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[57] ABSTRACT 
A method for controlling the ?ring times of a plurality 
of marine seismic sources which are towed as a seismic 
array behind a towing vessel is provided. The marine 
seismic sources are adapted to create seismic pulses 
after having been fired. The method measures and de 
termines physical quantities representing the instanta 
neous operating depths of the individual seismic sources 
of the array and transmits the values of said quantities to 
a controling means for the seismic sources which com 
pares the depth values thus obtained with predeter 
mined depth values, and, if the measured depths are 
different from a preset depth, adjusts the firing times of 
the seismic sources of the seismic array in relation to the 
measured instantaneous depth values. 
Apparatus for carrying out the method is also provided. 

6 Claims, 1 Drawing Sheet 
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METHOD AND SYSTEM FOR CONTROLLING 
THE MOMENTS OF FIRING OF MARINE 

SEISMIC SOURCES 

BACKGROUND OF THE INVENTION 

The invention relates to a method and system for 
controlling the moments of ?ring of marine seismic 
sources which are towed as a seismic array behind a 
towing vessel. 
The art of marine surveying by the use of seismic 

waves has achieved considerable importance and vari 
ous methods and systems for conducting marine seismic 
surveying operations are well known. 

It has now become common seismic practice to tow a 
marine seismic array comprising a plurality of seismic 
sources behind a towing vessel. The seismic array may 
also consist of at least two subarrays, each subarray 
carrying seismic sources. 

In operating marine seismic sources, the seismic 
sources are ?red by a controlling means and after a 
certain time delay seismic pulses are created. The seis 
mic signals thus obtained are detected and processed 
further in any way suitable for the purpose. 
When operating a plurality of marine seismic sources 

which are towed as a seismic array behind a towing 
vessel, the seismic sources can be ?red in such a way as 
to increase the energy, improve directional properties 
and/or the quality of the seismic pulse needed in a seis 
mic operation. 
Another possibility of operating a plurality of seismic 

sources in a seismic array when applying wave generat 
ing techniques is the time-delayed ?ring of one or more 
seismic sources with respect to the firing of the other 
sources. 

Usually this time-delay is in the order of 1-100 milli 
seconds. 

In order to obtain an optimal and stable acoustic 
output of the array of sources it is desirable that the 
emitted seismic array signal which can be considered as 
a composition of the acoustic output of the respective 
individual seismic sources, has an optimum amplitude. 
However, according to a generally known theoreti 

cal formula the dominant period of a seismic source 
signal in general is dependent on the source depth and in 
carrying out marine seismic operations with seismic 
sources of the explosive and implosive source type, for 
example air guns, water guns etc. it has appeared that 
the emitted seismic array signal is in?uenced by the 
depths at which the respective individual seismic 
sources of a seismic array are towed. 
Due to several known reasons, for example wave 

action, speed variations etc. these source depths are not 
always the same in seismic operations. Thus, it appears 
that ?ring a plurality of seismic sources when towed at 
different depths and summing the obtained individual 
seismic signals will not give an optimum result as time 
shifts and differences in individual dominant periods are 
present. 

Thus, it is desirable to synchronize the seismic 
sources in order to arrive at a certain wave front action 
by adjusting the delay between the moment of ?ring, or 
?ring time, of the respective seismic source and the 
occurrence of the ?rst peak of the seismic pulse, taking 
into account the seismic sources, instantaneous depths 
in determining the (electrical) ?ring time. 

Seismic source signal synchronization as applied so 
far uses means for detecting the time at which an acous 
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2 
tie signal occurs, measured close to the seismic source. 
The timing history of previous shots is used to control 
the ?ring moment which is preformed by a controlling 
means for the seismic sources. This method, however, 
only compensates for average timing errors. These and 
other limitations and disadvantages of prior art are 
overcome and improved methods and apparatus for 
controlling the ?ring times of marine seismic sources 
are provided. 

SUMMARY OF THE INVENTION 

In a preferred embodiment, the method of the present 
invention measures all individual seismic source depths 
and applies appropriate individual seismic source de 
seismic sources is initiated by “command” signals and 
seismic source signal. 

Therefore, it is an object of the invention to provide 
a synchronizing method for optimum wave front align 
ment in for example, split level arrays and/or arrays of 
sources the signature of which is depth dependent. 

It is another object of the invention to provide a 
system for controlling the ?ring times, which is adapted 
to be applied as an additional control means in existing 
source controllers. 

The invention therefore provides a method for con 
trolling the ?ring times of at least two marine seismic 
sources which are towed as a seismic array behind a 

towing vessel, said marine seismic sources being 
adapted to create seismic pulses after having been ?red, 
said method comprising the steps of measuring and 
determining physical quantities representing the instan 
taneous operating depths of the individual seismic 
sources of the array; transmitting the values of said 
quantities to a source controlling means; comparing the 
depth values thus obtained with predetermined depth 
values, and, if the said determined depth values are 
different from a preset depth value, adjusting the set 
points in time at which the seismic sources of the seis 
mic array should generate their acoustic outputs in 
relation to the measured instantaneous depth values. 
The invention also provides a system for controlling 

the ?ring times of at least two marine seismic sources 
which are towed as a seismic array behind a towing 
vessel, said marine seismic sources being adapted to 
create seismic pulses after having been ?red, comprising 
a means for measuring and determining physical quanti 
ties representing the instantaneous operating depths of 
the individual seismic sources of the seismic array; a 
means for transmitting the values of the quantities thus 
obtained to a source controlling means; a means adapted 
to compare these said values to predetermined depth 
values, and means adapted to adjust in relation to the 
measured instantaneous depth values the set points in 
time at which the seismic sources should generate their 
acoustic outputs, if the measured depth values are dif 
ferent from a preset depth value. 
The invention has been based upon accurate measure 

ment of the depths at which the individual seismic 
sources of an array are towed. This measurement as 

such is based upon known principles, for example mea 
suring the hydrostatic pressure of a column of (sea) 
water. These principles will not be described in detail 
since known to those skilled in the art. In practice the 
depth measurements may be carried out continuously or 
prior to each seismic source ?ring. 
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The invention will now be described in more detail 
by way of example in which reference will be made to 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 represents schematically a seismic array com 
prising two marine seismic sources which are towed at 
different depths respectively. ' 
FIG. 2 represents the seismic pulses which are ob 

tained after ?ring the seismic sources represented in 
FIG. 1. 
FIG. 3 represents the summation of the individual 

seismic signals represented in FIG. 2. 
FIG. 4 represents the summed seismic signal obtained 

by adjusting the ?ring moments of the individual seis 
mic sources of a seismic array by taking into account the 
instantaneous depths of the respective seismic sources 
according to the invention. 
FIG. 5 represents a functional block diagram of appa 

ratus of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

With reference to FIG. 1 a seismic array comprising 
marine seismic sources 1 and 2 is represented schemati 
cally. As already indicated earlier these seismic sources 
are of the implosive type, for example water guns, etc. 
For reasons of clarity 'the towing vessel, connection 
cables, ?oating means etc. have not been represented as 
such technical particulars are known to those skilled in 
the art. 

It is assumed that the seismic sources should be towed 
at a desired depth D, for example D=5 m, below the 
water surface 3. As already indicated earlier, depth 
variations due to several reasons are observed in seismic 
operations. In this example a depth variation AD: :1 
m is assumed. Thus, seismic source 1 is towed at a depth 
D—AD=4 m, whereas seismic source 2 is towed at a 
depth D+AD =6 m. Such depth variations may for 
example, be caused by drag forces on the ?oating means 
tending to decrease the source depth with increasing 
towing speed. 

Thus, as all seismic sources of an array may vary in 
depth, the respective individual seismic source signals 
will have a disadvantageous influence on their summa 
tion due to time shifts and differences in individual 
dominant periods and the summed emitted array signal 
will not have an optimum amplitude. 
FIG. 2 represents seismic pulses which have been 

obtained after ?ring the seismic source 1 towed at 
D—AD=4 m; the right side of FIG. 2 represents the 
seismic pulse originating from seismic source 2 towed at 
D-l-AD=6 m. In case of simultaneously ?ring both 
seismic sources a difference in actual implosion occur 
rence is observed, which can be split up in a static time 
shift A T and a difference in implosion period A Ti. As 
already indicated earlier, Ti is generally dependent on 
source depth. As a result, only half the amplitude will 
be emitted as shown in FIG. 3 representing the summa 
tion of the individual seismic signals of the simulta 
neously ?red seismic sources of FIG. 2. 
FIG. 4 shows the summation of the individual seismic 

signals if the ?ring times of the seismic sources 2 are 
adjusted in relation to the desired towing depth (5 m). 

In this example, both sources will be ?red with a 
delay. If both sources had been at the desired depth (5 
m), the ?ring delay would have been a predetermined 
?xed value. For this example this ?xed delay would be 
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4 
shortened for the gun at 4 m and increased for the gun 
at 6 meters. 
As a result of this compensation, the summed acoustic 

(positive) pressure pulse will occur at the same time as 
would have been the case for both guns towed at 5 m. 

In comparison to the case where no depth compensa 
tion is applied (FIG. 3) the summed amplitude has been 
increased considerably (FIG. 4). 
FIG. 5 shows a block diagram of an apparatus for 

employing the method of the present invention. A seis 
mic source 5, the ?ring moment of which is controlled 
by a firing controller 6 has been represented schemati 
cally. 
According to the invention the depth at which the 

said seismic source 5 is towed is measured by a suitable 
depth detector 4 and this depth information is transmit 
ted in any way suitable for the purpose to the ?ring 
controller 6. 

Subsequently the ?ring controller 6a adjusts the ?r~ 
ing time of the respective seismic source 5 in relation to 
the measured depth; the measured depth values are 
compared with predetermined values by a depth com 
parator means 6b (which may be part of controller 6), 
and if the measured values are different from a preset 
value, the firing time is adjusted in such a way, that a 
change in ?ring time is generated in order to compen 
sate for the instantaneous depth variation of the individ 
ual seismic sources in an array. It will be appreciated 
that these comparisons can be carried out by a suitable 
computer, or specially designed electronic circuitry. 
The ?rlng times are determined by the controller by 

means of suitable clock means (not shown for reason of 
clarity), taking into account the propagation velocity of 
the acoustic waves in the water. The actual ?ring of the 
seismic sources is initiated by “command”signals and 
will not be described in detail since known to those 
skilled in the art. 

It will be appreciated that any suitable seismic array 
comprising any suitable number of seismic sources can 
be used. 

It will further be appreciated that any depth measur 
ing means suitable for the purpose can be applied pro 
vided that the depth can be measured accurately. An 
advantageous depth meter comprises a pressure-to-fre 
quency transducer, the frequency variation of which 
represents a change in depth. 
Various modi?cations of the invention will become 

apparent to those skilled in the art from the foregoing 
description and accompanying drawings. Such modi? 
cations are intended to fall within the scope of the ap 
pended claims. 

What'is claimed is: 
1. A method for controlling the ?ring times of a plu 

rality of marine seismic sources towed as a seismic array 
behind a towing vessel, comprising: 

determining and measuring the instantaneous operat 
ing depths of the individual seismic sources of said 
array; 

transmitting said instantaneous operating depths to a 
means for controlling said seismic sources; 

comparing ‘said determined depths thus obtained with 
predetermined depths; and 

adjusting the ?ring times of said seismic sources in 
functional relationship to the comparison of said 
predetermined and instantaneous depths. 

2. The method described in claim 1, wherein said 
instantaneous operating depths of said individual seis 
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mic sources of said seismic array are determined and 
measured continuously. 

3. The method described in claim 1, wherein said 
instantaneous operating depths of said individual seis 
mic sources of said seismic array are determined and 
measured prior to each ?ring of said seismic sources. 

4. Apparatus for controlling the ?ring times of a 
plurality of seismic sources towed as a seismic array 
behind a towing vessel, comprising: 
means for determining and measuring the instanta 
neous operating depths of the individual seismic 
sources of said seismic array; 

means for transmitting said instantaneous operating 
depths to a means for controlling said seismic 
sources; 
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6 
means adapted to compare these said depths to prede 

termined depths; and 
means for adjusting the firing times of said seismic 

sources in functional relationship to the compari 
son between said predetermined and instantaneous 
depth values. 

5. The apparatus described in claim 4, wherein said 
means for determining and measuring said instantaneous 
operating depths of said individual seismic sources of 
said seismic array, determines and measures said quanti 
ties continuously. 

6. The apparatus described in claim 4, wherein said 
means for determining and measuring said instantaneous 
operating depths of said individual seismic sources of 
said seismic array, determines and measures said quanti 
ties prior to each firing of said seismic sources. 

* * * * * 


