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OCEAN BOTTOM SEISMIC RECORDING
AN INTRODUCTION TO THE PROBLEMS

Tim Owen

Carrack Measurement Technology

Introduction: The sea bed can be an uncomfortable place to site
any form of seismic sensor, but particularly so for the high fidelity
measurement of horizontal ground motions. The physical properties
of the surface and near surface layers vary from site to site between
material that is so soft it is virtual soup to outcrops of irregular hard
rock. It may be completely flat and level, or slope at near its stability
limit. The water may, with luck, be more or less stationary, or the sea-
bed may be subjected to tides or currents with velocities measured
in knots. Worse still, any or all of these parameters may vary over the
designated survey area in an unpredictable manner. The mechani-
cal properties of typical sea bed mud are not well quantified, partly
because of the difficulty of measurement, and partly because of the
variability. One difficulty facing designers is that the seabed behaves
as an elastic medium, often with rather little internal damping, so that
one is usually working with models based on springs and masses and
with resonances that can dominate the coupling response. A further
complication is that there is often a steep gradient in strength and
density over distances that are comparable to the physical dimen-
sions of the sensor. The depth and degree of mixing of this top layer
probably depend critically upon the degree of biological activity, but
there is currently little reliable information on this aspect.

Geophones allow the motion of a sensor housing placed on or bur-
ied in the seabed to be recorded directly, and with careful design and
a good deployment mechanism this motion MAY approximate more
or less accurately to ground motion over some or all of the required
frequency range. With three geophones or other vector sensor ele-
ments the three components of sensor translation are recorder — 5
or 6 sensor elements allow sensor rotations to be detected, which
enables a potential set of spurious motions of the sensor housing to
be detected. The use of a hydrophone in conjunction with the ver-
tical translation signal allows the upgoing and downgoing pressure
waves in the water to be distinguished, and helps to eliminate the
reflection ‘comb filter’in shallow water.

The coupling of seismic waves from the seabed into the sensor
package can be mirrored by the coupling of a vibrating body to the
seabed. The resultant seabed motion can best be approximated
by measuring the amplitude of motion of the vibrating body when
subjected to a fixed vibration force of varying frequency. A normal
Carrack geophone was modified to incorporate a small vertical servo
motor at its centre with an offset weight. The motion of the geo-
phone varied with the coupling - in situations of good coupling the
motion was small - the coupling to the ‘seabed’ effectively increased
the mass of the geophone and thus its amplitude. With poor cou-
pling or when suspended the motion reached that predicted by the
ratio of rotating mass to geophone mass. In some materials a clear
decoupling frequency was seen, above which the coupling was poor,
but below which it was good. This corresponds well to a spring- mass
model of coupling.

With three geophones or other vector sensor elements the three com-
ponents of sensor translation are recorder - 5 or 6 sensor elements
allow sensor rotations to be detected, although these are almost al-
ways artefacts of poor sensor design. The use of a hydrophone in
conjunction with the vertical translation signal allows the upgoing

and downgoing pressure waves in the water to be distinguished, and
helps to eliminate the reflection ‘comb filter’in shallow water.

The bandwidth of the useful energy will depend on the source and
upon the range, for distant earthquake studies it is often desirable
to operate at periods of tens of seconds, and this gives rise to a par-
ticular set of design problems that are not covered here. For local
earthquake studies, frequencies of one Hz and up are often consid-
ered adequate, and are just about reached using similar sensors and
techniques to those used for active source experiments. In com-
mercial active source seabed equipment geophone sensors usually
have a low frequency 3 dB frequency of 10 Hz or 14 Hz, based on
the lowest frequency geophone that can be operated in any orienta-
tion, whereas academic active source equipment favours 4.5 Hz geo-
phones which have very limited tilt tolerance.. Geophones can have
the extended low frequency response extended by including them
within an active positive feedback loop that effectively weakens the
springs (Lennartz), or may have the response modified by an external
RC network (I/0). Neither of these approaches does anything for the
signal to noise ratio of the sensor, and is in any case no better than
can be achieved by post processing provided the dynamic range of
the system is adequate.

Timing is clearly fundamental to any autonomous seismic record-
ing system where the shot instants are not available at the time of
recording. This has been a recurrent problem for sea bed seismics
and despite technical advances, is still a major factor in the design
specification. Several techniques have been used - simple TXO crys-
tal oscillators cut across the XT plane have an’S’shaped temperature
coefficient about their design temperature that gives them reason-
able performance - in one test | achieved +/- 2.5 mSec excursion
over 4 weeks at with normal room temperature variations. It is more
common now to use MXOs — microprocessor corrected oscillators
that correct for temperature changes using a pre-calibrated look up
table.

Aside from the fundamentals of the sensor design, sensor elements
and recording system performance there are a series of secondary is-
sues that too often dominate the design process to the detriment of
the seismic performance. The basic payload for the sea bed system
is the sensor, together with the recording system and batteries to run
it. To this must be added a delivery and recovery system that will
reliably position the sensor package in an optimum setting, and then
allow the package to be recovered on completion of the mission.
With these additions come numerous issues of size and weight, plus
a myriad of design arguments that often owe as much to personal
taste and whim as to logic!

In summary, the design process must begin with a rigorous analysis
of the requirements for good data, which can only be achieved by
careful attention to the design of the sensor package and sensors, the
mechanical properties of the seabed and the physics of the sensor-
seabed interaction. The delivery and recovery systems are just that
— their design is of course an essential and integral part of the design
process - but they must be designed around the design of the sensor
package and its coupling requirements, and must not be allowed to
compromise the seismic performance.



