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(57) ABSTRACT

A seismic streamer includes a sensor comprises an axially
oriented body including a plurality of axially oriented chan-
nels arranged in opposing pairs; a plurality of hydrophones
arranged in opposing pairs in the channels; a pair of orthogo-
nally oriented acoustic particle motion sensors; and a tilt
sensor adjacent or associated with the particle motion sen-
sors. The streamer has a plurality of hydrophones, as previ-
ously described, aligned with a plurality of accelerometers
which detect movement of the streamer in the horizontal and
vertical directions, all coupled with a tilt sensor, so that the
marine seismic system can detect whether a detected seismic
signal is a reflection from a geologic structure beneath the
streamer or a downward traveling reflection from the air/
seawater interface.
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DUAL AXIS GEOPHONES FOR
PRESSURE/VELOCITY SENSING
STREAMERS FORMING A TRIPLE
COMPONENT STREAMER

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application Ser. No. 61/356,835 filed Jun. 21,
2010.

FIELD OF THE INVENTION

[0002] The presentinventionrelates generally to the field of
seismic streamers which are towed through water behind
vessels for seismic exploration, and, more particularly, to the
field of non-fluid filled seismic streamers. Even more particu-
larly, the present invention relates to a seismic streamer which
includes a pair of orthogonal acoustic particle motion sensors,
such as geophones or accelerometers, in the same segment or
in close proximity to a plurality of pressure sensors, such as
hydrophones.

BACKGROUND OF THE INVENTION

[0003] The background in related art is described by Vaage
et al. in U.S. Pat. No. 7,684,281. In seismic exploration,
geophysical data are obtained by applying acoustic energy to
the earth from an acoustic source and detecting seismic
energy reflected from interfaces between different layers in
subsurface formations. The seismic wavefield is reflected
when there is a difference in acoustic impedance between the
layers on either side of the interface. Typically in marine
seismic exploration, a seismic streamer is towed behind an
exploration vessel at a water depth normally between about
six to about nine meters, but can be towed shallower or
deeper. Hydrophones are included in the streamer cable for
detecting seismic signals. A hydrophone is a submersible
pressure sensor that converts pressure waves into electrical or
optical signals that are typically recorded for signal process-
ing, and evaluated to estimate characteristics of the subsur-
face of the earth.

[0004] Inatypical geophysical exploration configuration, a
plurality of streamer cables are towed behind a vessel. One or
more seismic sources are also normally towed behind the
vessel. The seismic source, which is often an air gun array, but
may also be a water gun array or other type of source known
to those of skill in the seismic art, transmits seismic energy or
waves into the earth and the waves are reflected back by
interfaces in the earth and recorded by sensors in the stream-
ers. Winged hydrodynamic actuators are typically employed
to maintain the cables in the desired lateral position while
being towed. Alternatively, the seismic cables are maintained
at a substantially stationary position in a body of water, either
floating at a selected depth or lying on the bottom of the body
of water, in which case the source may be towed behind a
vessel to generate acoustic energy at varying locations, or the
source may also be maintained in a stationary position.
[0005] When the reflected wave reaches the streamer cable,
the wave is detected by the hydrophones in the streamer cable
as the primary signal. The reflected wave also continues to
propagate to the water/air interface at the water surface, from
which the wave is reflected downwardly, and is again detected
by the hydrophones in the streamer cable. The water surface
is a good reflector and the reflection coefficient at the water
surface is nearly unity in magnitude and is negative in sign for
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pressure signals. The waves reflected at the surface will thus
be phase-shifted 180° relative to the upwardly propagating
waves. The downwardly propagating wave recorded by the
receivers is commonly referred to as the surface reflection or
the “ghost” signal. Because of the surface reflection, the water
surface acts like a filter, which creates spectral notches in the
recorded signal, making it difficult to record data outside a
selected bandwidth. Because of the influence of the surface
reflection, some frequencies in the recorded signal are ampli-
fied (constructive interference) and some frequencies are
attenuated (destructive interference).

[0006] Maximum attenuation will occur at frequencies for
which the propagation distance between the detecting hydro-
phone and the water surface is an integer multiple of one-half
wavelength. Maximum amplification will occur at frequen-
cies for which the propagation distance between the detecting
hydrophone and the water surface is an integer multiple of
one-quarter wavelength. The wavelength of the acoustic wave
is equal to the velocity divided by the frequency, and the
velocity of an acoustic wave in water is about 1500 meters/
second. Accordingly, the location in the frequency spectrum
of'the resulting first (lowest-frequency) spectral notch can be
readily determined. For example, for a seismic streamer at a
depth of 7 meters, and waves with vertical incidence, maxi-
mum attenuation will occur at a frequency of about 107 Hz
and maximum amplification will occur at a frequency of
about 54 Hz.

[0007] It has not been common practice to tow streamer
cables deeper than about nine meters because the location of
the lowest-frequency spectral notch in the frequency spec-
trum of the signal detected by a hydrophone substantially
diminishes the utility of the recorded data. It has also notbeen
common practice to tow streamer cables at depth less than six
meters, because of the significant increase in surface related
noise induced in the seismic streamer data.

[0008] Itis also common to perform marine seismic opera-
tions in which sensors are deployed at the water bottom. Such
operations are typically referred to as “ocean bottom seismic”
operations. In ocean bottom seismic operations, both pressure
sensors (hydrophones) and particle motion sensors (geo-
phones, accelerometers) are deployed at the ocean floor to
record seismic data.

[0009] A particle motion sensor, such as a geophone, has
directional sensitivity, whereas a pressure sensor, such as
hydrophone, does not. Accordingly, the upgoing wavefield
signals detected by a geophone and hydrophone located close
together will be in phase, while the downgoing wavefield
signals will be recorded 180° out of phase if the geophone is
orientedin a particular direction. Various techniques have
been proposed for using this phase difference to reduce the
spectral notches caused by the surface reflection and, if the
recordings are made on the seafloor, to attenuate water borne
multiples. It should be noted that an alternative to having the
geophone and hydrophone co-located, is to have sufficient
spatial density of sensors so that the respective wavefields
recorded by the hydrophone and the wavefield can be recon-
structed (interpolated) at a convenient location in the vicinity
of the spatial distribution of sensors.

[0010] U.S. Pat. No. 4,486,865 to Ruehle, for example,
teaches a system for suppressing ghost reflections by com-
bining the outputs of pressure and velocity detectors. The
detectors are paired, one pressure detector and one velocity
detector in each pair. A filter is said to change the frequency
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content of at least one of the detectors so that the ghost
reflections cancel when the outputs are combined.

[0011] U.S. Pat. No. 5,621,700 to Moldovenu also teaches
using at least one sensor pair comprising a pressure sensor
and a velocity sensor in an ocean bottom cable in a method for
attenuating ghosts and water layer reverberations.

[0012] U.S. Pat. No. 4,935,903 to Sanders et al. teaches a
marine seismic reflection prospecting system that detects
seismic waves traveling in water by pressure sensor-particle
velocity sensor pairs (e.g., hydrophone-geophone pairs) or
alternately, vertically-spaced pressure sensors. Instead of fil-
tering to eliminate ghost reflection data, the system calls for
enhancing primary reflection data for use in pre-stack pro-
cessing by adding ghost data.

[0013] U.S. Pat. No. 4,979,150 to Barr provides a method
for marine seismic prospecting said to attenuate coherent
noise resulting from water column reverberation by applying
a scale factor to the output of a pressure transducer and a
particle velocity transducer positioned substantially adjacent
to one another in the water. Barr states that the transducers
may be positioned either on the ocean bottom or at a location
in the water above the bottom, although the ocean bottom is
said to be preferred.

[0014] U.S. Pat. No. 7,239,577, to Tenghamn describes a
particle motion sensor for use in a streamer cable and a
method for equalizing and combining the output signals of
the particle motion sensor and a co-located pressure gradient
sensor.

[0015] As the cited patents show, it is well known in the art
that pressure and particle motion signals can be combined to
derive both the up-going and the down-going wavefield. For
sea floor recordings, the up-going and down-going wavefields
may subsequently be combined to remove the effect of the
surface reflection and to attenuate water borne multiples in
the seismic signal. For towed streamer applications, however,
the particle motion signal has been regarded as having limited
utility because of the high noise level in the particle motion
signal. However, if particle motion signals could be provided
for towed streamer acquisition, the effect of the surface
reflection could be removed from the data.

[0016] U.S. Pat. No. 7,123,543 describes a procedure for
attenuating multiples by combining up- and down-going
wavefields, measured in the water column, where the wave-
fields are calculated from combining pressure sensors like
hydrophones and motion sensors like geophones. The proce-
dure assumes, however, that both the pressure and the motion
data have the same bandwidth.

[0017] It has been difficult to achieve the same bandwidth
in the motion sensor data as in the pressure sensor data,
however, because of the noise induced by vibrations in the
streamer, which is sensed by the particle motion sensors. The
noise is, however, mainly confined to lower frequencies. One
way to reduce the noise is to have several sensors in series or
in parallel. This approach, however, does not always reduce
the noise enough to yield a signal-to-noise ratio satisfactory
for further seismic processing.

[0018] A combination of acoustic pressure and particle
velocity can in principle be used to discriminate the direction
of'acoustic wavefront. This technique has a long history in the
world of “velocity’ microphones.

[0019] In the field of marine geophysics, acoustic particle
velocity sensing is often done with geophones (typically elec-
trodynamic velocity sensors). The motion of a neutrally-
buoyant cable is taken to be a good analog of the acoustic
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particle velocity, at least over some frequency range and some
angle of incidence range. To minimize cost and complexity
some vendors use a single axis gimbaled sensor on the
assumption that only vertically-oriented wavefronts are of
primary interest.

[0020] Historically, vertically oriented wavefronts were in
fact the primary concern, but in modern geophysics there is
increased interest in wavefronts arriving from a broad range
of angles, so the gimbaled single axis sensor is not optimal.
[0021] High quality gimbals are not inexpensive, and even
the best introduce the possibility of slip ring noise, and it is
common practice to add fluid damping so that the geophone
sensor orientation may lag the actual cable orientation in the
presence of roll. Such a lag would introduce errors in the
measured acoustic particle velocity.

[0022] Inthe caseof ‘solid’ cable streamers such as Sercel’s
Sentinel® streamer, gimbals pose a very difficult problem in
that the gimbaled sensor needs to have its center of gravity
exactly on the cable center of gravity, yet that space is occu-
pied by stress member and electrical wiring. SENTINEL® is
a registered trademark of Sercel, Inc. A pair of orthogonal
particle motion sensors with their active axes passing through
the cable axis bypass the geometrical problems as well as the
potential for lag and slip ring noise while also allowing for the
possibility of discrimination of other-than-vertical wavefront
arrivals.

[0023] For orthogonal particle motion sensors, separate tilt
(rotation) sensing means must be provided (e.g. accelerom-
eters with adequate DC accuracy) in order to determine direc-
tion based on gravity. A pair of orthogonal high quality DC-
responsive accelerometers could serve both for velocity
sensing and directional sensing, but the embodiments
described herein use less expensive components,

[0024] Every sensor poses a cost in terms of data acquisi-
tion bandwidth. Obviously the single gimbaled velocity sen-
sor is a lowest-cost approach, but with local signal processing
the dual axis particle motion sensor plus tilt sensing can be
reduced to an equivalent bandwidth load if the functionality
of off-vertical discrimination is sacrificed.

[0025] In conclusion, the dual orthogonal sensor approach
resolves difficult design problems as well as providing much
more valuable information to the geophysicist in the way of
velocity components.

[0026] Thus, a need exists for a method for obtaining a
useful particle motion signal with a satisfactory signal-to-
noise ratio at low frequencies. In particular, a need exists for
a method to generate a particle motion signal with substan-
tially the same bandwidth as a recorded pressure signal, for
particle motion and pressure sensors located in a towed
marine seismic streamer. Unfortunately, the proposed solu-
tions thus far described are far too complex and expensive to
find wide application in the field, and the complexity of these
solutions leads to unacceptably high failure rates in operation.
In particular there exists a need for a simple, inexpensive
structure to combine pressure and particle motion signals in a
marine seismic cable to eliminate or minimize ghosts. The
invention disclosed herein is directed to fulfilling that need in
the art.

SUMMARY OF THE INVENTION

[0027] The present invention addresses these and other
shortcomings in the art of marine seismic streamers by pro-
viding a plurality of hydrophones and a plurality of pairs of
orthogonally oriented geophones in a marine seismic cable.
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The cable also includes a tilt sensor adjacent or in close
proximity to the particle motion sensors to indicate the verti-
cal orientation of the particle motion sensors. The combina-
tion of the particle motion sensors and the tilt sensor develops
a signal which is a function of the direction of incidence,
therefore indicating if a signal has been reflected off the
overlying air/water interface, and can thus be filtered from the
overall seismic signal.

[0028] These and other features, objects, and advantages of
the present invention will be readily apparent to those of skill
in the art from a review of the following detailed description
along with the accompanying drawing figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] So that the manner in which the above recited fea-
tures, advantages and objects of the present invention are
attained and can be understood in detail, more particular
description of the invention, briefly summarized above, may
be had by reference to embodiments thereof which are illus-
trated in the appended drawings.

[0030] FIG. 1 is an overall schematic of a marine seismic
system wherein the present invention may find application.
[0031] FIG.2 is aperspective view of a hydrophone carrier,
adapted to carry a pair of orthogonally oriented particle
motion sensors (specifically accelerometers).

[0032] FIG. 3 is a section view of an accelerometer, from
which particle velocity can be extracted and which may find
application in the present invention.

[0033] FIG. 4 is perspective view of a particle motion sen-
sor carrier, adapted to carry a pair of orthogonally oriented
particle motion sensors and which may or may not include a
plurality of hydrophones.

[0034] FIG. 5 is a section view of the carrier of FIG. 4.
[0035] FIG. 6 is a top view of the carrier of FIG. 4.

[0036] FIG. 7 is side section view of the carrier of FIG. 4.
[0037] FIG. 8is a perspective view of a hydrophone carrier

constructed in accordance with the teachings of the present
invention.

[0038] FIG. 9 is a longitudinal section view of the hydro-
phone carrier of FIG. 8.

[0039] FIG. 10 is a radial section view of the hydrophone
carrier of FIG. 8, taken along the section lines 10-10 of FIG.
9.

[0040] FIG. 11 is a side view of a streamer including a
plurality of hydrophones, accelerometers, tilt sensors, and
electronics to convert analog seismic signals to digital format
for transmission back to a vessel.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

[0041] FIG.1 depicts a schematic of a basic marine system
including a vessel 10 towing a streamer 12. The streamer has
a number of pieces of auxiliary equipment, such as depth
control devices, associated with it that are not shown in order
to simplify FIG. 1.

[0042] The streamer 12 also includes a number of hydro-
phone carriers 14 spaced apart along the streamer. As used
herein, the term “hydrophone” refers to the active elements
which are sensitive to the seismic signals (acoustic pressure)
and the supporting body (or structure) which retains the active
elements is referred to as a “hydrophone carrier”. Active
elements typically comprise piezoelectric elements, but may
also include optical elements, micro-machined electro-me-
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chanical sensor elements, and the like. In the present inven-
tion, the hydrophone carrier is adapted to retain not only the
hydrophones but also a pair of orthogonally oriented geo-
phones and a tilt sensor.

[0043] The hydrophone carriers 14 and a buoyant material
are sealed within an outer jacket 16, preferably made of
polyurethane, to present a smooth profile, thereby minimiz-
ing flow noise. During seismic operations, the streamer 12 is
deployed from a cable reel 18 and, once operations are com-
plete, the streamer 12 is reeled back onto the cable reel 18.
[0044] Asoneexample, a streamer 12 may be comprised of
aplurality of sections, each section 150 meters in length. Each
section includes twelve hydrophone groups, with eight
hydrophones per group. Between each hydrophone group is a
particle motion sensor (accelerometer) group, with four
accelerometers per group comprising two channels per
hydrophone group. This arrangement is shown and described
below in greater detail in respect of FIG. 11.

[0045] FIG. 2 illustrates a preferred hydrophone carrier 14.
The carrier 14 retains a plurality of hydrophones 20, arranged
in opposing pairs in opposing wells 30. The carrier 14 also
retains a top geophone 22 and a side geophone 24, which are
arranged 90° about the cable longitudinal axis relative to one
another. The carrier also retains a tilt sensor 26 to determine
the angle of'tilt of the carrier about its axis, relative to vertical.
In a preferred embodiment, four such mutually opposed geo-
phones 24 may be included. Further in a preferred embodi-
ment, the tilt sensor may be deployed in a separate signal
processing module, as described below.

[0046] FIG. 3 illustrates an example of an accelerometer 22
or 24 which may be used in the application of the invention.
The accelerometer 22 comprises a piezoelectric element 32
mounted within a box 34 defining an interior chamber 35. The
box is secured to a base 36 which includes a hole 38 through
it. The hole 38 permits the inflow of fluid, preferably oil, as
illustrated by an arrow 40. Without the hole 38, the acceler-
ometer 22 would instead behave as a hydrophone, generating
an electrical signal in response to a pressure which would flex
the box 34 and thus the element 32. With the hole 38, pressure
is equalized across the element 32, and thus the element 32
generates an electrical signal in response to acceleration of
the device 22. The accelerometer 22 or 24 is mounted within
the hydrophone carrier 14 through pliable grommets 39, pref-
erably made of rubber, in the same manner as shown and
described in U.S. Pat. No. 7,382,689, assigned to the same
Assignee as the present invention, and incorporated herein by
reference. The grommets 39 help to isolate the accelerometer
22 or 24 from vibrations created along the streamer.

[0047] FIGS. 4 through 7 illustrate a particle motion sensor
carrier 50 of this invention. The carrier 50 include a top
geophone 52 and a side geophone 54 and a tilt sensor not
shown in this embodiment. The carrier may also include a
plurality of hydrophones, arranged in opposing pairs, but
these hydrophones are not shown in FIGS. 4 through 7 for
simplicity.

[0048] The various elements are operatively mounted on a
bulk cable 58, which includes strength members, power con-
ductors, signal conductors, and filler material. The geophone
52 is mounted within a molded carrier body 60 which is in
turn mounted to cable 58. A void 55 is provided for making
wiring connections. In-line vibration damping is provided by
element 57, which is adjacent to a molded isolator 56.
[0049] Finally, FIGS. 8-11 show an accelerometer section
50 of a presently preferred embodiment of this invention. The
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invention comprises a streamer having a plurality of hydro-
phones, as previously described, aligned with a plurality of
accelerometers which detect movement of the streamer in the
horizontal and vertical directions, all coupled with a tilt sen-
sor, so that the marine seismic system can detect whether a
detected seismic signal is a reflection from a geologic struc-
ture beneath the streamer or a downward traveling reflection
from the air/seawater interface.

[0050] The accelerometer section 150 includes a top par-
ticle motion sensor 152 and a bottom particle motion sensor
154, coupled together by a pair of leads 156 to define a first
signal channel. It also includes a right particle motion sensor
158 and a left particle motion sensor 160, coupled together by
a pair of leads 162 to define a second signal channel. Each of
the particle motion sensors 152, 154, 158, and 160 are pref-
erably constructed as shown in FIG. 3. Thus, rather than a
single geophone to detect vertical motion and a single geo-
phone to detect horizontal motion, as shown in FIGS. 2-7, the
present preferred embodiment includes pairs of particle
motion sensors additively coupled together to enhance sig-
nal-to-noise ratio.

[0051] As previously described, it is critical for proper
operation of this invention that the orientation of the acceler-
ometer section 150 and the adjacent accelerometer sections
150 that comprise the accelerometer group be well known.
Thus, the accelerometer section 150 includes a key assembly
70. For purposes of description, the cable includes a forward
end 72 and an after end 74. The key assembly 70 at the
forward end 72 is shown made up, while the key assembly 70
at the after end 74 is shown in an exploded view.

[0052] The streamer is covered by a jacket 76 in a manner
well known in the art. In turn, the particle motion sensors 152,
154, 158, and 160 are enclosed within a sleeve 78. A notch 80
is formed in the sleeve to mate with a first key 82 formed in an
end cap 84. A magnet 81 is positioned adjacent the first key
82. The magnet is used to find the orientation of the acceler-
ometer after the final skin is extruded over the cable. It is
necessary to know the orientation of the accelerometers when
calibrating the offset between the tilt meter gravity measure-
ment and the accelerometer orientation. The end cap 84 also
includes second key 86 to mate with a first notch 88 formed in
a coupling member 90. The coupling member further
includes a second notch 92 which is arranged to mate with an
adjacent section 94. This adjacent section 94 may be another
accelerometer section 50, a hydrophone group, or a field
digitizing unit, as described below in respect of FI1G. 11.
[0053] The accelerometer section 50 is shown in a side
section view in FIG. 9. The top particle motion sensor 52 is
mounted to the section 50 with a bracket assembly 96 by, for
example, screws 98, or other appropriate means. The sleeve
78 extends from the bracket assembly 96, and the entire
section 50 is covered by the jacket 76 (see FIG. 8).

[0054] Finally, FIG. 11 shows a marine seismic streamer
100 assembled as described herein in accordance with this
invention. For descriptive purposes, the left end of the
streamer 100 is the forward end of the streamer. The streamer
is made up of a plurality of hydrophones 14 associated to a
plurality of accelerometer sections 50. Between groups of
hydrophones and accelerometer sections is a field digitizing
unit 102. The field digitizing unit 102 receives analog seismic
signals from the hydrophones 14 and converts these analog
signals into digital form. The unit 102 also receives analog
signals from the accelerometer sections 50 through leads 56
and 62 and converts these analog signals into digital form.
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Finally, the unit 102 preferably includes a tilt sensor as pre-
viously described in respect of FIG. 2.

[0055] The principles, preferred embodiment, and mode of
operation of the present invention have been described in the
foregoing specification. This invention is not to be construed
as limited to the particular forms disclosed, since these are
regarded as illustrative rather than restrictive. Moreover,
variations and changes may be made by those skilled in the art
without departing from the spirit of the invention.

We claim:

1. A seismic sensor comprising;

an axially oriented body including a plurality of axially
oriented channels arranged in opposing pairs;

a first opposing pair of particle motion sensors arranged in
a first pair of the channels;

a second opposing pair of particle motion sensors arranged
in a second pair of channels, the second pair of particle
motion sensors radially offset by 90° from the first pair
of particle motion sensors; and

a tilt sensor in a known orientation to the first and second
pair of particle motion sensors.

2. The seismic sensor of claim 1, further comprising a key
assembly adapted to positively orient the sensor to an adja-
cent component.

3. The seismic sensor of claim 1, further comprising:

a jacket covering the sensor; and

a permanent magnet inside the jacket adapted to find the
orientation of the accelerometer after the final skin is
extruded over the cable.

4. The seismic sensor of claim 1, wherein the particle

motion sensors comprise accelerometers.

5. The seismic sensor of claim 1, wherein each particle
motion sensor comprises:

a base;

a box mounted to the base, defining an interior chamber,

the box having an interior upper surface;

ahole in the base, defining a fluid flow path into the interior
chamber; and

a pierzoelectric element mounted on the interior upper
surface of the box.

6. The seismic sensor of claim 1, wherein the first opposing
pair of particle motion sensors are electrically coupled
together to define a first signal channel and the second oppos-
ing pair of particle motion sensors are electrically coupled
together to define a second signal channel.

7. A marine seismic cable comprising:

a plurality of hydrophones arranged in groups along the

cable;

a plurality of particle motion sensors arranged in groups
between at least some of the groups of hydrophones; and

a field digitizing unit, the field digitizing unit including a
tilt sensor arranged in a known orientation to the particle
motion sensors.

8. The marine seismic cable of claim 7, wherein each of the

plurality of particle motion sensors comprises:

an axially oriented body including a plurality of axially
oriented channels arranged in opposing pairs;

a first opposing pair of accelerometers arranged in a first
pair of the channels;

a second opposing pair of accelerometers arranged in a
second pair of channels, the second pair of accelerom-
eters radially offset by 90° from the first pair of acceler-
ometers; and
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a tilt sensor in a known orientation to the first and second

pair of accelerometers.

9. The marine seismic cable of claim 8, wherein each
accelerometer includes a key assembly adapted to positively
orient the accelerometer to an adjacent component.

10. The marine seismic cable of claim 8, wherein each
accelerometer includes:

a jacket covering the accelerometer; and

a permanent magnet inside the jacket adapted to find the

orientation of the accelerometer after the final skin is
extruded over the cable.

11. The marine seismic cable of claim 8, wherein each
accelerometer comprises:
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a base;

a box mounted to the base, defining an interior chamber,

the box having an interior upper surface;

ahole in the base, defining a fluid flow path into the interior

chamber; and

a pierzoelectric element mounted on the interior upper

surface of the box.

12. The marine seismic cable of claim 8, wherein the first
opposing pair of accelerometers are electrically coupled
together to define a first signal channel and the second oppos-
ing pair of accelerometers are electrically coupled together to
define a second signal channel.

sk sk sk sk sk



