
PATENT SPECIFICATION   (ll)  1417 948 (21) Application No. 10060/74    (22)
Filed 6 March 1974  (19) (31) Convention Application No. 165 556 (32) Filed
8 March1973 in (33) Canada (CA) (44) Complete Specification published 17
Dec. 1975 (51) INT. CL[err] GO1V 1/02  1/38 (52) Index at acceptance H4D
G1G1 G7P G8 (72) Inventors DENNIS ROGER BRUNDRIT and JACOBUS CORNELIS VAN
WIJNEN (54) ELONGATE SEISMIC SOURCE FOR USE IN MARINE OPERATIONS (71)   We,
SHELL INTERNATIONAL RE    By shaping the sound source. such that it 50
SEARCH MAATSCHAPPIJ B.V., a company  has a large longitudinal dimension, a
kind of organised under the laws of The Netherlands,  linear sound source
is obtained that is of 30 Carel van Bylandtlaan, The Hague, adapted for
generating shock waves having a 5 The Netherlands, do hereby declare the
in-  principal direction of wave propagation, vention, for which we pray
that a patent  which direction is confined to a narrow area 55 may be
granted to us, and the method by  on each side of a plan normal through the
which it is to be performed, to be particu-  centre of the longitudinal
axis of the elongate larly described in and by the following  sound source.
Since a shock wave of this 10 statement:-
type travels in the preferred direction (that The invention relates to an
elongate seis-  is the direction of the wave parts that will 60 mic source
for use in marine operations.    be reflected by the substrata and returned
To obtain information on substrata located  to the hydrophones) the
influence of reflec- below the. sea bottom  or ocean bottom,  tions that
have passed only through the water 15 seismic sources adapted for
generating a  and have been reflected frequently between shock wave in the
water are towed through  the sea bottom  and the water surface, is 65 the
water by one or more towing vessels.  reduced. The shock wave generated in
the water    A drawback of the known elongate sound travels in all
directions, and part thereof,  sources is that they are very difficult to
20 after having been reflected or refracted by  handle, and cannot be
adapted to the depth the substrata returns to the body of water  of the
water in which they have to operate. 70 overlying the strata that are to be
explored,    Object of the present invention is an and is subsequently
picked up by hydro-  elongate seismic source for marine operation phones of
a detector cable that is towed  which seismic source can be efficiently
towed 25 through the water in the neighbourhood of  by and manipulated from
a vessel. the seismic source. This detector cable may   According to the
invention, an elongate 75 be handled from the same vessel as from   seismic
source for use in marine operations which the seismic source is being
operated.  comprises a plurality of individual sound The returning
reflected signals are re- sources that are concentrated in arrays dis- 30
corded, and useful information can be  tributed over the length of the
elongate seis- gathered from such recordings to locate the  mic source,
each array of individual sound  80 position and depth of oil- or
gas-containing  sources being adapted for being supported formations.
below the water level and for being con- In certain areas, a relatively
large part of  nected by a separate cable to a vessel, the 35 the shock
wave generated by the seismic  cables being arranged for towing the arrays
source does not enter the sea bottom, but is  in a substantially straight
line and for pass- 85 reflected by this bottom. Such reflected wave  ing
signals between the vessel and the in- part is subsequently again reflected
by the  dividual sound sources for activating these water surface, and
travels for some time  sources. 40 between the sea bottom and the water
sur-    Means may be provided for varying the face until at a certain
moment it is picked up  lengths of the cables to change the dis- 90 by the
hydrophones of the detector cable. tances between adpoinig arrays. If this
moment coincides with the return of the wave part reflected by the
substrata, the    The means for varying the lengths of the 45 origins of
the various wave parts cannot be  cables may comprise a plurality of
rotatable detected properly and the presence of such  drums on which the
cables can be stored  95 undesired multiple reflections in the record-
separately, and actuating means for separ- ing. will lead to
misinterpretation of the  ately as well as in combination rotating said
recordings.                        drums, the cables being arranged to
allow a [Price 33p]    2                                      1,417,948
2 relative displacement of the arrays along the  high-pressure air conduit
10 surrounded by elongate seismic source.                a plurality of
signal conduits 11 (each being The invention will be described in more
covered by an insulating layer). The con- 



detail with reference to the drawings, which  duits 10 and 11 are placed in
an armoured 5 show by way of example one embodiment of  envelope 12 and the
total strength of all the 70 the invention.
components of the cable 9 is sufficient to Figure 1 of the drawings is a
schematic  use the cable for pulling an array through view showing the
relative position of a tow-  the water. ing vessel and the elongate seismic
source    Since each array 4 is connected to the 10 according to the
invention.              towing vessel 3 by a separate cable, there are  75
Figure 2 is a top view of figure 1.   -besides cable 9-other cables 13, 14,
15 Figure 3 is a schematic view of detail A  and 16, each cable being
connected at one of figure 1 but on a larger scale, and showing  end
thereof to one of the arrays 4, and with the leading end of the leading
array of the  the other end thereof to one of the five 15 elongate sound
source according to the in-  drums 17 that are rotatably mounted on the 80
vention.                                vessel 3. Figure 4 is a top view of
figure 3 taken in    Actuating means (not shown) are mounted the direction
of arrow IV.              on the vessel 3 to actuate the drums 17 sep-
Figure 5 is a cross-section of figure 3  arately or in combination. The way
in which 20 taken over the section V-V of figure 3.  the drums 17 are
operated to reel and unreel 85 Figure 6 shows schematically a cross-sec-
the cables will be described hereinafter. tion over a cable taken over the
section    The way in which the cable 16 is connected VI-VI in figure 2.
The scale of figure 6 is  to the leading array 4a of the elongate larger
than the scale of figure 2.      seismic source 1 will now be described
with 25   The elongate seismic source 1 shown in  reference to the figures
3, 4 and 5.   90 figure 1 is towed through the water 2 by a    As shown in
figure 3, the end of cable 16 towing vessel 3. The elongate seismic source
is hingeably connected to a pair of arms 18 1 comprises five arrays 4
(indicated by the by means of a clamp 19 clamped around the numerals 4a,
4b, 4c, 4d and 4e), each array  cable 16. Pins 20 mounted on the clamp 19
30  consisting of a supporting beam 5 for sup- co-operate with bores (not
indicated) in one 95 porting a plurality of individual sound  end of the
arms 18. The other ends of arms sources 6. In this particular embodiment of
18 are connected to the supporting beam 5 the invention, the sound sources
6 are formed  by means of a pin 21 passing through open- by air guns.
Details of the air guns are not ings in the arms and the supporting beam 5.
35 shown in the drawing, since such equipment  Suitable locking means (not
shown) are pro- 100 is generally known. Each air gun comprises  vided to
keep the pin 21 in place during a chamber filled with high-pressure air,
which  operation. These locking means can easily air can be decompressed
almost instantan-  be unlocked to remove the pin 21 and to eously by
opening a quick-acting valve in  uncouple the cable 16 from  the support 40
the wall of the chamber. This decompres-  beam 5.
105 sion generates a shock wave in the water   The end of the cable 16 is
provided with outside the chamber, which shock wave is  a plug 22 adapted
for co-operation with a used as a seismic signal. After decompres-  counter
plug 23 of a cable 24 connected to sion, the valve is closed and the
chamber is  the beam 5 by clamps 25. The plugs 22 and 45 refilled with
high-pressure air. Such air guns  23 are multiple plugs (electric and pneu-
110 are, inter alia, marketed by Bolt Associates  matic) and the cable 24
is identical in cross- Inc., and described in their U.S. Patent section to
cable 9 shown in figure 6. The Specification No. 3,310,128. The supporting
conduits of cable 24 are connected to the beam 5 of each array 4 is
suspended from a  air guns 6 of the array 4a of the elongate 50 float 7 by
suitable suspension means, such  seismic source via suitable cables 26.
115 as cables 8.                              The air guns 6 are suspended
from the As will be described hereinafter in more  supporting beam  5 by
rods 31 that are detail, each array of individual sound sources  hingeably
connected to the beam 5 and the 6 is connected to the towing vessel 3 by a
relevant air gun 6. The beam 5 is connected 55 separate cable. Such cable
is designed for  to the float (not shown) by cables 8, one of 120 pulling
the array through the water, for  which is shown in figure 3. The lower end
of supplying high-pressure air to the air guns of  the cable 8 is connected
to an eye bolt 32 the array and for passing signals from the  mounted on
the beam 5. towing vessel to the individual seismic    The cables 9, 13, 14
and 15 are con- 60 sources of the array to activate these sources. nected
to the arrays 4e, 4d, 4c and 4b, re- 125 A cross-section of such cable 9
(the par-  spectively, which arrays follow the leading ticular cable 9
being used for towing the  array 4a of the elongate seismic source 1 rear
array 4e of the linear seismic source 1  when the latter is towed through
the water. through the water) is schematically shown in  These cables are
guided along the beam 5 of 65 figure 6. The cross-section shows a central
the leading array 4a of the elongate seismic 130    3
1,417,948                                      3 source 1 by passing them
through guide  the middle of the elongate seismic source 1 means 33 (see
figures 3-5) mounted on the  towards both ends thereof. 



supporting beam 5. The guide means 33    The distances between the various
arrays consists of a body 34 welded to the beam 5  may be varied during
towing of the elongate 5 and comprising four U-shaped channels 35  seismic
source through the water. Thus, the  70 that are closed off at the upper
end thereof  distribution of the arrays 4 over the length by a lid 36 that
is hingeably connected to the  of the elongate seismic source 1, as well as
body 34 by a hinge 37. The lid 36 can be  the length of the source 1 may be
varied kept in the position shown in the drawings  during operation of the
source. 10 by a pin 38 mounted in an opening (not in-    Also, the distance
between the vessel 3  75 dicated) through an upstanding part 39 of  and the
seismic source 1 may be varied by the body 34, which part protrudes through
simultaneously rotating the drums 17 in the an opening in the lid 36.
same direction. It will be appreciated that when towing    When the seismic
work is finished in a 15 the arrays 4 of the elongate seismic source
certain area, the source 1 may be reeled in  8.0 1 by the vessel 3 in the
manner as shown  as follows. in figures 1 and 2 of the drawings, the arrays
First of all, the drums 17 are rotated in are each separately pulled
through the water  combination to bring the leading array 4a by one of the
cables 9, 13, 14, 15 and 16. to the vessel 3 to uncouple this array from 20
The arrays 4 are each supported below the  the rest of the arrays 4. The
vane 40 (see 85 water surface by a float 7 via supporting  figure 1) is
first removed, and the cable 16 cables 8, and the leading array 4a is pre-
(see figure 3) is subsequently uncoupled from vented from being pulled
upwards by a vane  the array 4 by removing the pin 21 and un- member 40
connected to the cables 9, 13, 14, coupling the plugs 22 and 23. After
open- 25  15 and 16 at the location indicated in figures  ing the lid 36 of
the guide means 33, the  90 1 and 2. Such vane members are known  cables 9,
13, 14 and 15 can be freed from per se in the field of marine seismic
sources  the array 4a, and the array 4a together with and need no further
description          the float 7 thereof can be lifted out of the It will
further be apparent that each sup-  water and on the vessel 3. Preferably,
the 30 porting beam 5 of each array 4 (with the  cables 8 between the array
and the float are  95 exception of the rear array 4e) comprises  provided
with quick-acting couplings to de- at least one guiding means similar to
the  tach the float 7 from the array 4a and store guiding means 33 shown in
figures 3-5 of it separately on the vessel 3. the drawings. Whereas four
cables are    Subsequently, the drums connected to the 35 passed along the
leading array 4a of the  cables 9, 13, 14 and 15 are rotated simul- 100
elongate seismic source 1, only three cables  taneously, and the arrays 4
b-e are pulled are passed along the array 4b next in line, togeher towards
the vessel. When the array since cable 15 is connected to this array 4b  4b
is near the vessel 3. it is detached from for pulling it through the water.
Further, the cable 15 thereof in the same manner as 40  cable 14 is
connected to the array 4c and  described above. Also, the cables 9, 13 and
105 only two cables (9 and 13) are guided along  14 are detached from the
guide means of the this array 4c. Cable 13 is connected to  array 4b, and
this array together with the array 4d and only cable 9 is passed along the
float thereof, is hoisted aboard the vessel 3 array 4d.
and stored thereon. 45    All the guide means mounted on the beams    The
above operation is repeated for the 110 of the arrays have openings
therethrough  remaining arrays until all the arrays and the similar to the
U-shaped openings 35 in the  floats thereof are stored aboard the vessel
guide means 33 shown in figure 5. These  3. openings are sufficiently wide
to allow the    The distance between the leading array 50  cable guided
therethrough to be pulled  4a and the rear array 4e of the elongate 115
therethrough with minimum resistance. Thus, sound may be adapted to the
depth of the by rotating that drum of the set of drums  sea where the
operations take place. For 17 to which the cable 9 is connected, this  deep
seas, this distance may be over one. cable 9 can be unreeled, whereby the
distance  hundred metres, say, between  150-200 55 between the arrays 4d
and 4e can be in- metres.                                   120 creased. By
reversing the sense of rotation    It will be appreciated that the use of a
of that particular drum, this distance may  number of arrays distributed
along the length be decreased. It will be appreciated that  of the elongate
seismic source, and the ap- by separately operating the various drums
plication of a separate cable to tow each 60  17, the distribution of the
arrays 4 over the  array allows an efficient handling of elong- 125 length
of the elongate sound source 1 may  ate seismic sources of great length,
and more- be varied.                              be allows such sources to
be adapted to * The distances between the various arrays  varying water
depths in a very simple may be chosen such that the distance be-  manner.
65  tween two adjoining arrays increases from  The invention is not limited
to a particular 130    4                                       1,417,948
4 number of individual sound sources 6 in-  tributed along the length of
the elongate 



stalled in a single array. The sources may  seismic source 1. be arranged
in a single row, or in two or    The array 4a shown in figures 3-5 of more
parallel rows. .The seismic capacities  the drawings is equipped with only
a single 5 of each individual sound source is chosen in  guide means 33 for
guiding the cables 70 relation to the seismic wave to be generated
attached to the rest of the arrays therealong. by the array to which the
particular sound  However, the invention is not limited to the source
belongs. The sound sources belong-  use of a single guide means per array.
More ing to a common array are fired simul-  than one such guide means may
be used. 10 taneously. However, a  limited  number  Moreover, any other
type of guide means 75 thereof (say, one or two) may be fired with  may be
applied, provided that the passages a small time delay if the desired shape
of the  through the guide means are sufficiently wave to be generated
should dictate so.  wide to allow pulling of the cables there- To direct
the shock wave generated by the  through, and that the cables can be easily
15  elongate seismic source 1 in a direction other  entered into and
removed from the guide  80 than the vertical, the arrays may be fired
means. consecutively in one direction along the    To maintain a sufficient
air pressure with- elongate seismic source with a certain delay  in the air
guns when transferring them from time between consecutive firings. Such de-
the vessel 3 into the water 2 or vice versa, 20  lay time between
consecutive firings of ad-  each of the drums 17 may carry a high- 85
joining arrays may be up 'to about 100  pressure air bottle rotatably
arranged with milliseconds, or greater.               the relevant drum and
provided with means The seismic capacities of the arrays of the  to couple
the bottle to the high-pressure con- elongate sound source may be equal to
each  duit of the cable stored on the relevant drum. 25  other. However,
the invention is not re- When the seismic source 1 is in its operating  90
stricted hereto, and elongate seismic sources  position, all the
high-pressure conduits are may be built up of arrays having different
coupled to a compressor and the com- capacities. In such elongate seismic
source,  munication with the high-pressure bottles is the seismic
capacities of the arrays may de-  closed off. 30 crease from the middle of
the elongate sound    The elongate seismic source may be ap- 95 towards
both ends thereof.               plied either alone or in combination with
To control the operation and the signal  other elongate seismic sources of
the same shape of the shock wave generated per in-  type to generate shock
waves having a prin- dividual array, a hydrophone or other de-  cipal
direction of wave propagation. When 35 tecting means may be included in
each array, towing a single elongate sound source 100 which hydrophone is
connected to a record-  through the water, the' arrays thereof will ing
apparatus aboard the vessel by means of be in a substantially straight line
and form some of the conduits 11 of each cable (see  a linear sound source
which on activation of figure 6).                              the
individual sound sources thereof gener- 40    Application of the invention
is not re-  ates a shock wave having a direction con- 105 stricted to
elongate seismic sources of which  fined to a narrow area on each side of a
the arrays comprise air guns as individual plane normal through the centre
of the longi- seismic sources. Any other type of seismic  tudinal axis of
the single elongate sound source suitable for the purpose may be ap-
source. When towing a plurality of- elongate 45  plied, such as gas'
exploders using the ex-  seismic sources parallel to each other through 110
plosion of combustible gas mixtures for wave  the water such that the
arrays of each source generation or sparkers generating electric  are in a
substantially straight line, an areal sparks between two electrodes in the
water.  seismic source will be formed. When the The rigid beams 5 (see
figure 3) of the  individual sound sources are all in a hori- 50  arrays
may be of any type suitable for the  zontal plane and fired simultaneously,
the 115 purpose. An attractive way of supporting  direction of the shock
wave will coincide the air guns 6 is further to dispense with the  with the
vertical. beam 5 and to connect the supporting rods   The distance between
each pair of ad- 31 to the cable 24. The cable in its turn is  joining
elongate seismic sources of the areal 55  then supported at a plurality of
points by  seismic source may be between 50 and 100 120 the float by means
of cables similar to cable  metres 8. In this modified construction of an
array, the guide means 33 is carried by the cable  ' WHAT WE CLAIM IS:- 24,
and the plug connection 22, 23 is relieved    1. Elongate seismic source
for use in 60  from axial load thereon by connecting the  marine
operations, comprising a plurality of 125 ends of the arms 18 (which ends
were  individual sound sources that are concen- originally connected to the
beam 5) to the  trated in arrays distributed over the length cable 24.
of the elongate seismic source, each array The individual sound sources 6
may be  of individual sound sources being adapted 65. concentrated in any
amount of arrays dis-  for being supported below the water level 130    4
1,417,948                                     4 



number of individual sound sources 6 in-  tributed along the length of the
elongate stalled in a single array. The sources may  seismic source 1. be
arranged in a single row, or in two or    The array 4a shown in figures 3-5
of more parallel rows. The seismic capacities  the drawings is equipped
with only a single of each individual sound source is chos  guide means 33
for guiding the cables 70 relation to the seismic wave to be generated
attached to the rest of the arrays therealong. by the array to which the
particular sound  However, the invention is not limited to the source
belongs. The sound sources belong-  use of a single guide means per array.
More ing to a common array are fired simul-  than one such guide means may
be used. 10 taneously. However, a  limited  number  Moreover, any other
type of guide means 75 thereof (say, one or two) may be fired with  may be
applied, provided that the passages a small time delay if the desired shape
of the  through the guide means are sufficiently wave to be generated
should dictate so.  wide to allow pulling of the cables there- To direct
the shock wave generated by the  through, and that the cables can be easily
15  elongate seismic source 1 in a direction other  entered into and
removed from the guide  80 than the vertical, the arrays may be fired
means. consecutively in one direction along the    To maintain a sufficient
air pressure with- elongate seismic source with a certain delay  in the air
guns when transferring them from time between consecutive firings. Such de-
the vessel 3 into the water 2 or vice versa, 20  lay time between
consecutive firings of ad-  each of the drums 17 may carry a high- 85
joining arrays may be up to about 100  pressure air bottle rotatably
arranged with milliseconds, or greater.               the relevant drum and
provided with means The seismic capacities of the arrays of the  to couple
the bottle to the high-pressure con- elongate sound source may be equal to
each  duit of the cable stored on the relevant drum. 25  other. However,
the invention is not re- When the seismic source 1 is in its operating  90
stricted hereto, and elongate seismic sources  position, all the
high-pressure conduits are may be built up of arrays having different
coupled to a compressor and the com- capacities. In such elongate seismic
source, munication with the high-pressure bottles is the seismic capacities
of the arrays may de- closed off. 30 crease from the middle of the elongate
sound    The elongate seismic source may be ap- 95 towards both ends
thereof.               plied either alone or in combination with To control
the operation and the signal  other elongate seismic sources of the same
shape of the shock wave generated per in-  type to generate shock waves
having a prin- dividual array, a hydrophone or other de-  cipal direction
of wave propagation. When 35 tecting means may be included in each array,
towing a single elongate sound  source 100 which hydrophone is connected to
a record-  through the water, the arrays thereof will ing apparatus aboard
the vessel by means of  be in a substantially straight line and form some
of the conduits 11 of each cable (see  a linear sound source which on
activation of figure 6).                               the individual sound
sources thereof gener- 40   Application of the invention is not re-  ates a
shock wave having a direction con- 105 stricted to elongate seismic sources
of which  fined to a narrow area on each side of a the arrays comprise air
guns as individual plane normal through the centre of the longi- seismic
sources. Any other type of seismic  tudinal axis of the single elongate
sound source suitable for the purpose may be ap-  source. When towing a
plurality of elongate 45  plied, such as gas exploders using the ex-
seismic sources parallel to each other through 110 plosion of combustible
gas mixtures for wave  the water such that the arrays of each source
generation or sparkers generating electric  are in a substantially straight
line, an areal sparks between two electrodes in the water. seismic source
will be formed. When the The rigid beams 5 (see figure 3) of the
individual sound sources are all in a hori- 50  arrays may be of any type
suitable for the  zontal plane and fired simultaneously, the 115 purpose.
An attractive way of supporting  direction of the shock wave will coincide
the air guns 6 is further to dispense with the  with the vertical. beam 5
and to connect the supporting rods    The distance between each pair of ad-
31 to the cable 24. The cable in its turn is  joining elongate seismic
sources of the areal 55  then supported at a plurality of points by
seismic source may be between 50 and 100 120 the float by means of cables
similar to cable  metres. 8. In this modified construction of an array, the
guide means 33 is carried by the cable    WHAT WE CLAIM IS: - 24, and the
plug connection 22, 23 is relieved    1. Elongate seismic source for use in
60  from axial load thereon by connecting the  marine operations,
comprising a plurality of 125 ends of the arms 18 (which ends were
individual sound sources that are concen- originally connected to the beam
5) to the  trated in arrays distributed over the length cable 24.
of the elongate seismic source, each array The individual sound sources 6
may be  of individual sound sources being adapted 65  concentrated in any
amount of arrays dis-  for being supported below the water level 130    
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5 for being connected by a separate cable to    11. Elongate seismic source
according to a vessel, the cables being arranged for tow-  any one of the
claims 1, 8 and 9, comprising ing the arrays in a substantially straight
line  at least one hydrophone included in at least and for passing signals
between the vessel  one of the arrays, said hydrophone being  60 5  and the
individual sound sources for activat-  adapted for being coupled via the
cable ing these sources.                        connected to the said array
to recording 2. Elongate seismic source according to  equipment aboard the
vessel. claim  1, wherein means are provided for    12. Elongate seismic
source according to varying the lengths of the cables to change  any one of
the claims 1, 2 and 3, wherein the  65 10  the distance between adjoining
arrays.   individual sound sources are formed by air 3. Elongate seismic
source according to  guns. claim 2, wherein the means for varying the
13. Elongate seismic source according to lengths of the cables is adapted
for being  any one of the claims 1-3, wherein the dis- mounted aboard the
vessel and comprises a  tance between the two arrays situated near 70 15
plurality of rotatable drums on which the  the ends of the elongate seismic
source is cables can be stored separately, and actu-  at least one hundred
metres. ating means for separately as well as in com-    14. Elongate
seismic source according to bination rotating said drums, the cables be-
any one of the claims 1-3, wherein the dis- ing arranged to allow- a
relative displace-  tance between the two arrays situated near 75 20 ment
of the arrays along the elongate seismic  the ends of the elongate seismic
source is source.                                   between one hundred and
fifty and two 4. Elongate seismic source according to  hundred metres.
claim 2 or claim 3, wherein the distances be-    15. Method of generating
seismic shock tween adjoining arrays increase from  the  waves in a body of
water, said shock waves 80 25  middle of the elongate seismic source to-
having a principal direction of wave pro- wards both ends thereof.
pagation, comprising towing the elongate 5. Elongate seismic source
according to  seismic source according to claim 1 through any one of the
claims 1-3, wherein all  the water such that the arrays thereof are in
arrays have substantially the same seismic  a substantially straight line,
and activating  85 30 capacity.                                  the
individual sound sources of the elongate 6. Elongate seismic source
according to  seismic source. any one of the claims 1-3, wherein the    16.
Method of claim  15, wherein addi- seismic capacities of the arrays
decrease from   tional elongate seismic sources are towed the middle of the
elongate seismic source  through the water such that the arrays of go 35
towards both ends thereof.                 each elongate seismic source are
in a sub- 7. Elongate seismic source according to  stantially straight line
and all these lines are any one of the clams 1-3, wherein the  parallel to
each other thereby forming an seismic capacities of the arrays decrease
from   areal sound source, and activating the in- the middle of the
elongate sound source to-  dividual sound sources of all the elongate  95
40  wards both ends thereof and all adjoining  seismic sources. arrays are
located at the same distance from  17. Method of claim 16, wherein the dis-
each other.                               tance between the parallel lines
is between 8. Elongate seismic source according to  50 and 100 metres.
claim 1, comprising firing means adapted for    18. Elongate seismic source
as claimed in 100 45 firing the individual sound sources of the  claim 1
and substantially as hereinbefore de- arrays simultaneously.
scribed with reference to the accompanying 9. Elongate seismic sourcse
according to  drawings. claim 1, comprising firing means adapted for    19.
Method of generating seismic shock firing the arrays in a sequence in one
di- waves in a body of water as claimed in claim 105 50  rection along the
elongate seismic source.    15 and substantially as hereinbefore de- 10.
Elongate seismic source according to  scribed. claim 1, comprising firing
means adapted for          R. C. ROGERS, firing the arrays in a sequence in
one di-         Chartered Patent Agent, rection along the elongate seismic
source, the          Shell Centre, 55  delay time period between
consecutively              London, SEI 7NA. fired arrays being up to 100
milliseconds.        Agent for the Applicants. Printed for Her Majesty's
Stationery Office by Burgess & Son (Abingdon), Ltd.-1975. Published at The
Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from which
copies may be obtained.    


