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1. INTRODUCTION

In order to be able to use acoustic or seismic methods to probe inhomogeneous media such as the
sea-bed it ia first necessary to understand and predict how the reflected pressure field varies
with the sediment properties. A common way of quantifying this is by means of the plane wave
reflection coefficient (denoted E: the ratio of reflected to incident power) and a number of
computer programs exist for evaluating this quantity (or bottom loss BL = -10 logigE)
numerically for arbitrary stratification of density, compressional and/or shear sound speed
and attenuation [1, 2].

In Reference 3, a very simple analytical method, inveolving power addition over ray
multipaths, was introduced for calculating BL in the case of inhomogeneous fluid sediments.
The results and conclusions of Reference 3 are summerised in Section 2. The purpose of this
present paper is to generalise that result to the case of & solid sediment and this is done in
Sections 3 and 4, Advantages and disadvantages of the technigue are discussed in Section 5,
with particular reference to the assumption of inccherence implicit in the power addition.

2. FLUID-FLUID-SOLID

As mentioned above , Referance 3 assumes that the inhomogeneous sediment behaves as a
fluid. Nevertheless, the methed does allow for the possibility of a homogeneous solid substrate
and for this reason, the result is referred to here as FFS for Fluid (water) - Fluid (sediment) -
Solid (substrate). For the geometry shown in Figure 1 the reflection coefficient is

R23 (1_R12)2

1
1-RasRi2 W

Epps = Ry +

with R;5, Rag (denoted R, 10-A/10 in equation (2.1) of Reference 3) defined as in the caption of

Figure 1. The definition of Rag incorporates the effect of volume attenuation in the sediment.
An example of the application of this formula can be seen in Figure 2.

The simplicity of equation {1) and ils success in describing the broad bottom loss features
predicted by the exact numerical model SAFARI [2] encourages a similar approach for more
complicated problems. In the next section we examine the effect of allowing the sediment to
support shear waves.
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3. FLUID-SOLID-SOLID

Letting the sediment layer become a solid resulta in a proliferation of new multipaths (Figure 3)
which complicate the preblem considerably.:
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TERA TS . TRERTR
Homogeneous Fluid
(water): ¢,
Inhomogeneous Solid
(sediment): e,(2), by (2) \
z=h
Homogeneous Solid & &

{substrate):c;, b
8 ———— Compression wave (p)

— — —b»= Shear wave (s8)

To cope with the extra degrees of freedom we introduce the new notation as illustrated by Figure
4.

R? (R;;) - Compressional-p (shear-s) reflection coefficient
P8, Bp . s .
R].j (Rﬁ) - ptos (s to p) conversion coefficient: reflection.
T‘;IP (TBJ) - p (s) transmiesion coefficient.
TP9 5P . . . .
5 (Ty) - pto s (s to p) conversion coefficient: transmission.

A simple non-trivial generalisation of equation (1) above can be obtained by assuming shear
waves are generated at each boundary interaction but that they do not reach the next boundary
(because of high shear attenuation) and hence do not contribute to the energy returned to the
water. The result is
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Note that the FFS result equation (1) can be recovered from equation (2) by using the fluid-fluid
relationships ‘

PP (gl PP PP PP
T3 = T <1~ 2 and Ry = R
i ' ' |

While equation (2) doubtless has its applications for realistie sediments, in order to make
further progress, a slightly different approach is necessary. To reduce the number of paths
which must be considered explicitly, consider, the first pair of transmitted rays as secondary
sources of plane waves (Figure 5) such that the compressional (shear) source Gp (Ga) contributes
a proportion P(S) of its energy to the reflected field. In other words

Erss=Ri3 + PT}; nST',';. 3

The fractions P and S can be found by analysis of the ray paths of Figure 6
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from which we can see that

P=RE [T + PRES + SR 1+ RE [T + PR, + SRt ] @)
and similarly

s =R% [ TOF + PREP + SRE; 1+ Roa [ TH + PR3, + SR, | (5)

«é‘
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Equations (4) and (5) can be rewritten in matrix form

pre -1 pre P _ 1PP
( P p“-—l) (S)-—"( 1P ) (6)

‘where

pe = Ro? RE) + Ry Ry)

Y]
©8 = REY T + Ro Ty
and the solution is therefore
P 5P pPs — PP (pss-1)
- (pPP—1) (pee=1) - psPpPs
&)
S 1PP psP — 19 (pPP—1) :

(pPP—1) (pss=1) — psppps
with the reflection coeffitient E given by substituting equations (7) in (8) and then {8) in (3),

~No numerical results are presented here but & simple test of this formula can be carried out by
considering the special case for which equation (2) was derived. Bearing in mind that the

reflection coefficients Rgg include any losses due to volume attenuation in medium 2 (this
point is explained in more detail in Section 4 - see in partieular equations (12)), a high shear
attenoation will mean that R;; . R;% ; R;; =+ 0, from which it follows that

pP? — Rig Ry
PP o Rgg T{,’{’ (6)]
psP, 1P = 0
and hence ,
S=0 (10)
™R P PP .
P=1ow = K& Ta1 / (1Rgg Rz

and equatien (2) follows by substituting equations (10) in (3).
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4, EVALUAT!ON OF R AND T COEFFICIENTS

In Section 3 we derived an expression for the reflection coefficient E in terms of R and T, the
local reflection and transmission coefficients at the water-sediment and sediment-substrate
boundaries. Their values can be related to the density p and sound speeds ¢, b in the various
layers by means of the amplitude reflection (transmission) coefficients V(W) given by
Brekhovskikh [4] (equations (8.14) to (8.21}) as follows (using his notation):

RPP = |Vn|2 TpiJP=(Bl)2£:1w1]|2
P 4
ps »_ Piph
R = lV],_Iz Tﬁ =(p1)2YJ Iw]llz
. 'Y
R = V12 T2=(Hp b iwglz an
_ i 4 .
kLY
R* = 1'Vy12 5= (B 1w,z

in which pj is the density, Zj = piCi cosecd; the compressional impedance and Yi = pibi
cosecf; the shear impedance of layer i (cf equation (7.12) of Reference 4}. The grazing angles
a, B are defined as in Figure 4.

Strictly spezking, equations (11} above apply to the fluid-sediment but not the sediment.-
substrate boundary. For the latter case, the T'23 coefficients are as per equations (11) (although

not required for evaluation of E), but the Rogs values must incorporate the effects of volume
attenuation in the sediment, ie ‘

RE=alVal®  Rpy=arlVal® 12
R;; = aPaEIV]tI 2 R;% = agap'vtll 2

where, if h is the sediment depth (Figure 3) and €,(€s) the imaginary part of the sediment
compressional (shear) wave number, then the attenuation factors are

!

h
ap exp [-] gp (2) cot o (2) dz)
L]

(13)

h
a, exp [-) € (2) cot P (z) dz] .
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Equations (12) and (13) assume that the ray paths are steep enough to reach the substrate hefore
they reach a turning point, otherwise the | V12 factors are omitted and h becomes the ray
turning depth. It goes without saying that sediment sound speeds c2, ba for substitution in V
. and W are to be evaluated at the relevant boundary.

5. COHERENCE

Although Sections 2 and 3 are ostensibly about the incoherent reflection coefficient, Ainslie and
Harrison [3] have shown that the analysis works equally well for eoherent addition, at least for
the FFS case. The coefficients R and T must simply be equated to the amplitudes V and W
instead of {eg) 'V 12 as in Section 4, taking due account of phase. In other words it is no more
difficult to calculate the coherent reflection coefficient than it is the incoherent one, the only
extra work involved being caleulation of the phase differences between successive returns - in
principle no more difficult than the attenustion integrals. Nevertheless, unless coherence
effects are known to be important (e.g. for very thin sediments or low angle anomaly [3,5)), it is
frequently preferable to use power addition in order to reveal trends which may otherwise be
obscured by inteference patterns. Other circumstances which might suggest the use of the
incoherent formula are the use of & wide band scurce or the presence of rough surfaces.

5. SUMMARY

The method described in Reference 3 for caleulating incoherent plane wave reflection
coefficients has been generalised to incorporate an inhomogeneous solid sediment. No
numerical results are presented for comparison but the previous success with a fluid sediment
gives us same confidence in the outcome. Similarly, the technique is believed to be applicable to
the coherent reflection coefficient if required. Current research for future publication includes
evaluation of the proposed formulae for comparison with exact solutions.
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