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DESCRIPTION

[0001] The present invention relates generally to the field of marine surveying. More
particularly, the present invention relates to surveying the structure beneath the seabed using
a towed streamer.

[0002] A known system 10 for surveying the structure beneath the seabed is shown in Figure
1. In this system 10, a survey vessel 15 tows a sound source 20 and a streamer 30. The
streamer 30 comprises a cable 32 and a set of sensor groups 34d, the sensor groups being
positioned along the length of the cable at a constant spacing from each other; this spacing
between the sensor groups is known as the group interval. For the purposes of diagrammatic
simplicity, only 4 sensor groups, comprising 34d1,2,3,4 are shown, but in a typical system there
may be several hundred sensor groups distributed along a 5km cable. As can be seen from
Figure 1, the sound source 20 is towed between the survey vessel 15 and the leading sensor
group of the streamer 30. The sound source 20 generates acoustic pulses or shots with a
predetermined period between pulses that are directed downwardly towards the seabed. Since
sound energy is reflected off the boundaries between layers of different densities and velocities
(and hence acoustic impedance), as a transmitted pulse encounters the boundary between the
water and the surface of the seabed, some of its energy is reflected and some of its energy
penetrates further into the seabed. As its energy penetrates further into the seabed, further
reflections occur as boundaries between layers of, for example, clay, sand and other
sediments are encountered. The sensor groups 34d receive the reflections that allow an image
of the structure beneath the seabed to be built up.

[0003] Conventionally, the speed of the survey vessel and the period of firing of the sound
source, i.e. the period between pulses, are selected such that the shot point interval SPI, i.e.
the distance which the sound source travels between successive shots, is equal to half the
group interval. Surveying at this standard speed is advantageous because it means that, for
each reflection point on the surface of the seabed (known as the common mid point CMP),
reflection data is contributed by each shot and measured by each sensor group. This is known
as full fold coverage and is illustrated in Figure 2. Taking CMP P1 as an example, reflection
data is contributed by each shot S#1, S#2, S#3, S#4, and measured by each of the sensor
groups 34d and hence is full fold. Furthermore, the data includes all offsets i.e. all of the
possible angles/travel times.

[0004] Attempts have been made to improve the surveying performance of this known system
by operating in a high speed mode in which the SPI is equal to the group interval. It will be
appreciated that in this context "high speed” refers not only the case where the absolute speed
of the survey vessel is increased and the SPI remains constant, but also the case where the
SPI is decreased and the speed of the survey vessel remains constant. These attempts, by
making the SPI equal to the group interval, have run into a problem known colloquially in the
industry as "odd and evens". As will be explained, this name arises because the sensor groups
are, by convention, numbered consecutively with the sensor group closest to the sound source
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being allocated number 1 and the sensor group furthest from the sound source being allocated
the highest number. Referring to Figure 3, and taking CMP P1 and P2 as examples, it may be
seen that the sound source 20 is covering a distance so large between shots that only
reflection data from shots 2# and 3# contributes to the data gathered for CMP P1 and P2.
Moreover, the data for CMP P1 comprises reflection data from sensor groups 34d2,4, i.e. the
evenly numbered sensor groups, and the data for CMP P2 comprises reflection data from
sensor groups 34d1,3, i.e. the oddly numbered sensor groups. As a result of the gathered
reflection data, for neighbouring CMPs, being at different offsets, which offsets have different
angles and travel times, the acquisition geometry becomes non-optimum and imprints artefacts
in the imaging data that is generated.

[0005] US2012/0275264 discloses an arrangement in which a seismic source is positioned
mid-way along a pair of vertically offset streamers. The streamers are vertically offset to allow
for differentiation of the up-going pressure waves from the down-going pressure waves. Both
EP 2 775 323 A2 and US 2011/044127 A1 disclose an arrangement in which a seismic source
is positioned mid-way and adjacent to at least one streamer. In these prior-art documents,
there is no disclosure of the high speed operation, described hereinafter, that is contemplated
by the present invention.

[0006] With this background in mind, according to a first aspect of the invention, the present
invention provides a system for surveying the structure beneath the seabed according to claim
1.

[0007] By virtue of positioning the sound source between the first and second sets of sensor
groups, the present invention is able, even when the sound source is travelling at a speed at
which the shot point interval equals the group interval, to calculate image data for a given
common mid point based on reflection data gathered by the first set of sensor groups for that
common mid point and reflection data later gathered by the second set of sensor groups for
that common mid point.

[0008] When the sensor groups are conventionally numbered, i.e. for the first set of sensor
groups, the sensor group closest to the sound source is number 1 and the sensor group
furthest from the sound source is sensor group number N1, and, for the second set of sensor
groups, the sensor group closest to the sound source is number 1 and the sensor group
furthest from the sound source is sensor group number N2, preferably, the system is such that,
for a given common mid point, the reflection data gathered from the first set of sensor groups
originates from only one of the oddly or evenly numbered sensor groups, and the reflection
data later gathered from the second set of sensor groups, for that common mid point,
originates from only the other of the oddly or evenly numbered sensor groups.

[0009] In the case that N1=N2, the "odds and evens" problem is completely solved because,
for each common mid point, the combination of reflection data gathered by both the first and
second sets of sensor groups constitutes reflection data that corresponds to all possible
offsets.
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[0010] Preferably, the sound source is positioned midway between the closest sensor group of
the first set of sensor groups and the closest sensor group of the second set of sensor groups.

[0011] Preferably, each sensor group is operable, treating each sensor of the sensor group as
part of a sensor array, to perform a sensor array conditioning operation on the reflection data
and to output the conditioned reflection data for subsequent data processing. In other
embodiments, the sensor array conditioning for each sensor group is undertaken during
subsequent data processing.

[0012] In an example not being part of the invention, the system is switchable between a high
speed mode as defined according to the above-mentioned first aspect of the invention to a
standard speed mode in which the speed of the survey vessel and the period between pulses
of the sound source are selected such that the shot point interval of the sound source equals
half the group interval.

[0013] According to a second aspect the present invention provides a method for surveying
the structure beneath the seabed according to claim 8.

[0014] In the context of the present invention, the term "seabed" is to be construed broadly so
as to cover the floor of other expanses of water, such as that of an ocean or a lake, regardless
of whether the other expanses of water are technically seas or not.

[0015] Exemplary embodiments of the invention are hereinafter described with reference to
the accompanying drawings, in which:

Figure 1 shows a known surveying system;
Figure 2 shows the surveying system of Figure 1 operating at standard speed,;
Figure 3 shows the surveying system of Figure 1 operating at high speed;

Figures 4(a),4(b) show a view from above and a side view, respectively, of a surveying system
in accordance with the invention;

Figures 5 (a),(b),(c) show the surveying system of Figure 4 operating at high speed; and

Figure 6 shows the surveying system of Figure 4 operating at standard speed in accordance
with an example not being part of the invention.

[0016] A system 10 for surveying the structure beneath the seabed in accordance with an
embodiment of the invention is shown in Figures 4(a),(b). The system 10 comprises a survey
vessel 15.

[0017] Referring to Figure 4(b), the system 10 further comprises a streamer 30 comprising a
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cable 32, a first set 34u of N1 sensor groups positioned at a first leading end portion of the
cable, and a second set 34d of N2 sensor groups positioned at a second trailing end portion of
the cable. The sensor groups in the first set 34u each have a constant length, known as the
group length, and are spaced from each other by the group interval as measured from the
center of adjacent sensor groups. Similarly, the sensor groups in the second set 34d have the
same group length and group interval. As examples, the group interval and group length may
be 3.125m, 6.25m or 12.5m. In this embodiment, N1 is equal to N2. For the purposes of
diagrammatic simplicity, the first set is shown where N1=4 comprising sensor groups
34u1,2,3,4 and the second set is shown where N2=4 comprising sensor groups 34d1,2,3,4.
However, in one practical embodiment, for example, N1 and N2 may equal more than 50 with
a cable length longer than 2km, preferably more than 100 with a cable length longer than 5km.
As a minimum in a practical embodiment, N1 and N2 may be 6.

[0018] The system 10 further comprises a sound source 20 for generating acoustic pulses or
shots with a predetermined period between pulses. The pulses generated by the sound source
20 are directed towards the seabed where they produce reflections simultaneously towards
both the first set 34u and the second set 34d of sensor groups. The interval between shots
may be between 1 and 12 seconds, typically 3 to 8 seconds. The sound source 20 may be a
single air gun or an array of air guns.

[0019] Each sensor group comprises a plurality of sensors, which sensors may be
hydrophones, and a local controller 35. The local controller 35 is operable, treating each
sensor as part of a sensor array, to perform a sensor array conditioning operation on the raw
reflection data. The sensor array conditioning operation typically comprises summing the data
recorded at each sensor within the sensor group. The location of the summed output is
assumed to be at the center of the sensor group. The local controller 35 outputs a data stream
of conditioned reflection data for that sensor group. The conditioning operation on the raw
reflection data has the effect of cancelling out the relatively large and unwanted component of
the signal that is received directly from the sound source 20 leaving only the wanted and
relatively small component of the signal that is reflected from the seabed. In other
embodiments, the local controller 35 outputs a data stream of reflection data for that sensor
group which has not yet undergone sensor array conditioning and the sensor array
conditioning operation is undertaken during subsequent data processing.

[0020] The system 10 further comprises an on-board controller 18 which controls the
operation of the sound source 20, and receives the conditioned reflection data from the sensor
groups 34u,d. Based on the received reflection data, the system 10 generates imaging data of
the structure beneath the seabed.

[0021] The system 10 is arranged such that the surveying vessel 15 tows the streamer 30 with
the sound source 20 positioned adjacent an intermediate portion of the cable between the first
and second end portions. In this embodiment, the sound source is at equidistant the mid-point
between the (center of the) trailing sensor group 34u1 of the first set 34u and the (center of
the) leading sensor group 34d1 of the second set 34d. The overall distance between the
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trailing sensor group 34u1 and the leading sensor group 34d1 is selected depending on the
survey objectives and parameters, in particular the water depth. To achieve the required
positioning, the sound source 20 may form part of the streamer 30, i.e. not have its own towing
line, and be attached to the cable 32, or the sound source 20 may have its own towing line of
an appropriate length as is visible in Figure 4(a).

[0022] The system 10 will now be described operating in a high speed mode, in which the SPI
equals the group interval, with reference to Figures 5(a-c).

[0023] Figure 5(a) shows the reflection data generated after shot #1. To illustrate the operation
of this embodiment of the invention, particular attention is drawn to CMP P1 which in relation to
shot #1 generates a reflection which is gathered by sensor group 34u3 in the first leading set
34u.

[0024] Figure 5(b) shows the reflection data generated after shot #2. Referring to CMP P1 in
relation to shot #2 generates a reflection which is gathered by 34u1 in the first leading set 34u.
It will be noted that, at this instant in time, for CMP P1, only data from oddly numbered sensor
groups has been gather due to the large distance that the sound source travels between
successive shots.

[0025] Figure 5(c) shows the reflection data generated after shot 8#. It may be seen that two
further items of reflection data have been gathered for CMP P1, namely reflection data from
shot #4 which was gathered by the sensor group 34d2 and reflection data from shot #5 which
was gather by the sensor group 34d4. It will noted that, for CMP P1, the reflection data
gathered by the second set 34d sensor groups comprises reflection data gathered by evenly
numbered sensor groups.

[0026] Thus, the reflection data gathered first by the first set 34u of sensor groups from its
oddly numbered sensor groups 34u3,1 and the reflection data gathered later by the second set
34d of sensor groups from its evenly numbered sensor groups 34d2,4 together constitutes
reflection data that corresponding to all possible offsets, i.e. angles/travel times, for the CMP
P1. Subsequent processing of this data would generate an imaged output that is not corrupted
by artefacts of the acquisition geometry.

[0027] In an example not being part of the invention, the system 10 will now be described
operating in a standard speed mode, in which the SPI equals half the group interval, with
reference to Figure 6. Figure 6 shows the system 10 in a position after 2 shots have been
generated, but the reflection data that is shown is what has already been gathered by the first
and second sets 34u,d of sensor groups and what will be gathered by the first and second sets
34u,d of sensor groups after 9 more shots have been generated. Referring to CMP P1 as an
example, it may be seen that each of the first and second set of sensor groups produces itself
reflection data that corresponds to all possible offsets for CMP P1. So although there is
duplication in the reflection data, such duplication can be useful in improving the signal-to-
noise ratio of the reflection data.
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[0028] Although it is preferred that N1=N2, in accordance with the present invention, this need
not always be the case. The case where N2=N1+X is now considered as an example. In high
speed mode when surveying a shallow section of the seabed, it is most preferable that the
image data for each CMP is calculated on the basis of all possible offsets. However, the data
contribution from sensor groups of increasing offset is generally controlled during processing
by a process called muting. A typical muting scheme allows contribution from progressively
increasing offsets as the recording time increases. Therefore, in high speed mode when
surveying a deep section of the seabed, since image data for a CMP calculated on the basis of
just "odd and evens" data is better tolerated at greater depths, the reflection data gathered by
the X sensor groups with the longest offset of the first set of sensor groups may be used even
though those sensor groups have no opposite number in the second set of sensor groups.

[0029] In other embodiments, the group length and the group interval need not be equal. In
other embodiments, the streamer 30 may not be horizontal, but may be arranged to slant
downwardly.

[0030] In the above-described embodiments, the survey vessel 15 tows a single sound source
20 and a single streamer 30. In other embodiments, the survey vessel 15 may tow a single
sound source 20 and a plurality of streamers 30, wherein each of the streamers 30 receives
reflections of pulses generated by the single sound source 20. In still further embodiments, the
survey vessel 15 may tow a plurality of sound sources 20 and a plurality of streamers 30.
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Patentkrav

1. System (10) til undersgagelse af strukturen under havbunden, omfattende:
et unders@gelsesfartgj (15);

en styreenhed (18) om bord pa undersagelsesfartajet;

en lydkilde (20);

en streamer (30), der omfatter et kabel (32), et ferste saet (34u) af N1-sensor-
grupper, der er placeret ved en farste endedel af kablet, hvor sensorgrupperne
af det farste seet er anbragt med indbyrdes med et gruppeinterval, og et andet
saet (34d) af N2-sensorgrupper, der er placeret ved en anden endedel af kab-
let, hvor sensorgrupperne af det andet seet er anbragt med indbyrdes med
gruppeintervallet;

hvor streameren og lydkilden er konfigureret séledes, at den farste endedel af
kablet, nar den treekkes, er den forreste endedel af kablet, og lydkilden er pla-
ceret ved siden af en mellemliggende del af kablet mellem den farste og anden
endedel af kablet, hvor for begge saet af sensorgrupper, er hver sensorgruppe
nummereret fortlgbende, hvor sensorgruppen naermest lydkilden er numme-
reret 1;

hvor systemet er tilpasset saledes, at undersegelsesfartajet under brug traek-
ker streameren og lydkilden med en forudbestemt hastighed;

styreenheden styrer lydkilden saledes, at lydkilden sender akustiske impulser
i en forudbestemt periode mellem impulser mod havbunden, hvor hver impuls
er formet saledes, at der frembringes refleksioner mod bade det farste saet af
sensorgrupper og det andet seet af sensorgrupper;

kendetegnet ved, at systemet er indrettet saledes, at

unders@gelsesfartajets hastighed og perioden mellem lydkildens impulser
veelges saledes, at lydkildens skudpunktsinterval er lig med gruppeintervallet;
hvor styreenheden modtager refleksionsdata fra sensorgrupperne, hvor reflek-
sionsdata for et givet feelles midtpunkt bestar af enten (i) refleksionsdata, der

er indsamlet fra de ulige nummererede af det ferste seet af sensorgrupper, og
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refleksionsdata, der er indsamlet fra de lige nummererede af det andet saet af
sensorgrupper, eller (ii) refleksionsdata, der er indsamlet fra lige nummererede
af det forste saet af sensorgrupper, og refleksionsdata, der er indsamlet fra
ulige nummererede af det andet saet af sensorgrupper, og refleksionsdataene

svarer til alle mulige forskydninger.

2. System ifslge krav 1, hvor lydkilden er en enkelt luftpistol eller en raekke

luftpistoler.

3. System ifelge et hvilket som helst af de foregaende krav, hvor antallet af
sensorgrupper i det farste seet, N1, er lig med antallet af sensorgrupper i det

andet saet, N2.

4. System ifelge et hvilket som helst af de foregaende krav, omfattende en

enkelt lydkilde, der er associeret med streameren eller hver streamer.

5. System ifelge et hvilket som helst af kravene 1 til 4, omfattende en flerhed

af streamerne.

6. System ifglge krav 5, hvor mere end én af flerheden af streamere modtager

refleksioner af impulser, der er genereret af lydkilden.

7. System ifelge et hvilket som helst af de foregaende krav, hvor hver sensor-

gruppe omfatter en flerhed af hydrofoner.

8. Fremgangsmade til undersegelse af strukturen under havbunden ved an-
vendelse af et undersggelsessystem, der omfatter et unders@gelsesfartgj, en
streamer, der omfatter et kabel, et farste saet af N1-sensorgrupper, der er pla-
ceret ved en ferste endedel af kablet, hvor sensorgrupperne af det farste saet

er anbragt med indbyrdes afstand med et gruppeinterval, og et andet sast af
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N2-sensorgrupper, der er placeret ved en anden endedel af kablet, hvor sen-
sorgrupperne af det andet seet er anbragt med indbyrdes afstand med grup-
peintervallet, og en lydkilde, hvor fremgangsmaden omfatter;

at treekke streameren og lydkilden saledes, at den ferste endedel af kablet er
den forreste endedel af kablet, og lydkilden er placeret ved siden af en mel-
lemliggende del af kablet mellem den farste og anden endedel af kablet, hvor
for begge seet af sensorgrupper, er hver sensorgruppe nummereret fortla-
bende, hvor sensorgruppen naermest lydkilden er nummereret 1;

lydkilden sender akustiske impulser i en forudbestemt periode mellem impul-
ser mod havbunden, hvor impulserne er sadan, at de reflekteres bade mod det
farste saet af sensorgrupper og det andet seet af sensorgrupper,
kendetegnet ved, at

unders@gelsesfartajets hastighed og den forudbestemte periode for lydkilden
veelges saledes, at lydkildens skudpunktsinterval er lig med gruppeintervallet;
09

hvor indsamling af refleksionsdata for et givet feelles midtpunkt, der svarer til
alle mulige forskydninger, bestar af enten (i) refleksionsdata fra de ulige num-
mererede af det ferste seet af sensorgrupper og refleksionsdata fra de lige
nummererede af det andet saet af sensorgrupper, eller (ii) refleksionsdata fra
lige nummererede af det farste seet af sensorgrupper og refleksionsdata fra

ulige nummererede af det andet saet af sensorgrupper og refleksionsdataene.



DK/EP 3215874 T3

DRAWINGS

20 34d;  B4d,  34d;  34d,

30

FIG. 1



DK/EP 3215874 T3

34d, 34d, 34dj 34d,

A A

O ONONONE
O @ B S2#
ONONONO sat
O O 6 O sa#
fold
FIG. 2
34d, 34d, 34d, 34d,
S S S
43 34° o040 1#9
P, Py
Pl el
s1# ONONONO
S2# OONOMNO
S3# 3 @
sat O @ O @

FIG. 3



DK/EP 3215874 T3

ar 9id
pYE nye
Ypye Epye  Cpye  tpye 02 tnpe  Cnpg  Enpe Pnpg 0L
D T T T T S T R I T e
/ | [l | [l | [ra] | [ra] | | [va] | [ral | [vx] | [val | f

0l




DK/EP 3215874 T3

VS 'Ol

wspo rm did| ) @ @ @ (1] [2] [<] [+]

AN

Yppe  Cpye  Cppe bppe

‘|—|'
TOTIOAIP ws:ooawv _ [eaxdut dnoid _ y3uaf dnoi3

_ sAe1re cuoydoipAy _




DK/EP 3215874 T3

dg 'Old

#25 KOO ][] [e] [+]
s ®OOO (1] [2] [¢] [+]

O

T

_ [pazar yutod joys _

S

Ypobe  Cppe  Cppe bpre

i
\I/ N\/ NN

-

bnpe  enpg Enpe Tnpg




<shootin g direction |

34dy
-

25

34d5
-

=5

34d>
-

4

34d 4
-

5

S1#
S2#
S3#
S4#
S5#

)
©
O
OO
O
OO
O
OO
O
OO
OklE @
Okl ©
O[]-]
QO]
QO[]
QO]
©
©

[ Full fold and All offsets |

DK/EP 3215874 T3

FIG. 5C



DK/EP 3215874 T3

el
AN
-g, (i}

4
3 ©
“\J ©® =5

' @]
s | QOY
°\J QOO =8
— I 7]
13 £%
E ==
£ QOO £
= OO ala
& . OO

| QOO@® ="
~ A
i/- OO
o \ . OO
2./ - OO
c: ! ][] OO
3/ ©
< A g/
3 2 T EREE
” =

Z%

FIG. 6



	Page 1 - ABSTRACT/BIBLIOGRAPHY
	Page 2 - ABSTRACT/BIBLIOGRAPHY
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - CLAIMS
	Page 10 - CLAIMS
	Page 11 - CLAIMS
	Page 12 - DRAWINGS
	Page 13 - DRAWINGS
	Page 14 - DRAWINGS
	Page 15 - DRAWINGS
	Page 16 - DRAWINGS
	Page 17 - DRAWINGS
	Page 18 - DRAWINGS

