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Summary

Most oceanic occurrences of gas hydrates in the sedimentary sequences are inferred, based mainly on the presence of
an anomalous strong reflector on seismic profiles, termed as Bottom Simulating Reflector (BSR). Identification of BSR
based on certain characteristics such as: reflection events with reversal polarity following the seafloor trend and cross-
cutting with the bedding planes. The amount of gas hydrates have been based mainly on the presence or absence of
BSR and its relative amplitudes. The saturation of gas hydrates varies according to different physical properties like,
porosity, velocity, bulk density and temperature etc. A model is developed to relate the seismic wave velocity with
porosity and porosity with saturation. Three phase time-average equation is used to explain the velocities of
compressional waves in various consolidated rocks measured at sub-zero temperature. Wood equation for the
estimation of the compressional velocity is approximately valid for particles in suspension. These two above said
equations comprises in a form of weighted equation, which applied to derive a relation between compressional wave
velocity and porosity. The above theories predict that porosity decreases with increasing velocity. The saturation
increases with increasing porosity and decreases velocity.
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Introduction

Energy is the one of the most fundamental parts of our
universe. We use energy to do work. Energy lights our
cities, power vehicles, train, planes and rockets.
Energy warms our harness, cooks our foods, play our
music, gives us picture on television. Energy powers
machinery in factories and tractor in form. The point
shall be taken in to account that; energy should be cost
effective, easily available, environment friendly,
renewable and durable. The energy is available in the
environment in different form, we have to use
according to our need. Gas hydrates are naturally
occurring solid composed of water molecules in a
rigid lattice of cages, with most cages containing a
molecule of natural gases mainly methane (Brooks et
all,1986, Kvenvolden1998, Kastner et al 1998).
Methane has been the focus of many studies because
of their worldwide occurrences in Ocean and
Permafrost region (Kvenvolden 1993a). The total
amount of organic carbon in hydrate in form of gas is
probably more than twice that in all fossil fuels on the
earth (Kvenvolden et al., 1993b). Immense amount of
methane may have escaped from deep sea gas hydrates
to the atmosphere as a result of thermal decomposition
caused by climatic warming and sea level changes and
acted as a negative feedback control on global
temperature fluctuation (Dillon et al, 1991; Paull et al,
1991). Thus estimating the amount of insitu is
important in the context of potential energy resources
and global climatic change. Gas hydrate occur finally
disseminated nodular, layered or massive forms
(Malone et al, 1985; Sloan1990; Kvenvolden; 2000).
Gas hydrates may be detected on seismic reflected
data as bottom simulating reflector (BSR) with high
amplitudes and reversal polarity, which are sub-
parallel to the seabed and are interpreted to mark the
base of the gas hydrate stability zone (Shipley et al;
1979). The presence of gas hydrate is also inferred
from observation of gas escape and fluid flow features
such as pockmarks pipes, acoustic masking and
acoustic turbidity on seismic sections (Chand and
Minshull; 2003). Seismic and drilling in hydrates,
provinces demonstrated that BSRs are normally
underlain by free gas (Singh et all; 1993, MacKay et
al; 1994 Holbrook et al., 1996; Collet et al 1999).
Where no direct measurement are available, detailed
knowledge of compressional and shear wave velocity
distribution in marine sediment may be used to derive
quantitative estimates of gas hydrates and free gas in
the pore spaces (Lee at al., 1996, Ecker et al 2000,
Jakobson et al.,2000). Based on this elevated velocity
due to hydration, a number of studies have attempted
to estimate in-situ hydrates amounts (Lee et al., 1996;
Wood et al., 1994). However a large uncertainty exists
in estimating the velocity increase in the relation to the
amount of hydrate in the pore spaces, because
essentially no in-situ laboratory data exist to verify
these estimates. Most previous attempts at predictive
hydrate concentrations from velocity data have been

i )

=

“HYDERABAD 2008”

used on the time-average equation of Wyllie et al.,
1958, which predicts velocity on a rigid, consolidated
rock with little fluid. In relating this equation to
hydrates studies, two phase and three phase version
have been constructed depending on the number of
sedimentary components included (Timur, et al.,1968;
Pearson et al.,1983; Miller et al.,1991; Bangs et
al.,1993; Wood et al., 1994). King (1984) developed a
three-phase model to predict velocities in permafrost
based on two phase scattering theory. Because the
elastic properties of ice are similar to those of gas
hydrates (Pearson et al., 1983) this approach might be
applicable to the study of hydrates. In a subsequent
study Zimmerman and King (1986) showed that the
theory worked well in predicting the velocity for a set
of unconsolidated permafrost sample.

Used Theory

Time-Average Equation

How the presence of gas hydrates affects seismic
velocity of slope sediment is not currently known.
Timur (1968) first proposed a three-phase time
average equation to explain the velocities of
compressional waves in various consolidated rocks
measured at permafrost temperature (subzero).
Pearson et al (1983) applied the equation to hydrated
rock and concluded that it quantitatively explain the
known properties of hydrated sediment in consolidated
media. They used the following three-phase time
average equation for the velocity:

1/Vy=¢(1-S)/ Vyy+ ¢85/ Vy+ (1-4) Vi .......(1)

Where

Vp is compressional velocity of hydrated sediment,
Vh is compressional velocity of pure hydrate, Vw is
compressional velocity of fluid, Vm is compressional
velocity of matrix, ¢ is porosity (as a percentage), and
S is saturation of hydrate in the pore space (as a
percentage). Many workers have been demonstrated
that the observed velocity behavior of some normal
(i.e. hydrated) rocks is not always consistent with the
predictions of the time-average model. Since time-
average equation is valid for consolidated formation
(Timur, 1968), for the unconsolidated sediment we
have to use lowered matrix velocity. The estimated
matrix velocity at zero porosity and 65% clay is 4.37
km/sec (lee et al, 1996).The values of compressional
wave velocity had calculated from equation (1) along
with different porosities value for zero saturation and
known values, shown in figurel.

Known values

Density of pure hydrate is 0.9 g/cm®, (Ecker et al,
2000), Density of water is 1,000 kg/m® (i.e.1 g/cm®)
(Zimmerman and King, 1986), Compressional



velocity of water is 1.5 km/sec (Lee et al, 1996),
Compressional velocity for matrix is 4.37 (Lee et al,
1996), Compressional velocity of hydrate is 3.3km/sec
(Lee et al, 1996), Weighting factor (w) is 1.1,
Compaction parameter (n) is 1. (S. Chand et al, 2004)
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Figure 1.Relation between Vp, km/sec and porosity in
percentage (%), for consolidated rock (Timur et
al.1968). The porosity value assumed and velocity
value has calculated from equation (1) using the
matrix velocity 4.37 km/sec, hydrate concentration
zero and clay contents of 65%.

Wood Equation

Wood equation is approximately valid for particles in
suspension (Lee et al, 1996) and high porosities
sediments (Nobes et al, 1986). It is defined as:

U(V2)= ¢ 1 (V%) + -6 )] (on VM2).....(2)

Where

V is compressional velocity of sediments, p is bulk
density of sediments, p,, is density of fluid, and py, is
density of matrix. Like the three phase time average
equation (Pearson et al, 1983), the wood equation for
hydrated sediments can be written as:

1/,0\22p = ¢(1-S)/ pNi + #5171 py V2 + (1-¢)
P Vi e 3)

Where p;, is density of pure hydrate

To derive the bulk density of sediments, we can use
the weighted average of constituent components, that
is

P=(1-4) pn + (1-S) $pw+ S oo @

Since the density of rock or mineral with no porosity
also known as matrix density. It is commonly in units
of g/cm®. By this property (i.e. $=0), the equation (4)
can be written as:
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Using equation (5) and (2), we can write the Wood
equation (1941) for determination of V,,, as:

LIV = gpn VA + (16 ) VP ©)
Velocity and Density Relation

The most important empirical equation in seismic
prospecting is the Gardner et al (1974) equation,
which expressed density in terms of velocity for an
average of all rock types:

P=L174L(Vp )% @

Where

pp is bulk rock density,Vp is compressional velocity in
km/sec.

Since the velocity porosity relation is

V, = (6.08-8.06) ¢

By combining equation (7) and (8), we can get the
value of bulk density in terms of porosity as:

Po=11.741 (6.08 —8.06¢)% ) ............. 9)

For zero saturation (i.e. S=0), the value of Vp for
different porosity, bulk density (defined from eq. 9),
and known values of parameters such as p, pn Vp
and Vh, has been calculated and plotted in figure2.
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Figure 2. Relation between Vp, km/sec, and porosity
in (%), for particle in suspension (Lee et al, 1996).
The porosity value assumed and velocity value
calculated from equation (3) using matrix velocity
4.37 km/sec hydrate concentration zero and clay
contents of 65%. This is valid up to 58-60 % of
porosity.
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Three-Phase Weighted Equation

The proposed equation for interval velocity for
hydrated deep marine sediment is a weighted mean of
time-average equation and wood equation; that is,

1/Vy= Wo (1) / Vy + 11-0 ;/v¢ (1-8)"/ Vo

Where,

Vp, is P- wave velocity by the wood equation, Vp, is
p- wave velocity by the time-average equation; W is a
weighting factor, n is a constant simulating the rate of
lithification with hydrate concentration.
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Figure 3.Relation between Vp, km/sec, and porosity in
percentage (%), for weighting factor 1.1, exponential
n=1.The porosity value assumed and velocity value
calculated from equation (10) using the matrix
velocity 4.37 km/sec, hydrate concentration zero and
clay contents of 65%.
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Figure 4. Relation between Vp, km/sec, and porosity
in percentage (%), using different equations such as,
time-average equation, Wood equation, three phase
Weighted equation for weighting factor 1.1,
exponential n=1using the Vm= 4.37 km/sec, S=0 and
clay contents of 65%. The three phase weighted
equation lies in between of two equations (time-
average, and Wood equation). Three phase weighted
equation command the time average and wood
equations depending upon the weighting value, w
i.e.>1(wood Eqn.), < 1(time-average equation).

Porosity Saturation Relation

The porosity versus saturation value for the assumed
porosity value can be calculated by Wood equation.
We have calculated the saturation value with respect
to porosity, and plotted in fig 5. Fig 5 is depicting the
saturation increasing with increases porosity.
According to (Shyam Chand et al, 2004) the saturation
is increasing with porosity. The different models such
as Weighted equation, three phase effective Medium,
Three phase Biot, and Differential effective medium
theory models shows same result (saturation
increasing with porosity) for different parameters i.e.
clay water and clay hydrate.
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Figure 5. Relation between porosity (¢) and saturation
(S) in (%), for wood equation. The ¢ value assumed
and S value calculated from equation (3) using the
Vm= 4.37 km/sec, clay contents of 65%,Vh=3.3
km/sec, Vw=1.5 km/sec, water density is 1,000 kg/m3
(i.e.1 g/cm®), hydrate density is 0.9. The relation has
been done for a particular velocity value (Vp=2.05
km/sec).The saturation is increasing with increasing
porosity.



Time-average equation plot

porosity

Fig 6. Relation between Vp, km/sec, and porosity in
percentage for time average equation. The graph has
been plotted for different saturation like 0, 10, 20, 30
....80% using Vm=4.37 km/sec, S=0 and clay contents
of 65%.The graph is showing good result of increasing
velocity with decreasing porosity for all saturation.
However the tendency of variation of graph (spacing
between two curves) is similar for 0-20 % and 30 %
saturation, whereas above that saturation (20-30 %), it
doesn’t hold.
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Figure 7. Relation between Vp, km/sec, and porosity
in percentage for wood equation. The graph has been
plotted for different saturation like 0, 10, 20, 30
....80% using Vm=4.37 km/sec, S=0 and clay contents
of 65%. The graph is showing good result of
increasing velocity with decreasing porosity for all
saturation. However the tendency of variation of graph
(spacing between two curves) is similar for 0-30 %
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and 40 % saturation, whereas above that saturation

(30-40 %), it doesn’t hold.
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Figure 8. Relation between Vp, km/sec, and porosity
in percentage (%), for weighting factor 1, exponential
n=5. The value has been calculated from three phase
weighted equation. The porosity value assumed and
velocity value calculated by equation (10) using the
matrix velocity 4.37 km/sec hydrate concentration
zero and clay contents of 65%. Due to increase of n
value the porosity is constant and velocity is
increasing according to saturation.
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Figure 9. Relation between Vp, km/sec, and porosity
in percentage (%), for weighting factor 1, exponential
n=1.The value has been calculated from three phase
weighted equation. The porosity value assumed and
velocity value calculated by equation (10) using the
matrix velocity 4.37 km/sec hydrate concentration
zero and clay contents of 65 %. The tendency of
velocity porosity relation is valid for 0 % saturation
afterward the porosity is constant and velocity is
increasing according to saturation.



Conclusion

There is no case study available and theoretical studies
have been done. The time-average equation valid for
around 40% saturation whereas wood equation valid
for 34-42%. More value of n would be favored for
consolidation sediment. Higher values of w are
favored the loose sediment. The study reveals that
velocity is decreases with increases porosity.
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