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SYMBOL KEY

a Instantaneous Bubble radius; a=a(t) [cm]

a Velocity of the bubble wall fcm/sec.]

a; Initia} bubble radius [cm]

Qo Equilibrium radius of the bubble [cm]

A Relative bubble radius; A=a/a,

A Velocity of the bubble wall in new unit

C Sound speed in the fluid (saline water) [cm/sec.]

C Dimensioniess sound velocity

d Depth of the pulser in water [m]

E, Potential energy contained in the pulse [ joule]

E« Total energy radiated by shock wave [joule]

K Coefficient dependent on fish species.

P(r.t) Acoustic pressure at distance r from the bubble in water [bar]
P, Chamber pressure of the air gun before releasing [atm]

Pm Minimum pressure in the bubble when its volume is maximum
P, Hydrostatic pressure just outside the air bubble [ubar]

r Radial distance from the bubble center {cm] .

R The damage zone radius [m]

t * Time {sec.]

ts Bubble pulse oscillation period [sec]

T Adapted unit of time

Ve Volume of the air gun chamber [ liter]

Vo Equilibrium volume of the air bubble

W Charge weights [kg]

X7 New variable represent relative bubble radius; x,(7) = 4(7)
X2 New variable represent velocity of the bubble wall in new unit;
€ Constant dependent on potential energy of the pulser

¥ The variable of state of expansion of the air stored in pulser
Yo The variable of state of the air during the bubble oscillation
p Density of the fluid (saline water) [g/cm’]

T Time in adapted units; t = tT

B Bubble period in adapted units; t; = t3T



ABSTRACTY

The present study, which is confined to investigate the effect of hydrographic
parameters on the acoustic pressure wave radiated by the air-gun in the water and the
effect of the shock wave introduced by non-explosive air-gun (volume V.=1/6 L and
chamber pressure P;=150 atm), reveals that the primary pressure is found to he
directly proportional to both the water density and temperature whereas acoustic
pressure (at first maximum bubble radius) is found to be inversely proportional to
both the water density and temperature. Moreover, the instantaneous primary-to-
bubble ratio increase by 0.008% when the water temperature was increased from 20
°C to 40 °C and the primary pressure and the acoustic pressure (at first maximum

radius) are directly proportional to the depth of the water.

The present study indicates that the bubble pulse oscillation period is found to
be decreasing by about 1.6% over that period predicted for the smaller value of the
specific heat ratio when it increases by 0.01. Through the shock pulse duration - the
intensity of the energy radiated near the source is inversely proportional to the bubble
radius-square. The energy intensity approachs the conditions of decreasing is
proportional to the bubble radius as the velocity of the bubble wall less more than

critical.

As for the effect of the energy radiated by an air gun of volume 1/6L,
chamber pressure 150 atm and has an initial energy of 13600 joule on the marine life,
it is indicted that if the value of K (coefficient dependent on fish species) is 54 the
maximum dangerous radius is 4.4 m (i.e., the risk of damage to invertebrata is 4.4 m),
if the vailue of K is 12 the minimum dangerous radius is 1 m (i.e., the risk of damage
to vertebrata is 1 m), if the value of K is 25.5 the middle dangerous radius is 2.1 m
(ie., the risk of damage to protochordata is 2.1 m) and the risk of damage to marine

life increases with increasing depth at which the air gun is fired.



PREFACE

During the last few years the air gun, or the airpulser, with some physical
processes among which are those which control the free bubble osciliation
characteristics as well as the total energy by the shock wave spreading out in either
incompressible or compressible water medium has become very common as an
energy source of non-explosive nature for marine seismic surveys taking 1into
consideration that the usual theory of these oscillations when treating the water as
incompressible yields undamped oscillations of constant period whereas in treating

the water as compressible damped oscillations of diminishing period are obtained.

In either case one has to compute radius-time curves in order to find out the
pressure waves emitted by the bubble. a matter which is considered of major
importance in evaluating explosive damage. Because of the rapidly development of
new and improved equipments and techniques in marine operation, a vast amount of
data had been recorded each day around the world and leading to important results for

the sedimentary section under the sea water.

Thus, the purpose of the present work is first to review different explosive
and non-explosive tools used as energy sources in marine seismic surveys and second
_ to give a brief review on the theory of free bubble-oscillation. In addition to that a new
mathematical approach for calculating the radius-time curve as well as the acoustic
pressure of the air bubble are introduced through analyzing Keller and Kolodner
equation (1956)/ which describes the motion of the air bubble in the water/ by
converting it into two first order ordinary differential equations, and solving them by
Runge-Kutta method (Cheney Ward; Kincaid David Jan 1980). In this analysis two
initial conditions for the initial bubble radius and velocity of the bubble wall rather
than those used by Kelier and Kolodner are introduced in order to attain a more or less
specific radius-time curve and pressure data that are most accurate for any case when

computed by a large number of periods and variety of explosions.



The present study also deals with evaluation of the effects of hydrographic
parameters (water density, temperature, and depth) on acoustic pressure as well as to
determine the total energy radiated by the shock wave that satisfying both the

cylindrical and spherical divergence.
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