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Agenda & Outline:

Roice Nelson

Welcome & Introduction |
Lightning Strikes & Dynamic Measurementhe backstory
Lightning, andwhy it is tracked,-stacked & mapped!

Examplesof using NSEM i@ iterpret geologic features.
NSEM Overview
Current Projects.
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See Lightming ...
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Lightning,
An Atmospheric Discharge of ElectnClty

See Lightming ...

v« . think DML & solutions

Build -up of static charges.

Turbulent winds: ice, hall,
water droplet collisions.

Clouds become polarized:
positive ions @ top of clouds,
negative ions @ base of clouds.

When charge strength exceeds
Insulating property of
atmosphere, results in sudden
high-voltage static discharge.
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Nature of Lightning \‘ ' @ SR

NStep Leader so” & n
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Streamers rising stream of protons

Step Leaders intensely charged channels of attracted to the downward seeking
downward zig-zagging/branching electrons seeking electron step leaders develop when
positive ionsto dischargebuilt -up static energy. ~ stepleaderswithin 306to 300a

Step Leaders
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See Lightming ...

Two streamers launched from
tree but only one connects with
step leader to produce a strike.

Streamers

Note streamer launchedrom
telephonepole also does not
connect with a step leader to
produce a strike.
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Earth: A SelfRepairing Capacitor

(
The atmosphere serves as a dialectric between the clouds & earth, each

anal ogous to a capacitoros conduct | \W&amegphete s agoodinsulator,
' - preventing +/- ions created in clouds

from routinely discharging onto earth.

See Lightning ...
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Lightning Strikes | ,-
When a cloud charge buildup exteeds the insulating capability ” T
of air, electrical energy of the lower atmosphere discharges as nin S
| ightning, essentially normali zing t"hg'g Qarthos capaci tce
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See Lightming ...

Geologically Controlled Telluric Current
PrimaryLightning Influence

» Thermosphere

Mesosphere

Lightning can travel 155 miles (250 km) from cleud
to-cloud, so why does lightning strike where it does?

Stratosphere

Altitude (km)

Troposphere

rike locations primarily
Vi N2 f f SR 0:¢
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\ See Lightning . . .
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Thunderst T o S Thunderstorms - .
bt B Possible increased strength & s POSSIDIe Increased strength &

number of lightning strikes 2 number of lightning strikes

Sea Level

Interbedded
Sands and
Shales

Electrotelluric Currents
possibly guided by fluids

moving up fault planes — ——e
Electrotelluric Currents

possibly guided by Salt Domes
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350 Million Annual CG Lightning Strikes
Uneven Distribution, But NoB*Random!
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Why is lightning tracked
and mapped?

AStorm Tracking
ASafety Warnings
Alnsurance

AForest Fire Forecastin
AHurricane Tracking
— | _ AResearch a
1 billion annual strikeS  Low Resolution Full Climatology Annual Flash Rate ANatural Resource

Global distribution of lightning April 1995-February 2003 from the combined ;
observations of the NASA OTD (4/95-3/00) and LIS (1/98-2/03) instruments. EXplOrathn |
- *

23-March-2016 Copyright © 2015 Dynamic Measurement LLC. All Rights Reserved. Whiting Petroleum 12



See Lightming ...
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How is Lightning Data Collected?
110 Sensors Record U.S. Lightning/?Strike Locati

.. think DMI: & solutions

L fl;\' I,_c‘ ‘Hlll'l\ Zilll[)t'?t' ‘current rov [n*“:‘ .~:!il\L'. | 90% Of Ilghtnlng
Thunderstorm =9 DillIoITjoules O energy generated irom one Striks

B L strikes accurate to
wi t hi n 66«

75% of strikes
accurate

61% of strikes
TR accurate
Remote Sensor
‘Communication Link . ]
Error in locating any
feature from a
reasonably dense

database is 3% 0 0 .
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25 Million Annual U.S. Lightning Strikes
17 Year Database, Rich Dataﬁase to Mine

See Lightming ...
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1997 to 2007 Cloud-to-Ground Flash Density

O
A

Gulf Coast Database:
200-350 strikes/square mile.

Strike density regionally
controlled by meteorology,
RNl locally controlled by terralevis
B g (shallow earth) currents.

8 fo10

13

* * * .

23-March-2016 Copyright © 2015 Dynamic Measurement LLC. All Rights Reserved. Whiting Petroleum 14



\

losl |\ %
-@ "

Oil Storage Facility (Tank Farm), Ship Channel, Houston Strike Density Attribute Map
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See Lightming ...

Approximately 60% of Tank Farm
Experienced.ow Strike Den/é,ity
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Oil Storage Facility (Tank Farnghip Channel, Houston Strike Density Attribute Map
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NATURAL SOURCE
ELECTROMAGNETICS (NSEM)-
A NEW GEOPHYSICAL DATA TYPE
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Time-Line of New Geophysicat Data Type

1920s

l See Lightning ...
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1974

1833

1960s/70s

ggggg

Each data type triggered a step Ch
In new revenues and cost avoidance

for upstream oil and gas companies.
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