ANALOG SEISMIC RECORDING REVISITED
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ABSTRACT

Analog ringle channel selimic recording s 8 comventional
of ity advantage is the resolition much higher than that of digital seismic

techmique commonly wsed in subsurface profiling. One
mmmmhmm

are complementary.

The implementation of single channel analog seismic profiling is simple and cheap,
survey. Recording mist be made in the deep sea where the sea bottom

simultaneciusly with multichannel digital seismic

maoreover if can be carried ow

muiitiples or reverberations will be shifted far below the horizon of interest.
uring a simple circull of electronic equipment such as analog filter and amplifier.

Examples from the deep sea to the south of Nusa Tenggara echibit the capability of single channel seismic profiles
in displaying interesting sub-botiom stratigraphic and structural features.

L INTRODUCTION

Digital computer cannol be sepaniied from our modem
sacicty. Iis application has penctrated into 50 many ficlds
and sctivities. It has revolutionized the way we solve our
technical problems, In our professional lives, the digital
Tiﬂbmuhumlhﬂilw{mlqnw

Dhigital computer was first introduced in 1946, bul its
impact on seismic lechoology was only staried nearly two
decades later. The [Grst Digital Field Recording System
was manufsctured in 1963 by Texas Instrament, a subsi-
diary of Geophysical Service Inc. The industrial applica-
tion of digital processing of seismic data was staried in
1968 after an intensive research om the possibility of
applying digital concept to enhance time series reflection
scismic data by the Geophysical Analysis Group at the
Depariement of Matbematics and the Deparement of
Geology, Massachussets Institute of Technology. Since
then & mpid development of digital processing melbodo-
logy was sccelersied in ling with the progress and devel-

opment in digital computer bardware.

Today, nearly all seismic sections used in bydrocarbon
explomtion are produced through a chain of sophisticated
digital processing software. There are 5o many oil and gas
fields have been discovered with the ald of digital tech-
nology. Research and development in this direction is still

progressing intensively.

The problem of hydrocarbon explomtion loday is that
the remaining reservoirs which bave yet to be discovered
are thin; they are located either in the deep seas or in
remole arcas. The geology is complicated. The bydrocar-
bon trap are a combination of structural and stratigraphic
tmps. To reveal this kind of trap cleady we need a very
high resolution seismic data and a wery sophisticated
subsurface imaging techniques. Have these
been overcome by today’s digital technology T Does
digital technology have no limitation 1o answer loday's
exploration problems ? Does the "snalog lechnology® bave
no more contributions mther than seismic reconnaissance
survey T

In this paper, the analog seismic recording is investi-
gated from different angle of view so that it can be used
complementary 1o the digital seismic data for the purpose
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of bydrocarbon exploration in decp sca arcas. Example
will be given 1o demonstrate the resolving power of the
scismic sections genemated by the analog scismic recor-
ding, especially in revealing the subsurface structural and
stratigraphic features below the deep sea bottom. Tt will
also be demonstrated that the basement configunation can
be shown clearly. This kind of display will be very diffi-
cult o compete by the same section produced by digital
processing echookogy. [n sddition, it can be obierved the
capability of the analog scismic recording 1o display the
depositional sequence.

Despile its weakness and limitation the analog scismic
recording provides specific featares which will certainly
fill the lack of resolution in the scismic data produced by
digial technology. This paper proposes to record single
channel analog selsmic tmce simultancously when people
are doing multichannel digital seismic recording in the
deep Bea.

IL ANALOG SEISMIC RECORDING

Analog, single channel sclsmic recording (profiling)
is an old technique. It was used in the 1920°s when people

started using seismic metbod for oil explortion. The st
reproducible analog seismic recond was known s Richer
Sonograph, introduced in 1936. With the progress and
development in electronics technology, today we can (ind
a very high resolution thermal plotier such as used by the

Compared 1o multichannel digital recording tech-
nique, the analog single channel seismic profiling is very
simple and conventional. However, its operation is very
cheap and practical. The bandwidih is very wide yielding
an extremely high resolution seismic data, The schematic
diagram of an analog single channel seismic recording st
sca can be illustrated a3 shown in Figure 1-a and 1-b. To
produce the subsurface profikes, the seismic vessel moves
wilh & constani specd and a shod is fired at 8 constant Ume
interval, say at every 8 milliseconds. Thus, this operation
yiclkds s nearly normal incidence single trace at every shot.
The scismic section is obtained by shooting along the
survey line. This section is roughly equivalent io the near
tmce gather (NTG) section of multichannel digital seismic
data, of course with the resolution which is much higher.

Oue of the disadvantages ol the single channe) snalog
scismic profiles is that the sophisticated seismic process-
ing lechniques cannot be applicd 1o this data, There is no
way 1o apply dereverberation or multiple elemination
process (o this data. The disadvantage causes a big prob-
lem in the shallow ses.

However, in the deep sea, the sub botiom multiple will
appear [ar beneath the borizon of inlerest, 80 that the
destructive interference bas been avoided maturlly.

Another disadvantages of the singlc channel analog
seismic profiles is that the focussing and migration cannot
be applicd o this data. In an ares where the sub-botiom
structure is relatively gentle, we do not need an extensive
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Figure 1-a. Single channel analog selsmic recording system (from Geyer, 1983)
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Figure 1-b. Sub surface profiling can be done by firing the airgun st & constant time Interval (eg. 8 msec)
and the survey ship moving with a constant speed

Figure 1. A high resolution graphic
recorder EPC - 1600

focussing and migration process, However, il reconding
was made ina relatively complicated sub botiom geology,
we can casily recognize an anificial structure produced by
scaticring or diffmction (from qualitative interpretation
point of view). The interpreter will be able 1o place the
fault position and avoid the "phantom anticline®,

It should be scknowledged thet it & impossible 1o
estimate the seismic wave velocity from the single channel
seismic data. Hence, it is also impossible 1o estimate the
depth or thickness of the subsurface layers. For this parp-
pose we need o look at the same section produced by the
digital multichannc] scismic dais,

. DIGITAL SEISMIC DATA

By contrast to single channel analog selsmic recor-
ding, the digital seismic recording is much more compli-
cated, but it records the multichannel seismic dala sl once.
This function has been made possible with the use of a
multiplexcr. The schematic diagram of the digital seismic
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recorder is illustrated in Figure 3. With this smngement
ﬂt-li-iti#hﬂutnmﬂhhuhﬂﬁu
sclamic waves tmveling through the
nh-:hu layer, but insicad it records the sequential
trace. This sequential trace contains digital sample oum-
ber one, trace number 1, sample number one, trace number
two, sample sumber 1, trace mumber three, eic. A demulti-
sicp is required prior o further processing. Also
Hﬂ::ﬂﬂlﬁlﬂﬁﬂpﬂnﬂ;whﬂhﬂ
vemsion is required 1o display the processing result.

One of the sdvantages of the digital scismic data is tsat
nearly all sophisticated mathematical can be
spplied in order 10 enbance the quality of the subsurface
picture. This includes rejecting unwanied events, focuss-
ing scaticred and diffracted eveats, suppresing maltiple
reflections and many others. [n addition, 8 more sccumic
estimation of the subsurface informations can be deduced.
This sulsurface information includes velocity, depth,
thickness and many olhem.

There arc many things which can be lisicd as the
sdvaniages of digital seismic data. There are also so many
success in bydrocarbon explomtion which can be credited
to digital processing technology. However, whatever
good is the result of digital processing of the scismic data,

high line Pre Amp Alios
balonce filter

— >
>_.

Eiﬁlll%llll

i vertical resolution will sot be a8 high as the amalog
recording of scismic data. Today the common sampling
mie used in hydrocarbon exploration st sca is 2 millisec-
onds, This means, that the maximum [requency which can
be sccomodated by this type of digital data is 250 Hz. An
analog scismic recording gives in the examples can scco-
modate as much as B00 Hz. This proves the resolving
power which is more than three times stronger.

I¥. EXAMPLE

The following examples arc the scismic sections
profikes which were obtained from amalog scismic recor-
ding but have been reprocessed wsing simple electronic
equipment as shown in Figure 4. The process consists of
band pass filicring, readjustment of intepaity,
borizontal scale and vertical scale. The mvw single channel
analog scismic daia were recorded 1o the southern pant of
MNusa Tenggam during the Sacllius [1 expedition Leg G-6
in 1985 (see Figure 5). The decp of the sea botiom nnging
from 2000 to 6000 meters.

Figure & is an example of analog profiles crossing a
quite complicated structure around sccretionery wedge
(sec van Weering et al, 1989). Observe the differeat in
seismic characters which are deposiled in the slope basin

Multiplexer

Amp A=-D
converter

s

AGC

For mater

Figure 1. Digital selsmic recorder (Anstey, 1979)
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Figure 4. A circuit of electonie equipments used to
reprocess the single channel analog schmic data

Also observe that sea botiom multiples appear around 4
scoonds which do not interfere the horizon of interest.

Figure 7 is another example of a high resolution single
channel analog selsmic profiling. It demonstrates bow this
resolution is capable of distinguishing clearly the dilferent
between the basement and sediments. Within the basin we
can see two different seismic chamciers in the sediment.
One with parallel layers signifies normal sediment, and
another one with while charscters signifies shimp sedi-
ment. Another interesting feature is that with this display
tbe faulis canalso be seen in the sediment as well as in the
basement which facilitates finding the trapping arcas.

Figure 8 is another interesting example of high resol-
ution single channel analog selsmic profiling. We can see
clearly sevenal depositional sequences deposited in the
basin. Observe the pancrm on the older
*slump” sediment. The dilferent in selsmic character be-
tween the sediment and the basement can be seen clearly.
Om the left side, we can see the oceanic crust subducts the
continental crust. This profile was taken across the Java
Trench from south to the north.

i

e Z@é 2 |
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Figure 5. Single channel analog seismic profiling to the south of Nusa Tenggarn of Snellius I expedition HG-I
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Figure 6. The result of single channel analog selsmic profiling crossing quite complicated structure around
the sccretionery  wedge (see also van Weering et al, 1989)
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Figure 7.The result of single channel analog selsmic profiling demonstrating its capability to distinguish the dif-
ferent in selsmic character between the basement and the sediment (see also van Weering et al, 1989)
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Figure &. The result of single channel analog seismic profiling demonstrating its capability to reveal
severnl depositional sequences deposited in the basin
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Figure 9. The result of single channel analog selsmic profiling from Savu Basin toward Sumba Basin across the
Sumba Ridge Observe the difTerent in selsmic characters between the sedimentary layers and the pre tertiary
basement (see alse van Weering et al, 1989)
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Figure 9 ia another example of high resolution single
chanee] profiles snabog seis mic reconding bo (e south cast
of Sumba, scross the Sumbs Basin and Sumbe Ridge. We
cam observe the diffesent ia sclsmibc characters im the
sediment depoaiicd in the Sumba basin as well as in the
Save Basin. We can also observe ihat the sea hotlom
multipic has been shified naturally (by the water depth)
far below the top of the pre-tertiary “basement’ so that it
does not disturb the borizon of inlerest.

V. CONCLUSION

The high resolution sature of single channel smalog
scismic profiling reveals the subsurface structum! and
stratigraphic features clearly which are very difficult o be
achieved by today's digitsl techaology. This fsct will be
very usclul in interpreting seismic section s complemen-
tary to digital seismic sections.

The statement mentioned above is oaly valid in the
deep scs where the sub-botiom multiples or waler rever-
bertion can be expected 1o be shified natunlly (by the
wiler depth) far below (he horizon of intercst.

The quality of the single channcl, snalog scismic
profiles can be improved o some exient by » simple
clectronics equipment.

Acknowledgmeat

The seismic profiles reported im this paper is a part of
my rescarch work while [ was s visiting scientist st the
Metherland Institute for Sea Research (NIOZ) Texel, Hol-
land in 1985, This visit was sponsored by the Sacllius 11

cxpedition program, a cooperation betweea the Indone-
sian Government and the Dutch Government. | would like

to thank Dr. Tjierd van Weering for me wilh
facilities and technical sssistance. | would also like w0
thank Dv. Derk Jongsma for his encounging discussion.

REFERENCES

L Amstey, NA., 1979, Seismic Propecting Instrument,
V.1, "Signal Chamcieristics and Instrument Specifi-
cations"’, Gebmder Bomn Traeger, Berlin

1 Geyer, RA., 1983, CRC Handbook of Geophysical
Exploration at Sea, Florida.

3. T).C.E Van Weering, Kusnida, D, Tjokresaputre,
§., Lubls, 5., Kridoharto, P, Suprajitne M., 1989,
"The Seismic Stracture of The Lombok and Save
Forearc Basins, Indonesia’", Netherlands Journal of
Sea Research 24(2/3) : 251 - 262.

LEMIGAS" SCIENTIFIC CONTRIBUTIONS 183



