees [-180 to 180])

14. Symmetry (% [<50: rt<pz; 50: rt=pz; >50: rt>pz])

15. Tidal Gravity (microgals [+- relative to long term mean])

16. Tidal Gradient (first derivative of Tide)

17. Tide (fraction of tidal range [-1.0: low spring tide; 0.0: mean
tide; 1.0: high spring tide])

18. Total Wavelet Time (microseconds)

Temporal variations of any of the above attributes (sorting
data from time 1 to time 2)|
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Lightning Attribute - Density
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Lightning Attribute - Day of Year

ig8- N g ANFH A@i / Faults Segments Bl Ci1-2 ® :i7scae 2,384.2  ZFactor 16.2 3Z: TWT
Secton 4 TWD -8 ez B ‘ jop 1 (WD) |
B color Bar @ "y Stratton South_Texas 5 - ) - }:
= B & AMPLITUDE.. = L CALGRE Mgt e = =8
£ Of 0.99 Q 3 |- ' o Fk
g & £V 0 o = :
e B .& ]
S e
Q| 28
o @ ot
. i =
5 U )
e C - <L Yt |
e & = SHipUTCEl 100,000 feet :
— o 5,000 meters 40,000 meters £
- St = | . 3y | B s SR 3 ., - g l $
@ (=] @
e
;G f & Section 5 (TWT) B LAL U] & Section 6 (TWT)
3 ~ South_Texas
¥ . j \
: ®
= Eg g . i ’
» i Nl L B .
f 5o : [ \ A e
88= . v 0" \
&= E’E: = 9 { Y v NN é“
. ES5= 100,000 feet , , g X L
= Fo = 30,000 meters \ ‘ ;
j QfF | 5= WRE ; O :
= ® ®

Copyright © 2016 66th Annual GCAGS
Dynamic Measurement LLC.




Lightning Attribute - Energy
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Lightning Attribute - Frequency
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Lightning Attribute - Moon Local Longitude
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Lightning Attribute - Moon Phase
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Lightning Attribute - Peak to Zero
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Lightning Attribute - Peak Current
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Lightning Attribute - Apparent Permittivity
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Lightning Attribute - Apparent Resistivity
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Lightning Attribute - Rise Time
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