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ABSTRACT

Depth migration and prestack time migration require an accurate vetuigl for
optimum imaging. Anmportant feature of Equivalent Offset prestéioke migration
is the convergence of velocities. The comrsoatter point (CSP) gathensay be
formed from agross veloity approximation, and then analyzedproduce a more
accurate estimate of thvelocity. Thesensitivity ofthe inputvelocity, verse®utput
velocity, is expressed as a ratio, and shows large variatioti® anput velocityhave
little effect on the output velocity.

Examples of semblance diagraare showrwhich startwith an infinite velocity,
and converging to a reasonable estimate in a few iterations. A paoret qfercent
velocity increments is also included

CONVENTIONAL VELOCITY ANALYSIS

Introduction

Conventional processing based on common midp@MP) gathersassume
horizontal reflectors anthat only traces in the CMP gather contain reflectidnosn
the subsurface below the CMP position. Ti@usion of dipmoveout (DMO) and
migration allowsthe extension of conventional processingntbude non-horizontal
events. Velocity analysis however, even with DMO and migratiatillibased on the
CMP concept that limits the convergence and accuracy of reliable velocity solutions.

Figure 1 shows theay paths for @ource S and receivertRaveling to a horizontal
reflector and to a scatter point. The corresponding ttamebkare plottecbelow the
CMP location. The objective skismicprocessing is to relocated the energy on the
CMP trace back to the corresponding reflector and scaitte™NMO and migration.
The migration procesmay include DMO and post-stackiigration, or a prestack
migration. These migration processes move energy them CMP trace to the
prestack migratiorellipse, and neighbouringraces reconstruct the energy at the
reflector or scatter point. Accurat®@agingoccurswhen exact velocitieare used,
and a major effort of processingdsvoted toobtainingthe best velocitynodels for
the migrations.
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Fig. 1. Ray paths for a horizontal reflector and a scatter point.

NMO alonemay besatisfactory irfinding velocitiesfor horizontal reflectors, but is
fails to imagecorrectly the energy afipping eventgor scattepoints). Thanclusion
of migrations inthe velocityanalysidoop mayaid in imaginghe scatter pointsAfter
migration, thedata isassigned an offset and then inverse normaveout (INMO)
applied withthat offset. Theassigned offset is somewhat arbitrary, and depends on
the dateconfiguration rather than on the geometry of the probl&or.example, the
diagram of Figure Inay beconsidered a source recosith the offset of thescatter
point after migration ath + x) or, if the source and receiver are reversed, the offset
would be(h - x). If Figure 1 is viewed as eonstant offset section, the offset of the
scatter point would be forced to remairhatNeither of these methods/e an offset
that represents thdistance of thecatter point from the source and receiviéven in
the simplest case afero offsetand constant velocities, anror in thevelocitieswill
miss position the data in time and space.

Figure 2 illustrates this situation with a time section that zeas offset and
constant velocity. The travéime of ascatter point on a@ipping event igplotted
below the CMP. The migration semi-circle becoeligtical with a different velocity,
shown in gray. Reconstruction of the reflection point willdifécult when using
INMO at the same CMP. The real world further complicates thealysis by
introducing variable velocities and assuming offsgts basednly onthe distance
between the source and receiver.

It is proposed that the best offset is the equivalent offset used in prestack migration.
This offsetdoes represent the distance of gwatter point from the source and
receiver, and provides excellent results.
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Fig. 2. Migration of the dipping reflection with the wrong velocity.

VELOCITY SENSITIVITY FOR PRESTACK MIGRATION

Use of theequivalent offsek,, positions the input traces in a comnszatter point
(CSP) gather prior t@any time shifting othe inputdata, (Bancroft 1994, 1995).
Reflection events in a CSP gather are hyperbolic enabling a simplified velocity analysis.
The equivalent offset islightly dependent on thénitial velocity guess, but the
resultinganalysis othe CSP gatherields amore accurate velocity. Tlsensitivity of
the output veloity to the input velocityndicatesthe number of iterationhatmay be
required for accurate migrations.

The computation of the equivalent offset for both 2-D and 3-D requires the vertical
planes of the source and receiverdtated to one€ommon plane. The equation used
to compute the equivalent offset is

4x*h?

h2 =x*+ hz_—TZVZ :

(1)
wherex is the distance from the CSP to tiegated CMPh is halfthe rotated source
receiver offsetT is thetime of the inputsample, and/ is the RMS velocity at the
scatter point. For fixed valuesxtndh, equation (1) islifferentiated with respect to
V to give

dh, _ 4h’x?

- , 2
dv  h T2V @

The sensitivitys,, or change in equivalent offdet with respect to change welocity
Vin is found from
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S0 = g (3)

giving
(4)

The sensitivity ofthe output velocityWnme with respect to thequivalent offseh, is
found from the NMO equation withandTy fixed, i.e.,

2
R Kl (5)

Differentiating withrespect td, and insertinghe appropriatealues ofh, andV, the
sensitivitys,mo is found to be
oV

nmo

V

%mozé—hezl- (6)

h,

The sensitivity S of the output velocity,,, relative tothe input velocity;,, then
becomes

6an’TlO
Vino _ 4X%h?

M\ v )
V,

When eitherx or h tends to zero, theensitivity S also tends taero,and the CSP
gather is correctly formed independent of any input velocity. In addition, T\Yems
large relative to either x or hhe sensitivity againtends to asmall value. These
conditionsoccur for alarge portion of thedata that form a CSP gathand help to
stabilizethe estimatedelocity. It should also beoted that the rotation of the source
and receiver to a common plane redubesoriginal source and receiver offset to a
smaller value oh.

The worst casesensitivity occurswhen x equalsh, when eitherthe source or
receiver is located above tlseatter point. Irthis rare case, equation (May be
reduced to a function of the geologidgb 3, or the pre-migratiodip a, which is the
same dip along the hyperbolas of the CSP gather, i.e.
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4 [Bin(tanx ) O
_(@-cosB)’ _ asin 2
S= =
1-(cosB) (tana)

(8)

The following table lists thisvorst casesensitivity as a function dfoth a andf3.
Note that dipx is computed assuming linear rays and RMS velocitiesthatdhereal
geological dip will be greater (assuming an increase in velocity).

Table 1 Worst case velocity sensitivity as a function of dip.

Geological dif3 CSP gather dipx SensitivityS
10 9.9 0.01
20 18.8 0.03
30 26.6 0.07
40 32.7 0.13
50 375 0.22
60 40.9 0.33
70 43.2 0.49
80 44.6 0.70
90 45 1.00

It is observed from the tablthat dips under 30 degrees havewarst case
sensitivity lesshan 10 percent. An input velocigyror ofsay20% when creating the
CSP gathers, will have less than a @f®r on theresulting velocity estimated from a
semblance othe CSP gatherThis is verified with shallow dipping planége data
where thenumber of iteratiorfor velocityanalysis may be dew astwo. Highly
structured data on the other hanih dips close to 70 degrees havseasitivity of
50% so the number of iterations will be increased.

EXAMPLES OF REAL DATA

The firstexamples in Figure are taken from the 2-D Blackfolite, and shows
two iterations of the semblance plots. The first CSP gather was formed with a velocity
of 100,000m/s to effectivelyemove the negative term of equation (1).redulting
CSP gather producedveell-focused semblance from which a first velocity pick was
made. These velocitiesere then used to produce the second CSP gather and
semblance. Very little difference the semblance i®bserved. Some questionable
picks are better resolved or moved in the secoseimblance to aid in their
identification. A CMPgather andemblance has also been included in Figuia 4
comparison, and also shows excellent results. It shoutobtied that the Blackfoot
data was acquired with source interval equal to receiver intervals.
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Fig. 3. Semblance and CSP gathers for Blackfoot data, a) with 100,000 m/s velocity used
to create gather, and b) semblance and gather formed from picking the velocities in (a).
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Fig. 4. A CMP gather and semblance of Blackfoot data for comparison with the CSP
gathers.

Figure 5 contains multiple panels oflaortpiece of the Blackfoot line iwhich the
velocity is incremented by one percent. Thameels have been included to illustrate
the sensitivity of prestacktime migration, and that velocity tuningay berequired
after thesemblance estimation@®mplete. Theensitivity ofthe velocities should not
be considered a detriment to processing, as it iss#msitivity that helps eliminate
multiples, and to obtain a superior image.

CONCLUSIONS

The estimation of prestack migratieelocities issimplified with the Equivalent
offset method of prestack migration. Data wiittle structure yields accurate
velocities withintwo iterations. Structured dates mordlifficulty focusing, butwill
converge to a stable solution.
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Fig. 5. Prestack migration panels of Blackfoot data, each panel at one percent increments.
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