ATTENUATION ANALYSIS OF VSP DATA

Suprajitnoe Munadi

ABSTRACT

Attenuation is usually defined to include all 1ypes of frequency selective process wich contribute to the am-
plitude decay of propagating waves. It depends on porosity of rock, grain sze, over pressure zones and fhuid
saturation. Attenuation can at leest double the information obtained from welocities alone,

The measurement of sttenuation from & Vertical Seismic Profiles (VSP) has been carried out using twro dif-
ferent methods i.e. the Specural Magnitude Decay Method and the Pulse Broadening Mathod, The Spectral Magni-
tude Decay Method is executed in the frequency domain, while the Pulse Broadening Method is entirely executed
in the time domats.

Both methods have been tosted using two shallow, high resolution V5P data. The deduced quality factor Q,
obtalned from the Spectral Magnitude Decay Method is slightly lower than thoss obtained from the Pulse
Broadening Method, These discrepancies can be attributed to reflection/transmission lomes at layer boundaries
which are lumped together with absorption in the frequency domain estimates.

L INTRODUCTION

Attmnuation is an imporiani ssismic atiribute, It
provides diagnostic mformation on cermin rock pro-
perties mich a3 degree of Nudd =aturation (Biot, 193&;
Gardner et al., 1964; White, 1975; Mavko snd Nur,
1978), over-pressared zomes (Gardner et al,
1964; Toksoz et o, 1979), porosity and graln size
(Hamilton, 1972}, In selsmic interpretation, sttenug.
tion can ot least double the information obtained Ly
from velocities alons (Toksoz and Johnston, 1981) z,
In datn processing, attenuation cstimates are needed
for tme-variant gain compensation and for improving
the resolution of selsmic data (deconvolution).

The measuroment of stienvation from s VSP sur.
voy (Fig. 1) b considered to be the most successiul
fleld method. Anslysis of anelastic absorption from
VEP data have been reported in the bterature using @ = | 2= 0 0o-——-.
the transfer function method (Tullos 2nd Reid, 1969,
Spencer et al., 1981; Lee and Balch, 1983) and the
spectral matio method (McDonald et o, 1958; Kudo
and Shima, 1970; Heuge, 1981} Both methods are
long and tedioun and suffer from difficulties in iso-
lating the first arrival tranemitted wave, The correct Figure 1 The first arrivals and the slant raypath
peomedrical spreading factors for multilayered medin in conventional offset - VSP shooting.
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are also difficult to find., Unless reflection/transimi-
gsion losses within ﬁml&yﬂﬂlﬁkmbemmmd.
the Q valye obizined b slways an underestimate,

In this psper, we preseni an altermative puisc-
hroadening method for determining attenuation
which overcomes most of the sbove difficulties. We
also present 8 revised spectral magnitude scheme
which acts on the primary downgoing wave. This
event Is [sotated in f=k space wsing the "contour-shics
fiter method” (sse Suprajitno and Greenhalgh 1985).

. RAW VSP DATA

Figure 2 shows the aw VP record from borshole
W. The tecord consists of 20 traces spaced at & depth
tnterval of 5 metres, In this display there is po gain
compensation applied, but each trace has been
pormalised to its maximum smplitude, which has
been written to the right of the record. The shots
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point was offsst 2§ metres from the well head, at
a depth of 2 metres. Ther2 is an instrument problem
evideni on traces 17 to 20 (upper 4 trates)

Figure 3 shows the V5P records from hole Y. The
peophone Interval is 10 metres, Trace nimber |
{bottom) was a misfise, Traces 2 and 3 were recoried
al the deepest level (230m) from shots in a seeel
cased hole nffset 25m from the borehole. Note the
conasistency of waveforms betwsen the two traces,
Casing collapse from subsequent shooting (tracs &)
prechuded further uss of the shot hoie, All remaining
shots (treces 5 to 20) were fired at Im depth In a
nmd pit distant 4m from the borehole. The conspi-
cuous low frequency event at around 220msec which
trails and replicates the first asrivals is a buble-pulse
type echo arbsing from reverberation within the mud
pit. Formnately, it doesn't overlap tha primary afrivals
and it can be removed by atraight velocity windowing
andor Traquency fltsring.
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Figure 3 The mw V5P data from hole Y,
The depth spacing is 10 m.
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I, THE SPECTRAL DISPLAY

The-spectral digplay from-a V5P record provides a
rough mdication of progessve enafth filering effects
slopg: the borehols, The changing of spociral shape
from successive levels indicates energy. losies which
HEndfy  the sbgorplion and trapsmbsion/reflaction
response of the sarih. Such information can be 'used
a5 an wid in optimizing scguisition and processing
pATAMEIEE.

There are several methods that can be used to
computs the spectra of & V5P trace, Le. Aulo correls-
tion ‘method (Blackman and Tukey, 1959), Fast Fou-
riaf transform method {Bath, 1974), Moving Average
method (Box and Jeokins, 1976) Auto Regrégive
Moving Average (Treitel ot sl 1977; Gutowski ot
al., 1978), Maximum Entropy method (Burg, 1967)
and Madmum Likelihood method (Lacoss, [971%
Each method has its own superiority/inferiority and
has bean devised to be sujtabbe for an assumed phy-
sical process which generates the signal.

For the purpose of spectral display, we will follow
Bath {1974p.179) In this case the V3P trace is
windowed first in the time domain before computing
its specira, Then, the fast Fourer iranform s used 1o
obiain the speciral magnituda.

A.  The Trace Specirg of Hole W

The specira for hole W, traces 1 to 20, are shian
in Figure 4. Agaln, amplitode normalistion factors
for each trace appeas 1o the rlght hand side of the dia-
gram The bandwidth extends o @ frequency of ap-
proximately 300Hz Broadly speaking, the figure con-
flrms our intultive éxpectation of decreasing spectral
amplitude with mcreasing source-receiver distamce.
The fluctuation of smplitudes evident in the figore
may be caused by mimor coupling differences bet-
wean the geophone gnd the borshole wall, by shot
coupling variations, and by interference effects. The
low spectral amplitodes st around 50Hz are the re-
sult of recording through & notch filter,

B The Trace Spectra of Hole ¥

The specira for ireces 1 1020 ame ghve in Figare 5.
Amplitude normalisation factors for esch trace appear
to the right of the diagram. As in hole W, spactrum
mumber 1 (bottom) is computed from trace number |
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(the deepest geophone level)l This spectrum looks
glirange compared to the other treces bocause this
shiot was & miafire and the apecirum |s that of the
background noise. This shot was then repeated twics
fter raising the shot point by I metres. We observe
that spectra numbers 2 and 3 are almost dentical,
confirming that the shot is fairly repeatable nt least
over this frequency range.

Specirs number 5 to 20 were obtsined from ano-
ther shot postion located in the mudplt, Thass spac-
tra are dominated by Trequencles around 30 to 40Hz
which' signify the exislence of the bubble-typs pulss
mentioned earlier, As in hole W, 8 noth filter of 50Hz
hag been applied 1o reject the power line inferference.
The effect can be sen on the spectra with § "hole™
at 50Hz.

IV. ATTENUATION ANALYSIS BASED ON
MAGNITUDE DECAY

Attenuation is usually defined to mclude all types
of frequency slectivé process’ which contribute io
the amplitode decay of propagating waves (Spencer &t
ul., 1982, Therelore, the changs of speciral magnitude
with distance at-each frequency component, provides
i menns for mesmuring attenustion. Tha proces can
be summarised as folbows:

1. Window the dote in the time Jomain.

2. Band-pass filtering.

3. Separaticn of the upgoing and downgoing waves.
4, Iwlation of the fir arrivel downgoing wonnes,
5. Computation of speotral magnitudes,

&, Statigtical reatment for determination of Q.

Steps 1 and 2 mre an ésential pre-requdsite for step
3, Digital filtering not only improves the coharency
of the selsmic record bul secures the -k pectrum
free from spatial slasing. The band-pam filter em-
ployed by us i n box-car window convolved with a
Gaussian which p a smooth taper and mini-
mum sde-lobe effect. The bandwith iz chosen as
wide 31 possible in order to avoid demage to the first
wrivel downgomg wave,

A Method af Amalysis

The spectral magnitude of the isolated first arrival
DGW s computed by the Fast Fourier transform
method for each level of the receiver. Ignaring sourse
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Figure 4 The spectrs for hole W, traces 1 1o 20
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Figure 5 The spectrs for hole Y, races 1 to 20
{counted from the bottom).
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and geophone, codpling differences, the smpliuds
at fraquency [ and depth x| can be writen a4

Alf x)= Ay xP Bl (1

Where n s the grometric spreading Tactior and ()
is-the attenustion coefficleni. The facior o e n
the range 4 to 1. For sphericsl spreading in 8 uni-
form medium - n isequal to ore,

After compensation for spreading end taking lo-
garithms, we¢ obtam the following equation for the
correated spectral amplituds

n A" (fx) = By - a(fi (2
where A'(Tx)=¥"A(TA).

Thus for o given frequency 1 the atienuition coaffi.
clent off) 14 determined as the slope of the (x, WA')
graph. It is preferable when carrying out the regrassion
analysls to work with weighted spectral averapes.
This provides prowetion sgainst smafl ermmors in the
mw gpeciral estimstes (Schoenberger and Leven,
1973; Buchanan ot al,, 1983), Our speetral averaging
i carried out symmetrically over five neighbouring
values.

The onmalysis is carmied out for each frequency
component and o together with its standard ermor
are computed. The whobs provess can be repeated
for various values of n and the resulting statistics
corpared.

8. The Dwistion of the First Amival Dovngoing
Ware

A selsmic trace recorded at 8 certain depth in &
borehole contains the direct transmitted weave phas all
possible upward ond downward reflected waves
(ptimaries and multiples). In attenuation snatysis it
is necessary to 1solafe the direct transmicted wave
fred of miecference from other waves, Mear-surface
reverberations and fube-waves sre two tvpes of nojpe
which often dominate the VSP record, Thess waves
have smplitude decay characteristics which sre diffs.
rent to that of the body waves (Hardage, 1981; Lee
and Balch, 1983), Scattersd waves are also present on
a V5P record and they may interfere with the dimct
transrmitted wave. I scottering oocurs attenuation will
be strongly frequency dependant. In this case attenua-
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ton 4 reporied 1o be pruportional to the fourth po-
wer of [requency (Bushy and Richardson, 1957
Johnston ot al,, 1979),

The first step in the lsolation of the direct trans
mitted wave is the sparation of downgoing waves
{DGW) from upgoing waves (LIGW), For this separa-
tion we emplay the fechnique of “zontour-slice
filtering” (Suprzjitno and Greenhalgh, 1985) which
gives an excellent performunce i isolating the DGW .,
The attraction of this process is that its pass bapd-
slop band does not greatly perturh the natucal state
proporiics of the Tk spécirim,

For isolsting the first svent from other srrivals in
the DGW, & time-shifted Gausssinn window is used,
The centre of the Gaussian function can be shifted to
where the macimum of the DGW is found. Normally
the maximum amplitude of each trace corresponds
iy the first- errival DGW. The -slope of the Guussian
window  ghould be lairly gentle and selected in full
consideration of the width of the window, A mirrow
window may damage the pulss broadening and should
be avoided. On the other hand; & wide window will
admit reverberations ond intérnul multipies, which
will corrupt the attenuation estimate, A compromise
must be reached after preliminary experimeaniation.

C Afenuation measarement using Mapnitude
Decay Method

The isolated first asrival DGW of selected traces
from hole W and hole Y are shown in Figure 6 and
Figure 7. The spectral magnitude decay is measured
from these early arrivals using the procedure outlined
In s2ction 4.3,

Figure B shows a represéntative En ALT) versos dig-
tnes from trace 1-15 of hole W at a frequency of
100Hz. A similar plot for treces 4-18 of hole Y (fre-
quency |40Hz) is given in Figure 9. The slopes of
#ach graph signify the sttenustion coefficisnt. The
analyxis is repeated a( various spectral components to
yield 2 curve of atfénustion coefficient, & (f) ot &
function of frequency,

Figure 10 is the off) for hole W which suggests a
constant G = 20 (velocity = 2900m/s; from {-k spec-
tra}. Figure 11 15 @(f) for hole Y which also suggests
& constant = 60 (velocity = 2800m/s. These Q va-
higs  compare; favoursbly with values of 30 and 40
obtained for Britsh end German cosl measures by
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Buchanan et sl { 1983) and Krey ot al. {1982) respoc-
tivaly, The lineanty of off) sgrecs with pIEVICILE
mepstiroments (Lomnitz, 1957, 1957, Fultemman,
1962 - White. 1965; Kudo and Shima, 1974y,

V. ATTENUATION ANALYSIS BASED ON
PULSE BROADENING

A Principle

Thers uee numerous thaoried describing the cifect
of dissipation in shaping the seifmic wivelst (c.B,
Ricker, 1977} Kjaranssan {1979) classified these as
sither constant (O theorles or noarly constant 0 theo-
rics, with pulse broadening 2 feature of both.

The measurerment of puls broadening can be done,
for example, by measuring the pulse rise time Or the
tme imterval between the first inflection point and
the first peak (Kjart=nsson, [979Y. Since the riss
tme. 7, it related to the quality factor of dissipation
fsctor O (Gladwin and Stacey, 1974), the braadening
of the pulss bs directly reluted 1o attenuntbon.

Cradwin and Stacey (1974} petablished from feld
measurements the following relationship batween
pulse tiss time Tand Q.

= Ct
¥ Ta * 3] {:_”

imdcates th rise thme of the sonice
ina constamt = .53 X 004

§ is e tavel ime of the pulss,

sl

The rise time 1s defined as the maxdimum smplitude
divided by ithe maximum slope on the first break
seksmogram. In other words, the rise time {figure 12}
can be computed from the amplitude of the first peak
divided by the siope of the firsy mflection point
(Hatherly, 1983}, The quality factor O can be ex-
tracted from the rise tme-arrival time plot (equation
) by & method of least squares,

B The Firsr Kick and the Point of Inflection

The first kick, which is considered 1o be the trae
arrival time of the pulse, is choson Lo represent the
travel time o equaton (3} To identify the first
idck mmong the background noise we used o auto-
mated first break anatysis {Suprajitne, 1986).
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Figure 10 The sttenuation coefficlent v. frequency of hole W. An approximate linear relution can be
fitted implying s nearconstant Q value of 20.

almost impossible, Instead, we may approximate by
marching the point which has the madimum value
of the first derivative, The five pivotal points of the
Langrangian central difference formula for finding
the first derivative is given by (Vichnevetsky, 1981,
p- 63)

Ef-] = l'-:'Ill-l- B T Ell:'Il‘il'l = ].“.: } [5}
Un

The moving strip mode can be spplisd over a quarter
cycle of the first arrival. Then, the maximum valus
can be searched wsing 3 simple computer program.

. Puls Broodeming Merhod

The first kick trave] times and the corresponding
rise time from the selected VSP data of hole W and
hole ¥ are plotted in Figure 13 and Figure 14 res-
pectively, Linear regression amalysis of the hole W da-
ta yields-a constant Q value of 30 + 2.5 (the correls-

tion coefficient s 0.76), For hola ¥ the resulis s Q=
70 % 4.5 (the correlation coefflclent is 0.86).

The ) valued obtaiped sbove are in close egree-
... with the independently determined spectral
magnitude values given In section €. The discrepancy
can probably be attributed to reflection/transmisson
losses which are incorporated into the speciral me.
thod egtimates.

Vi, SUMMARY

The spectral display reveals the combined effect
of at least three differsnt factors, viz. progressive
earth filtering effect along the borehole, source varia-
tion, and heterogeneity of well-geophone coupling.
The new processing, anslysis and modeiling techn.
ques outlined carlier have been successfully applied
to this field data.

The time domaein attenustion analysis is straight
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Figare 11 The attenustion coefficient va. frequency of hole Y. An spproximate linear relation can
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Figure 12 Pulse rise time,  (after Hathedy, 1983),




HOLE-W. TRACE - |-15 forward and sasy o implemant. 1t offers several ad-

. | vantages over pnd compliments the traditional fre-
quency domasin (speciral magnitude decay) method
which has been expanded in this paper.

i

1i

Q=2 = I3 - The agttenuation coefficients determined from
:_,,‘-f"/ both V&P's show a linear dependence on frequency.

- = The amocisted specific qnua'ity factor O Hes in the
. k""?;" ringe 20 to 70, which & consistent with shifow

'-'._1 =il Permian coal measures, The absorption coefficients
* 4 obiained in the time domaln from pulse rise time
measurements dre higher then those using the con-

L ventional frequency domain spectral magnitude
decay method. The discrepancies can be stiributed
to reflection/transmission cocfficient losses at layer
s il i = Le ¢ houndiries, which arc lumped together with ob-
. THAVEL TIME @ma) SOTption in the fréqueéncy domain estimates.

FFLSE 'WADTH fesc)
i

Figure 13 First kick travel times 44 8 fumction of puals width or plse
sioan Ciies for the mw V5P damn of hole W Linesr regrissin
analywis wiehds g wbue ul Q= 3,

HOLE-Y, TRACE: 4-3 (6 EXCLUDED )

Q=70 45

P 4 o 0 N s a < n
THAVEL TIME @)

Figure 14 First kick travel times as a function of pulse width or pulse rise times for the maw
VEP dats of hole Y, Linear regresslion analysis yields a value of Q=70,
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