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PREFACE
The purpose of this paper was to summarize the existing studies
= e avsmmariipdl .
of the acoustic and physical properties of bottom sedimentﬁh The
5 computation of the impedance, reflection coafficient; and the re-
fiection ioss for each of the sediments, as weil as the graphic
presentation, represents the original meterial, pxesented in this
paper. No new experimental work was carried on, &nd the sediment
core date in Table | were originally prep Shumway (1958) and
Sutton, Berckhemer, and Nefe (1957). This paper was prepared because
it wes betievwetthad the information H—eomteisd may be useful to
-
-
those interested in bottom reflection and its application to bottom
oounce sanar
s
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ACQUSTIC ARD PHYSICAL PROPERTIES OF BUTTOM SEDIMENTS

The acoustic and physical properties of bottom sediments play a sig-
nificent role in the bottom reflection method of sound trensmission.

4 Reflections from the ocean bottom effect the total transmission loss
between a sound source and a receiver. In genereal these effecis are not
so readily calculated from known or measurable constants of a region nor
may they be readily predicted in advance. An examination of the funda-

mental relations between the intensity of reflected energy and the

R DAt~ S

constents of the medium is of velue in suggesting the order of magnitude

of the loss to be expected under various conditions.

When a sound vay Is reflected from the ocean butiom, account must be
reken of the resultant chenges in amplitude and phase. The changes in
amplitude and phase for the reflected rey may be givea by the Rayl=zigh
reflection ccefficient for plane waves.

The ratio of the acoustic pressure in & medium to the associated
particle velocity is defined as the specific ascoustic impedance of the
medium. The specific acoustic impedance is a real quantity of magnitude
f% that is analogous to the mechanical end electrical expressions for

resistance.

Consider an ideal plane surface seperating two fluid media of acoustic

impedances @ ¢} and (ﬂ, €. In the boundary plane between these two media

two important conditions must be satisfied at all times. These sre (1)

o pma

continuity of pressure and (2) continuity of normal particle velocity.

g . : 4
t The first condition requires thet the acoustic pressure of the wave in \ =
H s
:

the second medium equal the acoustic pressure of the wave in the first
medium., The second condition requires that the component of the particle

velocity normal to the boundary plene be the same on both sicdes of the

plene.
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In nathematicel notation these conditions ares
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where P.; P, and Pe 5 are the incident, reflected, and <te.agsittss
mwassure):,«mi 1@, o
from this the ratio of the acoustic pragsurss of the reflected

anc. incident waves is found ¢ be

T.L L ARG tow QL - AL Con By =R,
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ihis exprescion iz the Rayleigh reflection ceefficient,
The ratio of the acoustic pressures of the transmitted and

ingident waves is found do be
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At normal incidence (®.:0) these cquations reduce to

Pe - ’
=R &G, £ G (5)
5)
i PGy > /‘.Cﬂ #0
; :P._‘.. 2 2 _FaCee ‘ (6)
.Pi" /o'- CL + /O‘C_' 2

The reflection coefficient, R; may also be written as
B Y iz
P oo O =~ P ‘E*S.:-.) i 6"']

P Cem € *’,Q{L%')l - s 6;_]'!?‘ (7

R =

These mressure ratios mey be transformed into ratios of acoustie
.
intensity by using the reiation L :EE_ . The ratio of intensities

is then

L3
Ir . P - A8 - pe .08, ] and (8)
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The loss in decibels per reflcction mey be ccmpuied by vaing

Loss in db = 20 log R (10)
where R is ‘the Rayleligh xefleotion coefficient.
When the weloci®y of sound in the botiom is preater than the

§ wvelocity of sound in the ogean (€, dc.) the amplitude of ths reflected

wave will inerecase firom a finite vaiue at norral incidence %o a wlue

of unity (perfect reflection) at the eritical angle and remain at

FRVPP T
<

wilty out to grazing incidence (& :9¢), The crifical angle is

e
Q=6 M /¢, o
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The most repid rate of increase 1s immediately below the crii msl
angle, The phase change is from O degresa at the critiesl angle
to 180 degrees at grawing incidence (§: =95
If the velocity of sound in the sediment is less tha. the
velocity of sound in the ocean(t»z«,)t.he reflecticn coefficient
decresses from a finite value at normal incidence to O &t an angle

of incidence 93,\

¢, V? Y
El= Gy = cxX n-/ /-‘(ﬁ)\z 7 D
(/b0 5 -1

(1)
At the angle of intromission, @, , all sound energy will be transe
mitted into the bottom. Forgfthe reflected wave is reverssd
in phase hy 180 degrees and the reflection coelfficisnt incresses
repidly to a value of 1 st €'

One of the major uncertainties in the applicaticn of the re-
flection coefiicient is determin'ry the In giln densily of deep sae
pediments, In situ sediment velociiles way be delermined by selsmie
methods whereas in 8itu sediment densities arve doternived in the
iaboratory. Sediwent sound velocities are also calculatad in the
laboratory and agree quite well witn seismle results. Serie! meas-
urenients of water tempsraturs and ssziinity are necessary .for deter-
mining sound ray pathe ard water density.

Whenever acousiic and physical propertiss are discussed. sedd-
ments must be defined rather precisely. The term mud i3 useful as
a fisld term or as a term on charts, but is too vague wisn exact
determinations of physical properties are made, The nomencleture
puq 1n & ;a]yzing the sedimenta prese-nted in this report is that

,q.-r:_. {,

|‘.
reccmnended by Shepard in wh ch a sediment nbmé 14 derived by the
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relative amounts of sand, silt, and clay present. The following

illustration is the diagram recommended by Shepardj
j0o%,
ciay
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The sediments within any one division may be further namcd

according to the Wentworth grade scale of particle diameters,

coarse sand 1,00 - 0,50 mm
nedium sand 050 ~ 0.25 mm
rine sand 025 = 1,125 mm
very fine sand 0,125 - 0,062 mm
silt 0,062 - 0,004 mm
clay tesg than 0.00L mm

The density of & sediment is dependent on the densities of the
solid constituents or mineral grains, the water in the pore spaces
between the greins, the gas trepoed or formed in the sediment; and
on the relative amounts of these sonstituents.

& 3mall number cf common minerals compose most rocks. The im-
portant solid constituents of unconsolidated marine sediments are
the mineral particles derived from these rocks, the mineral grains
which form in place, and organic deposits., After the sediments
are deposited on the ocean floor additional minerals mgy be formed

5
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bty chemical precipitation or by the siveration of obher winerals,

In detrital mineral studies it 12 common io separate the ndp-
erals in = heavy liquid such @s bromoform, so that the minerals which
float arve called the "light" minerals (less than about 2.5¢ g/ce),
and thoge which sink are calied the “heavy™ minerals,

The Jight minerals})' which meke up sboul 96% of meny sends, are
mainly guarts {2.66 g/ec) and feldspara {2.57 to 2.77 g/ecl. The
domingnce of light minsrals resulis in an aversge grain density o
most sands of about 2,65 glew.

If +the sediment has an unuswally large mmount of hesvy mineisia
the dengity of the solid consiitnents will be greaier then the z wraze
of 2,65 g/ee. It has been found that the hesvy minersls are concen-
tratad S the finez sizes of sand, and that 70% of the heavy miceral
greing have median dlameters betweeu 0.25 and 0. .06 ma.

The dewsity of the solid consiituents in & sediment mav b2 gone
puted as follows:

wet wh of sedineny - wi of sea waley
Dengity of solids =

total volume of sample - volume o ssa woter

The in situ deusity of shellow bottom water varles hatween

1,02 and 1.03 gfec. The demeity of botiom weter increases wiiia depth
to sbout 1.05 at 3,000 fathoms.

The perosity of a rock may be defined as the percentsge of pore

gpace in the total volume of the rock, i. €., the space net occupled

by solid mineral metter. The porosity is the total por spage as oon-
trested with the effective or availabls pore space. The total pore

space inclades all interstices or volds and is larger then the

A T e P o M, A,




Table i

Sediment data and computed bottom lass

Mediam We Impcdance Reflection |

Sediment grain diam  Porosity Demsity Velocity (10°g/em’sec)  loss ;

type () (2) (gfoc)  (£t/sec) (/au ) (db)
Medium sand 028’4 39 1099 ;608 30).}0 8‘5
Medium sand 259 ly2 1.95 5504 3.2 9.0
Medium sand 250 43 1.5k 5855 3.L46 Boli
Fine sand «176 L3 1.96 5576 3.33 8.8
Sandy coarse .0594 61, 1.62 5576 2,76 10,9
silt
Sandy coarse 0563 57 .77 590l 3.19 95
silt
Sandy coarse .05l és 1.60 11907 2.40 13.4
silt
Coarse silt .053 63 1.84 4953 2.47 12.8
Clayey sandy 046 66 1.56 14387 2,33 13,9
coarse gilt
Medium silt -010L 61 1.63 55h3 2.76 11.3
Fine silt 000%L 65 1.60 5215 2.5h 13.0
Fine silt 0078 69 1.5k h953 2.33 1.8
Fine silt ~0071 61 1.62 5150 2.5h 13.0
Very fine 00%6 79 1:~35 h88h 2.01 17,6
silt .
Very fine ,0063 52 1.7 5510 2,92 10.5
silt
Clayey very .0058 76 141 Le97 2,10 16.5
fine s8ilt
Clayey very .0052 78 1.37 1,887 2.0k 18.7
fine silt
Clayey very 0050 - 143 4953 2,16 16.4
fine silt
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Clayey very 0040 &e LT 52111 2okl i2.8

five gilt

Coarse clay  .0038 63 1.9 L6 2.27 5.1

_Coarse clay 0033 35 Y77 5E10 2.97 10.3
. Coarse elay 0030 7 1.50 hedsb 2.28 15.5

Coarse clay  .0028 &5 1,52 hgse 2427 5.4

Coarse clay 0025 83 1.9 LE7, 1..95 18.5
Coarss clay .0020 81 1.32 4,887 197 20.0
Cosrse clay  -0020 80 1.30 Lgis 1.98 20,0
Coarse clay 0020 &9 1.5 £l 232 15.3
Coarse clay .CCL9 82 131 5051 2.2 i5.5
effective pare spass, In 3 water sahurated sodiment thr void space is
water filled.
Poroaity way be diwided into lwo elasses: origingl and seeordary,
Uriginal porcsity is an inharent chavasteristic and was determined
at the tame the sediment was formed. Seccrdary porosify- results from
later changes, which may incresse or descresse the originel porosity.
The crigingl perosity of the sadiment is affected 'y (1) uni-
formity of grain size, (2) shape of grains, (2) method of deposition
and manner of paclding, and (h) cowntetion dwdry deposition.
Theoretically, actual grain size has no influence cn porosity.

However, it has been found that the {inev~zrained sedimente hawve a
: higher porosity than the coarseegrsined sodiments, It rust he noted s

that size is relatsd to other nropsriiea, sueh s shape whish may be i

an inflnencing factor in porosity differences. v

| Sand gralps, because of their large sise, sink quickly to the

bottom and as they ere too large tc he affacted by the sdsorbed

g L p—
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water on their surfaces or by intermolecular forces, they assume a position
among the other grains on the bottom under the influence of gravity and
bottom currents. Sand and coarse-grained silt-sized particles either
assume a single grained or mixed grained structure. Whether the grain
size is uniform or nonuniform is of fundamental importance. The highest
porosity is obtained when the grains are all of the same size. It has
been shown that equal-sized epheres, if regularly packed, will have
porosities ranging from 26% to 48%. Naturally deposited sands of uniform
size have porosities ranging from 23% to sbout 50%. I1f finer-grained
particles are added to the uniform assemblage the purcsity will be low-
ered. This is due to the interstices being occupied by the finer part-~
icles, thereby leaving less room for the interstitial water,

The finer~grained sediments generally possess greater porosily
chiefly as a result of two factors, The finer-sized particles have
films of water absorbed on thelr surface and are effected by inter-
molecular forces. Jhen these particles fall to the bottom they will
most likely stick to the grain on which they first fall. They will be
held there by intermolecular forces and will form a three dimensionmal
honey-comb structure. Smaller particles also tend to be less rounded
than larger particles, a phenomenon which is known to preduce an in-
crease in the original porosity. These factors tend to increase the
porosity of the finer-grained sediments.

Grain shape is another factor that will .ffect porosity. Labora-
tory studies show that minimum porosity is obtained with disc-shaped
particles. These studies show that the addition of plat¢y minerals,
such as clay and ' ica, to sediments will increase the porosity con-

siderably. Crushed mica has a maximum porosity of 92%.




Sed iment

Wet Density (gm/cc)

watey density e 5 ANG The porosity expressed as 2 fwaction, n,
nay be expressed as /oa(_:—n')/a.+ﬂ,a‘.,- s Thig is a gir 11'5}"?‘ line
relationship in which wet density veries inversely with porosity
between the extwremes of no water and 1007 water.

If the mean grain density of 2 sample ig known it would then
be possills to predict perosities for sedimentc of any jrain size
in a given-area, The known density is plotted; at zero porosity,

on a density verus porosity diagren (Fig 1). A line is then drawn between

this knovm density and the densgity of ses wnter {1.02% at 1007

porosity). The wet density of any simllar sediment in the area
should lie ong; or close to, this line J
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Figure | Sediment Wet Density vs Porosity -
For sediments ranging from medium sand to coarse silt the porosity *

varied from 39 to 65% while the wot density range was from 1.50 +o

is firom

1.99 am/ee. The porosity range for the fine silt
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Equation (13), which applies to fluids and suspension, may be used

to deterrine approxinmcte comprassibilities for sediments with pore

ositios rreater than about 655,
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Equation (13) does not hold for sediments with median diameters
in the fine and very fine sand range because of the grain-to-grain
contact which causes a more rigid structure. Equation (1) gives
some idea of the compressibility valves for these sediments,

An examination of the date shows that the velocity of sound
in the bottom sediments, at various stations, is less than or near
the velocity of sound in the water Just above the bottom. Laboratory
studies have provided a theeretieal explanation for the low velocities
in the fine-grained highly porous sediments.

These sediments are lacking & rigid elastic structurz and the
sediment particles are largely free to move in the sound field. The
velocity behavior will follow that of a suspension. It a pears that
when the mineral concentration reaches 23% (77% porosity) in a fine
grained sediment, a structure is assumed in which the grain - to - grain
contacts cause the sediment to assume elastic properties which were
not present in the suspension. A{ this point the sediment assumez a
measuraole rigidity, its Poisson's ratio decreases from 0,50 for fluids,
and iis compressibility becomes less than that of a fluid mixture.

The elastic properties, previously small or absent, now become im-
portant in the compuiation of the velocity of sound and this velocity
increases. laboratory messurements indicate thal there are many fine
grained sediments with a porosity greater than about 60% which possese
a loose structure and can be considered to conform approximately to
the behavio- of a suspension

A plot of vrlocity vs poroeity shows an increase in wvelocity

with a decrease in porosity(Fig 2).
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Figure 2 Sediment Velocity vs Porosity.

of velocity with wet density.

The velocity vs wet density reletionship (Fig 3) shows an Iincrease
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Figure 3 Sediment Velocity vs Waot

Density.

A plot of velocity versus median diameter
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The impede englly i - i) for the ¢ 28
been computed and is presented on page 7. Since both density
lecrease as porosity increases {(Mips 1 & 2), the im-
bl Ry Fras 2
pedance decreases also (Fig ©).
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igure 7 is a plot of computed raflection loss (d normed.
Trom this illustration it ecan be sgcen that i
4

refilectdon logs irereasos ihis relation

ship Y i ccltion
" 1
LOUSS 1

5§ Lactdon logg 2 rmial widence s impedance shows
reflection loss decreases as impedance lneresses his is the expected
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A8 CRUTLONSGA previously, the veluclty of sound in W botiua
se_dimentsmyeimerbematert}mnor lesa than the velocity of
sourd in the water ‘overlying the bottom. TFigures 2 and 10 are
plots of caleulated values of the reflection coefficient ws angle

of inciderce for €, >Cz gnd €,4 ¢,
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Figure 5 Rayleigh Reflection Coefficient vs Angle of Incidence.
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Figure 10 Rayleigh Reflection Coefficient vs Angle of Incidence.
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By using Equation (10) it is possible to compute the reflection loss from

the reilection coefficiant. Fieures 11 and 12 are plots of reflection

lyes vs angle of incidence. Figures 9 and 11@,)0‘ show that asz the angle

of incidence increases the reflection coeffieient decreases to zers at

the angle of intromission and the reflection loss increases until all of

the sound energy is transmitted into the bottom. At sngles of incidence

greater than the angle of intromission the reflection loss rapidly de-

creases to zero at €. = 90, f-:mgle of
4 Intromisaion
40
30 i~

S I P B SO N .

20k /’

s TN

Reflection Uoss (db)

0 ") A 2 A
0 20 40 80 80 100

Angle of Incidence
Figure 11 Reflection Loss vs Angle of incidence.
Jhenc,<C'z the reflection loss will decrease as the angle of incidence
increases. At the critical angle and beyond, all of the sound energy will
be reflected (Fig 12)

A comparison of Figures 11 and 12 shows that high reflection

18
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Figure 12 Reflection Loss vs Angle of Incidence.

losses are obtained in those sediments in which the welocity of sound

is less than the weloclty of sound in ths water, The average computed
reflaction loss, at normal incidencs, was found to be about § db for
the fine and medium sandsy, 13 db for the silts, and 16 db for the clays,
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