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ON SOLVING THE PROBLEM OF REFLECTION OF LINEAR WAVES

IN A FLUID FROM A POROUS HALF-SPACE SATURATED BY THIS FLUID

UDC 532.529.534.2V. Sh. Shagapov, A. Sh. Sultanov,

and S. F. Urmancheev

Solutions of the problem of reflection of a stepwise pressure wave in a linearly compressed fluid from
a flat boundary of a porous medium of infinite length saturated by the same fluid are obtained in the
acoustic approximation. Based on analytical solutions, a numerical analysis is performed to reveal
the specific features of the reflected and incident waves, depending on porosity and permeability of
the porous half-space.

Key words: stepwise shock wave, porous half-space, filtration rate, reflected and incident waves.

Introduction. The issues of wave dynamics in porous saturated media have been of interest since the
publications of Frenkel [1] and Biot [2]. The theory of waves for the case where the porous medium contains
inhomogeneities in the form of cracks or spherical inclusions was developed in [3–6]. It was first demonstrated in
[7] that the specific features of propagation of longitudinal waves in some media saturated by the fluid are largely
determined by interphase heat transfer. Interaction of shock waves propagating in a gas with a saturated porous
partition of finite thickness was considered in [8, 9]. Some studies of the wave dynamics of saturated porous media,
as applied to problems of geoacoustics and mechanisms of intensification of oil production, can also be noted [10–
15]. Most theoretical works deal with a dispersion analysis or search for numerical solutions of the initial system
of equations of saturated media. Analytical solutions that describe interaction of a stepwise pressure wave with a
porous wall are constructed in the present paper for a critical situation, namely, for the case with an incompressible
skeleton of the porous medium.

Governing Equations and Their Solutions. We consider the process of reflection of a plane one-
dimensional pressure wave in a linearly compressed fluid from a flat boundary with a porous and permeable medium
saturated by the same fluid. The skeleton of the porous medium is assumed to be incompressible. The coordinate
axis is directed perpendicular to the wave front, and the origin (x = 0) of coordinates is located in the plane of the
boundary. The equations of motion in the domains of the pure fluid (x < 0) and in the porous medium (x > 0) can
be written in the form [16]
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Here u is the velocity (or filtration rate in the domain of the porous medium), p are the pressure perturbations,
ρ0 is the gas density, m and k are the porosity and permeability of the porous medium, C is the velocity of sound
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Fig. 1. Wave pattern in the case of shock-wave reflection from a permeable medium: domains I and
II are the pure fluid and the porous medium, respectively.

in the fluid, and µ is the fluid viscosity. We assume that the fluid in the initial state in the porous medium is
motionless and the pressure is uniform:

u = 0, p = 0 (x > 0, t ≤ 0).

Let a pressure wave be incident at the time t = 0 onto the surface of the porous medium from the side of
the pure fluid; p(0)(t) is the law of variation of the pressure perturbation on the wall surface. Then, the velocity of
fluid motion under the action of this wave obeys the relation within the framework of the linear theory

u(0)(t) = p(0)(t)/(ρ0C). (2)

When the wave front reaches (at the time t = 0) the surface x = 0, a reflected wave is formed in the pure fluid zone:

p(r) = p(r)(t + x/C), u(r) = −p(r)(t + x/C)/(ρ0C). (3)

Therefore, the total pressure perturbations and velocities in this domain (x < 0) for t > 0 can be written as

p = p(0)(t − x/C) + p(r)(t + x/C), u = [p(0)(t − x/C) + p(r)(t + x/C)]/(ρ0C). (4)

The wave pattern formed in the case of shock-wave reflection from a permeable partition of infinite thickness
is schematically shown in Fig. 1.

It follows from Eqs. (1) that the perturbations of pressure p(g) and velocity u(g) in the domain of the porous
medium are related as

u(g)(x, t) = −m

ρ0

t∫
0

∂p(g)(x, t′)
∂x

e(t′−t)/tv dt′, tv =
ρ0k

mµ
. (5)

In the course of interaction of the pressure wave with the perturbation boundary, the pressures and velocities
of the fluid on the side of the pure fluid (left boundary) and on the side of the fluid in the porous medium (right
boundary) have to be identical. Then the boundary x = 0 for t ≥ 0 obeys the relations

P (t) = p(0)(t) + p(r)(t) = p(g)(0, t), U(t) = u(0)(t) + u(r)(t) = u(g)(0, t),

where P (t) and U(t) are the total perturbations of pressure and velocity at the boundary x = 0. With allowance
for Eqs. (2)–(5), we obtain

2p(0) − P (t) = ρ0CU(t), U(t) = −m

ρ0

t∫
0

∂p(g)(0, t′)
∂x

e(t′−t)/tv dt′. (6)

Equations (1) with p(g) yield the equation

∂2p(g)

∂t2
+

1
tv

∂p(g)

∂t
= C2 ∂2p(g)

∂x2
,
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whose solution satisfying the initial and boundary conditions

p(g) = 0,
∂p(g)

∂t
= 0 (x > 0, t = 0), p(g) = P (t) (x = 0, t > 0)

can be obtained by the Laplace transform method in the form [17]

p(g)(t, x) =
1

2πi

σ+i∞∫
σ−i∞

( ∞∫
0

P (t′) e−λt′ dt′
)

eλt−k(λ)x dλ, k(λ) =

√
λtv(1 + λtv)

Ctv
. (7)

From here we obtain

∂p(g)(0, t)
∂x

= − 1
2πi

∞∫
0

( σ+i∞∫
σ−i∞

k(λ) eλ(t−t′) dλ
)
P (t′) dt′. (8)

Substituting Eq. (8) into the right side of the expression for U(t) from Eq. (6), we obtain

U(t) =
m

2πiρ0

t∫
0

[ ∞∫
0

( σ+i∞∫
σ−i∞

k(λ) eλ(t′′−t′) dλ
)
P (t′) dt′

]
e(t′′−t)/tv dt′′. (9)

We change the order of integration in (9), namely, we write

U(t) =
m e−t/tv

2πiρ0

∞∫
0

[ σ+i∞∫
σ−i∞

( t∫
0

et′′(λ+1/tv) dt′′
)
k(λ) e−λt′ dλ

]
P (t′) dt′. (10)

Then, expression (10) can be presented as

U(t) =
m

ρ0C

∞∫
0

( 1
2πi

σ+i∞∫
σ−i∞

ϕ(λ) eλ(t−t′) dλ
)
P (t′) dt′, ϕ(λ) =

√
λtv

1 + λtv
. (11)

Using the obvious equality

1
2πi

σ+i∞∫
σ−i∞

ϕ(λ) eλ(t−t′) dλ = − ∂

∂t′
1

2πi

σ+i∞∫
σ−i∞

ϕ(λ) eλ(t−t′) dλ

λ
, (12)

we calculate the integral under the sign of the derivative with respect to t′ in the right side of Eq. (12) by the known
formula [18]

1
2πi

σ+i∞∫
σ−i∞

√
λ + 2β

λ + 2α
eλt dλ

λ
=

(
e−ρt I0(rt) + 2β

t∫
0

e−ρτ I0(rτ) dτ
)
H(t), (13)

H(t) =
{

0, t < 0,

1, t > 0,
ρ = α + β, r = α − β,

where H(t) is the Heaviside function and I0(z) is the Bessel function of the imaginary argument. In the case
considered, 2α = 1/tv and β = 0; hence, we have

1
2πi

σ+i∞∫
σ−i∞

ϕ(λ) eλ(t−t′) dλ

λ
= e−(t−t′)/(2tv) I0

( t − t′

2tv

)
H(t − t′). (14)

Substituting Eq. (14) into the right side of Eq. (12) and involving Eq. (11), we obtain

U(t) =
m

ρ0C

t∫
0

e−(t−t′)/(2tv)

2tv

[
I1

( t − t′

2tv

)
− I0

( t − t′

2tv

)]
P (t′) dt′ +

m

ρ0C
P (t). (15)
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Substituting Eq. (15) into the first equation from (6), we obtain the following integral Volterra equation of the
second kind of the convolution type for P (t):

2p(0)(t) − (1 + m)P (t) = m

t∫
0

e−(t−t′)/(2tv)

2tv

[
I1

( t − t′

2tv

)
− I0

( t − t′

2tv

)]
P (t′) dt′. (16)

If we perform the substitution of the variable z = (t − t′)/(2tv) in the integral, the integral equation (16) acquires
the form

2p(0)(t) − (1 + m)P (t) = m

t/(2tv)∫
0

[I1(z) − I0(z)] e−z P (t − 2ztv) dz. (17)

For the function Iν(z), we have the expansion

Iν(z) =
∞∑

k=0

(z/2)2k+ν

Γ(k + ν + 1)k!
. (18)

As z → 0, we obtain

I0(0) = 1, I1(z) ≈ z/2.

From the integral equation (17) with the limiting transition as t → 0, we have

P (0) = 2p(0)(0)/(1 + m).

Let the amplitude of the incident wave have a finite limit p(0)(∞) as t → ∞. Passing to the limit as t → ∞
in the integral equation (17), we obtain

2p(0)(∞) − (1 + m)P (∞) = m

∞∫
0

[I1(z) − I0(z)] e−z P (∞) dz. (19)

Taking into account that

[I1(z) − I0(z)] e−z = [e−z I0(z)]′, I0(z) =
ez

√
2πz

[1 + O(1/z)], z → ∞,

we obtain the following relation from Eq. (19):

P (∞) = 2p(0)(∞).

Equation (16) in the general form is a linear integral Volterra equation of the second kind of the convolution
type with the kernel

K(t − t′) = e−(t−t′)/(2tv)
[
I1

( t − t′

2tv

)
− I0

( t − t′

2tv

)]
.

Applying the Laplace transform to Eq. (16), we obtain

(1 + m)P̃ (λ) = 2p̃(0) − m

2tv
K̃(λ)P̃ (λ), P̃ (λ) =

∞∫
0

P (t) e−λt dλ,

p̃(0) =

∞∫
0

p(0)(t) e−λt dλ, K̃(λ) = 2tv

∞∫
0

[
I0

( t

2tv

)
e−t/(2tv)

]′
e−λt dt.

(20)

Integrating by parts, we present the kernel of the integral equation as

K̃(λ) = 2tv

[
λ

∞∫
0

I0

( t

2tv

)
e−(1/(2tv)+λ)t dt − 1

]
.
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Using the formula [18]
∞∫
0

In(αz) e−βz dz =
(β −

√
β2 − α2 )n

αn
√

β2 − α2
,

we can write the final expression for K̃(λ):
K̃(λ) = 2tv(ϕ(λ) − 1). (21)

Using Eq. (21), we obtain the expression for P̃ (λ) on the basis of Eq. (20):

P̃ (λ) =
2p̃(0)

1 + mϕ(λ)
. (22)

Let the incident wave have a stepwise form: p(0)(t) = p(0) = const. Then, instead of (22), we can write

P̃ (λ) =
2p(0)

[1 + mϕ(λ)]λ
.

Passing to the inverse Laplace transform, we find the solution for Eq. (16):

P (t) =
p(0)

πi

σ+i∞∫
σ−i∞

eλt dλ

[1 + mϕ(λ)]λ
. (23)

To calculate this integral, we present the integrand as

[1 + mϕ(λ)]−1 = A(λ) − B(λ),

A(λ) = 1 +
m2λtv

1 + (1 − m2)λtv
, B(λ) = m

√
λtv(1 + λtv)

1 + (1 − m2)λtv
.

Then the expression for P (t) can be written as

P (t) = 2p(0)(J1 − J2), J1 =
1

2πi

σ+i∞∫
σ−i∞

A(λ) eλt

λ
dλ, J2 =

1
2πi

σ+i∞∫
σ−i∞

B(λ) eλt

λ
dλ. (24)

For the first integral, we readily obtain the expression

J1 = 1 +
m2 e−γt/tv

1 − m2
, (25)

where γ = 1/(1 − m2). The second integral can be presented as

J2 =
m2

1 − m2

1
2πi

σ+i∞∫
σ−i∞

√
λtv(1 + λtv)

(λtv + γ)λtv
eλt dλtv.

Using Eq. (13), we find

J2 =
m

1 − m2

[
e−t/(2tv) I0

( t

2tv

)
− m2

1 − m2
e−γt/tv

t/tv∫
0

e(γ−1/2)τ I0

(τ

2

)
dτ

]
. (26)

Substituting the expressions for J1 and J2 from Eqs. (25) and (26) into Eq. (24), we obtain the following presentation
of solution (23):

P (t) = 2p(0)
[
1 +

m2 e−γt/tv

1 − m2
− m e−t/(2tv)

1 − m2
I0

( t

2tv

)
+

m3 e−γt/tv

(1 − m2)2

t/tv∫
0

e(γ−1/2)τ I0

(τ

2

)
dτ

]
. (27)

Based on solution (27), we can find an asymptotic solution P (t) as t → 0 (t � tv). For this purpose, we
have to find the first two terms of the Maclaurin series for this function:

P (t) = P (0) + P ′(0)t + o(t), P (0) = 2p(0)/(1 + m). (28)
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From Eq. (27), we can easily obtain

P ′(0) =
p(0)m

(1 + m)2tv
. (29)

Substituting Eq. (29) into Eq. (28), we obtain the asymptotic solution P (t) for t → 0 (t � tv):

P (t) =
2p(0)

1 + m

(
1 +

mt

(1 + m)2tv

)
.

Using formula (18) for I0(z), we can readily obtain an asymptotic solution for P (t) as t → ∞ (t � tv), based on
solution (27):

P (t) = 2p(0)
(
1 − m√

π

√
tv
t

)
. (30)

In the numerical implementation of solution (27), we use the following integral presentation of the Bessel function
[18]:

I0(z) =
1
π

1∫
−1

ezy dy√
1 − y2

.

Then the integral complex in the last term in Eq. (27) can be written as
t/tv∫
0

e(γ−1/2)τ I0

(τ

2

)
dτ =

2
π

1∫
−1

e(2γ−1+y)t/(2tv) dy√
1 − y2 (2γ − 1 + y)

− 2
π

1∫
−1

dy√
1 − y2 (2γ − 1 + y)

. (31)

The last integral in Eq. (31) with the use of the known tabulated integral [19]
π∫

0

cos (nx) dx

1 + a cosx
=

π√
1 − a2

(√
1 − a2 − 1

a

)n

(a2 < 1)

can be calculated and has the form
2
π

1∫
−1

dy√
1 − y2 (2γ − 1 + y)

=
π(1 − m2)

2m
. (32)

Substituting Eq. (31) with allowance for Eq. (32) into Eq. (27), we finally obtain a presentation of the solution
convenient for numerical analysis:

P (t) = 2p(0)
(
1 − m

π

1∫
−1

√
1 − y

1 + y

e−(y+1)t/(2tv) dy

(m2 − 1)y + m2 + 1

)
. (33)

In these calculations, we used the formula [20]
1∫

−1

√
1 − y

1 + y
f(y) dy =

4π

2n + 1

n∑
k=1

sin2
( πk

2n + 1

)
f
(

cos
2πk

2n + 1

)
+ Rn,

Rn =
π

2n(2n)!
f (2n)(ξ), −1 ≤ ξ ≤ 1.

Figure 2 shows the dependences p/p(0)(t/tv). In the case of reflection of a stepwise pressure wave, the
pressure perturbation at the boundary of the porous half-space (x = 0) is seen to increase asymptotically from the
value P (0) = 2p(0)/(1+m) to the value P (∞) = 2p(0), following the law described by Eq. (30). Thus, the amplitude
of the leading shock of the reflected wave and the value of “undercompression”

∆P0 = P (∞) − P (0) = 2p(0)m/(1 + m)

are determined by the partition porosity (value of m) only. The characteristic time needed to reach the asymptotic
value P (t)/p(0) = 2 for known values of porosity m, viscosity µ, and density ρ0 of the fluid, as well as fluid
compressibility [determined by the velocity of sound in accordance with the formula for tv in (5)], depends only on
permeability of the porous medium.
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Fig. 2. Pressure in a porous medium with different values of porosity: m = 0.1 (1), 0.5 (2), and 0.9 (3);
the dashed line is the asymptotic value for curves 1–3.

Let us determine the characteristic relaxation time t∗ as a period when the “undercompression” is

∆P∗ = P (∞) − P (t∗) = ε∆P0 (ε � 1).

Then, using the asymptotic formula (30) for P (t), we find the expression for the relaxation time:

t∗ = (1 + m)2tv/(πε2).

In particular, if the fluid consists of air and water with a temperature T0 = 300 K and pressure p0 = 0.1 MPa, the
values obtained for a porous medium with a porosity m = 10−1 and permeability k = 10−12 m2 (typical of rocks)
are tv ≈ 10−6 and 10−5 sec, respectively.

Let the “undercompression” be reduced by a factor of 10 during the relaxation time t∗ (ε = 10−1). Then,
we obtain t∗ ≈ 3 · 10−5 and 3 · 10−4 sec for air and water, respectively. In addition, the characteristic linear scales
x∗ = Ct∗ of relaxation zones in the wave reflected from the porous medium for air (C = 340 m/sec) and water
(C = 1500 m/sec) are x∗ = 0.01 and 0.50 m, respectively. If less viscous fluids are used (e.g., acetone, benzene,
or ethyl alcohol), the characteristic time t∗ and the distance x∗ are even greater. The estimates show that these
results can be used to develop methods of express analysis of porosity and permeability of solid porous materials
with the help of pressure waves.

Let us analyze the solution for p(g) and u(g), which describes the wave dynamics in a porous medium.
Solution (7) for p(g) corresponding to a stepwise incident wave can be presented as

p(g)(x, t) =
p(0)

πi

σ+i∞∫
σ−i∞

eλt−k(λ)x dλ

[1 + mϕ(λ)]λ
. (34)

The numerator of the integrand in Eq. (34) can be presented as

eλt−k(λ)x = eλ(t−x/C)+(λ/C−k(λ))x .

Using the delay theorem [18], we use Eq. (34) to obtain

p(g) = H
(
t − x

C

)p(0)

πi

σ+i∞∫
σ−i∞

eλt′+(λ/C−k(λ))x dλ

[1 + mϕ(λ)]λ
, t′ = t − x

C
. (35)

We can easily show that the integrand in Eq. (35)

Φ(λ) = e(λ/C−k(λ))x
/[(

1 + m
λtv√

λtv(1 + λtv)

)
λ
]
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Fig. 3. Evolution of pressure waves (a) and distribution of velocity in a porous medium (b) for m = 0.5
and t/tv = 1 (1), 5 (2), and 10 (3).

satisfies the Jordan lemma condition [17]

lim
|λ|→∞

λ/∈(−∞,0)

Φ(λ) = 0.

Therefore, applying the method of contour integration to Eq. (35), we obtain

p(g)(x, t)
p(0)

= 2H
(
t − x

C

)(
1 − m

π

1∫
−1

√
1 − y

1 + y

cos [
√

1 − y2x/(2Ctv)] e−(1+y)t/(2tv) dy

(m2 − 1)y + m2 + 1

− 1
π

1∫
−1

1 − y

1 + y

sin[
√

1 − y2x/(2Ctv)] e−(1+y)t/(2tv) dy

(m2 − 1)y + m2 + 1

)
. (36)

Substituting Eq. (36) into Eq. (5) and applying some simple transformations, we obtain the solution for velocity in
a porous medium

u(g)(x, t)
u(0)

=
2m

π
H

(
t − x

C

)

×
(
π e(t−x/C)/tv +

1∫
−1

√
1 − y

1 + y

cos [
√

1 − y2x/(Ctv)][e−(1+y)t/(2tv) −(m + 1) e−[t−(1−y)x/(2C)]/tv ] dy

(m2 − 1)y + m2 + 1

−
1∫

−1

1 − y

1 + y

sin [
√

1 − y2x/(Ctv)] e−[t−(1−y)x/(2C)]/tv dy

(m2 − 1)y + m2 + 1

− m

1∫
−1

sin [
√

1 − y2x/(Ctv)](e−(1+y)t/(2tv) − e−[t−(1−y)x/(2C)]/tv) dy

(m2 − 1)y + m2 + 1

)
. (37)

Figure 3 shows the time evolution of pressure waves and velocity fields in a porous medium, which were
calculated by Eqs. (36) and (37) with m = 0.5. The quadrature formula (33) was used in the calculations. It
follows from Fig. 3 that the leading shock of the pressure wave propagating with a velocity C completely decays
during the time t ≈ 10tv. For t � 10tv, the pressure and velocity fields acquire the form described by the
piezoconductivity equation derived within the framework of the Darcy law.
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It should be noted that the results obtained by formulas (33), (36), and (37) are in good agreement with
the results of the numerical solution of differential equations [8, 9]. In addition, as tv → ∞, relation (33) coincides
with the analytical solution given in [8].

Conclusions. An analytical solution that describes the reflection of a stepwise wave from a porous half-
space is obtained in the linear approximation. In contrast to the law of wave reflection from an impermeable wall
with an instantaneous twofold increase in pressure, the twofold increase in pressure in the case of wave reflection
from a porous wall occurs with a certain delay depending on porosity and permeability of the medium and on fluid
viscosity. Therefore, the delay time and the increase in pressure directly after wave incidence onto the wall offer
information on material porosity and permeability. The analytical solutions obtained can also be used in testing
the results of numerical calculations of pressure waves in saturated porous media.

This work was supported by the Russian Foundation for Basic Research (Grant No. 05-01-97919).
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12. V. Yu. Zaitsev, V. É. Gusev, V. E. Nazarov, and B. Castagnede, “Interaction of acoustic waves with cracks:
Elastic and inelastic mechanisms of nonlinearity with different time scales,” Akust. Zh., 51, 80–92 (2005).

13. G. A. Maksimov and A. V. Radchenko, “Modeling of oil-production intensification under an acoustic action on
the oil bed from the well,” Akust. Zh., 51, 118–132 (2005).

14. M. G. Markov, “Propagation of elastic longitudinal waves in a saturated porous medium with spherical inho-
mogeneities,” Akust. Zh., 51, 132–140 (2005).

15. V. N. Nikolaevskii and G. S. Stepanova, “Nonlinear seismics and acoustic effect on oil production from an oil
bed,” Akust. Zh., 51, 150–160 (2005).

16. G. I. Barenblatt, V. M. Entov, and V. M. Ryzhik, Motion of Liquids and Gases in Porous Beds [in Russian],
Nedra, Moscow (1984).

17. M. A. Lavrent’ev and V. V. Shabat, Methods of the Theory of Functions of Complex Variables [in Russian],
Nauka, Moscow (1987).

18. H. Carslaw and J. Jaeger, Operational Methods in Applied Mathematics, London (1943).
19. I. I. Gradshteyn and I. M. Ryzhik, Table of Integrals, Series, and Products, Academic Press, New York (1980).
20. V. I. Krylov and L. T. Shul’gina, Reference Book on Numerical Integration [in Russian], Nauka, Moscow (1966).

636



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


