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TMe memorandt~m ha. been prepared berause ii is beheved that the ~rifor-

matson ma.v be u~e(uI in this form ~o oth~ re at NEL and to a few persons or

act~..vft~ee outs~de of NEL~ and should b4~ preeented ~ the shortest t1.me po..ibILe.

This memorandum shoul d not be construed as a repofl as ~te on~.y fun ~tion is to

p~e.ent for the $nformnaUon of others a small pa rt of the work on NEL Prob) emn

L44~ a f~nlshed report Will be made on this subject after the nezt eer~-~a of dives

of the TR1~ESTE ~Spring and early Summer l96’~
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SEDIMENT SOUND SPEED MEASUFdEPS1I~ TS ~~UE IN .~ITU FE~ ~A~~ L ; ’ ~ ~~~~ ~
E. L ,  Hami1ton~ Sea Fioor Studie,~ (Cc~~ i~?O~

• INTRODUCTION

Use of the bathyscaph TTIIESTE,~ at the N~;y Eiect~~ni~a ~~~~~~~~~ a~~
enabled members of the Seo Floor Studies Proj ec~~ ts~ ‘~~~e £.(vc~a! types ~i

in situ measurcments in sea-floor sei .~ments. U~ in~ ~ -ob~s ~ihich ~ -e ~r~~;:te~

into the bottom sediments when the TI~1E~ 1E is on or n~ar the ~~~ ~ :C:~~~,

allcwed , for the first time, ~o~nd s~cc~ ~nd att~~ .~~tion ~~~~~ .nt ~

situ beyond the range of depths of a free d:~var . ri~ ç tha Ju~y. -~~ c~~~~

1962 diving series such asuremencs ~er~ ~sde c~ f ~ic~fl Oiego in ~;at~ :~

depths fror 33P to 123!) netar~ Figure 1).

The obje ctives of the prograit yore as followss

(1) To perform D for the first tiwe~ deep-water, in situ acou~tI~
measurements in sea—floor sediment; (other than by sothuic r~ethods ) .

(2) Use of a higher pret~ision measuring device th~~ heretofore u~ad,

in order to refine such measurements end allow the study of the st~aller

varlthle factora.

(3) To compare in situ acoustic measurements with those made in the

laboratory to~ (a) atud~’ techniques of correcting laboratory values

to in situ values, and (b) to study dist~rb;nc~ to the d m~nta made

in the coring process~

(4) To study techniques of rnaking deep~.eater in si;u ~~~~w emc~ts

from ; submersible.

In situ m~asurcments prior to the p~e~ent were mode ~y cL~v~rs i~.

wa ters less than 100 feet deep. (Hai~~~.o~ , et ~~ lg~i ) .  Tn ~~~~ ~~~~

~~~~~~~~~~~ 
-
~~L~L .~~~

-
~r~~~~9T!i .-~iu __.

~~~~
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~~~~~~~~~~~~~~~~~~ 
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the errors inherent ¶n these measurements were larger than ‘t~e changes of

sound speed oWiflq to temperature, pressur~~ o~ other small factors. The

use of the TRIE5T~E allowed in situ measurements in deep water where such

changes become significant..

There have been a number or theoretical and laboratory studies of

sound speed made on artificial sediments or ~nodels 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 about 440 publlihed

measurements made on cores of which 260 were fron deep-Rea areas~ and 180

from continenta l shelves and slopes. The advent of free-divi ng techniques

(such as with the Aqualung) allowed studies to he conducted on the sea floor

to depths of about .150 feet. These diving ventures had t.w~ advarttages~ ~r

situ measurements could be madeQ and diver-taken samples could be returned

to the laboratory without being exposed to th.e air. To &te, 41 in situ

stations have been made, including the prasentiy reported 6 statiors

(HarnI lton~ ~j al., 1956). Diver-taken samples have been reported by

Hamllton~ et al... (1956) and Shumway (l956~ 1960). Sound-speed measurements

on cores have been published by Shumway (1960) , Sutton~ et aJ-,(1957) and

S. Laughton (1957) . An excellent recent sumary has been published by Nafe

ar~ Drake (l9U). It would be inappropriate, here, to outline the theoretA —

cal , empirical , and ~tat1stIcz l work of the above, and other c~aDers: 
(~ cf~pt

where it is pertinent to the find~ngs of this progress report.

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

(and will continl)c~ to be) to study the corrections to labor~ tory~deterrnined

2
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~f~~tO4 ~~y ,i~ .~ aUe~ uat ’oa memsur eme~~ts .n ~~de~ to relate them to valid ‘ .~ ~~~
p o~~~~~re. Frum a iaborai~ory stnd’s~ of presaire and velocity on one sample

~~~~~~~~ 19’;1; and from tbeoreU.ca.~ conN~deraIic.o,. )P has been assumed tha t

the p es ~~~~~ oO v’re t~on shotzld be ‘ aboizt the s~.rn e as for sea water ’ . namely.

~ :‘~~~~~~~ ~ c emenZ to be added to ~~ mosp k e  ~
‘:~~ deterni~nat3on of the

Labn s~ut~ }rom S’.~~on . et al ,. U9S 7 and . ebpe ia1l~ , Shuxnwav 196O~
, the

t pe-~.ture ~or rect~o~ e we~’e ka~nw~’~ tt~ be’~ bov t’~ the same as for sea water — - an

arn nmu to be substracted from the aboratorv d erm~natinn, Shu.mway

p ~~4 . enmma rlzed al! tha~ was .ne~w~r wftb the etatem~.r~. 
~~~~~~~~~~ ~~ h4. ‘i’,e eamp.’ s

~~~~~ ‘-e1cr~ty ~hangea with ~ernperit~ ..e at abo~t the same rat. as b r  w~~e~ a1Or e~

~~e ~~~~~~~~~ to the dorn .ruin t ro e  p.*~red ~~ the tewperatt~.re effect ci’s wate~

~omp~ es.ibU.*t~ ~ has been .ta~ed S’ t t r r ~ & 4  ~~~~~~ ard is rommot~

pra : t~~ e La assume , !J~~ ~~ t ipe~at*.~re ir~.i ~~~~~~~~~ ~orzec ~~~~s ~~~~r ~.! ~arh

otb ~~’ and that the labo ~tnry determ t~a~ w~l~ 1’~e ~~~~~ r 1% of the e: pp ” s ed

~~~ .
~~
,, 

~~4 ~~~~~~~~~~~~~~~~~~ ~ e~’q~ rc~~ h ’ made . )~
?. ~~ o~Iv ~~~~ ‘2nde~

vi~~
- “ ,A cVtcn5  .

~~ will be ti.k~ tbe ’r ii s~
-
~ 

,v~ed

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ meas~rem~~.is ~~~~~ ~~~ Ie~ t r dj~ar i~~~ ~r’ thi~s p?ogress

‘~epo’t t~ ‘he~. w&)1 bt~ ~Ee~uded ~s ~ f1.x~ul ~~~~~i

LQ .PM~~NT AM I) )‘4ET .1O:s

n ~i ~ ir as en~e~ ts wese rn&de t~ ~e a ~~~~ ~~~~~ atte icon me’e~

“ i  ~~~- the Na~~ ~~e’ ~~~~~~ 1~ah~~~ to~~ h’~ ~~ ~‘r , t f t  Servi ~~ Labo.”a.

tt’ ‘es  L).~~ Ja~ Texis . l Shumw*~ •nd Hi~~i~ab.~ A 96 I~ Br tefiv , the eqiu pm.I’~t

‘o r~~i~~t t ~ ‘t three p~ob” s , eath S .- I /4  inches ‘r  d:.ameeer, *aster , ed to a
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rigid be.am In suc ’i ; manner that when the beam is on the sediment surface,
~ ,e.-scf-

the probes are inserted a variable~depth into the sediment In the pre-

sently reported tests the transducers wer e 18 inches into the sea floor .

A pulse—actuated maqnetostr i~ tive trans~ucer is used as a sound source and

barium titariate cylinders as receivers. The volocity is determi ned by

measuring, with a decade counter, the travel time between receivers 1 and
&( ,~ov..n,f4 uled (‘~,a5 Z5 .

2 whIch are I meter apart~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Absor~ fl.cr r~~asurernents were made by matching superimposed oscilloscope

~~~~~ of the signals fro~a the near and far receivers.. These probes were

attached t i~he h~thyscaph TRIESIE In such a manner that when the TRIESTE
4y ~‘r4 v;4

was on or ;ar t~~ h~ ttom the probes were thserted Ainto the sediment (Fig. 2) .

The true psth length between the receiving probes was determined by

measuring the travel time of sound tw~~ the receIvers, in sea water of

known sound speed . The speed of sound in the sea water was known by us in ~
Its temperature , pressure, and 6alin ity~ to enter Wilson ’s ( l960)J tables

and by simultaneous use of a velocimcter developed by the Lockheed Missiles

and Space ~ok~~anv ~~~~~~~~~~~~~~~~~~~~~~ Calibration indtcated that

the a.-ci~r ac~ of t~~ probes was approxima te ly ± 0.5 n~/6ec.

.)r~e sui~ :ect frequently mentioned in discussions of sea-floor in situ

3s~ “wb~ t amount of weight is necessary to drive a certain

diant3ter o.~ p~’ohe into the sediment’)” . This~ of course, depends on the

~~~~~~~ ~~~~~~~~~~~~ of )c- sediment , friction parameters of the probe (pile)—

- , -
~rJ’~~t ~c~ o c i L ; of prc’~ c~ ontrance~ etc.. On the f irst  dive with the

, ‘:i ..;’~l~~:i ty p ’. r. ; s~ in th~ TRThSTE it ‘~a.; determined that the probes did

go a l  the ~~~~~~ 1~ L~~h,4 ) ~~~ ~-~~~“ soft pedIment as the TRIESTF~ settled

4
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to the sea floor. It was~ however, quickly determined that the TRIESTE pilot

could swing the vessel in back—and-forth motions so tha t the probes could

be ’~wiggied” into the sea floor to f u l l  penetrat ion. .  This is importanr . in

hat such maneuver ing will permit the use of much larger diameter probes,

and with reasonable weights, in all categories of desired measurements,

including sound speed and aitenuation, u se of larger diameter probes in

sound—speed studies will permi t i~easurements at lower frequencies which is

hiuhiy desirable.

Small (2 . 1/2 d i a m .)  corers were a t tached to each end of the probe ‘ra~e

so that sediment cores were taken close to tl~e area of velocity- tenu~ t~’or ~

measurements.. Recorders withi n the bar.hyscaph sphere recorded the water

temperatures and depths ; salinity samples of the battom water were taken

when desired. From within the sphere, the observer could see and photograph

the sea floor, and ascertain the attitude anci penetratIon of the probes

Into the sediment.~

In the laboratory, the sediments were analyzed u sing ~tandard methods;

the following determina tions wero made~ median grain size, density~ porosity,

and percentages of sand, siit ,~ and clay. The velocity of sound in the cored

sediment was measured by a pulse technique (Shumway and Abernethy, l962).~

The salinity of the bottom water was determined by titratIon. It should te

emphasized that the sediments discussed here are of the upper 18 inches of

the sea floor ..

RESULTS

Three dives in the bathyscaph TR ESTE in water depths from 338 to

L
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( J-/ as, ‘,~ s~~;L..35 meter s yleided in sItu velocity meaaurements4 diving from small boats

in .~on~~ct ion  with t~~-~ same ~eIoci Ly-~tt : tenuat ion probes gave three measure—
(f1a- ~~~~wents in nea r-shore sandy envIronments,~ In order to employ a full depth

-~ r~~ of labora t ory and In situ det t rmtnat ions  (as avai lable  to the wri ter) ,

laboratory cieter~sInat t ons of velocity made on a red—clay core from the sea

floor at the Moho~e site (near Guadalupa Island in 3558 meters of water)

were comparei to the in sI tu values der ived by Fry and Raitt (1961) using

~~~ ref ’ ection techniques,~ Thus , ~or purposes of this paper, we have

avai’. 5~e ~ ra~c~ of ~e fl~€~~t.s f rom wate ~: depths of 8 to 35~8 me ters for

which ‘~~~ ha ve in si~ u a nd Lab r~ tory measurements of .~ourd speed. Informii —

Lion a~’d tests on ~t~ese sedirn ante .~t-e shown in Tables 1, 2 and 3.. ~ttenua-

~~~ ~~~~ be ~~~~~~~ in a ~~~;l report (:~fter more tests have been made) . .

DIS~JSSI0N PND CONclUSIONS

~i:th c~i~j h ~bt ~ ’p ts ha~r e been made to derive theoretical equations

for sound speed in sea-floor sediments . none of them are usable for

p
~’~;tlca l ourposas because of di~ficult es which are discussed at length by

~-~~.ilton , (~~S(.); Hami 1~ cn et a3~ ~~95d); Sutton, et .aJ~,. (1957); Laughton,

( l ~~7) a nd S .umw ~;v .. (1960). As a con~equ~nce, these previous investigators

ha~ie derivtc~ tmpirical formulas~ squations~ and curves relating the various

physica i p ;~~-t~. es of sediments to sound speed. Porosi ty has been the

most u . ,le pro pa~ ty directly related to sound speed and1 gIven porosity,

It has c~’e considered practical and accu~’ate to predict -sound speeds and

attenuations 
.!~~~ ~~~u.. Pressure and temparature corrections may or may not

ha fr~-ie actording to the philosophy of the es~.~riiator, and one has a variety

of ~:j ~ .-t s ~~ ;qu.4ti~ -1s to c~ o ~
-
~~t i~- . -~r (am”ng y~~ ~~~~~~ -1

~~ t ’~; t’~pers previously

C.
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c~t ed)~ One ~~ the main diUi. 91 ti65 wi th  i o ~ t of th~s~ c ’ ~~~ a~ J equa-

tiona is that th~~ atts~pt ~o chow tor-rc Li:~~~k~~ps b~ t~~~ n ~~~~~~ :ies

in all types ~~ sed~m,nts fr om all depths and envi nments; although It

must be pe~inted out that 311 of thas~ i .ve s t igator s ur~der~:t~’nd ~~~ usualiy

potht out that there is no universally acturate equatior~
P~ und erstanding of the ~tru~:~~ir9 of various sediments indicates

th~t thor ’ ~~li ne~rer be a ercally va)id ~ou nd—~~~~o ~~~st~ on for all

sed~ nei:~ types.. The t ’r~ mo~~ r~ i~~r st~ uct~:~~ in sed1mon~~ arc the grain—

~ r~ir~ ~~~~~~~~~~~~ r~t ~
j ~~~~~~ ~~~~~~~ ~~~~ ‘card house~ r1~c~.u~~ of the f iner

( O uc ~’~~v ~7’,,’7~~ ) ’
s~ its - c1~~~ • a ~d ~~ ‘-~ ~~~ of t~ c t~-: . ~ha ~1a~~ havu adsorb ed wn~~ r 11 .~~a

around th~~~ in~ 4~~~ a~ a~d it ~~~~. ~ c~~ l if tho minera l grai t i s  ~~ a

str .~ :t ~~~~~~~~~~~~~ ~~~~~~~~~~~ ~.t all ( Laa~be~ ~~& 1; Ro~on qvlat 1 ~~~~~ ~ icb ~ar t i c~ f-~

a are~ t~~’ move w~ r L ~i~ ~~~~~ fie  1€ an i  a lso act as ~our 1ci ~~~~ ~~~rs

~L v ~ k~ l2~7; - N - t - ~ ~~ Anent., V-~ ’.~ knent~ ~~53 . In a s ~.l!~~t e  naper

(b- .~n - .~. ton ~n.i M~~rc- , ~n prep~rat ior~)~ th~ v~. is expre~~ed that it is pz o-

bab~y ‘L~ e int er-~~~ t~ ~ ~~~~~ (s~ c~ -s van der ~~i~1s and ~oulomhic forces)

wi’d~h ~: ~ and ~ ~ ~~
- 

~~~- ~~~ ~~~~~~ ~~~ Tf ao~ then , v~ stigats~s must

de1v~ into t~”~ :-i~~~- ar~ ~i.ner -~ ar~~ ~~~ r.era~ ’;qy~ and dapositio~~1 ~istory

of tie ~~i~~c~ r,s kn o~~. ~o ~: t1o ’~ t~ o presently under~t’~oc acouE t Ic

pro~e~ tIe~ cf ~~~~~~~~~~~ •~~~~‘~ ..

~~~ s’ ~~~ 
-~ h~; ~~~~~ ~~~~ ~~~~~~~ porosit j  ~ ) and

de~~~~t~ ~~- , j r . ~~~~1 ~ ~::;r~~ , :~~, i~~’ ’ ~ ) tr-~’~:~ t ;~~‘ a~~~ t t :  sound .~ Jsos

i~~. t .~ ~ t,c i~ ci~ t~ &~ s’~~~~” st~- . uri~. ~s a ~
- •“,~~~

- - ~t~~~~c*~

~~~~~~~~~~ :. a~~- - . ‘,~~~ -~~Ther ~~ ~: - ~~~~~~ in ~~~~~
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should b~ made to laboratory deterniina ticn~, as a study u~ Table 4 will

161U show. If one has a measurin; devloe which determines sound speed

withIn less than 1 m/sec. ( c r  even 10 to 1~ m/cec.~ Shumway~ I~ t~ j Sutton,

e,t a~1, l957)D then each correction sr.~u1d be separately made. Table 4

indicates that the combined correct.tons fo r  temperature and pressure vary

(In  the r e a l ist i c  hypothetical si*ua ~ Ion shown) from 9 ni/sec a~ a depth of

100 meters t-o about 45 meters per second (the wa x inu~ J around 1000 meter s

depth ; thIs amounts to a maximum of 3%~ Carefu l note should also be made

of the labcratory temperature of the sediment at thC t i ’na of any sound--

velocity measurements. WIlson’s tables indicate that var iations in ‘1room

temperature~ (say 70°F to 85°F) nIght cau- e sound speed variations of ~s

much as 20 n~/sec,

If one were given the sedinent cores ~:a:<sr- by the TRThSTE and asked

to predict tne sound speed, in a ltu ~ in tb f  :~diri1~~,ts~ the correct procedur e

would be to first determine the pcrosl’y of t.h€- ~er,t ., Then enter tne

curve of I-i~ure ~ çfrc’m Shum?!ay, 1~~ 0.  p .. 661) and pick off the sound

speed corresponding to the porosity . Shumway ’~ ~~~~ was an p~~Iaa.~ best

fit f or determinations made in the laborat ory at an average temperature of

22 8°C. The next step Is t ’- enter ’;a~ ies for Sound Speed in Sea

Water and make the appropriate corr~. ns from one atmosphere pressure and

22.8°C to the temperature and pressure in si tu as one would do f or sea water.

One v~uld then apply these correctIons to the value t aken  from the porosity-

sound speed curve. This procedure was followed with the presently reportisd

samp les and results are indicated in Table 2- bn~’h ~or values taken  fr om
~ the curve and corrected, as above~ ~r- i ar1,~ a l  ~~~~i s i tu  measur~~r .ent.s La~cen

from the T~ XESTE .. F’~ ~ w th~-~ e fL ~ . 
~~‘ “.~ -~~~rr~n t s , ~he ~-ra~ s 

-
~~~

— 

~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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prediction~wou1d have been l3~ 0~ and 2nVsec.; the average error for the

three sta ’~i ons being 5 Wsec. or about 0 3%.

Sample No. 7 is from a red-clay core from the sea floor at the Mohole

Dril1 1n~ Site off Guadalupe Isla~ d In 3558 meters of water . Using the

labo ratory --determined porosity tc ett er  the porosity—velocity curve

(Figure 3), and then applying the temperature and pressure correctior.s
~~~~ son~~from . ’ . Tables yields an est Imated in situ value for sound speed of

1477 nV’sec. Fry and Ra it - t~ ( 1961); using a ref lection technique~ have

reported an in ..~itu value of 1481 uy’sec., a di f ference from the estimate

of 4 ri~/sec. wh ich is consistent with the di f fer ences noted from the

TRIE STE observations.

Sound ~~p -sedr ~’ determined with the TRThSTE velocity-attenuation probes

in near-shore sanc~y bot tom s by diving from a small boat show significant

d L f f e r e ~ ces from Shumway ’s cur-ve~ The wr -itc~ has correct~ - 1 a ll  of Shumway ’s

values of sound speed for sand to a coaunon tenperati .~re (22.8°C; Shumwa y ’s

average) and has plotted them toget l ’€r  with Slwmway~ s curve (Figure 4).. As

can be readily seen, the curve does not describe the porosity-velocity re-

lationship pro!.i~ -ly ; the curve is too far to the right, or in the direction

of lower porosit~es.. ~Then the in situ measurements of the present study

a~~ plotted ~n the figure, they too k fall to the left of the curve. In

other words, the curve of Shumway~s Equation 7 (Shumway, 19W, p. 661)

adequately shows norosity-sound—speed relationships In the high porosIty,

fine—gralned sediments studied so far,, but does not properly define the

poroaicy---sound—speed relationship of sands (at least the sands off San Diego),

• 32
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It appears that a new relationship should be derived for these near-shore

sands ,

~~ ~ resen1~ measuring capabilities of the IRIESTE sound velocity

proh~~ ~i l ]  permit  accurate ~n si tu measurements in the near-shore sands

ard wil t ~ er oir the establishment of a more accurate relationship between

sound speed a~ i porosity than heretofore derived . Almost all natura l sands

rai withth rhe porosity range of 3~% to 50%. withIn this porosity range—

tb ear~ t~ cal ~r~d empirical studies indicate an almost linear relationship

batwc-ei scu;-a speed and porosity. ComputIng a linear least-squares line

f c~- sands, ~~ing the best data available from Shumway t s work , plus the

ti’ree r~ ar ion s  established with the IRIESTE probes, Indicates the following

i e l at i o a s~ i~~:

Sau nd speed~ /sec. ,~22.8cC 2.362 - 1.568n ,

where “ne’ is the porosity of the sediment expressed
as a f rac tion of the to ta l  volume . This l ine Is
p l c t t e d  in FIgure 4.

it is ~ ~~~~~ that the above equation be used for estimating sound

speeth In s - f ) - -~ r surf icia~ quartz sand s which are loose aggregates

(i~~~ exhthit. !,~ cementation betweer, the grain;). Further careful measure-

ments ~n ~ ic  cr~,ir the TkIESTE and from small boats, and ifl the laboratory,

will be i~~ c~~~ .ar~-’ b efore a better relationship can be established which will

Ir.- l ~ru ~~n ~i ~u~::c r~~idity, compressibility, and density of the sands.

Work pla~nsd for the next two diving series of the TRIESTE in the

Spring a~ic ~nr~~ ~‘( 1963 should allow the presentation of revised sound

:~p p ’ ~~~t~( ’~e5 for hig~~porosity continental shelf and deep—sea

s d m ent j~, ~~~
- 

~elJ as f.~r near-shore sands, pending such revisions it Is

~;u~~~-: ~t~ - ’ I s curve b~-~ used for  Pac~.f1c sediments wi th porositt .s

_______________________________ 
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-
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greater than 50%.. but tha t the empirical relationship shown above ~~ us ed

- 
f or near-shore quartz sands. These curves (FIgures 3 .ind 4) are plot-ted

I 
with data for a common te:.iperature of 22.8°C and 1 atmosphere of pressure;

— . ful l~ and separate, corrections for temperature and pressure should be

made for in situ conditions using W!~son’s Tables for Sound Speed in Sea

Water (l9~0a ) ,
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Y-’ L~~ - 3. I~ S ic u  r,~:, ~~ of s’~u~~ ~~ -~~os (sea L • 4 )~~,t~~MIi water )

4 I Sound speed. ny’sec. R a t i c  speeds
Btm. water Sediment sed./btm. water

1503.5 1t73..0

2 1496..0 1(39.8 1..09t

3 1507.7 16-21.1 1.07 5

4 l494..~ 1459.7 0..97?

1483.1 1449.4 0.971

6 1484.2 ~45O~7 0.97/

7 1517 1481 0,976
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TA~L~ 4. CcrrectIc.n~ to SOL And speeds in sediment and in ~ea water owing to
te~iperatura and pressure (hypothetical case).

Depth r~~~.
(1) pressu x e(2) Sound Speed Cc4rrections~~~, (n~,/sec.)(~) (‘C) (Kilcrn2) ~~~~t L~Jp ~~stp Total %(4)

0 21 -8 l..03

100 ~b.7 11.32 —11.09 + 1.66 -0.01 -9.4 0.6

200 14-3 21.61 —-24..48 . 3.31 .-0.04 —21.2 1.4

400 9.-0 42.20 -.42.85 - 15.63 -~0.O7 .36..3 2.4

600 6 4 62.81 -52.81 10- 12 -.0.09 ..42--8 2.9

800 5.1 83 44 ~.58.04 -
~ 13 46 -.0.10 -.4-4. 7 3~~C

1000 4 3 104.09 —6L35 ‘ ~~~~~. ~~ -.0.11 —44..’~ 3 - ,:

1200 124..7~ ..C-~.71 + -~~~~ 19 --- .112 -.44.6 3.~.

1600 2 6 166.15 -.~-S, .58 -
~ i~~~ 7 — 0~l2 -.41.7 2~~

2000 2~2 207.61 ..70..33 - 3 , 80 --0. 14 .3 f . . ?  2, -

:4000 L-7 311.60 —72, 54 - - - 5~ 09 -0.18 -21.6 1.4

4000 ;~ S 41(3~04 ..7~~ ..43 + ~~~~~ . ‘C~’ ~O..24 - 5.0 0 .3

fAlOO ~�6,26 -.~2,~ 3 ‘ - -~~~ t~7 - -0 . 44 •~~i,0 2

Not~Sz

(1) Tyclc~l t~~~ “arlf~c Ocean, L .  40°N. to 40’ ~
~&-a~ r . 1961~ v. 1, p. 118—153.

(2 1 ~1~~ on~ ~~~~
-‘?

~ Table IX ( fox- 3 - ~5 OOppt~ I ~ 0°C:
J
~
0,65’

~
’cm/se-i

~
/sec.).

( “ )  From WIlson , 19(30 : assurnic~g r.afl.r.ity of 35.00 ppt and
correcting for temperature •nd pressure shown.

(4) To a sediment sound speed det2rrninad at 22.8CC and
I atmospho~-e pressures % correction assuming sediment
p~ed was 1500 fl/sac- saI~.nIt” .35.O0ppt .
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Figure 2. a. Velocity—attenuation probes attached to TRIESTE (sphere
with window t o  r ight) in “dry dock” .
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Figure 2. b. Diagran~ of TRIESTE on the sea floor with probes in the
sediment,
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FIgure 4. Sound epoed ye por oe~ ty for Barr , ahullow—wator sta nd s off San
Dlogo. Strii$g lit line rolati nncl.&p I ni ter ,tut ive pond in~ more
study (see toxt)i f1~ o awl iredlur. sands t~,twe,i~ tit o ~oroBity
ar id ~ound—ep ood ru ncac ~1iown arc onl y vu1u.~ni oon r l lor ed .

:::i~~~~~~~ -~ ~~~~~~~~~~~~~~~~~~~~~~ 
-_ - —  

•- ~~
•-

~~~
— 

~~~~ -— ~~~~~~~~~ - 
_ -
~~~~~;~4


