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INTRODUCING SS Gl GUN

The Gl GUN isapneumdtic saismic source, which is congtituted of 2 independent Air Guns within the same
casng.

Thefirg Air Gun is cdled the GENERATOR, asit generates the primary pulse. The second oneis cdled the
INJECTOR, asit injects air insde the bubble produced by the GENERATOR. It is used to control and to
reduce the oscillation of the bubble created by the GENERATOR.
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Each gun hasits own reservair, its own shuttle, its own set of exhaust ports, and its own solenoid vave.

A common hydrophone provides both the Time Break and the shape of the Near Fidld sgnd. This gun phone
is located inside the bubble and therefore it responds to the actua air blast of the GI GUN to whichit is
affixed, without being affected by the neighbor guns.
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HOW IT WORKS

Phase 1:

The GENERATOR isfired. The blast of compressed air produces the
primary pulse and the bubble starts to expand.

Phase 2:

When the bubble gpproaches its maximum size, it encompasses the
INJECTOR ports, and itsinternd pressure isfar below the outside
hydrogtatic pressure.

At thistime, the INJECTOR "I" isfired, injecting air directly ingde the
bubble. Due to the quas-satic Sate of the bubble, the timing of the
INJECTOR isnot criticd.

Phase 3;

The volume of air released by the INJECTOR increases the internd
pressure of the bubble, and preventsits violent collapse.

The oscillations of the bubble and the resulting secondary pressure
pulses are reduced and re-shaped.
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The sgnature of asingle GI GUN can be shaped virtudly a will by adjusting:

- The volume of the GENERATOR from 25 to 250 cu.in. Thisis achieved by means of plastic volume
reducer for volumes ranging from 25 to 105 cu.in., and by changing the reservoir for volumes 150
and 250 cu.in.

- The volume of the INJECTOR from 25 to 105 cu.in. Thisis achieved by means of plastic volume
reducer.

- Thetime when the injection sarts. This adjustment is conveniently done at the instrument room.

- The duration of the injection by means of exhaust ports reducers.
The figure below, shows how the Near Field signature and spectrum of the GENERATOR done (dashed
green line) isre-shgped by an optimaly tuned injection (solid blue line).

Thistype of sttingiscaled "TRUE GI MODE" and resultsin an dmost total bubble suppression of the
bubble oscillation.
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Next pageillugtrates the Far Fidld sgnatures generated by two different GI GUN configurations using the
same volume of ar (150 cu.in.) and compare them to the Signature of an Air Gun of the same volume.

Top (a) : Typicd sgnature of an Air Gun with volume of 150 cu.in.
The Peak-to-pesk output is maximum, but the Primary-to-bubble ratio is poor.

Middle (b) : Sgnature generated by asingle GI GUN where the GENERATOR and the
INJECTOR have the same volume (75 cu.in.) and the firing of the INJECTOR
has been delayed from the firing of the GENERATOR by gpproximately haf the
period of the GENERATOR fired done. This configuration is caled: "HARMONIC
MODE". Compared to the Air Gun, the Peak-to-peak output has been reduced by 24%,
but the Primary-to bubble ratio has been multiplied by 4.

Bottom (c) : Signature generated by asingle GI GUN used in the "TRUE GI MODE". The
GENERATOR has avolume of 45 cu.in. and the INJECTOR has avolume of 105 cu.in. Here
too, the firing of the INJECTOR has been delayed by about haf the period of the
GENERATOR fired done.
Compared to the Air Gun, the Peak-to-peak output has been reduced by 40%, but the
Primary-to-bubble ratio has been multiplied by nearly 7, thus reaching dmost 14 with one single

gun.
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FAR FIELD SIGNATURES COMPARISON
with same total volume (150 cu.in.)

PRESSURE = 2,000 PS| - DEPTH = 6.0 METERS
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The following figure, demongrates the variations of both the Pegk-to-peak output and the Primary-to-bubble
ratio when the percentage of the total volume used for the injection increases. the total volume being congtant
(150 cu.in).

The Peak-to-pesk amplitude is plotted as a percentage of its maximum value; when dl the air isused in the
GENERATOR, and no injection is made (Air Gun).

The results given in the previous pages are plotted on the curve.

Again, those results have been obtained using asingle GI GUN, and they demongtrate the
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gredt flexibility (verstility) of the GI GUN which alows the user to sdlect the characterigtics of the Sgnature
without having to change source
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The figure on the previous page teaches us about the efficiency of the process of bubble reduction in terms of
Peak-to-peak output or, in other words, about the price we have to pay to reach an acceptable Primary-to-
bubble ratio. It ssemsthat by using internal injection to reduce the bubble, we have paid a price in terms of
Peak-to-peak reduction:- 24%, in the case of the HARMONIC MODE for instance, to multiply the Primary-
to-bubble ratio by 4.

Another way to increase the Primary-to-bubble ratio is to cluster two Air Gun for ingtance. Inthiscasg, it is
wdl known that in order to multiply the Primary-to-bubble ratio by 2.5, the Peak-to- peak output is reduced
by 15 to 20 percent. But to reach thisresult, at least two (2) guns must be used, so that the processisless
efficent in terms of number of guns.
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THE HARMONIC MODE

As seen, when the INJECTOR has about the same volume as the GENERATOR, the oscillation of the bubble
created by the GENERATOR:

is re-shaped into a smooth quas harmonic oscillation,

itsamplitude is reduced so that the primary-to-bubble is increased between 7 and 10 or
more,

The page on the right shows three different HARMONIC MODE Far Field sgnatures from asingle GI GUN
using three different volumes; 90 cu.in., 150 cu.in. and 210 cu.in.

Two remarks can be made:
Firs,

The sgnature of asingle GI GUN in HARMONIC MODE is smilar to the sgnature generated by a 2
Air Gun clugter, so that 2 independent and identical GI GUN compare favorably with a2 Air Gun
cluster of the same total volume.

For ingtance, a2 Air Gun cluster with tota volume of 300 cu.in. (2 * 150 cu.in.) gives an output
Peak-to-peak (DFS 0-128 Hz) = 6.9 bar-meter and a primary-to-bubble ratio of 7.7. While 2
independent GI GUN in HARMONIC MODE, 150 cu.in. each, give an output Peak-to-peak (DFS
0-128 Hz) = 7.4 bar-meter and a Primary-to-bubble ratio of 8.6.

But, unlike the Air Gun cluster, the Sgnature produced by the two Gl GUN is not sengtive to their
separation or their actud firing depths, so that in operation, the Signature sability isfar better.

Second,

The smooth HARMONIC oscillation dlow to build a sub-array made of just two GI GUN having
different volumes, so that the primaries add up, while the final oscillation is further reduced by
destructive interference and therefore, the Primary-to-bubble retio can reach avaue of 14 with only
two guns. This can be seen when adding the signature of one GI GUN 90 cu.in. (top) with the
signature of one GI GUN 210 cu.in. (bottom). Thisleadsto a2 Gl GUN 300 cu.in. sub-array that
will be described next, and that could be the building block for larger, more powerful arrays.
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Gl GUN HARMONIC MODE - 3 BASIC VOLUMES

Gl GUN 90 cu.in.
G=45cu.in.
| =45 cu.in.
DELAYED

Gl GUN 150 cu.in.
G=75cu.n.
| =75cu.in.
DELAYED

Gl GUN 210 cu.in.

G =105cu.in.
| =105 cu.in.

DELAYED

PRESSURE = 2,000 PS| - DEPTH = 6.0 METERS
FILTERED DFS0-128 Hz 72 dB/o

STRENGTH (MPa-m)

PK-PK = 3.0 b-m
P/B=7.3
45 / 45
0 100 200 300 400 500
TIME (mSEC.)

STRENGTH (MPa-m)

PK-PK = 3.7 b-m
P/B = 8.6

75/ 75

200 300 400 500

TIME (mSEC.)

STRENGTH (MPa-m)

PK-PK =4.0 b-m
P/B =9.8
105/ 105
0 100 200 300 400 500
TIME (mSEC.)
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REPEATABILITY

As an example the figure below shows the recording of 100 primary pressure pulses emitted by the
GENERATOR of the GI GUN with volume of 45 cu.in., and recorded through a Near Field hydrophone
located one (1) meter below the gun.

The digpersgon of +/- 0.14 mSEC. has been confirmed in operation involving alarge number of guns.

0.013 0.014 0.015 0.016

SECONDS

Gl GUN 45 cu.in. S.R = 50 micro SEC.
PRESSURE = 2000 PSI UNFILTERED
DEPTH = 1.5 METER STANDARD DEVIATION = 0.061 mSEC.

DISPERSION = +/- 0.14 mSEC.

REPEATABILITY ON GENERATOR 45 cu.in. OF GI GUN - 100 SHOTS

SIGNATURE QC

A time break hydrophone mounted on the gun, and located inside the bubble (as soon asthe GENERATOR
has been fired), dlows the display of the sgnature of the GI GUN, on which the hydrophone is mounted,
without being influenced by the neighbor gun.

The page on the right, compares the sgnds given by aNear Fidd hydrophone (lft) with the sgnds given by
the Time Break hydrophone (TB) located inside the bubble (right), and this for three different delays between
the GENERATOR and the INJECTOR.

As can be seen, the shapes of the signds given by both hydrophones are smilar and the optimized tuning of
the gun can be achieved using the Time Breek signal, which can be used dso for the QC of the Sgnature
emitted by each individua gun at every shat.



NEAR FIELD HYDROPHONE and TIME BREAK SIGNATURES
COMPARISON

PRESSURE = 2,000 PS| - DEPTH = 6.0 METERS

NEAR FIELD HYDROPHONE Gl GUNTIME BREAK
i
)
SHORT DELAY

23 mSEC.

| n

OPT. DELAY

33 mSEC.

LONG DELAY
43 mSEC.
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STANDARD DELIVERY

Gl GUN COMPLETE EQUIPMENT

The GI GUN is supplied fully equipped for "HARMONIC MODE" operétion, thet is.

. GENERATOR volume 105 cu.in.
- INJECTOR volume: 105 cu.in.
- INJECTOR Discharge Ports: MEDIUM
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Gl GUN Harmonic 210 (G105 / 1105) - Medium
-
i | L nJ
o
INJECTOR INJECTOR GENERATOR
Volume Reducer Discharge Ports  volume Reducer
* NONE ** 603 -120 ** NONE **

OPTIONAL EQUIPMENT

Volume reducers for the GENERATOR and the INJECTOR.
Discharge ports for the INJECTOR.

GENERATOR Resarvairs: 45, 150 and 250 cu.in.
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DEEP PENETRATION
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2* Gl GUN/ 300 cu.in. SUB-ARRAY

. Far Field Signature 0-256 Hz 72 dB (DFS Filter)

. Far Field Signature 0-128 Hz 72 dB (DFS Filter)

. Far Field Spectrum over 0-250 Hz

. Far Field Spectrum over 0-30 Hz

13
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HIGH RESOLUTION

1* GI GUN 90 cu.in. (G45/ 145) High Frequency
. Far Field Signature 0-1000 Hz 24 dB

. Far Field Signature 0-256 Hz 72 dB (DFS Filter)

- Far Field Spectrum over 0-1000 Hz

- Far Field Spectrum over 0-500 Hz
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AMP. (dB ref. 1 micro Pa-m/Hz)
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TO THE READER ....

This booklet does not condtitute an exhaugtive directory for al possible gpplications of the GI GUN.

Its only purposeisto initiate a new way of thinking when it comes to the mosgt judicious choice of asaismic
source.

Thetypicd examples shown in this handbook have been chosen for their obvious demongtrativeness,
The quas-unlimited versatility of the GI GUN should help in overcoming many more problems.

Wewill be pleased to assist you for further details or particular demands.

[ IS

Z.1. Toulon-Est - 150, rue Pasteur

Seismic Systems, Inc. LA FARLEDE (France)
8925 Lipan, Houston Texas 77063 B.P. 234 - 83089 TOULON Cedex 9
(713)782-2586 , Fax:(713) 782~0534 TéL.: (33)0494 21 69 92 - Fax : (33)0494 21 73 44
a ss 052001

A /N ®
@E @ ISA REGISTERED TRADE MARK OF
SEISMIC SYSTEMS, Inc.



