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The Controlled Directional Reception (CDR) seismic methed is a
seismic reflection technique used widely in the USSR which is claimed to be
successful in elucidating complicated geolegical structures, Basically
it involves the summation of recorded seismic traces after introduction of

‘various time delays between them so as to enhance in turn events with

different apparent dips., With no prior knowledge of the Russian method,.
Dr W.A.S. Butement of Plessey Pacific Pty Ltd suggested to the Bureau of
Mineral Resources the possible use of directional beaming methods in seismic

prospecting.

An area at the northern margin of the Amadeus Basin where previous
seismic work had indicated many steeply dipping seismic events was selected
for BMR field trials of comtrolled directiomal receptiom metheds in 1969.

The technique used was based on both the ideas of Dr Butement and the method
used in the USSR. During 1970 the recommended method of CDR trace summation
procesaing was carried out and, for comparisen, various digital processes
vere also applied to the data.

The field experiments using shot-hole and gaophone patterns
extended at right-angles to the traverse amd approximately aleng formationm
strike yielded seismic data of impreved quality compared to previeus work.
The trace summation processing segregated events accerding to their dip but
supplied no additional informatiom.

Digital processing including deconvolution and velecity filtering
improved the quality of the data particularly in the regiom of peer quality
close to the basin margin. The process Migration Stack, recently made
available by Geophysical Service International, has been shown to provide a
readily interpretable section but to have limitatione.

The area at the northern margin of the Amadeus Basin was probably
ill=-chosen as a site for tests of the CDR method. - An area where seismic
events of different dips interfere should be selected for further tests.



1. INTRODUCTION

. The Controlled Directional Reception (CDR) seismic method is
the name given to a seismic reflection technique which has been used widely
in the USSR. It is claimed to have been particularly successful in
aeparatihg’interfering events in regions of complicated geological structure.

. Dr W.A.S. Butement of Plessey Pacific Pty Ltd in 1967 approached
the Bureau of Mineral Resources (BMR) with suggestions for improvement in
seismic prospectlng techniques based on his experience with radar and sonar
beaming methods. The particular technique suggested, involving both
directional reception and non-gpecular reflection, was not, however, considered
to ‘be directly applicable to land seismic work,

A short field experiment was carried out in July 1969 following a
recommendation for CDR work based on the ideas of Dr Butement (Appendix 1)
and a desire to test the Russian method. The area selected for the work
wag -at the northern margin of the Amadeus Basin near Owen Springs, 50 km west
of Alice Springs, N.T., where a previous seismic survey indicated many steeply
dipping events and possible complicated structure., Recording was along part
of Line 3-3N of the Mount Rennie-Coraminna Seismic and Gravity Survey

‘(Geophysical Associates, 1967).

» . The data recordedwere later subjected to CDR trace summation
processing similar to that used in the USSR and to a sequence of digital
processing. This report discusses the relative merits of these two approaches
and the way in which the processed seismic data supplies information on the
structure of the northern margin of the Amadeus Basin near Owen Springs.

Logistically the field experiment was part of Gosses Bluff Seismic
Survey (Brown, 1971a) during which the CDR method was also used in an attempt
to elucidate cOmplicated structure near the centre of Gosses Bluff (Brown,
1971b). '

2, PREVIOUS COFTROLLED DIRECTIONAL RECEPTION WORK

The members of the US exchange delegation in petroleum geophysics
vho visited the USSR in 1965 reported (Keller et al., 1966) that "the most
outstanding difference between US and Soviet practice in reflection shooting
is their widespread use of the Rieber method, which they designate as
Controlled Directional Reception....". Rieber (1937) established some of
the basic prinoiples of the method but it was never used extemsively in the
USA. Riabinkin developed the Russian version of the technique and hag written
a comprehensive treatise on the subject (Risbinkin et al., 1962), Translation
from the Russian of the table of contents and of the chapter desoribing field
techniques appears as Appendix 2 to this Record.

The Russian CDR' shooting arrangment normally uses a spread of 36
geophones with the shot fired some distance from the end of the spread. The
signals from nine adjacent geophones are recorded in variable area on 35 mm
film, four film strips in all being required, _The essential feature of the

CDR method lies in the processing, The nine traces on a £1lm record are
summed using an optical system with movable slits which can be adjusted so
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as to introduce any desired amount of moveout across the record. Events
recorded are thus segregated on the basis of apparent velocity and in this
way it is possible to distinguish reflections with different dips in zones
of complicated geological structure.

The method is reputedly most successful and a great deal of CDR
work has been reported from the USSR, For example, processing of CDR
recordings has been discussed by Puzyrev (1961); many investigations using
CDR are reported in Zhigach (1963). Experiments with the CDR method in
India (Nomokonov et al., 1968) "proved the utility of the CDR technique in
detailing steeply dipping and complex geological structures,."

The widespread use of the CDR method in the USSR and in particular
the optical processing techniques involved must be seen in context of the
Russians' belated introduction, relative to western countries, of magnetic
recording, and playback with dynamic corrections. Digital recording and
processing techniques are even now still in their infancy in the USSR.

“The seismic technique suggested by Dr Butement in personal
,communication with the Secretary, Department of National Development, was to
set out a line of explosive charges intersecting at right-angles a line of
geophones, Simultaneous detonation of such a line of charges would
concentrate the energy into a vertical plane perpendicular to the line.
Detonation of the charges with delays introduced between them would concentrate
‘the energy into a half—-cone beam whose axis is the line of charges. He
suggested introducing delays into the outputs of the geophones so that, after
paralleling these outputs, a reception half=scone beam with axis the line
- of geophones 'would be set up. Because the Line of charges and the iine of
geophones are at right-angles, energy would be recorded only tfrom a ‘‘narrow
cigar-shaped lobe' where the tramsmission and reception half-cones overlapped.
In this way, by adjusting the parameters of the shot and geophone lines, multi-
directional scamning from a single location was proposed in order to build up
a three-dimensional picture of the sub-surface. Dr Butement's ideas involved
the utiliization. cf non-specular ag vell as specular reflections.

The method described was not considered by BMR officers to be
directly appiicable to land seismic work using existing equipment. However,

recommendations for experﬁmental CDH work based on the ideas of Dr Butement
were made (Appendix 1).

3. OBJECTIVES

The prime objective of the work was to assess the effectiveness

of controllied directionai reception seismic techniques in a region of complicated

geological structure.

Later was added the objective to use modern methods of digital
processing to enhance the recorded data and to compare the effectiveness of
this with normal analogue processing and- CDR trace summation processing.
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-4, " CONTROLLED DIRECTIONAL RECEPTION EXPERIMENTS

. The’ experiments in controlled directional reception methods were
ca.rried out at the northern ‘end of Line 3-3N of the Mount Rennie=Ooraminna

. Seismic.and Gravity Survey (Geophysical Associates, 1967). Shot-points

' 323-329,. referred to as Traverse 3-3N (Plate 1), were re-surveyed for the
experiments and correspond very. closely to SPs 23=29 of Line 3-=3N. This
loca.tion was..selected for the followi.ng reasons, in order of importance:

7 Le .-~Previous seismic work indicated many steeply dipping events whose

quality changed from very good to very poor over a short distance as the basin

was:approached (Plate 2). Thus there waa a problem to elucidate complicated

. detailed 'structure near the northern margin of the Amadeus Basin at this point.

. 2 . Previous seismic work also indicated that surface noise was not a
serious problemo ‘

‘ 3o . It was fairly close to Gosses B.l.uff, the 1ocation of BMR seismic
operationa at the time, and had easy access,

e L A,..cleared. line and some elevstion contxrol vas available.

5.  .The. structure of the basin margin was already broa.dly understood.

__Field technigue for CDR profiling

.The- experiments in controlled directional reception were planned on
the basis of the recommendations drafted by Robertson (Appendix 1) using a
simple technique initially. The basic cross -arrangement was employed with the
geophone spread along Traverse 3-3N and the shot-holes in a line at right-
angles (Plate 3B). . All events were known to be dipping to the south, therefore
~.%the. shot=holes wvere loca.'l:ed off-end at the southern end of the geophone spread
rather. than in the centre. Charges detonated simultaneously in the line of

..shot=holes concentrated the energy into the vertical plane through the traverse.
.The:number of holes used was fewer than recommended because of very hard
.drilling conditions, By also extending the geophone groups perpendioular to
.the traverse only, there was no spatial filtering in the plane of the traverse,

..and .thus .no. discrimination against events of any.dip., Normal progression shot-
point by .shot=-point provided a continuous profile, for which a oonventione.l
a.na.logue playba,ok from magnetic tape eppo&rs in Ple.te 4°

i Field technigue for CDR shot dela,y experiments

Some experiments in beaming energy from the shot in directions other

tha,n‘;the vertic_al vere also conducted, as recommended in Appendix l.- . At SP 325

a.line .of shot-holes was drilled along the traverse and the geophone. spread

- wag.laid at right-angles to the traverse (Plate 3A). = By introducing"delays

of—several—mii~liseconds ‘betveen-the--charges, -the- energy was--concentrated-into a
_.half cone beam vhose axis was the line: of charges. . - The larger the delay

: introduced between adjacent charges, the greater vas the angle between the beam
..and :the vertical plane through the geophone spread, or in other words the
~.smaller: the apical angle of the cone., Records from shots with different
cha.rgeatmcha.rge delays are shown in Plste B .2 ¢ .
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The delays were introduced with measured lengths of Cordtex, a
detonating fuse with detonation velocity of 6700 m/s. Two different arrange-
ments were necessary for comnecting up the Cordtex. For a charge-to-charge
delay of 7 ms or greater it was possible to use a single strand along the
surface with separate strands connecting this down each hole to the charge and
to use a single detonator at the position of the first charge, that is at
the southern end, For a delay of less than 7 ms it was necessary to use a
progressively longer length of Cordtex and a separate detonator for each
charge. This method required a very much larger quantity of Cordtex even-
for quite small delays. The lengths of Cordtex on the surface had to be
buried in order to reduce noise and the risk of fire. In fact the Cordtex
was not buried deeply enough as indicated by the air wave recorded (Plate 5).

The record from the single-hole shot shows reflections and other
events received from all directions. The records from the four 7-hole
shots show the result of beaming energy in four different half-cone beams.
Each event, labelled in Plate 5, has an amplitude maximum for a particular
' charge-to-charge delay corresponding to an angle of maximum energy return.

No CIR processing has been applied to these data.

CDR_processing technique

The essence of the CDR method as used in the USSR 1lies in the
processing, and involves the summation of groups of adjacent traces with
different time delays introduced between them in order to enhance in turn events
of different dip and to attenuate events of unwanted or non-linear dip.

, The data from Traverse 3-3N were processed by analogue stacking

using .as input FM magnetic tapes; in the Russian method the summation is
normally done optically. The result of CDR trace summation processing of
the data presented in Plate 4 is shown in Plate 6, - Each trace on the latter
plate is the result of a 24-trace summation, that is the stacking together
of all the traces of one record after appropriate time delays have been
introduced., For each record, that is for the data recorded at each shot=
point, this summation was carried out 19 times, after the introduction of
trace-to-trace time delays (or shifts) ranging from zero to 9 milliseconds in
steps of half a millisecond.

When an event across the input traces is in phase after introduction
of a certain delay, an amplitude maximum will occur after stacking. Such
maxima have been circled im Plate 6; no dip migration has taken place., The
most prominent maxima are seen to be directly relatable to the principal events
in Plate 4 and are labelled correspondingly, Further,the delay corresponding
to the maximum for each event is seen to be essentially the same as the delay
for the same event found in the shot delay experiments (Plate 5).

5. DIGITAL PROCESSING AND LASERSCAN EXPERTMENTS

LaserScan Processing

Before commencing the digital processing, an attémpt to improve the
event continuity in the poor quality region between SPs 328 and 330 was made
using the LaserScan optical processing equipment (Dobrin, Ingalls, and Long,
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1965)., Spatial fiitering with a 90° stop wedge was used to attenuate any
events with dip contrary to that of the main events seen on the section.
Plate 7, showing the result of this processing, demonstrates some improvement
in contlnuity ‘between SPs 328 and 530. This gave reason to be optimistic
that digital processing techniques mlght improve the quality of the data in
this region even further.

Digltal Processing general

. The principles of the digital prooessing of seismic data are
desoribed by United Geophysical Corporation (1966) and Silverman (1967).
BMR's early experience is discussed in relation to data from the Roma Shelf
Seismic Survey, 1967-68, by Brown and Willcox (1973). The digital processing
of the data from Traverse 5-3N was carried out under contract by Geophysical
Service Internmational (GSI) in Sydney. The sampling interval on transcription
was 2 milliseconds and the anti-alias filter was 168 Hz.

Plates 8, 9, 10 and 11 show the results of the varioul stages of

‘digital processing. The significant processes applied are indicated on each

plate under "Processing Information.” In addition to these processes trace
equaligation, which matches trace levels both along and between traces, has
been. used to improve the uniformity of the section. 'This etfect is most
clearly demonstrated by comparisom of Plate 8 with Plates 4 or 7, showing
that particularly low level areas have been inoreased in amplitude.

Deconvolution

"Timeavariant deconvolution (Clarke, 1968) with a 30-point operator
is seen in Platve 8 to have slightly improved the definition of the events and
their continuity on the right of the section, i

Velocity Filtering

Further improvement in continuity was obtained (Plate 9) by
application of digital velocity filtering (Embree, Burg and Baokus, 1963).
This process has the same aim as LaserScan spatial filtering, namely to .
pass.events of certain dips (apparent velocities) and reject events of other
dips, In this particular application an 8-trace Ple-slice was used, that is
eight input traces contributed to produce each output trace; the parameters
of the velocity filter applied were varied in time and space. '

‘ Two general comments on velocity filtering are relevant to the
appreciation of the results. Firstly, velocity filtering works most
successfully .on data which conform to the assumed model in which the events
to be passed or rejected have linear dip and constant amplitude. Secondly,
because it involves considerable trace-to-trace mixing; there is a danger-
that spurious event segments may result on the output section; in Plate 9,
event continuity over less than eight traces may be spurious.
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Migration

Because the events seen on the section are mostly steeply dipping,
migra.tlon was essential in order to display events at their true position.
Until recently the only way of performing migration was to pick event: segments
and migrate these using wavefront charts either manually (Hagedoorn, 1954) or
by computer (Musgrave, 1961) or using mechanical devices such as the Sinclair
Dip Plotter (Seiscor, 1960).

' The process of Migration Stack (Rockwell, 1971) migrates all the

data on a section without previous picking of the events., Each input trace
is used to generate a kind of wavefront chart composed of a number of traces l
which is equal to the aperture of the proocess. This is done by applying
normal moveout formulae incorporating the velocity function applicable to the
area, Each output trace position is then occupied by a sequence of I
corrected traces, the number of which is again the aperture of the process,
except for taper-on and taper-off effects. These traces corresponding to
each output trace position are then stacked together, initially by straight l
stacking within sub-groups or "sectora" of 12 adjacent traces, followed by
specially weighted "inversity" stacking of these straight stacked traces.

The effect of Migration Stack is to migrate dipping events to their
true sub-surface position and to collapse diffraction patterns into points.
This means that complex event patterns from structures such as tight folds and
faults are "sorted out®™., The process is, however, fairly sensitive to
velocity, so that the accuracy of the sub-surface picture obtained is only as
good as the velocity function supplied.

Certain other limitations of the process must also be realized.
Because, like velocity filtering, Migration Stack involves considerable trace-
to~-trace mixing, bursts of noise may be "smeared out" on the migrated section
to appear as spurious events. The process only treats two dimensions and thus .
assumes that all events were recorded in the plane of the section, - High
frequencies tend to be attenuated by the stacking process,giving the output
gsection a low frequenocy character. Spurious results may be obtained from taper

-on and taper off effects over those traces within half the apertnre of the

process from ea.ch edge of the input data.

Migration Stack is the name of the method used and patented by GSI. I
Other companies now have very similar processes available, Notable is that
developed by the Imstitut Francais du Petrole (IFP) and referred to as Impulse
Seismic Holography (Fontanel and Grau, 1969, and Fontanel, 1971). l

The data from Traverse 3-3N as output from time-variant deconvolution
was processed through Migration Stack using the maximum aperture available of
192 traces, that is 96 traces either side of each input trace. The resulting
migrated time section is shown in Plate 10, and after time-depth conversion, the
data appear as a migrated depth section in Plate 11, Notes on the success
of the Migration Stack were supplied by GSI and appear as Appendix 3,
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- Plate 12 shows the velocity function used in the migration ad
depth conversion and also the horizontal distance in terms of number of traces
that an event of given reflection time and dip will migrate for the velocities
used, The maximum aperature of 192 traces, used i. an attempt to migrate the
steeper dips, was still insufficient to migrate the steepest events N1l to 4,
vwhich were thus attenuated in the stack,

6. DISCUSSION OF TECENIQUES AND RESULTS

CDR'technidues

The field shooting and recording technique using lines of shot-holes
and geophones perpendicular to the traverse attenuated energy travelling other
than in the vertical plane through the traverse, whereas all energy travelling
in that plane suffered no spatial filtering. Also, the large number of shot-
holes and geophones supplied substantial random noise attenuation. The analogue
playback of the data (Plate 4) is considered by these means to have achieved
higher quality than the previous data (Plate 2) recorded on this traverse using
single shot-holes, ‘in-line geophone patterms,and lower-fidelity recording
equipment.

The CDR trace summation processing resulted in clear maxima (Plate 6),
each of which corresponds to an event prominent on the analogue playback.
However, no additional information is evident. If there had been events on the
analogue section which interfered with each other, rather than being roughly
conformable, a better test of the capabilitiea of the trace summation processing
technique would have been obtained.

The shot delay experiments conducted at SP 325 recorded different
events from different angles according to the charge-to-charge delay introduced.
An event was recorded with a charge-to-charge delay approximately equal to
the trace-to~trace delay for which that event gave a maximum in the trace
sumation processing at the same shot-point. ~ Thus directional beaming in
transmission and reception gave equivalent results.-

© Digital processing

The digital processing provided data enhancement in several ways:
Deconvolution and velocity filtering were able to extend the continuity of some
of the events into the poor quality region. Migration Stack translated events
of moderate dip to their true position in depth (as long as it can be assumed
that a two-dimensional representation was adequate and that the velocity function
used was acourate) and collapsed a prominent diffraction pattern (N5); however,
the steepest events (N1 to 4) could not be migrated with the routine used and
have been attenuated. A much more unitorm trace amplitude over the section

 was achieved than was possible using analogue techniques. Finally, the

presentation of the final section (Piate 11) in terms of depth, rather than time,
wag an. aid to interpretation.

The steepest events (N1 to 4) attenuatad by the migration Stack

process”may not be reflections but rather reilected refractiona. The follovwing
are reasons to support this possibility.

Al
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1. Their straightness and approximate parallelism is more
characteristic of reiractions than wefiections., However,
their apparent velocities lie between 6400 and 8200 m/s,
which is higher than would be expected for horizontally
travelling reflectea refractions in the plane of the
section.

2 On the original record section recorded on Line 3=-3N (Piztz
2) there appears to be interference in the region SPs 20-.2
between the southern extension of events NL to 4 and
reflections which are recorded from there over a conasiderable
part of the iraverse, suggesting that events N1 to 4 are not
continuous with them,

D If these events were to be considered retlections, their -
location and attitude after migration would be difficult to
reconcile with present knowledge of basin margin struoture,

4. Various possible structural models can be proposed to explain

these events as reflected refractions. The most feasible
is that there are a series of faults along and parallel tg :
the Hugh River (Plate 1) which makes an angle of about 30
with Traverse 3-3N. Refracted energy travelling horizontally
at 5500 m/s, the measured near-surface velocity, and refiected
from such taults would be recorded on Traverse 3-3N with an

© apparent velocity of 6600 m/s, that is within the range

" observed., -

Structpre at basin margin

Traverse 3=3N - 1168 close to the northern margin of the Amadeus
Bagin and its direction is approximately perpendicular to the regiocnal strike,
The surface geoldogy across the basin margin was known (Wells, Forman, Ranford
and Cook, 1970) and actual formation dips seen in outcrop on the northern
extension of the traverse were supplied by Geophysical Associates (1967).

By referance to the previous data recorded on this traverse and
adjacent traverses (Geophysiocal Associates, 1967), reflections RL to 3 were
tentatively identified as follows:

Rl - near base of Mereenie Sandstone (Horizon A)

- R2 - within Horn Valley Siltstone (Horizon B)

' R3 - near base of High River Shale (Horizon D)

This permitted the construction of a schematic cross-section acroess

the basin margin (Plate 1L3) based on the reflections from Plate 11 and the
surface geological information as above,



T c_oncmsmns AND RECOMMENDATIONS

The area selected at the northern margin of the Amadeus Basin
was. not ideally suitable for testing the effectiveness of the CDR method, as

e events were not truly interfering. Eowever, ‘the CDLE trace summation
processing was ‘successful in- eegregating ‘the . events recorded according to

their dip, although it supplied no information additional to the conventional
analogue playback section.

~ Additional information_was extracted from the data by applying
modern digital processing methods not normally used in CDR work, The
Migration Stack process was found to provide a particularly useful aid to
interpretation as long as its limitations are fully realized.

The experiments proved that directional beaming of seismic energy
in both transmission and reception can be achieved, Therefore, the basic
idea of Dr Butement to scan the sub-surface successively in different
directions from one location is feasible after modifications to accommodate
existing equipment. It may have application in special cases. No tests
have been carried out into the feasibility of recording non-specular
reflectione.

Furthcr experimental recordings to teet the CDR method should be
made in an area of complicated structure where seismic events do interfere
each other., ' The technique used should be similar to that outlined above
using shot-hole and geophone patterns oriented at right-angles-to the traverse.
However, two changes to the field procedure should be considered in the
light of the Russian recommendations (Appendix 2), namely that AGC should
not be used and the geophone spread should be ahorter.

As part of such further experimental testing of the CDR method,
digital processing techniques should again be used in comparison with CDR
trace summation methods in an attempt to extract the maximum amount of
information on the structure of the test area.
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_ APPENDIX 1

Recommendations for CDR work

by C.S. Robertson

Dr W.A.S. Butement of Plessey Pacific Pty Ltd wrote to the
Secretary, Department of National Development, on May 9, 1967, enclosing
a proposal entitled "Seismic surveying - improvements in technique." The
two most important concepts involved in Dr Butement's ideas were directional

‘beaming of seismic energy and non-specular reflectione.

Experiments to determine the importance and the mechanisms of
non-specular (non-mirror-like) reflection in the tield may be difficult to
devise and carry out, except in rather exceptional areas where geological
conditions are very simple and well known. In any case it would first be
necessary to make a thorough study of the Russian literature dealing with
the subject, Consequently no recommendations for field tests on non-specular
reflection can be given at this stage. '

On the other hand the value of directional beaming and reception
of seismic energy in structurally complicated areas can probably be tested
quite etfectively using conventional seismic equipment with 1ittle oxr no
moditication, The first requirement for such tests is a suitable area, which
should have the following characterlstics:

l. Reflections able to be recorded from a number of diftferent
directions at about the same time, Such reflections may not
be very clear on conventionally-obtained cross-sections, but
the latter should give some indication of structural complexity.

26 Surface noise not a serious problem at the times at which-
reflections are sought. This will mean that attenuation of
horizontally-travelling noise does not have to be considered

- to any great extent in the design of arrays. Arrays to
attenuate horizontal events will tend to attenuate energy . -
beamed at directions other than the vertical.

Certain areas near the morthern margin of the Ngalia Basiu or near
Gosses Bluff may prove to be suitable test areas for directional recording.

_ It is proposed that the large cross arrangement suggested by
Dr Butement be used, with modifications to accommodate existing BMR seismic
equipment. The objective will be multi-directional scanning from a single
location. & ' -

Suitable delays between explosive charges can be introduced by
connecting them with Cordtex lines of caloulated length, However, it is
not possible with existing equipment to introduce delay units between geophones
during recording in the field, On the other hand it is possible to introduce
delays between individual traces on playback and to sum them after delay.
This is the ba81s of the test technique proposed.

It vould be possible to apply Dr Butement's proposal for scarming
the sub-surface with intersecting half-cone beams. This would require that
the line of charges be fired with delays between individual shots. The
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geophones would be recorded separately on different traces and these could

be deiayed and added in the playback centre to give the effect of reception
half cones, - However, this-method would have the following disadvantages:

i, | Usmng Cordtex to produce delays between shots, the delay would
be 1 -where 1 = length of Cordtex

—-—

Vc Vc detonation velocity of Cordtex

Now zero delay can be produced by firing the charges
gimultaneously with wire connections; and large delays can
be produced with long lengths of Cordtex. But because of
the fixed detonation velocity of Cordtex, small delays can
only be obtained by placing the charges fairly close
together. If a long charge array is used to get a narrow-
beam of energy, large numbers of charges are required for
beaming in directions close to the vertical,

2, To ensure that the two half-cone beams (one transmission and
the other reception) intersect each other, either one or both
of the cones must enclose a fairly large angle. For
directions close to the vertical or close to the two planes
through the charges and geophones there is no problem9 but
it is not possible to scan in certain directions using this
method. For example, in the vertical plane at 45° to the
line of shots and the line of geophones it is not possible to
scan in directions which are more than about 20° from the
vertical, Now for scanning rough near-horizontal geological
horizons using non-specular reflection as Dr Butement intended
this does not matter. But for scanning structural features
such as fault planes, steep folds etc., in complicated areas
(without relying on non-specular reflection) this is a
disadvantage.

Whereas the method of shooting with delays betvween explosive charges
may eventually prove to be the most efficient for scanning in all directions,
it is considered that for initial tests a simpler technique may be preferable.
This would be to use a linear array of about 20 charges extending over about
half a mile and to fire them simultaneously. The effect would be to
concentrate source energy in a plane at right angles to the line of charges
and parallel to the line of geophones., Since each geophone output would be
recorded separately, the geophones would record energy from all directions
within the vertical plane through the geophone line. Then in the playback
centre various delays would be introduced between traces before additionm,

In this way a "reception beam" could be made to scan various directions within
the vertical plane through the geophone spread. The 24 traces of a record
could be summed‘é or 8 at a time, s0 that the original 24-trace record would
be reduced to a directional seismogram of 4 or 3 traces for each directional
scanned,

Thus only one shot would be required to record from all directions

. within a single plane. For a second shot the positions of the shots and the

geophones in the large right-angled cross arrangement could be interchanged

7
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Vreasona.ble three-dimensional picture of structure, especially if the strikes

. representing the intersections of pairs of halt-cones., It is by no means

~or otherwise presented so as to allow geological interpretation.

14,

and directions in a plane perpendicular to the first scanned as before by
processing in the playback centre. Now in many areas two shots, beaming
energy in two planes at right-angles, might be sufficient to build up a

of various geological features are known and the cross array is oriented
accordingly. In other areas it m1ght be necessary, in using this technique,
to beam energy in 4 planes at 45 , in 8 planes at 2249, or in a number of
planes orientated in special ways to fit in with the structure of the area.

In applying fhis directional recording technique it would not be
possible to use conventional geophone arrays aligned along the geophone
spread since these would tend to attenuate the energy sought in directions

- other than the vertical, However, it would be advantageous to use suitable

arrays perpendicular to the geophone line as these would effect considerable
cancellation of random noise and some cancellation of shot noise., Using the I
technique proposed by Dr Butement it would not be possible to use geophone
arrays extended perpendicular to the geophone spread (or of large extent in
any direction) because of their attenuating effect on energy sought. l

_ Apart from field considerations, the method of recording energy in
one single plane at a time would appear to have a very important advantage I
over Dr Butement's method as regards the final plotting of data in three
dimensions. In the former method the recorded data for each plane can be
plotted using conventional dip-plotting methods on a sheet of plane, rigid
material such as cardboard or perspex and the various sheets representing
different planes fixed together to make a three~dimensional model., In Dr
Butement's method, involved computations are required to compute directions

clear after this is done how the results can be plotted in three dimensions
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(AFPENDIX 2, continued)

CHAPTER 3 — PARTICULARS OF FIELD OPERATIONS WITH THE CDR METHOD

Literal translation by Commonwealth Department of Immigration

Revision of text by A.R. Brown

At present the controlled directional reception of seismic waves
has been developed basically with regard to reflected waves, and that is why
the method of CDR field observations is in many ways similar to that of MRW
(Method of Reflected Waves) or normal reflection shooting. However,
conducting field work by the CDR method has certain merits: in the application
of reproducible records, and also in the interpretation of CDR results.
Very carefui selection of shooting parameters is important; observation
systems differ slightly, especially the introduction of elevation and
weathering corrections.

15. Conditions of Excitation and Reception of Vibrations

The succéea of work conducted by the CDR method depends largely
on the selection of proper conditions for the shot and receivers. This

involves choice of depth of shot, selection of directional inorements in the

reception of vibrations,and choice of parameters of the recording equipment.

Disturbing Role of Intense Low=velocity Interference., The possibility of

.generating intense, low=frequency interference waves at the time of the shot

must be completely eliminated. Notwithstanding the marked difference
between the apparent velocities of surface waves and useful waves, their
superposition has an adverse effect on the results of the CDR method because
of the great intensity of the surface waves. A superimposed intense
interfering wave makes difficult the separation of weaker useful waves on the
summed record, This is because the non-optimum summation of an interference
wave may yield a more intense maximum than the optimum summation of a useful
wave, In one case an interference pattern may appear on the summed record,
in another the useful waves may not appear at all.

Figure 95 shows some results of summing of laboratory recordings,
partly borrowed from work (58, p. 153) and illustrating the disturbing role of
the 1ntense interference waves.

Fig. 95a shows a superposition on reflected waves, R', R'' and
R''!, having infinite apparent velocities, of two low~velocity interference
waves, L, and L,, with velocities of 500 and 400 m/s. This form and relative
intensity of the reflected and the low-frequency vave was obtained with-
two-dimensional modelling.

' The result of summing recordings with equal weights is shown in
Fig. 95b. Reflected wave R' is showing only weakly on the summed record

in the superposition zone; waves R''! and R''! are distorted and weakened by
the effect of the noise, produced by the non-optimum summation of the low-
frequency waves. It should be noted that the summations of some of the noise
evenis resemble summations of useful events. In Fig. 95c¢ the corresponding
summed record is shown, obtained with the application of the triangular
weighting distribution., As is known (88), this method of summation is used
in order to separate one maximum from the side lobes of other maxima., The
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reflected waves on ¥ig. 95¢ are not separated on the summed record;
consequently the use of summing according to the triangular law does not
seem to be the proper means -of’ dlscrxmlnating agalnst the intense, low-
frequency, 1nterference ‘waves..

Means of Supressxng Low—veloclty Interference.'¢'When obtaining.the first seismic =

recordings it is essential to attenuate intense low-velocity interference waves,
To do this, as is generally known, the depth of the shot is increased and also
the detectors are grouped more closely togethero

Even when summation is not used, it is recommended that two or
three detectors are used per channel to average the conditions of positioning
of seismic. receivers.

‘A long spread of receivers is not recommended with the CDR method.
However, in certain cases, in regions with small dips and in the presence of
many.interference waves, which are more intense than the reflected waves and
have .greater apparent velocities, a long spread is advisable (59) In this
way the relative amplitude of reflected waves and interference waves is
changed and it becomes possible to increase greatly the number of useful waves
vis;ble on the summed record,

Parameters of the Recording Equipment. The choice of field filters is made
during experimental work, and very often the best filters for CDR are those
vwhich:.are optimum: for use in normal reflection shooting on the same traverss.
Also, when assessing the effectiveness of difterent field filters, examination
of summed records. may help in the choice of optimum filters during ordinary
seismic reconnaissance, because the understanding of the interference wave
pattern will indicate objectively the best means of suppressing different
interference waves by frequency filtering.

During recording it is necessary to use the semiautomatic amplitude
regulators. The application of AGC is undesirable. We.know- that during
ordinary seismic reconnaissance the eftect of AGC can liead, on the one hand,
to suppression of weak, useful waves and on the other hand to the averaging out
of significant amplitude variations, In this way it may be impossible to .
distinguish recorded waves of basically different intensity,and their dynamic
characteristice are in large measure lost. Just as the effect of AGC during
ordinary seismic reconnaissance can lead to suppression of weak waves that
follow intense ones, in the CDR method, with the object of resolving waves
superimposed or very close in time, the weak waves after AGC action will be
more suppressed and their summation thus distorted. ;

. Notwithstanding this, it is sometimes necessary to apply AGC, in so
far as it is connected with ERU(?) on the new seismic stations. It is then
very  important to choose the AGC parameters that will give the least wave
distortion. : _ - :

Mixlng is not recommended, especlally when ‘working with the CDR
method in complicated areas where superimposed waves with small apparent

- velocities are recorded. Use of common mixing with a 1arge coefficlent (higher

than 25%) is. not perm1831bleo

h
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16, '~ Observation Systems

Size of Summation Base. The peculiarity of the CDR system of field
operations is that it consists of a continuous line of short observation
elements, §x , called summation bases, that is spreads of receivers, each

of which will contribute to one summation. The time of arrival of a wave
on the summed record is measured to the centre of the base, the same as for
a group of seismic receivers., The difference in time of arrival of a wave -
at receivers at opposite ends of the base,S(v, characterizes the apparent
velocity,Vx , of the progress of the wave along the base (spread):

“U- (5JC — ééi:LlééEE — 63& : = éé:zi
T 5¢ o8¢ G-I T At
where n is number of summed channels,Ax is distance between adjacent
receivers,¢3{7 is increment in time of arrival of wave at adjacent receivers.

Choice of the dimensions of the summation base is very important.
It depends on the frequency composition of the available signal because the
directional characteristics are determined by the size of the base and the
observable wavelength. To record waves within the medium frequency band the
bagse is usually in the range 120-200 m, within the low frequency band 400-800m,
and within the high frequency band 60-120m, Nine receivers are laid out on
the summation base at equal intervals.

The base should be such that the wavefronts recorded within its
boundaries can be considered as flat., This imposes a limit on the size of
the base._ : '

The size of the summation base influences the resolving power of
CLR with respect to the direction of waves falling on the base. Therefore,
the base should be chosen as large as possible, consistent with the wavefronts
falling within its boundaries appearing flat. Nevertheless, under certain
conditions and when the summation base is too large, the curvature of the
wavefront is significant, which has an adverse €fect on the final results of
summation., It is important to take into account wavefronts from the side
when recordlng waves from non-reflecting boundaries.

As a result of numerous experiments with the CDR method in
different regions, an optimum size for the summation base was established,
which is of the order of 200 metres for the medium frequency band.

Experiments carried out in Actubinskoe Priurale and Saratovskoye Zavolzhe with
bagses larger than 200 metres for a band of the same frequency have shown

that they are unsuitable; on the other hand a reduction of the base to 160
metres and sometimes even to 120 metres in some regions (Southern Emba (59),
Bashkiria) gave favourable results, These examples show that it is necessary,
when working in a new area, to first carry out experiments to determine the
best size of summatlon base.

Size of Shot-point Interval., Because the length of the base is predetermined
it is necessary to choose a shot interval that will be suitable for all
summation bases in a given area, and it is also desirable that the central
seismic receiver of one base is always at the shot-point. The recording of

K
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waves over reciprocal paths is useful. in the interpretation of CDR data
because it makes it possible to relate the times of waves recorded at the
seismic receivers which are situated at shot—points. . If the conditions of
work do not allow:the preservation of shot-point interval for all the summation
bases, it is possible to use overlapping summation bases such that the

‘central detector is at the shot-point. ~ It is also important to ensure that

the relative positions of the first and last detectors on the summation base
are always the same. The first seicmic receiver is usually placed to the
gsouth or west, the last one to the north or east, This ensures.correct
determination of the time increment along the base by the mere direction of

arrival of waves.

The size of the shot-point interval depends, with the CDR method,
on two factors: geological peculiarities of the region and specific
peculiarities of the CDR method itaself, Let us consider the influence of
each of these factors, .

It has been established that the degree of complexity of a
seismic recording, because of the superimposition of a great number of
interference waves on useful reflected waves, grows with inorease in distance
between shot and detector. This first of all leads to deterioration of
resolving power of the CDR method; secondly, because of the great number of
separate waves on the summed record, the process of identification of waves
reflected from significant horizons amongst the interference waves becomes
more complicated. The degree of complication of a seismic record, under
different geological conditions, varies differently with shot-point interval.
It is therefore necessary to choose the optimum size of shot-point interval
in every region on the basis of experimental results. - An optimum shot-point
interval is considered to be one which will yield the best recording conditions
and, following wave separation with the help of CDR apparatus, the best
reflection quality on significant horizons. Such a shot-point interval will
produce the most simple summed records (the number.of waves separated by the
CDR apparatus is not great, but their correlation from one record to another
is most reliable). With more complicated geological conditions the size
of shot-point interval must be less. For instance, when working with the
CDR method in Aktubinskoe Priurale, the optimum shot-point interval on the
fold slope is considered to be 400 metres, and in parts adjoining the anticline
600 metres., In the most complicated conditions of Bashkirskoe Priurale the
optimum shot-point interval is 200 metres.

Choice of Observation Syétems° CDR field work is.carried out along. longitudinal

and non-longitudinal profiles, that is with detectors laid out in line with or
transverse to the traverse.

: On.longitudinal profiles, with which the bulk of CDR-work is being
done, the same systems of observation are applied as in normal reflection
shooting. Observation system should be chosen on the basis of analysis of
results of specially conducted experimental work, - Nevertheless; on the basis
of experience in the use of the CDR method in regions with varied geological
conditions, it is possible to offer the following recommendations for. the
choice of observation systems: :
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with complicated wave pattern may be observed in regions where seismic
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1. In work follow1ng the most simple- system of continuous
profillng, three-hole patterns may well be used on traverses where
comparatively simple conditions are expected: comparatively simple summed
records, small number of separate waves, and easy correlation of waves to
form a cross-section. Such traverses may be, for instance, adjoining parts
of anticlinal folds, where superimposed waves are comparatively mot so
numerous, or in regions with calm tectonics, but where there is observed
superimposition of useful waves of a certain type (for example, separable
reflected refractions).

2. In the case of complicated summed records with many intersecting
events and when difficulties arise in the correlation of waves and the
construction of cross-sections, using the most simple system of observation,
it becomes necessary to use a pattern of two lines of five holes. Traverses

boundaries are not of great extent or have a complicated form (e.g. summits of
folds with intricate structure, zones of disjunctive faults), and where non-
refilecting boundaries occur (e.g. erosion surfaces, boundaries of shelves, ore
and saline cores, foundations of platforms, corrugated layers in fold regions,
flat boundaries of a steep angle unconformity or facial irregularity with
abrupt changes of elasticity along interfaces).

The application of double profiling on such lines permits wider
variation of the relative positioning of shot and detectors, as a consequence
of which favourable conditions for the generation and recording of useful
waves may be created. Besides, during the resolution of superimposed waves
by the CDR method, the relationship between the phases of superimposed waves
is of great importance. The resolution of waves improves when the superimposed
waves arrive at the central seismic receiver with a certain delay in relation
to one another. Varying the relative position of shot and detectors may prove
favourable for the resolution of such superimposed waves,

In cases when the wave pattern is simplerand the number of
superimposed waves is not great, it is necessary to replace complicated systems
of observation by simpler ones. ;

Non-longitudinal Observations. Non-longitudinal observations are set up on

short profiles whose length equals the length of the summation base so that the
centres of bases of longitudinal and non-longitudinal profiles coincide to

form so~called crosses. The basic value of non-longitudinal profiles lies in
the examination whether the paths of waves used for interpretation lie in the
vertical plane of the longitudinal profile, At the same time the crosses

may be utilized to supplement information on the structure of the region, that
is by making use of spatial interpretation. Non-longitudinal profiles are
situated around shot-points,and observation on them is carried out with shots
gituated at their centre, and also at remote points of the longitudinal profile.
To check if the recorded waves lie in the vertical plane of the profile, the

summed records are used from such observation crosses. From them corresponding

waves are compared. - If the time inorement of a wave arrival, determined on a
non-longitudinal summed record, equals zero, then the above requirement is
fulfilled, In the contrary case, when d'l:;bo, the path of the wave lies in a
plane inclined to that of the profile. With a medium velocity of wave
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propagation, e.g. 3 OOO m/s, the ‘time increment(ft'of arrival of a wave
whose path lies in'a plane inclined at an angle of no more than 10 degrees
from the. perpendicular, will be about 9 milllseconds° If the profile lies
along the strike of the rocks there are many waves that have on summed
records from non-longitudinal bases, time increments within the range 09
milliseconds; waves whose time increments are greater than 9 milliseconds,

and where a longitudinal profile is also involved, must be excluded. The

importance must bé_streséed of comparing corresponding waves on longitudinal
and non=longitudinal summed records obtained from the one shot; it is
therefore necessary to strive to obtain two records simultaneously on both
intersecting bases, longitudinal and non-longitudinal,

17. Introduction of Static Corrections buring Summation

"The introduction of corrections for surface conditions (elevation
and weathering), when working with the COR method, has not received until
recently its due share of attention. Field work used to be carried out in
regions of small elevation changes and consistent weathering along the profile.
When sharp changes of surface conditions within some bases led to the
complexity of summed records, they could be excluded from interpretation because
of their small numbers, sometimes even without explanation of the'causes of
their complexity. But with a general application of the CDR method arose
the necessity to work in regions with not only complicated geological
conditions at depth, but also with complicated surface conditioms. In such
cases. introduction of corrections is essential. Introduction of these
corrections is provided for by the construction of a summation block.
Corrections are introduced by the relative displacement of summing slits.

Characteristics‘of Directional Summation of Waves with Non=-linear Phase Axes.
The problems of summation and resolving power of the CDR method were examined
above.

The influence of surface conditions during reception of flat waves
is analogous to the introduction of various time delays into the traces, which
leads to the examination of the summation effect of waves with non-linear phase
axes. : . . .

In work (58) general correlations are given and the 1nf1uence on
CDR recordings of time distortions of phase axes within the limits of the
sumnation base is shown guantitatively by several examples. The bending of
a phase along a base brings about distortion of the characteristics of
directional summation. Fig. 96 shows the characteristics of directional
sumnation of an impulse wave using nine channels, - It shows the instantaneous
directional characteristics for an impulse whose shape is that of a half period
of a-50-Hz sine wave (I) and instantaneous directional characteristics for the
same wave (II, III, IV), distorted by time displacements, which are expressed
by the corresponding functions a, b, ¢. The following peculiarities of
characteristxc dlstortion by time displacements stand’ out-

1, The ordinate of the central maximum is decreaaed; in cases
IIT and IV it only reaches 5, .
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2. The ordinate of the first secondary maximum in case III is
cons1derably 1ncreased.

3, Marked increase in the amplitude of the first secondary
maximum appears to one side of the central ome (II and III),

4, In case III the central maximum is shifted considerably along
the abscissa. :

5. The ceﬁtral maximum of directional characteristics is extended
along the abscissa (II and III) and can become split (IV), in which case the
concept of central and secondary maxima of directional characteristics becomes
lost.

It becomes clear from the characteristics above that the
introduction of delays into channels diminishes the amplitude after summation
and thus influences the resolving power of CDR. Summation maxima may be
geen on a greater number of summed traces than suggested by the theory of flat
waves, Not just one, but several (2 or 3) summation maxima on the summed
record may result from the same wave, and they can be in phase or in anti-phase
with each other, ;

We shall demonstrate some of these situations directly on the
summed records. Figs. 97-100 show samples of summed records obtained on
traverses with variable elevation and weathering while working with the CDR
method in Bashkirla.

1, Surmation maxima on summed records are "doubled" (fig. 97a);
for every time interval corresponding to one flat wave there appear two
waves, This case corresponds to curve IV in fig., 96 and is a most frequent
type of distortion on summed records caused by surface conditionms.

. 2, Sumation maxima on summed records are "irebled" (fig. 98&);
there are three waves visible for each time interval.

3., Waves at small time intervals hardly show at all (fig. 99a),
whereas at large time intervals they have long phase axes with large phase
distortions. = This case corresponds partly to curve III in fig. 96 and the
difference in wave distortion for different time intervals is explained by
the difference in curvature of reflected waves coming from different depths.

4., There is not a single wave (fig. 100a) on the summed record
that achleves the maximum amplitude.

These examples prove the important fact that the great complexity of
summed records is not always connected with great complexity of wave pattern
resulting from geological conditions at depth, so that the interpreter who is
about to plot the structure on a cross-section from a complicated summed record
must be sure that this complexity is not caused by surface conditions. One
of the signs of distortion by surface conditions is the uniform character of
the distortion of all waves on the summed record. In many cases signs of

such distortions are obvious on the summed records.
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Let us now consider the methods of application of corrections.
This process can be divided into two operationeo First, introduction of
so-called static channel corrections into every channel so as to cause the
front of the oncoming wave to be flat. When doing this, the relative delay
at opposite ends of the summation base is taken as zero. Second, introduction
of corrections for the general incline of the base to the reflecting horizon,

We will examine them. separately.

For the introduction of static channel correctlons it is necessary
to know the elevation profile, and the extent of the weathered layer and its
velocity. “Most frequently the weathering is determined by the method of first
breaks. or by seismic coring of shot-holes., A complete study of weathering
leads to a great increase in the cost of the work, and, as there are usually
fairly large intervals between such complete weathering determinations, the
interpolation between determinations involves errors, especially in cases of
complicated weathering structure., Weathering depth and velocity of elastic
waves.are not exactly determined by a complete weathering study., That is
why, .notwithstanding the successful use of such weathering study data (58,

page 131), there were cases when; after the corrections, the summed records

became quite uninterpretable. Therefore, simple methods of continuous
elevation and weathering determination are preferable.

Determination of Static Channel Corrections, For determination of static
corrections it is common to use first breaks on seismic records, obtained at
the same time as seismic films (95). A benefit of this method is the fact
that-data from repeated observations may be used.

Let ABC and A'B'C! represent the elevation and base of weathering
profiles for summation bases 3, and dx, (fig. 101). The shot occurs in
the middle of base 4, below the base of the weathering. In this case the
time of arrival at the detectors of the direct wave coming from the shot at
point O0-will vary as a result of changes in elevation and weathering
approximately in the same way as the times of arrival of reflected waves.
coming from depth. We shall find time correctioms, which shall be applied
to the summing slits, supposing that the elevation and base of weathering are
flat and correspond to straight lines AB, BC and A'B', B'C', = We will make .
the usually accepted assumption that rays from the base of the weathéring are
travelling vertically, and we shall find time corrections for each channel
directly from the seismograms by determining the deviations of the elevation
and base of weathering profiles from straight lines connecting the ends of
bases, To do this, straight lines are drawn on seismograms joining the first
breaks .of first and ninth channels (considering distances between detectors
to be equal) and the difference in time for every channel between the first
break and the straight line are found. These are the corrections which it
will be necessary to introduce into every channel when summing., It should be
noted that it is not always possible to use the correction method just desoribed,
because of the condition that the shots must occur below the weathering at

_considerable depth., . If the first breaks are caused not by the direct wave

but by one.refracted by a shallow boundary, then, by making use of the
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linearity of the time-distance plot, the static corrections may be deduced

in the same way. The only exception is in those regions of first breaks
where interference of waves occurs. It is important not to confuse them with
regions where distortions are introduced by surface conditions; because of
this, it is important to construct first-break plots.

The methods used in Bashkiria satisfy these conditions; here the
shots occur below the weathering at depths of 50 to 60 m, while the length of
one branch of the time-distance plot is up to 500 m. That is why in
Bashkiria corrections for surface conditions are introduced during professiomal
work according to the described method. Examples of summed records after
application of static corrections are shown in figs. 97b = 100b, From the
appearance of the records (compared with figs. 97a - 100a) a simplification of
vave pattern is seen; these gummed records are further utilized for
interpretation. '

Introduction of Corrections for Slope of Summation Base. The gquestion of

formulae:

corrections for general slope of base, i.e., detector spread, considering that
elevation and base of weathering are flat within the limits of the base, was

dealt with in work (9). It presumes that the structure of the weathering and

velocities v, and v, are known., Then the final correction for slope of the
base is given by the sum of corrections d,(é’t,; + cé(d‘t)k for base of weathering
and elevation respectively. : - ,

These corrections are_calculated with the help of the following
aZ [Jd =WAXLQ/€l)2+(@g)z' o. ﬂ(Z8ﬁ).=7£LH
» 7N 3 oty = 2g

where AL is difference in height of the base of the weather at the ends
of the base, 3¢ is measured time increment along the base, A H is elevation
difference between the ends of the base, :

, This correction is introduced by a d isplacement of the zero time
increment_line ( 5(7=-Q) on the summed record up or down.

If the value ¢{ in the CDR method is taken as positive and if a
wave arrives earlier at the first detector, them the correction sign is
positive when the value A[ represents the difference in height of the first
geismic receiver over the position of the last. And the channel correction
convention is such that waves recorded with a positive 34~ are displaced on
the summed record above the zero line, whereas those with negative 84 bvelow it.
Total correction is equivalent to the algebraic sum of both corrections.’

If the static channel corrections wefe determined from first breaks
on seismograms, while velocities v_and v, were unknmown, then determination

~ of the total correction for slope of elevation and base of weathering is possible
.only for positions where there was at least one central base during the

running of the profile. If elevation and base of weathering are horizontal,
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the times of arrival of direct waves at the extreme receivers of the central
base must be.equal, . Any difference between such times gives a correction
which must be introduced into the zero line of the summed record. The same
correction can then be introduced into summed records obtained from the same
bage but with different shot-points, This method was sucoessfully uged in
Bashkiria, because the shot-point interval was 200 m, 1. € shots occur in the
centres of all bases. _

Because the- 1ntrodnction of channel corrections into suming slits
leads to distortion of the zero increment impulse (line ot =0) on the summed
record, it is recommended that the following procedures be followed for
finding the maximum amplitude of the zero impulse:

1. To sum the seismic film twice: without corrections and with
corrections. During this the pencil of the summator follows each time right
to its limit hard against its rest, and fixes a uniform position. The zero
line, 64' =0, is then brought over from the initial summed record to the onme
with .corrections,

2, To fix to the starting part of the film drum of the summator a
screen of opaque material with seven triangular teeth facing the central
channels; first and ninth channels stay uncovered. This means that the seven
central channels in their initial part do not get summed by the light-beam,
because of the opaque part of the drum, whereas the side slits leave on the
summed record two rows of impulses, crossing each other on the line d =0,

Example of Effectiveness of Introduction of Corrections. An example is.shown
of a plot of one of the CDR profiles (Krasnodar region), where the channel
corrections were calculated from first breaks on the seismic records and the
corrections for the general slope of the base were determined from known
weathering velocities, It became clear from the examination of summed records
and the first breaks on the seismic records that it was necessary to introduce
channel corrections on two bases only, shown by thick lines in fig, 102, On
summed records for these two bases without introduced corrections, waves were
isolated satisfying all features of waves in CDR, however, their corresponding
reflection segments, shown by wavy lines in fig. 102, are spread without order
over the cross section. Here also are shown reflection segments from
corrected summed records. They appear along the boundaries already delineated
from other bages, where the introduction of corrections was not necessary.

Fig. 95. Seismogram (a) with superimposition on weak
reflections R of intense, low-velocity interference
L, and summed records, with equally-weighted (b) and
non-equallyawelghted (c) aummationa.

Fig. 960 Instantaneous directional characteristics of
the summation of an impulse wave. I - flat waves

.11, III, IV - same wave, but with delay functions,
-correspondlng to time displacements a, b, and ¢ (according

to (58)).

|
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Fig. 97. Summed records.

a - without corrections for elevation and weathering;

b - with corrections (in ms) for six channels;
second channel -4, third -5, fourth -8, fifth -6,
sixth 54, seventh -3, -

"Pig., 98, Summed records. '

a - without corrections for elevation and weathering;
b = with corrections (in ms) for two channels:
fourth channel +8, fifth channel +12,.

Fige 99. Summed records.

a - without corrections for elevation and weatherings
b - with corrections (in ms) for six channels:

third channel -6, fourth =10, fifth =12, sixth -10
seventh ~10, eightb -6,

'Fig. 100, Summed records,

2 - without corrections for elevation and weathering;'

b -~ with corrections (in ms) for four chammels:
third channel +8, fourth +13, fifth +5, sixth +3.

Fig. 101, Illustration of the method of
determination of static channel corrections.

.Fig. 102, Plot of CDR profile with introduced
corrections for elevation and weathering.

1 - reflection segments from bases that required
no corrections; 2 - reflection segments from bases
without corrections; 3 - reflection segments from
bases after introduction of corrections; 4 - bases
vhere corrections were introduced.

q)’ L/
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APPENDIX 3

Notes on the Migration Stack of Traverse 3-3N. (Owen Springs)

by J. Wardell, Geophysical Service International, Sydney

These notes describe the results of Migration Stack (Plate lO) with
reference to the Migration Nomogram (Plate 12).

Input Data.

The input section (Plate 8) has been processed through static

and dynamic corrections and time-variant deconvolution. Since it was
evenly modulated and did not show excessive high-frequency noise, no
further equalitation or bandpass filtering was considered necessary before

migration.
Migration parameters.
Aperture - 192 traces
Velocity function - Two-way Time (s) _ Velocity (m/s)
0.0 - 3350
2,0 5150
4.5 : v - 6070

Comments .,

1, Due to the 192 trace aperture, with an input section of only
168 traces, the migrated section is all taper-on or taper-off,
This accounts for many of the odd features on the section.

2. The changes in character at 12-trace intervals (e.g. at 1.5 s,
SP 323—325) are due to the inversity scaling where all traces
in a sector are not live.

3 From 1.4 to 2.78, SP 323-225 there gre no genuine data, since
all input events will migrate out of this zone due to their dip.

4. Above about 0.4 8, many of the sharply curved events are due to .
noise being "smeared" along wavefront curves.

5 In general, most of the data down to 1.4 s (e.g. R1) have
migrated correctly. Character changes on the event at 1,2 s,
SP 327 (R2), are again probably due to the inversity scaling
of partly dead sectors.

6o The event at 1.5 s, SP 323 on input (R2) migrates to SP 324-327
and its apparent extension beyond these points may not be
genuine.

T. The event of 2,1 8, SP 323 (R3) migrates to SP 325-327.

8, The output event at 2,0 - 2,05 s, SP 327—330 is mostly a "smear"”

of the short input event at 2,05 s, SP 328,

e
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The output event at 2,25 s, SP 327.5 - 329 is probaivly
genuine, at least over SP 327.5 - 328.5 and comes from the.
diffraction which peaks at this point on the input

section (N5).

The stronger events in the 2, 5 - 3,0 8 zone are mostly "smears"
of the short input segments (e.g. N6). :

The very steeply dipping events (about 6~7 ms/trace) between

1,5 and 2,6 s at SP 323 (N1 to 4) are too steep (at this depth)
to be migrated by this routine, and are severely attenuated by
the stacking process. They show indicated dips in the

40° 50° range and the deeper omes would migrate some 200 - 300
traces, that is completely off the section beyond SP 330, if

the process were capable of handling this dip.

Plate 12 shows the half-aperture needed to migrate an event of
given dip at a given time, Conversely, it shows the
distance that an event of given time and dip will migrate,
(This plot is computed for the velocity function shown.)
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Geophone Pattern :

16/trace, 6m apart, transverse
(See Plate 3B)
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Shot Hole Pattern :
5 or 7 holes, 45.7m apart,
transverse (See Plate 3B)
Depth 20—23m

5000 Total charge 63—136kg
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MIGRATION NOMOGRAM .
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Stack to migrate that event, computed for the veloCity function indicated. #

o

To accompany Record No 1972/118 i F53/B3-198A



DEPTH (metres)

. O

2000

3000

4000}

To. mampm Record No 1972/118

' VWAV VN

PLATE 13

" 'SHOT-POINTS

32}. '33? ._’;$§. 2 3?6 _;%72. Qg?_ 3%9" 'Q;Q'

" PERTNJARA GROUP .

. ~TONE
- MEREEMIE 5ANDSTS .

| LARAPINTA GROUP
R

_PERTAOORRTA

PROTEROQZOIC

—= NII°E

0 500 1000 1500

TI<

0 : h
Y - i L meires
S 0 548 1097

'PROBABLE CROSS-SECTION ALONG TRAVERSE 3-3N OWEN SPRINGS -
Based on surface geology and migrated seismic data (Plate I1)

¥

FS53/B3-192A



	Front Cover
	Title Page
	Table of Contents (i)

	Table of Contents (ii)

	Summary
	1.
Introduction
	2.
Previous Controlled Directional Reception Work
	3.
Objectives
	4.
Controlled Directional Reception Experiments
	5.
Digital Processing and Laserscan Experiments
	6.
Discussion of Techniques and Results
	7.
Conclusions and Recommendations
	8.
References
	Appendix 1
	Appendix 2
	Appendix 3
	Illustrations
	Plate 1
	Plate 2
	Plate 3
	Plate 4
	Plate 5
	Plate 6
	Plate 7
	Plate 8
	Plate 9
	Plate 10
	Plate 11
	Plate 12
	Plate 13




