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7. Geophysics \%

The study o f the Earth by quantitative physical
methods, especially by seismic reflection and
refraction, gravity, magnetic, electrical,
electromagnetic, and radioactivity methods.
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4 of over 200 Publications

H. Roice Nelson Jr.: Quixotic geophysics

Doxores Provsast, associale ediftor TLE

Howard Roice Nelson Je. 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 Americ

and four other jun/
of rock 'n’ roll, a garage.
KeyNotes,” with Roice the lead and rhythm guitarist

2003 The Leading Edge
 C—

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

= An intey

» with Roice Nelson

Roice Nelson is an experienced explorer who has been successful in both
entreprencurial and techmical 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 fo the company providing interactive
scismiic interpretation tools especially for interpreting 3D seismic data.
Before that e was a Senior Research Scientist at University of Houston'’s
Scismic Acoustic Laboratory (SAL), Under his dynamic leadership four new
labs were croated from SAL that resulted in increased sponsorships and
growth in personnel. He is a well-published author who has presented
famously at Comventions and Workshops. His name is also familiar through
his book entitled "New Technologies in Exploration Geophysics’ published
by Gulf Publishisng Company in 1983. This book was well ahead of the times then and forccast the impact that
WORLD PETROLEUM CONGRESS—REPORT NO. 2, p. interactive interpretation technologies would have in our industry.

1991 O&G Journal Cover 2008 CSEC Reeotder

ANNUAL GEOPHYSICAL REPORT, p. 50
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Where Grandpa Worked
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Where Grandpa Travelled for Work
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Figure 1-5. Typical land crew operations in southwestern Utah. (A) Surface shooting
using ten 5-1b sacks of explosives on a primachord string. The environmental damage is

temporary, but overshooting, like overgrazing, can cause long-term problems. (B) Figllrc’ 1-7. This dil'lgl‘t'l”l Ofﬂ 1940s seismic shothole crew I'L’_fIL’CfS the same basic (Ollflglll‘ﬂ-
Shallow hole shooting of, say, 10 Ibs of dynamite per shotpoint is better in agricultural

. Rer snaip tion used today, except crews now use many more channels, various seismic sources, and
areas. (C) The most common land seismic source is Vibroseis.™ Normally, four of these Z s S g e s >
trucks vibrate in synchronization. ' sophisticated instrumentation. (After Nettleton.”)
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Figure 1-1A. This diagram shows the concept of common mid-point (CMP). Note that
boundaries act as sources for new wavefront paths and that the angle of incidence equals the

angle of reflection.
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Figure 1-1B. In this CMP gather, reflections are recorded by six different sets of source/
receiver locations. The data is sorted intoa CMP gather during processing. Dispersion, or
the widening of the wavelet with offset, is exaggerated in the traces drawn on the right.
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Figure 1-11. Migration is a mathematical, computer focusing procedure that collapses
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Figure 1-6A. A noise survey showing umnplc air waves (A), ground roll (B), and ' : - ! : :

reflections (C). The receivers were grouped at each of 12 receiver stations and the vibrators
moved out to 8 source positions in each direction. F uqur( 1-6B. A noise survey showing how a 330-ft linear receiver array cancels the strong

air wave and ground roll. This same procedure can be done in processing if receiver stations
are close enough together.
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ontouring and Seismic Attributes
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o 4500 e} >

Barracuda Field seismic expression. Reservoir has single-cycle expression with relatively
high m['gd:iuc amplitudes. Progradational deltaic packages, overlying resevvoir interval, provide
top seal. Faults offset feeder systems.

v

Q @

Figqure 1-18. Contour map showing a fault, a salt piercement, and a basin. (After
Sheriff.’")

Uncontormity Atiribute

Barracuda geometric attribute expression. Thinning attribute demonstrates thinning
1o left in red and thinning to right in purple. Unconformity attribute: dark grey to black = areas
of relatively parallel layers; yellow = areas of convergence. Reservoir interval is highlighted by
dotted line in both images.
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- 3-D Acquisition Design

3D Seismic Techniques
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Receivers (Geophones or Hydrophones)

data collection provides common mid-point (CMP)
{ is the simplest reduction of a 3D collection scheme,
s in any arbitrary direction.

|

S ) 2-fold coverage

Figure 4-2. Cross-spread or T-spread
traces that cover an area. The T-spreac
and can be expanded by running the receivers or source

Receiver ine2® © o ©

Receiverline1oooooooooooooooooooooo
°

Figure 4-5. By shooting multiple source lines into the same receiver arrm ]

CMP redundancy can be achieved. In the example above there is 2-fold cg;’:r’;léediijl;;’zi
overlapped area and single fold coverage elsewhere. When there are two traces with
different offsets at the same CMP, the data is referred to as 2-fold. Most 2D data collected
today is 24, 48 or 96-fold, and by adding this redundant data together F3ithves the

http://Aww.walden3d.com/photos/Grandkids_Science Camps/170802-04 Science Camp/7_3-D_Seismic_Modeling.pdf
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3D Acquisition Design & CMP Display
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DELETE SOURCE POINT

CELETE SURCE PODNT R AR Figure 4-4. The of fset differences for different CMP’s are visually enhanced whmltln’suulv
information is displayed with of fset shown as a function of required NMO correction (II()H:\'
the z-axis. With an interactive display device, it is casy to rotate, translate, or scale this

display toany desired orientation. (Courtesy Geosource, Petty-Ray Geophysical Division.)

Figure 4-3. A map or aerial view of shot and receiver positions for a typical 3D survey
shows the spatial relationship to generated CMP’s. The shot points are marked in red along
the vertical part of the X-spread. Receiver locations are marked in white, and are along both
arms of the X-spread, as well as on the perimeter of a small square of f to the north-west. The
CMP’s fall in between and are color coded by offset. (Courtesy Geosource, Petty-Ray
Geophysical Division.)




Wedge Numerical
and Physical Model
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Figure 6-3. A sequence of wavefront “snapshots’ calculated using the Kosloff, Baysal
Fourier modeling technique. The pressure response is calculated at specific time steps and
then the snapshots are ““animated” to help interpret specific events. Event 2 is reflected
energy off of the low-velocity wedge. Events 3 and 4 are reflected energy off of the high- Figure 6-4. A 2D wedge physical model is shown accompanied by

velocity flat base. Event 5 is wrap-around due to the Fourier transforms used in this a seismic section across the model. Event E, the “muystery event on the
method. (After Kosloff and Baysal. ) physical model section, is the diffraction energy from the top of the wedge.
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Figure 6-9. A map view (including section locations) and side view of physical model
SALFRS is shown. Note the expected response on the seismic section for Line 15 as the
cylinders get smaller. The 2,000-ft separation between the sections shows the impor-
tance of proper spatial sampling in order to see events that can indicate significant
hydrocarbon prospects.??
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Numerical and Physical Modcling

3D model SALHCI is shown in the water tantk,
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Figure 6-11. A map view of the SALHCI model is shown with two seismic lines referenced.
Seismic sections for each of the lines are illustrated. Note the sideswipe from the model edge
as indicated in the section for Line 5. The velocity push-down from the low velocity (gas) cap

is shown in the section from Line 20.%
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SALNEL
Alluvial Stream Model

Numerical and Physical Modeling 147

Figure 6-12B. Time-slice or horizontal section through the SALNEL meandering stream.

Nunterical and Physical Modeling 149

g 5 =
32:5;0‘
' _ e v
plexiglas N A J
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Figure 6-12A. Line drawing of SALNEL showing the six
different layers represented by the model b

Figure 6-12C. Time-slice or horizontal section through the SALNEL braided
streams.



3D Display & Migration Lens Model

True 3D Display Types 193 True 3D Display Types 195

Mathematical rotation

of volume Projection image
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Figure 8-6. A stereoscopic projection of a volume of unprocessed seismic data over the
physical model from Figure 8-5. Note the unfocused appearance caused by the diffrac-
tions.?

Figure 8-4. Picture elements (voxels) of the volume on the left are numerically summed
along projection paths (four representative paths shown) to form the picture elements
(pixels) of the two-dimensional projection image in the center. When the resulting digital
image is displayed, it is as though the observer views the volume image from the viewpoint
on the right. (Reproduced from SEG Reprint,?> Courtesy L.D. Harris, “'Identification of
the Optimal Orientation of Oblique Sections Through Multiple Parallel CT Images,”
Journal of Computer Assisted Tomography)

Figure 8-5. Stereoscopic photograph of a physical model with five plexiglass lenses raised
above a plexiglass base. The highest lens is in the bottom right corner, they stairstep down to ) g y ]
the top left corner lens, and the bottom left and top right lenses are lowest and are at the Figure 8-7. A stereoscopic projection of a volume of Hilbert Transformed 3D migrated data
same elevation.? ’ from the physical model in Figure 8-5. Note the focusing effect of migration compared to
> ’ Figure 8-6.%
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Figure 6-13B. A view of the SALNOR | I G eo I 0
the Base Statfjord horizon. ® Producing Wel
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[] Lease Btock 10

= EF

line 90
line 120

Figure 6-13F. A map showing the relationship of 7 north-south, 7

east-west, and 9 possible drilling locations. This is part of an interpre-
tation training exercise.

Numerical and Physical Modeling 151

Figure 6-13C. The silicon rubber for deeper layers was added by pouring between the model

and the plaster cast. This shows the SALNOR model after the Statfjord horizon had been
poured.

SC8 - 113

Figure 6-13A. The completed SALNOR physical model in the modeling tank.
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Figure 6-13D. An east-west vertical seismic section across the SALNOR model. The top three horizons represent the Top
Paleocene, Top Cretaceous, and |-Unconformity. The other horiz on easily recognized, which lm~ four faults, is the Base Statfjord
horizon.
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Figure 6-13E. A north-south vertical seismic section across the SALNOR model. The same horizons noted in Figure 6~13D can
be recognized. On the left side, the Top and Base Brent and Top and Base Statfjord are also easily seen.
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Figure 6-13G. A lwn-unm[ seismic section from a 3D survey collected across the North
Sea physical model. The time-slice section is at 1.06 seconds and cuts the |- Unconformity
structural highs.

seconds. Ar tlns detlz HzL’ section cuts HHUZI\’/I the two d:ppmq pmduunq Brent mzd
Statfjord sandstones. The fault cuts are easily identified, especially when a sequence of
time-slices are animated like a movie.
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@ \Volumetric Data Allowed
Study of 3-Dimensional Geology
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Figure 4-1. A 3D data volume allows for a much more complete evaluation of the
subsurface. The data can be vertically sliced in any arbitrary direction to allow interpreta-
tion along the lines critical to an accurate evaluation. Horizontal sections can also be
generated from a data volume.
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Fiqure 4-7. The unique capabilities to interpret a subsurface geologic sequence with 3D data
volumes is shown by this horizontal (SEISCROP) seisntic section slicing a meandering
stream channel in the Gulf of Thatland. (Courtesy Geophysical Service, Inc.)

72 New Technologies in Exploration Geophysics

Seismic Data Analysis—The Picture System can be a powerful tool for interpreting seismic data. Here fault lines are displayed bensath
a grid representative of the earth's surface. Color is used to identify lines belonging to a common fault plane.
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First

I t t -
A B -
Figure 4-8. Interactive 3D interpretation techniques are becoming much more common. Here two horizontal sections across the SALGLF model
are shown (A and B). There is no data in the black strip because of a data collection error.

108 New Technologies in Exploration Geophysics tl |

enerator an
Vector Display

c D

('I"\’vll)'t’ 4-8 (u_m!ium’([l). As horizontal sections are stepped through, they can be interactively interpreted as a 3D contour map that can be rotated
in 3D space in real time (C and D). '



Complex Seismic Traces
3-D Rotating Phase at NASA on E&S

Interactive Interpretation 227

D O®eOWO@ ©

C
Figure 9-11. This sequence of photos displays
a 90° phase shift of one synthetic complex
seismic trace across a formation pinchout.
From A to B the complex traces are rotated,
until a top down view is reached in C. At this
point, all of the traces are in phase. In D, the
fourth trace from the left is rotated to an out-
of-phase position. It remains in this out-of-
phase position when the entire group of traces
is then rotated back to their original vertical
position (E). It now appears that the fourth
trace no longer fits into the pinchout. Such
phase discrepancies are commonly found
when trying to tie seismic sections together
from different surveys. This is only one ex-
ample of the subtle characteristics of and
problems with seismic data interpretation.
(Courtesy Geosource, Petty-Ray Geophysical
Division.)



True 3D Display Types

~ Vibrating Mirrors

SR

TR

Holograms

Figure 8-10. The Genisco SpaceGraph vibrating mirror 3D display device. A 40-cm
vibrating mirror is partially shown at the center of the display. A high-resolution CRT is
housed within the overhead casing. (Courtesy Hand Stover, Genisco Computer Corp.)
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Data Mining and Search Strategies

Reservoir initial pressure distribution viewed in 3-D
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3-D Landmark Displays
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Data are instances of specific meanings
occurring in the real-world.

Knowledge is the progressive gathering of bits of
experience, along with the links which associate
these disparate parts into a unified whole.

Depth

LD(S Synthetics

Reflectivity

Feiamic Line DLE7-45

Ilimsian 1

M ob""""l’e lay

wm-,r
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- ; — 27 Ihterpretatlen

Information is data in context,
related to a specific purpose.

Base Map of Digicon DLE? Survey

Wisdom is knowledge of what is true or right
coupled with good judgement, and is embodied
in those who remember the recipe and

can tell the stories.

hron maps can be used to identify subtle geologic trends.

Isochron Map of llineian 1 Sequence
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MEMOIRS OF A

by George W, Middleton, MLD.

154 Memairs of a Piomeer Surgeon

and it remained for us to carry it out. Water systems outside
cities of larger size were innovations in the state at that time and
they met with a great deal of opposition from people who,
liv i‘ng closely at home, could not know the advantage of such an
improvement. As we proceeded with the work of having
trenches dug and the pipes placed in position, the opposition
grew. It tended to link itself with the opposition o prohibition,
so we had a double fight

When we were in the thick of it and fecling was munning
high, J. Golden Kimball, the humorous president of the
Seventies (an order of the Mormon Church) came aloag on a
preaching tour. 1 went to him and asked him to say something in
his sermon to bolster our cause, He readily consented. When he
had his audience worked up to a high pitch with his humor he
said, **Just Jook ot that filthy swif running down the ditches in
your sireets. If you don’t quit drinking that filthy swlf, |
im\phm) in the name of Isracl’s God it will kill three-fousths of

We had levied a frontage tax on all the abutting property,
allowing the owners who so wished to pay it out in labor. A big
army of laborers turned out with their picks and shovels 1o take
advantage of this opportunity. Mr. Edgar Clark, a fine
gentleman from  Parowan, came down one day when the
trenches were under construction. When he saw this army of
men at work, he said to me, *“This is the finest sight | ever saw
in my life. For forty years | have been coming here, and have
seen these men sitting on the street-comers whitthing sticks, and
now 1o see them engaged in some useful constructive work for
the benefit of their community i a sight worth coming from

Parowan to see!

There were those at first who would not touch the water
out of the system, although it was clear, while the water in the
ditches was full of silt and organic impurities. However, onc by
onc they gave in until the new system became very popular,

Water 1s a Critical Natural Resource
Historical Water Issue in Cedar City

Memoirs of a Ploneer Surgeon 155

The success of this much-needed improvement seemed 1o
Imitiate a spint of progress which has continued ever since

Piping of the water was a dramatic demonstration of the
relationship of typhoid fever to an impure water supply. Every
3 when the Noods used to begin coming down the canyon
there would be an epidemic of ryphokl fever, with several
Ftalities. As if by magic these epidemics stopped completely as
SOON {1 OUr new system was supplied by pure water from the
mountain springs

yeu

A few years after this, when Dr, T, B, Beatty, Secretary of
the State Board of Health, was trying to induce all the larger
towns (o build water systems, be went to attend a mass mecting
of the citizens of the village of Kamas. They had this matter
under consideration, One old sentler was much opposed 10 his
town going into so unnccessary an enterprise. He said the water
of Kamas tasted so good that he was always glad 1o get back
home so he could get a drink of it

Dr. Beatty said to the old man, *Now, while you are very
definite in your opinion, there seem to be others who favor the
water system. 1 think we can armange it so you will all be happy
We will put in the system, and all those who are satisfied with
the taste of the water can 1ake it unmodified. You can mix
enough barnyard manure with yours to give it the exact fla
you prefer, So everybody will be satisfied.””

"

There was one great source of satisfaction to me duning
these years of hand medical work and political activity in that
the best ebfement of the community stood squarely behind me,
and thas, of course, meant the big magority of citizens. | shall
never forget their loyalty and support and shall hold them in

grateful remembrance as long as 1 live, Eventually, however, o

time came when even their loyalty could not compensate for the
complexities of my life

I remember well the day this feeling erystallized in me. It

http://www.walden3d.com/photos/Grandkids Science Camps/170802-04 Science Camp/7 Geophysics-Water.pdf
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PRECIPITATION
EVAPORATION

\ A
b A

N7 i L Applying Experience
S o == [0day to Cedar Valley
Water Problems

e * Bedrock dips to the east:

http://snobear_colorado.edu/Markw/geog5321_webpage_04 html

* Faults bounding the valley disrupt
baseflow, especially into the
Cedar Valley basin fill aquifer.
which 1s 1solated by clays and 1s
very shallow.

http://cbgwma.org/index php?option=com_content&task=view&id=60&Itemid=115
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Geology & Geophysics Are Key

Geology of Codar Valley. Irom Conty, Utah

EXPLANATION
Map Units
Quaternary

How do Geos

Sedmentary deposits
Quaternary-Tertlary
(O8] Sedimareary deposts g
Basalt e
Tertiary fon e /
Velcank rocks AN
[0 Intrusive recks x 2750
Tertlary-Cretaceous
+ Sedimentary rocks. ML
Cretaceous - A
[Ka ] Sedimentary recke
Jurassic
B8] soaimentary rocs
Triassic
L Sedimentary rocks

Faults (teeth or hachures on upper plate)

S
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CENOZOIC
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—B. Revere
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Cedar City-Parowan monoclire
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Wells {numser or iotter is in 1D cokemn of
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10 Public-supply watet woll (fable 8.1)
S1o- Pusliceupply spring (lable B.2)
USSQ U.S. Steel borehole (tabie B.3)
& Oflwel (table B3)

ow
Cedar Valey drainage
Bavn bw-Juv
| Jot_, Selsmic-refiection
o

Crons-
A Asection

Figure 6. Simplified geologic map of Cedar Valley drainage basin and adjacent areas. EBBFS s eastern basin-bounding fault system. See figure $

Jor stratigraphic column, and appendix A for correlation of map units with those on plates I and 2.
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c/i,,entists see under the ground?

_—» Figures to right from Line 704.

-

E

* Line 711 was my first assignment in
Mobil Field Operations in February
1978 (it was cold, saw bear tracks).

* When I learned of Bengt Nelson’s first
winter (1856-1857) at Iron Springs.

Northwest Mobil Seismic-Reflection Profile 711 Southeast
;wo-Wsy DD 4 701 Two-Way
ravel fyme {plate 2) Traye!Jime
Cedar Valle Parowan "
Yy | GIS1 8 Red Hills valley {sec)
R - 0.0

TSI S mtgen 3 =
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i
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¢

FoUl e
Arrow on downthrown block

A

3.0

e, Tv - Tertiary volcanic rocks;
Ts - Tertiary sedimentary rocks; Kis - Iron Springs Formation; Jc - Carmel Formation; Ju - Navajo Sandstone, Kayenta, and
Moenave Formations. undifferentated, Rs - Triassic sedmentary rocks: Pzs - Paleozoic sedimentary rocks

3.0
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Water at Iron Springs
Where Bengt & Ellen Nelson Lived
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Arco #1 — Woods Ranch
cross-section

* An opportunity to
test the Fractured
Quartz Monzonite
Aquifer 1s to reopen
this well.

UT#T36

”#_:;:_ TopQm = 2,322’
_~~  Fractured: 2,500’-2,615’

Fractured: 2,960’-3,050’

* The proposed test in

_ the Cretaceous rocks
- 1s at Woods Ranch or
Sheepherder’s Cabin.



Untapped Fractured Quartz Monzonite Aquifer
Photograph of water in Blowout Pit at Iron Mountain

Water from
Fractured
Quartz

R B R Monzonite

¥ G = Occurrence of Granitic Rocks « 5%

TR o Y .
Granitic Rocks in Subsurface |
;»-'“.{.‘: o

Fills Blowout
Pit and Other
Iron Mine PIts

" By Gary F. Player
1 Utah Professional Geologist No. 5280804-2250
September S, 2012



Fractured Quartz Monzonite Wells
W111 Hopefully Be “New Water”
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Hydrostatic Pressure Is Key

Water Tanks in Cedar City demonstrate hydrostatic pressure

* Stacking water increases density 1 pound per square
mch every 2.31 feet, by the equation p=density (water
1 g/em?)*gravity (9.7 m/s?)*depth (or height).

* The pressure in our water
faucet 1s tied to the height
the water tank 1s above us.

* Less than normal hydrostatic
pressure means there 1s a
leak in the water system.




Looking at the Bigger Picture

144524

j== ¢ There 1s significant baseflow
discharge from The Great Basin (e.g.
Cedar City at 5,000 feet) to the south
(e.g. St. George at 3,000 feet).

* There 1s equal or larger baseflow
discharge from The Great Basin (e.g.
Cedar Valley) to the southeast (e.g.
The Grand Canyon).

* This discharge 1s much deeper than
800 teet, with water running below
the 1solated Cedar Valley Fill Aquifer.

Less Than
Normal
Hydrostatic
Pressure

10,0008

7500t

5,000 ft

2500t —

of

A. Paragonah Canyon
B. Parowan Canyon H:Niw Harmony.

C. Summit Canyon 1. Hurri Fault i X
. L :::;: au Possible Fault Geopressure Leak Pathways

E. Cedar Canyon from Cedar Valley to the Colorado River
F. Kararaville Canyon

G. Five Fingers




Untapped Cretaceous Aquifer Wat e r
above the repeated road repairs in Cedar Canyon
(note most significant flow 1s on east facing outcrops, because beds d1p east)

Flowing East
 Is Within
Drainage

Basin

What is the cost to repair the road"
Compared to the cost of drilling a deviated hole
and draining the water out of the cliffs to prevent landslides?




Deviated Hole Requires No Pumps
and Turbines In the Well Generate Power

Cretaceous Aquifer east of Cedar City

Straight Cliffs Formation over Dakota Formation, north of Highway 14 at Mile 8, east of Cedar City. < >
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How can we find
and optimize
- natural resources?

SC8 - 150

http:// www.walden3d.com/photos/Grandkids Science Camps/170802-04 Science Cam

N Y =ovma T WA Y M\3/ VAR \‘\ > E ;



http://www.walden3d.com/photos/Grandkids_Science_Camps/170802-04_Science_Camp/7_Geophysics-Lightning.pdf

Lightning Occurs Everywhere
5+ Years of Data in GLD-360 Data Base
ST

P At e
LR N,

- ES’Q?“\

Lightning Data
Was Only Used For
Insurance, Safety, &

|2 4 S Meteorological
__,_A,&;g* S, v Purposes

1
= W 05t 1 —

~ GLD360Data |
strokes/sq km/year

m— s
Stroke Density Map - 20 km grid May 6, 2011 - May 5, 2015 GLD360 data
The U.S. has the most complete database Se}nsm:s measure
18+ Years of Data in the NLDN Data Base Direction to strike &

Lightning Attributes

NLDN (National Lightning Detection Network)

Strike Triangulated &
Measurements Reconciled

Avg Flash Density
Vsq ar

Vaisala: Martin Murphy
Originally Collected for Insurance, Meteorology, and Safety Reasons 2016 Webinar used with permission




We Discovered Strike Locations
Are Controlled by Telluric Currents

DYNAMIC
MEASUREMENT

1 United States Patent

Denham et al.

US009523785B2

US 9,523,785 B2
Dec. 20, 2016

(10) Patent No.:
(45) Date of Patent:

(54) METHOD FOR DETERMINING
GEOLOGICAL SURFACE AND SUBSURFACE
RESISTIVITY

(71) Applicant: Dynamic Measurement, LLC, Cedar

City. UT (US)

(72) Inventors: L. R. Denham, Houston. TX (US): H.
Roice Nelson, Jr., Cedar Cuty. UT
(US). D. James Sicbert, Katy, TX (US)

(73) Assignee: Dynamic Measurement, LLC

(57) ABSTRACT

A method for determining geological subsurface resistivity.
The method includes obtaining a set of hightning parameters
associated with a lighting strike received by a geological
volume of material. the set of lightning parameters including
an indicium of the current of the lightning strike at a first
mitial time and an indicium of the current of the lightning
strike at a first decay time subsequent to the first initial time,
and inferning the resistance of the volume of geological
material, at least i part, from the set of lightning param-
clers.
SC8 - 152

6 Claims, 2 Drawing Sheets




The Magnetite at Iron Mountain
Attracts Lightning Strikes
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What is a Lodestone?

Lodestones are rocks that are magnetized. They are made of Magnetite , a type of iron ore. Magnetite itself is

not necessarily magnetic. A piece of magnetite that is magnetic qualifies as a lodestone. I i g h t n i n g

What makes a Lodestone magnetic?

For a piece of magnetite to become magnetized it must be exposed to a magnetic -
field. The weak magnetic field of the earth is not strong enough so another source : ;t r I eS
must be looked to. One way it may occur is by lighting strikes on magnetite causing

the magnetite particles to align in the right way to produce a magnetic field. E n C O u r a g e

The first compasses were made over 2000 years ago using lodestones. If a long
piece of lodestone is freely suspended it will rotate until it ligns up with the Earth's R O C k
poles. Early navigators were able to use lodestones to help them find their way.

Lodestone Examples Houndin g

Rock fulgurite (circled in
white) found on quartzite

. , . , . Sand fulgurites found on the top of 1/2 e S Mot
Utah 1s a major source of iron ore and in particular, Mount Raymond. U.S. quarter for Raymond i the Wasatch
natural magnetic ore called lodestone or magnetite. scale. el il

These particular specimens both very rich in iron,
making them magnetic.



Lightning Measurements

Location

Peak 10 210

\ y
Time g)

-
=

Time and Duration

Rise Time

Peak Current
Polarity

Current (KA

Peak-to-Zero

Density

Major/Minor Axes
Chi-Squared

Peak Curte (megative o mod tikes)

*  Other attributes calculated from these measurements.
*  The time of the lightning strike is correlated with solar and lunar tides.
*  Measurements separated by time.
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Lightning Analysis & Attributes

Analysis area selected.

Patented and Patent-Pending Processes produce maps and
volumes of derived rock properties and lightning attributes.
Existing geology and geophysics integrated with new data.

4 S Miles

Lightning Attribute: Rate of Rise-Time — Milam County, Texas

Louisiana Example

8 A e
= Att,r_ibut(;map shiovs. =
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Density Map

&  Rate-of-Rise-Time Map
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Rock Property & Attribute Maps & Volumes

Key Assumptions:

1. Lightning occurs when there is sufficient charge to bridge the capacitor.
2. Lightning 1s affected by geology to a depth proportional to cloud height,

as derived from Peak Current

/ .....r Upper Capacitor Plate
e 1‘1’ ' N
Upper Plate * - a pe e 10
by Peak Current ~c Cloud Height
Lower Plate \\.—_ T
===
/ i
Lower Capacitor Plate i

+15 km

+10 km

+ 5 km

Sea Level

-5 km

-10 km

-15 km




Relaxation Oscillator Physics and Lightning
(a giant neon tube)

o, * : B
A * The atmospheric capacitor 1s
i like a relaxation oscillator
Vin . * Just an additional resistance
R (R,) limiting the current

? —
| * R, is the resistance

between the lightning (b

strike point and the Vin N——

bottom plate of the R 1 R 5

capacitor 0 AAA—e




Lightning and the Induced Polarization Effect

Rise
Time
>

(

Peak to zero time

Current

\

Time

* By treating this steep onset
as charging a capacitor (C2)
through a resistor (R3), an
apparent capacitance can be
calculated.

* From the apparent
capacitance a value for
average permittivity can be
calculated

* Lightning does not have a
square waveform

* But 1t does have a very steep
onset

e Variations 1n the onset as
measured (rise-time) show
the IP Eftect

O * O
A
Cl
V. —r—
lan R2
CZ R3



Dynamic Uses Seismic Techniques

Stratton Apparent Resistivity Sections

7,500 feet

2,500 meters




South Texas Example

with Ewing interpretation

ynamic Resistivity Sections
' | /MEASUREMENT

SC8 - 161

Ewing, T.E., 1986, Structural Styles of the Wilcox and Frio
Growth-Fault Trends in Texas: Constraints on Geopressured

o] 2017
Reservoirs: BEG, Report of Investigations, 154, 27-36. Copyright © 201

Dynamic Measurement LLC. 15 February 2017



D-D’ Close-Up on Graben to the west

Interpretation 1986 by Tom Ewing, Apparent

Resistivity 2016 from Lightning Databases i
Lond rte 0 w

dads

“'b ,

N
'
A

. ) I8 ‘ J -:':‘ ’ 3

Gﬁ QIS 7 ey A0

Note: mterpretation by Tom Ewing in 1986. The resistivity section calculated from lightning in 2016.
Co-located sections show breaks where faults were interpreted. There are resistivity plumes tied to faults.



Hockley, Texas

(where it all started)
Texas Example

120 180

teration = 4 RMS = 691%

| & B
After M. Sarlbudak Leading_gq,ga

Acquired by Environmental Observed .
Geophysics Associates. Fault Scarp (Fault “A”) USGS Survey
Marker F1254
@ Hockley Fault

300 360 480

0.96
Feb 2011

!l &
A [ e

3-D Resistivity Profile

LiProfile (east-bound)
=

Are they geologi

Interpreted buried faults

2-D Resistivity Survey ties Lightning Derived Resistivity Cross-Section



Average Negative Peak Current vs. Densrty

Downtowf Hc)uston
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Peak Current Zoom with LIDAR &
Long Point Fault
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| ocation & Economics

Zoom on Houston Infrastructure for this area:

Quick Overview Economics for a 3 square mile area:

\ Area

‘ acre-feet |barrels MCF @ 15 cf/b [MCF @ 23 cf/b |MCF @ 100 cf/b
‘Square Miles 3

1Acres 1920

1 10 foot sand 19200 148,960,655 2,234,410 3,426,095 14,896,066
150 foot sand 96000 744,803,273 11,172,049 17,130,475 74,480,327
100 foot sand 192000 1,489,606,546 22,344,098 34,260,951 148,960,655

\

jVaIue 10 foot sand at $2/MCF S 4,468,820 (S 6,852,190 (S 29,792,131
?Value 50 foot sand at $2/MCF S 22,344,098 | S 34,260,951 | S 148,960,655
jVaIue 100 foot sand at $2/MCF S 44,688,196 | S 68,521,901 | S 297,921,309




Reefs In
Michigan
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$6 Billion Resolution Copper Mine
Superlor Arizona

i \
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7 ': Lightning Attribute Map Identifies
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Gold Mine, San Bernardino County, CA

Interpretation of Anomaly on Surface Resistivity Map
=-a ® Cube 2 (TVD) L. Section 4 (TVD) _— LT RLA N - Man 5 (VD) x|

Min = 2057 | &l 2
L 0.004 e g B B
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A Future Project: Gas Hydrates

Home  Inset  Pagelayout  Formulas  Data  Review  View
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Notes




2017 Science Camp

« What was best about 2017 Science Camp?

« What would be your ideal 2018 Science Camp Theme?




