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A complex physical model (or any exploration prospect) should be ra?c’lpatth Oer"'aySﬂ,1 Wte 'demllzled Ithbe etvtehnt Sstta Seg:c’ntehnt of dthle
lluminated by seismic energy over as wide an aperture as 05 refiection trom tne top of the slab at the bottom of the model,
possible, in order to image all of its details. Ideally, this aperture 2 pulled up by the presence of the high velocity dike structure.
would be 360deg, and the resulting image would then uniformly o Figure 6 shows our analysis on the common-offset gather for offset

= -850m (left), and for offset = -425m and offset = Om (right).
Arrows indicate the pulled-up segments of the slab reflection for
each position of the schematic raypaths. Because the pulled-up
events appear for a range of offsets, each having a slightly

o different puII-up, the CMP stack exhibits a tilted linear event.

capture all model features. In the field, however, we can rarely
illuminate a target over more than a fraction of the ideal aperture.
Hence, we explore here what can be learned about a target using
reflection data acquired over a restricted aperture; in this instance,
data recorded only on the upper surface of a model, representing

90d €g or less of apertu re. FIG. 2. Zero-offset “sonar” survey of model with schematic overlay—note distinct shadow.
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The model shown in Figure 1 was installed in the CREWES
physical modeling facility in order to explore various seismic 0.5
acquisition techniques for illuminating the model, which was o L e
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intended to resemble a high-velocity salt body shielding deeper N T e T
StrUCtl_Jral features. The model was_ extenswely Surveyed’ not Only FIG. 6. Schematic raypaths explain the segments of the reflection from the model slab being pulled up
from Its top surface, but also using boreholes and subsurface by different amounts depending upon which portions of the dike and sill structure they traverse. The
sources 15 four images on the left show the event pull-ups for offset = +/- 850m, while the four images on the
' right show the situation for offset = +/- 425m and offset = Om.
The verdict
Position, meters 2.0 ] ] ]
&~ & Figure 7 shows the CMP stack image from the multi-fold survey,
2 soo \X FIG. 3. Processed “sonar” survey of model with overlay—shadow visible, as are many diffractions. while Flgure 8 shows the final “sonar SUIVEy..
_%m P | | | oo—? 2400 CMp 4800 7200 9600
) =l | Figure 4 shows the CMP stack of the multi-fold survey with a e
o 3 iF 4 & T & 4 s Be “mystery event” flagged, while Figure 5 shows the common-
e [ Water:Vp = 1485 s, p= 1000 kg offset gather for zero offset, extracted from these data, clearly 0.5
S — fi oot} ey resembling a coarsely sampled sonar survey (Figure 3) . .
FIG. 1. Schematic of the physical model used to investigate seismic illumination 7 2400 CMP 48|°° 7290 9600 1.0
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The objective
The purpose of our particular study, using this model, was to .
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determine how much information we could obtain about the
model using only data collected at the surface, as In a
conventional seismic survey. Hence, we used only two data sets
from the collection of surveys: a conventional 2D multi-offset
CMP survey (101,000 traces), and a high-resolution zero-offset
“sonar” type survey (onlyl1000 traces).

FIG. 7. CMP stack of 2D multi-fold survey
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Processing

Since the sonar survey Is single-fold, we restricted our processing 0 200 4800 7200 9600

to coherent noise attenuation, Gabor deconvolution, demultiple, 00-%WH}iﬁ%ﬁfﬁﬁﬁw%ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ}%‘

and FX deconvolution. Migration results were produced, but not [ mwmmm e e
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For the 2D CMP survey, the processing consisted of removing the Wt i%i}i%iﬁiigf - 335 ff’"ngf *’*zqifﬁﬁ*’f*;g; ‘_‘j‘?§§§§§§§§§§3§§§§E§§ OBNEE S e o

direct wave from the source gathers, Gabor deconvolution, NMO iii1%%%%%2325%}%%%;zi%“ ;*g’ ,,;3,5;:; ii%%%gg%igggggg FIG. 8. “sonar” survey

common-offset gathers, and CMP stacking. We used the common- ' . :fmﬁrz;égiiii}i§5222;%:Eﬁ%ﬁiﬁ,ﬁzﬂ;;;;- ;:;;;E;ggggg sonar survey for its absence of coherent noise, clear shadow

offset gathers, as well as the CMP stack image, in our analysis. = izaizg_;; g.f{*-f e R zone (clues about dike and sill dimensions), and detailed
;e diffractions (clues about edges and velocities). The CMP

Results FIG. 5. Common-offset gather for zero offset survey yields more information about velocities, but is also more

. . iIdentifvina the mvsterv event affected by residual tank boundary reflections. The associated
Figure 2 shows the raw traces for the sonar survey with no ying ystery common-offset gathers can be useful diagnostics, especially

p;oceslfmg excgpt AGC, while Figure 3 shows the sonar survey We determined that the Im]Y&:tery ev_enlt seen on thfe CﬁI\/IP staé:k at zero offset, which is like a coarse sonar survey. The sonar
arter all processing. image was present only for a particular range of Offsels. BY ¢ ryey only requires 1% of the acquisition effort, however!
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