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Iy Surnieside Court

Waterford, Conn.
January 1,
Vr., Josenh E. Barbesu

Northeastern University

Boston 15, Mass.

Dear Mr. Barbeau,

I ar submitting the‘following report: "An Exploratory
Study of the Relationship Between Sound Ré;aectivity and
Ocean Bottom Physical Properties," for yvour review. This
report is the product of a study I have conducted to deter-
mine the effect of ocean bottom physical pr0perties*unon
reflected sound. Included in the following discussion
will he the general results obtained, as well as recom-

ntended to improve future studies. Al-

{-le

mendations
though I have sought to define all technical references,
some references alluded to cammot be clearly defined due
to their confidential nature. I hope that this will not

affect your understanding of this report.

— - Sincersly, :

Bernsrd F. Cole



I.

ITT.

IV.

General Topic Outline

Assipmment and Initial Investigation
A. Problem assisgrnment
B, General correlation--measurements and erain size

C. Velocity-ratio method

Reflection from Water-Sediment Interface

A, Shallow water study in eastern Pacific

B. Deep water study in middle and eastern Atlantic
C. Agreement of studies

on losgses

b

D. Theoretical reflect

E. Recomrendation concerning future measurements

Penetration into the Bottom Sediment
A. Depth of penetration

B, Attenuation in varying sedlments

C. Reflection and refraction
Conclusion

A, Summary of study
B, Possible theoretical explanation

C. More recommendations



Definition of Terms

Amost an oceanosranhic survey

-

o Pl o] —— - m— o~
drass II : & sonar system

Density : wet weight of sediment-weight of sea water

' total volume of sample-volume of gsea water
@ : redian grain diameter in phi units -- -logp dia. (mr)
Porosity : ratio of volume of voids (sea water in this case)
between the grains of a sediment sample to the total volume
of the sedirent

Sand, ¢ilt, and clay : Wentworth sprade scale of varticle

dismweter: sand 2-0.062 mr, silt 0.062-0.00lt mm, and clay,

less than 0.00h mm




It is the purnose of this report to give a general
idea of sowe of the factors which may affect éound waves
coming into contact with the ocean bottom, and to set the

stage for future investigations of these properties.




An Exploratory Study of the Relationship Between

Sound Reflectivity and Ocean Bottom Physical Properties

Upon my return to the Underwater Sound Laboratory,
I was assigned to aild Mr. Thaddeus Bell of the Systems
Planning Staffyby conducting a study of ocean bottom
sound reflectivity. In an attempt to find some correlat-
ion between Amos and Brass IT sonar bobttom loss measure-
menté and bottom cowrposition, sediwrent cores from the
Atlanticl were divided into two classes (cores contain-
ing sand or silt, and cores containing no sand or silt)

and wsr

[¢)

cbmpared with bottom loss measurements accord-
ing to geographic vosition. The results obtained from
this comparison indicate that areas containing sand or
silt generally provide very good reflectivity, while areas

containing no sand or silt provide reflectivity ranging

=

rom good to bad. From this general study it appears
that reflectivity from sand or silt areas 1s more pre=-

dictable than that from non-sand or silt areas.

1. D.B. BEricson, M. Ewing, B.C. Heezen, G. Wollin,

Geological Society of America Bulletin, 72, 173, (Feb. 1961).



The relationship of this median grain size method
of bottom logs prediction bo Fry's water~sediment ve-
locity ratio method“?> will be evident from the follow-
ing discvssion of the inter-action of the sediment layer
velocity, porosity, and median grain size.

A physical analy51s of shallow water sediments from
the Pacific by Hamilton et al., (195 6)u showed a correlat-
ion between the velocity, the porosity, and the median
grain size of the sediment layer. A general increase 1n
veloclty with increaéing redian grain size and decreasing
porosity was observed. It is interesting and significant
that the same correlaﬁion was noticed in a physical anal-
ysis of Atlaentic deep-sea sedirvent cores by Sutton et

al.,(]957)§

2o kJ. Fry, W.R. Raitt, Journsl of Geonhysical Research,
66-2, 589 (Feb. 1961).

3. J. Fry, USAG Journal, 11-2, 261 {April 196i).

L. E. Hamiltén G. Shumway, H., Menard, C. Shipek, Journal
of the Aconstical Smc1etv Of Amerioa, 2h 1,1 (Tan, 1956) .,
5. . Subtton, H. 3ercLhemer, J. Nafe, Geophyqics, 22-ly,

779 (Octe 1957).



Although both studies showed a strong positive cor-
relation to exist hetween the redian grain size and the
velocitj, Sutton interprets the redien grain size as
directly affecting the velocity, but Hamilton exnlains
the correlation as a result of the velocity-norosity
relationship, and a strong negative correlation hetween
the median grain size ané the porosity. Sutton found
the compressional wave‘velocity in the ocean bottom un-

consolidnted sediments studied to be well represented by:

v = 2.093 — (0.0h1h%£0.0060) # + (0.00135%0.00038)Y
— (0.hlL % 0915')?"1 |
where

= compressional wave velocity in km/sec.

median grain size in nhi units

6

% carbonate content

= porosity

?
7

6. Sutton found a positive correlation between the

carbonate content and the velocity.




More corplete measurements will be necessary to
accurateiy establish the bottom loss as a function
of these properties, howeyer, for the present, a
general classification of the hottom loss can be
-obtained by consideration of either the velocity,
the porosity, or the median prain size.

Harilton's study in the Pacific included reflec%-
lon losses calculated from Rayleigh's ecuation as
presented by Maokenzie7:

2

Ioss in db/ reflection = 20 log1g pa=il=( A-l)cotg
N pg+ [1-(p~~1)cot

MRV

¥

where -
p 1is the velocity in sediment/ velocity in water

q is the density of sedimrent/ density of water

and
# is the grazing angle at the bottom

Although the grain size is not directly accounted
for in the above eocuation, a graphical representation
of the theoretical reflection loss vs. the median grain

size (Fig. 1) is in agreerent with Amos and Brass II

results. In both cases, aregds ‘C"(jﬁ"té‘iﬁing gand show a

7. K.V. Mackenzie, U.S.N. Electronics Laboratory Report

229 (1952).



consistent reflection loss. The fact that the wide

varistion of theoreticel reflect

13

on loss for =ilt
areas does not appeer in the Amos and Brass II messure-
ments could be due to the classification of sand and

silt into one category, end to the presence of sand in

the cores conts

}.Ja
o

« Th

Fe

ning =11 g loss variability in
silt areas, however, was confirmed by later Naval
Research Laboratory neasurements§ |

Since the reflection losses were theoretical, and
were calculated from the velocity and the density of

the sediment layer, it is difficult to determine any

o

xact correlation between the bottom physical pro-
perties and the bottom reflection losses. It can only
be concluded that a low porosity, high velociﬁy, large
median grain size sediment layer provides optimum re-
flectivity. For this reason, it is recommended that
actual measurements of bottom loss be obtained in future
studies, so that an exact correlation between the bottom

losses and the bottom properties can be established.

27



Up to this point, thls study has been concerned
only with the effect of bottor properties upon re-
flectivity from the water-sedirent layer interface.
Since the deoth of venetrution of the bottom sediment
at echo ranging freocuency is probably ruch greater
than commonly supnosed, a discussion of the sub-surface
reflection and sediment layer refraction effects on
bottor. loss is appropriate.

A recent verbal cormunication with the Hydrographic
Office sugeested that a freaquency of 12 KC will occasion-
'élly nenetrate to 300 feet into the bottom sediment,
with a venetration depth of 100 feet not unusual. Since
the demthiof penetration generally decreases with in-
creesing frecuency, it 1is Quite ﬁrobable that a pene-
tration devth of several hundred feet may be exnerienced
in the operating frecuency range of some sonar systers.

With the penetréﬁion of the bhottor sediment layer,

he bottom loss becores dependent upon not only the veloc-

ity, vorosity, and median grain size, but also upon the

attenuation constant and the venetration depth of the



sediment layer. Since Shumway found the attenuation
to vary withAthe'ffequency,’lothis becomes stlll ane
-other factor deserving consideration.

The sediment attenuation measurements of Hamilton,
who used Shumway's reéonant chamber nethod}l indicate
that the attenuation increases as the median grain dia-
reter increases from coarse silt to fine Sand° Sutton
found this was also true for an increasing grain size from
clay to coérse silt, thus implying that the attenuation
increases as the median grain size increases from clay to
fine sand. These findihgs were confirmed by Shumway, who
established that the attenuation reaches a maxirum at
fine sand sediments, and then decreases again. Figure
2 shows the attenuation vsaslues obtained by Hamilton and
Shﬁmway for different median grain sizes.

From the inter-action of the median grain size and
the other bottém propertieé, it can be shown that the

least attenuation due to bottom properties occurs in

9. G. Shumway, Geophysics, 21-2, 305 (April 1956).
10. a= kfl.s |

11, G. Shumway, Geophysics, 25, 659 (1960).




small median grain size, low velocity, high porosity
sediment layers. It should be kevt in mind, however,
that the‘attenuation will increase with increasing depth
| of penetration, and will increase very rapidly with in-
creasing frecuency. The unconsolidated sediment may
also contain a gradien%iignd therefore effect a rapid
chenge in velocity ahd attenuation with a small change
in depth penetration.

Although the sediment attenuation is affected by the
nenetration depth, this, in turn, is affected to some
extent by the grazing éngle,‘ For a grazing angle of
90 degrees, the sound which penetrates into the sediment
will be reflected from a sub-surface interface,but for
other angles, the unconsolidated sediment gradient must
- be taken into accoumit. This gradient may refract the
sound back into the Water, or may cause more or less
reflection from a sub-surface layer interface than

would normally he expected.

12. J.E. Nafe,C.L. Drake, Geophysics, 22-3, 523(July 1957).




Now that the bottom effects have been generally
discussed, perhaps the two effects can be related. From
the above study, it can be seen that a sediment providing
poor reflectivity, is a sediment providing good sound
pronagation. For this reason, it is quite conceivable
that the high reflection losses found over low velocity.

small median grain size, high porosity sedliment layers

can be accounted for by the large amount of sound propagated

through the water-matched medium, and the small awount of
sound reflected. In the same manner, the low reflection
losses experienced over high velccity, large median grain
size, low porosity layers can be explained as a result of
1ittle sound being propagated through the medium, and a
majority of the sound being reflected due to the water-
sediment mis-match.

Thié theory, 1t should be noted, was based on a very
limited amount of data, and is not necessarily correct.
Since the amount of data was so limited, future measure-
ments will have to be made in order to obtain a good pre-

diction of sound reflection losses with bottom sediment

Y

types It—is recommended that these future studies



include an investigation of the in-sediment and sub-
surface reflectibn modes of propagation, as well as
determining optirum ecuiprent parameters such as
frequency and éngle. I hope that this exploratory
study has helped to make future studies more valuable
and has added to the present knowledge concerning ocean

bottom sound reflectivity.
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