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The cxtimation of 1eltwic wave vel-ciry in e subsurface it one of the must impartan; provess in seimmie
daty processing . The result &8 very crucial for the conversion of selsmic date from time section into dppsth

fee i

The N-th Root Stack which has mot been widely used in the iy 15 0 fact g poverful method for
eLhimating seimtic wave velocity from seismic record, The methed aitenugies the background random notse
effectively which facilitates the firning of the velocity spectriom can be done accurarely, In addition, the noise
i1 aiso effectively suppressed during the CIN stacking, pilelding the clear maximum stocking armiplitiile,

Synthetic records have beon wsed ro demonstrare the effeciiveness of the Neth Roor Stack, Comparison.
with the Delgy aid Sum method also demonstrate the superiority of the Noth Roo! Stack.

I INTRODUCTION

Selsmic wave velocity i one of the most impaor-
toni parsmeter in selsmic exploration, Tt & osed to
convert seiwmic ssction from time into depth, If
well is gvailable, this velocity can be metisured
accurately using o common technigues such as
well velocity survey/check shot survey or Wertical
Selsmic Profiling {VSP). However, well velucity
survey of VSP cannot be done extensively since it
will be to expensive (o drill well in every kilometres
or in every shot point. A speciflc method is required
o estimate the selsmic wave velocity from seismic
dats.

A common method in detérmining s Emic wave
velocity from seismic datw s the velocity analvsis
from Common Depth Point (CDP) recond (Mayer-
hoff, 1986, Cressman, 1968 Galbraith and Wipzins,
196%; Buchhaltz, 1972; Dunkin and Levin, 1973
White, 1977). This analysis &5 ususlly done in
conjunction with NMO or dynamic correction
Bagically, it involves delay and summing all primiry
CDP reflections lnto the apexes of the hyperbolas
which represents the time - distance corve of the
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primary CDP reflection, A trial of velocity is usuafly
dong to spproximate the sctozl primary CLP
reflection time distance curve, The best spproxi.
mate velucity will yield maximum stacking ampli-
tude.

In this paper, 8 more powerful method for velo-
city estlmation will be discussed. This method
called the N-Root Stck (NRS) s o class of
multichannel, non linicr filter. The advantage of
this method is that not only does the welocity of
the scismic wave can be estinmied more procisely,
bt nlso, ot the same (ime, the background/mndom
noise will be strongly suppressed,

The N.-Root Stack was first  introduced by
Muirhead (1968) in conmection with awiomalic
detection of seismic events, It was fiurther extended
and applied by Kanasewich et al (1973), Both
Muirhead arid Kanasewich used the NRS for crustrs
siudies which dealt with low frequency setwnic
ggnal, In this paper, the NRS Is used for scismic
exploration purposes using s higher frequency
wismic signal. Synthetic examples have been used
0 demonstrate the effeciiveness of this mierbod



1. THEQORETICAL BACKGROUND

The most interesting feptore of the N-ah Root
Sruck mottichenne] filter i the strong attepuation
of signals which are differcot in amplitude andfor
in phase, and eonserves signabs which has ihe sme
phasa and equal amplitude.

Asmmming that the travel time of the expecied
sgnals on the detectors is known, Thé sgnals sdqll
he aligned. The procesung tokes the pverage of the
M.th root valus of the data, then mises the i
o the M-th power,

Suppode there aré k traces to be processsd, the
input data ot time t, on the m™ (e i§ ¥(ta, %m),
the NRS & defined by Muirhead {1965 &5 ©

ey k
it} -:—z P T St

m=

1N
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Zitn) = sgn Yt | 1 Vi) |

¥ity, Xm) i the input dsis or signal smplitude of
the mth trace at recording time 1y,

d,, i the desired signal delay time of the
mi  prace pelative to the reference po-
sitsom.

k ig the number of 'taces or chunmel.

N is the degree of the root, & positif

integer.
e 15 comection factor fop the sgnal at
the mth fryee,
H, = 3ggm vy = 1509 mirec
HI: = 2#“3 Y3 = MJIIJH
Hy = 5%0m ¥ = A38E msec
Hy = 5dm ¥ = 4995 mier

Figure 1, Subsurface model with 4 horizontal layers
used in this experiment

The corteciion factor &g inclodes the differences in
wive attenuation through the propagation distance
sndloe the werialione in pming on vabdous fraces.
mnipl = —lifpto

Difp=0

1ifpiD

It cam be seen that the NRS filter conalst of twa
gigpn. The Tirsi slep isfo (ake the averope value of
the dets which has undergope Nath rout equathon,
The second siep s to raise  the power of the averape
valug o N,

Let us abserve the sitiation where the delay time
gonection and- the amplitude correctivon hove heen
gpplied in other words dg, = 1 and e = 1.
Equation (1) reduces to

rmnen k 1N
Vi) = e [t Nyt xll - (2)
m=

e gty

Zitg) = sgn [Y(1n) [1Yita) |

Supposs the amplitude of each sismic trace B+ 0.
The output of the NES (equetion 2§ is

ty) = +a
This poowes that signals with eqoal ampliude and
the same phase will be consenved,
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Figure 2, Moise-free synthetic récord uncluding
free surisce multipe,
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II. YARTATION OF OUTPUT AMFLITUDE
WITH INPUT DATA

The effect of the input data y, on the ourpur
emplitnde of the NRS can be investigated by taking
the partial derivative of ¥, }/M with respect 1o Y),.

!
Sl = Yyl
3 ¥ N o
T e e
N "'.tn_l'lh ()

It Is chear that the increase In vy, cutises the increase
1] ‘t’Jﬂl’”, but its mate of changé with vy, is decreas-
ing. This means Lhat the incrememial difference
botween sucosasive Tr'i,;"” is smaller among the larger
than among smaller yy,. Consequently, the
deviation between | Y(ty) | and the individual
TI’H"H will be smaller for the larger g, proup if
¥(tn. xm) are all of the same phase, whare as they
will be larger If they are not all of the same phase.

The output amplitude | £(1,) | will be less at-
tenuated for the larger v woup il they are all
the same phase and nut the same amplitude. and
will he more suppressed if they ere not tho same
phase.

SIOT GEQPHONE DISTANCE
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Figure 3, Synthetic record Figure 2 with random
noise pdded. The §/M =2
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I¥. AMPLITUDE VARIATION WITH N

To observe the sariation of output amplilude
£(ty) with M, the degree of the mot, let us first
observd the varlation of ":'Ill:r"' toe M. In this case
¥ I8 considered ta be constant, It can be derived
(s&e for cxample Pambuodi, 19589 that

dYm 1
9¥m _ 1IN LN
T et b L

4

"Equation {4) 1ells us that the incréase in N causes
the decrease in YL™, Tty mte of change of '.-';1_-'1'4
with ™ also gpurem, which mecans ‘l’;i'” decresses
if M inereages. Mow, Iot

Sip) ()
Lig) = Zy) (5)
By substituting equation (5) mto (2} we obigin
— I &
Stad = Yi,) = T-Tan Wty xm) (¥iia,
m=1
1N
Xm ) (6)

20t:) = |2t ¢ = 8¥ (1)

The practical aspect of equotion (5} can be seen
clearly by ubserving two separule cases, Case one s
the scismic events wily, x,,) which hive the same
phase at recording time 1, The expected signal is
supposed (0 be in this first cse. Czee two is the
seismic ovents ¥ily, xq ) which are not all of the
same phase st recording time 1,, The rundom nokse

will belong to (his second case,
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Figure 4. Synthetic record Figure 2 with random
nodse added, The 5/N =1
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Figure 7. Velocity specimam of the data
shown in Figure 3

V. EXPERIMENTAL RESULT AND DISCUSSION

Artificial records were generdted from the mode]
given in Flgure-1_ The geaphong interval is 30 m and
the first offset is 50 m. The Ricker signal wiih a
dominant frequency of 25 Mz was chosen. Three
kinds of records were used In this experiment, ie.,
the nolse [ree record (Figure-2), the synthetic
fecord with S/N = 2 (Fignre3) and the synthetic
record with 5/ = L (Figure-4). Primary rellections
from interfaces and the free sudface multiple have
been taken into account,

The Neth Root Stack method was used 16 gene-
mie the velocity spectra of the synthetic records.
The result are illusirated in Figure-5, Figure-6 and
Fiure-7, If can be secn that velocity at the comes-
panding TWT curi be estimated closely. Mot that
the welocity picked i the velocity spectrem is the
stacking velocity, while the velocity menticned
in the mode] is the nerval velocity, The relation-
ship betwesn the stacking velocity and the interval

welocity is well known, The stacking velucity is

the root mean square velocity which is always Jess
than the jnterval velucity, The free surface multiple

;Hhﬂ-ﬂrm'lm

Is not clegrly represented in the velociny spectram
hecauge ila veloity comtomr merges with the velo-
city contour of the pomary reflection from the
third pnerface, We can see ihal the velocity confour
is wider then the other,

The velocity specira obiained above were used
i eonstruct the welocity distributson which {8
required to obigin the stacking omplitude a5 &
function of the TWT, In this cxperiments, two
kinds o velocity distribution were used, the con-
stani velocity stack (Fipure-8) and the velocity func-
tion siack [Fipure9),

The result of W-th Boot Stack using ounstani
velocity distribution can be scen in Fipure-10, whila
the result using the veloclly funciion can be sen
in Figurz-11, Both using N=4. Similar experiment
was slso done using N=E; the resulis are ([fusirated
in Figure-12 and Figure-13.

It ecan be obscrved that the M.th Root Siack
attenoates the mndom nolse effectively  which
efiables the method to estimate the velocity pre-
cisely.

To demonsitate the superiority of the NES
compared to the common technigue used In the
industry, |2, stacking which "is based oo deloy and
sum (DS method), similar experiments hove. also
been dome.

Figure-14 13 the velogity spectrum of the noise —
free record (see Figure-2) obtained hy using DS
method, The wloclty spectrum obtained using DS
method from the synthetic record with 5/8 = 2 and
5/N = 1 are given in Figure-15 and Figure-16 res.
pectively. It can be chserved thut the velocily
gpectre obtained uwsing DS method is worse come
pared to the velocity spectrs obtoined by using
the MES method, The determination of the velogliy
distribution from the welocity spectrum obtained
by DS meihod i5 l#s accurate compared to the
MES method,

Lei us ussume thal the velocity distribution
obteincd from the above welocity spectra I8 correct
ond weé will Uz the velocity distribution depicted
in Figure-8 and Flgure-, By using the DS method
und the yvelocity distabution (Figurc-8) we obtained
the ‘stacking amplitude a5 illustrated in Figers-17,
Il instesd of using constant velocity distribution,
we use velocity function (Figure-18, This experi-






Figure 13, Stacking smplitude using hyperbolic

velogity (unction with N = B
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Figure 14, Veloclty spectrum of data, Figure 2,
using D5 meihod
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