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In a certain frequency range, gas is an eﬀective absorber and scatterer of sound, which changes the compressibility of water, and
then changes the speed and frequency of sound. Gas continues rising, deforming, and dissolving. The same bubble of natural gas
has diﬀerent radii at diﬀerent depths. By analyzing these changes, the resonance frequency of gas bubble, and its impacts on sound
wave, characteristics of the influences of gas at diﬀerent depths on the incident sound wave can be obtained. The main sound
features of gas are relevant to the gas size, gas content, velocity, attenuation, resonance frequency, the scattering cross-section, and
so forth. Sound models with hydrate and free gas in the water and sediment are established. Through the practical application to
actual data, the sound characteristics yielded when the gas (or gas hydrate dissociation) escaped the water of seismic data are very
clear.

1. Introduction
There are various forms of marine gas, they may be generated
by ocean waves, fish’s swim bladder, submarine wake, shallow
gas leak, hydrate decomposition, and so forth, they have
a wide range of eﬀects on sound signal used in marine
seismic exploration, such as changing the speed of sound
and attenuating signal energy. Various phenomena caused
by natural gas have been found in the sea shallow gas and
gas hydrates area, for example, speckled reflection “flame” shaped reflection, and so forth. These phenomena do not
exist in an area without shallow gas and gas hydrates.
Carstensen and Foldy [1] proceeded with theoretical
study of bubble scattering eﬀects on sound propagation
ignoring the relevance of the spatial distribution of bubbles.
They obtained the bubble’s radius by measuring the frequency of the sound generated by bubble, combined with the
relationship between resonant frequency and bubble radius,
and also obtained experimental data of the transmission and
reflection coeﬃcient of sound in the mixture. Experiments
show that when the same bubble radius, and the incident
wave frequency and the bubble resonance frequency are
the same, the sound attenuates most, which is consistent
with the theoretical value. Fox et al. [2] and others got the

sound phase velocity and the sound absorption coeﬃcient
when the frequency is between 10 ∼ 390 kHz through
incident continuous wave on the bubbly water. Keller and
Kolodner incident sound with frequency 15 ∼ 100 kHz into
the mixed-phase medium with the bubble (the radius of
the 0.16–0.5 mm), the result confirmed the Foldy theory
once again. Silberman [3] measured the velocity and the
attenuation coeﬃcient of bubbly liquid in the static wave
tube, the bubble radius is 0.08 ∼ 0.26 inches, and bubble
volume fraction of 0.03 to 1.0%, sound frequency is 60 Hz ∼
20 kHz. Xiaoliang et al. first proposed the concept of mixed
media, obtained the sound wave equation in bubbly mixed
media [4]. The researchers also found that the vibration
characteristics of the bubble should be included in dynamic
equations of mixed body. Prosperetti [5] linearized the
vibration of air bubbles under the action of sound, studied
heat conduction eﬀects on the attenuation of sound, and
found that the polytropic index and thermal conductivity
were related to sound frequency. Kameda and Matsumoto
[6] gave the mathematical model of nonlinear vibration of
the bubble, and gave accurate description of the scope and
characteristics of the eﬀective equation. From his study we
can find that Foldy theory and Van Wijingaarden equations
are applicable in the case of lower volume fraction of
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bubbles that the interaction between bubbles can be ignored.
Commamder [7, 8] and Prosperitti developed this theory
based on Porsperetti’s and others’ accurate description of the
dynamics on the bubble, and discussed the linear pressure
wave propagation in bubbly water.
Li et al. [9] discussed the influences of the relevance
of the spatial distribution of bubbles to sound propagation
in bubbly water with consideration of Twersky’s theory
and sound absorption of bubble. The results show that
when considering the relevance of the spatial distribution
of bubbles, the attenuation coeﬃcient of the peak moves
backward and the peak is lower and flatter than ignoring
the relevance. With the increasing of bubbles’ volume
fraction, the relevance of their spatial distribution increases,
the resonant frequency of the bubble increases, and its
scattering amplitude becomes smaller when resonating.
Yonghui [10] used ultrasonic testing method to measure
sound transmission loss and velocity ratio of the gas-water
miscible media, the used sound frequencies were 0.5 MHz,
1.25 MHz, 2 MHz, and 2.5 MHz. Xiaoliang et al. [4] and
others developed a series of analytical formulas that calculate
the sound propagation characteristics in bubbly water and
the nonlinear parameters of media for the fact that the actual
bubble size always exists distribution. They studied the sound
wave propagation features such as velocity and attenuation in
bubbly water.
All the studies above are based on analysis of the impact
extent of bubbles on the water, there are no studies on
the sound characteristics of sediments and water containing
hydrate and free gas in the gas leakage area. This paper
studies the influence of gas on the eﬀective sound absorber
and scatter in a certain frequency range, natural gas radius at
diﬀerent depths when the gas continues to rise, deformation,
or dissolved in the sea water. Then this paper analyzes that
when these processes occur, how the resonance frequency of
natural gas and the sound characteristics of it change. This
paper established sound models with hydrate and free gas in
the water and sediment through the analysis of gas leakage
area (including hydrate and free gas) and real seismic data.

2. The Rising Velocity and Track of Gas
The rising of natural gas in water is a very complex process,
and its rising velocity and track are related to the diameter
and shape of natural gas. When calculating the rising process
of natural gas, in order to simplify the calculation process,
in theory, the diameter of natural gas is considered as
the volumetric spherical to calculate, ignoring the internal
activity and driven from setting velocity of solid particle in
water.
The resultant force of natural gas in water equals to
buoyancy force minus resistance force;

π 3
π
v2 d2
d ρw − ρa g − CD ρw 0 .
(1)
6
2
4
In (1), d is the diameter of natural gas, ρw is the density of
water, ρa is the density of air, g is the acceleration of gravity,
CD is resistance coeﬃcient, and v02 d2 /4 is the projected area
of natural gas in vertical direction.

F1 − F2 =

Figure 1: Curve between the rising velocity and diameter of natural
gas.

Figure 2: Curve of longitudinal temperature of seawater.

According to Newton’s second law, we can know that F =
ma, m = πd3 ρa /6, a = dva /dt, va is the rising velocity of
natural gas, if we put it into (1), we can get that




ρw − ρa g 3CD ρw va2
dva
=
−
.
dt
ρa
4ρa d

(2)

When dva /dt = 0, va is the ultimate velocity;


v02 =



4gd ρw − ρa
.
3ρw CD

(3)

From hydromechanics knowledge, we can know that
resistance coeﬃcient CD can be determined by Reynolds
number Re ;
Re =

va d ρw va d
=
.
ν
μ

(4)

In (4), ν is motion viscosity coeﬃcient and μ is dynamic
viscosity coeﬃcient, respectively. According to the diﬀerence
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Figure 5: Curve of the density of natural gas with depth.
Figure 3: The relationship between the balance volume of natural
gas and depth.

Figure 4: Curve of the balance radius of natural gas with depth.

of Reynolds number, the value of CD can be divided into
three areas: laminar flow, transition, and turbulence. The
velocity formula calculated from this is also diﬀerent.
According to hypothetical conditions, (3) has a small
range of application and usually is suitable to bubble whose
diameter is less than 150 μm in static water.
While in the rising process of moderate natural gas,
there are two forms of motions [5]: (1) Rolling motion of
rigid body, zigzag or spiral motion. (2) Changes in shapes
and expanding, which is oscillation of natural gas. These
forms of motion often exist at the same time, and movement
of moderate natural gas is very complicated. But we can
simplify its model to a perfect ellipsoidal and then consider
its additional motions.

While with regard to big natural gas, its shape can only be
acquired from observation and the expression of its velocity
is considerably complex.
Therefore, the rising velocity of natural gas in static
water is closely related to its linear density. According to
huge amounts of experimental data and theoretical analysis,
we can get the relation curve between the rising velocity
and diameter of natural gas which is shown in Figure 1.
It can be seen from Figure 1 that the velocity of natural
gas reaches a maximum value when the diameter is about
0.1 cm, and then changes very little with the increasing
of diameter while the shape of natural gas changes from
spherical to ellipsoidal. With regard to small natural gas,
its characteristics of motion are linear. And for big natural
gas, its characteristics of motion is approximate to linear,
but its shape usually becomes distorted and not spherical
any more. When the diameter is greater than 1000 μm, the
motion of natural gas is not stable anymore and is not the
function of diameter, so it is hard to calculate the velocity of
natural gas. In experimental observation, its rising velocity is
approximate to 30 cm/s.
In fact, in the rising process of natural gas, the volume
will increase with the decrease of pressure and its shape will
also change. The formation of water vapor in its interior
changes the density of natural gas. And because of the
existence of surface tension, the gas in natural gas will
dissolve in the water. Experiments show that the natural gas
whose diameter is 0.1 cm can completely dissolve in water
within about 20 min.
From the above analysis, we can see that the big natural
gas in sea water will rise to the sea surface quickly, and tiny
natural gas mainly exists in sea water. The minimum stable
diameter in sea water is about 1 μm. Although this natural
gas is still subjected to the influence of buoyancy force
and gas diﬀusion to dissolve and rise constantly, amounts
of measuring results in sea show that the densities of tiny
natural gases in sea water will keep a dynamic balance state
and diameters of natural gases are all less than 500 μm [11].
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Figure 9: Curve of sound velocity measured in the gas of same size
(diameter is 0.011 cm) under wide frequency range [2].

Figure 6: Curve of seawater viscosity coeﬃcient with depth.

Figure 7: The curve of relation between sound velocity and the
ratio of gas volume.

Figure 8: Sound velocity changing with depth in the gas layer.

2.1. The Rising Feature of Natural Gas in Water. Assuming
that there is some natural gas in marine, its shape always
remained spherical in the process of rising in static water,
the radius in sea level is 1 mm, and the volume is V0 =
4.1888 × 10−9 m3 , which is full of methane gas.
The pressure in the sea level is one standard atmospheric
pressure, and the seawater pressure in the depth of h is P1 =
P0 +ρw gh. Suppose the seawater is incompressible fluid, ρw =
1026 kg/m3 is the average density of seawater, and the gravity
acceleration is g = 9.81 m/s2 . The temperature in sea surface
is 284 K. The change of temperature is shown in Figure 2.
The molar mass of methane gas M is 16 g/mol, according
to the equation of state of ideal gas:

P1 V1
P0 V0
=
= nR,
T0
T1

(5)
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R = 8.31 J · mol−1 · K −1 = 0.082 × 10−3 m3 · atm · K−1 ·
mol−1 .
We can obtain that the amount of substance of this
natural gas is n = 1.7987 × 10−7 mol, its quality is m =
n × M = 2.8779 × 10−9 kg, and the density in the surface is
ρa = m/V0 = 0.68705 kg/m3 , then the relationship between
volume of gas and depth can be obtained:
P0 V0 T1
.
V1 =
P0 + ρw gh T0

(6)

In the equation, T0 is the temperature in the sea surface,
and T1 is the temperature in the depth of h.
Assume that the internal gas composition and quality of
the natural gas do not change in diﬀerent depths of ocean
water, then according (6) and the given data, we can obtain
the change curve of gas volume with depth (Figure 3).
At the same time, the change of radius r with depth h can
be found by formula r = (3V/4π)1/3 (Figure 4). As shown
in the figure, at the beginning, the change of volume and
radius of the bubble in the water depth of several hundred
meters is very rapid, but along with the increase of depth,
the change rates of volume and radius become smaller and
smaller. According to the relationship between the quality m
of natural gas and volume V , the change curve of the density
of natural gas can be worked out (Figure 5).
Without considering the composition change of natural
gas, there is a linear relationship between the density of
natural gas and depth:
ρa =


mT0 
ρw gh + P0 .
P0 V0 T1

(7)

We can calculate that the volume of natural gas is V =
2.05 × 10−2 mm3 and the radius is r = 0.16966 mm in the
depth of 2000 m.
Thus we can assume that there is a methane gas with
balance radius of 0.16966 mm in the depth of 2000 m below
the sea surface, which rises freely in the case of static seawater.
Because the maximal radius of this natural gas is
only 1 mm, according to the actual observation data and
calculation results, its maximal Reynolds number in seawater
is far less than 1000.
As known from the fluid mechanics, the object moves
relative to the fluid in the fluid whose surface has a
“boundary layer.” The microregiment near objects in the
layer is static relative to the object, and the fluid micro
regiment on the outside of the layer has the same speed as
fluid. So there are velocity grads and viscous force in the
boundary layer, which can serve as resistance to the object.
According to the given conditions, the dynamic viscosity
coeﬃcients μ of diﬀerent depths are calculated using water
and steam properties (Figure 6).
Smaller objects move slowly in the fluid with large
stickiness, which means, in the case of small Reynolds
numbers, the resistance, called viscous resistance, is the main
factor. The famous Stokes formula describes the viscous
resistance of spherical objects: F = 6 πμvr, r is the sphere
radius, v is the velocity of sphere, and μ is viscosity. This
formula is correct as the condition that Reynolds number

is much smaller than 1. That means when Re ≤ 1, it fits
the conditions of Stokes resistance formula, CD = 24/ Re,
combined (4):




ρw − ρa g 18μva
dva
=
−
.
dt
ρa
ρa d2

(8)

While 1 ≤ Re ≤ 1000, resistance coeﬃcient CD is
calculated by corrected White experience formula:
CD =

6
24
+ √ + 0.4.
Re
Re

(9)

Take formula (9) into formula (8):








ρw − ρa g 3ρw va2 24μ
dva
=
−
+6
dt
ρa
4ρa d ρw va d



μ
+ 0.4 .
ρw va d
(10)

Using formula (10) can calculate the transient acceleration of bubble in the process of rising, and making dva /dt =
0 can obtain the final speed when the force is balance.
2.2. The Velocity of Natural Gas in Water. It is measured
that the air dissolved in fluid (liquid) has no influence
on the velocity of sound, even the air in the liquid is
saturated. But if there is small gas saturated suspended in
the water, even very little, it may decrease the sound velocity.
The sound velocity is related to the proportion of the gas
in liquid and the frequency. Because the gas has a better
compression than water, the compressibility of the water
will change as the increasing of the proportion of the air.
According to the formula c = 1/ρ0 βs (βs = −(dV/V )/dP
is the adiabatic volume compressibility), the sound velocity
changes apparently.
When the air’s volume is smaller than the resonance
bubbles, that means the frequency of sound is less than
the resonance frequency, according to the theory of mixed
liquid, we can get the sound velocity through the resonance
of the water and air and the density. We can suppose k, ka , kw
to represent the compressibility of mixed liquid, air, and
water separately, and presume ρ, ρa , ρw are the corresponding
density, when β (the proportion of the air) in the water is
very little, because the ka  kw , ρa  ρw , and β  1, we can
get the velocity:


ν=

1
ρk

1/2




=

[5pt] =

βρa + 1 − β ρw
1
ρw kw (1 + βka /kw )


= ν0

1
1 + 2.5 × 104 β

1/2

1







βka + 1 − β kw
1/2

= ν0

1
1 + βka /kw

1/2

1/2

(11)
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Figure 10: Reflection and transmission of sound wave in gas reservoir.

Figure 11: Curve of |R| changed with depth h.

the smoothing speed curve of a group of homogeneous gas
drawn by Fox et al. [2] under the conditions as these, the
average diameter is 0.011 cm, and the density Va = 2 × 10−4 .
When the frequency is resonant frequency, the speed of
sound is the same as the velocity without air.
From Figure 9 we can see that when the frequency of
sound wave is less than the resonant frequency of gas, the
sound speed decreases because of the air; conversely, when
the frequency of sound wave is higher than the resonant
frequency of gas, the gas has little infection on the sound
velocity; when the frequency of sound wave is approaching
to the resonant frequency of gas, the sound velocity changes
largely as the change of frequency.
When the frequency of the sound wave is almost the same
as the resonant frequency of gas, and the diameter of sphere
bubble distributed evenly far less than the wave length of
sound, the accurate speed c and reduction α under the eﬀects
of gas resonance is expressed as


In (11), ν0 is the sound velocity of water without air. We
can get that when the ratio of the gas in the mixed liquid
is 0.01, the velocity is about the 53.5% of that without air.
Supposing the velocity is ν0 = 1500 m/s when there is no air,
the curve is shown in Figure 7.
Conversely, when the frequency is higher than the
resonance frequency of the mixed liquid with least air, which
means that the frequency is higher than all the resonance
frequency of the air, the influence of suspension gas can be
ignored.
If the single bubbles distributing inside an area changed
to be uniform, supposing the starting volume ratio is 0.01%,
the sound velocity varies following the depth, as in Figure 8.
Through calculating, near the sea level, the velocity of sound
in the layer is only 5% of that without gas.
When the frequency of sound approximately equals the
air frequency, the velocity of sound wave has relations
with not only the gas content but also the frequency of
sound wave. If the frequency is approaching the resonance
frequency, the speed of sound has a big change. Figure 9 is

c0
c

2

⎧



1 + AX ⎨
AY
=
1± 1+
2 ⎩
1 + AX

2

⎫

1/2 ⎬

⎭

,
(12)

cπ f AY
.
α=
c02
In the equation, A = ρc02 / p0 γ, γ is the adiabatic exponent,
c0 is the speed of water without bubble, p0 is the pressure of
static water, ρ depends the density of gas and water mixture,
and the parameters X and Y are presented as




β 1 − f∗2
,
X=
2
1 − f∗2 + δ∗2

βδ∗
Y=
.
2
1 − f∗2 + δ∗2

(13)

Among (13), f∗ = f / f0 , δ∗ = δ f∗2 . f is the frequency of the
sound wave, f0 is the resonant frequency of gas bubble, and
the δ is the damping constant.
2.3. Reflection and Transmission of Sound Wave. When the
distance between the gases is less than the sound wavelength,
the gas medium can be regarded as homogeneous medium,

Journal of Geological Research

7

Figure 12: Characteristics of water bodies which appear in the high-resolution seismic profile of gas hydrate leakage area in the South China
Sea.

because the gas in the sea water changes its compressibility,
making the average density and velocity changed, the
interface between gas-bearing water and seawater is the wave
impedance interface. Therefore, the gas reservoir can be seen
as an intermediate of the sea water medium at this time. If
the wavelength is much longer than the radius of the gas
(r  λ/2π), suppose that a plane wave normally incident
to a gas reservoir with the thickness of H, and the gas in it
has the uniform size and uniform distributed (Figure 10),
then the incident sound pressure is Pi = Ai exp(i(ωt −
kw z)), where Ai is amplitude of the incident sound pressure;
Pr = Ar exp(i(ωt + kw z)) is the reflection sound pressure,
where Ar is amplitude of the refection sound pressure; the
transmission wave sound pressure is PT = AT exp(i(ωt −
kw z)), where AT is amplitude of the sound pressure; the layer
transmission wave sound pressure is P1 = A1 exp(i(ωt −
km z)), where A1 is amplitude of the sound pressure; the
reflection sound pressure is P2 = A2 exp(i(ωt + km z)), where
ω is the sound harmonic vibration circular frequency, ρw and
ρm are the density of sea water and gasbearing, and cw and
cm are the sound speed of sea water and gas-bearing, and
kw = ω/cw and km = ω/cm are the sound wave number of
sea water and gas-bearing. The plane wave particle velocity is
v = v0 exp(ωt − kx), and the velocity amplitude is v0 = p0 /cρ.
Let Z = cρ, then Zw and Zm are wave impedances of sea water
and gas-bearing.
The velocity and pressure on interface between sea water
and gasbearing are continuous, so the boundary conditions
are as follows

Ai − Ar
A1 − A2
=
,
Zw
Zm

(14)

(15)

(2) when z = H, pressure: P1 + P2 = PT , that is,

A1 exp(−ikm H) + A2 (ikm H) = AT exp(−ikw H),

(16)

velocity: (P 1 − P2 )/Zm = PT1 /ZW , that is,
A1 exp(−ikm H) − A2 exp(ikm H) AT exp(−ikw H)
=
. (17)
Zm
ZW
Simultaneous equations (14), (15), (16), and (17), and
making R = Ar /Ai , T = AT /Ai , B1 = A1 /Ai , B2 = A2 /Ai ,
then




R=

Zw2 − Zm2 1 − exp(i2km H)
,
(Zm + Zw )2 exp(i2km H) − (Zw − Zm )2

T=

4Zm Zw exp[i(km + kw )H]
,
(Zm + Zw )2 exp(i2km H) − (Zm − Zw )2

2Zm (Zm + Zw ) exp(i2km H)
B1 =
,
(Zm + Zw )2 exp(i2km H) − (Zm − Zw )2

(1) when z = 0, pressure: Pi + Pr = P1 + P2 , that is,

Ai + Ar = A1 + A2 ,

velocity: (P i − Pr )/Zw = (P 1 − P2 )/Z m , that is,

B2 =

2Zm (Zw − Zm )
.
(Zm + Zw )2 exp(i2km H) − (Zm − Zw )2

(18)
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Figure 13: Characteristics of water bodies which appear in the high-resolution seismic profile of shallow gas hydrate leakage area in the
Bohai Sea.

The particle displacement is ξ = (v0 /iω) exp(i(ωt − kx))
for plane wave, and the displacement amplitude is ξ0 = v0 /iω,
at the point of x = 0, R = Ar /Ai = vr0 /vi0 = ξr0 /ξi0
is the ratio of the displacement amplitude of incident and
reflected waves on the interface. Similarly, T is the ratio of
the amplitude of incident and wave transmission through the
gas, B1 is the ratio of the amplitude of incident and wave
transmission of the above interface, B2 is the ratio of the
amplitude of incident and wave transmission of the following
interface.
Assuming a floating gas layer, in which the size of the gas
is uniform distribution, with the thickness of H = 0.01 m
remaining unchanged, the size of the gas at the depth of
2000 m is the size of gas assumed in this paper. The volume
ratio is β = 0.01%. When a plane wave with the frequency
of 30 kHz normal incident, the amplitude ratio R of incident
and reflection is shown as Figure 11.
As can be seen from Figure 11, |R| has certain cyclical
changes. When km H = nπ (n = 0, 1, 2, . . .), the thickness
of the bubble layer is an integer multiple of half wavelength,
then |R| is minimum, for example, at the point of h = 947 m,
the wave is almost the transmission sound. When km H =
(2n−1)π/2, the thickness of the gas layer is an odd multiple of
the quarter wavelength, then |R| is maximum, for example,
at the point of h = 338 m, almost all the sound wave reflects
back.
2.4. Scattering Eﬀect of Natural Gas. The attenuation yielded
by sound absorption needs to be considered in the actual
gas. While the gas is forced to vibrate, some sound energy
is burned because of the system’s internal friction and
distributed to the surrounding water in the form of heat, but
the large vibration attenuation prevented the temperature
balance in every moment. When the gas is compressed,
the heat is diﬀused along with the increasing temperature, so
the bubble began to cool prior to the expansion. When the
volume of gas is compressed to a minimum, the temperature

is slightly reduced because of the heat shed to the water. The
same is true when the expansion. Therefore, the process carried out in the gas is the procession between adiabatic process
and isothermal process. Taking all these circumstances into
account, the scattering cross-section expression of real gas is
σs = 

4πr 2
,
2
− 1 + δ2

(19)

f02 / f 2

in (19), δ is total damping value, of which expression is
δ=

f02
C
β+η+ 1 ,
f2
cρη

(20)

in (20), β is normal number; β  1, C1 is constant, to
represent friction eﬀect.
From (19), can obtain the ration of scattering crosssection and geometric cross section:
4
σs
= 
.
2
πr 2
f02 / f 2 − 1 + δ 2

(21)

When the sound frequency is closed to resonance
frequency, σs0 /πr 2 = 4/δ02 , δ0 is called the total damping
constant.
For the real gas, the absorption of sound energy must
be considered. The sum of scattering energy and absorption
energy is called dissipation energy while the dissipation
section is


σ e = σ s + σa = 

4πr 2 δ/η
2

f02 / f 2 − 1



+ δ2

.

(22)

So the absorption cross-section can be calculated as


σa = 



4πr 2 δ/η − 1
2

f02 / f 2 − 1

+ δ2

.

(23)
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It can be seen that the relationship of dissipation section
and scattering cross-section is σe /σs = δ/η.

3. Effect of Actual Data
Deep -ea high-resolution multichannel seismograph system
developed by Ocean University of China was used in March
2009. It is an all new digital marine seismic hydrophone
and the most advanced new marine seismic hydrophone
all-digital instrument system in the world. Compared with
the current analog seismic hydrophone system, its domestic
applicability is stronger, and its resolution and SNR are
higher. Each hydrophone has 24 channels and can be
combined into a system of 24 ∼ 1940 channels. The diameter
of hydrophone is only 38 mm and the wall thickness is
1/8 inch. That is easy for transport and delivery and is
durable. Using 6.25 m group interval and 1/16 ∼ 4 ms
broadband technology, it can be applied in oil exploration,
marine engineering, and stratigraphic section measurement
to obtain high-resolution seismic data. The high-resolution
seismic data acquisition was firstly used in gas hydrates area
near Dongsha Islands in the South China Sea. Record length
of survey line is 3 s, the sampling interval is 1 ms, and the
number of coverage is 6 times.
For feature of study areas that have a wide range of leakage area (including hydrate and free gas) in favor gas hydrate
[12, 13], various gas hydrate leakage areas (including gas
hydrate and free gas) distributions have been found through
the geological survey studies. With the recent increase in
understanding and investigating instrument performance
improvement, we can further understand the distribution
of gas hydrate leakage area (including gas hydrate and free
gas) and seismic character (Figure 12), through the study
on gas hydrate leakage area (including hydrate and free gas)
according to seismic survey data.
For further research on the seismic character in shallow
gas leakage area (including hydrate and free gas), according
to the research and experimental observation of water
body features (Figure 13) on high-resolution seismic profile
in the Bohai Sea shallow gas leakage area, the following
sound properties of sediments and water that contains gas
have been found. (1) The nature of the sound parameters
of the gas. (2) The sound characteristics in the water
contains natural gas (gas in shallow water, and the vibration
process, resonance frequency, sound velocity, attenuation,
reflection, and transmission). (3) The sound characteristics
of sediments contain natural gas (resonant frequency, bubble
damping, sound velocity, and attenuation).
In recent years seismic reflection characteristics of gas
hydrates in deep water (Figure 12) and shallow gas in shallow
water (Figure 13) leakage area (including hydrate and free
gas) were summarized. Thus the seismic characteristics of the
natural gas leakage area (containing gas hydrate and free gas)
is divided into three categories according to spatial location.
(1) The seismic characteristics in the formation: sound
blanket, sound curtains, sound disturbances, irregular strong
reflecting surface interface, and phase-down on both sides.
(2) Features in the seabed surface: submarine pockmark and
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large collapse pit. (3) Features in water layer: sound plumes,
cloud-like move, and dash-dot reflection. Combination of
theory and case analysis shows that (1) there exists gas
escaped from buried natural gas area in the sound plumes,
cloud-like disturbance, and dash-dot reflection areas in seawater; (2) the region of sound blanket space represents areas
of high gas concentration, a variety of sound disturbances
represents areas with low gas concentration, and the gas
concentration in sound curtains between the front two
conditions.

4. Conclusions
The following conclusions can be obtained by the study
of features of bubbly water in gas leakage area (including
hydrate and free gas) through the study of characteristics
of elastic parameters of deposition in the gas leakage area
(including hydrate and free gas), and the use of sound theory
of water and sediment containing hydrate and free gas.
(1) We get the changes of the volume and radius when
the gas rises at diﬀerent depths, and also get the
expression of acceleration in the static water. Besides,
since the dynamic viscosity becomes smaller when
the gas rises, the force gas suﬀered and the velocity
keeps increasing until it arrives at the surface. Radius
and volume of gas changes with depth with diﬀerent
velocities, in the context of 400 m below sea level, the
velocity changes very fast, and as the depth increases
the changes become smaller.
(2) We also give the expression of reflection coeﬃcient
of gas, the size of the reflection coeﬃcient not only
related to impedance of both sides of the interface,
but also related to the product of wave number and
thickness of the gas, the reflection coeﬃcient shows
a certain periodicity. The gas becomes bigger when
rising, volume ratio grows and sound is attenuated
faster, Theoretically, there are only 5% of no gas
medium reaching sea level.
(3) The size of the cross-section represents the gas range
of the sound scattering, When the pressure is constant, scattering cross-section reaches the maximum
near the resonance frequency, these conditions are
changing as the gas rises, and the maximum of
the scattering cross-section is only one-tenth of its
geometric cross-section. Sound energy endure losses
through internal friction and thermal conduction
when the actual gas vibrates. This loss of performance
for the scattering and absorption of air bubbles,
absorption cross-section is less than the scattering
cross section.
(4) The main sound features of gas are relevant to gas
size, gas content, velocity, attenuation, resonance
frequency and the scattering cross-section, and other
conditions. We can clearly see the sound characteristics of seismic data that yielded when the gas (or gas
hydrate dissociation) escaped the water.
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