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Two methods of estimating the fourth order term of
the seismic travel time equation are described.
These estimates are used in applyil
non-hyberbolic moveout correction to common mi
point gathers. The first method consists of

calculating ~ the parameter c3 fraom
-velo:;:g;ger ived interval velocities.
The second involves special C3 function

analyses performed on CMP gather records.

Real data examples are used to illustrate the
improvement gained by using non-hyperbolic moveout
correction over conventional hyperbolic moveout
correction. These inprovements are shown both on
of thers and on the stack. Difficulties
rela to the application of the method are
discussed and possible sclutions suggested.

INTRODUCTION

For a horizontally layered earth the exact two-way
travel time equation takes the form

T2 = Cy + CaX? + CaX® + vive ceeeennn (1)
(Taner and Koehler, 1969).
It has been the industry practice to aj ximate

reflection moveout curves using only the first two
terme of this equation (ie. rbolic moveout).
This approximation is described the equation

T? = To? + X2/V? veseenss (2)

Where X 1is the source to receiver distance and V
is the stacking velocity.

Velocity analyses are performed on O ther
records to determine the stacking velocity
function which is an roximation of the RMS
velocity function (Al-Chalabi, 1974).

This hyperbolic  approximation breaks down at
larger angles of incidence (for offsets which are
large relative to the reflector depth). At these
offsets equation 2 is not accurate enough, and the
result is that reflections curve upwards on the
outer traces of the NMO corrected CDP gathers
(£is . e 1). Theg are oﬁ:oﬂ:olution? to this
p! em. One is mte upwardly curving

of the events before stack. This 15 what is

in conventional data processing, and in the
ms& valuable far offset reflection data are

The other solution is to ly a more accurate
approximation to the trave time tion
(equation 1), as done by May and Straley, 1979.

There are instances when one wants to preserve
o O oo of “inigener . A inalvais (see

es inc. . analysis (see
Smith a? Gidlow, 1987) requires data from the
widest range of offsets possible.

In this paper we discuss the estimation and
application of the fourth order term (C3) of
equation 1 in the fourth order moveout ecuation
approximation

T2 = To? + X?/V3(T) + Ca (T) X* seseenae (3)

using a simpler procedure the iterative

than
method of May and Straley (1979).

METHOD

The ameter C3 in ecuation 1 is a complicated
functﬁ of interval velocitg ad t time
(Taner and Koehler, 1969, p.879, eqguation A28) and
its units are sec?/m4.

Since (€3 is always negative, the fourth order
approximation of two~way travel time is always
less than the hyperbolic approximation.

BEquation 1 is a convergent series, so the fourth
order approximation ecuation (3) is always a more
accurate roximation to the travel time tion
(1) than hyperbolic moveout equation 2. The
moveout correction defined by equation 3 will be
referred to as NiM (Non Hyperbolic Moveout)
correction.

Figure 2 shows four C3 functions computed from the
interval velocity functions in figure 3. The
different interval welocity functions corxesm
to models with increasi water depths.
function has same velocity at the sea floor,
and each function has the same constant rate of
velocity increase with depth. There is a large
variation between the C3 functions at shallow
times, but they all converge to approximately zero
below a two way time of approximately 3.0
seconds;  the shallow interval velocity valuee
have a mxch larger effect on the C3 function than
the deep interval velocities do.

Figure 4 illustrates the breakdowmn of the

lic approximation at shallower depths,

re inci angles are largest. At larger

offeets the two-way travel time is noticeably less
than the hyperbolic approximation.

Two ways of estimating the C3 function used in the
NHM correction will be discussed.

Firstly, since C3 is a function of interval
velocig'le and two way time, it can be calculated
from interval velocities which are computed
from stacking velocities derived from conventional
velocity analysis. For t purposes of C3
analysis, intervals defined by conventional
velocity analysis are too thick, givinghgse to
discontimuous C3 functions. To rectify this, the
time/stacking velocity curve is digitized at a
fine sample interval (approximately 20 ma) and
interval velocity is determined for each
interval. From thls interval velocity function, a
corresponding C3 function is computed.

The second method involves two stages. First, a

conventional velocity analysis is
performed on the rbolic = (low amngle of
incidence) portion of a (MP gather record. Next,

the whole O® ther record, including the 1
angle of mldag (non rholic)‘gg%ion og&g:
record, is displayed with NEM correction using a
range of constant C3 values. The NEM correction
for~ this _display ia done with one stacking
velocity function picked from the wvelocity
analysis. This display is called a "C3 analymis”,
Figure 5. Eventa on this analysia are EOJ.dced
where the reflections are flat right out the
furthest offset.
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A time-variant C3 function is then obtained by
choosing those values of C3 corresponding to
flattened events at different two-way times.

Figure 5 is an NHM-corrected CDP gather of
gynthetic traces which have been generated using
equation 3. The NHM correction has been done with
a single stacking velocity and a range of C3
values. The flattest event occurs at C3 value of
-2.0 x 10"*® gec?/m*, which is the value that
was used in generating the traces.

APPLICATION

The data used in this paper to illustrate NHM
correction were acquired in marine enviromment
uging a 4.5 km cTg-lm_:j gtreamer. It was with AVO
analysis in mind that the longer streamer was
chosen for the survey.

The stacki velocities were chosen in the usual
way over offsets of the MP thers known to

ibit rbolic moveout. high angle of
incidence ta were muted out for conventional
velocity analysis. (3 analyses were then done at
the velocity analysis locations along the line. A
panel showing C3 analysis of these data is
shown in figure 6. The event whose minimum offset
i is approximately 1.0 second is
a C3 value of about -3.5*10"*"

The additional amount of usable far offset
information brought about by including the fourth
order termm of equation 1 is seen 1in figure 7.

This is a comparison between an NMO and NHM
corrected P gather. The improvement in NHM over
NMO correction is clearly seen on the event at 1,2
seconds. Figures 8 and 9 further exhibit the
improvement of NHM over NMD correction.

C3 functions were then also calculated from the
interval velocities derived from interpolated
stacking velocitg functions.  The process of
determining the C3 function by calculating it from
interval velocities is a lot quicker and therefore
cheaper than doing C3 analysis.

An important parameter to be chosen before the NHM
corrected traces can be stacked, is the pre-stack
mte, Data were stacked after NMO correction
using a mute which excludes the non-hyperbolic
portions of the events, and also NHM corrected and
stacked using milder mutes.

DISCUSSION

Ideally, since the C3 parameter and stacking

velocity are both functions of the same variable

simaitaneous)y. . My am Stratey (1979) sacacared

8 Y. y raley

a moveout correction i based on the use of
ials for the determination of

the fourth-o term in tion 1. One

non-hyperbolic portion of the gather
before determining the ocoefficient of X3  (ie.
the conventional velocity analysis). This reduces
the interaction between the coefficients of X? and
X* in eguation 3, and rs’.l;.glifiesthe

because it removes the for the iteration
required in the method of May and Straley.

The C3 analysis technique is preferable to
computing the Cc3 function from
stacking-velocity-derived interval velocities (the
"computed C3 ion" me ) because it uses the
data to estimate the C3 function which produces
the best moveout correction. The computed C3
function method on the other hand assumes a
Tarticular earth model (horizontal isotropic
ayers), which does not necessarily fit the data
as well, The main attraction of the computed C3
method is that it is easier to implement, because
no C3 analyses are needed.

A problem yet to be addressed is that of the
stretch moveout correction. Where
weighted stacking schemes are used to produce zero

offset traces or traces that resent rock
property, this move-out stretch poses less of a
problem.

Another possible application of the technique is

interval velocit; estimation. Both stackln?
velocity and C are functions of interva
velocity. One mnight be able to formulate the

problem so that the only parameter which is to be
estimated is interval velocity, rather than
stacking velocity and C3.

CONCLUSIONS

We have shown how the fourth order term of the
travel time equation can be estimated either by
calculating it from 1nt:ervall velocities Stgékl by
going a process analogous to ing
velocity analysis. It has been shown that for
larger angles of incidence, NHM correction is
preferable to NMO.

Two probleme with these methods are firstly, that
C3 analyses are time co ing, and secondly, that
calculation of 3 fragsgfn;gamg-velocity rived
interval velocities is subject to the inaccuracy
of these interval velocities,

The success of the method is further limited by
the introduction of low £ data caused by
moveout stretch. This sts that more
work be done in an attempt to solve the stretch
problem.
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FIG. 1. Reflection event E curves upwards at far
offsets after conventional NMO correction.
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FIG. 2. Computed C3 functions.
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F1G. 3. Interval velocity functions from which C3
functions in figure 2 were computed.
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FIG. 4. CMP gather after NMO correction.
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FIG. 5. C3 function analysis panel for CMP gather.




Non-Hyperbolic Moveout Correction

c3:0 €3:-4.0010"  €3:-20x07° C3c-35x107 C3:-6.0x10710

NMO CORRECTION NHM CORRECTION
(CONVENTIONAL ROUTE} {(NEW METHOD)

[=]

i
Il

SONOJAS NI INIL ATYM-CML

o

TWO-WAY TIME (sec.)

C3 ANALYSIS (6BB7-120 S.P. 12)

FIG. 6. C3 function analysis panel for CMP gather.

FIG. 7. Comparison between NMO and NHM correction.
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FIG. 8. NMO corrected CMP gather. FIG. 9. NHM corrected CMP gather.
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