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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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New Technologies in

Exploration
Geophysics

Trends and new developments in exploration
methods using reflection seismology

H. Roice Nelson, Jr.
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4 of over 200 Publications
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ANNUAL GEOPHYSICAL REPORT, p. 50

WORLD PETROLEUM CONGRESS—REPORT NO. 2, p. ¢

1991 O&G Journal Cover

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,
.mp,ms by The Beatles” debut on American television, Roice

KeyNotes,” with Roice |h lead and rhythm guitarist.

2003 The Leading Edge

“Think outside the box?
: know there is a box!”

» with Roice Nelson

- He doesn’t even

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 to 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 Conentions and Workshops. His name is also familiar through
k 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




Where Grandpa Worked

A[B|C|D|E|IF|G[H[.I < N|OIP|Q|RIS|T[U|V | W|X YZAAAEACADAEAFAGAHAIAJAI\ALAMANAOAF’AQARASATAUAVAWAXAYAZEABBBCE!DEIEEFB\:BHBI BJ |BK|BL |BM|BN|BO|BP|BQ|BR BS| BT | BU

T A L T T e T R Tk SR T 1 oy

PR B B SRR N

42001308 paec pava; aia a0 S gl o 1aes 31

[ 1 =Ttprojec | B =T2projects | [ = [3projects | [T = [4 projects [ | [ = [6+ projects [ |




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 1-8. Flow chart of the processing steps involved in compositing CMP gathers intoa
stacked seismic section.
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Figure 1-11. Migration is a mathematical, computer focusing procedure that collapses
diffractions (top) and plots reflections from dipping layers in their actual spatial location

instead of at the CMP (bottom).
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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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Figure 1-17. An interpreted seismic section across the Wind River Ouver-
thrust. (After Steiner.%)

Seismic
nterpretation
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Natural scale

Figure 1-15. Vertical exaggeration allows one to see vertical and horizontal context, but
severely distorts bed thickness, structural relationship, fault dip, etc. The vertical exagger-

ation on a seismic section varies as a function of the velocity of the rocks, but is typically
within this range. (After Sheriff.’?)
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Figqure 1-18. Contour map showing a fault, a salt piercement, and a basin. (After
Sheriff.’")

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.

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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3D Acquisition Design & CMP Displa
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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.)
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