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rot at.i-ont of thgﬁélirljg‘g?mﬁs% ‘ Eapbved back to the predet erni ned
positioniagain, and, as tt disc 1Toating force weakens with decel eration
of the v Fotational speed of the4)BESMIC DATA PROEESINGNt O sliding contact

with theidisc surface and allowed.to rest standstill in that position as
soon as. i he di s€&1tond MeBY. d@{Lo DRPORATION, a expense of a drilling program to provide the
R | company organised uader the laws of the necessary bore boles. . .
' { - State of New York, United States of America, By means of the present invention, data 50

- of 150 East 42nd Strect, New York, New from expanding seismic-spreads may be trans..

& York 10017, United States of America, do formed into information as to the velocity dis-
hereby declarc the invention, for which we tribution or characteristics of the vertical
‘pray that a patent may be granted to us, and  scction lying at the center of the expanding-
the method by which it is to be performed, to spread. By carrying . out expanding-spread 55 -

; be particularly described in and by the operations at each of a plurality of points
10 following statement:— . along a selected profile, variations in sub-
This invention relates to scistnic exploration  surface structure underlying such profile may
and more particularly to methods and systems be detected from the resultant velocity data

t .- for obtaining and utilizing seismic data ob- derived from the expanding-spread seismic 60

" - tained from expanding-spreads. signals. ‘The foregoing is achieved by pro-

15 By means. of the invention, velocity pro- viding expanded-spread seismic signals which
files may now be made available for vertical are accurawely correcied as to time both for
sections of earth formations underlying ex- surface variations and for geometrical spread-

' panding-spread  profiles, which heretofore ing present in expanded-spread operaticns, by 65
- have been available only by actual measure- the elimination of otiherwise ohscuring -
| 20 ments in holes drilled through such sections.- secondary reflections, and by the derivation
In seismic exploration, acoustic waves from _signais representative of primary re-
| . generated by production of seismic impulses . flections of data necessary to check the correct-
as by explosion of a charge of dynamite or ness of available velocity information and 70
" by weight dropping techniques at near sur- to provide corrections if needed. '

25 face sending stations arc detected after re- In carrying out the present invention there
flection from subsurfacc beds tc produce have been devised methods, apparatus and
seismic signals which by reason of time systems in themselves new and by means of
occurrence of reflection components therein which there may be obtained “data from 7%
are related to the depth and the attitude of seismic surveys corrected and modified in a -

t 30 subsurface reflecting beds, However, duc to manner to render more useful and reliable
. the nature of the seismic process itself and seismic interpretations thereof. Immediaicly
the instrumentation employed for -detecting following the identification of the several
: - and recording such signals, the useful informa-  Figures, there will be presented a brief sum- 80
1 " tion may be considered to be that from a mary outline of selected features both in
{35 . very narrow frequency band as compared with respect of methods and apparatus, .
i .~ the seismic waves initially generated. There- Fig. 1A diagrammatically illustrates in
- . fore, the information and data from ordinary block diagram the application -of the inven-
¢ ., > seismic records as to the depth and layering tion to the type of subsurface structures with 85
3 " of surface structures are correspondingly respect to which the present invention yields
{40 limited. - reliable data of a higher order of reliability
N In the past, detailed and exact data as 1o than heretofore has been available;
{ the acoustic propertics of the subsurfacc - Fig. 1B is a block diagram of one of the
i ..- - formations have becn obtained by incremecntal systems of Fig. 1A and utilized for the 90
: " velocity logs of bore holes extending through presentation of a brief overall description of
. 45 the formation of intcrest. However, it fre- the invention prior to a considcration of its

queatly is most desirable to be able to ob-
tain such information without the attendant
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detailed . aspects; _
Fig, 1 iilustrates the manner in which
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;hol der ne E ;Ehs 1]91@: a'tl lba%k-al ofgtl g eratE i ?e Means  section f
SUCh 3-3256‘|gﬁﬁ d hlﬁorﬁmﬁt lyiﬁg th e §eﬂn‘. ifiven- dxﬁerent locations. In Fig. 2 a record-section 90 25 is unique
; tion} ' 50 comprises the five records 50a—50c re~ 10c.
;! _ Figs. 9. 10, 11 and 12 are graphs or blocks spectively produced with generation of the There:
! including equati(')ns therein which are illus- seismic energy at generatmg stations shown: section 5
trative of the nature of correctsd data ob- as shotholes A-—E. While the specific by recorn
) 30 tajnable in accordance with the present in- arrangement of the exploring system for 9% 30 section ¢
~vention and of the manner in which such record-section 50 will be hereinafter ex- noted ‘i
1 corrected data is further utilized; plained in greater detail, it is to be under- through
1 . Figs. 13 and 14 include a detailed illas- stood that such a.muitisignal set of seismic the latwer
tration of the display and recorder or storage data is provided for each of the sections - flank of
35 device 250 of Fig. 7 and illustrate further 50-1, 50-2 and 50-3. Fig. 1A. The 100 35 will be s
apparatus and steps utilized in the practice seismic data obtained for each such section : short of '
: of the invention; is then applied to a data treating system. on the st
Figs. 15 and 16 arc graphs illustrative of . Flow lines have been provided in Fig. - iA 250-1,
H further aspects of the present invention; which diagrammatically indicate the flow of third in{
40 Figs. 17 and 18 diagrammatically illustrate data from each of these systems, the switch 105 40 first wo
' a modification of the invention; . Sw-1 being shown along with switch Sw-2 .on the re
Fig. 19 illustrates graphs explanatory of to indicate the shift in the data from the reason ©;
: the operation of the system of Figs. 17 and expanding-spread 50-1 to the data from ex- which pe
18; and panding-spread 50-2 and then to the data rection ¢
45 qu 20 is a fractional view illustrating a from expanding-spread 50-3. Briefly stated, 110 45 as weath
' modification of the system of Fig. 17. the expanding-spread seismic data of section ~ . variable
i Referring now to Fig. 1A the invention 50-1 is first corrected, if necessary for varia- geomciry
. in one form has been shown as applied to -tion in weathering and elevation of the de- will be it
: scismic cxploration through the use of ex- tecting stations, and then in umit 110 it is 250-3, m
"~ 850 panding-spreads, which, while useful in con- corrected for normal moveout or spread 115 50 the exist
nection with problem areas other than the geometry. The resultant seismic signals are in Fig. 1
N one illustrated in Fig. 1A, are particularly then selectively combined and scanned in reflection
o useful where structures of the type illustrated unit 131 by a series of sweeping functions to By uu
b ' are cncountered. A profile or seismic traverse  produce a plurality of cutput signals, one for plurality
) 55 extending along a line 10 may often overlie cach swecping function. The signals produced 120 55 analysis
: subsurface structural features such as are from unit 131 are recorded in a storage systemy * - extended.
. - represented on the flank of a shale mass 102 149, are after removal of noise, again re= shown in
: into  which various reflecting subsurface corded by unmit 166, Selected axgnals from: structurcs
i horizons S1—S5 terminate. Often it is diffi- storage system 166 have applied to them a shale ma:
-; 60 cult to identify the interface or the boundary plurality of sweeping functions which in con- 125 60 and -nor;
between the shale mass 10a and the normal yunctlon with an inverter serve to climinate may be ‘
i sand shale interbedding planes lying above in the record of recorder 131 the cffect of In Fig
i and over the shale mass. In accordance with multiple reflections from ihe subsurface struc- block for,
: . .an embodiment of the present invention a -wres 81 to S5. Other sclected signals from for treai
65 plurality of expandmv-spread arrays of de- storage system 166 are utilized to correct 130 65 obrained |
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the corrective functions decreases, primary velocity characteristics of the subsurface layer- th ing:)t
reflections will appear and some of them may ing of the several stratigraphic columns ?Refef
appear on traces corresponding with the cor- 10b—10d of Fig. 1A. For that reason the 2. a pl
- rective  functions of lesser degree of data from the original record section 50 30 have P
30 eccentricity and some with reversed sign, i.e,, may now be applied to the normal moveout 95 relation(!
concave upwardly. Thus on the device 149 corrector 110 and in its corrected form unifors
there will appear on certain of the traces stored or recorded as a new record on the an en;;i
high amplitude signals respectively representa-  device 250. Where there has been accom- " andersts
tive of multiples and reflections. Noise may plished relatively precise corrections for 35 greater
35 be removed by a squelch circuit 162. After- weathering and normal moveout, multiples 100 %e sho
wards the noise-frec traces will be recorded and noise to large degree will later be can- Though
or stored in the device 166 preparatory to celled out as will be explained more par- ope ra%i o
repeated play-back. By utilizing an inverter ticularly in conmection with Fig. 13, ngw be
168 and a second scanning device 167, any The cancellations occur by combining or 40 entire
40 signals appearing on a sclected group of traces compositing selected traces as indicated by 105 better 1:
known to be multiples will be inverted and the arrows 286 representative of combining underlyi
restored in a recording or storage device 170  circuits and for the recording by the device the i_'(
in time-phase with, but inverted with, re- 287 on the recorder or storage means 300, icientil?ie
spect to the mulnples stored or recorded by Thus at the recorder or storage device 300 = . 45  inclusive
45 device 131, there will appear in alignment only the 110 The |
Accordingly, by addmg the signals repre- primary reflections. Moreover, the alignment rofile
senting multiples, after inversion, to the of such reflections will be along lines indica- point ,
signals on the several traces of the device tive of any slope or dip in “the reflecting p lo e?i '
131, the multiples will be eliminated by can- horizons. By nutilizing a dip-determining 50 %‘hy firs
- 50 cellation effects. The composited signals of arrangement 302, precise measurements may 15 s a?t . ¥
the record of recorder 131 will again be be made of the slope. This is accomplished A ];t
applied to the scanning device 140 and by introducing time-shifts along lines repre- a s‘? )
again stored or recorded by the device 149, sentative of linear changes across the record th g{:g
the noise removed, and again stored or re- at recorder 300. Thus the appearance at the 55 thc siat
55 corded by the device 166. There then appear recorder or storage device 315 of traces each 120 o < . se'f;
at recorders 149 and 166 multiple-free records indicative of the. particular linear corrective gn er <
with the time-appearance of primary reflec- functions becomes a measure of the dip of a ? “c’icm‘
tions unaffected by the presence of multiples particular reflecting horizon. Stated dif- i:"‘; !
in the original seismic data, ferently, the reflections as appearing on the 60 tanc _?‘
60  In Flg 1B the information from the. record of recorder 315 have been corrected 325 nse_ ;
storage device or recorder .166 is derived for dip. After removal of noise as by a gre :H'e
trace-by-trace by a scanning switch 247 and  squelch circuit 162a, the resultant reflec onﬂe X ;
applied to the normal moveout corrector 110. tions can be either stored or recorded by - ;‘; SC e
For purposes. of clarity in Fig. 1B, this normal  device 321 as a noise-free record or combined 65 Al uix
65 moveout corrector has been illustrated @ in a single record or storage device 325. 130 P
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Y10 4o F’?segul af as may be desxred In thc more detailed recordmg medlum In the drawmgs, however,
ofile description which follows, there will be pre- records are, in most cascs, illustrated by
aincd and sented by way of 111ustr.anon both the field visible, variable amplitude representations of
wially cor- 25 techniques and a description of simplified the seismic waves for the purpose of aiding 90
as to the 90 * analog type of instruments by means of which in the understanding of the invention.
face layer- the invention may be utilized. Though the particular ray paths for all
columbs Referring to the drawings, particularly Fig.  of the successive split-spreads have not been
reason the _ ‘2, a plurality of detectors 11-—28 inclusive jilustrated, it will be understood that they
section 52 - 30 have been “illustrated in  spaced apart aye like those illustrated from the shotpoint 05
4 moveout 93 relation. . These detectors or geophones 1. For the split-spread from shotpoint C,
cted form uniformly spaced one from the other cover the second of the right-hand gang switches
wd on the an entire profile to be surveyed. It is 10 be will be closed, and with the detonation of
i accom- understood that this profile may be of much dynamite at shotpomt C, there will be made
tons - for 35 greater length than illustrated, and it can also  the record 51b for the spread inchuding de- 100
multiples 100 be shorter (as short as “three spreads). tectors 14—19. Similarly, split-spread record
er be can- Though, as will later be explained, the actual 51c will be made with the spread 17—22
more par- operations in the field will differ from those symmetrically located with respect to shot-
3. now being described, the illustration of the point A. The spread for split-spread record:
n,bmmg or 40 entire profile does prowde a ready means of 514 will include the geophones 20—25 for 105
dicated by 105 better understanding some of the principles  shor hole B, and the last record with gang
combining underlying the invention. Distributed along switch 36 closed, will, of course, be for the
the device the profile are a plurality of shotpoints gpread 2328 having three geophones on
feads 33%% identified by the reference characters A—E either side of shot hole E and disposed along
""V‘?e 45 inclusive. the straight line on which the other geophones 1i¢
"]{15’ the 110 The detectors 11—28 disposed along the gre located.
Hg__:gng}cnt profile and the shotpoints A—E spaced at In addition to the split-spreads 51a—51e,
-3 flin ica- points sclected within the profile are em- there will be produced the set of expanding-
reflecting ployed for producing two sets of records. spread records S0a—50e. It will be con--
ctermining 50 The first set 51 of records 51a—51e will here-  vepient to consider first the centrally located 1315
fn_ent_s‘;rgagl 15 inafter be referred to as split-spread records. record S50c (which, however, takes split-
rnpRsIe A split record includes signals detected along spread form). This will correspond with the
5 repre& a segment, such as S, of the profile wherein split-spread record Slc and is produced with -
lﬂ<"- ;.etc%rle the shotpoint, such as shotpoint D, at which the dynamite charge at shotpoint A and the
- h 55 the seismic waves are generated is at the detectors 17—22 connected to the recorder 120
-=ces each 120 center of such segment. The second set 50 45 through the associated gang switch. The
cg?e%t;v: of records 50a—50e will hereinafter be re- actual connections between the detectors
Pa ‘f it ferred to as expanding-spread records, that 17—22 and the associated centraily disposed
=g h ~ is, a series of records in which the dis- gang switch have not all been illusirated in
o on the 60 tance from shotpoint to the detectors pro- order to simplify the drawing. For each gang 125
corrected 125 gressively increases. The signals as rvecorded switch, there have been illustrated sufficient '
as b.g a on all expanded records include components conductors to indicate the circuit arrange-
.'._,-r.:.fz el;-" . reflected from a common subsurface segment, ments and to make it obvious to one skilled
combi z; as S, underlying the center of the profile. in the art .how the wiring, schematically
CP_‘:‘ ‘3“235 130 65 A split-spread record 5la is produccd for shown, will be complctcd 130
v . -
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the disposition of the recBT%r g%geﬂl

the geophone 19 for recor aceht
the recording head for the gcophonc 22 for
record 50c, will provide a time-tie as between
the records 50c and 50b. An examination of
the remaining paths and the arrangement of
the recording heads relative to thc several
spreads of geophones will reveal that there
has been maintained throughciit the set of
expanding-spread records 50a—S50e corres-
ponding time-ties. One more example will
be given.

Considering now the ray path B-P.-14 and
the ray path ifrom shotpoint D, namely
D-P,-23, it will be seen that the two sub-
stantially correspond and by thus disposing
the recording hcad for the detector 23 at
the right side on record 50c and adjacent
the recording head for the detector 14 on
the left side of record 50b there is Ppro-
vided a time-tie between the two records.
Similar comparisons may be readily made
between the illustrated broken-line ray paths.
from the shotpoint C to its spread of geo-
phones 20—25 inclusive, and the ray paths
from shotpoint E.

Though the end resulis are the same, as
those just described, the sequence c¢f opera-
tions in the field need bear little resemblance
to them, In order to minimize both the
number of shots required and further to mini-
mize the shifting of equipment and personnel
to obtain the two sets of records, the table
of operaticns as set forth in Pig. 4 has
been devised. By following the indicated steps, -
1t will be seen that the aforesaid end results
are realized. Thus, by arranging the detector
cable with the right-hand detecior at the

right-to-
case may

PP

lef or fromriftg&mﬂt

Whlle the foregoing has taken place,
shooter No. 1 has moved from shotpoint E
to shotpoint B. Upon signal, he detonates
ihe dynamite in shot hole B, it being under-
stood that the gang switch associated with
the recorder 46 has been closed and the re-
maining gang switches operated to their open
positions. Thereafter, the gang switch for re-
corder 46 is opened, and the gang switch for
the recorder 39 is closed. At that time, shooter
No. 2 detonates the dynamite .in shotpoint C,
and the second record 51b, of the spht—spread
records is made, It is only necessary to follow
the instructions of the table of Fig. 4 1o
complete the records. These records are then
ready for use as will now be set forth. These
additional steps and the apparatus involved
may be taken to the field, though in general
it is contemplated that the operations will
be carried out at a processing center,

It has already been indicated that a more
extensive expanding-spread may be involved,
and there may be utilized many more
detectors per spread. In general, each detector
will have its own associated amplifier, one
.of .them, the amplifier 30, being identified,
though all have been shown, It is to be
further understood that simplified field opera-
tions may involve but a single recorder, which
will produce first one of the records for the
split-spread, and then a record for the ex-
panding-spread. These records at a process-
ing center will be assembled as illustrated in
Figs. 2,3 and 3A preparatory to the opera-
tions now to be described.
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Fig. 4 is a schematic sectional view of bunps of different configuration;
Fig. 5 ip a schematic illustration showing the general |ayout .of major
conpofient parts in the dISC surface tekllgdthg apparatus according to tﬂe
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theGhota | asg 11—16 respond to produce the wave-forms selected dhtu mﬁ am 1 ans
¢ if dws use n texltlgrr-lﬁt:gresmeﬁtamesofome bogthrefider ondrreationl ag @&l hﬁtciﬂaﬁ tks the HeSL;
it records 80 ~ tion, Similarly,. seismic energy will be re- tional correction as well as the correction 80
tected by corded on record 5la representative of re- 10 a selected datum plane.
flections from successively deeper reflecting In addition to the static corrections necded
moved 0 horizons. For the second reflection, the wave- for weathering and elevation, there must also
geophones forms have been identified as 11,—16,. The  be applied a dynamic correction due to the
;, that the 85 - 20 record 51b appears in like manner as a geometry of the spread, that is to say, the 85
the record result of detonation of an explosive at shot- fact that thc geophones 12 and 11 are more
-onnections point C. remote from the shotpoint D than the
word 51b. Though in F1g 2, the detectors or gec- geophone or detector 13. The component of
, have been phones 11—28 have for convemience been total correction made necessary by the spac-
the arrows 90 | - 25 shown as though on a horizontal surface, it ing of the detectors one from the other, 90
stive of the will be understood by those skilled in the namely, the normal movcout correction, may
the connec- art that such is seldom realized in the field. be determined from the geometry of the
m right-to- More generally, the térrain may take the form systcm and the best velocity mformauon avail-
. casc ‘may such as that illustrated in lig. 3B wihere a able. Normal moveout correction theory in
_ 95 30 section 53 of the earth is shown inclined gencral is well understood. More parucularly, 95
ken place, downwardly to the left. There is also illus- reference may be had to Hawkins United
shotpoint E trated what is generally referred to as the States patent 2,858,523, or Palmer United
¢ detonates weathered layer 53w of variable thickness. States 2,440,971 for dlscucsx\,ns of the
eing under- To correlate Fig. 3B with Fig. 2 there have theories involved and suitable apparatus for
ciated with 100 35 been shown the two drill holes in which producing normal moveout corrections. 100
and the re- dynamite charges will be located to form the Normal moveout correcting deﬂces of pre- -
) their open shotpoints at C and D. These shot holes may ferred form have been disclosed in Loper
ritch for re- be of variable depth where the program . et al United States patent 3,075,172 and
g switch for | calls for each shot hole to be drilled to 2 Koeijam United States patent 3 092 805. In
:me, shooter 105 40 point below thé weathered layer. Illustrazed Fig. 3, there has been 111ustratcd in block 105
shotpoint C, -on opposite sides’ of the two shot holes are form a normal movecut correcting device 58 :
split-spread the detectors 13 and 14 for shotpoint D and having a. plurality of mechanical adjusting
uy to follow the detectors 16 and 17 for shotpoint C. elements shown as linkages 59 respectively .
* Fig. 4 to In order to make maximum use of the in- extending to the pick-up transducers asso-
rds are then 110 45 formation obtained, it is necessary to apply ciated with record Sla. A similar set of }10
forth. These weathering: and elevation corrections to bring mechanical linkages extend to the pick-up
tus involved all data to a common datum plane, For con- heads associated with the record 5 1b, and
h in general venience, this datum plane has been illus- other like lmkages (not shewn) to the re-
. i owill _ - trated in Fig. 3B as at 54. To correct the mammg pick-up heads of records Slc—51e.
-enter. 115 50 data to a selected datum plane, there will It is to be noted that included in cach 115
that a more ‘be utilized information gcnerally available mechanical link is an adjusting element 60 in .
be involved, from an area covered by the survey and the form of a differential gear. More par-
many more generally shown in the form of a time- ticularly, the normal moveocut corrector 58
ach detector depth plot as illustrated in Fig. 3C, Thus, can, through the lowermost mechanical link-
‘Tuf., one 120 .55 the section 55 illustrates variation in time age, drive - dircctly _through the differential 120
, identified, plotted as abscissae agamst dcpth as ordinates  gearing 60 (shown in block form) to ad;ust :
It is to0 be i for the travel of the seismic energy in- the vertically, that is advance or retard, the posi-
field opera- weathered layer 53w, while the section 56 of tion of pick-up head 61. However, by
oider, which the time-depth plot shows the variations that rotating a rod 73 as by a knob 74, the posi-
_-'us for the 125 60 occur in' the deeper consolidated layer. It will ticn of the pick-up head 61 along the length 125
for the ex- : be underslood that the slope of each of the of the correspondlng trace 1la shown in Fig.
. a process- sections 55 and 56 - represents respeciively 3A may bc adjusted independently of the
'"---~—-.:|=,_= in - the velocity. of the seismic cnergy in the operation of the normal movecut cortector
- the opera- X weather_ed layer and in the consolidated layer 58. Accordingly, there may be utilized the
130{ .65 below it. - iwo componcnts needed to correct the records. 30
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Fig. 13 is a diagranmatic view of a nodification of the disc surface
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_ the1r respectxve shotpoints, the center de-
25 tectors 13, 14 and 16, 17 are symmetrically
disposed on opposite s1des of the shotpoints
D and C,

For a centrally located detector and for the
two adjacent detectors as in Fig. 2, no correc-
30 tions need be made for geometrical spreading.
There is virtually no spreading, since the
detectors are almost at the shotpoints. This
means that for-each split-spread record, crly
- the weathering and elevation corrections need
35 be made for the two traces. in close proximity

to the shotpoint.
In determining the weathering and eleva-
tion correction for the center traces 13a and

142 of the record 51a, Fig. 3A, there will -

40 first be established the point 80 which will
determine the time-occurrence of the first
reflection on these traces. The point 80 is
fixed by taking the average time-occurrence
of the first troughs on the two wave-forms

- 45 13c and 14c: By then applying the weathering
and elevation correction as represented by

* the vertical line 81, there will be determined
a point 82 which is representative of the

Jocation of the corrected reflection. In order.

.50 that the determination of the point 82 may
be achieved with considerable precision, it is
preferred that there also be utilized the
second reflections on the center traces 13a
and 14a as shown by the wave-forms 13d and

55" 14d. The point 88 is established by taking the
average time-occurrence of the first troughs
on the two wave-forms 13d and .14d. The
weathering and elevation correction is again
applied as shown by the vertical line 90 to

60. locate the point 92, The foregoing corrections
81 and 90 taken respectively from the poinis

. 80 and 88 are equal to the correction to datum
plane at shotpoint D.
, In a similar manner, the point 83 is estab-

.65 lished for the traces 16c¢ and 17c¢, and the
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the same posmons on the earth as when these . ;‘:l?t;
detectors are used for the production of the 90. 25  correct
record 50a of the expanding-spread. Accord- - of link
ingly, the weathering corrections as deter- establis
mined for the split record 51a will be identical : ick-u
with those needed for the record 502 of the 15)0,1_!
expanding-spread, It is for this reason that 95 30 In 1
there may be, and there are, provided the thar ¢
mechanical linkages indicated at 77. Thus, if : asin
the knob 74 be rotated to adjust the pick-up ) For ge,§
head 61 vertically, that is advance or retard determ
it, by an amount corresponding to the 100 35 will tf
wealhermg and elevaticn correction, that cor- c S1c, -et
rection will be correct for the pick-up head ' ages h:
for trace 11 of record 50a. Thus the move- ' unders|
ment of the pick-up heads, by linkages 77 and knob £
78, register the magnitude of each of the 105 = 45 their ¢
mdlvxdual static ad;ustments, each pick-up - - the coi
head forming the indicia for that purpose. ' mainim
However, the extent of the correction for the : the nof
weathering and elevation for the trace 1la . The'
has not as yet been explicitly determined. 110 - 45 type s

That determination has been explicit for . it may:
an average of the center traces 13a and 14a TRON
and, accordingly, the two centrally located Groene
knobs in the array 75 may be adjusted by Rav Di
the amount indicated by the line 81 of Fig. 115 50 ance w
3A. Consequently, the reflections 13c¢ and display!
14c as viewed on the display device 96 would on the’
be shifted in time but would not be in align- reflectic
ment. Thus the two centrally located knobs appeard
_in the array 75 would then be adjusted in 120 55 is give
equal amounts and in opposite senses to bring singula:
the reflections 13¢ and 14c into ahgnment : " elevano
The average of the corrections applied is thus * record
equal to the correction 81. determi

The extent of the normal moveout correc- 125 60 Havij
tion for each pick-up head as determined by correcti
the device 58 depends upon the data set into ’ tion, at
that device. That data will be approximately . spiezd
correct for a given section, Accordingly, the spread

records Sla and 51b are transported at 130 65 playbac
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represent the sum of the two components,
(normal moveout and weathering), the adjust-
ments required of the arrays of knobs 75
and 76 explicitly determine the weathering
corrections. Accordingly, through the two sets
of linkages 77 and 78, there will have been
established the weathermg corrections for the
pick-up heads associated Wlth the records
50a—50e.

In the foregoing, it is to be understood
that the operation preferably is carried out
-using progressively changing pairs of records.
For example, after the corrections have been
determineA for the records 51a and 51b, there
will then be utilized the records 51b and
51c, etc. Only a portion of the control link-

" . ages have been illustrated in Fig. 3, it being

45

-55

60

- Ray Display of Seismic Records”.
50

understood there will be provided a rod and
knob for each of the transducers and with

. their corresponding linkages interconnecting

the corresponding pick-up heads cn the re-
maining records,. and likewise connected to
the normal moveout correcting device 58.

- The display device 96 may be of the

type shown in U.S, Patent No. 2 ,950,459, or

it may be of the type described in ELEC-
TRONICS, May 1955; in an article by
Groenendyke and Loper entitled “Cathede
In accord-
ance with the foregoing dlsclosures, repeated
display of a given seismic cvent may appear
on the oscxlloscope as for example, the first
reflection. By its repeated or continued
appearance on the oscilloscope, adequate time
is given for the adjustment of the knobs

- singularly to determine the weathering and

elevation corrections for the expanding-spread
record at the same time they are explicitly
determined for the split-spread records.
Having thus determined the weathering
corrections necessary. at_each detector loca-
tion, at which the signals in the expanding-
spread data were obtained, the expanding-
spread data may then be cprodu ed by the

playback units 100—-—104 as scen in Fig. 3 "The
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1dedrds may be relied upon as presenting
reliably corrected expanding-spread data. It
has been found that, having thus corrected
the expanding-spread data, the analysis carried
out by the interpreter may be made with
greater reliability, and interpretive techmques
otherwise subject to considerable question
may be employed with increased confidence.
From the foregoing, it will be seen that the
applicant has provided a method in connec-
tion with expanding-spread operations for the
determination of the velocity characteristics of
subsurface formations which involves securing
at each spread employed in the expanding-
spread operations, a related set of data ob--
tained from split-spread information, The
data obtained from the split-spread opera-
tions are then employed solely for the purpose
of determining thc needed corrections for
weathering and elevation as necessary at each
individual detector location. These correc-
tions are then applied to the detectors for the
entire expandmv-spread profile, and thus
there is achieved detailed correction for
relatively minor variation in the weathering
itself which, ordinarily ignored, has been
found to introduce such ambiguities in ex-
panding-spread record sections as would pre-
vent their accurate and reliable interpretation

and which could, and have, led to erroneous
interpretations in terms of subsurface
structure,
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The normal moveout corrcctmg device 110 _

{(like the device 58) will utilize the available
information for the velocity of the subsurface
strata. This will, in general, be available in
the form.of a graph, such as shown in Fig.
3D, where T, the vertical time, is plotted as.
ordmates and the apparent average velocity
V, is plotted as abscissac, The resulting
graph illustrates three sections 112, 113 and
114 of gradually increasing vclocity with in--
Crease in vertlcal time, Ut1llzmg the - data
in the form of the grapn of lg 3D there
may then be utilized the cquation (1) appear-

120

125

130




spindle 10, and provided with a cup portion 17 contiguously at its fore
end. As seen particularly in Figs. 8 and 9, the cup portion 17 is
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120[ err], ‘each,one of. the
poi nt of the cup portion 17. Axially projected fromthe fore end facé of
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- preci si ongdpm fs@ﬁ&s f lé%el exn apg g as in- moveout :
midway of that sectxo'l dicated 1n the central portion of the Figure, corrective
- . Though normal moveout arrangements it will be then noted that seismic energy hyperboli
. such as referred to above in connection with originating at a shotpoint can be reflected appearing
30 the normal moveout device 58 may be first from the reflecting horizon RH,, then 95 30 record 1:
utilized, there has been illustrated in Figs. 7 from the surface, again from horizon RH,, line. The
and 8 a preferred form of a normal moveour and will then be received by the geophone. particula:
device and which in itself includes provisions: This multiple M, may appear as though it very close

... for the correction of the normal moveout were a reflection, where in fact it has not tion of

35 curve of Fig. 3E from the expanding-spread been reflected from a single horlzon but is a - 100 35 and opers

data after it has been modified in accord- multiple reflection, and, hence, the term 110 is ¢

ance with features to be described. The con- multiple, The presence of multiples tends to indicatedj

struction and operation of the normal move-- confuse the records as they may be both described
out corrector 110 will later be descrxbed in additive and subtractive: As illustrated in this data of !
40 more detail, it being understood that i its opera- special case, the multiple M, will obscure the 105 40 tion of .
tion as just set forth will be strictly in con- reflection R, from the second reflecting was not

- formity with the available velocity informa- horizon RH,. In the third case, it will be available

tion for the area under survey and that the noted that there -are present two multiples as the no:

corrective features incorporated into that de- My and M,.. The first portion of ‘the © end resul

45 vice will later be utilized. multiple gives rise to reflected energy which 110 45 cise alig:

. The outputs from the normal moveout extends downwardlv through the first layer ' ment of :

correcting device 110 are mow composited and thence through the horizon RH, to be the mulii

into five traces as indicated by the common reflected at the second reflecting horizon from that

conductors respectively connected to the RII, and thence returned to the geophone or : the samé

50 switches 121-—125. The resulting composited detector. Thus, in the third illustrated special 115 =~ 50 the true 4

traces will, by the transducing heads, be re- case, there will be arriving at the geophone : does not!

. corded on a reproducible record. More par- reflection energy represcnting the reflection For the!

ticularly, the signals on record 50a are com- R; as well as the multlples M, and M;.. geometric

posited and by way of switch 121 are applied As indicated above, it is the purpose of ' for.,

55 to the transducer or recording head R, of the present invention to climinate from the 120 55 With 1

Fig. '5 to appear on recorder 131 as the record the effect of multiples. - ; be apph*

single trace 126. Similarly, the signals com- Returning now to Fig.. 5, it will be noted Fig. 5 a

B posited from the record 50d are applied by that the signals at the lowcrmost portion of line-ups

- way of the switch 122, and by way of the the record (representmo reflections at greater : correctior

60 associated transducer of Fig. 5 appear as the depths) havea configuration_ across the record 125 - 60 identify

_ single trace 127. The corresponding com- 131 which is concave downwardly, The re- Pprovision

posited signals from the records 50c, 50b and flection components R; shown at the lower- of the n

50e are applied respectively by way of the most portion of the record section 131 will recorder

switches 123, 124 and 125 and the associated be horizontally disposed if the velocity data The ¢
68 transducers to produce the signals appearing employed for norimal moveout is correct. The 130 © 65 unhzmn




which is accurately in perpendicularly intersecting relation

of the spindle shaft 10. Adisc 1 is set

6 by ahutting-engagenent-width-
10. As thé& hol der

23,
br ought

t hi:

to chuck the latter on the spindl e neans

18 ar ggppushgd forwayrd,
——tew&&ggt-h /ﬁi——
| misksiplasodiértaf M)l Wagtmﬂyttonmt h arrtdgai 1 }gixmkt- hleudal i4bddds of
d
QPZE ﬁ%ﬁafstof

ithsandin br ough
Jnmoh@rs att et .

d d
?I%F‘%"r ed faces *;"@:a %ﬁ ar %ﬁ‘i‘f%
,.,d 1@1 | e t oyt E}Syed f 1@11 co@e< A8 i
®’C 85 thd S@eranadiat@ Js@n@sr B, a@inay i tmotmdt ldyvxrsx
OmRQICALs é‘fz Wﬁﬁdlg pi

aligdfent, t apet

the
€Xx
in

erbulict Hn t he

t

ed

Japered f
[0 70 1 he tee e Sn

&%ﬁs an apex lethhfefcé‘ng
fR,}

I n p05|t|on on the splndle

directions and-
peri pheral edges of the

6. In this state,

with the axis
means

strips 21 are protruded agalnst the actlon of sprlngs
theit tapered facés 2la are di spl aced in radial _
kAt 0 abutting engagement w th inner disc 1 -
the projections |
mhereupon t hei {213per ed faces 18a are dlsplacad

Adheyreflesion qompenarts cagj b ceither jcep-

ftratddGin S

w1tlr

ttoa

111t

td?é%;’ﬁe'

o

e.qm@er c

f dltT UI t ITE

NESTHE

l°féiré%.

Okt hérmall

?ffd?’

ulti

%ﬁ F 0 i3 gprav

gttt

cveral

dirst1

| 20,

mMirs parfncularbneht: whi ch
éY“ dr‘@é‘quence

q,gdds m f or
AC Qcﬁt thé Genft® Sthabd (1)18 is l’ketat 1¢cgmrrez5t

ot apardmalThacerlg amifvmg h@xpe mdép&—slﬁaédt paki@ion. Hmefeeraabh endaf skpown i n

s fepgthe 10, { he 88 rgaew Be a4 dipaped "‘Zfi Hfr & *?“‘ 615 <&} ftwﬂng;gf’ed
;1;‘} g‘% Yerment wi FRLEnAWFRIE S SRUPY 2B © 7 ﬁte,mt,mﬁer
a%?lroklp hey a lgdgﬂﬁferrﬁlﬁ(:lﬂﬂdotmﬁ Qe e, nOQetBl QﬁltaBIf: g{u a |b$@ unts&ﬂndh &t eadha CHO
eigoy 1 can bbe mmdakadn ity eapeapding-gpraadi rquodi tpositivn rog [tlact acahewtllcaltst]émmnmbatm onal
alallaW%JtA Of theS%l,JeCth (3] tepll‘: St T.ldV y n j:i]lg urpgﬁlon?)]‘alﬁgﬁé:;w E‘gﬁ? 5 er ance
o iledepr e collblaDrE it 1 %tgﬂ%et':té{ BRI YorfobD i ie%“ |
anot hegs ap 201 RHi 616&6@1 ¢ réfadtingl segineh tISI[THQie N Guiutiplitid} €% .positions of the pifk-Gp hdﬁ& ngsans
adi\tynxilush applies nanolocweleg;cas@sthe hsegndti sagrossc thac k1431=eb4ﬁamrlsmnldﬁc‘tnddé§fcancehlbe-k drive
ovide: [») {s) 4] 1 n
ﬁS‘EICh ag a t’fﬁghg fsﬂiot on }y1 lorfclf\tz%@ow’r?wr;rglﬁ ut}tf;ké I%LZ%SP Id]? %fp@ﬁflu ?ﬂt ?ugitxzn;h vgl?lf?ﬁe(:t ed

umfﬂé tfolltﬁe

«ction being 90 - |
time as in-
the Figure, - .
nic energy
e reflected
RH,, then
rizon RH,,
: geophone.
i though it
it has not
on but is a
the term
es tends to
v be both
ated in this
obscure the
reflecting
it will be
> multiples
on of the
ergy which. 110
first layer
RH; to be
1g  horizon
eophone or
ited special
> geophone
+ reflection
md M;..
purpose of
: from the

95.

100

105 |

115

120

1'be noted
portion of
at greater
the record
¥. The re-
the lower-
n 131 will
locity data
nrect. The

125

130

25

- 35

.45
. ment of multiples. The reason for this is that

50

55

60

55

a close approximation corresponds With a
hyperbolic curve. The purpose of the normal
moveout corrector 110 is to introduce a
corrective time-function (AT) so that the
hyperbolic character of the reflections as
appearing on record-section 50 will on the
record 131 of Fig. 5 appear on a horizontal
line. Thus the correction to be applied to a
-particular reflection, such as R,, will 10 a
very close approximation be a corrective func-
tion of hyperbolic character. The function
and operation of the normal moveout corrector
110 is somewhat more complex than just
_indicated, and in the operations thus far
described, it is to be remembered that the
- data of Fig. 3D used to conmtrol the opera-
tion of the normal moveout corrector 110
was not necessarily exact, but based upon
available velocity information. Accordingly,
as the normal moveout corrector functions, the
end resuly in Fig. 5 is the substantially pre-
cise alignment of reflections and misalign-

the multiples pass through material different
from that which the two reflections arriving at
the same time pass through, and therefore
the true geometric correction for the reflection
does not bring the multiples into alignment.
For the reflections, a residual amount of
feomctrical correction remains unaccoumed
or

With the foregoing in mind, if there now
be applied to the five traces 126—130 of
Fig. 5 corrective hyperbolic functions, better
line-ups may be achieved. More importantly,
corrections of this character are utilized to
identify both reflections and multiples, and
provisions are also made for the removal
of the muhiple reflections on the record of
recorder 131.

The desired corrections are achieved by

utilizing a scanning device .140° which is

. are both positive and negative in character

in that they range from hyperbolic curves
which are concave downwardly to those which
are concave upwardly.

In operation, the flexible element 146 may

first be operated to its —6 position. It is so
operated by rotating a selector switch 148 to
1ts left-most position corresponding to the

—6” trace of a record 149 (Fig. 6) which
is to be produced. It will be noted that
nine traces are to be produced on the record
149. These may be greater in number or less

in number. In the usual case, there will be.
.many times the number provided for illus-

trative purposes in explaining the invention.
The first or the “—6" trace, is produced
by combining or compositing the signals on
the five traces 126—130 of Fig. 5. Thus the
output circuits from each of the transducers
141—145 is connected by way of individually
adjustable attenuators to a common conductor
and thence to the movable switch arm 148.

0
95
100 |
105

110

Inasmuch as normal moveout is greatest at

the more remote detectors, it is desired that
the signals from the outermost traces, such as
126 and 130, shall be given greater weight in
identifying the correct hyperbolic function for
reflections as well as muitiples. To this end,

115

the central one of the attenuators 151 is set -

for substantial attenuation of the signals of
the center' trace, while the attenvators out-
wardly thercof are set with decreasing attenua-
tion. In this manner, there is provided greater
weighting of the outermost traces by establish-
ment of increasingly greater amplitudes of the
signals of the traces spaced outwardly from
the central traces. ,

~ Besides correction for normal moveout for
the reflections, there is also achieved
identification of . multiples. Mention has
already been made of the fact that the lower-
most signals on records 126—130 form a

120

125

130



17 base end of the afore-nentioned slide rod 15, including a coupling
menber 24a relatively rotatably coupled with a connector rod 25 which is
Tonnectedtot '

t hrough the spindle notor 14 and pushed back and forth. by the chuck drive
24 to nove the slide rod 15:in the axial direction. Nor mal | y; the
slide rodsi's urged forward in the axial direction by the hiasing force of
the spring 26 to protrude projecti0ﬂ§w% 9forward.of__the spi ndl e shz Ht 103

The sli T
a predeter rrtdnegir:d;e:ptdﬂ dotwtiird kéncdviy,emend £8a6 110 teeeRbiViRy LhakRigga. pusher
rod 27, Thes b spel sigplsi &rcsmrdadsl less vﬁlthmcltmé axlcaiendsefmessmf.bsat t hr ough

“bearings 283 i ﬂl‘c £y 1R rﬁ"‘i’h € wi th
connect ors  Pigs ngér-ﬁ i G0 gﬁo rﬁg}gﬁéﬁ% i rﬁ'}fr Jéirf%ﬁ &Ie %‘g%mﬁ gg  rod

~15. Accor di nglhsads ﬂ#lb—mshl&he p@l?ioxﬁﬁiﬁ My drotn the N otﬁdﬁita 5, it lﬂeﬂét de&ﬂ Wlt in

a range whi htip a‘ ‘lqﬂFrthtbdleb‘ ﬂth@t bignalgt hheod is fodmed axiight tdngle dromSwhickiThe - Simp
. pusher rod é‘fff’ ’fr ﬁgr [ﬁﬂﬁ@eﬁhmg‘tﬂ”‘%ﬁ“a&fm g2y by yetendi anet er; at
iits forewne[,mpm of P en bg,kng tapered off at its outer:end to be

 br ought i nt-vacant26e430. (The fcmhthg\ggrelagﬁgxerrent-w:tnzi-m'w:eqm+mp(n;9‘m) The “pusher
irod 27 is .nBralis— Pg‘@ﬂ teoin ltstfdﬂmtd’ft he ‘élhd cap 19 by a spri ng( )30

i push| ng inn as; yfféi t‘llllaetsczhe '7'18
cstrips 215 f geaparse th@tlﬁgaoﬁxﬁﬁhidd %{én %l ongh@@ﬁlécgé; ek d2® 1PElnls QP im@fndt h;g An i
sprl ngs 26. thtem frhukeds M,de 1 od 15 | s r etrefeetiad as AWawil beodquilhe thptindl € shaf tthe diag

110 by the chdtk Ec\/@é%ooquh deriilze? boipteath strq‘;%gmred (E%ggﬁpgh the onceth
connect or PiBSedd b s bi ge E%E é{ Bg . the end pareq ¥
Cap 19, 20 Oiht eaMcidg swilkke lm&éﬁé&ﬂbet 4 o cnph@ﬁf qil nt

cof the |nvvaplet'bsﬂ}~rgﬂceitx@xf The Fat thersecqﬁd; as I‘IEMActo;dmgh_;e hoI der- strl ps 21 ar e versa, I

irelieved ofPigk Jigoma &‘Y C%J;im ﬂhet & pusher head 27a and-allowed to: ferring
: ible e ement 1 ar 10 will be
iretract i ntﬁ +ill & v@Jj B'h o] ngs 19a. AT=T,~T, The chutig) time re
rrecham s 1, evWﬁrlcShf hngnﬁEﬂ‘taﬂﬁ@dlslffbni e . IS now 2
: traces 126-—130 appears, i.e., there are no Substltutmg Equatxon (3) in Equation (2), Ty is i
signals of large amplitude. For the third there will be derived:- _ will be
traverse of the record of recorder 131 past 15 flecting
the pick-up heads 141—145, there is pro- _ ' b G ' Fig. 6
<30 duced on the “—4” trace a signal of large AT (Tx+Ty)= — @ 85 normal
amplitude labeled M,. Similarly, on trace . Var o . operate :
—3” a large amplitude signal M,. appears, ' _ Tectng o
and on the “~1”, “0” and “+1” traces, - The following rclanonshlp will be self- 20 explaine
large amplitude signals labeled Ry, R, and R,  evident: _ Referr
35 appear. The traces “—2” and “+2” are - : S called th
relatively quiescent. : " T,‘+T.,=T,‘—T(,+2To ©) by reaso
There will now be discussed the background i . - . e E’"hm t
theory and reasoning which justifies the con-  Simplifying, . %5 ‘horizon
clusion that the signal M,; of trace “—6" is . ) co re%xons ',]
40 known to be a multiple. Inasmuch as this T+ T,=AT+2T, (6y 9 will be 2
background theory is also relied upon for nﬁvennon
. further development of the theories under- Now substituting Equation - (6) into 30 : _c;. rave
lying the present invention, reference will be Equatlon C)) therc Is obtamed : will b}f :

had to a number of cxplanatory diagrams, . : . : for tfe

45 the first of which will be Fig. 6A. In Fig. 6A - x* . ' that b
there has been illustrated the maximum dis- - AT (AT+2T0)= _— O] : at tor.
tance x representative of the distance between : : . Va? ) " 35 ravel i

‘the shotpoint E and the most remote detector : : A ' -7 ‘ILJ\ﬂSs:mg :
11. This distance has been above referred Solving now for V,: ' thn mspe
50 to as the one utilized in establishing the : . L mese o
normal moveoutr curve and for which ' b ovel(?ut:
Equation (1) was above set forth. In Fig. L x? 40 ae A g
6A the vertical time T, has been plotted as Vo= g [ ———————— - 9 1? pee ¥
ordinates as against the distance x as abscissae. AT (AT+2T,) : ' mu1lst_oly '
55 ‘There also appears in Fig. 6A the three re- v ® Fic '§°.
flecting horizons' RH,, RH., and RH;, to- ' cave coE
gether with ray paths showing the path of Equation (7) may also be written in its 45 all itr}
travel of seismic energy. In order to bring quadratic form, wi'yt; the!
__ all reflections into alignment, it is necessary’ . : : ' canning :
60 to introduce corrections so that for each.de- ' x? o :iml::nm;';é
tector the travel time will be corrected to ’ AT+ 2T, AT —~ —— =0 9. . --trace-scoam

.that corresponding with vertical travel time,’ © Va2 50 M, on |

that is to say, directly from the shotpoint : of't‘h:?”i

E to the rcflecting horizon RH, and back Applying now the formula-solution to’ for exax;

65 to shotpoint E. For reflections arriving at  quadric Equation (9), AT may be expressed: 100 -




above-descri bed manner,
Fig. 6, and shifted |nto t he released p05|t|on shomn in Flg 7 by

act u_at I ng

doi ng,

the sl ot

“Wechani &ny the sllde rod
the
as soon gs the connector
i 15b as a result of an inward novenent

is normally held in the applied position shown in

the chuck drive mea

25 | e (24} e N
150's puIIed i nward by the chuck drlve 24 By so
piojections 18 are retracted into the spindle shaft. 10, and,
pi ns 28 cone.into abut nent against outer ends of .
of the slide rod 15, the

pusher radi27 is also shifted 'in a dirzesion i nward of the spindle shaft

[hel’@l&m WI t

11f7ée’ewof the spindle shaft 10 by2t he use omulipledi sc handl | ng neans,

the vmtlfeah aof

gigupon, thecslide rod 15 and pusher rg £ 80, S2F Ay oqmard
twﬂf the s |ndIe §hdfF 10 by the actions Ohmihﬁﬂ§EHMﬂ@ﬁ@ hi s
time, the}pusher rod 27yrs mg@ed firstly, t@u§hfﬁ nﬂh@wkmbhdemlsﬂmmxw 21
r.Lgt o projpcted posiATsRETM Eh—t-HE, pusher Iﬁ% %;%a‘E‘oFgec@r Ny EREER and
*hof'tl the Hisc 1 which ght Vﬁthermnselgaﬁﬁ ? *In the next place, the
pr 01(33)ctio s 18 at the fore end of the( i de rod [Qﬁ',pﬁeammp forwar)d 650
r| ,gner PeRn[ih@écabn edERagard) Qn&n@roeund t he center o eni ng of t he disc
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, rlgmz)ct i ohs 19ce gt é"é)‘hdbt fgie Tohanalj agccom- lvéoc 3 ty@rtied] Ora9di Leinlel
ot o(emttbar ed 303|é1a|téanwﬁlel atAryewﬂtl Qe 141G, AhPLALT ﬂﬁ;’zﬂbe amn&x :0f the sp| ndl e shaft 10.
Lonilk Me ot her hand, tlé |aser beam bonbardi ng means 7_ ingcludes a najn body
t"‘?‘é,glv‘énn af m)vv,ctsh eTh:ylmamgnlelrce@lﬂy banﬁedlbvorc- housi ng 31 ek is movadte tBward
re
and away te r.'hat equ%Yffercncc betwee Iiet?:b Secb@&ME mqﬁﬁgﬂ m) ﬁmlaoﬂé{laﬂﬁ and
t he (rgr;)vab ol Bavéksd B! dRIOEH |1ye(mf| ve nmeans 32 including a bal I
: is now approachmg the travel time T,;. When _
s, 2 Te is infinite, then the vertical traw:el time [V. =Tx]2‘x2+(2h)2 (13)
quation (2), : will be equal to the travel time to the re- . e,
' 15 flecting horizon located at infinity, Now applying the familiar equation of a
B Fig. 6A further illustrates the nced for the Straight line to the foregoing, ie.: &
"4y g5 [  normal moveour correctors 58 and 110 to stee _ _
_ @ 3 operate in accordance with the family of cor- _ ;
B recting curves, as has been illustrated and y=mx-+b (14
. ; 120 explained in connection with Fig. 3E,
il be self- Referring now to Fig. SA, it will be re-  Lhen,
_ o called thet the reflections M, and M,, occur _ '
. (s o by reason of the travel of the seismic energy - 1 :
° &) - within the region above the first reflecting slope-— = o (15)
: ' 25 horizon RH,. Inasmuch as velocity in most Va
, regions increases with depth and . which fact _
6 90 will be assumed in further explanation of the = and
(6) invention, it will be understood at once that @by
- the travel time required for the reflection M .
(6) into 30 will be twice that of the travel time required Intercept=b= —— =T, (16) .80
for the reflection R,. Similarly, the travel Va
: . time for the reflection M,, will be three times S
' 7 ' that for the reflection R,. Accordingly, the Referring now to Fig. 6B, there has been
. (_)_ . trave] time is great because the energy is . plotted on non-linear squared-squared paper
: : 35 passing through a relatively low velocity zone. the distance x from a given shotpoint in the
An inspection of Equation (1) will reveal that expanding-spread of Fig. 2 to particular de-
these two factors indicate increased normal tector locations, together with time T in 85
moveout correction if, for example, there is to  seconds as ordinates. The vertical travel time
— : be alignment of the multiples M,, as they . T, for the reflection R, of Fig. 5A will be
40 appear across the several traces of the record. assumed to be 0.4 second. It will also be
- 9 It is by reason of this phenomenon that these assumed that the average velocity V., from.
) . multiple reflections on the traces 126—130 of the surface to the first reflecting horizon RH, 90
® - Fig. 5 provide the highly downwardly con- is 6,000 feet per second. Accordingly, there
.. cave configuration already noted. Addition- may be established the straight line 150 and
ritten in IS 45 ally, it will now be better understcod why from which it will be known the manper in
' ' with the maximum correction applied by the which the times of arrival of the first re-
o . scanning device 140 there is achieved the flection R, will appear at the geophones and 95
' time-coincidence of the reflection M,, on all shot points spaced at increasingly greater dis-
=0 ® traces and there Is produced the wave-form tances across the center of the expanding-
50 M,, on trace *—6” of Fig. 6. The location spread. .
. ' of the wave-form M,, appears late in time, as  Assuming the second reflection R. has a
-solution to 3 for example, somewhar below 1.2 seconds, vertical travel time at the ccnu.r of .the 100
¢ cxpressed: 100
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20 screw. 32a and an electric notor 32b for feeding the novable barrel 31
back and forth in predeterm ned directions. Displacenent of the novable
barrel- 31 through rot atiomof—the—bart—strew 32z of—therTecrprocati™g
drive nmeans 32 is detected by an encoder 33. In Fig. 5, indicated

at 34 i:s a’laser energy source which repeatedly shoots off |aser pulses at
a predeterm ned. frequency, and at 35 is an isolator with a quarter
vvavel,erigth pl ate to prevent reflegpisons -off -the d| sc 1 fromreturgpi hg tie
‘the | ' -
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131, but
Ill tha
record on

olaed @b br eteins of laghiyeshatt dlefonpunt ed ormay, and

reproduction by the transducers of the in- shifts in
t he m)vabpeélt wall hov now be understood that the scanner fex?mauon on ea}::h of the traces. Reference has because, -
140, by introducing a hyperbolic scanning already been made to the fact that the traces : mulup]es
25 function, the difference between the two are relatively quiescent, but nevertheless there 90 25 and it is
hyperbolic functions previously described, in is present on them a certain amount of noise. rise to su
effect introduces corrections which may be Accordingly, the signals produced from the of setsmj
represented by a family of straight lines, each record 149 are transmitted individually record e
© with its origin at times T, for given reflec- through squelch circuits collectively indicated multiples,
30 tions and each having a different ‘slope. Thus, by the box 162, These squelch circuits per- 95 30 then pass
for example, when the reflector switch 148 is  form the function of passing through the : which is
set to the “~—4” position, it will have estab- signals of high amplitude and eliminating the “—2” po
lished a normal moveout correction corres- signals of low amplitude. Squelch circuits to reprod:
ponding, Fig. 6B, with the linc 153, at a time  of this kind are well understood by those Rs. It is
35 equal to 0.8 sec0nd and hence produces the skilled in the art. 100 35 time-appc
alignment of the reflections across the traces The signals after passing through the been eno)
of the record of recorder 131 to produce the squelch circuits 162 are then applied to re- the multi
amplified composite signal M, on reccrd cording heads associated with a reproducible to anothe
149, record 166. On this record, there have been present
40 Inasmuch as the multiple M11 of Fig. 5A illustrated the reflections R,—R., and the 105 40 assumed
: traveled entirely through the low velocity multiples M,, M,, and M;.. For the. moment, approxiny
region, its slope will be the same as the line the description will be limited to the manner record 1¢
150, but it will have its origin at 1.2 seconds. in which there are utilized the multiples of in proper
Hence, the line 154 will be representative of record 166 in order to remove the effect of ' of the t
45 the multiple M,,. The multiple My, traveled such multiples on the record 131. With the 110 45 specificall
in part through the low- ‘velocity region and gang switch 160 now open, the shaft 161 - the gang
in _part through the next higher velocity will be rotated to move the record 166 past and the 1
region. Accordingly, as shown by the line a plurality of transducers for reproducing the produced
155, its slope will represent .an average several s1gna]s It will be observed that ‘a course, th
50 velocity of 6,667 feet per second. selector switch 167 shown in Fig. 5 has béen 115 . 50 muliples|
It will now be understood that with the illustrated in its “~—4” position and that the a result !
selector switch in its left-most positicn, there movable contact is connected 0 a phase in- been desc
will have been established a modified normal verter 168 shown in simplified form as a It will
moveout correction representative of the line rtransformer. After the phase reversal of the - Ry, Ry a
55 154 at time 1.2 seconds and, hence, will multiple M, by the transformer 168, the signal 120 .55 “0” trace
cause the composited signals to prcduce the is applied to the pick-up heads 141a—145a trace of t
wave-form M;, of large amphtude of a scanning device 140a which is the of the fac
Summarizing' the foregoing, it may be said  duplicate 'of the scanning device 140 above 110 was s
that the time-appearance of the signals on the described. With the scanning device set at _~ mot entir
60 left-most traces of record 149 are indicative jts “—4” position, as indicated, it will be 12 60 velocity -
of the fact that they are multiples, whereas understood there will be produced a record surveyed.

- signals appearing, say, from the “—2" trace on recorder 170 of the multiple M,, and as cisely cori
to the “+2” race will be 1dentxﬁable as true  the switch 167 is moved to “—6” and “—3” . 166 do =«
reflections. it will record multiples M,, and M,,. These - Qccurrence

65 If the normal movesut corrector 110 had multiples on the record of recorder 170 have 130 65 zero trace
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. specifically on traces

record estabhshed on recorder 131 free of
multiples, it will be undcrstood that it is
then passed through the scanning device 140

_ which is operated, as for cxample, from its

“—2” position to its “+2* position in order
to reproduce again the reflections R,, R, and
Rs. It is possible that the modifications in
time-appearance of one reflection may have
been enough by reason of the presence of
the multiples to cause it to shift from. one
to another trace. For the purposes of the
present  description, however, it will ‘be
assumed the reflections again appear in
approximately the positions illustrated on
record 149. With the reflections appearing
in proper time-relationship on one or more
of the traces from “—2” to “42”, and
1” “0” and €« I‘l”

the gang switch 160 will again be clesed,

and the reflections R,, R, and R, again re-

produced on the record 166. This time, of
course, there will not be present any of the
muluplcs since they were all eliminated as
a result of the operations which have just .
been described.

It will be remembered that the reﬂectmns
R, R, ‘and R, appear respectively on the
“0” trace, the “+1” trace, and the “--1”
trace of the record 166 of Fig. 6, by reason
of the fact that the normal moveout corrector
110 was set up on the basis of available but
not entircly accurate information as to
velocity distribution over the area being
surveyed, Since that information was not pre-
cisely correct, all of the reflections on record
166 do notr appear on the “0” trace. The
occurrences of reflections on traces other than
Zero trace are cmployed to correct the set-
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located on either side of the centrally located
pair of detectors, it wiil be seen at . once
that each pair of detectors may be mechanic-

ally connecred together. Thus the end de-

tectors 202 and 202a are shown as jointly
adjustable by a mechanical linkage illustrated
by the broken line 203 which exu.nds to a

drive unit 204, This drive unit actuates the"
‘two pick-up heads 202, 202a along ways or

tracks associated with the drum 200, so that
these heads 202, 202a may be moved from
their illusirated positions to the broken-line
positions 202’ and 202a’.

To provide the greatest movement for the
end pick-up heads 202 and 202a, there- is
utilized a voltage dividing resistor 205 having
a plurality of taps, of which 206 and 207
have been labeled with reference. characters.
Those skilled in the art will understand that
normal moveout has one component which
varies with the square of the distance between

the shotpoint and the detector. Since shotpoint -

E, Fig. 2, is a maximum from detector 11
(and D a mazimum from detector 28), the
taps or conductors 206, 207, Fig. 7, are
connected to the voltage dlvndmg resistor 205
at positions such that the voltage developed
between conductor 206 and ground is pro-

portional to the square of the distance be-.

tween said .shotpoints D and E and their
respective detectors 28 and 11. The voltage
between tap 207 and ground is propor-
tional to-the square of the distancc between
shotpoints D and E and detectors 27 and 12,
respectively, of Fig. 2.

In connecticn with the foregoing, reference
is to be had to Equation (7). In that cquation
there appears -the térm (aT+2T,). To
simplify the normal moveout device 110, the
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Thus, the above-described arrangenents nake it possible to texture the

surface area of the CSS zone 3 al one .
23 accurately, always free of devi ations—of~—atborder—ire
zone 3 and the .data recording zone 2 irrespective of existence of a.
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an approximation based upon the available

mto account, then there may be utilized a data as set forth in Fig. 3D, it is necessary shaped m«¢
suitable device functioning in accordance with to correct the curve 115, as for example, in a the lower .
’ - that term and utilized to modify the voltages manner indicated by the broken line 115a and the o
25 selected from the resistor 205. As an alterna- which is concave upwardly and the broken 90 of contact !
tive, there may also be utilized an arrange- line 115b which represents a departure from 25 direction.
ment like that described in an article by curve 115 in an upward direction, i.., it is It will 1
E. M. Palmer, in GEOPHYSICS of April concave downwardly. These variations along tion of sw
_ 1957, beginning the last paragraph, page the curve 115 with change in time may occur . that coriec
30 298. : , at any place, and they may be in either 95 the switch
In the normal moveout corrector 110, a direction. It is to be noted that if any one 30 there may
pair of resistors 208 and 209 shown in Fig. of the contacts 211a—218a is moved up- error app-
8, together with their interconnections and wardly or downwardly, it will shift the volt- velocity d:
-adjustable means function in combination with age distribution of resistor 209 and, hence, _ operatmn !
35 the adjustable resistor 219 and the source the position of the pick-up heads in dxrecnons 100 - the fOzcgo
220 1o provide an output at a slideable con- corresponding with the departures 115a and 35 With th
tact 208a corresponding or proportional to 115b. Where these departures may occur on contacts 2
the curve 115 of Fig. 3E. Thus, the curve the curve 115 will, of course, depend on upwardly ¢
115 and the family of curves, of which only which of contacts 211a—218a has been : the extent
40 the additional curve 116 has been illustrated, shifted. The determination of which of the 105 will be set,
. . all generally correspond to the function whxch contacts is to be adjusted and the extent 40 to the left
- defines curve 115 as set forth by Equation of that adjustment will now be explained. “0” positi
. (1). More part:cular]y, there is provided along It is to be observed that the contacts 211a— that the L
. the length of resistor 209 a plurality of 218a have been shown respectively connected ponding di
45 shuntmg resistors 211218, each connected as by their own linkages 211—228 to their 110 wardly, M
"~ to resistor 209 through a paxr of slideable associated positioning units 231—235, only - 45 atd to its
contacts which are jointly movable in the same five of which have been illustrated. Each _posi- “be greater
- selected direction along resistor 209. Thus, tioning means 23 1—235 may comprise a and a gn
- . by varying the positions of the shunting re- solenoid normally in the illustrated position, contacts 21
50 sistors 211—218 along the length of resistor but upon energization of its coil, movable 115 : tion of any
209 and by connecting slideable contacts to the right to cause a wedge-shaped end to . 30  In the
211a-—218a to selected points on resistor 208, enter a wedge-shaped opening, such as 231b, assumed tt
there will be produced, as contact 208a is formed in an adjustable slidebar 240, Fig. 8A. the resisto;
. moved along resistor 208, an output corres- It is to be noted that the bar 240 is guided position, ﬂ‘
55 ponding with the normal ‘moveout curve 115 for vertical movement as by means of a 120 magnitude
of Fig. 3E. plurality of rollers 241 and that the posi- 55 able sourc
For the purpose of simplifying the draw- tion of the bar 240 vertically is determined- -220.
ing, only the two upper contacts 211a and by a rack gear 242 driven by a driving The norn
2122 and the two lower contacts 217a and gear 244, as through the mechanical con- to be read:
60 2182 have been illustrated as connected to nection 245, from a step drive 246 which 125 - sistors 208
: resistor 208. It is to be understood, however, also serves to actuate a switch 247 from one 60 informatior
that the remaining contacts are connected to to the other of its switching- positions, the reflecti
resistor 208 and there have been shown lcad With the switch 247 in its “0” trace 166. The
lines from resistor 208 indicative of such position, all of the wedge-shaped openings ~ be driven
65 remaining conncctions. Morc lezd lines have 231b—235b arc located with their apices in 130 this positic

the conneg
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rPREhT I ON ofs |discsibn, puI se - . of contacts 211a—218a or of solencids 231— 90
L., it is It will be remembered that the zero posi- 235 to indicate larger numbers will normally
as along . ‘tion of switch 247 is indicative of the _fa_lct be utilized. -
ay occur that corrections need not be madc, but with In the first and illustrated . position of
n either 95 the switch in other than the zero position gywirch 253, it will be observed that a con-
any one 30 there may be determined -the extent of the pecrion has been completed from an ampli- $5
ved up- error appearing in the originally utilized fier 252 recciving as its input any signal ~
the volt- velocity data. The foregoing description of hich may appear on the left-hand or “—2”
i, hence, operation of the ad;ustmg mechanism meets contact of ‘switch 247, and for completing a
lirections 100 the foregoing requirements. connection by way of conductor 261 to a .
[15a and 35  With the above understanding of how the solenoid 231. This solenoid 231, however, 100
occur on contacts 211a—218a may. be moved either s not energized for the reason that an inspec. :
pend on upwardly or downwardly, the manner in which  4jon of the record 166 of Fig. 6 will indicate
s been the extent of that movement is determined (hat in the “—27 position- of switch 247,
h of the 105 { . will be set forth. If the switch 247 be moved  , jonal appears, Due to the absence of that
1e extent 40 to the left or to the right of its illustrated signal, none of solenoids 231—235 will be 105
ained. : “G” position, it will, of course; be seen energized as scanning contact 253 is moved
ts 21la— that the bar 240 will be moved in corres- through its plurality of positicns for the first
connected - pongmg Ackrecuons, :ﬁl}l]er upw;rg{z?og down- " Leyolution of drum 200.
' ei ward] oregver, if the switc e oper- - L
23t5o Tn]l; m 45 atd tg its extreme positions, then there will After the first revolution of drum 200,
AN the step drive 246 functions to rotate the 110
iach posi- be greater movement of the member 240 ‘ich 247 to its “—1” contact
mprise a and a greater corresponding movement of %! T .
. position, contacts 211a—218a in the event of energiza- Through the mechanical conncction 245
movable 115 tion of any one of the solenoids 231—235. and the gear 244, the adjusting bar 240
ed end to 50 In the foregoing descnptlon, it has been is concurrcntly moved downwardly to a new - -
1 as 231b, assumed that the rheostar 219 in series with . position. As the drum 200 now rotates through 115
, Fig. 8A. . the resistor 209 has been sct at the proper a second revolution, the scanmng switch 253
’is guided position, to establish a voltage of selected will again be operated through its mulnphcny
ans of a 120 magnitude across resistor 209 as from a suit- of positions. As illustrated in Fig. 6, 'the
the posi- | 55 ablc source of supply illustrated as a battery reflection R, appears on the minus onc trace. -
letermined 220. The signal representative of that reflection 120
a driving The normal moveout corrector- 110 now is s apphed to the amplified 252 and completes
aical con- to be readjusted to correct the voltage on re- a circuit through one. of the stationary con-
246 which 128 sistors 208 and 209 in accordance with the tacts to one of the sclenoids which there--
from one 60 information provided by the distribution cf . upon moves its associated wedge-shaped head -
sitions the reflections R,—R, on the traces of record into a triangular-shaped opening to adjust 125
“0” trace 166. The switch 247 will, by a step drive, one of the contacts 21}a—218a upwardly to -
i oper'lings ' be driven to its left-mosi €7 position. In  introduce a correction into the voltage repre-
- apices in 130 this position, thy step’ drive 246 will through sentative of the mnormal moveout curve of
§8 the conncction 245 have rotatcd gcar 244 to Fig. 3E. Thus, this ‘correction might well
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maki ng t hecigol cxhayoﬁe lom‘ghedum f ginm tmr:dius%htsdjt:t ishe besyiderstbodpdhttt gegn, the  playback d
i nterval $ngsgize| §?‘§m mngi ogﬁqqoh §6;| es may be included in the connections to pick-up he
to solerofg much as t e switch dlsplay and record means 250. Such . spread recc

25 is now connected to the “41” trace, it will gang switches can be normally open until 90 25 trace. Pref

be understood that the bar 240 has moved after the adjustment of the normal moveout : tions, such

downwardly from its illustrated position.to device 110 in the manner just described. . for the se

reverse the direction of movement of the Returning now to the normal moveout 50e, will

contact 214a as compared with those pre- device 110, reference may now be bhad to = - from the ¢

30 _vxously ‘adjusted. Fig. 9 which may be taken as illustrative of 95 . 30 will be co

It is to be emphasxz»d that the time occur- an. exact normal moveout correcting func- : recording -

rence of the corrections will depend upon the tion 115¢ after modification by the resetting six traces

.position of the reflecticns on traces “—2” to  of the normal moveont corrector 116, as shallower 1

. %42” op record 166, and that the sokncids has just been explained. A comparison be-_ ) of a cam

35 231--235, etc. Wthh may be energized will tween the original curve 115 of Fig. 3E 100 355 284, the g

depend upon the position of switch .253. which was based upon available data and 50b, and .

_Thus, switch 253 completes a circuit'to intro- that of the corrected curve 115¢ will make summation

duce the correction at the proper time on  self-evident variations introduced by the traces of e

curve 115 of Fig. 3E to shift the time correc- techniques and apparatus thus far explained. signals so '

40 tion introduced by the normal moveout The curve or graph of Fig. 9 may be ob- 105 : %0 mediate de

corrector 110, S " tained by rccordmg the output voltagc at thc . tions Ry, ar

With the normal moveout corrector 110  contact 2082 with respect to time T,, ie., by the recc

now corrected so that its operation corres- in corrclation with the rotation of the drum tions, the .

ponds in fact with the .velecity distribution in 200, Accordingly, there may now be utilized : are, by acti

45 the earth below the expanded-spread section, the data from the new curve 115¢ by utilizing 110 ; 45 age 283 f

the gang switches from the playback units Equation (8) also appearing in Fig. 10 to included i

100—104 are now closed and the switches
121125 opened. Hence, there may be pro-

derive a new curve or graph 270 represcating
the change in the apparcnt average velocity

Thus with
trace-by-trar

duced a new record as ar the device 250 with change in vertical time. Again, a com- i new - record

50 which will be a record of an expanded-spread parison of the graph or curve 270 with that 115 @ 30 reflections i
" section in which precise correction has been appearing in I'xg 3D will emphasize the im- It has t
made for normal moveout and based upon portance of the corrections which have been the manner

the existing velocity conditions and not upon

thus far made.

_ posited seis

. the Initially assumed wvelocity conditions. In order to simplify the description and : and for ti
55 Thus, there has been achieved a record here- eliminate need to discuss the effect of dip 120 . 55 eliminated t
tofore not available, and one which will be on the operations, it was tacitly assumed in '- face noises
of greater value to those who interpret seismic Fig., 1A that the carth’s surface was flat or which in
records. _ horizontal and that the reflecting horizon reflections n
In this connection, the recording device 'RH; had a like configuration, Such conditions, effects are
60 250 may be the same kind as described above as have becn mentioned, are seldom en- 125 60 flections, an
for the display device 96 and in conjunc- countered in practice.. In fact, when surveys the more ra
tion with it there are provided recording are conducted for the purpose of locating ing-spread -
means such as a multi-channel magnetic likely spots for the drilling of an oil well, effective in
recorder for producing an improved scismic dip is cne of the factors “which is lookcd ': signals refle

65 rccord of the scismic section. 130 . 65 beds.

for and which, if present, may give rise to



|l ight source 34 could be varied according to the |aser spot position in
the radial direction. However, it is difficult to vary the intervals of
Iaser pulses |n t he case of a faser enclgy sourTe ﬂrfh—a—ekew

speed of the dISC 1 accordlng to the
direction. To this end, the radial

31 is detected. by the encoder 33, while

t he tational speed of the spindle notor 14 is detected by the
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10 ROUTPS tions, such as R,, the several gang swntches the central portion of record 300 and which
sed. for the seismograms 50a;, SOb,, 50d,, and has driving connections to a plurality of pick-
aoveout 50e, wiil be open. Accordingly, onlv the traces  p heads mounted along the length of clement 4
had to from the centrally disposed seismogram 50c¢; /303 so that these pick-up devices may be
itive of 95 | 30 will be connected to the transducers of the imaintained in_alignment but rotated about 95
r func- recording device 287 for recording on the the central axis. Thus, by operating a knob
esetting six traces thereof the first breaks and the 305, the element 303 may be rotated from
L1G, as shallower reflections, such as R,. By means it illustrated solid-line position to its dotted-
son be- - of a cam 282 and the mechanical linkage line posmon indicated at 303a. The clement
jg. 3E 100 | 35 284, the gang switches for the seismograms 303 is movable across a scale 306 which, 100
ia and 50b, and 50d, are now closed to establish it will be observed, has markings thereon -
il make summation circuits for the corresponding from “-+4” to “0” and thence to “—4”. 3
by the traces of each of the seismograms. With the.  The conductors extending from-the pick-up B
:plained. signals so composited, reflections at inter- heads carried on the element 303 are con-
be ob- 105 ] 40 mediate depths, such for example as reflec-  nected together and to conductor 308 to pro- 105 i
¢ it the tions R,, are recorded on the seismogram 300 vide a composite output signal which is applied
T, ie.,. by the recorder 287. For the deeper reflec- to the switch arm 309 rotatable through a : g
1e drum tions, the end scismograms 50a’ and 50e’  plurality of positions. Each stationary contact ¥
utilized are, by action of the cam 281 and the link- is connected to a recording channel for re- ¥
utilizing 110 [ 45 age 283 for closing the end-gang switches, cording one of a plurality of traces on which 110 o
. 10 to included in the trace-by-tracc compositing. signals are to be produced on a record 315. &
resenting: Thus with all seismograms composited on 8 As illustrated, the switch 309 is completing E
velocity trace-by-trace basis, there is produced on the a circuit to the “—4” channel for record 3
a com- . new record of siesmogram 300 the deeper ~315. (Fig. 14.) ' 3
vith that 115 § 30 reflections including R,. . As a result of the record 300 bemg rotated 115 ; é
. the im- - It has been found that composntmg in . throughout -its length past the dip-scanner
ave been the manner just described results in com-- 302, it will- be obscrved that the reflections
posited seismograms of enhanced definition R,, R, and Rs are ecliminated and, accord-
tion and and for the reason that there has been ingly, no signal appears on trace «—4”_ After
t of dip 120 | 55 eliminated the effect of first breaks and sur- the completion of the first traverse of record 120
sumed in face noises from the outermost seismograms 300, the element 303 is moved to the “—3”
ts flat or which in reference to the early or shallow positicn, and the procedure rcpeated. No
herizon reflections may tend to obscure them. These signal appears either in the “—3" or the
snditions, effects are less serious for the deeper re- “—27 posmon, but when element 303 has
dom en~ 125 | 6 flections, and for the latter, the addition of reached its “~—1” position, the reflections R, 125
3 surveys ' the more remoie seismograms of the expand- -of the several traces on record 300 add up
locating ing-spread -record-section are particularly accumulatively and produce a high amplitude
oil weli, _ effective in increasing the amplitude of the signal R,. Similarly, with the - “element 303
is. looked signals rcflected from the deeper reflection in the “0” position, the rcflection R,
e rise to 130 | 65 beds. recorded on the “0” tracc and the reﬂccnon 136
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| dicate o& tbc re 0 (%0 et iéy pro- sultant seismic sxgna have passe RH., ie.
rotationa vi rd §21 sth d, the restore the signal represented by trace 326 . hori;on RI
30 the rotsaflecion E@eSed dn;ea;a&n ¢ JeflektiRs atel of QFdiEirid IGHRCRREH 3y ®F con- respectivel
present. may then be sensed by a unit 323 sidered more representative in detail of 25 plotted on)
25 which may provide a print-out type record velocity layering below the expanding-spread 85 gn the sar
of an analysis of the expanding-spread data than the initial seismic signals or record- represented
and thus permits a final step in machine section 50. The inverse filter 329 may be of 403a, Fig
data analysis. The print-out device 323 will the type illustrated in United States Law- measure of

merely translate the visual positions of the rence et al patent 3,076,177. 30 the surface

30 reflections R,, R, and R; to finite time The development of. expanded-spread 90 tively. If 2
values (which are illustrated on the chart) scismic data as described herein provides in- . surface to
and - concurrently print out the dip which formation heretofore unavailable from con-’ to the surd
will be known by the presence of the reflcc-  ventional seismic reflection methods. Prin- time would
tion on the particular traces corresponding cipally the information developed is of a 35 the averae
.35 respectively with the scanning positions” of three-fold nature, The first is the delineation 9% ™ This is be
the dip-scanning device 302. The resulting between multiple reflections and primary re- fastest patl
data in one form would be presented as a flections and the elimination of multiples. would spen
tabulation of reflector depth in a first column The second is the provision of additional straight lini
and dip at such depth in a second column. velocity control to that normally available - 4 E and refle
40 It will now be apparent that the disposi- from scattered velocity surveys in drilled 100 ion of lows
tion of the reflections on the several traces wells, The third is the correlation possible as ‘would be s
has a direct relationship to the slope. Accord- to lithologic information using the interval points P, ar
ingly, the dip-scanning device 302 provides velocities determined by means of the present - velocity is '.
a direct measure of .the dip per unit distance, invention as a tool for such interpretative 45 velocity. Or

45 known as K in the following equation: . techniques. In carrying out the invention, 105 Va,, Va, a
. : computing systems either of the digital variety unless the 1
V. are as well-known in the art of analog systems and 16 are
V. corr. =4 | of the type illustrated herein may thus be proposals of

14-K2V,;? . employed. In one embodunent the invention '
: (17y contemplates the processing of expanded- 110 sg - average vel¢
' spread data through all of the steps illus- _ mated

This equation has been illustrated in Fig. trated in Figs. 1—14. In a further embodi- Ha\;in ;
11 and indicates that the dip correcting de- ment there may bc employed data process- average %;ej.
vice 302 may be utilized for ascertainment ing steps and systems for upgrading data such produced’ si
50 of dip and by means of which therc may as illustrated in Fig. 3E for the production 1B 55 jniergal vel
then be plotted a new curve 270a of Fig. of the corrected normal moveout function of the deep
12 showing the relationship between the cor- shown in Fig. 9. From the data of Fig. 9 being availa
rect .apparent average velocity V. (corr.) there is then produced by means of unit 2707, viding a ho
against vertical time T, plotted as ordinates. Fig. 10, the apparent average velocity func- It will be
55 A comparison of the curve 270 of Fig. 10 and- tion 270. Data represented by curve 270 12 60 ton may b
curve 270a of Fig. 12 will indicate significant as processed by the unit of Fig. 11 is corrected data proce:
differences_achieved. for dip to produce the curve 270a of Fig. example, th
Alternatively, with the switch 319 in its 12. It may then be necessary to modify the moveout cu
. right-hand - position (as illustrated), all of data represented by Fig. 12 so that an exact are valuable

60 the signals including refiections R,, R, and velocity profile is obtained. The latter would 1% .




the objective lens 41 is defocused stepw se or continuously froma

predeterm ned position in the radial direction of the CSS zone 3. By so
deing.alhersssab.bauabtalned.a . CSS zone 3—tonststinget—aunttormdy
textured §ection 3a wi.th.bunps of substantially uni %ormﬂdél ghts and a ~
transitiondal section -3b. with bunps of continuously reduced hei ghts as

shown pagticularly in Fig. 11. The provision of the transitional section

3b ensureg snooth passage of the magnetic head from the data recording
' | f y\sBroed, disc surfaces on both gides

zone 2 tojthe CSS zone 3.
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or record- on the same basis” as curve 401, would be voltage across resistor 208, 20
3-may be of represented by the dashed .lines 402a and Referring again to Fig. 1B, it will be noted :
Statey Law- 403a, Fig. 16, which would provide a ' that a loop is formed by units 131, 140, 149, |
measure of the actual average velocity from 166, 140a and 170. In Fig. 5 the sweeping
wnded-spread 90 30 the surface to horizons RH, and RH,, respec- functions of hyperbolic character in units !
orovides in- tively. If a measurement were made from the 140 and 140a are indicated as being estab- 95
S from . con surface to a given reflector and directly back lished through the use of a rod such as rod
thods. . Prin. ‘o the surface, it would be found that less 146 which is flexible such that when latched
ed iv of a tume would be required than indicated from .at selected points along scales 146a and 146b
e delineation 95 35 the average velocity curves 402a and 403a. the distribution of the detectors 141—145
primary Te. This is because a given ray path seeks its Wwill be hyperbolic in character. It is to be j3g0
o mull;:iyples fastest path. This means that an .impulse noted that a rod 146 of uniform thickness
¥ additional would spend less time than indicated by the and width would ordinarily define a cubic
Ty available straight line path such as connects shotpoint curve rather than a segment of a true hyper-
s in. drilled 100 40 E and reflection point P, in the upper forma- bola. Thus, it may be desirable to so shape
n possible a5 tion of lower velocity. In contrast, more time the element 146 so that for all degrees of 105
the intecval would be spent in the second bed between flexture it wili conform with the desired
£ the ororv points P, and P,. Therefore, the actual average hyperbolic function. Alternatively, separate
nter E:tat’ve' velocity is lower than the apparent average scales could be provided for playback units
he | xllaventic‘m 105 45 velocity. Only the apparent average velocities 142 and 143 so that each could be in-
Sigital varion, Va,, Va, and Va, would thus be determined dependently locked at the desired position for }jg
nolo stcm)sr unless the corrections -indicated in Figs. 15 each playback operation, -
ma gt%:ls b and 16 are made. In accordance with the Furthermore, the increments on the play-
they invcntiog proposals of Dix hereinabove noted, the actual back operations such as represented by the
f expanded- 110 - - = +_ scales 146a and 146b may be successively .
- steps illus. 50 average velocities V, and V, may be approxi- decreased for successive cycles of flow of 115
ther smbodi. - mated. . . data around the loop indicated in Fig. 1B.~
data process- Having obtained data as to the correct The foregoing description has treated
ing data such average velocity profile, there may then be primarily the functions involved in identifying
1e production 115 produced signals representative of the actual multiples in the first pass through the system, °
sout function 5 interval velocity from surface to_the depth the removal of multiples during the second. }20
ta of Fig. 9 of the deepest horizon, the latter information pass around the loop and, after multiple re-
. of unit 270" being available without the necessity of pro- moval, feeding the data to the exact move-
velocity func. viding a hole drilled to such depth. . out unit 110 for the succeeding operations.
w curve 270 120 . Tt will be appreciated that useful informa- A plurality of cycles around the ~playback
(1 is corrected ¥ tion may be derived without extending the loop would permit finer and finer determina- 125
70a of Fig ' data processing as indicated above. For tion of the corrections necessary to be applied
o modify the example, the parameters of the exact normal to. the normal moveout correcting functicn
‘that an exact moveout curve 115c of Fig, 9 taken above at unit 110 in order to make it exact.
+ latter would 1% are valuable. The comparison of curve 115¢ Referring "again to Fig, 1A, it will be )
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posi tions EredtW® function may then be em- w1th a different assumed constant velecity. The ¢

ployed either to correct the normal moveout On this record, each of several reflections and & 25 In Fig. .

curve so as to produce curve 115c, Fig. 9, multiples appear in a manner scon to be - 194, 164

or may bc recorded directicn to provide described and on a time-scale the same as to the de

an index of velocity characier. To this end for the original seismograms. : ing numl
the system may include a means or apparatus In the mcdification of the invention now subscript
30 for producing a first set of expanded-spread being described, an equaticn similar to ¢° 30 to cbtain
seismograms each of which includes seismic Equation (1) is utilized which is as follows: '- the recon

reflections from reflecting - layers encountered ' - tance x

in a given “stratigraphic column prcbed by x2 " are conn

the scismic waves. A system is then pro- ATi=a4T 24 — —T, - produce 1

35 vided: for applying corrections to the first _ Ve i 35 seismogra
. set of seismograms, which corrections include : (1A) of which
dynamic correciions based upon the best - ‘ seismogra
known " velocity distribution functicn to pro- where i Brief «¢
duce a second set of seismcgrams. The system the fact

40 further includes means for generating physical ‘ATy is the dynamic correction time; . 40 Fig 17 ;
. representations which in magnitude and sense T, is the vertical travel time; 1. point P
are dependent upon the magnitude and direc~ x egials the distance frcm the shot- of acousti
tion, respectively, of the variation in the point to each detector which produces different.
time-occurrence of successive reflections a seismogram; and ; . recording

45 appearing in the second sct of seismograms. Ve will for successive scanning opera- =~ 45 in an exp

The set -of seismograms then corrected in tions be different assumed constant 16 in which

-dependence -upon the information derived - velocities covering the range of those the shailg

from the production of error functions may .present in the area in which said face, fol

then be employed for further refining the data seismograms were made. Signals

50 to provide a maximum utilization of the . ~: 30 also appe
cxpanded-spread information, The magnitudes of Vc will be both less than patterns, -
From the above description, it will now and greater than those likely to be en~ 1K R, being

be clear that the present invention provides countered in the area cf the stratigraphic figuration,

' a method and mcans of determining the sub- column being explored, For example, if a eccentricit

55 surface character of selecied stratigraphic constant velocity of 5,000 feet per sccond ~ 35 depth an¢
columns, such as those above-identified in be utilized, then there will be obtained for scale at

Fig. 1A as 10b, 10c and 10d. The probing a given detector the curve 402 of Fig. 19, 1¥! eccentricit

of each strangraphxc column by means of. plotted with vertical time T, as abscissae, - reflections

~ field data involves the utilization of a multi- and AT,, the dynamic time correction, as of decreas
60 plicity of scismograms. obtained from corres- ordinate. It will, of course, be understood that - 60 and, in ge
ponding subsurface reflecting segments, one there will be a family of such curves each - By app',
such scgment being identified by S, Fig. 2. based upon the constant velocity of 5,000 12 correcticni

. It will be further remembered that in reccord feet per second, but with diffcrent values of (1A), the!

50 of the expanding spread, like reflections x for the scveral detectars, carresponc

65 and like mu]t:ples lie on curves: e:\t«‘:ndmfr For the next assumed velocity of, say, 65 particular
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The manner of .operation is as follows.
In Fig. 17, the conductors labeled 133, 22,
194, 164 and 25y, are respectively connected
to the detectors of Fig. 2 having correspond-
ing numbers 13, 22, 19, 16 and 25. Each
subscript letter refers to the shotpeint utilized
to obtain the respective traces appearing on
the record 405 and hence establishes the dis-
tance x for.cach detecter. These - detecters

- are connected to the recording heads R to

produce the record 405, The record 405 is a
seismogram with a plurality of traces, cach
of which may also be referred to as a
seismogram.

Brief consideration ‘of Fig. 2 will reveal
the fact that the five traces 406—410 of
Fig. 17 all result from reflections from the
point P; of segment S,, and that the paths
of acoustic energy to and from that point are
different. The seismic signals applied to the
recording heads R for the record 405 result
in an expanding spread display on the record
in which there appear the first breaks, then
the shallow reflections, those nearer the sur-
face, followed by the dceper . reflections.
Signals representative of multiple reflections
also appear. The signals cn the record form
patterns, the one 405a for the first reflection
R, being of greatest downward concave con-
ﬁguratlon i€, with greatest hyperbolic
eccentricity. For reflections with increasing
depth and as shown by the increasing time
scale at the right of the record 405 the
eccentricity of the hyperbclic function for the
reflections decreases (sce Fig. 19). The rate
of decrease may not be the same for multiples

~and, in general, will be less,

By applying to the scismograms dynamic
corrections as set forth by the above Equation
(1A), the reflections present, whose velocity
corresponds with that utilized in defining a
parncular scanning function, w*]‘ vdd enmitla-
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SR dhesand
assure. t at each playback head at a mrcs
cccupies the position determined by the
applicable curve of Fig. 19.

The diamcter of the record 405, which may
be of magnetic tape, provides a length of
record equal to that of the length of ‘the
field sc1srncgrams Accordmoly upon a single
revolution of the shaft 426, the catire length
of the usable portion of cach tracc of each
seismogram will be scanned,

It is to be remembered that for the curve
402 of Fig. 19, corrcsponding with the
assumed constant velocxtv of 5,000 feet per

n urpsd@dr dfts xﬂ@aeaclAplaEivétr Baadh godnits dmkaZéB to/\/m chis
vizs fiher 3@ fplioven -

90

100

second, there will be a family cf curves for

that assumed vclocity with different dimen-
sions of x. Accordingly, the cams 421425

-will respectively correspond with, i.c., generate

control functions corresponding w1th the last
mentioned family of curves for thc first
revsoluuon of the shaft 426 and of the record
40

The feature of selective weighting of the
traces, utilized in connection with the carlier
embodiment, is preferably also utilized in the
system being described, namely the provision
of a plurality of potentiometers 427, one for
cach trace. These are set to prowde pre-
determincd weighting functions for the traces;
more specificaily, to provide greater attenua-
tion for the intermediate traces than the
outermost traccs which means that the cuter-
most_traces arc given greater weight (the
amplitudes of the signals thereon will be
greater) when the traces are added together

and the resultant sumn applled to the swm.h .

contact 401.

With the switch contact 401 in its illus-
trated position, it will be seen that the right-
band trace of record 416 (Fig. 18) is pro-
duced: corrcqpnndmg with the assumed
vdm.uy of 5,000 fcer per second.

For the first trace, none of the reflections
or multiples add cumulatively, but instead
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atimng belt 78, which is | apped around a pulley 76 on the output shaft
of the reversing nmotor 75 and a pulley 77 on the above-nentioned reversing
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36 basically includes a disc chuck neans,
and a di sc scrubbi ng neans.
constituted. by -a-fi xed chuck—menmber—8t=
menbers- 81b. The movabl e chuck

a cleaning liquid feed neans,

In this instance, the disc chuck neans is

and—acoupre of_ovabl e thuck
menbers 81b are supported on arns 82 which

are suspemded from -a spl ash-guard hood 83. A washing liquidis fed to a

pl ural

n~unber of nozzles 84 which spurt the washing liquid toward a disc

on tgg thuck nenbers 8la and 81b. The. washing liquid nozzles 84 ar
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ne alr of Fig. s 1ta5vﬂl é aEQSQ
]%ggﬁgért M &faci therk iviB oy beOR@td iR Bbode l’ﬁx@n@dﬁd‘hlﬁoﬁxbtﬁddodﬂ negative and posx-
ces out of operations for a multiplicity of points along tive excursions of the resultant signals of
record 405 90 ! the segment S, and of course including the record 416, all ‘signals will have the same
record 434 25 other two points P, and P, already identified polarity, cither positive or negative, and hence 90
e dynamic  on_segment S, of Fig. 2. there is avoided the cancellation problems
439, 2 set It is to be further understood that the arising dve to dip of the kind above
421’__. 425 dynamic scanning functions of the scanning described.
ns may be ' 05 devices 400 and 428 may be accomplished It will be recalled that one of the features
weeded con- - 30 by computers .of types differing from the of the expanding snread important to the 9%
control of analog arrangements  iflustrated. Such "a _present invention, is the multiple coverage
e manner modification of the invention has already of selécted segments as for example the seg-
cads 411— ‘been mentioned in connection with the scan- ment S, of Fig. 2. This was further exempli-
100 _' ning devices 140 and 140a of Fig. 5. A digital . fied by the_illustration of the stratigraphic _
3 s inits . | 35 computer is well adapted 1o perform - the columns in Fig. 1A. If the shotpoints all be 100"
and M scanning functions described in connection located to onc side of a selected stratigraphic '
scord 43}‘1 with Figs. 5 and 17, together with ‘other column and the detectors. as a spread be dis-
not app car §  operations of the analog system described placed to the opposite side theteof, there will
son that 2 105 above and illustrated in the drawings. be obtained a plurality of paths of acoustic :
. conroller | 40 Whether the records 416 and 431 be made cnergy reflected from the same point on the 105
e of the by the analog equipment or whether the same  subsurface segment. By thus achieving
?d prior to operations be performed. by -a_ digital com- multiple records from the same subsurface on
“ihe wo puter for a like treatment of the seismic a selected segment of the stratigraphic
ar manner 110 _ data, one of the advantages of the present column, the requirements of an ‘expanding
ented from - 45 invention. is that the resultant records (corres- spread will have been mer and hence the 110 -
ponding with either records 416 and 431) present invention can be utilized with field
¢ the con- ' may be stacked, that is added together. More seismograms made in the described manner.
taken of . particularly, a plurahty of -such-records may It'is 1o be observed that by scanning the -
1 that .the 115 be made, each produced for different points. several selsmograms by the dynamic functions
1pper_por- 50 on the reflecting segment S; of Fig: 2, and including - -different  assumed - constant 115
ine drawn these records then. composited. The resultant velocities, therc is determined quite explicitly
the time averaging effect will increase the signal-to- the average velocity for each of the. reflec-
» that line noise ratio. After such compositing, the re- tions. With such information plotted against -
2 multiples 120 sultant record may then be utilized in place _-vertical time T, there will have been deter-
ecord, the 1 35 .of one or the other of records 416 and 431 - mined quite exphcxtly a graph similar to the 120
he pa’ssin'g as_described above, one illustrated in Fig. 3D and.hence this
ird by the The compositing of a plurahty of. TeCOde- . graph may now be utilized for exact normal
il of the like either of records 416 and 431 in the form . moveout corrections of the original seismic
ibed. The 125 - illustrated in ‘Fig. 18 requires the substantial data. Further, this information has many
signa'ls' are ~ } 60 absence of any dip of the reflecting inter- other uscs, ie., (1) continued undatmg of the 125
e traces of faces. If the reficcting segment-S,. extends at normal moveout curve used in multiple .
regardless - either' a positive or negative angle relative covering shooting, . (2) continually varying
iay appear - : to the illustrated horizontal reflecting horizon lateral velocity for more-accurate depth con-
441 may 130 RH,, cancellation problems arisc. If the dip version, (3) continual, lateral velocity for con- \
65 should be such that the acoustic energy re- trol of migration and depth convcrsnon, and 130
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i ndi cated by imaginary line, and, after chucking the disc 1 in position on

the chuck nenbers 8la and 81b, the rocking support arm86 is rocked.into

the position indicated by solid line, gripping the disc 1 between thé&-tws"

roll brushes 85. 1In this state, a washi ng liquid is spurted toward the

disc 1 fromthe nozzles 84, and at the same tine the notor 87 is started

to rotate thezgoll brushes 85. As a consegggesce, the entire surfaces on

t he front anmdTeEar—srdes—of—thedirsc—t—are—wastred—ectean -by—r‘he-—r'c’hau onal _. ...
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' thereafter cembining the signals of said identified by said scanning functions are in- a
30 seismograms, after ncrmal moveoutr correc- verted in phase, and arc added in time co- §
tion thereof at least in part determined by incidence with the appearance of the multiple
said corrective {unctions, refiections of suld scismograms subswantially
2. A mcthod according to ¢him 1 in which fo cance] from said scismograms signals
there is established the relationship betwecn representative of said mulnph, rcﬂcctxons o
35 wvertical travel time and average velocity of "10. A metbod accerding to claim 9 in whick 1
the acoustic energy to cach corresponding  said signals identified as representing multiple
reflecting point located at successively greater rcﬂccuo'ls arc inverted in phase, and in which
depth in accordance with said correcdve there is applied to the ph'\s;-mvcrtcd signals
functions which produce ideniitication of said the inverse of said hyperbolic scanning func~ i
! 40 signals representative of said primerv reflec- tions for generating a plurality of traces on I
tions. which there appear only the phase-inverted
3. A method according to claim 1 or 2 in signals representative of said identified
which the seismograms of said scismic section muliiple reflections. )
which are representative of reflections from a 11. A method according to any of claims i
45 - common depth point are composited to in- 1 to 10, in which, prior to the application I
crcase the amplitude of said signals repre-  of said normal moveout correction determined
sentative of primary reflecions and to at Jeast in part by said corrcctive functions,
attenuate signals representative of multiple summarion signals representative of multiple
reflections. reflections are inverted in phase and added
50 4. A methed according to claim 3 in which 1o said signalsy of said scismograms to re- I°
there are separately and reproducibly recorded  move  therefrom  signals  representative  of
said signals of increased amplinvde repre- multiple reflections.
senzative of said primare reflections. 12. A method in accordance with any one
5. A methed sccording w claim 4 in  of claims 1 to 11 in which there is a plurality 3
55 which a serics of different lincar dip-scanning  of seismic scctions el lating r;apcctlh.l\ to I
correciions are applied to said last-pamed  predetermined points along a traverse of the
recorded signals, the resultany signals being  ared being explored, the nlumhty of common
separatelv recorded with each differing lincar  segments of successively  decper reflecting )
dnp scanning correction apolied thereto for  horizons for cacli said scismic - section de- 7
60 cstablishing in terms of the magnitvde of lineating a uuﬂrnr..p'm colummn, ‘and which 1%
cach dip-scauning operation the dip of cach  compriscs, after the cembining of the signals
reflecting  horizon. following said nomm] moveout  corrections
6. A method according to claim § in which  cstab iished at least in par: by said corrective .
said last-nanied resultant s.gnals are added funcitons, establishing from the time-ampli- %3
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" to those of said scanning functions" which

produce said identification of signals repre-

sentative of said primary reflections; and -
thereafter .combining the signals of said

seismograms, after normal moveout correc-

- tion thereof at least in part determined by

35

45

55

60

said corrective functions.

2. A method according to claim 1 .in which
there is established the relationship between
vertical travel time and average velocity of
the acoustic energy to each corresponding
reflecting point located at successively greater
depth in accordance with said corrective
functions which produce identification of said
signals represcntatlve of saxd pnmary reflec-
tions:.

3. A method according to claim 1 or 2 in
which the seismograms of said seismic section
which are representative of reflections from a
common dcpth point are composited to in-

crease the amplitude of said signals rcpre-

sentative of primary reflections and to
attenuate signals representatnc of multzple
reflections.

4. A method according to claim 3 in which
there are scparately and reproducibly recorded
said signals of increased amplitude repre-
sentative of said primary reflections. '

5. A method according to claim 4 in
which a series of different linear dip-scanning
corrections arc applied to said last-named
recorded signals, the resultant signals being
separately recorded with each differing linear
dip-scanning- correction applied thereto for
establishing in terms of the magnitude of

. each dip-scanning operation the dip of each

reflecting horizon. ) )
6. A method according to claim 5 in which
said last-named resultant signals are added

gnam logatted| respstivelyan d

obj ect i v& | gfence ol %prgrﬁxgaatwefhveesbqyﬁ ﬁ{ opifssidenp! pidic ﬁ‘gegyég i
col i mted PashraERNTTEUN Sald egrmigobld ThbllfEda: S
Obj ective |§éi§lﬁograms and across said section under seismograms thh resultant enhanced
: the control of different hyperbolic scanning sxgnals representative of reflections from the

‘20 functions of respective different eccentricities deeper reflecting horizons.

closely approximating ‘hyperbolic arcs " to 8. A method according to any of claims 1
identify with reference to said scanning func- to 7 in which the eccentricities of said hyper-
tions the "signals 1"epresentat1ve of primary bolic scanning functions cover ranges at least
- reflections; _as great as the range of eccentnﬂtles ‘in the
.25 producmg corrective functxons in response hyperbolic arcs formed by said primary re

flections and by said multiple reflections. -

9. A method according to claim 8 in which
signals representative of multiple reflections
identified by said scanning functions are in-
verted in phase, and are added in time co~
incidence with the appearance of the multiple
reflections of said seismograms substantially
to cancel from said scismograms signals
representative of said multiple reﬂcctmns

10. A method according to claim 9 in which
said signals identified as representing mulup]e
reflections are inverted in phase, and in which
there is applicd to the phasc—mvcrted signals
the inverse of said hyperbolic scanning func~
tions for generating a plurality of traces on
which there appear only the phase-inverted
signals representative of said identified
multiple reflections.

11. A method according to any of claims
1 to 10, in which, prior to the application
of said normal moveout correction determined
at least in part by said corrective functions,
summation signals representative of multiple
reflections are inverted in phasc and added
to said sxgnale of said scismograms to xe-
move therefrem signals representative of
multiple reflections.

12. A method in accordance with any one
of claims 1 to 11 in which there is a plurality
of seismic sections relating respectively to
predetermined points ulong a traverse of the
ared being explored, the plurality of common

'segments of successively decper reflecting

horizons for each said seismic-section de-

lineating a stratigraphic column, ‘and’ which..

comprises, after the combining of the- sngnalb
following said normal moveout corrections
cstablished at least in part by said corrective
functions, establishing from the time-ampli-
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surfaces as defl ned

2. An apparatus for texturing magnetic data recording disc
inclaiml, wherein said rotatlonal axi s of sald
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to chuck 1 magnetlc disc in a vertically upri ght pmd spi ndI e

nmeans. ] 3. .An ‘apparatus for texturing magnetic d ecord| ng

di sc surféaces as defined in claim?2, further Wamm\ﬂ!u l air shovver

head Ioca?ed above said spindle neans to sho al d disg .
Msuli_ac\ m_above 4. _An . ar .us f'or: texr_u *dat a
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the centrally located stations; from said known
static * corrections for said centrally - lecated -
stations  establishing mtcrpolated static
weathermg corrections for the scismograms
derived from the remaining stations; and
applying the estabhshcd static corrections re-
spectxvely to- said se1smograq1s formmg sgid
selsmxc section, =

14. A method of seismic cxploratlon in
which a plurahty of seismograms is produced,
each ‘consisting of a sct of signals including
reflection  components representative  of
seismic waves reflected from a set of sub-
surface reflecting ‘points. after travel to the
points over paths which for any onc of the
scismograms differ from those of any other
of the seismograms, which mecthod comprises

'mdmdually ‘modifying time relationships be-

tween components of each of the signals in
the “set’ of signals in ‘dependence upon an
assumed velocity distribution along the paths
and the geometrical ‘relations between ‘the
paths and the reﬂectmg pomts to sub-
stantially eliminate time dlstortxon in a re-
sultant secondary set of seismic ‘signals,
generating a’ control function dcpendent upon
variations' in time occurrences of syccessively:
later reflection componcnts in the second set
of signals to modify said time relationships
in accordance with a more exact and assumed;
velocity distribution, individually modifying
the_time-relationships between components of
éach of the sigpals in the set of signals in
dependence " upon the control function to
climinate, time distortion in further resultant
modified sets_of. sngnals, and combmmg the
Iatter “sets of signals by compositing one
signa] in one set of modified signals with. a
signal from each of the remaining sets of
modified signals ‘which include components
reflected from the same. pomt as_components
in the one signal. ‘

"15. A dara processing system for use in
seismic exploration wherein 2 seismic section .
is dqlmeated by a plurality of, selsmograms

means responsive to each said .scanning
function which identifics signals represcnta-
tive. of primary reflections ‘for producing &
corrective function; and

means for applying to the plurality of
seismograms dynamic normal move-out cor-
rections based upon the valies of vertical
travel time and of the average velocities,
which corrections at least in part are deter~
mined by said corrective- functions,

16. A system according to claim 15 in .

which means are provided for compositing the
seismograms of said seismic section which
are representative of reflections from a com-
mon depth point to increasc the amplituda
of said signals representative of primary ze~
flections and to attenuate signals representa~
tive of multiple reflections. '

17. A system according to claim 16 in which
means are provided for separately and re-
producibly recording said signals of increased
amplitude rep1escmat1ve of -said primary
reflections.

18. A system according to claim 17 in
which means are provided for applying a
serles of different linear dip-scanning correc-
tions to said last-named recorded signals, the
resultant signals being separately recorded
with each differing linear dip-scanning applied
thereto for establishing in. terms of the magni-
tude of each dip-scanning operation the dip

" of each reflecting horizon.

19, A system according to claim 18 in

85
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which’ means are provided for adding to- -

gether said last-named resultant signals for
production of a single composited, signal in

which the reflections appear in ‘succession, -

on a common. depth scale.

'20, A system according to any ome of

claims 15 tw 19. comprising means for cop:-
positing only a centrally located group. of
seismograms forming said seismic section to,
increase the amplitude of said signals, repre-
sentative of primary. reflections and

attenuate signals representative of muluple
reflections resulting from reflecting horizons
at shallow depth, and. means at increasing
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bonmbardi ng nmeans is controlled to track a substantially closed circle at
an outer narginal edge of said texturlng zone on said disc surface.

8. An-apparattus—for—texturTmg magnet T data TECOT U Ny UT ST Sur faces, as
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tions,” and means for addmv said mvcrted due to thc multiple reflections. in the se1|
multiple reflections in time c01nc1dence with - 29. A system according to any of Clalms thereto of ¢
the appearance of the multiple reflections on 24 to 28 which includes means for record- expiration
25 said se1smograms to substantially cancel from ing after each hyperbolic time-adjustmen; of . arrival nmﬁ
- said seismograms s1gnals representative of the multiple reflection signals and of the 25 a trace-by-
said multiple reflections. plurahty of single reflection signals, any re- - centrally dJ
: 23. A system according to claim 22 in sultant summation signals for establishing the forming gr
: which means are provided for applying to relationship between vertical travel time and and to the
30 the phase-inverted signals.the inverse of said average veloqty of the acoustic energy to 95 aftqr thc_c_:
) hyperbolic scanning functions. each corresponding reflecting- point located 30 during whi
24. A system for the treatment of repro- at successively greater depths, and means for ' of interme:
ducible seismic signals of a plurality -of applying to the plurality of - seismograms trace-by-tra
seismograms relating to respective detecting dynamic normal move-out corrections based . ceding sigt
35 stations in an cxpanded spread wherein each wupon the values of wvertical travel timec and 16 most  gro
seismogram  includes multiple reflection of the average velocities so determined, <35 seismogram
signals and a plurality of suitable reflection 30. A system according to claim 29 which _37. A sy
signals representative of waves reflected from includes medns to invert in phase and to -includes |
a segment of a subsurface reflecting horizon add the summation signals representative of : applying a
40 after travel to the segment over a- plurality of multiple reflections to the signals of the 103 corrections
paths, which for any one of the seismograms seismograms to remove therefrom  signals . 4) and means
differ from the paths for any other seismo- representative of multiple reflections prior to sultany sign
gram comprising means for generating signals  the application of said normal move-out scanning cc
from each of the seismograms, including the corrections. : lishing in
45 single and multiple reflection signals, means 31. A system according to any of claips 10, _ dip-scannin
_ for time-shifting the generated signals relative 24 1o 30 in which the signals of the plurality 3 reflecting t
to one another by amounts determined by of seismograms define a stratigraphic column 38. Asy
one of a plurality of approximate hyperbolic including at least the said segment, said seg- Prink
functions of different respective eccentricitics ment being of predetermined length the : Publi
50 extending across the expanded spread and for  system including means for compositing the 115° ;
repeating said time-shift for other hyper- summation signals for further increase in the :
bolic functions of said plurality, and means amplitude of sxgnals representative of single 'g
for adding together the resultant signals after reflections and of multiple reflections. _ ’
_ each hyperbolic time-shift for the production 32. A system according to claim 31 which I
55 of summation signals representing {(a) includes means for recnf)mg the composited 120 °
multiple ‘reflections which add together signals to transform them into signals of the :
cumulatively for certain of the hyperbolic same polarity.
functions, and (b) single reflections which add 33. A system according to claim 32 which =~
together cumulatively for other of the hyper- includes means for smoothmg the rectified
60 Dbolic functions.’ signals. 125 .
: 25. A system according to claim 24, which 34. A system according to any of claims :
also includes means for producing greater 24 to 33 in which each of the plurality of said.
amplitudes of the signals of the seismograms seismograms includes signals from different
s of the detecting stations spaced outwardly groups of detecting stations which form the 13(«’.:; -
6 .
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h the hyper- expanded spread seismic reflection signals
& %ﬁﬂﬂ{cﬁgm‘%ﬂ@ tgtgpnilse@ crl?;termmed by statically corrected both for weathering and
‘the time-occurrence on the summation signals for clevation along the expanded-spread 55
of primary reflections to establish precise con- which comprises means for establishing an .
formity with the velocity distribution of the approximate velocity distribution function for
subsurface formations disposed below the formations underlying the spread, means for
- spread. applying to the set dynamic time-corrections _
36. A system according to claim 35 which dependent upon the approximate 60
5 includes means for recording the signals of wvelocity distribution function to produce a
the expanded-spread scismogram traces after secondary set approximately corrected for
application - thereto of the modified normal spread geometry, means for reproducing the
move-out corrections, said recording com- secondary set, and means for modifying the
. prising: (1) recording the signals from the approximate velocity distribution function at 65 °
» traces -forming a centrally disposed group time points therealong corresponding with
in. the seismogram traces without addition the time occurrence of reflection signals in
thereto of signals from other traces, (2) after the secondary set where the amounts and
expiration of a time interval exceeding the sense of the modifications of said velocity ,
arrival time of shallow reflections adding, on. distribution  function  are  respectively 70
5 a trace-by-trace basis, to the signals from dependent upon the magnitude and direction
centrally disposed traces, signals from traces of variations in the time occurrence of re-
forming groups thereof located to the right flection signals in the secondary set.
and to the left of the central group, and (3}  40. A method of seismic exploration, sub--
after the expiration of a time exceeding that stantially as hercin described with reference 75
9 during which reflections from reflecting beds to the accompanying drawings,
of intermediate depth appear, adding on a 41. A system for the treatment of re-
trace-by-trace basis to the sum of the pre- producible seismic signals, substantially as
‘ceding signals the signals from the outer- herein described with reference to the accom-
most groups of the expanded-spread panying drawings. 80
5 seismogram traces. : 42. A method of producing a record of :
37. A system according to claim 36 which seismic data by means of the system claimed
. includes linear dip-scanning means for- in any of claims 15 to 39 or 41.
applying a series of different dip-scanning 43. A record of seismic data produced by
corrections to the last-named record signals, a method claimed in any of claims 1 toc 14, 85
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and means for separately recording the re- .

sultang signals with each differing linear dip-
scanmng correction applied thereto for estab-
lishing in terms of the magnitude of each
dip-scanning correction the d1p of each
reflecting bed.

38. A system according to claun 37 which

40 or 42,
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