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Jae of the bathyscaph TRIESTE has pewmitted the {irst deep water in altu
meaguoremenig of the spesd of gourd in gea flooe sedimeniz {(other than seismic,
Mernuremants were mnds at 3 starions off Sar Diego during Augnst-October 1962,

.
“
~ wats: deeths fvom 138 to 1175 marevs wusing specially desigred probee which
meagad gound cravel Ume over a | meter path 18 inches bhelow the water -gedirmens
sterince 2t {requencies of 25 ke zec.  probs accuracv wae about 0. 5 m/sec.
Theee add tionnl anidtions were made with ithe probes in sacd bottoms by scuba
divigg ‘w shailow warer

Remully 2nd conclvaions: ‘9 rerrecting lahovatory meagurements of sound
apaede ‘n zsdiment to I situ coaditions in the sea floer, Sull corpeciione should
b made {oF tmmperatvra and pressere, using fables for sound speed in sea water

2 3  Wilson, 1960). se of prozent scund apeed ve porosity curves for high-
sosnsiy sedumerin off San Mege (Sbumway, 1960 xllows predictione of in situ
| s nd spevde of lesa thar 1% exrcr  Preaent acund specd ve paroaity curves for
rapde ave po? rongidered acenraie and 3 tepiative aquation is given for
i § sards pording further atady . Sound Apeeds in sediment 2. 3% lese than in the
| |
i £ aate s fusl above ine holttom were measured at 3 stations from the TRIESTE.
1§
;q v ‘nvaatigarore should guii trying io devise single equations and cures that will fit

ait tvpea of sadimenis; prohably 5 g0 7 curves will be necessary to deacribe the
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porosity ve aound apsed vela onships for common sea floor sediments

.

Aot

o N AR A e, #0% , Hnm m P, IUNE Tony -

B e
' i i o tinnd




S el L St o e S

This memovandum has been prepared bhecause it is believed that the infor-
mation may be useiul in this form to others at NEL and to a few persons or
activities ouiside of NEL, and should he presented ir the shortest time possible.
Thizs memcrandum should not be conatrued ag a report as its only function is to
present for the information of others a small part of the work on NEL Problem
L4-1; a fipished report will be made on this subject after the next serics of dives

of the TRIESTE (Spring and ear)y Summer 1963}

The writer appreciates the intersst and skillin! cooperation of
LCDR D L. Keach and LT G W Martin who piioted the bathvscaph TRIESTE
during the dives noted in this memorandum. Mr. S. H Abernethy and

Mr J McQuay halped to keep the equipment going.
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SEDIMENT SOUND SPEED MEASUREMENTS MADE IN ZITU FRUE BATHYUTAM: TRI00I0

E. L. Hamilton, 35ea Floor Studies (Cocde 3120}

INTRODUCTION
Use of the bathyscaph TRIESTE, at ihe Navy Elecironles Labovebory, hac
enabled members of the Sea Floor Studles Projecty te make scveral fypss o
in situ measurcments in sea-floor sediments. Using probas which sre insurted

into the bottom sediments when the TRIEFIE is on or nuar the ssz floor, Rhas

b

allcwed, for the first time, sound specd and attenustion seazurusents in

————

situ beyond the vange of depths of e free diver. During the Julv-Goighay
1962 diving saries such msasuremenis were made off San Diego in waisy
depths fror 338 to 1235 meterfFigure 1).
The objoctives of the program were as foilows:
(1) To perform, for the first time, desg-water, in situ acoustic
measurements in sea-flcor sediments (other than by seismic methods).
(2) Use of a higher precision measuring device than heretofore used,
in order to refine such measuremsnts and allcw the study of the smaller
varizble factors.
(3) To compare in situ acoustic measursments with those made in the
laboratory tos {a) study techniques of correcting laboratory values
to in situ values, and (b) to study disturbence to the sedimenis zade
in the coring pronsss.
(4) To study techniques of making deep-wmater ﬁﬂ.ﬁiﬁi measurenents
from & submersibls.
In situ measurements prior o the present wers made hy divers iu

waters less than 100 feet deep. (Hamilion, ¢t al, 1956). In moct cages
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the errors inherent in thase measurements were larger than the changes of

sound spaed owing to temperature, pressure, or other small factors. The
use of the TRIESTE allowed in situ measurements in deep waler where such
changes become significant.

There have been a number of thesoretical and laboratory studies of
sound speed made on artificial sediments or models of sedimentary structure,
but relatively little work has been done on "undisturbed" samples. This
is surprising in view of the importance of the subject to military and
basic science. As a matter of fact, there have only been abtout 440 published
measurements made on cores of which 260 were from deep-sea areas, and 180
from continental shelves and slopes. The advent of free-diving techniques
(such as with the Aqualung) allowed studies to be conducted on the sea f{loor
to depths of about 150 feet. These diving ventures had two advantages: in
situ measurements cculd be made, and diver-taken samples could be returned
to the laboratory without being exposed to the air. To date, 41 in situ
stations have been made, including the praesentiy reported € stations
(Hamilton, et al, 1956). Diver-taken samples have been reported by
Hamilton, et al. (1956) and Shumway (195€, 1960). Scund-speed measuvements
on cores have been published by Shumway (1960), Sutton, et g})(1957) and
Laughton (1957). An excellent recent summary has been published by Nafe
and Drake (19¢1). It would be inapproprizte, here, to outline the theoreti-
cal, empirical, and statisticz] work of the above, and other papers, except
where it is pertinent to the findings of this progress report.

As previousiy noted, one of the major purposes of this program was

(and will continue to be) to study the corrections to laboratory-determined
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velocity and attenustion measurements ‘n order to relate themn to valid in‘ -gn_;_

properties. From a laboratory study of pressare and velocity on one sample
(lavghton. 19571 and from theorefica! considerations. it has been assumed that
the presaure covrection should he “about the same as for sea water'' : pamely,
2 positive increment (o be added to the atmoapheric determination of the
labaratury  ¥From Sutton, et al, {1957 and. especially, Shumway 1960, ths
temperature corrsctions weve kuowr to ba'about" the game as for sea water - an
amount to be substracted from the laboratory determination Shumway {19%R,
P S04 summarized all that was knowr with the gtatemeni that. in his Gve samplus,
scund velocity changes with temperatore at about the same rate as for water alore,
which he attributed to the dominant role plaved by the temperature effect on water
compresaibility. 't has been siated Sutten, et al | i957) acd is common
pracitice lo assume, that the temperatore and pressure corrections rans el each
other and that the laboratery determiration will be within 1% of the supposed
in sty deterypipaiion and corrections cesd rof he made *hig is ooly troe under
certain given conditicns, &8 will be further discuased,

Crrod aftemuation measiremerts wara toa few to discuss in this progresa
report they will be inciuded in a fina) repori

EQUIPMENT AND METHOLS
® alin measuremenis wera mades by using a velooity atieruarion meter

produced for the Navy Electronics Laboratory he Sc entific Service Labara

tories Dallasg. Texsas (Shumwayv #nd Huckabay, 196)  Brieilv, the equipment

covaists of three probaa, each 1-1/4 inches ir dameter, {astened to a




v—

rigid beam in such a manner that when the beam is on the sediment surface,
pre -set
the probes are inserted a variablgkdepth into the sediment In the pre-

sently reported tzsis the transducers were 1€ inches into the gea floor.
A pulse-actuated magnetostristive transsducer is used as 2 sound source and
barium titanate cylinders as receivers. The velocity is determined by
measuring, with a decade countey, the travel time between receivers 1 and
2 which are 1 meter apart; fre@encia%wg%
Absorption msasurements were made by matching superimposed cscilloscope
tracez of the signals from the near and fer receivers. These probes wera
attached to the bathyscaph TRIESTE in such a2 mannar that when the TRIESTE

by mw
was on ox nzar the bottom the probes were 1ﬂsertedﬁ¢nto ghe sediment (Fig. 2).

The tyrue path length betwsen the receiving probes was determined by
measuring the travel time of sound hetween the receivers, in sea water of
knowm sound speed. The speed of sound in the sea water was known by using
its temperatuve, prassure, and salinity, to enter Wilson's (196OL/ tables
and by simultaneous use of a velocimeter developsd by the Lockheed Missiles
and Space Companyw£Sualient¥epT~et-a%?-4964}j Calibration indfcated that
the accuracy of the probes was approximetely 2 0.5 q/sec.

One subject frequently mentioned in discussions of sea-floor in situ
measurements is: "what amount of weight is necessary to drive a certain
diamater of probe into the sediment?”". This, of course, depends on the
shear strenyth of the sediment, friction parameters of the probe (pile)-
sediment, velociiy of probe entvance, etc. On the first dive with the
sound-velocity probes in the TRIESTE it was determined that the probes did

not go 21l the way (18 inches) into the zoft sediment as the TRIESTE settled
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to the sea floor. It was, however, guickly determined that the TRIESTE pilot

could swing the vessel in back-and-forth motions so that the probes could
be Wiggled"” into the sea floor to full penetration. This is important in
rhat such maneuvering will permit the use of much larger diameter probes,
and with reasonable weights.'in all categories of desired measurements,
including sound speed and attenuation, LUse of larger diameter probes in
sound-speed studies will permit measurements at lower frequencies which is
highly desirable.

Small (2-1/2”diam.) corers were attached to each end of the probe frau.e
so that sediment cores were taken close to the area of velocity-stienuation
measurements, Recorders within the bathyvscaph sphere recorded the water
temperatures and depths; salinity samples of the bottom water were taken

vhern desired. From within the sphers, the observer could see and photograoh

_the sea floor, and ascertain the attitude and penetration of the probes

into the sediment.

In the laboratory, the sedimentis were analyzed using standard methods;

the following determinations were made: median grain size, density. porosity,

and percentages of sand, silt, and clay. The velocity of sound in the cored
sediment was measured by a pulse technique (Shumway and Abernethy, 1962).
The salinity of the bottom water was determined by titration. It should ve
emphasized that the sediments discussed here are of the upper 18 inches of

the sea floor.

RESULTS

Three dives in the bathyscaph TRIESTE in water depths from 338 to

S
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1235 meters yieided in situ velocity meaauramentsi diving from small boats

in connection with the same veloclity-attenuation probes gave three measure~
(J:/ﬁﬂ. /1213/,=

ments in near-shore sandy environmentsﬂ In order to employ a full depth

rangs of laboratory and in situ determinations (as available to the writer),

laboratory determinations of velocity made on a2 red-clay core from the sea

floor at the Moholie site (near Guadalupe Island in 3558 meters of water)

were compared to the in EEEE values derived by Fry and Raitt (1961) using
(j/e, /_).

seismic reflection techniques, Thus, for purposes of this paper, we have

available a vange of sediments from water deptiis of 8 to 3558 meters for

which we have in situ and labovatory measurements of sound speec. Informa-

tion and tests on these sedimants are shown in Tables 1, 2 and 3. Attenua~

tion will be discussed in a final report (after more tests have been made).

DISCUSSION AND CONCLUSIONS

Although attempte have been made to derive theoretical equations
for sound spsed in sea-floor sediments, none of them are usable for
practical opurposes because of difficulties which are discussed at length by
Hamilton, (195€); Hamilton, et al, (1956); Sutton, et al, (1957); Laughton,
(1957} and Shumway, (1960). As a consequence, these previous investigators
have derived empirical formulas, eqguations, and cuxves relating the various
ohysical propertiss of sediments to sound speed. Porosity has been the
most usahble properiy divectly velated to sound speed anq’given porosity,
it has been considered practicsl and accurate to predict sound speeds and
ettenuations in situ. Pressure and temporature corrections may or may not
bz made according to the philosophy of the estimator, and one has a variety

of curves snd squations to choose from (awmong the various papers previously
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cited). One of the main difficulties with most of these curves and egqua-
tions 1¢ that they attempt io show lnter-relatlonships betwaen properties
in all types of sediments from all depths 3snd environuents; although it
must bs pointed cut that all of thase investigators undevetand ond usually
point out that there is no universally accurate equation.

An understanding of the structure of various sediments indicates
that there will never be a universally valid scund-zpesd equation for all
sediment types. The two most commen structuras in sediments are the grain-
to-grain contacts of the sands. and the "card house® structure of the finer

( Roserigvis? . i76e)

silts, clays, and mixtures of the tw%i tha tlays have adsorbed water films
around the fine pavticlesz, and 1%t is doubtful if the mineral grains. in a
strict sense, touch at 211 (Lambe, 6 19€1; Rocenqvist, 1940). Such particles
auparently move within the sound field, and also act ag sound scattersrs
(Urick, 1947; Urick and Ament, 194%; Ament, 1953). In a separate paper
(Hamriiton and Moore, in prepavation). the view is expresced that it is pro-
bably the inter-particie forces (such as van der Wazls and Coulombic forces)
which hold and yield to the elastic wave. If go, then, investigators must
delva into the clay and finer-particle mineraingy, and dspositional history
of the sediments. in order to rvefine the presently understood acgoustic
properties of sez-floor sadiments.

The saros, on tha sther hand, havs less porosity {isss wateyr) and
definite graine-to yrain contacts mhich transmit the elaestic sound pulses
through the selids of the sediment strucfure. As a concequence, sound

spoad is always higher in sands than in clays,

The concliusion, then, is that investicators should. at this time,




tgégﬁjtryéng to derive equations which will apply to ail sediments. and
should break the investigations up according to the factors of sediment
structure involving sound speed {l.e.: structural type, mineralogy,
strength, etc.). At this time the following breakdown of the main types

appears reasonzble (using ncmenclature of Shepard, 1854

A, Continental and island shelves and slopsas,
1. Sands (median grain diameter greater than 0,062 mm)
a, WGuartz sands,
b. Calssreous sands.
¢. Volcanic sands.
2. Sandy coarse silts and silty sands (may belong in (1) above,
3. Fine silts and cleys, and mixtures of the two.
B. [Deep sea

(secdivents with less than

P

1. Clay. silty c¢lay, and clayey si
about 20%¥ Calcium Carbonate),
2. Calgareocus wnozes,
Sutton et aj}{i?67} have showin that calcarecus oozes have 2 greater

sound speged for a given porosity than do non-calearecus claye., These

y
(oo
-~
IS

investigators astimate the effect (additive)

The percentages of CaCls in thelr ssmples clusters around 29%

94% * S® with Tew sasmples betwesn. that
the traditicnal dividing line betw }4:
{30% CaCl4) may be of consequence, this

mattexr needs more investigation foraminiferal “ooze"™ (the most com-

mon varieity of calecareous ocze) is veally 3

tyvpe of zand or sanav
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carbonate. It may he that many of thess sediments belong In a gpecial
calcareous~-gand, sound speed curve, and should not be included in curves
and equations concernad wiith decep~sea, clay-siructure ecdiments,

There is not yet enough data to produce the family of curves called
for by the above distinctions. Most of the sediments used by Shumuay

(1950 p. GE€1l) to derive his curve were from the continental shelf off the

West Coast, although he had other sediments from the Arciic and deep-sea.

At this time, Shumway's cucye appsars to allow reasonzhle prediction of
in situ sound spseds for the fine-greined sediments on the continental

—————— i~

shelf and slape off the West Ccast {(and, probably, for similar sediment

types in similar environments slsewhere). Pending further study it should

also be used for Pacific deep-see clays. This curve, however, needs cor

rection for the sands, as discussed belowu.

LOW-VELOCITY PHENQMENON

The faet has been well sstablished that many high~poresity, Tine-
grained sediments have sound velosities iess than in ths sea water just
above the bottom: in the laboratory by Hamiltom, 2t al, {(1958): Sution,
et al, (1957); Laughton, (1957); Shumway, (1900}, and in situ by seismic
studies and by actual measurements at the Kavy Elscironiss Laboraiory by
diving (Hamilton, 1956) and the presently reporied work from the TRIESTE.
Table 3 iilustrates thie phenomencn in the latter four zamples; at ell

3B less

"

three TRIESTE in situ locations the speed of sound is
the bottom water; at the Mohole Slite: 2.4% leus. wue in situ

ments thus, again, confirm the fact that the highwporoeity (greater than
about €0%) sediments have sound speade less than in the water Jjust azhove

the Hottonm.
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should be made to laboratory detsrminaticns, as a study of Table 4 will
fﬁt&ilshow. If one has a measuring device which determines sound spead
within less than 1 m/ssc. (or even 10 to 15 m/sec.: Shumway, 19%7; Sulton,
et al, 1957}, then each correction should be separately made. Tahle 4
indicates that the combined corrections for temperatuvxe and pressure vary
(in the realistic hypothetical situation shown) from 9 m/sec at a depth of
100 meters to about 45 meters per second (the maximum/ around 1000 meters
depth; this amounts to a maximum of 3%. Careful note should alsc be made
of the labcratory temperature of the sediment at the time of any sound-
velocity measurements. Wilson's tables indicate that varilations in "roon
tempexature” (say 7C°F tc 85°F) might cauce sound speed varia;icns of as
much as 20 m/sec.

If one were given the sediment cores taken by the TRIESTE and acked
to preuict the sound speed, in situ, in the sediments, the correct procedure
would be to first determine the porosity of the sediment. Then enter the
curve of Figure 2 (from Shumway, 1960, p. 661) and pick off the sound
speed corresponding to the porosity. Shumway's curve was an empirical best
fit for determinations made in the iaboratory at an average temperature of
22,8°C. The next step is to entgyﬁi:sgivaiableﬁ for Sound Speed in Sea
Water and make the appropriate corrcct ms from one atmosphere pressure and
22.8°C to the temperature and prassure in situ as one would do for sea water.
One would then apply these corrections to the value taksen from the porosity-
sound speed curve. This procedure was followed with the presently reported

an?® Fique 3

samples end results are indicated in Table %ﬁ both for values taken from

the curve and corrected, as above, and actual in situ measurements taken

from the TRIESTE., For the three fine-grainsd sadiments, the arrors of ihe

S bt Al e s i ) g e b e el Sl B o e e Ll b Fl st e




predictionswould have bean 13, 0, and 2m/sec.; the average error for the
three stations baing 5 m/sec. or about 0.3%.

Sample No. 7 is from a red-clay core from the sea floor at the Mohole
Drilling Site off Guadalupe Island in 3558 meters of water. Using the
laboratory-determined porosity tc enter the porosity-velocity curve
(Figure 3}, and then applying the temperature and pressure corrections
fromJW¥‘sonl%ables yields an estimated in situ value for sound speed of
1477 m/sec. Fry and Raitt, (19€1), using a reflection technique, have
reported an in situ value of 1481 m/secgg 3 difference from the estimate
of 4 m/sec. which is consistent with the differences noted from the
TRIESTE observations,

Sound é%%gﬁgééetermined with the TRIESTE velocity-attenuation probes
in near-~shore sandy hottoms by diving from a small hoat show significant
differences from Shumway‘®s curve. The writer has corrected all of Shumway’s
values of sound speed for sand tc a common temperature (22.8°C: Shumway's
average) and has plotted them together with Shumwzy's curve (Figure 4). As
can be readily seen, the curve does not describe the porosity~velocity re-
lationship properly; the curve is toc far to the right, or in the direction
of lower porosities. When the in gitu measurements of the present study
are plotted on the figure, they too, fall to the left of the curve. In
other words, the curve of Shumway’s Equation 7 (Shumway, 1960, p. €61)
adequately shows porosity-soundespeed relationships in the high porosity,
fine-grained sediments studied so far, but does not properly define the

porosity~sound-speed relationship of sands (at least the sands off San Diego).
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It appears that a new relationship should be derived for these near-shore

sands.
The gresent measuring capabilities of the TRIESTE sound velocity

robgs will permit accurate In situ measurements in the near-shore sands
ard will permic the establishment of a more accurate relationship between
sound speed and porosity than heretofore derived. Almost all natural sands
rail within the porosity range of 35% to 50%. Within this porosity range-
theoretical and empivical studies indicate an almost linear relationship
bztween scund speed and porosity. Computing a linear least-squares line
for sands, using the best datla available from Shumway‘s work, plus the
three starions establishied with the TRIESTE probes; indicates the following
relationship:

Sound speed, Km/sec. «22.8°C = 2.362 - 1.568n,

W1

where "n" is the porosity of the sediment expressed
as a fraction of the total volume, This line is
plotted in Figure 4,

It is sugyuested that the above equation be used for estimating sound
speeds in sea-Floor surficial guartz zands which 2re loose aggregates
(i.@.: exhibic no cementation betwsen the graing). Further careful measure-
¢ ments in ity from the TRIESTE and from small boats, and in the laboratory,

will be necsssary before a better relationship can be established which will

involve the dynamic rigidity, compressibility, and density of the sands.

Work planned for the next two diving series of the TRIESTE in the

TR

2a

Spring and Suamer of 19€3 should allow the presentation of revised sound

f : speed-porosity cucves for high-porosity continental shelf and deep-sea

sedimants, as well as fer near-shore sands; pending such revisions it is

suggestad bl Shumway's curve ko usad for Pacific sediments with porosities

e =

i3




greater than 50%, but that the empirical relaticnship shown above ke used

for near-shore quartz sands. These curves (Figures 3 and 4) are plotted

with data for a common tewperature of 22.8°C and ) atmosphere of pressure;
. full, and separate, corrections for temperature and pressure should be

made for in situ conditions using Wiison's Ysbles for Sound Speed in Sea

Water (19€0Qa).
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TABLE 1. Properties of sediments

Sta. Water Sediwent Med Density Porosity Sand Silt Clay
(i} Depth Type Gr. Diam. (gr/ce) (%) (% () ()
(m) (mm)
1 8 Fine Sand 0.23 1.99 43.7 100.0
2 9  Fine Sand 0.18 1.97 43.6 100.0
3 11 Med. Sand 0.26 1.96 44,6 100.0
4 338 Sandy silt  0.05 1.65 65.0 29,0 55.8 15.2
i 5 951  Clay. silt  0.009 1.38 g€.7 2.7 63.6 33.7
' ¢ 1235  Clay. silt  0.008 1,34 85.5 2,5 63.0 34.5
7 3558  Silty clay  0.003 1.51 0.9 0.0 44.3 55,7
Notes:

: (/) k1l off San Dlego (see Figurs 1) except No. 7 {(at Mohcle Guadalupe
Site: Lat, 28° 59° N., Lomg. 117° 3C' W.). Sta. 4 is TRI'STE Dive Yo. 106,
Sta. S<pDive 112, Sta. 6-Dive 108,




. TABLE 2. Sound spesds in sediment (m/sec)

Sta, laboratory In sltu In situ minue
{1} Corracted lab.  Measured corr. lab.
(2) (3) ;

1 1647 1636 1673.03 37

2 1649 1€19 1639.82 21

3 1632 1613 1621.1° 8

g 1509 1473 1459,7% -13

5 1495 1449 144940 0

¢ 1454 1445 1450,7° 2

7 1490 1477 1481¢ 4
Nctes:

(1) Using measured pcrosity to enter sound speed curve of
Shusway “Equation 7" (1960, p. €61); also Figure 3,
this paper.

(2} Laboratory values from curve (see Note 1), corrected for
temperature and pressure to in situ conditions (see text),

(3) Sound speed measured in situ:
"a" by free diving using IRIESTE probes.
"b" from bathyscaph TRIESTE.
" from selsmic rveflsction (Fry and Raftt, 1961).

i
4] }
!




TABLE 3. In situ ratios of sound speeds (sediment/botton water)

T T _,__,1

Scund speed, n/sec. Ratic speeds
Sta. Btm, water  Sediment sed./btm. water

: 1 1503.5 1673.0 1,113

2 1496.,0 1€39.8 1.09¢

3 1507 .7 1€21.1 1.075

4 1454.5 1455.7 0.977

5 1483.1 1449.4 0.9277
¢ 1484.2 1450.7 0.977
" 7 1517 1481 0.97¢

s T =




i
i
§
i
i

poé= sefoaper .

TABLL 4.

temperaturs and pressure (hypothetical case).

Depth Teap. ¢
() (°C)
0 21.8
100 18.7
200 14.3
400 9.0
500 6.4
800 5.1
1000 4.3
1200 3.5
1600 2.6
2000 2.2
3000 1.7
4000 1.5
6000 1.5
Notes:

(1) Tyolecal
DeFant

(2) Wilson,

(2) From Wilson, 1960: assuming salinity of 35.00 ppt and

i Pressure(z)

(Kg/ex?) NVt

1.03

11.32 -11.09
21.€1 ~24.48
42,20 -82,.8%
62.81 ~52.81
83.44 =58.04
1G4.08 =61.35
124.75% wE4,71
166.15 -68.58
207 .61 «70.33
311.60 -7Z.54
416,04 ~732.43
€2€.26 =73.43

+ 1.6€ -0,01
¢+ 2,31 =0,04
» £.63 =0.07
+ 10.12 =0.09
4 13,486 «0,10

16,83 0,11

¢+ 20.18 «0,12
v 26,97 «0.12
+ 33.80 -0.14
v 53,09 -0.18
+ 68.70 -0.24
+104.87 (i A4

of Parific Ocean, Lat. 40°H. to 40° §;

196); ¥+ 'i; Ps

¢
-3

118+ 183,

i9¢%; Table IX { fox 8 =
g = 980,665 em/ses/sec, ).

35.00ppt, T = 0°C;

coryecting for temperature and pressure shown.

(4) To a sediment sound speed detarminad at 22,8°C and

1 atmosphexs pressure; ¥ correction aszuming sediment

spered was 1500 m/sac. salinity 235.00ppt.

Total

Corrsctions to sound speeds in cediment and in se2 water owing to

Sound Speed Corrections(B), (m/sec.)
Ny Histp

%(4)

0.8
1.4
2.4

2.9
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Figure 2¢ ae Velocity-attenuation probes attached to TRIESTE (sphere
with window to right) in "dary dock".

B L1 4

Figure 2. be Diagram of TRIESTE on the sea floor with probes in the
sedimente
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Figure 4. Sound spoed vs porosity for some shullow=wator sunds off San
Diegoe Straight line relationship is tentutive pending more
study (seo toxt)o fine and rediur. sands ltetwesn tlie porosity
and gsound=-speod rangas shown are only values corsiicrede




