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Career as geophysicist spent looking YNAMIC
underneath the surface of the ground EASUREMENT

H. Roice Nelson Jr.: Quixotic geophysics

| Dovores Prousasm, associate editor, TLE

(%1 H.R. # 4

asssssas “When it comes down to what wisdom
is all about, it is about the stories and the
transfer of experiences. We are not cap-
tories, and they will dissi-
got this great big bubble of
experience that’s moving into retirement,
we are not replacing it, and what we’re
going to end up with is horrendous gaps
of knowledge because we are not taking
advantage of the previous generation’s vast
experience.”

Hooward Roice Nelson Jr. grew up on a farm flanked by
stratigraphic and metamorphic geology in southern Utah.
After school and chores, rather than play he would explore
the land on horseback or build things. Music provided a
social outlet for the shy youngster. On 24 February 1964,
inspired by The Beatles” debut on American television, Roice
and four other junior high schoolers gathered in that hotbed
of rock ‘n’ roll, a garage, from which they emerged as “The
KeyNotes,” with Roice the lead and rhythm guitarist.

2003 The Leading Edge

“Think outside the box? — He doesn’t even
know there is a box!”

— An interview with Roice Nelson
Roice Nelson is an experienced explorer who has been successful in both

entrepreneurial and technical roles in the oil and gas industry. Roice was
honoured by the SEG with the Cecil Green Enterprise Award in 1999.

Roice is best known as the initial founder of Landmark Graphics
Corporation, where his insight lead to the company providing interactive
seismic interp ion tools especially for interpreting 3D seismic data.
Before that he was a Senior Research Scientist at University of Houston’s
Seismic Acoustic Laboratory (SAL). Under his dynamic leadership four new
labs were created from SAL that resulted in increased sponsorships and
growth in p I. He is a well-published author who has presented
famously at Conventions and Workshops. His name is also familiar through
his book entitled ‘New Technologies in Exploration Geophysics” published
by Gulf Publishing Company in 1983. This book was well ahead of the times then and forecast the impact that
interactive interpretation technologies would have in our industry.

2008 CSEG Recorder
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DML Started with 2 Questions: I ENT

1. Can lightning
hit twice at the
same.place?

2. Doesithis S,
i mean there is off.
A on my propertyd

Strikes from 1 storm (colors Peak Current ) 27 Sep 2011, Hockley Dome, Harris County, TX

Copyright © 2017 Southern Utah Rock Club 3
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The Answer to Both Questions Is Yes!

The answer to the first
~ question 1 s n\
- strikes cluster and the clusters

, Sor SN TR o e
] e o 4 » = 3 " ’ SN
X PO o i PR et e = Y 1
I | o Th ”

# are consistent over time.

= . [he answer the second
s question is fit
B as shown by the tanks now at
L 8 the location of the lightning

8 strikes raising the questions.

-,
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_ %YNAMIC
Presentation Outline EASUREMENT

Milam County Texas apparergsistivity Volume

1. Lightning Occurs Everywhere

N

Lightning Database Analytics

Lightning Analysis & Attributes

> W

Rock Property & Attribute Maps & Volumes

5. Arizona, Louisiana, Michigan, & Texas Examples

Copyright © 2017 Southern Utah Rock Club 5
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1. Lightning Occurs Everywhere YNAMIC
5+ years of data in GLI360 database EASUREMENT

GLD360 Data
strokes/sq km/year
W 32 andup

16 t032
B 8 to16
I 4 to38
2 to 4
1 to 2

oy B 05 to 1
B 025t 05

s, 22 ~ VAISALA

Stroke Density Map - 20 km grid May 6, 2011 - May 5, 2015 GLD360 data

Copyright © 2017 Southern Utah Rock Club 6
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The U.S. has the most complete databast puAMic
18+ Years of Data in the NLDN Data Base

Avg Flash Density
fVsq km/year
H mww
W0 e

Originally Collected for Insurance, Meteorology, and Safety Reasons

02 March 2017 Copyright © 2017 Southern Utah Rock Club 7
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Sensors Measure

%NAMIC
_ _ _ EASUREMENT
Direction to Strike &

Lightning Attributes

Strike Triangulated &
Measurements Reconcll

Copyright © 2017 Southern Utah Rock Club 8
icM

Vaisala: Martin Murphy Dynamic Measuremen tLLC.
2016 Webinar used with permission




Vaisalaas NLDN Li gh %uvmm [
- = EASUREMENT

In Texas 1224 sensors recor
each lightning strike

Location Accuracy:

150-600 feet
Lineament Accuracy: From 2016 Vaisala
10-100 feet Webinar: Martin Murphy,

used with permission

Geophysicists have used passive
gravity, magnetic, and seismic
measurements to understand the
subsurface of the earth for
decades. Using existing Iightning

strike databases expands this Word'

Copyright © 2017
Dynamic Measurement LLC.
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%YNAMIC
Lightning Database Analytics EASUREMENT

Typical projects have millions of lightning strikes.
To date all projects have tied subsurface control.

2.

A

A

A Attributes are measured or calculated for lightning strike locations,
contoured or gridded.

A

A

Lightning strike density and attribute values cluster, and these clust
are somewhat consistent over time, allowing the data to be stacked

Lineaments, like fault scarps, have been mapped with 30 foot horiz
location accuracy.

\?‘

)
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' ' YNAMIC
Lightning Measurements NAMIC T

* [ ocation

* Time and Duration

* Rise Time

* Peak Current

* Polarity

Current (kA)

* Peak-to-Zero

* Density

A Other attributes calculated from these measurements.
A The time of the lightning strike is correlated with solar and lunar tides.
A Measurements separated by time.

Copyright © 2017 Southern Utah Rock Club 11
Dynamic Measurement LLC.




3. Lightning Analysis & Attributes %Nfs“{',fmsm

Analysis area selected.
Patented and PatentPending Processes produce maps and
volumes of derived rock properties and lightning attributes.
3. Existing geology and geophysics integrated with new data.

N =

o 1 2 3 4 5 Miles

Lightning Attribute: Rate of Ris@éimei Milam County, Texas

Copyright © 2017 Southern Utah Rock Club 12
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Dynamic Measurement LLC Patent 1
Method for locating sub-surface natural resources

USD0834472182

a2 United States Patent (o) Patent No.:  US 8,344,721 B2
Nelson, Jr. et al. (45) Date of Patent: Jan. 1, 2013
(547 METHOD FOR LOCATING SUB-SURFACE {517 Imt, .
NATURAL RESOURCES G R S1a2 (2006.00 )
GOIN 27400 (200601 )
(75} lnventors: H. Roice Nelson, Jr., Houston, TX (US]; Le (2006.01)
Joseph H. Roberts, Houston, TX (US); (520 US.CL e 324072 3240710 70274
Iy, James Slebert, Katy, TX (LI5); Walf (58)  Field of Classification Search ... 324/72,

(73)

(*)

(21)
(22)

(65)

F. Massell, Conroe. TX (US): Samuel .
LeRoy, Houston, TX (US): Leslie R.
Denham, Houston, TX (175) Rohert
Ehrlich, Salt Lake City, UT (1S);
Richard L. Coons. Katy, TX (U5)

Assignee:  Valsala Onj, Helzinki (Fl)

Motice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.B.C. 154(b) by 39] days.

Appl. Mo 12/655,810
Filed: Jan. 7. 2000

Prior Publication Data
US 201 1/0163733 Al Jul. 7. 2011

F24071.0 7024
See application file for complete search history,

(56) References Cited
L5, PATENT DOCUMENTS
SAITZE2 A * SIS NIX e 14
2000 IET ALY L2000 Kambinetal. e 7024

¥ gited by examiner

Primary Examiver — Amy He
1741 Awergev, Agemt. or  Firm — Portland  Intellectpal
Property, LLLC

(37 ABSTRACT

A method for locating sub-surface natural resources. The
method utilizes lightning data to discern relatively likely
lncations for finding the sub-surface natural resounces.

16 Claims, § Drawing Sheets

Copyright © 2017
Dynamic Measurement LLC.
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Natural Resources defined a:

A Diamonds:

A Other Gemstones:

A Gold:

A Silver:

A Copper;

A Other Minerals:

A Geothermal Deposits;

A Qil:

A Gas:

A Water: &

A Other subsurface natural
resources sharing inherent
similarities.

Southern Utah Rock Club 13



Dynamic Measurement LLC Patent 2 YNAMIC
Method for determining geological surface and subsurface resistivit EASUREMENT

0 A R
EASUREMENT .

US009523785B2

12 United States Patent (10) Patent No.:  US 9,523,785 B2
Denham et al. (45) Date of Patent: Dec. 20, 2016

(54) METHOD FOR DETERMINING (57) ABSTRACT
GEOLOGICAL SURFACE AND SUBSURFACE A method for determining geological subsurface resistivity.

, RESISTIVITY The method includes obtaining a set of lightning parameters
b 5l associated with a lighting strike received by a geological
¢ R (71) Applicant: Dynamic Measurement, LLC, Cedar volume of material, the set of lightning parameters including
City. UT (US) an indicium of the current of the lightning strike at a first
mitial time and an indicium of the current of the lightning
(72) Inventors: L. R. Denham, Houston. TX (US): H. strike at a first decay time subsequent to the first initial time,
Roice Nelson, Jr., Cedar City. UT and inferring the resistance of the volume of geological
(US). D. James Siebert. Katy, TX (US)  material, at least in part, from the set of lightning param-
elers.

(73) Assignee: Dynamic Measurement, LLC
6 Claims, 2 Drawing Sheets

Copyright © 2017 Southern Utah Rock Club 14
Dynamic Measurement LLC.




4. Rock Property & Attribute Maps & Volumes

Key Assumptions:

YNAMIC
EASUREMENT

1. Lightning occurs when there is sufficient charge to bridge the capacitor.
2. Lightning is affected by geology to a depth proportional to cloud height,
as derived from Peak Current

AR

-t

+T L+

N

+ +

Upper Plate

= *—\-\>Upper Capacitor Plate

<

Peak Current ~c Cloud Height

]

<

Lower Plate

Lower Capacitor Plate

+15 km

+10 km

+ 5 Kkm

Sea Level

-5 km

-10 km

-15 km

Copyright © 2017
Dynamic Measurement LLC.
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Relaxation Oscillator Physics and Lightnin%%‘@”ﬁs"{','&mm

(a giant neon tube)

? ! S AThe atmospheric capacitor is
like a relaxation oscillator
Vi ¢ == AJust an additional resistance
R (R,) limiting the current
o—v/W—: O
or--——e——0
. _ A
AR, is the resistance
between the lightning (et
strike point and the Vin ——
bottom plate of the R, R,

capacitor . AA/ AANA—C

Copyright © 2017 Southern Utah Rock Club 16
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Lightning and the Induced Polarization Effect

Rise
Time
>

f

Peak to zero time

Current

\

Time

A By treating this steep onset
as charging a capacitor (C2)
through a resistor (R3), an

apparent capacitance can be
calculated.

AFrom the apparent
capacitance a value for

apparent permittivity can be
calculated

Copyright © 2017

YNAMIC
EASUREMENT

A Lightning does not have a
sqguare waveform

ABut it does have a very steep
onset

AVariations in the onset as
measured (riséme) show
the IP Effect

O O
A
icl
V-
R2

Southern Utah Rock Club 17
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%YNAMIC
Stratton Apparent-Resistivity Sections EASUREMENT

South_Texas Stratton South_Texas
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a = N _ .

Working on calibrating depth and calculated vs. measured resistivity

Copyright © 2017 Southern Utah Rock Club 19
Dynamic Measurement LLC.




Study Area - Geology and Structure
YNAMIC

Corpus Christi from Ewing (1986) EASUREMENT
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2016 Lightning-Derived Resistivity CrossSections pnamic
Match Geology on 1986 Ewing Interpretation Overlay

-

Red and Green Arrows show faults correlated between

Ewing cross-sections using Ewing fault plane maps
(Fault Overlays Ewing 1986)

Copyright © 2017 Southern Utah Rock Club 21
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R R YNAMIC
D-DO0 C-Upmos &raben on AA avithout overlay | /MEASUREMENT
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Red and Green Faults were major -résiastWityEventson Ewi ng¢
(bright) appear to have plumes above these faults.

Co py ight © 2017 Southern Utah Rock Club 22




D-D 0O ©p an svest Graben L —
Interpretation 1986 by Tom Ewing, Apparent Resistivity 2016 from Lightning Data U

LONG WG L i
& AMPLITUD.. ; - Ao —— — N C”,';
,,, - —— —— 4
28 =

- Em'.—..—,._vv——u_v——ﬁ_.'ﬁ‘

‘ 0 _ $ fa S = — b a— =

= 7 — ; ) { i

< y 5 b L

| | y

olor Bar 4 - ] ' /
. 197 / 435 ‘:;‘.',_-.' 14

oo = ~ )
Note: interpretation by Tom Ewing in 1986. The resistivity section calc(Wéated from lightning in 2016.

| Co-located sections show breaks where faults were interpreted. There are resistivity plumes tied to faults.
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Note offsets in adjacent
ARPackageso
of Apparent Resistivity
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YNAMIC
Lightning Attributes - Peak Current1 3 of 20+ EASUREMENT

98- N I~ 2B @ / Faus Segments Bl Cii-2
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B color Bar @ South_Texas

TWT (ms helow 0 feel)

0

e

20,000 feet
: 5,000 meters -
. ST U L
(]

L

]

# Section 5 (TWT) WL TN RS & Section 6 (TWT)

IIIIllllllllllllllllllllllllll

Bl
100,000 feat
30,000 meters

TWT (ms below 0 feel)

400030

o}

Copyright © 2017 Southern Utah Rock Club 25

(kl|0am pere$ Dynamic Measurement LLC.



YNAMIC
Lightning Attributes - Spike- 2 of 20+ Attributes EASUREMENT

19 - N Segments B Cii-2 ® :zSscae 2,384.2 | ZFactor:
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YNAMIC
5. One Last Texas Example EASUREMENT

Acquired by Environmental Observed .
Geophysics Associates. Fault Scarp (FaUIt A ) USGS Survey

Marker F1254
NW @ Hockley Fault SE
0

540 Ohm-m

Depth (ft)
-}
-3
-]

Tteration = 4 RMS = 6.91% “~RNormalized L2 =

After M Saribudak, Leading Eage,

Feb 2011

Additional faults suggested.

° -
........................

Interpreted buried faults

2-D Resistivity Survey ties Lightnin@erived Resistivity CrosSection

Copyright © 2017 Southern Utah Rock Club 27
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Strike Density

10

5. Louisiana Example

Density Map &

Copyright © 2017
Dynamic Measurement LLC.
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5. Michigan Example %YNAM,C
High Resistivity to SW on B2 Horizontal-Slice | /"5 REMENT

with Oil & Gas Wells in Analysis Area posted (note lineaments)

Copyright © 2017 Southern Utah Rock Club 29
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5. Arizona Examples: Resolution Copper

NLDN Peak Current &

Rif@ate

-1

YNAMIC
EASUREMENT

—111°68' -1 - —111°68'
3320 L 3320
33118 4| - 33718
X
ok 1
X
S0
N
i | %00 W' Rise Rate
3316 (e[ - 33°18 DU ._ . _sueCoase_ _ _ _DWER
-111°0¢' 111°0 11176¢"
0 i
Copyright © 2017
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Three Example SPOTM A MENT
Apparent-Resistivity Cylinders

N 10000 fedtt

® Cube 2 (TVD)

o
8
8 2 miles B
5
g

ﬁ‘_—
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YNAMIC

Integrating Resistivity in Three-Dimensions EASUREMENT

. ® Cube 2 (TVD)

7
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Comparing NLDN and GLD-360 data %"E’VA“S“{’,’&MENT

NLDN Density 19982015 & GLD360 Density 20122015

—111 —iio —iyem i i .
LD L 30 | 3t

3318 Fary L. | e B | B DS N SR |
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1€ 16
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1 g
moo 10 &
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5 g 5]
4
3 4
2 3
: :
0 :;3 16 : density 20151002GL D360 2012 2015 cloan and S | .
o IEEENY i
Tl —11174 mile 114012
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%NAMIC
California 1 Apparent Resistivity Map EASUREMENT

Copyright © 2017 Southern Utah Rock Club 34

Dynamic Measuremen tLLC.




