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Summary

Today’s solid streamers are generally less sesitio
mechanical noise originating from sea swell effeatsl are
insensitive to vibration from depth controllers réis) and
mechanical towing equipment. In addition, for wegi level of
sea swell, they can be towed shallower withoutgmificant
noise increase.

The dominant transport mechanism for parasitic mwanted
vibration in any streamer design (whether usingdsot fluid-
based buoyancy) is the axial extensional wave. su€h
extensional waves are permitted to generate sigmifipressure
or stress at the locations of the hydrophone elésnahen
undesirable coherent noise will result.

In fluid streamers, coupling between extensionalesaand
hydrophones occurs through the medium of bulge saWith
extremely careful mechanical design, and by formiimgar
arrays of individual hydrophone elements which eitghe low
speed of bulge waves, fluid filled streamers mapiee
acceptable mechanical noise performance. Singleopjones
in fluid streamers are always excessively noisy.

In a solid buoyancy streamer the low speed bulgeeware
replaced by higher speed compressional waves pitactuding

Introduction

Marine geophysical streamers are a popular dataisitign

solution principally because they produce high iqualata on a
large scale at low cost. The last 20 years has seetinuous
improvement in streamer technology — greater r#itabhas

been accompanied by improved data quality and esfiwost
of ownership.

Continuous movement at 5 knots presents a uniqtieofse
acoustic challenges. All seismic streamers argestlto

significant mechanically-induced noise, turbuleltwf noise,

and acoustic noise. Other sources, such as prafemtilermal

noise, are minor by comparison. Of the aboveetli@minant
sources, mechanically induced noise is respondibtethe

majority of decisions to halt commercial data asiign on

grounds of degraded streamer data quality.

One of the more important advances in technologytieen the
solid streamer, which is more robust than the roflded-filled
construction. In a solid streamer the buoyanci fis replaced
by buoyant flexible polymer, usually either polyddne or
polyurethane based (see Fig 1.)

It is well known that solid streamers are generlls sensitive
to mechanical noise originating from sea swell @fgcan be

array forming as a primary means of mechanical enois towed shallower without a significant noise inceaand are

reduction within the critical 3Hz to 50Hz band.

However with appropriate design and materials,gh liegree
of noise isolation can be realised. As mechanstdhtion must
be achieved independently of the use of array$) aotays and
single hydrophones in a solid streamer can beivelgtquiet.

One successful method of manufacturing a solidastex
encloses the hydrophone element in a relativef§ stickage
which resists the stress and strain normally indubg the
passage of axial extensional waves. This packag8train
Isolation Module (SIM) contains acoustically traasmt
coupling fluid and also includes an elongated ewkr
diaphragm or diaphragms providing a high degretudfulent
noise reduction.

Using this technology, improvements in mechanicais@
isolation of the order of 15dB have been measurtedea.
Observed improvements in field results are welldpted by
simple axial wave theory.

insensitive to vibration from depth controllers r@ls) and
mechanical towing equipment.

Flotation jacket (1)

Strain member (2)

Fig. 1. Solid streamer construction showing solid, fléxib
buoyancy material replacing fluid buoyancy.
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In order to impact on seismic streamer signal tseaatio,
mechanical noise must be:

i) generated
i) transported and
iii) coupled

to the sensing elements. Mechanical energy ofiggniom sea
swell (for example cross flow), vessel tugging, acable
attachments (for example depth controllers). Hdacfice, all
three sources rise in amplitude markedly with aegedoration
in weather conditions.

In the following discussion we describe and anlysetransport
and coupling aspects of streamer noise controlthed draw
some conclusions regarding best practice in sdiidamer
design. In this, a comparison between older and designs is
pertinent, and cable design concepts are simplifiecthe
interest of clarity.

The dominant transport mechanism for parasitic mvanted
vibration in any streamer design (whether usingdsot fluid-
based buoyancy) is the axial extensional wave, lwiiavels
along the strength members at a high speed depeondathe
number and stiffness of the strength members aadmnthss
loading applied by the streamer body. Observeédpare in
the region of 1200 to 1600 metres per second, aredgg
dissipates over a few 10’s of wavelengths. Thialgpathway
carries no useful seismic signal energy.

Fluid Filled Streamers and Arrays

In fluid streamers, coupling between unwanted esiteral
waves and hydrophones occurs through the mediutvulgfe
waves (see Fig. 2).
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Fig. 2. Bulge wave generated at an oil blockage withfluid-
filled streamer
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Bulge waves travel at approximately 30 to 40 meperssecond
away from any oil blockage attached to the stremgémbers.
These slower waves largely dissipate over 10 avaelengths

from their point of generation, but at the lowesismic
frequencies of practical interest (eg 3Hz) thislddwe at least
100 metres. As shown in figure 2. bulge waved tenbe
generated in pairs with opposite polarity, whicloyides a
clever and practical means to reduce their impanot o
hydrophone signals (Giles and Steetle, 1989).

With extremely careful design, fluid filled strears may
achieve acceptable mechanical noise performangendrén:

i) hydrophones are precisely placed so that bulge
waves of equal amplitude but opposite polarity
cancel at the hydrophone location, and

i) the relatively low speed of bulge waves (30 to 40
metres per second) is exploited by forming
arrays of a number of discrete hydrophones.

A hydrophone array realises a low pass frequentsr fin the
in-line direction, with cut-off frequency given apgimately
by:

Fcur=Cyv /Ly 1)

where G is the inline wave speed, ang, is the hydrophone
array (or group) length. Thus the cut-off frequerior a 12
metre group responding to a bulge wave at 35 mgters
second is approximately 3 Hz. Above 3Hz the enely
attenuated by approximately 15 dB, and below 3He th
attenuation falls to zero. It is immediately ohwgothat noise
minimisation requires low ¢ and high L. It is also clear that
single hydrophones in fluid streamers experiencéBlmore
mechanical noise due to un-attenuated bulge waves.

Excessively long arrays are undesirable as theyimagct on
the higher frequency seismic signals, containiegly dipping

or wide offset signal energy. Bulge wave speet damping
must be carefully controlled by precise selectibthe grade of
external jacket polymer, with the more robust gsade
unfortunately tending to raise\,C In practice, fluid cable
designs seldonreach a satisfactory compromise between
mechanical robustness and acceptable mechanics aoross
the full seismic bandwidth, and in addition perfamoe often
degrades with any wear and tear over the prodeetiace life.

A full discussion on designing a quiet fluid streamincluding
consideration of turbulent flow noise, is a comptepic and
goes beyond the scope of this paper.

Solid Streamers and Arrays

Attributing the noise reductions of solid strearrehnology to
the absence of “bulge waves” only goes part of way to
explaining the improvement. In a solid buoyanaganer the
low speed bulge waves are replaced by higher speed
compressional waves. In practice, the speed ofhamécal
waves in solid buoyant material can range from B@@res per
second to 1800 metres per second, depending omttiesic
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elastic modulus and the intimacy of the couplingween the
flexible buoyancy and the stiff strength membee® (§ig. 1).
The resulting array cut-off frequency range (assgma 12
metre group length) is 25 Hz to 150 Hz for axianpressional
waves. This and the dominance of mechanical noisergy
below 20Hz precludes array forming as a primary mseaf
noise reduction in solid streamers, although it lbaruseful in
other regards as noted later in this paper.

At low frequencies the axial vibration induced pae R(f)

within the solid, flexible buoyancy material is anttion of
dynamic axial strain. ,jf ) is given approximately by:

Px(f) =pc . Cv. ks . Ux(f) / 2af @

wherepc is the cable density,\Gs the axial extensional wave

speed, J(f) is the axial cable acceleration as a functidn o
frequency, andis the ratio of stiffness between the buoyancy

material and the cable as a whole including stremgeémber
(typically around 0.01 to 0.02). Calculations lmhsmn this
formula and known towing vibration levels predictduced
dynamic pressure within the buoyant material otuatb100 to
200 pbars RMS (6Hz to 200Hz) making it impractical to
directly mount hydrophone elements within the budya
material.

Hydrophone mechanical noise isolation

Starting from equation (2) one way to control neaghal noise
is to choose flotation material with extremely lowc: C,

(mechanical impedance) but materials in this ctass out to
be extremely soft and lacking durability under meaathal
impact or streamer recovery. A preferable solutisnto
incorporate a specific individual transducer paakggolution,
with the attributes of:

- maximum isolation from dynamic stress in the dtain
material

- minimum signal amplitude loss and phase distortio

- robustness with good mechanical impact protection
- attenuation of turbulent flow noise

US patents No. 5,600,608 (1997) and No. 6,853@D42005)
describe streamer hydrophone packages which
mechanical noise coupling in the fashion describeove (see
Fig. 3). The former concept incorporates acousical
transparent coupling fluid within the space (25)d aalso
includes an elongated external diaphragm to prowdeigh
degree of turbulent noise reduction. A further epat
application describes a flexible version of thigriea.

The hydrophone carrier, or Strain Isolation Mod{&iM),
provides around 40dB or better isolation from thress in the

buoyancy attached either side of the carrier. Ehéchieved by
creating a relatively large stiffness contrast [ the carrier
and buoyancy, further lowering the fackgrin equation (2).

Fig. 3. Hydrophone carrier defining a zone (25) for
hydrophone element (13) which is free from noisduced by
axial mechanical waves.

Thus the levels of vibration-induced noise senigjtiare better
than 40dB lower than equation (3) would predich average
towing conditions the resulting mechanical noisenponent
integrated over the 6Hz to 200Hz band is measurézba than
2 ubars RMS rising to 4 togbars RMS in moderate seas.

As mechanical isolation is achieved independerttithe use of
groups, both groups and single hydrophones renwatively
quiet even as the weather deteriorates.

Flow noise and transverse waves

Arrays are still useful in solid sytreamers. Thekage in fig. 3
effectively attenuates turbulent flow noise (TBL)edto it's
elongated integration surface. Typical singlesgho
measurements at 5 knots for a 20cm diaphragmHendicate
5 pubars RMS (6Hz to 200Hz) with a broad spectrum. thege
is very little TBL correlation phone-to-phone in seismic
group, total flow noise is given by:

Par(® = Pur(f) . (i)™ ®)

Where R+(f) is the group flow noise, R(f) is the single phone

reducow noise and I is the number of phones per group. With

Ny = 8 this gives less than gbars RMS un-correlated flow
noise, that is, a useful reduction.

Transverse waves, present in all towed cables, eacited
primarily by sea swell action. The wave speedvegiby:

Cr =V (Fr/ Myg) 4)
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where Fk is the cable tension anddli$ the mass per unit length
of the cable. € typically ranges from 20 to 40 metres per
second (ie similar to bulge wave speeds), so tkatdsrd
seismic groups still provide useful reductiom {5dB) in
transverse cable noise. Interestingly, the primamyde of
coupling
hydrophones, giving the following coupling equation

Pz () =pu - 9 . U(f) / 4n*f? ®)
wherep,, is the water density, ig the gravitational constant
and U(f) is the tranverse cable acceleration as a fanctf
frequency. Due to damping and the factof thé bandwidth of
this mode is greatly reduced (typicatlyoHz) and therefore the
hydrophone spacing can be greater on Nyquist sampli
grounds, resulting in a halving of the number ofitmphones
per channel (8 per group vs 16) compared to fluikdf
streamers.

Field Results

Fig. 4. is a typical field noise record collectedr a hybrid
streamer consisting of 1,350 metres of SerceldS8treamer
ahead of 4000 metres of fluid streamer. This aster
implemented a hydrophone carrier concept similarthat
shown in Fig 3. During this test the seas were mraide
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predominantly mechanical and is around 15dB abdwe t
mechanical noise in the solid sections.

Conclusions

is via the changing pressure head abowe thWith extremely careful mechanical design, and bymiag

linear arrays of individual hydrophone elementschihéxploit
the low speed of bulge waves, fluid filled streasnenay
achieve acceptable mechanical noise performance ave
limited bandwidth, however single hydrophones wilvays be
unacceptably noisy.

Today's solid streamers are generally less semsitio
mechanical noise originating from sea swell effeatsl are
insensitive to vibration from depth controllers r(ls) and
mechanical towing equipment.

In a solid buoyancy streamer the low speed bulgeeware
replaced by higher speed compressional waves. tBuais
higher wave speed, array forming cannot be a pyimaans of
mechanical noise reduction in solid streamers.

One successful method of manufacturing a solidasie
encloses the hydrophone element in a relativefy gtickage
which resists the stress and strain normally induieg axial
extensional waves. Using this technology, improgets in
mechanical noise isolation of the order of 15dB ehdeen
measured relative to fluid filled streamer perfonoa

Solid streamers designed in this way can extendatlaélable
data acquisition time, whilst providing generallgngroved
signal to noise ratio.
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