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(54) Title: METHOD FOR SEPARATION OF A PLURALITY OF VIBRATORY SEISMIC ENERGY SOURCE SIGNALS

(57) Abstract

A method and apparatus for separating and pre-processing vibratory source data includes varying the phase of vibratory sources
according to two pattems. A first pattern is used for odd numbered sources while a second patiemn is used for even numbered sources.
Each pattern begins with a zero phase shift, the zero phase shift occurring at the sweep number corresponding to the position number of
the source. The first pattem is one of zero phase shift, ninety degree phase shift, ninety degree phase shift and one hundred eighty degree
phase shift. The sccond pattern is one of zero phase shift, one hundred eighty degree phase shift, ninety degree phase shift and ninety
degree phase shift. The pattems are alternated for each source, the beginning of the pattern comresponds to the position of the source in
a line. The first source begins with the first pattern. The second source begins with the second pattem, with zero starting at the second
sweep. The third source begins with the first patiern, with zero occurring at the third sweep. The fourth source follows the second pattern,
with zero being at the fourth sweep.




generating source for further processing with the force fromits
correspondi ng source. WO 97/ 18488

PCT/ US96/ 16861 2 In prior art conventional sinultaneous recording requires
that a coded series of sweeps be broadcast so that N records are taken with
the N vi bratomopmssssch a way that separation can be achi eveBCT/USSS/16864r
many schenes for 5 encodi ng the various gweeps etc. Mst of these have
been tried and published. Exanples of prior art methods of separating

source signals are copifioRCsohNeiuhadhOBENA PAURALEry B hadgireRes pat ent
nunber 4,545,039, titled "Methods 10 For Seismc Exploration”, 1ssued to

Carl H. Savit, discloses a net |S5dSHEC BEREHh HBRCE SIEBLEweeps of seismic
signals are transmtted through the nedi um bei ng expl ored, such as an earth
formation, to receptors, such as geophones or hydrophones. These sweeps
“consi st of pulse trains 15 havi ng a predeterm ned nunber of pulses in

~which the periods or The giresgatoinvdietjun pestaiasr aodeaiamie dAte0, the wave
shape and relative tine dis cenent s_,of in different trai

pl.a t.he lpuI ses, ins
provi de subst ant?PaTSS oS ARG PEPERFH TR Yo U 8r tREf PEATEALYCH 4t Pre
cont ai ni ng severptodssingritodvesismitidatias pumbdchedhyaagbnevatted\kgn a hough
the durations of nd. 4 ; S, yika edi ng
an octave duri ngp%lﬁﬁal?“ﬂ e%.Sf gi%%gggglf dss%%r%\'s s%g%?%%néé ?%S?E‘g%dt an the
entire |length ofplﬁwr‘s@/&?ee%rv\/rﬂlé’h er data processing.

It is conventional practice to use vibratory sources
to apply a force to the ground and measure the subsequent
nmotion caused by the application of this force at various
receiver locations. In the interest of economy, several

10 sources are used simultanecusly. By controlling the
duration and frequency of the force a broad band signal
with sufficient energy is achieved. By using the receiver
motions and assumed force application, a seismogram is
constructed from which properties of the impedance function

15 of the earth can be calculated. In order to construct a
seismogram with increased accuracy, a determination of
which source was responsible for the detected motions of
the receivers mﬁst be accomplished.

The construction of a seismogram is typically done by

20 correlation with an estimate of the applied force. Each
source has unigque characteristics that aids in isolating
the source that generated the force which caused the
receiver motions, since the data received will vary for
each source. Processing with the estimate of one source on

25 data generated by another source will produce an inaccurate
seismogram. In order to increase the accuracy in producing
a seismogram, the data must be separated according to its
generating source for further processing with the force
from its corresponding source.:



are transmtted and which are received can be cross 25 correlated to vary
the effective duration of the sweep. The cross correl ati on out put of
~successively occurring sweeps may be stacked to reduce the side |obe

anpl itude of the cross correlation outputs fromeach sweep, from which

out puts sei snm y be constructed. 30 United Statg.

. nunber 4, 675, égé%%ﬁVﬁfed "Met hod. For Sei sm ¢ Exploration", |ssun§ to éaH
H Savit and Mark R Doyl e, discloses a nmethod for the transm ssion of

si gnal s whereby sweeps of seismc signals change in duration. These sweeps
consi st of pulse trains having a WD 97/ 18488

PCT/ US96/ 16861 3 predeterm ned nunber of pulses in which the periods or

durations of the puls§s agg g%p on1z§dn gnéf ﬁ@#ﬁk %?%u@a¥gcgpgg agd

relative time displac pu s trains
substantial |y consgaitespat & ®d|eQV§Ier@eer02é Feapfe ey hraﬁgéagt)n%@i haly
several octaves. NUPé&&Pd@é’féaSta%%e%tﬂuﬂﬁérN%Ma&&% tiinf ls@@n" %&Q%gtr&:ﬁ

Suppressing Vibration Seismc Signal Correlation Noise", issued

Marti nez, d|sclo§éBaEﬁﬁ%@¢uﬁ?%ﬁbQNQQ§#PUeBrosE%%??rﬁfqIF%M¥ SRhERep Pk
enpl oyed congent bRR3HidY thélmmsa@d:ed@snewep MUEL Qﬁpmdephlaﬁél wezof
signals that are being s rth as s e naI ,n t

net hod there is Fﬁ%?%dﬁ%@ ﬁ%%ﬁ?ﬁ ﬁ@péﬁ Rﬁ%ﬁﬁj m&thPHE 2 nnDn
time on the respeepayatumgm&mmreﬁutn@mwﬂsmaep somreirsed drr diiec ol hewimgt
si gni ficant partpggeﬁpg.

United States patent number 4,545,039, titled "Methods

10 For Seismic Exploration", issued to Carl H. Savit,
discloses a method whereby characteristic sweeps of seismic
signals are transmitted through the medium being explored,
such as an earth formation, to receptors, such as geophones
or hydrophones. Theée sweeps consist of pulse trains

15 having a predetermined number of pulses in which the
periods or durations of the pulses are randomized. Also,
the wave shape and relative time displacements of the
pulses in different trains provide substantially constant
spectral level over a frequency range containing several

20 octaves. This is purportedly achieved even though the
durations of the pulses correspond to a frequency range not
exceeding an octave during the sweep. Groups of signals
coﬁtained in less than the entire length of the sweep which
are transmitted and which are received can be cross

25 correlated to vary the effective duration of the sweep.
The cross correlation output of successively occurring
sweeps may be stacked to reduce the side lobe amplitude of
the cross correlation outputs from each sweep, from which
outputs seismograms may be constructed.

30 United States patent number 4,675,851, titled "Method
For Seismic Exploration", issued to Carl H. Savit and Mark
R. Doyle, discloses a method for the transmission of
signals whereby sweeps of seismic signais change in

duration. These sweeps consist of pulse trains having a



15 correlation noise. This is done while attenpting to provide the
advant ages of each of the nethods of using opposite phase polarity to
cancel -partially and opposite upsweep and downsweep to reduce the anplitude
of ,the noi se experienced, as well as the reduction of a significant part 20
of the correl WP8HIM se that distorts the desired zero- phagg""ﬁls%g?
wavel et. United States patent nunber 4,7153020 titled "Sinultaneous
Performance O Multiple Seismc Vibratory Surveys", issued to Ral ph A
Landrum Jr., relates to a 25 met hod of performng a plurality of

vi bratory seism c surveys sinultaneously. Several vibratory sources
transmt signals into the earth. Each source successively transmts the

~ sane signal, excepedetrEnigebEberpRiseubies He Nrgiehl the perdeds Ty
shifted for succgssi¥fortd EMENESpANSes ThEe 3anddMifel aplasa ehitherisd gnal
transmtted by each vibratgééisoqrge IS SE|%ﬁ§§ito enabl e tEF Si@#ﬁl f.orom
each of the vibr%2%¢ ySaRR 5 BEVECHIRS o AFAeY S LS ETRPUERS 15
present inventi odipfewertkestminet padvide gabheraitingly eoasdang apelctral
pre-processipg high yesol utj 97/1848 o

ber Usoes 10860 4 678t R0 4 dheavely FRRTE R A RIS S858FRY BREBTS T ne
data. In the present Umiteast iSdirteshpapaat enwiberach 767,813 gigledy"Mé¢thod

vibrators is shiffedsfof- LONSRE Y8t SVRCHS: sIRGE F 1YY €3 r2R8afioh WO
patterns. The first pattern is one 5  of zero phase shift, ninety degree
phase shift, ning?yse", issued to David R. Martinez, discloses a method of

seismic prospecting in which there is employed conventional

10 upsweep and downsweep and opposed polarity of signals that
are being sent into the earth as seismic signals. In this
method there is introduced a taper at the common frequency
at the common time on the respective upsweep and downsweep
signals to reduce the most significant part of the

15 correlation noise. This is done while attempting to
provide the advantages of each of the methods of using
opposite phase polarity to cancel partially and opposite
upsweep and downsweep to reduce the amplitude of the noise
experienced, as well as the reduction of a significant part

20 of the correlation noise that distorts the desired zero-
phase Klauder wavelet.

United States patent number 4,715,020 titled
"Simultaneous Performance Of Multiple Seismic Vibratory
Surveys", issued to Ralph A. Landrum, Jr., relates to a

25 method of performing a plurality of vibratory seismic
surveys simultaneously. Several vibratory sources transmit
signals into the earth. FEach source successively transmits
the same signal, except that an offset phase of the signal
is selectively shifted for successive transmissions. The

30 offset phase of the signal transmitted by each vibratory
source is selected to enable the signal from each of the
vibratory sources to be recovered by data processing.

The present invention provides a method for

generating, recording and pre-processing high resolution



degree phase shift and one hundred ei ghty degree phase shift. The second
pattern-is one of zero phase shift, one hundred ei ghty degree phase shift,
‘ni nety degree phase shift and ninety degree phase shift. The patterns are
‘10 . alternated for each source, the beginning of the pattern corresponds
‘to the positi gy ohsgidge source in a line. The first source begipPesodhédss t he
‘first pattern. The second source begins with the second pattern, with zero
starting at the second sweep. The third sctirce begins with the 15 first
pattern, with zero occurring at the third sweep. The fourth source foll ows
the second pattern, with zero being at the fourth sweep. In other words,
the patterns alternate with the zero begi nning occurring at the sweep

hunber or w'tig}- z%fto&@essﬂ@ee M@%&wrﬁém&gg@eg&é trI?QJf tRaur ce

nunber. The att Figure 1s a diagramillustratin mu source system

for generating $¥t&n cIsi §hal Ere’F?f‘tprJdﬁ’teincFllﬁgltﬁ]ée pi?lé%-i#l@ﬂ RASH ioadn aa

si gpl e vibrator p&hﬁ*a'l&ﬁ:yt @flt bgseameh ﬂ?rsau@heat féflecéﬁ@étﬁlthyvé FweRpd?
vibratory source ed e rce is rever5|n
hydraulic flow i3FS 69}4:8}* gB ﬁ °1pf &S 5ﬁrﬁ§33aglg(§p % of™&nd
rod attached tocf s&mbtphbsacthﬁmcnnIﬂaiyvdbgaberyhasmcihlfmmmnmﬂdtw t he
reacti on nass S b, o] the
Feacti on mass 1 Chutpe BRAREURER. Mo bne MORBLEARELREY SRHES ikl

accel eronet ers rahdfited Ghethecgndlmatﬁennn#@renereﬁszﬂi@dnhasqrﬁhnﬁi rpo8sent
i nvention, pai r%@{dx@@c@Ilghepeasgﬁe@r;ﬁq&s%e@hset; hainébgi dePdd Pragry be

conpar ed and a d%}%grn;g thggetyydegree S%ase shift. The patterns are
10 alternated for each source, the beginning of the pattern
corresponds to the position of the source in a line. The
first source begins with the first pattern. The second
source begins with the second pattern, with zero starting
at the second sweep. The third source begins with the
15 first pattern, with zero occurring at the third sweep. The
fourth source follows the second pattern, with zero being
at the fourth sweep. In other words, the patterns
alternate with the zero beginning occurring at the sweep
number or multiple of the sweep number corresponding to the
20 source number.
The attached Fiqure is a diagram illustrating a multi
source system for generating seismic signals.
In practicing the present invention a simple vibrator
similar to those used throughout the industry for a
25 vibratory source may be employed. The force is applied by
reversing hydraulic flow in a chamber in the reaction mass
suspended by a piston and rod attached to a stilt structure
on the vibratory truck. _
Typically, the reaction mass motion is measured by
30 accelerometers mounted on the reaction mass itself. The
motion of a baseplate is measured by accelerometers mounted
on the stilt structure cross member. In the present
invention, pairs of accelerometers are used so that their

outputs may be compared and a determination may be made
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whet her the signal generated is suitable for use in further processing. The
attached Figure is a systemdiagramillustrating the seisnic energy
generation and data gathering process of 5 the present invention:
Vibrator truckWOo®71B#88C and D have vi brators pairs of w th acREI/e$I6H686Er s

- 40, 42, 44 and 46, respectively, that nmeasuge a vibrator signal that is
related to that which is generated into the earth by each of the trucks.
The signals are then transmtted via radio 10 link 50 to naster vibrator
menory 52 where they are checked to determne their reliability and are
stored for conparison at a later tine. The neasured signals are also
transnitted to suhethgrolrbeksianaheyenanadipdads svibphde for use dndifivgthead
storage for futurdéedsihg. The signals from sunm ng bl ock 54 are
transmtted to a recorger for transfer tq a tape or other recordi ng nmedi um
for conbination with raf 8Efarred SIS dS RedYPESH FRAEEAD i ysdrating
~Dlerr], Derr] . theDseishicAefletgy r@éﬁﬂaﬂidﬁﬁhnhe]gaﬁdegd\ﬂ@éﬂ‘ﬁﬁfg tpg:%degﬁgbﬁed
- notions can ke d ' . _sepaj.ated. npt,,a o n e
“sent out to ?epegﬁggggéggﬁgig%vgﬁﬁl?Wﬂa 3&?&3%55 %5u§g%a%hié%ﬂgﬁapq gpﬁfgﬁed
in a recorder nerdyatpss pepusaef onith maded exometerst @, d.a 4% asepdsbat ed

into various setsds@ectivbhl PhocaRsidite Eh%i%§ato§e£§%xgéf 145 g sgener at ed
by each vibrator truck A B, C and D. One set corresponds to the data
attributable to ti§dated to that which is generated into the earth by each

of the trucks. The signals are then transmitted via radio

10 link 50 to master vibrator memory 52 where they are checked
to determine their reliability and are stored for
comparison at a later time. The measured signals are also
transmitted to summing block 54 where they are combined for
recording and storage for future use.

15 The signals from summing block 54 are transmitted to a
recorder for transfer to a tape or other recording medium
for combination with raw seismic data received from
detectors D;, D, Dy ... D,. A determinatiorn may be made
whether the recorded motions can be decompressed or

20 separated. If not, a command may be sent out to repeat
acquisition. '

If the data can be éeparated, it is stored in a
recorder memory, for separation. In the memory, the data
is separated into various sets for further processing. The

25 sets are those generated by each vibrator truck A, B, C,
and D. One set corresponds to the data attributable to the
seismic waves generated by truck A, a second set
corresponds to the data attributable to the seismic waves
generated by truck B, etc.. This separation is done so

30 that the correct data can be divided by the frequency
signal coinciding to the truck which generated this data.

To insure proper separation of received data, care
must first be taken in the generation and transmission of

the seismic energy or acoustic waves. Through control of



sei sm c waves generated by truck A a second set corresponds to the data
attributable to the seismc waves generated by truck B, etc.. This
separation is done so 30 that the correct data can be divided by the
frequency signal coinciding to the truck which generated this data. To

I nsure propergagpﬁg |on of received data, care nust first kerthrbetsssin t he
generation and transm ssion of the seisnic energy or acoustlc waves.
Through control of WO 97/ 18488 6

PCT/ US96/ 16861 6 the generation of the seismc energy, an ability to
accurately separate the data received by detectors Derr], Derr], Derr]
Derr] is achieved. Thus, the data received by the detectors can be

separat ed as th%eggeﬁéastepoxbyoﬁ ek obiofiic SheEggiena alsad sy touck B tha
generated by truck that generated by truck D, The, s a%Pg et ween t he
trucks can have2&CBFghePiY cEPRIA RN Haﬁ?gFﬁ??hﬁe‘%Iﬁydﬁ‘% rZn&rating

travel time inte,d]s}ances dbRiéeéd OWTHs,| ihst aates:émxmoefb@r e
- enbodi nent of 10 the pres |nvent|o wher ei ha e ce,i
emloyed to sepAiFE-Ph S35 e ahptaed, Ao F Rl SRaieRRHiERgeK &,
52 that genarated by trhcksB, VhBRAQ'éRJﬁai(egmetae)truck C end

230 90 \?mlsA?séég {éﬁwq}lﬁk( I%has%):e spacﬂg% between the8 trucks

90 VI BRATOR D ( sieas&pve alsggnlflcant efs#ect in migraping the datg.pg
As illustrated, thQus1¥iRhat PEIVEPWIGRS idt8 HSSEahoE.

The following illustrates the preferred embodiment of
10 the present invention wherein a phase sequence is employed
to separate the simultaneously acquired sweeps.

SWEEP # 1 2 3 4
15 VIBRATOR A (phase) 0 90 90 180
VIBRATOR B (phase) 90 0 180 a0
VIBRATOR C (phase) 90 180 0 90
VIBRATOR D (phase) 180 90 90 0
20 As illustrated, four vibratory sources are used for

four sweeps, a first source, vibrator A, following the
first pattern, with zero occurring at the firsi sweep, a
second source, vibrator B, following the second pattern,
with zero occurring at the second sweep, a third source,
25 vibrator C, following the first pattern, with zero
occurring at the third sweep and a fourth source, vibrator
D, following the second pattern, with zero occurring at the
fourth sweep.
For this method the necessary processing signals can
30 be encoded and the individual vibrator motions can be
extracted. This means that only one signal needs to be

telemetered to the recorder for each sweep sequence.



four sweeps, a first source, vibrator A following the first pattern, with
zero occurring at the first sweep, a second source, vibrator B, follow ng
the second pattern, with zero occurring at the second sweep, a third

. source, 25 vibrator C, following the first pattern, with zero occurring
“at the third swoepsesl a fourth source, vibrator D, follow nGCrASIESEHN

- pattern, with zero occurring at the fourth-sweep. For this nethod the
necessary processing signals can 30 be encoded and the individual

vi brator notions can be extracted. This neans that only one signal needs to
be telenetered to the recorder for each sweep sequence. WD 97/ 18488
PCT/ US96/ 16861 7 As described, the present invention provides a nethod for
separating and pre- prbge@%$¢ﬁﬁhﬁd3rébGrPISQaneﬁQKﬁnihMﬂ erovidegdasnetred ng

the phase of viDIgboLKnSOUEERS ARE Yrd-Biokask By PAIK:YUEYy Ackires! apekt ern

I's used for odd ere sources second pattern is used for
even nunmbered soWhdel ipgéndeatYainHisedhssPiredn of 76HRF aRPIde SONFFES the

zero phase shift a@%@%ﬁ&hagt@tttk&"q:aﬁj&%&msr]u”heflﬁﬁ rwmndi ng ueeth€or odad

posi ti on nunher of our ce. attern is. one zey

shift, a first ni ?rf S°‘d’é§?’eeﬁb‘r}§sé’ §EF?P ?%‘ﬁer\%alsofsa? §8on8 fnety
degree phase shi frumkedefli natitges. or‘ﬂadﬁummedralwgl}nsjeglr@e gphlzege phake. The
second pattern ig,qge °§:h§ 2610 SIARE k! ocBuPPEnd WIS S ndREEEE

phase shift, a first
correspondlng to the position number of the source. The

first pattern is one of zero phase shift, a first ninety

10 degree phase shift, followed by a second ninety degree
phase shift and finally a one hundred eighty degree phase
shift. The second pattern is one of a zero phase shift, a
one hundred eighty degree phase shift, a first ninety
degree phase shift and finally, a second ninety degree

15 phase shift. When four vibratory sources are used for four
sweeps, the phase shift for the vibratory sources are as
follows. The first source follows the first pattern, with
zero phase shift occurring at the first sweep. The second
source follows the second pattern, with the zero phase

20 shift occurring at the second sweep. The third source
follows the first pattern, with zero phase shift occurring
at the third sweep. The fourth source follows the second
pattern, with the zero phase shift occurring at the fourth
sweep.

25 When four vibratory sources are used, the first sweep
has the following phase shifts for each of the vibratory
sources. The first vibratory source beginrs with the zero
phase shift of the first pattern. The second vibratory-
source begins with the second ninety degree phase shift of

30 the second pattern. The third vibratory scurce begins with
the second ninety degree phase shift of the first pattern.
The fourth vibratory source begins with the one hundred

eighty degree phase shif: of the second pattern.



degree phase shift and finally, a second ninety degree 15 phase shift.
“When four vibratory sources are used for four sweeps, the phase shift for
the vibratory sources are as follows. The first source follows the first
pattern, with zero phase shift occurring at the first sweep. The second
source fol |l owgolohgssggcond pattern, with the zero phase 20  pcinidos/fgg6L!r i NQ
at the second sweep. The third source follgws the first pattern, wth zero
phase shift occurring at the third sweep. TRe fourth source fortows the
second pattern, with the zero phase shift occurring at t

When four vibratory sources are used, the first sweep ha Tmﬂ'ﬂ wilﬁmﬂm“
phase shifts for each of the vibratory sources. The fi ory seurce
begi ns with thecggres phase shift of the first pattern. The second vi bratory
source begins wih the second nin ree phase shift of 30 t he second
“pattern. The third Vi br &t SR 9‘5&6@% RFOGPALNG S THE Sebretinmaafadégrre
pﬂase S mh ft dof da i}ﬁllihrarlsittypafte:tt?]rat'ﬂiq Efﬁﬂf&?s \&LHHI%E.QF sgsM@%nléegyniss with

t he one hundred_ei ght e ase t _of the on attern

97/ 18488 geneq: %dd g;; eartfl L)y shifting %@ @ﬁ@g@ﬁ} ngiAI NG
1. A net hod fpluyalddycodgvikratmny isefirees | for danaetnbiva pleepal i ty of

vi bratory sourc&aygweerllgeaeby]@& %Q%F)gyofs generated into the earth by

~shifting the phase of each o lurality of vibratory sources for
consecutive sweeps performlng phase shifts according to one of two
patterns:;

alternating the patterns for each source, with the
beginning of the pattern corresponding to the position
of the source in a line;

detecting the seismic energy that has been
reflected by a subsurface interface; and

separating the detected seismic energy according to
each of the vibratory sources.

2. The method for producing seismic reflection data
from a plurality of vibratory sources according to claim 1
wherein the step of performing phase shifts includes the
steps of:
providing the first pattern of zero phase shift,
ninety degree phase shift, ninety degree phase shift and
one hundred eighty degree phase shift; and
providing the second pattern of zero phase shift,
one hundred eighty degree phase shift, ninety degree
phase shift and ninety degree phase shift.

3. The method for producing seismic reflection data
from a plurality of vibratory sources according to claim 2
also including the step of:
energizing four vibratory sources for four sweeps,
a first source following the first pattern, with the
zero phase shift occurring at the first sweep, a second

source following the second pattern, with the zerc phase



characterized by the steps ofT performng pha§é shifts according to one of

two patterns; alternating the h source, with the beginning
of the.pattern corresponding “m“]a“m!!muﬁmf the source in a line;
detecting the seismc energy atc has el reflected by a subsurface
interface; ancvaepmsdss i ng t he detected sei smc energy accor dPEHUSW/1686dh of
the vibratory sources. 2. The met hod for gyoducing seismc reflection
data froma plurality of vibratory sources according to claim1l wherein the
step of perform ng phase shifts includes the steps of: providing the first
pattern of zero phase shift, ninety degree phase shift, ninety degree phase
shift and one hundred ei ghty degree phase shift; and providing the second
pattern of zero phasehs$htfoccuwmenguaidride aegohy skeeppee aplthsed sdnirce ni nety

degree phase shift apdcpipaly eghgcuRAPS AR Lna%h fonlRR EBLPOI Tor
produci ng seismc reflection data Troma pl'ural rty of vibratory Sources
according to clai m2fgldewing|thei Agcen ratdierss : whklertdiezizggof ess i hidftor y

sources for four sweepgurdidd ! theUrSe-f0ldwehbng the first pattern, with
the zero phase shift occurring at the first sweep, a second source

followi ng the second pattern, with the zero phase
4. The method for separating vibratory source data

according to claim 1, 2 or 3 wherein the detecting step also
includes the steps of:
determining whether the detected seismic energy can
be separated fcr each sweep; and
issuing a command to repeat the generating seismic
energy step when the detected seismic energy cannot be
separated.

S. An apparatus for separating vibratory source data
wherein seismic enercy is generated by vibratory sources (A,
B, C, D), each vibratory source (A, B, C, D) having a
different phase, characterized by:

means for varying (50) the phase of vibratory
sources (A, B, C, D) for each sweep according to a first
pattern for odd numbered sources and a second pattern

for even numbered sources, each pattern beginning with a

zero phase shift, the zero phase shift occurring at the

sweep number corresponding to the position number of the
source;

means for detecting (D,, D,, D., D:.) the seismic
energy after the seismic energy has been reflected by a
subsurface interface; and

means for identifying (54) the detected reflected
seismic energy according to its phase characteristic for
each sweep.
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occurring at the second sweep, a third source occurring 41 ﬂ Mup
and a feurth source follow ng the second pattern, with the L it

occurring at the fourth sweep. 4. The nethod for separating vibratory
source data age@éfHsdg to claiml, 2 or 3 wherein the detecti pgrpisiHedh SO

i ncludes the steps of: determ ning whether the detected seismc energy can
be separated for each sweep; and issuing a ¢8mmand to repeat the generating
seism c energy step when the detected seism c energy cannot be separat ed.
5. An apparatus for separating vibratory source data wherein seismc
energy is generated by vibratory sources (A B, C D), each vibratory

source (A, B, C, D) Ravingha i t cLeL , or
Varying (50) the phace. of e b Bar ot doasitara tandch Ay Aty Loy B s
according to a fACCSrdpREtEe Fkadh Sarbexmiietde BewrePavaryingcoi pattern
for even nunber etha¥autéeszed®asht pattern beginning with a zero phase shift,

the zero phase shift occurrin €Rt$the swerg‘g urmber corresponding to the
posi ti on nunber of the sollfg®s THFaREOVIFINE G FhgSEPRIT*D Bfefpyo Baser],
Dierr]) the seisnm c ehefgy minehy thgreeishdse eshefyy mhsethedagres lwdsed by a
subsurface interface,; f ' tifying.(24) the detected reflected
sei sm c energy accor3|h?ilgld’t%@cﬂ}%’epﬁgg&eiggﬁaérla%ﬁtgr fié?f%e fp(@}ase sﬁﬂ‘t, andf
means for providing the second pattern of zero
phase shift, one hundred eighty degree phase shift,

ninety degree phase shift and ninety degree phase shift.

7. The apparatus for separating vibratory source data
according to claims 5 or 6 wherein the means for identifying
(54) is further characterized by:

means for determining whether the detectegd
reflected seismic energy can be separated for each
sweep; and

means for issuing a command to repeat acquisition
when the detected reflected data cannot be separated.
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PCT/ US96/ 16861 10 6. The apparatus for separating vibratory source data
accorditng to claim5 wherein the neans for varying (50) is characterized
by:. neans for providing the first pattern of zero phase shift, ninetX
degree phase sWa27/1848nety degree phase shift and one hundr e®@CEUHYISAegr ee
phase shift; and neans for providing the second pattern of zero phase
shift, one hundred ei ghty degree phase z?ift, ni nety degree phase shift and
ni nety degree phase shift. 7. The app Jtus for separating vibratory
source data according to clains or 6 wherein the neans for ide%tifying
(54) is further characterized by} neans for determ ni ng whether the
detected reflected seisnm c energy can be separated for each sweep; and
means for issuing a command t (E-eat acqui sition when the detected

refl ected data cannot be separatgoy
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