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the streaner is followed by a tail buoy in a manner known in the art.
The present invention relates generally to the field of
hydrophones used in seismic exploration over water and, more
5 particularly, to a method and apparatus to test the sensitivity of a
group of hydrophones.

BACKGROUND OF THE INVENTION

The present invention is applicable to testing the sensitivity
10 of a section of hydrophones electrically connected to form part of
a streamer. In operation, a ship tows one or more streamers
astern. The streamer comprises a plurality of hydrophone
elements grouped together in sections. To maintain the streamer
in a known horizontal configuration, the streamer is followed by a

15 tail buoy in a manner known in the art. '

During seismic operations, the various hydrophone elements,.
in groups, receive return seismic signals, and it is therefore
advantageous to predict the sensitivity of the groups of
hydrophones in the streamer. The testing of this parameter of the

20 hydrophone array is the focus of the present invention.

A seismic streamer is made up of many individual
hydrophone elements. The hydrophone elements are generally
electrically and mechanically coupled together to form a
hydrophone group, and a number of groups of hydrophones are

25 combined to form a section of hydrophone cable, typically 75
meters long. A number of sections may then combined to form
the streamer, which may be thousands of meters long. In the
current state of the art, multiple streamers may be towed behind
a vessel to maximize the amount of seismic coverage for each pass

30 during exploration. )

&

Once a number of hydrophone elements has been
electrically and mechanically coupled together to form a section,
the section must be encased in a flexible, polymeric tube, known
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During seism c operations, the various hydrophone el enents, in groups,
receive return seismc signals, and it is therefore advantageous to
predict the sensitivity of the groups of hydrophones in the streamer.
The testing of this paranmeter of the hydrophone array is the focus of the

present invention. A sejsmc st re | of man I ndi vi dual
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maxi m zeé. the anount I SmT coverage for each
by reference.

_ Individual hydrophone elements are commonly tested by
the manufacturer for a variety of parameters, including the
sensitivity of the hydrophone to a pressure signal. Unfortunately,

10 due to manufacturing tolerances, the sensitivities of seemingly
identical hydrophones may vary significantly. As previously
mentioned, in practice, hydrophones are used in groups and thus
the hydrophones in the groups may differ in sensitivity.

- Further, characteristics of hydrophone elements and
15 hydrophone arrays change over time and with use. Even if the
sensitivity and other parameters of hydrophones and arrays were
known when they are first deployed, these parameters invariably
‘change after of period of use so that, when a hydrophone is
_ removed from service for repair- and maintenance the procedure
20 for sensitivity testing must be repeated before the system is
returned to service. Thus, there remains a need for a system and
method of testing a hydrophone streamer during repair and
maintenance procedures without the need - to totally disassemble

the array into individual hydrophone elements for testing.

25 - Also, before a completed streamer section is shipped to a
customer, it would be desirable to measure the sensitivity of the
individual hydrophone groups as part of the final test procedure.
This is not an easy task and several methods have been
considered. The present invention includes the use of a

30 pressurized tank.

One technique for expressing the sensitivity of a group of
hydrophones is to accept the stated sensitivities provided by the
manufacturer and to simply interpolate them for the group as a
whole. This technique provides a coarse approximation and, with

35 relatively slow data processing rates and relatively coarse
resolution (i.e., bits per sample), has proved satisfactory. The
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duri"ng exploration. Once a nunber of hydrophone elenents has been
electrically and nechanically coupled together to forma section, the

section nust be encased in a flexible, polyneric tube, known 2 as a
streaner jacket, and the streaner jacket filled with a fluid, such as oi

or kerosene. The &r ocess qof enc,asi,n% t he section of hydrophone el epents is
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verall 'seismic” system. WeVer, ase'digital signal processing has
increased in speed and resolution, it has become increasingly
critical to know the sensitivities of the groups of hydrophones that
make up the streamers.

Another technique for testing the sensitivity of a group of

hydrophones involves an additional step in the process of
manufacturing hydrophone streamers. This involves taking a
hydrophone section to a specially designed immersion tank,
lowering the section into the tank, and subjecting the section to a
pressure pulse or series of pressure pulses. This procedure adds
an additional step in an already labor intensive manufacturing
and assembly process, which necessarily cuts profit margin or
makes the final product less cost competitive.

For particularly sensitive applications, some operators have
conducted sensitivity testing at sea. In some cases, this may
involve the application of seismic signals after the streamers have
been deployed with the ship underway. This is a very time
consuming and expensive use of a very expensive platform.
Another commonly used testing procedure involves retracting the

streamer onto the ship, placing the streamer in a basket, lowering .

the basket with the streamer over the side of the vessel, and
subjecting the streamer to a seismic signal for testing. This is
even more time consuming since the entire period that the vessel
is dead in the water to test the streamer is lost productivity time.
Each of these procedures also creates unnecessary opportunities
for personnel hazards.

Thus, there remains a need for a method and apparatus for
testing the sensitivity of a group of hydrophones, after such
hydrophones have been assembled into a harness, such as initial
assembly or for repair and maintenance of a used hydrophone
streamer. Such a method and apparatus should not significantly
impact the steps already in place for the manufacture of
hydrophone streamers, but should provide a more accurate
indication of the sensitivity of groups of hydrophones.
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| ndi vi dual hydrophone el enments are commonly tested by the manufacturer for
a variety of paraneters, including the sensitivity of the hydrophone to a
pressure signal. Unfortunately, due to nmanufacturing tol erances, the
sensitivities of seem ngly identical hydrophones may vary significantly.
As previously mentioned, in practice, hydrophones are used in groups and

t hus the hydrophones in the groups nmay differ in sensitivity. Further,

characteristics of hydr oghIMARYCOFTHE INWERZOMPhone arrays change
over time and with use. Even if the senS|t|V|ty and ot her paraneters of

hydr ophones and ,arrays were. known when they are first, depl.oyed, .thes
paraneters invar ér‘isﬁﬁﬁggwaﬁqtlﬂn qﬁf&?l S§r anske athe fhgf"y aiﬂ aOte

hydr ophone the penmvact foyorsubgecting aohydmp‘lmnearsdreamen e@oanceengiéiviiryocedur e

for sengitigidyod eaStﬁ:ﬂQ B¥S theS aﬁﬁ?@étﬁgm%efa%ﬁ és@@nﬁ}@t ?)%béss The
present invention may also be used for testing or verifying
hydrophone array sensitivity during maintenance and repair.

In its simplest form, the present invention comprises a

known harness injection system that has been modified to include

10 a calibrated hydrophone. The injection system includes a tank in

which a reel is mounted to receive a length of hydrophone cable

and hydrophone elements. A pressure signal is created to induce

a response in the calibrated reference hydrophone and the

hydrophone string under test.  The respective responses and

15 compared and the sensitivity of the string under test is
determined.

In order to measure the sensitivity of the test hydrophone
group, it is necessary to know the intensity of an incident
pressure wave. This can be measured by the reference

20 hydrophone, provided the wave has the same intensity at the
location of the hydrophone group and at the location of the
reference hydrophone. If the separation of the locations is less
than 0.054, where A1 is the wavelength of the wave, then the
effects due to wave interference, reﬂebtion, and refraction are

25 negligible and the wave has an essentially uniform intensity
everywhere in the tank.

For a speed of sound in water of 1,500 meters per second
and frequencies in the range of 10 Hz to 100 Hz, the wavelengths
are 150 meters to 15 meters. For a 2 meter tank, this criterion

30 provides a maximum test frequency of 37.5 Hz. '

If the sound source (i.e., the pressure wave) has a variable
frequency and intensity, it is possible to measure the dependence
of sensitivity on these variables. Control of the static pressure in
the tank allows the dependence of sensitivity on depth to be
35 measured. : -
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returned to service. Thus, there remains a need for a system and net hod of
testing a hydrophone streaner during repair and mai ntenance procedures

wi thout the need to totally disassenble the array into individual

hydr ophone el enents for testing. Also, before a conpleted streanmer section
I's shipped to a Hstoner, It would be de5|rablﬁ to measure the sensjtivity
of the individual Dy dPaihoseUEsHURS LITRRr dnothendmeasarements pibcther e.

This is notpfiReadsihviensiorand sﬁdegahemidipctﬁf hﬁbeatb@@nuwtlﬁd desedtank. The
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appr oxi rrat ion a
doing this is to put the tank in the ground and surround it with a

concrete Jacket

The sound generator does not need to be a low distortion

-source, but it does need to have a stable intensity and frequency.

10 The most likely generation mechanism is a piston-driven pump,

reciprocated by a motor with precision electronic control. This

aspect of the present invention may include a means of controlling

the throw of the piston. This may be accomplished by driving the

_ piston with a linear electronic motor. It may be more cost-

15 effective to provide a sound source with a variable frequency but

constant intensity. As an example, for a six cubic meter tank, a

piston diameter of five cm and a signal intensity of one mB, the
throw of the piston is about one millimeter.

__ As previously described, a reference hydrophone is

20 mounted within the pressure tank, and a hydrophone string under
test is reeled into the tank. The test hydrophone section is wound
on a reel inside the fluid-filled tank, which is then closed and
pressurized. A source of low amplitude pressure waves Iprovides
a test sound signal, which is detected by the hydrophone groups

25 and the reference hydrophone. The outputs are digitized and this
data is processed and analyzed. Both the reference hydrophone
and the test string are thus subjected to the same test sound
signal and the resultant responses are captured for comparison.

If the sound signal contains harmonics of the fundamental

30 frequency', there may be significant energy in the responses at
| frequencies higher than 37.5 Hz. These signals will not have a
uniform intensity throughout the tank. It will be necessary to
remove them by signal analysis such as by Fast Fourier Transform
before the signal levels are determined. Frequency domain

35 ..analysis is then used to determine the sensitivity of the test
hydrophone string.
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relatively
resol ution

slow data processing rates and relatively coarse
(i.e., bits per sanple), has proved satisfactory. The

However, as digital signal processing has increased in speed and
it his sygewaty. tbeeaystem yfosr itestong 2 ogiovpw athdiyseaphones ti es

resol ution,

error
i ntroduced by this interpolation technique was relatively insignificant

conpared to errors introduced in other parts of the overall seismc system
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for testing the sensi IVIt §roup nes ves
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Thi's i nvol viesaingkg ng gx@up of hydrophones; (c) ﬂuxd passage means into the
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tank for introducing and withdrawing fluid into and out of the
tank; (d) an oscillating pump in fluid communication with the tank
to introduce a time varying pressure pulse in the tank; (e) a
reference hydrophone inside the tank; (f) electrical coupling

" means to couple a hydrophone signal from the group of

10

15

20

25

30

hydrophones and the reference hydrophone to a central
processing unit; and (g) means. for comparing the hydrophone
signal of the reference hydrophone to the hydrophone signal of
the group of hydrophones.

These and other features of the present invention will be
apparent to those of skill in the art from a review of the following
detailed description along with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWING

Figure 1 is a schemauc representation of the system of the
present invention.

Figure 2 is a logic flow diagram of the test procedure for
determining the sensitivity of the hydrophone group under test.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
Apparatus For Testing a Group of Hydrophones

Referring now to Figure 1, a partial section schematic of the
apparatus 10 of the present invention is shown. The apparatus
10 includes a pressure vessel or reel tank 12 . The pressure
vessel 12 comprises primarily an end cover 14, a cylindrical body
16, and a tapered, roughly conical portion 18. The end cover 14
is preferably mounted on the cylindrical body 16 by a flange 20,
for ease of assembly of and access to a reel 22. For the presently
preferred embodiment, such a pressure vessel was obtained from

Qualtec Engineering in Heanor, Derbyshire, England.
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hydr ophone section to a specially designed i nmersion tank, |owering the
section into the tank, and subjecting the section to a pressure pul se or
series of pressure pulses. This procedure adds an additional step in an
al ready | abor intensive manufacturing and assenbly process, which

necessarily cuts _profit margin or makes the finpal product |ess cost
competitive. ForlBarraedular |15 Japyntsd ewiin; dhei aressusen¥essfdr ddr & have
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basket ,§I Oj‘éga{s?%%lat %ﬁ(%%s“a{e{ V\AHFLC t gteg)swe%rreryragellgirlgt ngys%%esﬁﬂlgherm{/dessel ,

and control unit

On the reel is wound the hydrophone harness 24. The
harness 24 is connected to a tow line 32 by an eye 34. In turn,
the tow line 32 is connected to the end of a pilot piston or *“pig”

10 36. The piston 36 is fed into a streamer jacket 38 which is
attached at one end to a nozzle 40. The other end of the harness
24 is secured at its other end to the reel 22 and the streamer
jacket 38 is securely attached to the nozzle 40 by a clamp 42.

The pressure vessel 12 may also be provided with a view
15 port 41 to permit visual access to the interior of the pressure
vessel during various evolutions.

Fluid such as oil can be supplied to the pressure vessel 12

from any of several reservoirs 44 or the fluid may be returned to

one of the reservoirs 44 by a pump and metering means 4 6

20 through a flow line 48 entering near the bottom of the tank 12

through a shutoff valve 50. Air can be supplied to the tank or

allowed to vent from the tank, through flow line 52 connected to

the top of the tank and to a vent 54. The flow line 52 connects

through a gage valve 56 to an air supply 58 and the vent 54 via

25 air/oil valve and gas means 57. Additional vents 55 may also be
provided.

The pressure.vessel 12 is preferably mounted on support
legs 60. The pressure vessel also includes a drain connection 62,
shown in phantom in Figure 1 because it is hidden behind one of
30 the legs. The drain connection 62 may be coupled to the fluid
supply and return line 48, or these two components may be

- provided separately.

The foregoing description has focused on the apparatus that
is provided to inject the hydrophone harness into the jacket. The
35 following description now covers the basic additional components
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subjecting the streamer to a seismc signal for testing. This is even nore
t-i me consum ng since the entire period that the vessel is dead in the water
to test the streaner is lost productivity time. Each of these procedures

al so creates unnecessary opportunities for personnel hazards. Thus, there
remains a need for a nethod and apparatus for testing the sensitivity of a
group of hyfrosaotydng aft ehespeesemy dimyemsions fhaviesbiagn the ssensiévitynob a

har ness, SUEh?ﬁﬁrah By toflh n¥sCin f e HARAESS amugamarf&ﬁ@%%n@dused
hydrophone st Such™ a et hod and apparatus should ot significantly

i hipact the SRe é?‘?leady in place for the manufacture of hydrophone
streaners, but should provide a nore accurate indication of the sensitivity
of groups of hydThphsystem includes a standard or reference hydrophone 70

5 of precisely known sensitivity characteristics. = The hydrophone
70, under pressure pulse conditions, provides a seismic signal to a
computer 72. The computer 72 is also provided with a signal
from the hydrophone harness 24 over a signal line 74.

The system further includes a pump 80 which provides a
10 time-varying, periodic pressure pulse signal to the pressure vessel
12. The pump 80 may be provided with a head tank 82, or other
means of supplying net positive suction head to the pump. The
discharge of the pump 80 may tie into the supply and return line

48 or have its own penetration into the tank 12.

15 Method of Testing a Group of Hydrophones

. Now having described the structure of a hydrophone group-
sensitivity tester, the following description provides a step-by-
step method of testing a group of hydrophones using the tester.

Once a group of hydrophone elements is assembled, for

20 example in a 75 meter harness, in the conventional manner, it is

mounted upon the reel 22 within the tank 12. At this point in

the conventional assembly process, the jacket 38 is attached to

the nozzle 40. However, before this is done in the process of the

present invention, the data line 74 is attached to the end of the

25 harness to begin the testing of the sensitivity of the group of
hydrophones.

With the hydrophones in the harness 24 coupled to the
computer 72 and the end of the nozzle sealed, the tank 12 is then
filled from one or more of the reservoirs 44 using the pump and

30 metering means 46. Trapped air or gas in the tank is
simultaneously vented off through the vent 54. When the tank is
full, the pump 80 is started to provide a time varying pressure
pulse signal to the. fluid within the tank. This pressure pulse
signal is received by the reference hydrophone 70 and the
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4 SUVMARY OF THE | NVENTI ON The present invention solves these and ot her

dr awbacks of the prior art by subjecting a hydrophone streaner to a
sensitivity test as a part of the nmanufacturing and assenbly process. The
present invention may also be used for testing or verifying hydrophone
array sensitivity during maintenance and repair. In its sinplest form the
present i nvbyldmp’noamsmnsﬁte dharnesh 2dhr ncEke i ¢praputarn themteompheas the been

nodi fied to al orkan i stem
i ncl udes a ?f&%t ré?é |£B&n%uﬁpgdq1e§;r@e%gl \%ﬁgﬁdmﬁé’ k¢ Mthe

hydr ophone E?é@loélsﬁncffﬁWr o]i*ulé EIRhANRSs . in athey cB %‘Iﬂeéssﬂg?ﬁlgl ‘E‘F@r@ﬂ@ﬁ? ed to

i nduce the response characteristics of the test hydrophones in the
| 5 harness.

Once the data has been collected, the data line 74 is
uncoupled from the harness 24, the jacket 38 is attached to the
nozzle 40, and the group of the hydrophones is inserted into the
jacket in the manner described in the Warren ‘537 patent

10 described above.

Sensitivity Determination of the Test Hydrophones

Figure 2 provides a logic flow diagram of the method of
determining the sensitivity of the group of hydrophones under
test. The method begins at step 100 and step 102 reads the

15 input data from the reference hydrophone and the test array, as
previously described. @ The data thus acquired will include a
-spectrum of responses over a range of frequencies, with voltage
spikes at the fundamental and harmonic frequencies. Step 104
involves a fast fourier transform on the data from the reference

20 hydrophone to capture this data in the frequency domain.

Step 106 then determines the maximum amplitude and
predominant frequency (the fundamental frequency) from the
FFT data from step 104. This step accomplishes two significant
goals: it provides a maximum amplitude of the reference signal in

25 relative terms; and it eliminates the interference of harmonics and
noise contributions to the total energy acquired from the
reference hydrophone. The method here employed is concerned
with the ratio of the reference to the test array, and not with the
absolute value of the fundamental signal from either the

30 reference or the test array.

Now that the predominant frequency from the reference is
known, step 108 determines the maximum (relative) amplitude
of the signal from the test array at that frequency. Step 110 then
takes the ratio of the signals from the reference hydrophone and

35 the test array and, in step 112, the sensitivity of the test array is
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a response in the calibrated reference hydrophone and the hydrophone string
under test. The respective responses and conpared and the sensitivity
of the string wunder test is determned. In order to neasure the
sensitivity of the test hydrophone group, it is necessary to know the

intensity of ci.dent pr.essure . wave, Thi s measured by the
reference f$ ]cfrug Wgn ﬁlﬁgﬂnghéh%wl%ag%esgegn&1&t Qﬁsﬂ?‘? ?OWHe

| ocati on ofsenilelvh;{,dr@bkmlee refarencenttydrophend.ocati on of the reference
hydrophone. 1f the separation of the |ocations is less than 0.05 [err],

wnere [er1] 1 i ysheflokd ofpidierveye chBERRAS.ET L AEIS i o ave

interfer ence, ectti on 1 0N are ne wave has
an essent i @peyatiomi odr the;| rptres@ntt yinggatipmhehave nbcm dgaeribed in the

5 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.

10
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For\a speed of sound in water of 1,500 neters per second and frequencies in

tthe range of 10 Hz to 100 Hz, the wavel engths are neters to 15 neters.
For a 2 meter tank, this criterion provides a mx'iﬁmWof
37.5 Hz. |If the sound source (i.e., the pressure vva”"!"ﬁm

frequency and intensity, it is possible to neasure ”la"‘ﬂ ml
sensitivity_on these variables. Control of the stati¢ pfessume isn e tank

al l ows the Wpeddidhce of sensitivity on depth to be measur ed. 5 The main
source of error in the neasurenents in the

1 1. A hydrophone-group sensitivity tester comprising:

2 a tank having a nozzle adapted for attachment of a
3 streamer jacket;

4 a harness reel inside the tank for reversibly retaining
5 a group of hydrophones;

6 fluid passage means into the tank for introducing and
7 withdrawing fluid into and out of the tank;

8 an oscillating pump in fluid communication with the
9 tank to introduce a time varying pressure pulse
10 in the tank;
11 a reference hydrophone inside the tank;

12 electrical coupling means to couple a hydrophone
13 ' signal from the group of hydrophones and the
14 reference hydrophone to a central processing
15 .unit; and
16 ' means for comparing the hydrophone signal of the
17 ' reference hydrophone to the hydrophone signal
- 18 _ of the group of hydrophones.
1 2. The tester of claim 1, wherein -the means for

2 comparing comprises a computer programmed to:

3 read the signal of the reference hydrophone and the
4 signal of the group of hydrophones, each of the
5 signals in the form of data;
6 perform a fast fourier transform on the data from the
7 reference hydrophone;
Sheet Has Been RTlaced
T



present invention is the generation of vibration in the test tank. The tank
nust be conpletely full of liquid to prevent the gen mmlmummume
waves on the liquid. The tank itself nust be heavily il t
resonant vibration. The best way of doing this is to*put the®afk *n the
ground and surround it with a concrete jacket. The sound generator does not
need to8be a | ow di st detdrorineouacanasimume dueplitedd tandhapsedomiaang

| ntensiy and frequency. Thg cy'wytﬂéned@ﬁa' O GRCN3AE Sdferénce

pi ston-driven punp, recli prﬁ ﬁ a notor with precision electronic
control0 This aspect of tH¥ 5?3@9&‘3” nvention may include a neans of

controlling the throw of the piston. This may be acconplished by driving
the pidtlon with a |indeteralinet aomaximimr amplitudey offie tiordatao$tomefthecti ve

to proyiyle a sound source E%@pa X?r'W&Foﬁﬁgﬂé'fncﬁ/t blﬁle predominant

13 ' frequency;

14 calculate the ratio of the maximum amplitude from the
15 - reference hydrophone and the maximum
16 amplitude from the group of hydrophones; and
17 calculating the sensitivity of the group of hydrophones
18 ' using the ratio.

1 3. A hydrophone test apparatus comprising:

2 means for mounting a group of mechanically and electrically
3 coupled hydrophone elements upon a reel within a
4 pressure vessel, the pressure vessel including a nozzle
5 for receiving the group of hydrophone elements;

6 means for sealing the nozzle around the group of
7 hydrophone elements, leaving the group of
8 hydrophone elements -accessiblé outside the pressure
9 vessel;

10 ." means for coupling the group of hydrophone elements to a
11 computer;

12 means for coupling a reference hydrophone within the
13 pressure vessel to the computer;

14 means for filling the pressure vessel ‘with a fluid;

15 means for developing a time varying pressure signal within
16 the pressure vessel that is detected by the reference
17 hydrophone and the group of hydrophone elements to
18 develop a reference signal from the reference
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constant intensity. As an exanple, for a six cubic 11 [ “‘m
di aneter of five cmand a signal intensity of one mweﬂmmmm\ﬁm‘t\ﬁ
pi ston is about one millineter. As previously descri ¢ a meférehce
hydrophone is nmounted within the pressure tank, and a hydrophone string
under test is reeled into the tank. The test hydrophone section is wound
on a r&8 inside the hydiephong eandank, toph chignnlt Heant| shed greyp of

pressupigzed. A sourlgydmpﬂd}yg alepléitddeapgessure waves provides a test
sound signal, which is” detected by the hydrophone groups and the reference

hydr.ophqne. The outputs are digitized d this.data is ocessed an
Rnal yold ot h TRBRE kil ZREWAE dR0rETARRCY rSRES Ang: PhRotS cSlehd
subj ec2@d to the saneto ekdtesmnimel thegretpamst tdimraeteunistionst ofespongesupr e
capturgg for conpari S@P'hil(fir&ﬂ}ﬁ)n%o%]gnférﬁg.a' cont ai ns harnonics of the

f undanent al

1 4. The tester of claim 3, wherein the means for
2 comparing comprises a computer programmed to:

3 ‘read the signal of the reference hydrophone and the
4 signal of the group of hydrophones, each of the
5 signals in the form of data;

6 perform a fast fourier transform on the data from the
7 reference hydrophone;

8 determine a maximum amplitude and predominanf
9 - frequency of the data from the reference
10 hydrophone;

11 . determine a maximum amplitude of the data from the
12 group of hydrophones at the predominant
13 - frequency;

" 14 calculate the ratio of the maximum amplitude from the
15 reference hydrophone and the maximum
16 . amplitude from the group of hydrophones; and
17 calculating the sensitivity of the group of hydrophones
18 using the ratio.

1 5. A method of testing .the response characteristics of a

2 group of hydrophones comprising the steps of:

3 mounting a group of mechanically and electrically coupled
4 hydrophone elements upon a reel within a pressure
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frequency, there may be significant energy in the responses at frequencies
hi gher than 37.5 Hz. These signals will not have a unmm [ 1 :

t hroughout the tank. It will be necessary to renove t mum;mmmlnﬂl,
anal ysi s such as by Fast Fourier Transform before the §ighalt|evelss are
det er m ned. Frequency omain analysis is then used to deterim ne the
sensitivity of the teg?sﬂfjdré%oﬁ’ées%%ﬁei ngessel dnchidingned y nozgde s§ef em

- for tes®ing a group ofedey¢ingphasegrows! oflebyd@phdnearkeianisig a nozzl e
adapted for attachnment of a streamer jacket; (b) a harness reel inside the

tank for7 reverSisbéaﬁing the nozzle around the group of hydrophone

8 elements, leaving the group of hydrophone elements
9 accessible outside the pressure vessel;
10 coupling the group of hydrophone elements to a computer;
11 coupling a reference hydrophone within the pressure vessel
12 : to the computer;
13 filling the pressure vessel with a. fluid;
14 developing a time varying pressure signal within the
15 pressure vessel that is detected by the reference
16 hydrophone and the group of hydrophone elements to
17 develop a reference signal from the reference
18 hydrophone and a test signal from the group of
19 hydrophone elements; and
20 comparing the reference signal and the test signal to
21 determine the response characteristics of the group of
22 hydrophone elements.
1 6. The method of claim 5, wherein the step of comparing

comprises the steps of:

3 reading the _signal of the reference hydrophone and

4 the signal of the group of hydrophones, each of
5. the signals in the form of data;

6 performing a fast fourier transform on the data from

7 ‘the reference hydrophone;

8 determining a maximum amplitude and predominant

9 frequency of the data from the reference
10 hydrophone;
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retaining a group of hydrophones; (c) fluid passage ns into the tank for
IPntroduci ng and withdrawi ng fluid into and dut of thgTEﬁ wmulm’um
oscillating punp in fluid comrunication with the tank L" : i-me
varying pressure pulse in the tank; (e) a reference hydrophone " nsid& the
tank; (f) electrical c¢oupling neans ta couple a hydrophone signal fromthe
group i)f1 hydr ophones g%ltﬁaml’c’mg f eM3EREM WHPBHHg%eOPt &'e adgﬁ"en’ffpﬂl
proces$ing unit; and (g) nERNSgfcup COﬁthIyidehbﬁe’ély(iltOnhenépré'd@ﬁﬁhaﬁf t he
refer egg‘e hydr ophone to thf %drn%ohone signal of the group of hydrophones.
5

These d other features o EiYesent invention will be apparent to those
of skill in-the art froma review of the follow ng detail ed description
al ong Wt h the acconpesighlajing athiengatioBRIfERhDEBCRY IBTWION abrp i HEl ORXOING
15 - the reference hydrophone and the maximum
16 amplitude from the group of hydrophones; and
17 calculating the sensitivity of the group of hydrophones
18 using the ratio.
1 7. A method of testing the sensitivity of a group of
2 hydrophones comiprising the steps of:
3 reeling a hydrophone string into a tank having a nozzle;
4 electrically coupling the hydrophone string at the nozzle to a
5 ' central processing unit;
6 coupling a reference hydrophone within the tank to the
7 central processing unit;
8 filling the tank with a fluid to a predetermined pressure;
9 introducing a time varying pressure signal into the tank; and
10 comparing the signal from the reference hydrophone to the
11 ) signal from the hydrophone string.
1 8. The method of claim 7, wherein the step of comparing

comprises the steps of:

3 reading the signal of the reference hydrophone and
4 the signal of the group of hydrophones, each of
5 the signals in the form of data;

6 N performing a fast fourier transform on the data from
7 the reference hydrophone;
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Figure 1 is a schematic representation of the system
I'nvention. Figure 2 is a logic flow diagram of thete{l!li E mﬁmlE
determ ning the sensitivity of the hydrophone group u

DESCRI PTI ON OF A PREFERRED EMBODI MENT Appar at us’ For .Testing a Group of

Hydr ophones Referring now to Figure 1, a partial section schematic of the
apparat8s 10 of the pdetesminingeat imaximushowmplitnde aphdr Hradowtingnt| udes
a pressgre vessel or reel fap |ﬁe1=1% bre piesutg Vessal IRe CouTerSRSe
pri mari an end cover IXdI‘I cal body 16, and a tapered, roughly
coni cal q\;ortlon 18. The en’ély%gﬁif‘oi‘&’l s preferably nounted on t he '
cylindrical body 16 by a flange 20, for ease of assenbly of and access to a
reel 221 For the preﬁmthunmgeferM1mldmd|amphtu¢mchfatlpafedaurefmm;sel

was obyai ned from the group of hydrophones at the predominant
13 ' frequency;
14 calculating the ratio of the maximum amplitude from
15 the reference hydrophone and the maximum
16 amplitude from the group of hydrophones; and
17 calculating the sen51t1v1ty of the group of hydrophones
18 using the ratio.
Tl
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Qual tec Engi neering in Heanor, Derbyshire, England. -7 The reel 22 is
nounted within the pressure vessel 12 to receive a section of a hydrophone
harness 24, also referred to in the industry as the "carcass". The reel is
preférably driven by a hydraulic notor 26. The notor is connected by a
pl ural flow passage hydraulic cable 28 to a hydraulic power supply and
control unit 30." On the reel_is wund the h drophone har ness 24. The
har ness 24 is connected tOI%BSERf“IB€E§EHE§¥ In turn, the tow
line 32 is connected to the end of a pilot plston or "pig"

A system for testing a group of hydrophones includes (a) a

tank having a nozzle adapted for attachment of a streamer jacket;
(b) a harness reel inside the tank for reversibly retaining a group
S of hydrophones; (c) fluid passage means into the tank for
introducing and withdrawing fluid into and out of the tank; (d) an
oscillating pump in fluid communication with the tank to
introduce a time varying pressure pulse in the tank; (e) a
reference hydrophone inside the tank; (f) electrical coupling
10 means to couple a hydrophone signal from the group of
hydrophones and the reference hydrophone to a central
processing unit; and (g) means for comparing the hydrophone
signal of the reference hydrophone to the hydrophone signal of
the group of hydrophones. The means for comparing the
15 hydrophone signal of the reference hydrophone to the signal from
the group of hydrophones comprises a computer that determines
the maximum signal strength and the fundamental frequency
from the reference hydrophone, determines the maximum signal
strength from the test array at the fundamental frequency, then
20 calculates the sensitivity of the test array from the known
sensitivity of the reference hydrophone. ' )

Documents:Directories:SAAA-SZZZ:SYNT:12942 - Singapore Groﬁp Tester:12942 - Patent Application
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3 6. The piston 36 is fed into a streaner jacket 38 which is attached at
ene end to a nozzle 40. The other end of the harness 24 is secured at its
other end to the reel 22 and the streaner jacket 38 is securely attached
to the nozzle 40 by a clanp 42. The pressure vessel 12 may al so be provided
with a view port 41 to permit visual access to the interior of the pressure
vessel during various evolutions. Fluid such as oil can be supplied to the
pressure vessel 1 2 fromany of several reservoirs 44 or the fluid my be

returned to one of FQ_ervoirs 44 by a punp and netering neans 4 6

through a flow |line 48 tering near the bottomof the tank 1 2 through a
shutof f valve 50. Aifr ¢an be supplied to the tank or allowed to vent from
- the tank, through fl |ne\§g connected to the top of the tank and to a
I_vent 54. The flow i /2\\9mnects v\‘\
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thréugh a gage valve 56 to an air supply 58

and the vent 54 via air/oil

val ve and gas neans 57. Additional vents 55 nay al so be provided. The

pressure vessel

vessel also includes a drain connection 62,
because it is hidden behind one of the |egs.

12 is preferably nmounted on support |egs 60. The pressure
shown in phantomin Figure 1
The drain connection 62 may be

coupled to the fluid supply and return line 48, or these two conponents may
be provided separately. The foregoing description has focused on the
apparatus that is provided to inject the hydrophone harness into the
jacket. The follow ng description now covers the basic additional

conmponent s
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READ INPUT DATA FROM REFERENCE
HYDROPHONE AND TEST ARRAY

. 10Z

\

PERFORM FAST FOURIER TRANSFORM
ON DATA FROM REFERENCE HYDROPHONE

L7~

y

DETERMINE MAXIMUM AMPLITUDE FROM
PREVIOUS STEP AND THE PREDOMINANT
- FREQUENCY OF SIGNAL FROM
REFERENCE HYDROHPONE

l

DETERMINE MAXIMUM AMPLITUDE
FROM TEST ARRAY AT THE PREDOMINANT
FREQUENCY FROM PREVIOUS STEP

o

DETERMINE THE RATIO OF THE REFERENCE
SIGNAL TO THE TEST ARRAY

l

MULTIPLY THE RATIO FROM PREVIOUS
STEP TIMES THE SENSITIVITY OF
THE REFERENCE HYDROPHONE
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fOL carrying out t he present invention foledst i ng tm'epgmubﬁvpagédof( # paged. ,p
pl urali ty of. s in the harness_while they alZ?CIa%&Dned %dt Bto paged
reel . 'I;he syatwn FHEEudes a standard off Pefafé 'rI]'h y g '{‘Lto paged
recige known sensTtifvity characteristics e hy
b Y nq'—eS|gn' toacorer m%edl

ressyr ul se ity ops, provides a seis
c oS ﬁ@g pt o ided with a signal fromthe hydrophone harnes (,3M'1

conpul e _
over i gnal line. REY BRORHONE R@UP@EN&‘WI MEIRTW@VW%
a ting-varying, periodi pressure pul se signa € pressure vessel 12.

The pqnp B0—ey—be—provided wit w her means of
suppl yi ng net E)OSI tive suction hlﬁéghff@%tg EI\HEFP&dl scharge of the punp
80 tie into the supply and return line

may The pgrgsent invention relates generally to the field of

hydrophones used in seismic exploration over water and, more
particularly, to a method and apparatus to test the sensitivity of a
group of hydrophones.

BACKGROUND OF THE INVENTION

The present invention is applicable to testing the sensitivity
of a section of hydrophones electrically connected to form part of
a streamer. In operation, a ship tows one or more streamers
astern. The streamer comprises a plurality of hydrophone
elements grouped together in sections. To maintain the streamer
in a known horizontal configuration, the streamer is followed by a
tail buoy in a manner known in the art.

During seismic operations, the various hydrophone elements,
in groups, receive return seismic signals, and it is therefore
advantageous to predict the sensitivity of the groups of
hydrophones in the streamer. The testing of this parameter of the
hydrophone array is the focus of the present invention.

A seismic streamer is made up of many individual
hydrophone elements. The hydrophone elements are generally
electrically and mechanically coupled together to form a
hydrophone group, and a number of groups of hydrophones are
combined to form a section of hydrophone cable, typically 75
meters long. A number of sections may then combined to form
the streamer, which may be thousands of meters long. In the
current state of the art, multiple streamers may be towed behind
a vessel to maximize the amount of seismic coverage for each pass

+ during exploration. '

Once a number of hydrophone elements has been
electrically and mechanically coupled together to form a section,
the section must be encased in a flexible, polymeric tube, known
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48 or have its own penetration into the tank 12. Metho €

of Hydrophones Now havi ng described the structure of fa h)é(stlro
sensitivity tester, the follow.ng description providg¢sja 9

hone _gr

2975t bp

DUP-

met hod of testing a group of hydrophones uging the téster. Once a arbup of

hydr ophone el enents is assenbled, for exanple in a 7

fre_ter harness, ih the

conventional manner, it jsS: te pan the.reel 22, W - At
this point in & égﬁ\‘ﬁe“n g ézr@r%asg%@mﬁ? p“'}rigecfélgtél, Jtz‘\_ﬁle“'J ac et /s attached
to the nozzl esaoh Reweileor ketancaet hi Thies pdoerssi @t BecpsivgedBe oseatimn of

resent inventy d e 144 A heg.tQqt enek fh ! S
: yetoph8fic 8 ¢neh i, i€ commibhfy ederic | by ﬁ?‘é‘%ﬁf o ey B ees
c—.scrx%ec in detail

to begin the t g{ e sensitiyity
the hydrophondank ncalird rarseausteps Ehigpsauirier system is

in U.S. Patent No. 3,987,537 to Warren, and incorporated herein
by reference.

Individual hydrophone elements are commonly tested by

the manufacturer for a variety of parameters, including the
sensitivity of the hydrophone to a pressure signal. Unfortunately,
due to manufacturing tolerances, the sensitivities of seemingly
identical hydrophones  may vary significantly. As -previously
mentioned, in practice, hydrophones are used in groups and thus
the hydrophones in the groups may differ in sensitivity.

Further, characteristics of hydrophone elements and
hydrophone arrays change over time and with use. Even if the
sensitivity and other parameters of hydrophones and arrays were
known when they are first deployed, these parameters invariably
change after of period of use so that, when a hydrophone is

removed from service for repair and maintenance the procedure

for sensitivity testing must be repeated before the system is

returned to service. Thus, there remains a need for a system and

method of testing a hydrophone streamer during repair and
maintenance procedures without the need to totally disassemble
the array into individual hydrophone elements for testing.

Also, before a completed streamer section is shipped to a

customer, it would be desirable to measure the sensitivity of the
individual hydrophone groups as part of the final test procedure.
This is not an easy task and several methods have been
considered. The present invention includes the use of a
pressurized tank.

One technique for expressing the sensitivity of a group of

hydrophones is to accept the stated sensitivities provided by the
manufacturer and to simply interpolate them for the group as a
whole. This technique provides a coarse approximation and, with
relatively slow data processing rates and relatively coarse
resolution (i.e., bits per sample), has proved satisfactory. The



copputer 72 and the end of the nozzle sealed, the tank 12 is then filled
fromone or nore of the reservoirs 44 using the punp and netering nmeans
4 6. Trapped air or gas in the tank is sinultaneously vented off through
the vent 54. When the tank is full, the pu 80 is started to provide a
time varying pressure pulse signal to the fduid within the tank. This

pressure pul se signal is recejved, by the reference hydrophone 70 and the

9 hydr ophones *fiP!t h’é‘tﬁ%(flh“ees(g §X. qh’f%e"&?r‘rBH[‘gFoT hg‘r‘l&i'?)% eg"‘t“he“"il“rh""Iy

pr edet er m nedinsigpdfiisantt ranmpheed etberernais fiptroahivede ino other rpmponsk theom

the hydrophonggeidl) t {8 s "spsted LSWEMRDCRs digital signal processing has
increased in speed and resolution, it has become increasingly
critical to know the sensitivities of the groups of hydrophones that
make up the streamers. '

Another technique for testing the sensitivity of a group of
hydrophones involves an additional step in the process of
manufacturing hydrophone streamers. This involves taking a
hydrophone section to a specially designed immersion tank,
lowering the section into the tank, and subjecting the section to a
pressure pulse or series of pressure pulses. This procedure adds
an additional step in an already labor intensive manufacturing
and assembly process, which necessarily cuts profit margin or
makes the final product less cost competitive.

For particularly sensitive applications, some operators have
conducted sensitivity testing at sea. In some cases, this may
involve the application of seismic signals after the streamers have
been deployed with the ship underway. This is a very time
consuming and expensive use of a very expensive platform.
Another commonly used testing procedure involves retracting the
streamer onto the ship, placing the streamer in a basket, lowering
the basket with the streamer over the side of the vessel, and
subjecting the streamer to a seismic signal for testing. This is
even more time consuming since the entire period that the vessel
is dead in the water to test the streamer is lost productivity time.
Each of these procedures also creates unnecessary opportunities
for personnel hazards.

Thus, there remains a need for a method and apparatus for
testing the sensitivity of a group of hydrophones, after such
hydrophonés have been assembled into a harness, such as initial
assembly or for repair and maintenance of a used hydrophone
streamer. Such a method and apparatus should not significantly
impact the steps already in place for the manufacture of
hydrophone streamers, but should provide a more accurate

indication of the sensitivity of groups of hydrophones. REPLAGEE™ *IT SE_*EET
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the response characteristics of the test hydrophones in the harness.
Once the data has been collected, the data line 74 is uncoupled fromthe
harness 24, the jacket 38 is attached to the nozzle 40, and the group of
the hydrophones is inserted into the jacket in the manner described in the
Warren 537 patent described above. Sensitiviiy Det erm nati on of the Test
Hydr ophones Figure 2 provides a logic flow diagram of the nethod of

determ ning the sensitivity of the group of hydrophones under test. The
net hod begins at step 100 andSyMMngﬁYZ cBldE INMENH"FSQIN data fromthe

ref erence hydrophone and the test array, as previously descri bed. The
~ data t-hus acquired Thd | presBfit Uid&reRtie §d1Ves OfhdsBS RAAS GiheY ClrAvbARBE Of
frequenci es, the hp}/iglrtglqeby subjecting a hydrophone streamer to a sensitivity
test as a part of the manufacturing and assembly process. The
present invention may also be used for testing or verifying

hydrophone array sensitivity during maintenance and repair.

In its simplest form, the present invention comprises a

known harness injection system that has been modified to .include

a calibrated hydrophone. The injection system includes a tank in

which a reel is mounted to receive a length of hydropflone cable

and hydrophone elements. A pressure signal is created to induce

a response in the calibrated reference hydrophone and the

hydrophone string under test.  The respective responses and

- compared and the sensitivity of the string under test is
determined. '

In order to measure the sensitivity of the test hydrophone
group, it is necessary to know the intensity of an incident
pressure wave. This can be measured by the reference
hydrophone, provided the wave has the same intensity at the
location of the hydrophone group and at the location of the
reference hydrophone. If the separation of the locations is less
than 0.05A, where A is the wavelength of the wave, then the
effects due to wave interference, reflection, and refraction are
negligible and the wave has an essentially uniform intensity
everywhere in the tank.

For a speed of sound in water of 1,500 meters per second
and frequencies in the range of 10 Hz to 100 Hz, the wavelengths
are 150 meters to 15 meters. For a 2 meter tank, this criterion
provides a maximum test frequency of 37.5 Hz.

If the sound source (i.e., the pressure wave) has a variable
frequency and intensity, it is possible to measure the dependence
of sensitivity on these variables. Control of the static pressure in
the tank allows the dependence of sensitivity on depth to be
measured.

REPLACEMENT SHEET .,
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spi kes at the

fundanmental and harnonic frequencies. Step 104 invol ves a

fast fourier transformon the data fromthe reference hydrophone to capture
this data in the frequency domain. Step 106 then determ nes the maxi num

anpl i tude and

predom nant frequency (the fundanental frequency) fromthe

FFT data fromstep 104. This step acconpliShes two significant goals: i
provi des a maxi num l'i tude of the rﬁr)erence, Si g'gal inrelative terns;
it elimnates the iﬂ!r%rf%?‘é‘nc%o‘brfcena? FEEQL aHb BB§ sdedtIcbeABond t e

total energy
enployed is ¢
and not with
ref erence or
reference is

peasgntednbentivnhés r éfeergoimeatipdr efheibratiorheimethlodesierank.
6B bl B LoaBlg S S RSl B hFlofl
geaeratan 2fr syrfagewmanes omether digond .nafthef tankieitsslf f mom thee
heavily damped to prevent resonant vibration. The best way of
doing this is to put the tank in the ground and surround it with a
concrete jacket.

The sound generator does not need to be a low distortion
source, but it does need to have a stable intensity and frequency.
The most likely generation mechanism is a piston-driven pump,
reciprocated by a motor with precision electronic control. This
aspect of the present invention may include a means of controlling
the throw of the piston. This may be accomplished by driving the
piston with a linear electronic motor. It may be more cost-
effective to provide a sound source with a variable frequency but
constant intensity. As an example, for a six cubic meter tank, a
piston diameter of five cm and a signal intensity of one mB, the
throw of the piston is about one millimeter.

As previously described, a reference hydrophone is
mounted within the pressure tank, and a hydrophone string under
test is reeled into the tank. The test hydrophone section is wound
on a reel inside the fluid-filled tank, which is then closed and
pressurized. A source of low amplitude pressure waves provides
a test sound signal, which is detected by the hydrophone groups
and the reference hydrophone. The outputs are digitized and this
data is processed and analyzed. Both the reference hydrophone
and the test string are thus subjected to the same test sound
signal and the resultant responses are captured for comparison.

If the sound signal contains harmonics of the fundamental
frequency, there may be significant energy in the responses at
frequencies higher than 37.5 Hz. These signals will not have a
uniform intensity throughout the tank. It will be necessary to
remove them by signal analysis such as by Fast Fourier Transform
before the signal levels are determined. Frequency domain
anal'ysis is then used to determine the sensitivity of the test
hydrophone string.

t
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knawn, step 108 determ nes the maxi mum (relative) anplitude of the signal
fromthe test array at that frequency. Step 110 then takes the ratio of
the signals fromthe reference hydrophone and the test array and, in step
112, the sensitivity of the test array is 6 10 cal cul ated by mul tiplying
the ratio fromstep 110 by the known sensit4+vity of the reference

the present invent | eaiark, THE: SERCRT AR, Toiling PO BfE O 1ORRDBROATS D

This inventi orinckudgs () Betdbnshaviag 4s ﬂqlﬂilfﬂeéldi@l?ieﬂhgobaﬂ&m@mn&mf@Fn%

di scl osed, singgdhesejaeket;’ §83 §€farness reel inside the tank for reversibly
retaining a group of hydrophones; (c) fluid passage means into the
tank for introducing and withdrawing fluid into and out of the
tank; (d) an oscillating pump in fluid communication with the tank
to introduce a time varying pressure pulse in the tank; (e) a
reference hydrophone inside the tank; () electrical coupling
means to couple a hydrophone signal from the group of
hydrophones and the reference hydrophone to a central
processing unit; and (g) means for comparing the hydrophone
signal of the reference hydrophone to the hydrophone- signal of

the group of hydrophones.

These and other features of the present invention will be
apparent to those of skill in the art from a review of the following
detailed description along with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWING

Figure 1 is a schematic representation of the system of the
present invention.

Figure 2 is a logic flow diagram of the test procedure for
determining the sensitivity of the hydrophone group under test.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
- Apparatus For Testing a Group of Hydrophones

Referring now to Figure 1, a partial section schematic of the
apparatus 10 of the present invention is shown. The apparatus
10 includes a pressure vessel or reel tank 12 . The pressure
vessel 12 comprises primarily an end cover 14, a cylindrical body
16, and a tapered, roughly conical portion 18. - The end cover 14
is preferably mounted on the cylindrical body 16 by a flange 20,
for ease of assembly of and access to a reel 22. For the presently
preferred embodiment, such a pressure vessel was obtained from
Qualtec Engineering in Heano_r, Derbyshire, England. REPLACEME'NT SHEET




: i REPLACELMNT SHEES
as.illustrative rather than restrictive. Mor eoer], varrations-ang changes

may be made by those skilled in the art w thout ceparg'gngcfﬁ?@?t efspirit
of the invention. W claim 1. A hydr ophonedgrjoup sensitivify]|tester
conprising: a tank having a nozzle adapted for atjté r ¢amer

j acket; a harness reel inside the tank for %ever I bly retaining a group of

hydr ophones; fl uid_passa ans into the tank for 1 ntroducrng amd
Wi thdr awing f1uid Mo R & 1af mawnteshivithin: the' pressurc vessel 12 1o
receive a section of a hydrophone harness 24, also referred to in

the industry as the “carcass”. The reel is preferably driven by a
hydraulic motor 26. The motor is connected by a plural flow
passage hydraulic cable 28 to a hydraulic power supply and
control unit 30.

On the reel is wound the hydrophone harness 24. The
harness 24 is connected to a tow line 32 by an eye 34. In turn,
the tow line 32 is connected to the end of a pilot piston or “pig”
36. The piston 36 is fed into a streamer jacket 38 which is
attached at one end to a nozzle 40. The other end of the harness
24 is secured at its other end to the reel 22 and the streamer
jacket 38 is securely attached to the nozzle 40 by a clamp 42.

The pressure vessel .12 may also be provided with a view
. port 41 to permit visual access to the interior of the pressure
vessel during various evolutions.

Fluid such as oil can be supplied to the pressure vessel 12
from any of several reservoirs 44 or the fluid may be returned to
one of the reservoirs 44 by a pump and metering means 4 6
through a flow line 48 entering near the bottom of the tank 12
through a shutoff valve 50. Air can be supplied to the tank or
allowed to vent from the tank, through flow line 52 connected to
the top of the tank and to a vent 54. The flow line 52 connects
through a gage valve 56 to an air supply 58 and the vent 54 via
air/oil valve and gas means 57. Additional vents 55 may also be
provided.

The pressure vessel 12 is preferably mounted on support
legs 60. The pressure vessel also includes a drain connection 62,
shown in phantom in Figure 1 because it is hidden behind one of
the legs. The drain connection 62 may be coupled to the fluid
supply and return line 48, or these two  components may be
provided separately. o

The foregoing description has focused on the apparatus that
is provided to inject the hydrophone harness into the jacket. The
following description now covers the basic additional components
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an oscillating punp in fluid comunication with - nt-hoduce a

time varying pressure pul se in the tank; a refer gydrophone ‘i jsi de the
tank; electrical coupling neans to coupl e a hydrjo hoq anm fromthe

greup of hydrophones and the reference hydr_@pho e a_central jprfocessing
unit; and neans for conparing the hydrophone si nal of the reference

hydrophone to the h Qp €,1S) f . T e
tester of clal ‘%ﬁ g?x? tq%%ghelgnslﬁ npr lE:yorrputer
programmed toa Ipélamlttmeotu brdropliongse metl@«r eh@r@enydwdphbrthuan@nt h@-tamtd

on the reel.

The system includes a standard or reference hydrophone 70
of precisely known sensitivity characteristics.  The hydrophone
70, under pressure pulse conditions, provides a seismic signal to a
computer 72. The computer 72 is also provided with a signal
from the hydrophone harness 24 over a signal line 74.

The system further includes a pump 80 which provides a
time-varying, periodic pressure pulse signal to the pressure vessel
12. The pump 80 may be provided with a head tank 82, or other
means of supplying net positive suction head to the pump. The
discharge of the pump 80 may tie into the supply and return line
48 or have its own penetration into the tank 12.

Method of Testing a Group of Hydrophones

Now having described the structure of a hydrophone group-
sensitivity tester, the following description provides a step-by-
step method of testing a group of hydrophones using the tester.

Once a group of hydrophone elements is assembled, for
example in a 75 meter harness, in the conventional manner, it is
mounted upon the reel 22 within the tank 12. At this point in
the conventional assembly process, the jacket 38 is attached to
the nozzle 40. However, before this is done in the process of the
present invention, the data line 74 is attached to the end of the
harness to begin the testing of the sensitivity of the group of
hydrophones.

With the hydrophones in the harness 24 coupled to the
computer 72 and the end of the nozzle sealed, the tank 12 is then
filled from one or more of the reservoirs 44 using the pump and
metering means 46. Trapped air or gas in the tank is
simultaneously vented off through the vent 54. When the tank is
full, the pump 80 is started to provide a time varying pressure
pulse signal to the. fluid within the tank. This pressure pulse
signal is received by the reference hydrophone 70 and the
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signal of the group of hydrophones, each of the sijgriets—tn t he form of
data; performa fast fourier transformon the datg flro ta&ll;aﬁ} rence

hydr ophone; 12 determ ne a nmaxi mum anplitude arid f requency
of-the data from the reference hydrophcy1e; determ_n_e_a__nam
anplitude of the data fromthe group of -#ydrophgnes at the predom nant
frequency; hydrophones in the harness 24. The computer then compares the
predetermined response from the reference hydrophone to the
response from the hydrophones in the harness and determines
the response characteristics of the test hydrophones in the

harness.

Once the data has been collected, the data line 74 is
uncoupled from the harness 24, the jacket 38 is attached to the
nozzle 40, and the group of the hydrophones is inserted into the
jacket in the manner described in the Warren °537 patent
described above.

Sensitivity Determination of the Test Hydrophones

Figure 2 provides a logic flow diagram of the method of
determining the sensitivity of the group of hydrophones under
test. The method begins at step 100 and step 102 reads the
input data from the reference hydrophone and the test array, as
previously described. @ The data thus acquired will include a
spectrum of responses over a range of frequencies, with voltage
spikes at the fundamental and harmonic frequencies. Step 104
involves a fast fourier transform on the data from the reference
hydrophone to capture this data in the frequency domain.

Step 106 then determines the maximum amplitude and
predominant frequency (the fundamental frequency) from the
FFT data from step 104. This step accomplishes two significant
goals: it provides a maximum amplitude of the reference signal in
relative terms; and it eliminates the interference of harmonics and
noise contributions to the total energy acquired from the
reference hydrophone. The method here employed is concerned
with the ratio of the reference to the test array, and not with the
absolute value of the fundamental signal from either the
reference or the test array.

Now that the predominant frequency from the reference is
known, step 108 determines the maximum (relative) amplitude
of the signal from the test array at that frequency. Step 110 then
takes the ratio of the signals from the reference hydrophone and
the test array and, in step 112, the sensitivity of the test array is



calculate the ratio of the maxi mum anplitude fromthe reference hydrophone
and the nmaxinmum anplitude fromthe group of hydrophones; and cal cul ati ng
the sensitivity of the group of hydrophones using the ratio. 3. A

hydr ophone test apparatus conprising: neans for nounting a group of
mechani cal ly and el ectrically coupl ed hydrophone el ements upon a reel
within a pressure vessel, the pressure vessel including a nozzle for

recei ving the group of hydrophone elenentf6 nmeans for sealing the nozzle

hyar ophone. ePahanPied b AU RCTRR futic PR [Pherl 200, B5°%he Rbwn

sensitivity of the reference hydrophone. ’

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.
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means for coupling the group of hydrophone elenents to a conputer; neans
for coupling a reference hydrophone within the pressure vessel to the
computer; neans for filling the pressure vessel w th-a-ft+uiei—mreans—for

devel oping a tinme varying pressure signal within the p at
Is detected by the reference hydroph_onﬁsind t he group Eﬂ@f ﬁtﬂiﬂ? ‘Ui

elements to develop a reference sig from the.
hydrophone“%n%lgirﬁ:est signal fromthe group of

1. A hydrophone-group sensitivity tester comprising:

a tank having a nozzle adapted for attachment of a
streamer jacket; |

a harness reel inside the tank for reversibly retaining
a group of hydrophones;

fluid passage means into the tank for introducing and
withdrawing fluid into and out of the tank; '

an oscillating pump in fluid communication with the
tank to introduce a time varying pressure pulse
in the tank;

a reference hydrophone inside the tank;

electrical coupling means to couple a hydrophone
signal from the group of hydrophones and the
reference hydrophone to a central processing
unit; and

means for comparing the hydrophone signal of the
reference hydrophone to the hydrophone signal
of the group of hydrophones.

2. The tester of claim 1, wherein the means for
comparing comprises a computer programmed to:

read the signal of the reference hydrophone and the
signal of the group of hydrophones, each of the
signals in the form of data;

perform a fast fourier transform on the data from the
reference hydrophone;
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hydr ophone el enents; and neans for conparing the reference signal and the

test signal to deternmine the response characteristics of- Lﬂﬁlﬁmmmmmumu
hydr ophone el enents. 4. The tester of claim 3, wherei

conparing conprises a conputer programmed to: read the signhal “of*tHe $
ref erence hydrophone and the signal of e group of hydrophones each of

the signals in the f of. dat g; erfor fast. fouri tr Jm.on the

data fromthe refereﬁfﬁge] W&Fopﬂo AXYBULN i 4{RP Lft § {H r?gpa %é”é‘ﬂd

predom nant frequency of {ies]uwkarcy f ofm the rddtar eficemhy dhephegierence
hydrophone;

determine a maximum amplitude of the data from the
group of hydrophones at the predominant
frequency;

calculate the ratio of the maximum amplitude from the
reference hydrophone and the maximum
amplitude from the group of hydrophones; and

calculating the - sensitivity of the group of hydrophones
using the ratio.

3. A hydrophone test apparatus comprising:

means for mounting a group of mechanically and electrically
coupled hydrophone elements upon a reel within a
pressure vessel, the pressure vessel including a nozzle
for receiving the group of hydrophone elements;

means for sealing the nozzle around the group of
hydrophone elements, leaving the group of
hydrophone elements -accessible outside the pressure
vessel;

means for coupling the group of hydrophone elements to a
computer;

means for coupling a reference hydrophone within the
pressure vessel to the computer;

means for filling the pressure vessel with a fluid;

means for developing a time varying pressure signal within
the pressure vessel that is detected by the reference
hydrophone and the group of hydrophone elements to
develop a reference signal from the reference
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determ ne a maxi num anplitude of the data fromthe gr

t he predom nant frequency; calculate the ratio of the ma
fromthe reference hydrophone and the maxi mum anpl | \-‘u hﬂ!
of - hydr ophones; and calculating the sensitivity of the ones

using the ratio. 5. A nmet hod of testi t he response char act er | stlcs of a
group of hydrophones | t . n ro

mechani cal ly and el eg&%@gbﬁ?e ﬂﬁfe% qﬁ%ﬂgp Fllegr;}egnftggupgpo‘?éreel
within a pressure  hydrophone elements and

means for comparing the reference signal and the test signal
to determine the response characteristics of the group
of hydrophone elements.

4. The tester of claim 3, wherein the means for
comparing comprises a computer programmed to:

read the signal of the reference hydrophone and the
signal of the group of hydrophones, each of the
signals in the form of data;

perform a fast fourier transform on the data from the
reference hydrophone;

determine a maximum amplitude and predominant
frequency of the data from the reference
hydrophone;

determine a maximum amplitude of the data from the
group of hydrophones at the predominant
frequency;

calculate the ratio of the maximum amplitude from the
reference hydrophone and the maximum
amplitude from the group of hydrophones; and

calculating the sensitivity of the group of hydrophones
using the ratio.

5. A method of testing the response characteristics of a
group of hydrophones comprising the steps of:

mounting a group of mechanically and electrically coupled
hydrophone elements upon a reel within a pressure
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14 vessel, the pressure vessel including a nozzle for receiving the group
of hydrophone el enents; sealing the nozzle ar'ound, mu"m]m

hydr ophone el enments, |eaving the group of hydrophone HMEQ"LI e
out side the pressure vessel; coupling the group of hydr opchor%e 4 efrents to a
conputer; coupling a reference hydroph within the pressure vessel to the

conputer; filling th.@e@éeﬁ?%ﬁﬁ, ﬁﬁ%§ﬁﬁré’“ seelf liwctuddayvehondklea florme
varying pressure signal, wthi t he pr,eﬁs re vessel that Is detected by
the reference hydropFRfifdviE thee 5PBRpObY ﬁgwm}ﬂ%éﬂ@‘&%ﬁts to
sealing the nozzle around the group of hydrophone
elements, leaving the group of hydrophone elements
accessible outside the pressure vessel;

coupling the group of hydrophone elements to a computer;

coupling a reference hydrophone within the pressure vessel
to the computer;

filling the pressure vessel with a fluid;

developing a time varying pressure signal within the
pressure vessel that is detected by the reference
hydrophone and the group of hydrophone elements to
develop a reference signal from the -reference
hydrophone and a test signal from the group of
hydrophone elements; and

comparing the reference signal and the test signal to
determine the response characteristics of the group of
hydrophone elements.

6. The method of claim 5, wherein the step of comparing
comprises the steps of:

reading the signal of the reference hydrophone and
the signal of the group of hydrophones, each of
the signals in the form of data;

performing a fast fourier transform on the data from
the reference hydrophone;

determining a maximum amplitude and predominant
frequency of the data from the reference
a hydrophone;
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develop a reference signal from the reference h and a test
signal from the group of hydrophone el ements; and c Mﬂﬁ&i U'ﬂ,“"l
reference signal and the test signal to determne t

characteristics of the group of hydrophone el enents. 6. The met hod” of

claim5, wherein the step of conparing rrpri ses the steps of : reading the

signal of the referegg r'ﬂY‘i'l’iﬁgh?tn &rﬂ.n alidef ottthGrQié\@aOftrom
B

hydr ophones, each of the sjgn ata; perfor a fast
fourier transformon the H&%agF?BPn Jé‘f‘@i’é‘r?@é"hﬁro‘g‘ﬁ r&%&hﬂ"rﬁ thing a

maxi mum anpl i t ude and predm’qmﬂ&y,

calculating the ratio of the maximum amplitude from
the reference hydrophone and the maximum
amplitude from the group of hydrophones; and

calculating the sensitivity of the group of hydrophones
using the ratio.

7. A method of testing the sensitivity of a group of
hydrophones comprising the steps of:

reeling a hydrophone string into a tank having a nozzle;

electrically coupling the hydrophone string at the nozzle to a
central processing unit;

coupling a reference hydrophone within the tank to the
central processmg unit;

filling the tank with a fluid to a predetermined pressure;
introducing a time varying pressure signal into the tank; and

comparing the signal from the reference hydrophone to the
signal from the hydrophone string.

8. The method of claim 7, wherein the step of comparing
comprises the steps of:

reading the signal of the reference hydrophone and
the signal of the group of hydrophones, each of
the signals in the form of data;

performing a fast fourier transform on the data from
the reference hydrophone;
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frequency of the data from the reference hyd’rcnohon\edﬁter\rn'ni ng a
maxi mum anpl i tude of the data fromthe group of hyi’lm

predoni nant frequency; calculating the ratio of th mm'mm'"m e from
the reference hydrophone and the maxi mum arrpl i tude f'rofn the Ngroup *Of

hydr ophones; and cal cul ating the sensitjyity of the group of hydrophones

using the ratio. 7. deférrﬁ'ﬁltingd ol tmpﬁwaét'zmdt yploédoamﬂ{zﬂﬂp of
frequency of the data from the reference
hydrophone;

determining a maximum amplitude of the data from
' the group of hydrophones at the predominant
frequency;

calculating the ratio of the maximum amplitude from
the reference hydrophone and the maximum
amplitude from the group of hydrophones; and

calculating the- sensitivity of the group of hydrophones
using the ratio.
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hydrophones conprising the steps of: reeling a hydrophone string into a

tahk having a nozzle; electrically coupling the hydrophone string at the

nozzle to a central processing unit; coupling a reference hydrophone within

the tank to the central processing unit; filling the tank with a fluid to a

predeterm ned pressure; introducing a tine varying pressure signal into the

tank; and conparing the signal fromthe reference hydrophone to the -

signal fromthe hydrophone string. 8. THE met hod of claim 7, wherein the

step of conparing conprises the steps of: reading the signal of the

ref erence hydrophone and the signal of the group of hydrophones, each of
HYDROPHONE GROUP SENSITIVITY TESTER

ABSTRACT OF THE DISCLOSURE

A system for testing a group of hydrophones includes (a) a
tank having a nozzle adapted for attachment of a streamer jacket;
(b) a harness reel inside the tank for reversibly retaining a group
of hydrophones: (c) fluid passage means into the tank for-
introducing and withdrawing fluid into and out of the tank: (d) an
oscillating pump in fluid communication with the tank to
introduce a time varying pressure pulse in the tank; (e) a
reference hydrophone inside the tank; (f) electrical coupling
means to couple a hydrophone signal from the group of
hydrophones and the reference hydrophone to a central
processing unit; and (g) means for comparing the hydrophone
signal of the reference hydrophone to the hydrophone signal of
the group of hydrophones.  The means for comparing the
hydrophone signal of the reference hydrophone to the signal from
the group of hydrophones comprises a computer that determines
the maximum signal strength and the fundamental frequency
from the reference hydrophone, determines the maximum signal
strength from the test array at the fundamental frequency, then
calculates the sensitivity of the test array from the known
sensitivity of the reference hydrophone.

FIG. 1
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the signals in the formof data; performng a fast fourier transformon the
data fromthe reference hydrophone; 16 determ ning a maxi mum anplitude
and predom nant frequency of the data from the reference hydrophone;
determ ning a maxi num anplitude of the data fromthe group of hydrophones

at the predom nant frequency; calculating the ratio of the maxi num
anplitude from
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t he reference hydrophone and the maxi mum anplitude fromthe group of
hydr ophones; and calculating the sensitivity of the group of hydrophones
using the ratio.

2

0
| START | [0

Y
READ INPUT DATA FROM REFERENCE A 0 Z
HYDROPHONE AND TEST ARRAY

Y
PERFORM FAST FOURIER TRANSFORM __ Lz (2 L/
ON DATA FROM REFERENCE HYDROPHONE

y

DETERMINE MAXIMUM AMPLITUDE FROM b
PREVIOUS STEP AND THE PREDOMINANT |, [0

FREQUENCY OF SIGNAL FROM
REFERENCE HYDROHPONE

\

DETERMINE MAXIMUM AMPLITUDE 5
FROM TEST ARRAY AT THE PREDOMINANT |7 / Y,
FREQUENCY FROM PREVIOUS STEP

Y
DETERMINE THE RATIO OF THE REFERENCE | ¢
SIGNAL TO THE TEST ARRAY

/
MULTIPLY THE RATIO FROM PREVIOUS Lo / /2

STEP TIMES THE SENSITIVITY OF
THE REFERENCE HYDROPHONE

FIGURE 2
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