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I. Introduction

The term array, as used in seismic, applies to a group of receivers
or combination of receivers and sources laid out in a pattern

designed to enhance the useful seismic data.

Arrays have three objectives:

1) To improve the S/N of data by multiplicity: the random noise
cancellation is proportional to Jn, where "n" is the number of

independent observations (e.g., receivers).

2) To prevent spatial aliasing of the recorded data.

3) To attenuate coherent noise. Coherent noise is most commonly
defined as any unwanted linear event on the seismic record.
However, signal and coherent noise are a matter of definition.
Figure 1 and 2 show a variety of events which may be recorded:
airwaves, ground roll, direct waves, refractions, multiples,
diffractions, and reflections. Since in reflection explora-
tion the main interest is the primary reflections, all other
events are considered noise. In refraction work, reflections
interfering with the refraction arrivals are undesirable,

hence are considered noise.

Therefore, based on their desirability, the recorded seismic

waves may be classified into two groups:
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Always Undesirable:

(1)

(2)

(3)

Near surface generated linear events: ground roll,
airwaves, trapped waves, reverberating first arrival
refractions, and side swipes from surface

discontinuities.

Linear events of deeper origin: reflected refrac-
tions and side swipes from buried geological

structures.

Non-linear events: short and long period multiples

and converted waves.

Desirable or undesirable depending on the exploration

method used and type of target:

(1)

(2)

(3)

Refractions: noise for reflection work and signal

for refraction surveys.

Diffractions: noise for mapping targets below

origin of diffraction, signal for locating faults.

Primary reflections: noise for refraction surveys,

signal for reflection work.
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II. Properties of Signal and Coherent Noise in the Time Domain

A seismic trace is an analog signal representing ground motion as
the function of time. The amplitude of the trace is proportional

to the ground displacement.

In digital recording the amplitude is stored as the function of
time by regularly sampling the trace and recording the measured
amplitude values. The spacing of the samples is the sample
interval (Figure 3). The seismic trace contains a wide band of
frequencies of various amplitudes, hence can be represented by the
sum of its frequency components (Fourier components). Each fre-
guency component is described by a sine wave of certain amplitude

and period (Figure 4).

Sampling theory states, that two non-zero samples per period can
uniquely define any frequency plus all its harmonics. Therefore, a
certain sample rate defines a maximum frequency which can be
uniquely defined. The maximum frequency is called the "Nyquist

frequency".

A. The Nyquist Frequency

1
fN—EA—E Hz

where At = sample interval (in msec).
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B. Temporal Aliasing

The maximum retrievable frequency by a sampler is the Nyquist
frequency. Frequencies higher than Nyquist will appear as
lower frequencies (Figure 5). Their value is a mirror image
on the Nyquist, as shown on the lower graph of Figure 5. Ffre-
quencies above the Nygquist frequency is sometimes called

"aliasing" or "foldover" frequencies.

The analog signal entering the multiplexer (sampler) contains
frequencies higher than the Nyquist (e.g., frequencies greater
than 250 Hz for 2 ms sample rate). The aliased frequencies
must be attenuated before sampling or their folded equivalent
will be sampled and added to the true frequencies equivalent
to the folded frequency, hence the final amplitude spectrum of

the signal is distorted as shown on Figure 6.

The purpose of the antialias filter is to ensure that frequen-
cies higher than the Nyquist are attenuated by at Teast 70 db
before the analog signal is digitized by the multiplexer. The
usual requirements for the antialias filter are:

1. Slope = 70 db/octave.

2. Nyquist frequency amplitude is attenuated by 70 db.

88263ACC0O008-p
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There are two important facts to remember about temporal

aliasing:

a. Aliased temporal frequencies cannot be recovered by any

means.

b. Two samples per period will only fully reconstruct the
frequency and amplitude. The phase of the output waves
is distorted. The amount of distortion depends on the

position of the sample points as illustrated on Figure 7.

88263ACC0008-p
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INPUT . Sample period . OUTPUT

4 ma
Freq. Amp. Phase S U l._ _,{ —— Freq. Awp. Phase

125Hz. 1 0 ms

125 Hz. 1 0 ms
125 1 0- | 125 0.75 0.8
125 1 0 125 0.50 1.2
125 1 b} 125 0.25 1.6
125 1 0 0 0 -
Figure 7 | Effect of the HiniQum Two Samples per Period on

Amplitude and Phase of the Reconstructed Wave



Page 13

ITI.

Properties of Signal and Coherent Noise in the Spatial Domain

If the seismic disturbance reaching the surface is only sampled by
one receiver, its recorded amplitude, frequency, and phase are the
true values. The signal does not have spatial properties, regard-

less of the direction of propagation (Figure 8).

However, single trace recording is seldom used. The seismic dis-
turbance is recorded by a number of groups (usually 96-240) distri-
buted evenly in a linear or spatial pattern. Each group consists

of a number of receivers laid out in some pattern.

Therefore, the disturbance is sampled by the receivers spatially in

a plane represented by the surface.

The spatially sampled wavefield (signal plus coherent noise) has a
number of simple properties which must be understood for the effec-

tive use of arrays.

Seismic waves are described by their amplitude, velocity, fre-

quency, and wavelength. These terms, except amplitude are related

by:
V= fA (1)
where V = velocity (feet/sec or m/sec)
f = temporal frequency (Hz)
A = wavelength (feet/cycle or m/cycle)

88263ACCO008-p
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Two additional terms are also used:
The period: T (sec/cycle)

The spatial frequency: k (cycle/feet)
"T" and "k" are related to the basic terms by:

T-t (2)

K= 3 (3)

The seismic data is usually displayed in the time-distance (t-x)
plane. An event in the t-x plane is described by a locus of wave-

lets. The velocity of an event is the slope of the event.
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By combining equations 1 and 2:

(4)

<
1t
—>

If equation (4) is used to determine the velocity, then the spatial

period (wavelength) and temporal period must be measured.

The seismic data may also be displayed in the f-k plane (or

frequency plane):

From equations (1) and (3)

<<
1]
x|=h

(5)

In the frequency plane the temporal frequency is the ordinate and
the spatial frequency is the abscissa. The velocity of an event is
the slope of the event. The relationship between the time-distance

plane and frequency plane are summarized on Figure 9.

A1l seismic events have a velocity when sampled by the receivers on
the surface. This velocity, defined as the "apparent velocity" is
a spatial property and should not be confused with the vertical or
geological velocity. The apparent velocity ranges from a very Tlow
value to infinity depending on the slope of the event, or the angle

of arrival.
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A. Apparent Velocity and Wavelength

Figures 10-12 explain the concept of apparent velocity and

apparent wavelength.

Figure 10 illustrates the distribution of a particle subsur-
face in the presence of a horizontally travelling sinusoidal
event. The disturbance is sampled on the surface by nine

receivers.

The apparent velocity is defined as the propagation of the

disturbance along the surface as seen by the receivers.

The apparent wavelength = Y%EE

In the case of horizontally travelling disturbances (e.g.,
ground roll) the apparent velocity and wavelength are the same
as in the subsurface, hence apparent wavelength and velocity

are equal to the true wavelength and velocity.

As the angle of emergence decreases (Figure 11, wide angle

reflections), the apparent wavelength increases:

A
Aapp = — -5 (6)

Where 8 = the angle of incidence.

88263ACC0008-p
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Since,
_ Aapp
Vapp = 7
Vapp = —> (7)
f cosB

Therefore, the apparent velocity also increases. As the angle
of emergence approaches zero (near normal incidence, near
trace reflection from a flat horizon) the apparent wavelength

and apparent velocity approach infinity (Figure 12).

It is important to remember, that a spatial array samples the
apparent wavelength (or apparent spatial frequency) and not

the true wavelength of a propagating disturbance.
Therefore, the apparent wavelength, apparent velocity and spa-
tial frequency are present due to and related to multiple

receiver recording.

Spatial Aliasing

The sampling theory discussed in the time domain represen-
tation of the signal also applies in the spatial domain: a
minimum of two samples per apparent spatial wavelength are

necessary to reconstruct the "spatial signal".

88263ACCO008-p
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A "spatial signal" is any event on the seismic section and is
sampled by two samplers: the groups and the receivers in a

group. Hence in seismic recording there are two sample rates:
1. The group interval (trace spacing).

2. The spacing of receivers in a group.

Since the group interval is always larger than the receiver
spacing in a group, the group interval is more critical to
spatial sampling than the geophone spacing. However, it will
be shown, that the geophone array of a group can effectively

be used as a spatial antialias filter.

Bz Spatial Nyquist Frequency and Wavelength

If the group interval is "Ax":

1. Spatial Nyguist wavelength (the longest allowable

apparent wavelength on a section) = 2Ax.

88263ACC0O008-p
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2. The spatial Nyquist frequency (the highest allowable "k"

on the seismic section or field record):

1
KN = 7ax (8)

Spatial frequencies higher than "kN" will be aliased.

C. Spatial Aliasing in the Time-Distance Domain

As shown on Figures 10-12, the apparent spatial wavelength for
a flat event approaches infinity (k=0), hence the signal
cannot be spatially aliased. As the dip of an event on the
seismic section increases (apparent velocity decreases), its
spatial wavelength decreases and may become shorter than the
Nyquist wavelength and "k" exceeds “kN". The "dip is spa-

tially aliased".

The dip on a section, which is equivalent to the inverse of
the apparent velocity may also be expressed as a certain

moveout per trace:

o1 _ At
dip = Vapp = Ax (9)
where At = moveout per trace in sec.
Ax = group interval in feet or meters.

88263ACC0008-p
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Using the equations

k. =

N 5%; and k= f—

f.'
Vapp

there is a minimum velocity corresponding to "kN":

(1) The minimum allowable velocity to avoid spatial aliasing

for a given frequency data (also known as the Nyquist

velocity for a given f)

(Vapp)min = F_f . 2fAx
kN 1
26x
(Vapp)min = 2fAx (10)

(2) The maximum allowable dip, or the maximum allowable

moveout per trace:

1 _ Atmax _ 1
(Vapp)min Ax 2fAx

Max dip =

Mtmax = Lo (11)

"Atmax" corresponds to the Nyquist spatial frequency,
"kN" and depends only on the temporal frequency of data.
The concept of spatial aliasing in the time-distance
domain is illustrated by the synthetic examples on
Figures 13-18. The temporal frequency of the data is

30 Hz.

1
Atmax = %30 ° 16.67 ms/trace

88263ACC0O008-p
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For dips greater than 16.67 ms/trace, spatial aliasing
occurs. The dip is increased from 0-33 ms/trace. As the
spatial Nyquist is approached (Figure 15) a second dip
appears and at the Nyquist (Figure 16) two sets of dis-
tinct dips appear. The second set of dips is due to spa-

tial aliasing and are called aliased dips. As the dip is

further increased (Figure 17) only the aliased dips are
visible and note that the rate of aliased dip is
decreasing until at a moveout/trace equal to twice the

Nyquist, flat dips appear (Figure 18).

The characteristics of aliased dips in the time-distance

domain:

a. Aliased dips always appear as lower than true dips.

b. Aliased dips are always opposite of the true dips.

Why is Spatial Aliasing Undesirable?

Reasons:

a. Due to the two sets of conflicting dips often

evident on spatially aliased data:
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(1) Migration is unreliable (aliased dips are also

migrated).
(2) Stacking velocity determination is unreliable.
(3) Automatic static programs become unreliable.
b. The true coherent noise velocities are unrecogniz-
able. Figure 19 shows aliased ground roll. The
phase velocities necessary for array design are

masked by the aliased dips (velocities).

c. Aliasing reduces the efficiency of f-k filtering (as

will be shown).

d. f-k plots are difficult to analyze.

88263ACC0008-p
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Is Spatial Aliasing Always Identifiable In The Time-

Distance Domain?

It has been shown, that on the seismic record (or sec-
tion) for a given dip spatial aliasing is the function of
frequency. Since the recorded seismic data is broadband,
some of the higher frequencies may be aliased. Whether a
dipping event is visually aliased on the section, depends
on the predominant frequency of the data: If the predom-
inant frequency is not aliased, the dips do not appear
aliased, yet aliasing may occur at higher frequencies.
This is illustrated on Figures 20 and 21. Figure 20a
shows a broadband event with increasing dip. Spatial
aliasing is not evident. However, the narrow band pass
filtering on Figures 20b and c show, that spatial ali-
asing does exist at higher frequencies. Figures 2la and
b shows the effect of aliasing on migration: aliased
frequencies are migrated to the wrong position causing
the loss of high frequencies in the most steeply dipping

events and also causing migration noise.
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6. The Removal of Aliasing in Processing

Is it possible to remove spatial aliasing in processing?

Yes, but only if "buried" aliasing is present (the pre-
dominant frequency is not aliased). The method consists
of creating extra traces to reduce spatial sampling by
interpolation programs based on multi trace cross corre-
lation. If the data is severely aliased as shown on
Figure 19, the cross correlation program cannot produce

non aliased extra traces.

7. The Computation of Aliased Velocities (Dips)

If the apparent velocity of an event is known and it is
aliased, the equivalent aliased velocity (or dip) may

easily be estimated from the simple equation:

_ fAX
Va = V AV (12)
Where
Va = aliased velocity
V = apparent velocity of event (or measured velocity)
f = predominant frequency of event
AXx = group interval

88263ACC0O008-p
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Equation (12) is only applicable if the signal is ali-
ased. The signal is aliased only if 2fAx > V. The term
"2fAx" is the Nyquist velocity for a given "f" and "Ax"

as shown by equation (10).
It is important to know, if any of the frequencies con-
tained in a dipping event of apparent velocity "V" and

recorded by a group interval "Ax" are aliased.

The Maximum Non-Aliased Frequency

fmax = (13)

v
2Ax

Frequencies higher than fmax are aliased. From the ali-
ased velocity, the unaliased equivalent velocity (V) is

determined by:

_ fAX
V= Va + fAX (14)

The Properties of Aliased Velocities

a. The aliased velocity is negative (dip is opposite to

unaliased velocity).

b. The aliased velocity is always higher (the dip is

less) than the unaliased velocity.
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c. Temporal frequency of aliased data is unchanged.

D. The Properties of Signal and Noise in the f-k Domain

The seismic data may also be displayed in the f-k plane. In
the frequency plane the temporal frequency is the ordinate and

the spatial frequency is the abscissa.

The 1imits of the plane are:

1) The temporal Nyquist on the "f" axis (temporal frequen-

cies higher than Nyquist cannot be recorded).

2) The negative and positive spatial Nyquist on the "k" axis
(spatial frequencies higher than Nyquist cannot be

recorded, only their aliased equivalent).

At the origin of the f-k plane, both the temporal and spatial

frequencies are zero.

A11 of the seismic data is displayed in these two quadrants by
fast Fourier transform of the recorded t-x data. Other quad-
rants also exist and a very small portion of the seismic
energy disperses into these quadrants. For an accurate

inverse transform (back into the t-x domain) these quadrants

88263ACC0O008-p
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are necessary. However, from the practical point of view two

quadrants are sufficient.

1. The Appearance of Seismic Events in the f-k Plane

Figure 22 summarizes the most commonly occurring seismic
events in the f-k plain. The various spatial frequencies

represent dips (apparent velocities):

a. Velocity in f-k plain = slope

_ Of -
V = AK or V =

=l

b. Steep slope = high velocity
Low angle slope = low velocity.

c. Band limited flat reflection: the apparent velocity
of a flat event is infinity, hence its k=0. There-
fore, the signal is "bunched" around the vertical

axis.

88263ACC0008-p
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A mono frequency flat event or series of flat events
is a "dot" (or very small area) on the vertical

axis.

A mono frequency dipping event or reverberatory
event (e.g., Figure 14) is a "dot" off the vertical

axis. Its velocity:

<
1l
x| ~h

A constant velocity band limited events (e.g., non
dispersive ground roll, airwaves, reflected refr-
actions, refraction arrivals, and their reverbera-
tion, dipping reflections) occupy a straight line,
the slope being the velocity of the event. Linear
reverberations always stack up at the position of

primary.

Variable velocity band 1imited events (e.g., disper-
sive ground roll, higher Rayleigh modes, and trapped
modes) are curved lines (or bands). The apparent
velocity at any one point is the slope of the tan-
gent line. Due to dispersion, the apparent velocity

increases with a decrease in frequency.
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h. Reflections uncorrected for NMO (hyperbolic moveout)
appear as a series of straight lines, since the
asymptotic 1imit of the hyperbola dominates the
spectrum. The separation or notching, or spread in
the k direction occurs since the reflection hyper-
bola contains some contribution at all dips less
than the asymptotic dip of the hyperbola.

Figures 22a and b better illustrate the problem.

2. Spatial Aliasing in the f-k Domain

The seismic wavefield only occupies the two main quad-
rants and (Figure 23) any signal outside of these quad-
rants is "folded back" into these quadrants, said to be
"aljased" or "wrapped around". Before discussing the
principle of aliasing a number of concepts need to be

defined.

a. Spatial Nyquist Velocity (VN)

It is the minimum allowable velocity (without ali-
asing) for a dipping event containing all frequen-
cies up to the temporal Nyquist and spatially

sampled at Ax intervals (event "A" on Figure 23).

88263ACC0008-p
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Since
- L -1 _ 4A¥X
fn =zt and Ky = 2ax Vn = e
where At = temporal sample interval

Velocities lower than VN are aliased (event "B" on

Figure 23).

The Minimum Allowable Velocity (to avoid spatial

aliasing) for a band limited event (0<f<fy).

Event "C" on Figure 23.

fi1 £
Vmin = — = — = 2fAX
oL
2Ax

"Vmin" is also known as the Nyquist velocity for
"fi". Velocities lower than "Vmin" are aliased

(1ine"D").

The Maximum Spatial Sample Interval (group interval

= Axmax) to avoid spatial aliasing for a band lim-
ited event (0<f<f,) of velocity "V": Curve “C"

on Figure 23 may be used to illustrate the computa-
tion procedure. The intersection of velocity "V"

and the horizontal 1ine through the max frequency
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“f," (point P) defines the maximum allowable spatial

frequency kmax.

1 fmax
kmax 2Axmax ~ V
Therefore,
Axmax = - | (15)
2fmax

The Maximum Non-Aliased Frequency for an event of

velocity "V" sampled by "Ax".

fmax = 54— same as equation (13)

Spatial aliasing in the f-k domain is a complex phe-
nomenon and it is difficult to understand.

Figure 24 summarizes the basic principles. Suppose
the primary event of velocity "V" contains all tem-
poral frequencies to the Nyquist and all spatial
frequencies up th "7kN". A11 the spatial frequen-
cies above "kN" are aliased or folded back into the
main quadrants. The mono frequency event at "A" is

aliased. Where is the aliased equivalent (A') in

the main quadrant?
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KA is folded back about "-kN" (a signal at kN also
appears at -kN), its distance from -kN is the same

as the distance of "A" from “kN" that is frequencies
higher than kN will masquerade as lower frequencies,

similarly to temporal aliasing.

Therefore the aliased spatial frequency:

(16)

The aliased velocity is negative and higher (the dip
is lower) than the primary dip (as shown by

Figures 13-18). "B" is folded back to B'. At B'
the dip is flat as shown on Figure 18 and it is said
that a complete "foldover" occurred. "C" is folded
back to C' and the process is repeated for higher

spatial frequencies.

Wraparound

Since the primary event is the sum of distinct fre-
quencies such as A, B, C (the sum of its Fourier

components), the aliased equivalent is a series of
straight 1ines parallel to the primary event. The

process is also known as "wraparound".
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Wraparound may also be visualized by dividing the
f-k space into a series of "tiles" as shown on

Figure 24.
The position of aliased spatial frequencies is found
by simply stacking tiles A, B, C, etc., on top of

the main gquadrants.

f. The Computation of Aliased Frequencies

The aliased spatial frequency for each component of

the primary event shown on Figure 24 1is predictable.

If Primary is in tile A, (kN < kp < 3kN):

k, = kp - 2k

A N

If Primary is in tile B, (3kN < kp SkN):

k, = kp - 4k

A N

If Primary is in the "n"-th tile, [(2n-1)ky < kp < (2n+1)ky]

kA = kp - 2nkN (17)
Where,
- =L _F
AT T P Rt
fF _f _ 1
VA Vp Ax

88263ACC0O008-p
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fAxX

VA = Vp fAx - Vp

which is equation (12)

Similarly if the aliased velocity is measured on the
section, the primary velocity is predictable: from

equation 12.

_ fAX
A S 7T (18)

For the "n"-th tile

N fAX

Va = Vo i~ rvp (19)
_ fAX

Vo = Va sV (20)

Equations 12, 18-20 may also be expressed as the

function of kp, ka, and kN.
Equation (12):

ot
YA = ke 2k (21)

Equation (18):

Vp = ——— (22)

Equation (19):

_ f
Va = kp - 2nk) (23)
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Equation (20):

f

Vp = ka + Znky

(24)

It has been emphasized, that the aliased dip is
always less than the primary dip, its spatial fre-
quency is lower hence the aliased velocity is higher
than the velocity of the primary event. Further-
more, as stated in equations 18-24 the aliased

velocities are predictable from the f-k plots.

However, the velocity from f-k plots is computed by:

- Af
Ak

v
and Figure 24 shows it very clearly that the aliased
velocity of a band limited event is exactly the same
as that of the primary. This is a paradox. The
predictability of aliased dips (or velocities) was
deducted by folding the individual temporal and spa-
tial frequency pair points. This conclusion is true
and can be applied to the seismic section. The
visual aliased dip is the result of the predominant
frequency being aliased. Therefore, if the

predominant temporal frequency and its velocity is

measured, the aliased visual dip is predictable.
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The reason for the apparent paradox is not known.

The facts are:

1) The aliased dip (or velocity) seen on the t-x

display is not recognizable on the f-k plot.

2) The sum of all the apparent aliased velocities
in a complete wraparound (from —kN to +kN) is

the velocity of the primary event.

3) The visual aliased dip seen on the t-x display
is predictable from the predominant frequency
and velocity of the primary event and vice

versa (Figure 25).
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The Effect of Statics on Aliasing

Trace to trace static variations introduce sharp
changes in the apparent velocities, hence a high
frequency modulation on the spatial wavelength. The
amplitude of modulation depends on the magnitude of
static errors. These higher frequency components
may introduce aliasing into the otherwise unaliased
data. The larger the static error, the more ali-
asing (smearing) will occur. This is illustrated on
Figures 26-28 where at 50 percent statics (the
random static movement is 50 percent of the predomi-
nant period) will smear the signal all across the

f-k plain.

Static variations belong to the family of "edge

effects". Other edge effects causing aliasing

(smearing) are:

1) Dead traces.

2) Discontinuity in slope of data (split spread).

3) Window selection without proper taper.
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i. The Advantages of f-k Representation of Data Over

t-x Display

In spite of all the difficulties encountered with

the interpretation of f-k plots, there are two sig-

nificant advantages:

88263ACC0O008-p
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1) In the t-x plane various events are separated
on the bases of depth, frequency, and apparent
velocity. Hence overlapping events often

cannot be separated.

In the f-k plane events are separated based on
the apparent velocity. Overlapping events are
well separated, therefore, f-k filters may be

applied to remove undesirable coherent noise.

2) Linear coherent noise reverberations appear
with the primary in the f-k plane, hence are

usually well separated from the signal.

f-k displays are a powerful tool in the effective
attenuation of the majority of unwanted coherent
noise not visible in the t-x domain that often

severely reduces the S/N of the final stack.

The major problem with the f-k plots is the diffi-
culty of identifying the various amplitude align-
ments other than the most obvious, high amplitude
linear noise. f-k interpretation requires experi-
ence or the result of f-k filtering can be

disastrous.

88263ACC0O008-p
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IV. Source and Receiver Arrays

Source and receiver arrays - as discussed in the introduction - are

a group of receivers or combination of receivers and/or sources

laid out in a pattern.

The objectives of arrays are three-fold:

1) To improve the S/N of data by multiplicity.

2) Provide adequate sampling to avoid spatial aliasing.

3) To attenuate coherent noise waves.

a°
A. Arrays & Temporal and Spatial Frequency Filters

As shown on Figures 10-12, field arrays sample the apparent
wavelength of the wavefield as it propagates along the sur-
face. The output of the array is the sum of the amplitudes
recorded by the individual receivers. The output for a given
array depends on the apparent wavelength of the disturbance:
for long wavelengths (Figure 12), all the receivers record
ground movement in the same direction, resulting in high

amplitude output.

88263ACC0O008-p
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However, if "the apparent wavelength is such, that the
receivers experience equally the effect of upward and downward
displacement", the net output of such array (Figure 11) is
zero. The array has discriminated against a certain apparent

wavelength, hence arrays are spatial filters or spatial fre-

quency filters.

When discussing filters in the t-x plane, the term "array" is
used. Since arrays are spatial frequency filters in the f-k
domain the term "spatial frequency filter" is used when dis-

cussing filters in the frequency plane.

The apparent wavelength is a function of the temporal

frequency
=,

therefore, arrays are also temporal frequency filters.

In summary, arrays have dual effect on the data:

1) Spatial frequency (or wavelength) filtering,

2) Temporal frequency filtering.

88263ACC0O008-p
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B. Types of Arrays

Based on the spacing and weight of the elements, arrays are

divided into three classes:

1) Uniform or linear arrays,

2) Linearly tapered arrays,

3) Non-linearly tapered or weighted arrays.

88263ACC0O008-p
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Linear Arrays

A linear array consists of a number of equally spaced,

uniformly sensitive elements, usually in a straight line

with the energy sources (or projected into a straight

line for analysis purposes). Linear arrays are the most

common type in land acquisition and are used 80 percent

of the time.

a.

Definitions

Figure 29 summarizes the basic terms used in array
design: "n", the number of elements, "s" the ele-
ment interval, "A1" the actual array length, and

"L", the effective length.

The Qutput of Linear Arrays

Since the recorded seismic wavelet is the sum of its
Fourier components (or the sum of sinusoidal waves),
the response of an array can sufficiently be
described by the summation of sinusoidal waves,

properly delayed.
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According to antenna theory, the "relative ampli-

tude" (normalized) of a uniform array of "n" ele-

ments is given by the equation:

. sin (EQT %)

Ar =} -

no . /1
S1n{mg)

where "@" is the phase shift (a static shift or

time delay) across the array.

@ = 2nfAt

where f
At

temporal frequency
time delay across the array

(25)

(26)

Equation (25) may also be expressed as the function

of "s" and "L" and "Aa".

. _ A1 _ (n-1)s
Since At = Va - Va

Equation 25 becomes

Ar
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sin (nns 55
1
Ar ={ (27)
n
sin (s £)
sin (" 1)
1
Ar f - —m— (28)
n
sin(%)
| sin(n %g
Ar ={- —— — (29)

>‘|o—-
o

Furthermore, since k =

1 .
_|_ sin (m kns
Ar =I5 STn (rks (30)

or by substituting D = ks into equation (30)

(31)

{1 sin (nnD
Ar '{n sin (nD

Equations 25, 27, 28, 29, 30, and 31 are used inter-
changeably to suit particular purpose. Only the
independent variable displayed on the x-axis varies.

The most commonly used equations are 29, 30, and 31.

88263ACC0008-p
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It is important to note, that the above equations
only hold for "mono frequencies". For a band 1lim-
ited seismic wavelet, the spatial filter response
given by the above equations is convolved with the
frequency response of the seismic wavelet to achieve

the filtered response.

For the special case, when n»>» (large number of

phones), equation 25 becomes a "sync function".

sin(g)

Ar = (32)
2
2
Similarly, equations 29, 30, and 31:
. L
SIn (TI )\—a)
Ar = (33)
L
T xa
A = | Sin _(mki) (34)
n kL

Note, that for a given group length as n > » AT » L.
Furthermore, as n > » for a given group length,
s > 0, therefore, the spatial Nyquist > ® and the

response never repeats.
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The output of arrays (Ar) is plotted as the per-
centage of maximum amplitude (when all receivers
record the signal the same instant, hence there is
no delay across the array). The percentage may also
be expressed in "db", the maximum output being "O"
db and smaller outputs in negative "db", hence a

certain "db down" from the maximum output.

C. Basic Properties of Linear Arrays

Figures 30 and 31 show the array response for "n"
elements. The relative amplitude in db is plotted
on the vertical axis. A number of different vari-
ables may be plotted on the horizontal axis
depending which of the equations are used from

equations 27-31.

Figure 30 shows the effective group length (L) or
the apparent wavelength (Aa) or the temporal fre-
quency (f) on the "x" axis. On Figure 31 the most
often used spatial frequency (k) and the dimension-

less gquantity, "D" are displayed on the "x" axis.

88263ACC0O008-p
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A number of simple properties of linear arrays are

shown on Figures 30-31.

1)

2)

The first notch occurs at a wavelength equal to
the effective group length (Aa=L) and subse-
guent notches at L/2, L/3, etc. If the spatial
frequency is the independent variable, the
first notch occurs at 1/ns and subsequent
notches at 2/ns, 3/ns, etc. If "D" is plotted
on the "x" axis the first notch is at 1/n and

subsequent notches at 2/n, 3/n, etc.

The number of notches = n-1.

The response is symmetric about the spatial
Nyquist. The spatial Nyquist is at 2L/n=2s or
k=1/2s or D=0.5. The array will pass spatial
frequencies higher than the Nyquist. However,
these frequencies will be aliased and mas-
querade as lower frequencies. The response can
be folded back at the Nyquist to determine the

aliased spatial frequency.
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4) The response repeats at s=L/n or k=1/s or
D=1.0. If the response is folded back at the
Nyquist, the repeat falls on the main lobe,

full wraparound or foldover occurred.
5) The main lobe of the response is the pass band.

6) The region from the first notch to the last

notch is called the reject band.

7)  The width of the reject band (first notch to

last notch):

a) If wavelength (Aa) or effective group

length is used:

Reject bandwidth = 9%9%31 s

b) If spatial frequency is plotted:

Reject bandwidth = ﬂﬁg %
c) If "D" is used:
Reject bandwidth = Dﬁg

88263ACC0O008-p
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8)

9)

10)

11)

It is evident that the width of the reject band
may be extended by increasing "n" (for constant
"s"). The effective group length will also

increase.

The width of the pass band is decreasing, by

increasing the effective group length.

By keeping the effective group length constant
and increasing "n", "s" will be smaller. The
pass band stays constant, but the reject band

is extended.

The effective group length, apparent wavelength
are decreasing and the temporal frequency, spa-
tial frequency and "D" are increasing in the

"x" direction.

Physical meaning of notches:

a) At the notches the output of the array is

Zero.
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b) Equations 27-34 compute the "absolute rel-
ative amplitude". In fact, the first lobe
has negative amplitudes, the second

positive, etc.

c) Therefore, at the notches polarity

inversion occurs.
d) The phase shift "flip-flops" at the
notches between 0° and 180° as shown on

Figure 32.

The Performance of Linear Arrays

The purpose of field arrays is to pass the useful
signal and reject the coherent noise. The amplitude
of coherent noise is often 40-50 db above the
signal. Therefore, a minimum of 40 db attenuation

is required in the reject band.
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The Effect of Number of Elements (n) on Attenuation

Figure 33 displays the superimposed response of
arrays from two to six elements at a constant effec-
tive group length. The response curves are arbi-
trarily shifted to show the differences in reject
bandwidths. The graph also shows that the atten-
uation of each successive lobe in the reject band is
constant, regardless of the number of receivers. An
envelope may be drawn through the peak of Tlobes

(Figure 34) up to the spatial Nyquist.

The Fundamental Limitations of Linear Arrays

a) Figure 34 shows: There is no sharp discrimi-
nation between pass band and reject band,
therefore, linear arrays are best suited to
those conditions where signal and noise are

well separated in the spatial frequency domain.

b) The average attenuation in the reject band is
not more than 25 db for the most commonly

occurring number of phones per group.
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Example: From Figure 34 at 24 phones per
group, the Tast lobe before Nyquist is the 1llth
lobe. Attenuation of 11th lobe = 33 db (max-
imum attenuation). The attenuation of 1st lobe

= 13 db. Average = 23 db.

Arrays as Antijalias Filters

The maximum acceptable group interval to avoid spa-
tial aliasing is given by equation (15). In the
selection of group interval the maximum frequency of
data (signal and noise) and the minimum apparent
velocity must be determined, hence the maximum

spatial frequency.

From equation (15), the maximum acceptable group

interval.

_ Vapp(min
Axmax = Fmax (39)
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If there are no spatial frequencies in the data

greater than

1

kmax = 2Axmax

then the seismic data will be properly sampled in
space. The function of the subarray (in a group) is
to insure that there are negligible contributions in
the data for "k"-s higher than kmax. We proceed as

follows:

a) The requirement for the subarray is to pass
"k"-s lower than kmax and reject "k"-s higher
than kmax. Therefore, we place kmax at the
first notch of the array response. Assuming
above nine phones/group equation (32) may be
used to approximate the required subarray

length.

At the first notch.

in (3)

=0

NS
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c)

b) since g = 1 Al kmax

sin (m Al kmax) _ 0
n Al kmax

n Al kmax = 7
Al =

1
kmax

Where "A1" is the minimum group length of the

subarray.

1

i =
Since kmax SAxmax

Almin = 2Axmax (36)

Therefore, to suppress wave numbers above kmax, the

minimum subarray length is twice the group interval.

The Effect of Linear Arrays on the Reflected Signal

The upsurge in stratigraphic plays in recent years

lead to the development of high resolution tech-

niques requiring higher and higher frequencies.

Therefore, the arrays cannot be designed strictly

for the purpose of attenuating coherent noise waves,

but the degrading effect of arrays on the seismic

reflected signal must also be considered.
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Geophone arrays are time-distance varying spatial
filters and the CDP method is a series of cascaded
filters, which may degrade the seismic signal. The
magnitude of attenuation depends mainly on six

parameters:

a) Reflection time.
b) Distance.

c) Frequency.

d) Velocity.

e) Dip.

f)  Group length.

To a lesser extent, attenuation also depends on the

number of phones/group and the degree of fold.

When designing arrays for the attenuation of
coherent noise, the interpreter must insure that the
reflected signal is not attenuated by the array more
than 6 db, which is the acceptable 1limit of

attentuation.



Page 85

88265ACC0077-p

The First Notch Frequency

Equations (1) and (5) show, that the apparent spa-
tial wavelength (Aa) and the spatial frequency (ka)
are the function of apparent velocity (Va) and

temporal frequency:

Aa = — and ka =

<|—h
Q

Furthermore, at the first notch of the array response
Ad = ns

Therefore, the first notch temporal frequency:

f =42 (37)

Subsequent notches are at 2f;, 3f;, .... nfy.

The criteria for array design is that the highest
desirable reflected signal frequency must be in the

pass band.

The apparent velocity (apparent average velocity) of
a reflected signal as measured by a "group" of Al
length and offset of "x", assuming straight rays

(Figure 35):
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55
2

v Al _ o cos «
Va = X vV |1+ [————— (38)

:5— t sina

VTo

Where:

At = differential NMO across the group
V = average velocity to reflector
o = true dip of reflector
To = two-way normal incidence reflection time.

The plus sign means shooting down dip and the minus

updip.

For horizontal reflectors, equation (38) is

simplified:

L
_ 2
Va=V |1+ (Y{%> (39)

The differential NMO across the group:

at = &1 (40)
Va
at =1 al (81)
v %
2
{ + [cosa
:5; * sin a
VTo

88265ACC0077-p
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or for flat layers:

Al

At

<<j {r=

(42)
_ L
VTo \ 2
1+ — |
X

By using equations (41), (25), and (26) the response
of the array to the reflected signal may be

computed.

The frequency corresponding to a -6 db attenuation

(the acceptable 1imit) is estimated by:

£(-6 db) = 0.605 %% (43)

The dependence of signal frequency attenuation on
the effective array length (ns) and offset is best
analyzed by examining the variation of first notch
frequency location as the function of these

parameters.

The Location of First Notch Frequency as the Func-

tion of Effective Group Length

The first notch frequency graph on Figure 36 is nor-
malized to an effective group length of 50 feet. In
this manner the first notch frequency values may be

expressed as percentages of the first notch
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frequency at ns = 50 feet (the 50-foot group length

is an arbitrary choice).
- 50
f1 (%) = 100 ns (44)

The graph shows, that the largest decrease in the
first notch frequency occurs when the effective
group Tength is increased from 50 feet to 300 feet.
For longer array lengths the relative decrease is

minimal.

The Location of First Notch Frequency as the Func-

tion of Offset

The graphs on Figure 37 are normalized to an offset
of 1000 feet. Therefore, the first notch frequen-

cies are expressed on the vertical axis as percent-
ages of the first notch frequency at x = 1000 feet.

For flat reflections:

1 (2)

Af, (%) = 100 (45)
22
1+ (1000)

where z = depth to reflector.

1

e
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Two important conclusions are evident from the

graphs:

a)

b)

The greatest reduction in first notch frequency
occurs when the offset is increased from
1000 feet to 4000 feet. For longer offsets the

additional reduction is minimal.

The reduction in first notch frequency depends
on the depth: the greater the depth, the
larger the reduction. Furthermore, as the
depth is decreased, the curves flatten out.
Therefore, at shallow depths the first notch
frequency is very sensitive to depth changes,
but insensitive to offset variations. At
depths greater than 5000 feet, the depth change
is not a significant factor, but the offset is

critical.

The combined effect of array length, offset and
depth is computed by multiplying the percent-

ages on Figures 36 and 37.
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The Effect of Dip on First Notch Frequency

1)

2)

The relative first notch frequency reduction due to
effective group length is independent of dip, as

shown by equation (44).

The first notch frequency--according to equations
(37) and (38)--is always less for shooting downdip.
Therefore, only the downdip first notch frequency
variations with dip are displayed on Figures 38-40.
The following conclusions are evident from the

graphs:

a) At long offsets (over 6000 feet) the first

notch frequency is not sensitive to dip.

b) For shorter ranges, the reduction dramatically
increases with dip. The curves flatten out at
steep dips, indicating the insensitivity of

first notch frequency variations with offset.

The Maximum Acceptable Group Length

The maximum acceptable attenuation of the reflected
signal due to the frequency filtering effect of an

array is usually set at 6 db. If "Ar" is set at
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6 db in equation (25), @/2 may be computed and

with the help of equations (26) and (41) the maximum
acceptable group length (Almax) can be computed for
any combinations of "U", "To", "x", "o, and "n".
Seven nomographs are enclosed (Figures 41-47) to
estimate "Almax" (from 0°-40° dip). The graphs were
computed for n=2 phones/group and frequency f=1 Hz.
The "Almax" for any frequency is computed by
dividing the "Almax" for 1 Hz by the desired fre-
quency "Al"max from n=2 may be converted to any "n"
by multiplying the value of "Almax" for n=2 by the
"C" value (on Figure 48) correspond to the desired

Ilnll .

Example:

To = 1.000 sec
xmax (longest offset) = 10 000 ft
V =24 000 ft/sec
00
6
60 Hz

Hh 3R
oo
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Starting on the lower graph of Figure 41, the inter-
section of the horizontal 1ine through To = 1.0 sec
and the slant line x = 10 000 ft defines a point.
The intersection of the vertical line through this
point and the V = 24 000 ft/sec curve on the upper
graph projected horizontally to the maximum accept-
able group length axis determines the value of
"Almax" for n = 2 and f = 1 hz:

Almax = 2.1 x 10%ft. For f = 60 Hz, Almax = 2.1

x 104/60 = 350 ft. For n

6, from Figure 48
C = 1.52. Hence the final Almax = 532 ft.

The graphs may also be used in a reverse sense.
Example: to attenuate some coherent noise wave a
graph length of 532 feet is required. Determine the
maximum offset xmax by starting with Al = 532 ft,
the xmax = 10 000 ft.

A number of conclusions may be drawn from

Figures 41-48.

a) The "C" curve on Figure 48 shows that the
improvement in "Almax" (hence the output of

array) is very small above ten phones/group.
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b)

d)

For a constant velocity, at shallow depths and

large offsets "Amax" is independent of dip.

"Almax" is inversely proportional to the fre-
quency, therefore, arrays are very strong high

frequency filters.

For steep dips, "Amax" is not sensitive to var-

iations in depth and offset.

The steepest part of the curves is the mid
range of depths and distances, indicating that
"ATmax" is most sensitive to changes in depth

and offset in that range.

Attenuation of the CDP Trace

The maximum acceptable group length is usually com-

puted for the longest offset trace in the CDP. How-

ever, each trace in the CDP is attenuated by a

different amount. The longest offset attenuation is

the worst and it is usually smaller for a CDP trace.

Therefore, in array design the attenuation of the

CDP trace should also be examined.

88265ACC0O077-p
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Figure 49 shows a 600 percent CDP configuration.
For ease of computation the symmetric configuration

is used.

In the CDP trace, "N" sinusoidal signals are summed

with various amplitudes and phase shifts.

The relative amplitude of "N" traces in a symmetric

CDP configuration is determined from the equation:

5
1 N K 2 N K 2
Ar = - kél ,Ak‘ cos %— + kgl ‘Akf sin g— (46)

n

where "@k/2" and "Ak" are the phase shift and
relative amplitude of the individual traces as

defined by equations (25) and (26).

Figures 50-52 are summary graphs to help observe

conclusions.

Conclusions

a) The attenuation of the CDP trace is consider-
ably less than that of the longest offset
downdip trace. Therefore, if the maximum

acceptable group length is computed only for

88265ACC0077-p
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b)

d)

the longest offset downdip case, the array will
be shorter than required by the CDP stack.
Shorter arrays mean more shots/mile, higher
expense and less attenuation of coherent noise

waves.

The top left plot on Figure 50 shows strong
attenuation at Tow velocities, hence long

arrays are strong Tow velocity filters.

For higher frequencies the attenuation is more

severe.

If dip is introduced, the curves flatten out,
hence the attenuation is not sensitive to

changes in depth (To).

At steep dips and high frequencies the atten-
uation is extremely severe even at high veloci-
ties. Therefore, dip is a very strong high
frequency filter. The graphs on Figure 51 con-

firm this observation even at short arrays.
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f) It is evident from Figure 52, that neither the
increase in the number of phones per group nor
the increase in CDP coverage changes the atten-

uation significantly.

Maximum Acceptable Elevation Change Across a Group

Attenuation across a group occurs not only due to
NMO cancellation in a group, but also because of the
static shift caused by elevation changes across a
group. An acceptable array may be designed to pass
the required frequencies, but large elevation
changes across the group may place the output signal
in the reject band, especially at low near surface

velocities.

Figure 53 summarizes the equations used in the com-
putation of maximum acceptable elevation change
(AEmax). "At" in this case is the static time shift

across the group.



3)
Maximum Acceptable Elevation Change
Across A Group ( AEmax)

L\
Grg
Yo
(q x)

AE \
V /

' Geophones

AE = El. Change Across Group
V = Near Surface Velocity
At =Vertical Time Difference Across Group

_AE
INEEY
B/2= IBOfA'r-IBOf—A\—/-E-
Sin(.L.@)
Ar = I n-1 2
r_
Sin(——l—p—)
| 2
For Ar=.5 AE = AEmax
/2 V
AE ax = 80 f
AEmax=B—\f/—=B>xa

Figure 53



9

8

L

I]IE

-+

1N

Frouré 54

RN ENEGE 11

T
T

ATION CHANGE ACROSS A GROUP { OEmax)

2 PHONES/GROUP)

6 7 8 91

R

g

LE ELEV
FORNn=

i
3

z
ﬁ%‘

finaenl gua

jonss

HoUwE N
Spans 5

g o=

MAXIMUM ACCEPTAB

Sy B :

7 8 9100
FREQUENCY (Hz)

6

13T

)

3

1

=

30
10

{1334) xew3y



Page 117

From Figure 54 "AEmax" may be determined for any
combination of frequency and near surface velocity
pairs. The graph is computed for n=2 phones per
group. The answer is converted to any number of
phones per group by multiplying the results with the

appropriate "C" factor from Figure 48.

The following conclusions are evident from

Figure 54:

1) "AEmax" is inversely proportional to the fre-
quency and, therefore, very sensitive to fre-

guency change in the 5-25 Hz range.

2) "AEmax" is directly proportional to the near
surface velocity. Therefore, the higher the
near surface velocity, the more elevation

change is allowed across the group.

3) [f the elevation change across the group is

more than AEmax, the phones should be bunched.

4) AEmax is independent of the actual or effective

group length and the depth of target.

88265ACC0077-p
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5) Note, that by allowing 6 db attenuation for NMO
cancellation in a group and an additional 6 db
for the elevation across the array, the
cascaded attenuation is 12 db, which in fact

may be excessive in certain cases.

2. Linearly Tapered Arrays

The fundamental limitation of linear arrays is the lack
of sharp discrimination between pass band and reject
band. Therefore, linear arrays are not efficient spatial

filters.

a. Methods to Increase Reject Band Attenuation

The most common approach is to define an ideal
response in the wave number domain and then deter-
mine what type of spatial function (array) is

required to achieve such a response.

88265ACC0077-p
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Figure 55 shows an ideal response, which will com-
pletely pass wave numbers from 0-0.02 and completely
rejects any higher wave numbers. Note, that this is
a "box car" function in the "k" domain and its spa-
tial equivalent is a "sync" function and its
response is shown on Figure 56. In order to achieve
the ideal response an infinitely long array is
required with strong weighting of the center ele-
ments and alternating negative and positive

weighting of the elements away from the center.

Since such arrays are impractical to implement in
the field approximations must be made to the sync
function. However, any approximations will distort

the ideal response.

A1l weighted arrays are designed in such a manner,
that the weighting function approximates the main
lobe of the sync function shown on Figure 56. In
other words, the weighting function is truncated at

the first zero crossing.

The first approximation to the main lobe is a tri-

angle as shown on Figure 57. The weights in this
array are linearly tapered, hence the array is a

linearly tapered array, where the weights are

88265ACC0077-p
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tapered in integral steps away from the array
center. The response is shown on Figure 58. The
difference in attenuation between a linear and line-
arly tapered array of same dimensions is only 10 db
as may be deducted from the comparison of Figures 58
and 60. A better approximation of the main lobe is
by a "flat top" design shown on Figures 61 and 62.
The cutoff of the "flat top" array is sharp, the
reject band is flat with an average attenuation of
30 db as compared with 25 db on the triangular array
and 15 db with the linear array. In fact, the
closer the weighting function is to the main lobe of
the sync function, the more rejection is obtained
and the flatter the response will be in the reject

band.

The Implementation of Linearly Tapered Arrays in the

Field

Linearly tapered arrays are achieved in the field

by:

1) The combinations of receiver subarrays.

2) The combinations of source and receiver arrays.
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In other words, the desired tapered response is

achieved by multi-staged filtering.

For example, the "flat top" ten-element weighting
function on Figures 61 and 62 can be laid out in the
field as three equivalent spatial receiver arrays

shown on Figure 63.
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Layout "A" consists of five strings of 2-10 phones
per string in a house top arrangement. This is not
a very field efficient layout, since it reguires
strings of variable number of phones. A better
layout is indicated by "B": five strings of six
phones each. Layout "C" is also possible: six
strings of five phones each. The most practical
layout is "B" since is requires only five strings.
The element spacing is constant in all the layouts.
The subarrays (five in layout "A", five in layout

"B", and six in layout "C") are linear arrays.
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The Response of Two or More Subarrays

Applying two or more linear (or other) subarrays

simultaneously is equivalent to:

1) Spatial convolution of the individual patterns

on the ground.

2) This is equivalent to the multiplication of
their amplitude responses in the spatial fre-
quency domain, if the amplitudes are expressed

in percentages.

3) If the amplitudes are plotted in db, the spa-
tial convolution of the subarrays is simply the
sum of their respective amplitude values at

each "k" (or A or D).

For example: The amplitude response of the ten-
element tapered array on Figure 63 in the "x" direc-

tion is equivalent to the sum (in db) of:

a) Layout "A": 2, 4, 6, 8, and 10-element linear

arrays.
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b) Layout "B" and "C": a six-element and a five-

element linear array.

Note: The arrays are only equivalent in the "x"
direction. In the "y" direction: Tlayout "A" is
equal to an asymmetric five-element tapered array,
layout "B" is a five-element linear array, and

layout "C" is a six-element linear array.

Combined subarrays are most often used with surface
sources (vibroseis) where both the receiver and
source arrays are linear arrays. In some areas
(Middle tast) large, two dimensional source and
receiver arrays are used to attenuate strong
coherent noise waves and to achieve substantial S/N

improvement through redundancy.

The Properties of Combined Subarray Responses

1) Linearly tapered array (such as shown on
Figure 63) can always be laid out as the combi-

nation of linear subarrays.

2) The notches of the combined response will be
located and only located at the notches of the

individual responses.
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3)

4)

Figures 64, 65, and 66 illustrates the position
of notches when a four-element source and a

six-element receiver arrays are convoived.

The first notch occurs at the first notch of
the subarray with the longest effective group

length.

The combined array response repeats at the
first repeat wavelength (or k) common to all
the subarrays. For example, on Figures 64-66,
the element spacing for the four-element array
is S = 150 ft, hence the four-element array
repeats at A = 150, 75, 37.5, etc. The element
spacing for the six-element array is 75 ft,
hence the response repeats at A = 75, 37.5,
etc. The first common repeat wavelength for
the combined array is 75 ft, hence the combined
response repeats at 75 ft as shown on

Figure 66.
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5) The spatial Nyquist is twice the wavelength (or
half the "k") of the first repeat of the com-

bined response.

6) The width of the reject band, hence the last
notch before repeat depends on the position of
the first repeat common to all subarrays, but
never before the repeat of the subarray with

the shortest element spacing.

e. Practical Considerations in Tapered Array Design

Lavender (1973) and Kallweit (1976) have designed
"rules of thumb" to arrive at "optimum" arrays when
using the combination of two or three linear arrays.

Figure 67 summarizes the rules for both.

88265ACC0077-p
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Non-Linearly Tapered Arrays (Weighted Arrays)

The maximum achievable attenuation in the reject band by
linearly tapered arrays is 30 db. However, the coherent
noise is often 40 db above the signal, therefore, the

theoretical requirement for any spatial array is 40 db.
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THE "OPTIMUM" ARRAY
Modified from Lavender (1973)*

1. Two Subarrays Convolved:

A. Make the effective length of the longer subarray equal to, or

greater than, the longest wavelength one wishes to attenuate.

B. Make the effective length of the shorter subarray approxi-
mately 70 percent of the effective length of the longer sub-
array. This will result in about 30 db attenuation across the

reject-band.

C. Make the subarray with a fewer elements the shorter one. This
tends to broaden the reject-band by pushing the first repeat

wavelength (zero attenuation) towards the shorter wavelengths.

* |avender, L. L., 1973, Rule of Thumb Array Design, New Orleans Divi-
sion, Amoco Production Company.

Figure 67

88265ACC0077-p
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2. Three Subarrays Convolved:

A. Make the effective length of the longer subarray equal to, or

greater than, the longest wavelength one wishes to attenuate.

B. Make the effective length of each remaining subarray
80 percent of the effective length of the next longer sub-
array. This will result in about 45 db attenuation across the

reject-band.

C. Make the subarray with a fewer elements the shortest array.
This tends to broaden the reject-band by pushing the first
repeat wavelength (zero attenuation) towards the shorter

wavelengths.

88265ACC0077-p
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A better approximation to the required theoretical
response shown on Figure 55 may be achieved by a closer

fit to the main lobe of the sync function on Figure 56.

This can only be achieved by non-linear taper of the
weights. Savit and Holzman solved the weighting coeffi-
cient functions for elements of an equispaced array con-
strained to be of finite length with only positive

weights.

In Savit's solution the RMS errors between the ideal and

computed array responses are minimized.

In Holzman's solution the Chebyshev optimization crite-

rion is applied, which confines the maximum allowable

error in the solution to a specified amount.

a. Savit Array

An array designed by Savit's criterion is called a

"Savit Array".

b.  Chebyshev Array

An array designed by Holzman's criterion is called a

"Chebyshev Array".
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Figures 68-71 show the weighting functions and
amplitude responses of the Savit and Chebyshev
arrays. The Chebyshev array has better response and
a flat reject band. The level of attenuation may be
arbitrarily great depending on the design parame-

ters. In most cases 40 db is specified.

Since the Chebyshev and Savit arrays require complex
weighting functions, such arrays are difficult and
in most cases impractical to implement in the field.
The Chebyshev array is used to marine streamers.
However, on land only the electronically weighted
geophones are a practical method of implementing
such arrays. The "Mini Max" system by Geosource
uses electronic weighting to implement Chebyshev

arrays in an easy to use practical manner.

Determination of Initial Chebyshev Array Parameters

Given: AL = longest wavelength in reject band

AS
Ro

shortest wavelength in reject band
rejection ratio (usually 100 = 40 db)

Calculate:

+ AS
= spacing of array elements
+ As

Do

]

_ 1 _ ;
go = EEE_TE537X[T = transformation constant
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-1
_ cosh Ro) _ .
m = SSshT(oo) - order of solution

n=m+ 1 = number of array elements

The weights are given by the equation:

(m/2]
Wi = I% JZg EsTm [E;o cos(%)] Tm-21 EOS %)] (46)

Where: Wi = the ith weight with increasing from "0"

at the array centre

l'\JIBl

.] = largest integer

Es =1 if s =0; Es =2 if s #0

[m27) R =m-2/2 Chebiyshev
Tm = Z ("/) Zh[;) x (I_Xz)k 7776 /V /
i Polynominq
R=0 7
Example:
KL = 62.5m
As = 6.00 m
Ro = 100 (40 db)
Then,
Do =5.4m
oo = 1.0391
m=19
N =20

The weights are: 207, 291, 463, 668, 897, 1131,
1352, 1541, 1678, 1750. The output of the array is

calculated from the general equation:



Page 149

88265ACC0077-p

M
2
i=1 Wi cos [2nk (di-dc)]
Ar = (in %) (47)
M
2 Wi
i=1
Where:
k = wave number
Wi = the relative weight of the ith element
di = distance of the ith element from an
arbitrary reference point
dc = distance of array centre from reference
point
M = total number of weights (elements)
in array

The amplitude response of the example is shown on

Figure 72.
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Practical Limitations of Arrays

A prominent geophysicist stated: "It is easy to sit in an
office, with a computer, and design exotic arrays which give
fantastic attenuation. For any particular survey, however,
there are limitations in the field as to what can be

accomplished".

Newman and Mahoney have investigated the effect of errors in
weights and element spacing (positioning) on the performance

of uniform, linearly tapered, Savit and Chebyshev arrays.

Figures 73-75 summarize the results for errors of 2 percent,
5 percent, 10 percent, and 20 percent. A 10 percent error is

common in field work.

The following conclusions may be drawn from the study:

1) Highly tuned arrays with sharp distinction between reject
and pass bands are very sensitive to errors in weight and
element positioning. As shown on Figure 75, a 10 percent
error in positioning and weights 1imits a 60 db atten-

uation Chebyshev array to 30 db.

88265ACC0077-p
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2)

3)

4)

5)

6)

88265ACC0077-p

Linear arrays are not sensitive to errors. As shown on
Figures 73 and 74 a 30 db attenuation can be reached by a

simple linear array.

The practical limit of any array is 30 db. This is the
reason why highly tuned, complex arrays are seldom used.
They are difficult to implement in the field and the
errors inherent in layout destroy the advantage of the

array.

In spite of the limitations of non-linearly tapered
arrays, the distinction between pass and reject bands is

sharper with the Chebyshev than linear arrays.

Other disadvantages of highly tuned arrays is that
coherent noise modes and their bandwidth in the spatial
domain may vary rapidly, especially if near surface con-
ditions change, hence a sophisticated array highly tuned
to a certain bandwidth is not going to be very effective
a "few miles down the road", where the noise bandwidth is

different.

Because of the above reasons, the most commonly used
arrays are simple linear arrays or linearly tapered

arrays.



(44 @ty ‘¢lhl ‘Kauoysy pue usmmay)
*£fv1iw paxade} ArIwautrm (x83ua))

C

(

*fs118 31A8S (3U3TYH)

*fexxe wiojtufy (3Ja7) “UCTIVTAIP

‘2 0 83Yy3ras UT KICIID
pIspuwis juesyad oz pus ‘Ql ‘G ‘2 ‘oxez J
paT1dde yj31a 8feixe juawate |Z JUBJ8JITP J0J E9Suodsal uUveW 8TqWaSUY ¢ L uNo1d

(S3IYLIW) HLON3ITIAVM -

— w wn
» Q o

S
o

’

¢10]>

Y T Y Y -r g

T

T

100t

09

ov

102

(S3YL3IW) HLONITIAYM

[3)
O

{SIHI3W) HLONITIAVM

T

T

3 n.n.u.. w

o - 3 o

°o 2 > & & 8 S 3
100t loot
1°¢8 {os
09 los
Oov i lop

;.—.

0z - loz
|o Ao

(8P) SSOT 3ANLITdANY



(/54

49

(SIHL3W) HIONITIAYM

(V1 8andty ‘C)6| ‘Aauoysy puw usumal) *AEII® 3TABS (3udTy)
*£81xe pazadsey A1Iwmaur] {xsjua)) -feiaw mrojrup (3391) “cuoryBIAGD
prspue}s juadiad oz pus ‘gl ‘G ‘2 ‘olez Jo 3utovds juswale ur sIoIIe
patrdde y3ta sfeiae jusmels |7 1U8I8J3TP J03J sasuodsea uwsw aTquasuR VN. TENOTI

{S3IHLINW) HLIONITIAYM

(SIYLIN) HLONITIIAYM

w . w w
= 8 8 8§ & o, x 8 8 & 8 , : g s 3 &
1001 100t 100
{08 108 108
09 109
ov _Q {ov
(04 102
0 -0

| W

L

(8P) SSOY 30NLINIWY




(15%)

{S3UL=Vy) HIONITIIAVM

..,S
c S

¢

(

(64 2an31y *CL61

uhmcozmz pus cmakmzv *(sjuaumsla 0f) Av11® qp (09 1BUTEO}N Auzwﬁmv
*(sjusmata _Nv f833® Qp Qp T3utWON Ahmucmov

*(sjuawata mpv Lvaxw qQt Q2
TsuTWON (3J°T)

*uoT38TASp pIrpuwls juadaad Q2 pue Q) ‘G ‘g ‘oxaz
30 Buromds pum s3ydTsM jUSBWITd UT SI0IIa juTol JOJ pus 8doUBWIOjIad
{eutmou FUTISIJTP JO sLBIIB Adyskaay) 0] sasuodsad usdw elquesuy '/ MUNIDII

LSS St L4

| ! .__w___.k__..._we?_(_,_._ /\

1001

(SIHL3W) HLIONITIAVM

(S3H13W) HIONI13AVM

- w wn
9 V O 0

1001

00t

r r

Y T T T

1001

(8P) SSO7 30NLITdWY



Page 156

V. The Design of Source and Receiver Arrays

The main purpose of field arrays is two-fold:

1) To improve the S/N through multiplicity.

2) To attenuate coherent, mostly linear noise.

Field arrays are high cut spatial frequency filters. However, the
spatial frequency is directly proportional to the temporal fre-
quency. Therefore, field arrays are also high cut temporal fre-
guency filters. The basic requirements for the design of spatial

filters are:

1) To pass the useful signal--usually the maximum required signal

frequency--with a minimum of attenuation.

2) To reject the coherent noise events.

Coherent noise trains are often high amplitude (30-40 db above
signal level), but in the majority of cases restricted to lower
temporal frequencies (below 20 Hz). Therefore, the first step in
array design is to determine whether the coherent noise can be
attenuated by simple low cut temporal filters without degrading the
lower frequencies of the signal. Over 60 percent of the cases this

may be achieved and array design becomes academic.

88265ACC0077-p
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If, it has been determined that spatial filters are necessary, one

may proceed with the array design.

Arrays are designed to attenuate coherent noise, but at the same

time, it is necessary to check the reflected signal attenuation by
the array. Usually a compromise must be reached between effective
noise attenuation and signal passing. It is usually better to pass

some noise rather than to attenuate signal.

88265ACC0077-p
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A. Field Tests Necessary for Array Design

The only field test necessary for array design is a "simple
wave test". A simple wave test consists of recording a single
ender spread of closely spaced single receivers. If back

scattered noise is suspected, a 3D wave test must be designed.

The length of spread should always be as long as the pro-

duction spread.

The spacing of receivers in a wave spread: the shortest wave-
length noise and/or signal should not be aliased. From

equation (13) the max group interval:

Vamin
2fmax

Axmax =

Where Vamin
fmax

the minimum expected apparent velocity
the maximum expected fregquency

The minimum velocity is usually the airwave

(vamin = 1100 ft/sec) with a max. frequency of 100 Hz. There-
fore, the spacing of phones should not be more than 6 feet.
However, it is very difficult to avoid spatial aliasing of the
higher frequencies of airwaves. Noise frequencies are below
50 Hz, hence a maximum phone spacing of 20 feet is usually

adequate.

88265ACC0077-p
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Using a simple wave test, arrays can be designed in the time-

distance or f-k domain.

88265ACC0077-p
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B. Array Design in the Time-Distance Domain

As a first approximation, design a simple Tinear receiver

array.

1.

88265ACC0O077-p

Coherent Noise Attenuation

a) Steps in Linear Array Design

The following steps are recommended:

1)

Identify all coherent noise events on the wave
test and measure their phase velocity, predomi-
nant frequency and relative amplitude to the
weakest signal. The measurements can be made

by a simple "db" scale or by program "DLLI".

Figure 76 shows a wave test and Figure 77 the
identified events. Two sections should be
made. One in true amplitude to measure ampli-

tudes and one with DAVC to identify events.
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2)

Compute the wavelengths (or spatial frequency)
of each of the events. Since noise trains have
a range of phase velocities and predominant
frequencies, a range of wavelengths are com-

puted using the simple formulae:

The data is listed in a table on Figure 78.
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3)

4)

5)

Plot the data in a histogram form as shown on

Figure 79.

The amplitude histogram is plotted

as the function of range of apparent wave-

lengths. This presentation has the merits of

not only identifying--in visual form--the wave-

lengths needed to be attenuated but also by how

many db's relative to the weakest signal.

Compute (or

read off the histogram) the longest

wavelength noise (Amax) and place it at the

first notch

of a simple linear receiver array.

At the first notch:

Amax

Amax

Compute (or

ns (the effective array length)

70 m in the example shown on Figure 79.

determine from histogram) the shor-

test wavelength noise (Amin). Place Amin at

the last notch before repeat. At the last

notch (from

Amin

Amin

Figure 30):

n-1

20 m for the example
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Characteristics of Signal and Noise

Event No. Mode v f A K A db
1 S(0-2) 5600 40 140.0 0.00714 1.3 2.2
2 S(0-2) 17 000 25 680.0 0.00147 1.7 4.6
3 $(0-2) 9 480 20 474.0 0.00211 2.0 6.0
4 S(O 2) 21000 20 1050.0 0.00095 2.0 6.0
5 S(0-2) 2 960 17 170.6 0.00586 1.3 2.2
6 S(2-3) 6 520 20 326.0 0.00307 1.7 4.6
7 S(2-3) 17 000 20 850.0 0.00116 1.7 4.6
8 S(2-3) 6 520 25 260.8 0.00383 1.0 0.0
9 S(3-5) 21 000 25 840.0 0.00119 1.3 2.2
10 $(3-5) 11 000 20 550.0 0.00182 1.0 0.0
11 S(3-5) 17 000 18 914.4 0.00106 1.0 0.0
12 S(3-5) 11000 20 550.0 0.00182 1.0 0.0
13 $)3-5) 21 000 25 840.0 0.00119 1.3 2.2
14 N1 1720 50 34.4 0.02910 1.3 2.2

40 43.0 0.02300
15 N2 420 20 21.0 0.02760 1.7 4.6
16 N2 430 13 33.1 0.03000 1.7 4.6
17 N3 1280 20 64.0 0.01563 2.0 6.0
18 N3 1 280 25 51.2 0.01953 1.7 6.0
19 N3 830 33 25.15 0.03980 1.3 2.2
20 N3 1 130 25 45,2 0.02210 1.0 0.0
21 N4 270 13 20.77 0.04800 3.0 9.5
10 27.00 0.03700

Event No. As shown on Figure 4.2.4B

Mode S(0-2) signal between 0 and 2 seconds

v Apparent velocity in meter/sec

f Frequency in Hz (cycle/sec) computed from period

A Apparent wavelength - V/f in meter/cycle

K Apparent wavenumber - 1/g in cycle/meter

A Amplitude in mm

db Relative amplitude (relative to event no. 10) in db

Figure 78

88265ACC0077-p
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6) Determine the number of elements in the linear

array:
n = Amax _+ Amin
Amin
n= Zgﬁg—gg = 5 in the example

7) Determine the spacing of elements:

_ Amax
57
S = %9 = 14 m in the example

Therefore, the parameters for the simple linear
receiver array are:

effective group length (ns) = 70 m

number of phones/group = 5

phone spacing = 14 m
actual group length = 56 m

8) Determine the degree of noise attenuation
needed from the histogram. The noise amplitude
should be at least 12 db below signal. The
strongest noise (NA) is 10 db above the signal,
hence a 22 db attenuation in the reject band is

required in our example.
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9) Compute the array response with the parameters
determined in steps 5-7. The crew in the
example is equipped with strings of six phones
(the minimum number of phones per group).

Therefore, the revised parameters are:

effective group length = 72 m = ns
number of phones/group = 6 =n
phone spacing =12m=¢s
actual group length =60m= 4]

The array response for a six-element linear
array is shown on Figure 80. The response is

computed using equations (29) or (30).
. ns
sin (TI XE)
1

. 5§'>
sin (%3

Ar =

=3

or

1 sin (nk ns
Ar n sin gnksi

88265ACC0077-p
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10)

Compare the required noise attenuation with the
attenuation of the reject band of the array
computed in step 9. Note, that the graph on
Figure 34 (attenuation envelope) may also be
used to estimate the attenuation of the reject
band. If the average attenuation of the reject
band is less than the required noise atten-
uation, a Tinearly tapered receiver array or a
linear source array (or linearly tapered source
array) or some combinations must be used to

achieve required attenuation.

Linearly tapered receiver arrays can easily be
implemented by adding additional strings. The
availability of source arrays depends on the
type of source used and economics. Source
arrays (linear or tapered) are readily avail-
able with vibroseis or other surface sources,
but may be impossible with deep hole dynamite

shooting.

Tapered Receiver Arrays

Attenuation may be Increased by tapered receiver

arrays.
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It was shown by comparing Figures 58, 60, and 62
that the best response of linearly tapered arrays is
the flat top array design, which provides a flat
rejection band and approximately 30 db attenuation.
This type of array requires the weights to be
tapered in integral steps away from the centre, with

repetition of weights at the centre.

The number of elements in the subarrays should be
slightly different (e.g., 5 x 6 or 6 x 5 0or 8 x 9 or
10 x 12, etc.) and the spacing of the elements the
same in both subarrays (weights decrease in the
integral steps) or the reject band will be uneven
with less than 30 db attenuation as shown on

Figure 66.

A symmetric configuration (6 x 6 or 9 x 9) is a tri-

angular taper with less attenuation.

Combination of Linear Source and Receiver Arrays

Attenuation may be increased by the combination of

linear receiver array and linear source array.

The basic rules to follow in the design of source

arrays have been discussed on Figure 67:
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i) The effective length of the receiver array is
equal to the Tongest wavelength to be atten-

uated.

ii) The source array is the subarray with the fewer
elements, with an effective length of
70 percent of the receiver array. This tends
to broaden the reject band, provides flat
response and 30 db attenuation in the reject

band.

The six-element array in the example (response on
Figure 80) achieves only an average of 13 db atten-
uation. The crew in this prospect had only four
strings of six phones per group, therefore, a max-
imum of 4 x 6 array could be used. The response of
the 4 x 6 array is shown on Figure 81 and it pro-
vides a 30 db attenuation in the reject band.
Therefore, a tapered 4 x 6 receiver array is ade-
quate to attenuate the coherent noise. Source array

is not necessary.

2. Reflected Signal Attenuation

1) Compute the maximum group interval to avoid spatial

aliasing of the maximum signal frequency.

88265ACC0O077-p
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The maximum group interval from equation (13).

_ Vamin
Axmax = 2fmax
Where:
Vamin = the minimum expected apparent velocity
fmax = maximum signal frequency

From equation (38)

L
2
Vamin = Umin |1 + cos «
—_Xmax + sin a
Vmin Tomin
.
Where:
Vmin = average velocity to shallowest
horizon of interest
Tomin = reflection time to shallowest
horizon of interest
xmax = maximum offset
o = dip of shallowest horizon

In the example: the maximum dip is 15°,
Tomin = 1.5 sec, xmax = 1680 m, Vmin = 2500 m/sec,

fmax = 40 Hz.

2500 |1 cos 15 - 4233 m/sec

1660 .
5500 x 1.5 + Sin 15

Vamin

Axmax > < 40 - 53 m

88265ACC0077-p
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2)

Therefore, assuming a 48 trace split configuration
the maximum group interval is 54 m and the revised

maximum offset s 50 x 24 = 120 m.

Compute the maximum group length to pass the desired
signal. The frequency corresponding to the "-6 db"

attenuation is given by equation (43):

f(-6 db) = 0.605 (%§§%g;

Vamin
fmax

Therefore, (ns)max = 0.605

In the example:

Vamin = 4233 m
fmax = 40 Hz

(nsmax) = 105.8 m which is longer than the length of
receiver array designed for coherent noise atten-
uation (70 m), therefore, the 70 m effective array

length is acceptable.

Note, that in linearly tapered arrays the first
notch is Tocated at the effective group length of
the longer subarray, however, the slope of the pass
band will be steeper than for the Tonger linear sub-

array, therefore, equation (43) over estimates the
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3)

4)

maximum acceptable group length. (Al)max may also

be estimated from the graphs on Figures 41-48.

Check reflected signal attenuation due to maximum
surface slope across the group for the maximum

desired signal frequency.

From Figure 53:

Where @/2 is computed from

. n 0
S1n -l 2

o
.
o
Il
3|
[ZV]) ]

. 1
sS1n —‘T

The graph on Figure 54 may also be used to estimate

"AEmax".

Compare maximum allowable array length to pass
signal (determined in step 2) with array length com-
puted to attenuate coherent noise. If the longest
subarray length exceeds the length required to pass
signal, select the array length according to which

is more important:
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5)

a) To pass the signal with no more than 6 db

attenuation:

Select array to pass signal and sacrifice noise

attenuation.

b) To attenuate coherent noise by 30 db:

Select array length design to attenuate noise

and sacrifice signal amplitude.

c) Select an average of the two array lengths (a

happy medium).

Compute the attenuation of the maximum desired

signal frequency by the CDP trace.

Using equations (46) and (47) the response of the

array is computed as follows:
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Equation (47) computes the amplitude response of one
group of source and receiver pairs and equation (46)
for a symmetric CDP configuration. This comparison
is important, especially if in step 4 it is found
that in order to attenuate coherent noise, the array
length is excessive to pass the signal. Since the
attenuation by the CDP trace is usually less than by
a group at the longest offset, the array length may
be increased to attenuate the undesirable coherent

noise.
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C. Array Design in the f-k Domain

The design procedures in the f-k domain are the same as in the
time-distance domain. The only difference is that spatial
frequencies (k) rather than wavelengths are used in the design

equations.
The first step is to transform the wave test data into the f-k
domain (an example of a wave test and its F-k representation

is shown on Figure 82).

1. Coherent Noise Attenuation

Steps recommended for array design to attenuate coherent

noise:

First, design a simple linear array.

1) Identify coherent noise events on the time-distance

and f-k plots.

88265ACC0077-p
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2)

3)

4)

5)

Determine the band of spatial frequencies for the
coherent noise, train that is kmax and kmin. In the

example on Figure 82.

kmax = 8 cycles/kft

1 cycle/kft

kmin

Place "kmin" at first notch of linear array and

"kmax" at last notch.

Determine the number of elements in the array:

_ kmax + kmin
kmin

For the example:

1+8

Determine the spacing of elements and effective

array length.

- kmin oo CMEE

To accommodate the master cable available

s = 120 feet and n = 9 was used.
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6)

7)

The parameters of the receiver array:

n =9
s = 120 ft
ns = 1080 ft

The amplitudes on the f-k plot of Figure 82 are nor-
malized to the highest amplitude and contoured in

negative db-s.

Determine the degree of noise attenuation needed by
observing the difference in amplitudes between
signal and noise. The filtered noise amplitude must

be at least 12 db below signal.

Multiply the spatial frequency response of the array
(Figure 83) and the input frequency response of the
wave test (Figure 82) and transform the filtered f-k
response into the time-distance domain to determine

the effectiveness of spatial filter.

Figure 84 shows the filtered wave test f-k response
and the filtered time-distance plot. It appears the
array was effective in attenuating the coherent

noise.
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If the desired attenuation is not achieved a tapered
linear array must be designed as described in
steps 10a and b of "Array Design in the Time-

Distance Domain".

Reflected Signal Attenuation

To check the effect of arrays on the reflected signal,
the same steps are followed as discussed in the section

on array design in the time-distance domain.

The maximum group interval to avoid spatial aliasing may
also be determined in the f-k domain by taking the ori-
ginal wave spread and rejecting traces, thus creating
wave tests of increasing group interval. The data is
transformed into the f-k domain and checked for wrap-
around (aliasing). The largest group interval not

showing aliasing is the maximum allowable group interval.
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D. Complementary Field Tests for Array Design

The optimum array has been designed based on theoretical
equations, which ignores the effect of element errors shown by

Newman and Mahoney.
Therefore, the effectiveness of the theoretical array must be
checked in the field by "Residual Wave Tests" or "Residual

Wave Test Stimulation (RWAV)".

1. Residual Wave Test

A residual wave test is a wave spread that has an array
built in, hence, instead of recording individual phones
at each station of the original wave test, the geophone
array designed is recorded. The resultant wave test

shows if there is any array leakage.

Array leakage may also be checked by the regular pro-

duction spread laid out with the "optimum array".

The advantage of residual wave test is that due to the
close sampling, possib.e spatial aliasing problems are
avoided and weak residual noise trains (usually higher

spatial frequency) are readily recognizable. However,

88265ACC0077-p
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following this procedure two wave tests are required: a

simple wave test and a residual wave test.

A better approach is the Residual Wave Test Stimulation

which only requires one wave test.

Residual Wave Test Simulation (RWAV)

The method is describing by P. W. Johnson in Amoco

Research Report No. F-81-E-24.

The program requires that the spacing of the phones be
equal or less than the theoretically determined element

spacing.

The computation consists of performing a weighted inter-
record mix of the input traces for each output trace to
simulate the desired arrays (Figure 85). The number of
output traces is the same as the number of input traces
and at the same trace spacing. The output is in "true
amplitude". Figures 86-88 show the original wave spread
and two Tinear array simulations. This method is highly
recommended, where well designed arrays are a must. The

method is expensive, requiring many shots.
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3. Multifold Arrays as Spatial Filters of Noise

Multifold arrays (the CDP trace) are spatial filters sim-

ilarly to source and receiver arrays.

88265ACC0077-p
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Basic properties:

1)

2)

3)

4)

The number of elements is equal to the fold.

The spacing of elements is equal to the spacing of

traces in the CDP:

_ (GI)(Tr
S = n
Where
GI = Group interval
Tr = No. of traces recorded in spread.

For coherent linear noise cancellation single ender
configuration must be used, since the linear noise
in a split CDP trace is smeared, but not necessarily
attenuated, due to the reversal of dips on the two

sides of split shots.

Since in the CDP stacked trace the data is corrected
for NMO, the effect of multifold array on the
coherent noise is determined by transforming the
wave test into the f-k domain and multiplying the
response with the multifold array response and
transforming the data back into the time-distance
domain. Note, that after NMO, the linear noise is

no longer linear and care must be taken in the
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5)

process of identification, especially in the f-k

domain. Furthermore, due to NMO, the range of spa-

tial frequence is also altered.

The multifold array may also be used to attenuate

multiples.

Steps to follow in multifold array design:

a)

b)

d)

Shoot an expanding spread. The purpose of the
expanding spread is to obtain a large number of
raypaths at different ranges from the same sub-
surface coverage. The field layout, the sec-
tion layout and an example are shown on

Figures 89, 90, and 91.

Correct the section for NMO.

Transform data (each side independently) into

F-k domain.

Determine "kmax" and "kmin" for multiple.
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e) Compute reject band: number of elements (fold)

and spacing.

_ kmax + kmin
n—“‘——.——
kmin

s = (GI)(Tr) _ 1
n n kmin

1

Gl = i Tr

f) Compute response of multifold array.

PROD/s 1k
88265ACC0077-p
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