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ABSTRACT

A wave theoretic model for predicting the statistical distribution of

surface-generated noise has been developed. A description of the model and

a discussion of numerical results is presented.

INTRODUCTION

A significant portion of the ambient noise in the ocean is surface

generated [1]. There has been a considerable amount of work in this area

concerning the deep ocean. HoweVer, not much is known about the spatial

distribution of noise in environments where sound propagation is dominated

by the acoustic properties of the ocean bottom, i.e. shallow—water regions.

By spatial distribution we not only mean the noise-intensity/depth profile

but alsothe correlation structure (directional properties) of the noise

field. In the above~mentioned environment the effect of the sound—speed

profile has a double significance: as in deep water it refracts the acous—

tic field in the water column, thereby causing the field to have a particu-

lar structure; in shallow water it also regulates the amount of acoustic

energy that interacts with the ocean bottom and this repeated bottom inter-

action is the major loss mechanism in shallow water. This paper presents a

surface noise model of a stratified ocean where the acoustic properties of

the ocean bottom are taken into consideration. Though this model is not

necessarily restricted to shallow water, it may prove to be most useful in

such environments, which are highly depth dependent and where the acoustic

field can interact severely with the ocean bottom and where wave theory is

often necessary for modelling acoustic propagation.

1 THE ACOUSTIC ENVIRONMENT AND SOME GENERAL RESULTS

Figure 1 is a schematic of a typical shallow water environment. For

the discussion in this section we will be mainly concerned with the repre—

sentation associated with the dashed lines. The model deals with the more

complicated environment but most of the physics is contained in the simpler

environment. The dashed lines represent an isovelocity profile in the water

column and a single layer bottom with constant sound speed cl ; sound den—

sity p1 , and plane wave attenuation

constant 111 . The noise we consider is .333. ;—-3,3;3s tgfinar_vgs;33=:!

coming from a layer immediately below ‘ ' Mosssowcttmen I

the surface but fornow let us just con— I “a”

sider a single noise source.
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and acoustic propagation involves conti— I
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a reflection process. Figure 2 is a ty~

pical Rayleigh reflection curve for the

simplified environment under study. The

solid curve represents reflection from a

bottom without attenuation. Since the

speed of sound is greater in the bottom,
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a" “.mate one at the same place as in the non-lossy case.

there exists a critical angle, 6c, and acoustic propa—
gation paths associated with grazing angles less than 9C
will only undergo cylindrical spreading whereas those
paths associated with grazing angles greater than 8c will
be severely attenuated. The dashed line in Fig. 2 is the
result of making the bottom lossy. Though there really
is not a true critical angle, there is still an approxi—
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Paths associated with grazing angles greater than 6c are ‘""~"m
much more severely attenuated than those less than BC. n12
The region below ec is usually referred to as the dis—
crete normal mode region, "discrete" referring to the
fact that only paths that constructively interfere will propagate. The re-
gion above 6c is usually referred to as the continuous region in that all
angle paths exist though_they die out very rapidly. However, (because fre—
quency enters into this picture) there may be no discrete modes ("below cut-
off") and therefore the continuous will be important since there is nothing
else. Of course the continuous is dominant in the near field of a source
where the sound has not yet had to interact with the bottom. This discus-
sion is a simplification of sound propagation in shallow water, but, we
think, it is reasonably meaningful to give one the feeling as to what is
happening. I I

Now consider a plane of noise sources and a receiving array as illus-
trated in Fig. 1. Normally, for propagation purposes we only consider the
discrete, but now we see (in shallow water) that we are never very far from
the surface and there are many acoustic paths to the array that will not in—
teract with the bottom. Hence the continuous portion of the acoustic field
can be important.

From the theory briefly presented in the next section we have found
the following: For the non-lossy bottom, if there are propagating modes
they will dominate the acoustic field since they will be able to come from
large distances. Since the continuous can only contribute from nearby, this
situation is dominated by the large area available to the noise sources whose
acoustic energy can propagate long distances via the discrete modes. On the
other hand, if the bottom is very lossy, the long—range contributions tothe
noise will not exist and the near field (continuous) will be more important.
Between no loss and high loss, any combination can exist; Finally, what
happens when the environment is more complicated than the dashed lines of
Fig. l? The variable profile adjusts the interaction with the bottom and
the more complicated bottom changes the loss in a (complicated) frequency—
dependent fashion. The following noise model is based on wave theory since
we believe that it would be straining the capabilities of ray theory to
handle the near and far field phenomena discussed above together with the
complications of variable sound—speed profile in the water and bottom, the
associated diffraction phenomena, and the existence of shear as an important
physical property of the ocean bottom (the s in Fig. 1 refers to shear).

2 THEORY

Consider a random distribution of monopole sources S(?) located as in
Fig. 1. We use monopole sources because they represent the basic fluctu—
ating volume source (for detailed discussion of possible noise sources, see
[2] Ch. 4)and more complicated sources can be considered a sum of these
sources distributed in space. The acoustic field of an individual source,
0, obeys the wave equationwith a source term (Dirac delta function). The
contribution of a layer of such sources is then given by

M1212) = Idzr' 56") CG 4"; z -2') . (1)
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+ . .where (r, z) is the coordinate of an array element and (r', z') 15 the neise

source coordinate and z' is constant. After some mathematic manipulation
we obtain the correlation function of the noise field:

i
C(R,zl.22) =21? ‘12 Wow?) IdnnJo(nIR-3|)g(n;z',21)g*(n;z',zz)- (2)

R is the horizontal coordinate between array elements; 21,2 are the depth
coordinates of the array elements; p is the horizontal source separation;
N(3) is the correlation function of the noise sources; q is the source
strength and g satisfies the equation below:

—+ [k2(z)-n2] g= (210“ 6(zi-Z'); i = 1,2 (3)
Note that C(0,z,z) is the noise intensity at depth 2. It is important to
point out that a specific analytic form of N(p)corresponds to the cosn —thpower dependence long associated with.5urfacen015€ SOurCES [31- '

If we are concerned with uncorrelated noise sources, N(3) is essenti—
ally a delta function and Eq. 2 simplifies to an integral over n with p =0.
Its evaluation requires that Eq. 3 be solved for many n's. This procedure
is very similar to that used in Fast Field Programs (FFP's) [4, 5]. Equa—
tions 2 and 3 have an additional complication because there are two g's
evaluated at different depths, whereas the integral in the FFP is identicalto the integral overn ifg* is removed. We have found that a hybrid normal—mode model [6] and FF? procedure is best for this particular problem, evenwhen including correlated noise sources.

3 SOME NUMERICAL RESULTS

Figure 3 represents a typical intensity profile of
the surface—generated noise as a function of depth. The
horizontal axis is in dB relative to an arbitrary source I-gm
strength. It is the result of a calculation where the
sound-speed profile was slightly upward refracting; the
bottom is a 20 m layer of sand—silt—clay [7]; underlying
this is a rigid basement. For higher frequencies the up—
ward refraction is more pronounced that in Fig. 1. A
general result is that upwarderefracting profiles have a
greater effect on the intensity profile than downward—
refracting profiles. We can also give a numerical example
of the relative importance of discrete vs continuous. For
a single-layer bottom with bottom loss of 0.001 dB/l
(essentially negligible) and a frequency of 100 Hz, the
continuous portion of the field is 24 dB below the dis— .m
crete portion. On the other hand, for a bottom of loss
0.5 dB/A, the continuous and discrete portions are of the
same order of magnitude.

Figure 4 is the correlation function of surface-generated noise of500 Hz where the field at 75 m is correlated with the field at all otherdepths. In this example, if we correlate the field at, say, 50 m, thatcentral part of the correlation function would be the same, i.e., the cor—relation function is homogeneous and just a function of separation and notabsolute depth. This agrees with previous deep—water results and it can beshown theoretically that the model discussed in this paper reduces toearlier results of [8] in the limit of going to a semi—infinite isovelocitylimit (such a limit also involves acousticwavelength). However, at 100 Hzthe correlation displays inhomogeneity; Fig. 5 shows the correlation func—tion where the field is compared with its value at 75 m. When the origin
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  is shifted to 50 m, for example, the shape of the correlation function

changes, even for this isovelocity case. The correlation function will
also be inhomogeneous at higher frequencies in the case of non—isovelocity

conditions — particularly for upward-refracting profiles.
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SUMMARY

We have briefly presented a surface noise model that takes into ac"
count 3 variable sound~speed profile in depth and a layered ocean bottom.

The model includes near and far field effects and some examples of predicted

noise structure were presented for shallowrwater environments. We have

found that under these circumstances the bottom properties and the shape of

the sound-speed profile profoundly influence the structure of the noise
field.
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