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M~~~~1~i~ &tITt~ K LE( Z’Iyl’L’Y A~ l~ 5

L L Gax-d13t~r e~d V. ?~. ~~~~~~~ C~4e 3i8~5

This ~eaoran&~t ~iei~er.tbt’n tI~~ ~~ ae~t ~~‘3 e cperii~~~ta1 tec~-

4.ique beAn ‘used in a stu&y ol’ ~~c~~ti~ bott~~ retI~cti,i.ty a,~.d -
~

prelents a ~eaL1 s~owit of cia~.a~ o~~~ t~e~i ._ t.be ~i ’nt sea ~~~~~~~~~

• This aw~ oraodum nan been prepared bee~~~e it~ La believed that ~~~

iaft zia~t~ oz~ co’~~red ~ay be uset~1. to uzber~ w’orkiz~( on ~~~~~~

pro~i.e~s at Nt.. It ebcxdA iot be iitr~~d ~~ a tor~ai ~~~ re ” ort

t f :  Ot~1y purpose ~~ to pr.5e~t in x ner~.t~~ o,~ a srn~g.ll p~r~ ~~~~
‘

~!FL Probi~ n Li-5 . Q~~~, ~Jin~ted ~~at ~~~ .‘!~~~~
-. Out81~~ the Labc~t~ tQry

i s 1t~eL?~ kated . 
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~~aric ~ori’a~ a~wL~x~rz’rrrf *i~ - .
- 
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~~~rJ~tLL~1W ,:
I~~ ro’v’a~~ rit in the design of soc~.r equi~~nent depends to

large extent on ~~~rov~d w~der t~.~id1in4~ .~f ‘the ~ea erwirotaent

end its effect on w~derveter ao~rtd ai~t~9.2..s. Appli cattons vtai~b

invol~~ reflection of sound signals fr a  the sea floor ba’ve bee~z

a particularly trciubies~~~ problem in underwater ~~~~ at~ c research

Tb,~ roughness of t.~~ bott ~~ ani the depth end phyeLcs3. properties

of the J.ayere of sedinent wn.ich uoi~erUe tbe water laya r are

u~u&iiy i~~erfect1y- knovn and i~~~
, vary coneid~tz- ab1y even withi n

a relati ~‘ely smell area. P~ven woen the ~ecs~etry end physicaL pr~-

er-ties -
~~~ an area are known , predIctions , ba.eed on theory ba”e nr .~.

~e~ n b.tg+ 1y successful . As a result knowledge of bott ca lC~~. —

t v ’ity is u I u ~lly obtained fr ’~n field expert~~utn . Eecent 1.nrç ro~ve-

ments In theory *nd impro~~d erthod s ~cr d.~ terminin~ the ;hyaical

properties of the sedtinent layers ~ay ~Uevt&te this probie.. ,k.t

pre~~ nt bove-.rer the ~ cpe riaaenta.i ~~~~~~~~ with in~reaee~i e~~hasi~

on i~ ~~eri~ental ~ontrol and accuracy of me re~uenta . S ~ still

r~eeded to obtain d~ aign L or~~ tio~ arr~ to te~~t theoretical modelt~

a~~roprIate to the ~Ii~~ i~ ion.

The 8*y l.e lgfl expreaston for tht~ ~~czv refl.ectIo~ coetficie~. t.

(~two-1ayer cat e ’ g5 . vet perfect r ’,flecUce for ~ razi-~g~ an&tf~n ~~~~

than the ~~~~ ~&~l angle~ A motl ficatiou of this the ory, suggested

* Ar g].e between the~ ~oun’I ray and the buttcet.

-- .• —— . - ,
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b.~ ~a~a~ozie ,2 
~c~r~9i~ero the effect of the ~ott ~ s at teuu~’4on tacto~

and, shovs tw~~ ref lection loss eay te ex~er- ted at all grazing ar~~l~~

~z-eater than 0°. The px~ sence ~i two or more shaJd oii layers of ned-

iment and the existence c~ sediim~nt l a e~:s ~it b  soun d velocit~~’, :

~.e %~e thazx that i~ the water 3
~~ have c~~ipli~c~ t~~ both the theoret teal

and c-pei-thentai. aapect~ of the problem. A atasber of modeLs con-

sidered ~~I tAble for deep ocean bottc~~e have recently been euggec~ -

ed . One of these, suggested by C o.) a vml IIeI1~ ~aa bean f&~rl.y

uuccei~sful ifl obtaining agreen~ nt ~r~z ~‘xperimental resuI s. it

is a three..layer mode) and 4.~ombines the three-layer eolut ion of

wi th the modi fi cation suggested by 14ac*erzte .

P evi~~~ experin~ atai studie s of accj Lwtic bott~ a re flectLv~ty

ha,~ beer~ ms.de wi th sig~aln c~f rela vsly  P~1~~’ f r  uency or with

• e~p~osi~e sour ces . r~~~ ang le rc~erage , e~~ ecIaliy fcr ~~~ ~ra.zi ng

ar~gJ~ee, has been incomplete . Thr ~rcsent stu dy endeavors to ~d~e

a more cce~plate ang~~ar covera€e wi th empba~is on the low angle .; .

Frequencies of 1.5 kc an~ 10 ke have been used thu.i far e.nd further

test s using 3 kc sources e.s well as exp~.ou~ ‘x aouree. ~ ar e pla~med.

ide r able contr ol ot t?;e experIrne i~t has been achie ved, uc b eLIeve ,

‘oy e~.chor ing one or both ~~~~~~ by ~~~•n~ var iab le depth ~~~~~‘ - 
~~~

tz-~ rto ~-dtzectiona ) •:,r ne arly so, and by the choice of ~ J ativ”~~y

~~~oth ~./i .~cve j. &~-e~ ~~ r 5. t est  E . t ~~.

.D~~.a we re ~I:~~~~~~~-.i ‘.iLrin~. ~~~~~ ~; J . p~ .~n ~~tobe r a~,d ~~ce~ t~r~r

~~nu ~.uguSt !~.o.2. The j~t-eaenr -~p :-~~ .
-
~ rit~es ~‘~r ‘-~~v Spm ent ,

~~~ ten 4 a,~~~ , and tue expe r imental ~rOceduLrP . I~ a l so  pr P .~P ’ t ~ •~~

iortj~~ of the df ti~ obtained on the October 19~i tr I p.. ThI n re-

‘t~on t.0 Oct~bnr .t~~ .i data Is a eatter ot cc,nverdence at tbIs
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~~~~~ ~~~~~~~~~ or ‘th.~r ~ s~a , e~~t b~ ~.el’,~’ed to perai t sI .~~~ r~~

- : ~~~~ ~~~~~ :~ U~fi~~ :L~\ i*.li dati~. The ~r~.’sent pur pose i~ ~o t . ~~~:-~:

• i - , . A~~’~ ~~~~ ~~~~~~ •~~r~’l~ s o~ results.

~4~t~JTh~~~’2 A~D ~~~ P)~~ TAL P R L ~UR~
• The prc ~~~~~~~~~~~ ~~ d e~u !p~ eQt use l on all three t ;.~~~t

~~re stmiliw. ~ths ~~11cwing d*’~s~riptton~ ‘thicb refers spec . . !.~;

to th~ )c~.~ ber 1961 t .cI~~, ~i.1l therefore give S gen~!ral i~ie~ ~~

~~ teci~ ~rocedur~s for au t~I~ s.

T~ecb or tt~ ~~~~ (L~33 ~IYBU1~ ~~•c~ Y?UJ4~ ) ~~~ ~qi.~-ç~~ t- ”

~~~~~ reec~.ve and ~-~~ ‘~rd 1 .~~~ ~~
— der’,r~’tev si~nais; the K~5~J~C~

~~~~~ csreie~ c&~ffi.r ~~~: ‘~e~ o-8oc;n~.iag e~ uipisent . The Y~U-~ 5 ~~

~ .~ :‘~oz-ed wbi 1~ the F~~3U1E was sUbbed to &ci~~~. The p~~tc’~v~

~~~~~~~~~~~~~ 1., takefl on t~~ YFU - ’ 5 abovs ~~e 1.~ kc source beir .€ ~~~

:~--~r the bow ; the ~lS~ R~XBU1G 1:; seen ~~ the ~)e~c round.

The gec~~~t;ry of the r i - ~t~l ~:•.~~~~ er ’- ~~ sho~m •
~ ,

~~~~~~~~we 2. A~ the C1J~JR(~ drifte d aw~.y froa~ the I~~J, th~ ~~~~~~~

n~gle 0 i~ade by the bottom-r~tiect~4 ray changed gi iu~LLy . -:

nuu~ber ~f graz .tng e~igles tented w~e further ~.~creaeed ~~~ ~~~~~~~~~ ~~~~~

~ece,tvIng the sound from ~.eve r~l ~~~~~~~~~ d.e~~.hs . 1n ~~~~~ 
• 

-

t;ou~-~ e8 ~.te~-e ~~pk ~~~~ ~~~1l~~ ~.his ~~~~~~~ tr cublenc~t ~~~~~~~~ ~~~~~~~

;~r~~~~~~i 1o’~ grr.ztn~ _ang1e ~athc ~ro’.n ~o’~rce to ~~~~~~~~~~~~~~~~ •
Y

~L~c~::Lon6 , to  ~~e deocrtbe ti ti~ ~ i E ~ ~~~~~~~~~~~~~~~ t~ -~ ~~~~~~

r~~lectic)n coeffici-~nt’ ~‘ cuiri then be obtained by cc...u p ~~.rtr ~~~ ,:

• ). i~ -~des c.~ ~~ d~ r~ct a~t~i ~oi~~~si~rer1eci~~ ~.tg U~ IF~ as .~~~~~~~~~~~~~
- .-

~~.c ei.ving ~t:i~ ~~~~~~~ ~~~~ ~ ~~~~~~~ ~: xsj~t~ted ~~ ~~~s~uin~ 3lp~;’ . ’ .

sit ~imee fr ~~ whi ch ~~~~~~~ r s,r~1M, ~~~ :~~.‘ c~~~ 1ete g ’ac~t.~~ :‘ ~~ ‘

‘.~‘t ce~Q.ci th~,u t~e e~i1eu1atpr~& .
1 
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The t .~ ock diagram In ?tgure 3. ~boiie the tr~ni~m.ttttsg and rec’eiv-

ing system used aboar d the T1!uJ~5. That on the USI~ R~ CBUWJ wa~ ~den t—

teal except for the addition of the linear ft equip~~nt to be discussed

hater.

The no~~d signal to be transmitted or.i~gtna tes in the keyer ( see

Fig. 3) and after amplificat ion is transmitted simultaneously vi tb

a re4io pudse to the receiving ship . A signed fr ~~ the BI~XBUHC Is

received at the YFU-~5 on three channels wia the 013*110w azid c~ ep bLyd-.

ropbone sad t~sC tra nsducer which Is normally switched to the d y e

position . Liaea r emplifler s (io dh ) and. variable atte nuator s br Ing

the receIved. signal to a level sui table for di splay on three e.nnels

ci’ t,be paper-t~.pe r ecorder. Channel 1 receives the re.d.io signal wh.i~~

prov ides a zero-ti me reference . A 200 epa sine wave generated by tht

crystal-controlle d clock is recorded or~ chann el 5 and serves as a

base for ~~aeuring travel time via the various sound paths . Yigure 4~
nt ~ovs a sample record obt~ained on the YFU-4 5. A 5-asec pulse t renn-

mitted i~y the EEXBUUG has been re~’eive d. on channels 2, 3 end ~4 .

c~1anxie1 shows a numbe r ot’ arrivai s which are not always completely

resolved.. This lack of resoluti on is clearly eb~~n In Figure hb ,,

chan nel 44 , where the u!reet and surf ce lectea signals overlap al-

most completei.~~. Cbann~.1o 2 and 3 ft. ~ 4 . gure &4b . ~now •~ompletely ~e-

solved direct , bottom, and nurfsce-ret l~cte d signals plus other 31gr~..1z:

resulting f r o m  more than one refiect lona . (Leblee B, D *nd 6 refer ~~~‘

bctt a~, ~1:~eet , and sur face , eapectively.

4
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C0MPARI8O~ Cr SW~1AL. !WP~~
Three types Of signals were tran smitted. &~ in.g the October t t lp .

Ilk addition to the 5—a sec CW pulses, neon in Figure 44 ,~. two types of

P)1 si~mad8 were used; 50-macc IN chirps and I i~ear ft pulees. A major

objective of the October trIp van to ccinrare these sign sd types and

thus determine the most appropriate type for future use . Each type

mod the ir relati ve merits vii]. s~c,w be dleeuz3ed.

~~L~~~ PulB~~
The 5 meec Cu pulses transmitted at 1.5 kc/s were short eno~gb

to give good resolution between the bott om—reflected and direct-

arriv al signals as long as there was a path difference u l v t~t to

the length of the pulse In water ; that is , a pat h differe nce of ob...ut

8 yds . When these two signals are resolved their smplttudea can be

cotnp~red to obtain the reflectt~ n coefficient ~ For a given pulse

length , the path di ffere~~~ sad the gra~i ng angle depend. on the separ-

ation of the sour-c nud receiver ~*nd izry~~ theIr d.jst-~xiees above the

bott om. The relation be t~~e~i grazing angle, range, sad dista nce ci~

the tr ansducer s above the bottom Is ahown grapbica.U,y in Figur.~ 5. :~
th:is figure it is aaaused that i~oth trsnsd~eera (source and ecei~’e~~)

are the seee dista nce, 1), ~~~~~ the bott om.. The X -teark on each curve

giveh the 1i,ttt at whi~~ a. 5-.s~sec pulse t a  resolved , expressed In ter ms

of range and grazing angle for  the give r~ value of 1). For example , 1’

1) ) ( X ~ yth~. USGbl .’ ~iata is limit.ed to grazin g angles or J6~44 .S° n~d

~ tr~
. A~ these cur ves show, the lower limit to gra~.ing angle cover-

e~z~ ~sIr ~g 5—macc pulses is about 44° uflJ.~ sR ranges in excesL~ of 3000 yd5~

are used. Shorter pu.lae l~ ngt b~. viU Increase this cove ras~e but ~~~‘.

1.5 ke/a a 5.-asee pulse, which contain s 7.5 ~rsnles , is close to the

——-

~
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FIGURE 4b  SAMPLE V IS ICOR D E B R EC O R O S  S H O W I N G  RADIO PULSE , T I M E B A S E  AN D C W
PULSE ( 0  IS DIRECT A R R I V A L , S IS S U R F A C E - R E F L E C T E D  A R R I V A L , BS IS
8O T T OM - SU R F AC E - R ~~~~ L E C T F 0  A R R I V A L .~
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- ~actiea.j limit .. Int~erfc reuce fr om the surfac *- re fi~~:ted signal z~~wr.

t ’~ consi~ ersd , the esme eurv~ a~ using D as the distance to the

sur f ace , ~a~- kx~ used.

Linear F~~ Pui~.cs

The linear FM equi pment , used ~~ly o~i the Octobe r trip, was a sod —

j  t i . d version of an echo--rangi ng eq pmeni. origina~I ~~ developed for long

z-e..r~ge, dee~ -watcr researeh.T The line~ir fli pulees were one oe~cnd

long and ~~~ a var iabl e sweep frequen cy with a cente r frequency of 2

kc/a . The sweep frequency w~s ~ene r~tteci or the ~~ C8UE~ and transmit ted

by radio to th~ YF’UJ’5, ‘.tbert~ it ~~~ then etr osmi tted Into the ‘.“-~nr

thr ow h C power empl~tier. This ~xp~~~ent ~.tas nec’et~eary b~ - ause the

only avnile.~le equipment va~ on the P X&q<~, and It Is necessar y !or

the }3al!i~ ~~~Ipment ~c generate as veIl as e $ v-e the signals . Figure

6 I a  a replIca of the ~igoal s recei~’e-1 on the X-Y re~ or~ier used wi th

thI~ equi pme nl . Afte r ~er !ain 1rectioi~s, the w .~tude retLectIci~i

t fict ~ nt iø obtain ed ~y f I n ~in . ii-~c rat .’~. a ~‘et~eer’ the bottoh-~rerlec~.—

ed smplIt~ide , B , a-nd the &irect-ac~ .ival aapll tud ’, D. ThLs system pr o.-

vi~ied a minflm ns rcso1’&~J - e pat-h dJ fier enc-~ of’ about io yd-c . An upper

limit of 185 y~I n in path difler nce was im posed by the scale ~.isd t~t~.x~

of the r~cor3.er . Be us’~ the ~~ pIt lsc. 4 were easier I~o gt~nera te and use.~

because they gave U ..rv~what ~reatcz- B~ 4~~~ •~ov-~r~~c , ~~~~~~ beeuu~e they

presentc~t fewer calibration prokf ~’uis , Lbe use of t — ~e in~ear FM sy-~ t~- m ~
r~ thi s 6t L ~i’/ V h S  not cont inued . However , the syi tem work ea ~ftt is.

~act•~k i l y .~r t t  may be ~~ thzportant t ool for ~ im ~i3M.r ~t~~Ues in deep

water whe re i t~ b 1 i~ ign&L--t o—n o1~~’ rat io ~.e a ~nore 1 mpor t-~xt t C- on8l~~~ - --

atlon than in the relati ~~ly shallow-water , rt-ra~~, cR ’~ -

6

Ir.. . — - ._-—---)- -—- - ———-—--— . ———-— -- — .-——..-. .—-—-— -— ——— - —-- -——-——- .—- -- - ,.-—- .--——--——- .-——-. -- - —.—.--—.-.—‘._ —~——— ‘‘—-——— ~~~~~~~~~~~~—.-—- .j ~J!lIIIlI~~
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RANGE I N T E R V A L  : 188 YDS

FIGURE 6. S I G N A L S  R ECEIV ED ON TH E X - Y R ECOR DE R OF
THE LIN EAR FM SYSTEM . ( D :  DIRECT , B : BOTTOM ,
S:  SURFACE S IGNALS ) .
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~~ ~~~ Cbix~ps

The PM chirps ~ased were 50 im~ec long .. The1 ‘ere swept linearly

-
~~ freq~1euc~ from 1.3 to 1.6 kc/. at a ra te of 6 ke per second , per

se~ oad .

At a receiver , the soun d fr Q~ the di~ ect and tot tc~~-r ~’fl.~eted

pathi; arrives slightly d.Isplaced In t ~~
- . The beating together or the

•.yr , signals pr oduceM an interference pattern which ~~y be seen between

and C in the sruspla record of Figure 7. Liebersmzin8’~ has Shown

that the ~m.ximtsa readIng, 14, Is the sum of the two signal. a~p1it~des

an~ that the minimum , m~ is the di “t.! rence betwe ’~’u them. The a Utud~

reflection eoeffic~ent R is therefore ;

~ 1~t~L~- (4:.~
) 2i- B C’)N-fm ( d-I- r) + ~d- r) ~~

wtie re d and r are the saxpil tuUe a or the direr t and reflected s ignr.i ~,

respectively, and U Is the amplitude i-i~fiectIc~ e~~ fti clent .

TJse of the FM chirps Is  limitei to relat i—~m~ y low ~~~31fl~ angle s

t’~ecanse, tor best d,fla , the surface-.re flee ted a I gr~al sh ould not ar ~i ~j5

u n t i . ~. at Least one pulse length after the star t of the bot tcei-.refle ed

uigpsJ. Also, the path difference m~mst be at least gre at enough to

give one complete max imum and rtl r~iiraau during the tta~~ that the atguals

are interfering. InereasIn~ the path di fference increas es the beat f r e-

quency1 tbu& giving more ~~-at~ ir ~ a give n t ine . The ~rpper l~mti of t~ae-

:-
~~~. - -

~~~~~~~~ I~ reached wh~u the overlap Ir ~~~nals is just great c~ oc4~ ~.-o

~oduee one ct ’q;i-~te cycle of’ ttiterf~re:iu~’.

Whe n the factors 1iyn.it 1r~ th- - unc o~ t~-~ 714 chi rp ~~~
r:r ‘~l~e present . -e-~~i ~~nt , I t  iS found :n t  t~~~l~i - ‘ate I ~.t ,~iitm~ ~ Ler k

path dii’feren~es of rrom 5.8 yds to 7~ yds •-xi at . . This oi-resp~~~1r ~~
delay t.tiies of k .t~ itsee and .6. 14 !r.sec , respectively . ~. ~~se ~.t ~~ ta’~-~ - s

7
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FIGURE 7- S A M P L E  RECORD SHOWING IN T E R F E R E N C E  PATTERN

PRODUCED BY A N  F M CH IR P

(THE DIRECT , BOTTOM -REFLECTED , 4N0 SU~~F4CE -

REFLECTED PULSES BEGIN AT A , 8, AND C AND
END AT D , E , AND F RESPECTIVELY .)

~
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~~~ Indicated on i~.ome of the cu’vee of Fi gure 5 with ~~ rc lea vlilcb sh~,

the ~enlge and an~Je  interval. over which useful data ~~y be obtained fc~r

a ~~ yen sourc e and. receI ver dep ti-i . ta r ~.xa.rple , the grazing—az~,l.e

~- overage , wt~e~ the source and receiver are 150 yd.s above the bott om,

i. s fr om a low of 2 degrees to ~ x~~xinnm~ of 29 degrees; the range

tnterval for thi.~o case Is fr om 500 y~.s to 8000 y4s . When the source

and receiver ~ i-s 50 or 100 yde fr om the bott om the uppe r angle bs~

is closer than 500 yd.s and is not .3h0’m.

¶~~ increased resoluti on prov ided by PM chirps gives somewhat

be ttc r low-angle c owe rage than eith er the 5 msec pulses o” the linear

714 syatec~. One Irawbac ~ in the use of the chi rps i.e that a1nb~guou2 re-

cul ~ are obtained it the bottom reflected pulse has a greater ~~~~~ -

tud.e that, the di rect pulse . Aa~ Lieberinann9 has erplelned, this ~~~~~~

u~ ty ra n be resolved . The process is tedi omis however and should be

avoided if poa s~~ i~~. Anot.ber disadvantage concerns the necessity for

cor rec t ions in s plitude because the tre~uency response of the sources

are not flat over the fr e~ue~ cy tnter ul covered by the chirp . In

i3pi te of these drawbacks C~rther teats with 7)4 chirps will be i~idM

~.lnce there I s sczse ind icat ion of Increas ed stability in results frc*t~
p;;.ise to pulse and becausc~ angle coverage down to 2 or 3 degrees c~~

~~ ik ~tai ned by this metbo~1.

nF~cRrpTIc~ OP 1~ 3T AREA

The t~~~’~t L n  ~~f’ the test ar ea off MissIon Beach , San t

¶ r ~ ~ t~~~ rc B. This ~res was aelec-te~ because it nee a flat ts~ Ierately

-l~:sp -o.:ean fio-~r and is readily acces~ ibXe rr om N~L. A £‘urthe: ~~~ ‘~ c.~t .-

~ige of the s ite  i s  th at it ~~ shaliov enc-u~~ at 200 fma t-~~ --~r~~~

B

I

L _ _ _
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i.~ chori ng of ~~e or both vessels. Thus a stable point of reference

is p!~)vI ded for the tests .

The sea bottom in this area comisist s of a layer of silty aaterial

of high porosity
5 and low 8aufld velocity, properties wbich are also

cr~aracterIstic of large areas in the deep PacIti~ Ocean basins.3

lk*~nd velocity ~n the upper part of th is laye r is close to or sLightly

lose then that in the sea water near the not tun . As seen frcs* Figure

9, sound rays striking the water-c~Ilt interface are partiaLl.y reflected

with the remainder of the energy going into the silt layer. If the

silt layer is homogeneous thi~s transmitted ray In retracted at tu e

silt-water interface and follows a straight line path to the sub

bottom where the ens r~y is largely rt ~flec ted and returns to the water

along the path shown. The possible presence at a positive velocity -

gr a&leui t in the slit , u~certainty regarding the thickness of the silt ,

uncertainty regarding the roughness of. the ;ut bottom, azzcl uncertaint~’

regarding the sound attenuation coefficient in the sil t lays - arc

ccsnpllceittons wtiic~i make it difficul t to predic t the re flection coeffi-

cient lu this area. -
10Izrforniati on obt.ai.ned fr om the Sea Floor 8tudy eectic*i of &~Z. in-

dicate that t~he bott om sediments are cia.yey silts a~pro~cizete].y 7 yds

thick over shale or ssndstc,ne . The ph.vaics.i. and aco~zst fr pro per tier

of the three nv~’d Ia ( wate r , i~Ii , ~thaJe ) ar e shown ii~ Ps~ i.e I. An

analysis of a ~e timent s~~nple brou~bt ‘~p by the anchor in thI’ area

~~ agreemo n t. ~r.t Ui the tabulated valuiis. Also , recent in ‘3tt ~i me s1~rei~~~ ~ 5

obtajzyv l dur ing a &L ~-e of the ha tliyecap~i ThIi~9~~ in thin area provide
9

~~4atic of the vol tm~ of vc~ ’L~ 4 sea. water) between the ~ralnn of a
B SMjA-’ to t~e tota l vo1~mie of the seoi.~~tit.. -
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f~ r-ther confirmation for the water sr~d a!lt &~ound velocitte G which appear

in this table . Dur ing the dive of the Tk~ !S!~~ acoustic pro bes were

used to measure the so-~ n~ ve1o.~ity in the upper region of the ,1~ 1t. The

sound velocity for the anchor etarn pTh wat obtained fr om the por osity-

oc~ nd velocity relati ansMp de~ cr1be d by ~huniway.~~ The attenui~tion

in the se&iment ~ia.s obt aine d fr om Sbuunta~r ’s11 30- to 37- kc/s vaiue~

wtiith were extrapola te d -to 1.5 kc/~ . -The average frequency dependen ce

obtai ned fr om the 30- to 37-kc/s re sults may be expressed as,
1 .8a ~~~ •

where a - attenuatIon ~n dt,, f ~ frequency, and k is the constant of

proportionslity. It is important to not e that the average value o~’

1.8 has a standard deviatio n of approxiioat.ely 1.0.

The ~ropert 1e8 of the third iay~r (absi e or aandaton~ ) are po ’rl.y

known h~t this in less import ant than the other uncertainties ~~~-~~u~ ’

sn~-ntI oned..

As already stated , the bottom in this area Is fair ly level and :~s

óelleved. to be quite smooth. In t t-e Oc t.cber teUts , for exai~~le , the

tra~k~ (rig. 8.) were ove r bott oms w!i~ch had !ai :ly Linear slopes ot

lens than three degrees , as ~nd If ~a.ted by the echo- sounder abce~rd the
F

REXBUU(~. 7isua.l ~~~~~~ra.tioae fr om the D{&~ tend to confirm that th~

bott om is smooth s ~t least over the limited area seen through the v~~ ’-

IL ~~ on the TflI~~~~ .

U 
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~~~ a~~ litud~ ‘~ec~.io1~ coefficient for ~~~ o~~an hott~~~ I s  th~

o? thg- ~~~ ~‘(~~ 9_t ro~rnt1 -.~‘, ~c ’6& ~ ~- ~iw-~j~ t~~ -~ ‘~c t~hm .~ of ~~t C ) ~T~C~ ‘~L~fl1

waw ~~ path )en~ thI~ are eq~ia1. !tM the r ounñ source and rece1v~:-r

~~ ~~~~~~~~~~~~~~~~~ ~~~~~~ ra tio eax be r~ wi1 dtrecti~ ~‘rr~ the a p1:tu~~

c~ the bottoe-~e.f~~~ te4 and direct ~~~~~ ~ , such as those cn-d~ r~ ~~

the Vinitor :ier tape , fl. gu.re ~~ . C’.t ‘t o’.- g r z~ n~ ~~~~1c~ these -~ond~~~1c~~.

of path ci~~t2~ an’~ ~~~~~ t~’r~t~ -were closely appr o r~~te~~. At o - k ~~i

angles the ra ti n’ ~~~ the recorded ap1 tudet~ vsr f- orrected ~~~~~“ tl~ f’ r~ - -- ”

iz pat b 1en~ th t-y ass ~~~~~~ inverse uFt”~

rrect~ci~s for eourc e ~~ ~~~ ~~~~ +
~~~‘ ~ty wre ott  rred t!~~~ I

~~~~e vert- t caJ re~ f i v i t,~ pM te~ n seen ~~ Y~p’~r~ ~~~~~ As $~ ‘i~ ’

~bu’bJ. ~, the cor rc~-t~’om at l~-~ gr’~~- - -~ ~uig’t~’” ~~~ ~O°, ~~~ ~~~~~~ 
I. 

~~~~~~~~~~~~~

- . - () . 0
~~~ rj ~~~~~~~~~~~~ t ~~~~ (1j5 , it~~. w) however th.~ r~~ur i ~,rss~ ~s ~~~~ ~~~~~ —

6 db <~c.~qi , ~~~~~~~~ rt~ i ’c~ the ~~~~~~~~~~~~~~~~~~ ninpi t~~1ø by 12 ?~

both soarvc Gjtd receive r ~we c r i L s ~~e~i The i, t ’,r ~ 4ui P~gsire ~~~~

~tpp11es to the t .r ns~lucer on th~ ~Y~1~L5 ~~ ~~ i t bak on tha~ ~~~~

Bince they arc e~f 1- ~~nt L r ~al ~~ tg~s . The ~~~~ ~-h -~ u~~d a~-e ~~~~~~~~~~~

&Lre~ tiona.L at 1.5 kc/s.

~~~~~~~~~~~ “ox ~ 1 f ~-’rert ~e in  path ~~~~~~ i.’ere ~~Ae p- ’, assin~~ng

~trc~~ -~~~-]j r~e ~~tThi~ ‘ir, 1 ~~~~~~~~~ an ~nve rs~~.~ q~&re nj~~~r5ir.g that’ corr .

e:’,~ _~~
- At the ~~~~ c’ ~c- -

~
-
~ f r~’ r.-~~i r -,u ~- - -~~1v,~ , -ç ~rr-~’ ~~~~~~ 
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effect ~ are rieg3i.gible even when agprecieble velocity grad.tente are

presex~t .

Path lengths azid~ razing ~ug1eo were calculated by measuring

trave l time along the v8rious paths ueing the radio pulse as a zer o

refers tre and the 200 cpe signal as a time base . (See Fig . 4 . )

Prom these travel ti es and the average sound speed , as 4etermi~~ d by

the ~-elocimeter , the path lengths and grazing angles could then be ~~1.

culatel. A velocity pr ofile obtained in one of the velceimeter lower-

Inga frt*i t~~ surface to the bott om, is reproduced. in Figure 11.

i~~StU1TS ~1(D UIRC~ 3SI(~

The individual a~~,litude reflection coefficient s determl~~ d in

the Octc*,er t.eate are plotted in ~‘iguze 12 as a f~~ction of grazi ~~

angle , These unavereged results present a ec~~ewhat unexpected

picture . Although fluctuation is never unexpected itt undervater sound.

research, that shown here seem~ to be excessive • In addition , t~:-c

large nueber of reflect ion coefficients greeter than unity was not an-

ticipated. Under ccxtditioris where experimental coetr~d. Is coneide .ce~i.

goo~L anti in er. -area where the bottom appears to ce oaooth and proti ~ cea

a ej een cut bott om re flected signal ; with little evidence of &tstor-

tin by exce~ eive sc’~tte r ir ~g, the results shown are ,u.i~rwbat surprising. 
-

The data of ~‘Igure 12 is presented in a different , and perhaps

ess alarming , fcrr~n I n FIgure 13. In this figure the average of all

-‘-
~~ e ~oef1’icient r in each 5-degree i~terva) is plotted versus gra.zin~’

t~~~1e. The standa.rd error of a sir~g1e observat ion is o.lso Inl icate d.

at each averoge value . The dotted line joi~tir ig t.be ave rage points

~~~ cearu a~~~ resemblance to the iecre’uxe In t’lei:tiou ~~~~ it - ~ ent

which might be expected from tSec~ry . i’l’e renul t.s ~~eo in Pir’~~r~ a-re
1~’~

_ _ _ _ _ _  



SOUND VE LOCITY IN FT/SEC

4850 4900 4950
I I I I I

50~~ —

LL~ 
-

100 0 —

I I I

FIGURE Ii. SOUND VELOC 1TY PROFILE OBThI NE D IN TE ST SAR E~(OCTOBER 5, 1961)

T r ~~ 
~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- -- -—--~~—- --— - ----—--.------ -- ------— - - -.———--—------.- - - -,- --—-—.— - ——- --— —

1.8

I.6

x
x

1.4 - ~
(1)
I—z
Ui
— I I

~2 1.2 -

U I t ?
o
o

~~~~~~~ - 

zo
1I—

C.) ~
Ui 

)L

-~~ O.8 -

~~x X
I

Ui
0.6 - 

~ 

~ 
I 

~

0.4 
‘I iS 

—

~

0.2 - 
X ~x X ~

I I
0 10 20 30 40 50 60 70 80 9i

G R A Z I N G  A N G L E  4 ) ,  IN D E G R E E S

FiGURE 12. AMPLITUDE REF LECTION CO EFFIC IENT S AS A FUNCTI ON OF
GR A ZING ANGLE. ( U N A V E R A G E L  5 MSEC. CW PULSE D ATA
FROM OCT. 196 1 TRIP ) . 

- - - -~~~~~~~~~~ ~~~~~~~~ -- ~~~~~- - ~~~~~~ - -—-~~~~~~~~~~ - — .-- -.-~~~ -~~ ~~-- -- - - -——---—~~~~~~~~~~~~~ -—--,-



1.8
- 

~ ~ T LRV4 L 4\[F~~GE S ME~~~~

T S~ A P ~.LARfl ~Ev~M~ ’NS
1.6 - 

t f l e ME~~\

- 4 -

1.2 - .
U~)I.-
z
Ui
— 1~o
: i•o - ‘. 

. -
‘I - .

Ui
o
o

~: :: - 

~~~ 

- 
2

:.: 

I~~ 3~ 7~

1

GRA ZING ANGLE 4 ) , IN DEGREES

FIGUR E 13 - BOTTOM RE FLECTION COE FF IC IENTS ( f i g L ) AV~~RA ~~ D
OV ER ~~~

° INT E R V A L S  

--- ~~~~~ -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - ~~-~~~~~~~~~- --



aiso presented in Table ti. In thi s table the ref lection coefficients

are L.ated accord ing to receiver . Where 5 or isore a~~~ ies are avail-

a~~~~., fairly good consistency in reflecticti ~cefT1cieut val ues froe~

recetver to receive r was obtained . This pro vides ‘i~~~~~~ evidence regn.rd-

tug the effectivenecs Of the separ *s.te equipn~ ni-s but ~~ re samples are

needed . to give cc plet .e assurance -. lt is also r1o~ia f r m ~ the t~thle

s(*ie regions (112.5° to 141.5 °, for example ) have been poor~y aas~p 1ei.

Let u~ now e~ a~ 1na, s~~~ of the tbeo.-etical relations and c~~pare

Their pred ictions with the results seen in Pi~~re 13. physical

properties listed in ¶fe.ble I vifl be used as t hee ba sis for these pre .

dictiorn~.

Figur e.s 114 and. 15 give the ~ spli.tudc reflection co fficI~~ t curved

that ar~ ~~tai ned ‘when a two layer xtel is aas~~e~i. Ftgure 111 sho~ss

the re ults obtained fi~~ the Rayleigh formula .1 Since tbere 113 5~~~

4o~ht as to the prcclse ~*lue of the soun i we1oc~ ty in the elayvy-.

silt 1eiy’~r , three curveo wers drawn . ~~~~~ th..-ee .‘-- i - ~eo show the ~~~~

effect of s1ig~~ variationr. in this paL as~~~e’ . The aversg~ val~~ t- f;’~
?igure 13 s.re sl~ o plot ted on Figure 114; the~~ circled dat ~ points are

;~ li removed ~raa~ 3IJ. of the theoreti cal r~ rves. 7igur~-- 15 presents

the modified Rayleigh c u.rve 2 us in~ th& 63 5W ~ - ts of physical propertie c

in the previous t1~~ re. The data poi~~~” of Fig~rl! 13 again f~ 1i wc~ 1

above an~r of the theo~-~ t l ’~a1 c’~ -ve~i f~ r ~bi..; t .~o- iP¼y~-r model . It m~ y

~~~cr tç ’w~
, ~~~ t-hc or ~grse~~nt t~v tweer: tr.e~ ry e.nI ex er ta~n -~ wot~Ld

-~ccur , s1r~’~ we are a r..i. iy coftcer t~e i  with a ~ ‘ree-layer situEs t~.or L .

gcMever , ~i1nce -tne attenuation in tLx~ s i t  layer , as well a~ the t.t .vk-

ness of the layer and t~~ type ct ~~~i~~r 1a1 uder 1y-i.r~ ~t are ~c-.~- - I y  ~~i-  -~~~

- - - -
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TABLE I1
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‘mae model suggested recently by Cole arid Bell5 cover these lnadequaeies

ard may provide a better fit to the dat-a collected in this a rea. ~~~~~~~~~

the re are othe r poseib1’~ ~~chaniGm8 at work which may ir .1ida~~ ow- a&~.-

usiptione, or which may ~e relate d to the large fluctuaticzls and the high

~ef1ecti~~ c~oefricient s which have been observed. Four of these a~ c~ c~-

tame will be conet~~ red t~rief1~ -

(i) It ia quite possii.ble that a positive velocity grad ient is pr e sent.

in the silt, la yer . If so the s~~nd enteri ng the layer would be ~~f act-e~

upward and ruuld reenter the water layer -Idthout reacbing the sandstone

layer.

(2) The Large ni.neber of baerva tio~s in which the reflecti on cc~~~f1-

~tent has a value greater than unity has suggested. the poas~bii~ty or

focusing . With both soui-i~e and receiver essenti ally ei i±-d.ire~ ti~.vs~J.

and V. t~ottom whIch is not a perfe ct plane surf ace it is possible to ha ve

sound reach the rece:lver by reflect Ion at more than one point on the sea

floor , srt~ with little difference In path length . These Iridivi dual stgna.1~ 
-

(~OUJ.d a~k1 vectori aUy to 2rodu ce a high~ r varia ~ie signal .

( 3 )  Anothe r po~~ible cause t~r the iar re n~ nber of coetficic~ tn

great c than unity Is that the 4lIret~i. arrIval. may be of lower sep11 tu ie

thaa i.s predicted by in verse square spreading . To teat th 1~ possibillt 1

the levels of the di rect signal s received on the tr anad ucerE at the LX~

ft depth dur ing an openln; r-’:n of ~�2Oc ~~~~~~ bs~re plotted against range .

The reauit~ obt&ined are sbsvn in Figure 17. The plotted points In ~~~~

figur e scatter about the 20 log r spr eadi~g-1oss line as the range iu

creases from 800 to 2000 yd.s . Th l~he reg.Lon beyond 2000 yds , boveve~~,

th’. -e i.e a marked decrease in level below t.hat shown by i-he inverse-

s( ’,sre spreading loss. As a result the r~f3e ~ tiori e~~ t~icIen~- SI optrU ned
17 
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fr an thu data are too high. It is believed that th is accounts . in part

at least, tor a~~~ of the high values obt~Ine~ in the low-angle regior .

The droqi in the level of the di rect signal has been observed on

several other runs at a criti cal range which sce~ci to be associated with

the d istances of the source arid ecei~ez’ above the bott~ s. This has

suggested the possibility that the decrease In signal may be cansed by

c~ struct~tve In terfe ren ce between the direct ~Igna.l. and one which reaeh ~s

the receiver by a retraction pMh~~aa indicated In Figure 18. This ~sth~

EABE, goes frcz~ source to receiver via the silt -~cater interface *f lsi , for

a velocity in the sedimt ~nt greater thL.n ~n the water, may re~ieh the ~e-~

cei -ve r at the sase tier as the direct signal . Thue interference ~otJ. ’~

result , producing a lower (or higher) d~.sect signal . A.not.her poss ible

r efr acUo~i path follows the silt-sh ale l ut.erface ~CDL ~~~~
- crit i cal

range r~, at which the direct eM the refracti on signal reach the r~csiv~!~r

nultnzea~zely ii~ given by

r ~ /\ Ja2 +

where ~ is the &j stance of the source and receIver fr ~ri the bott oe and
F

C1, C2 are the sound veloc~.tIes in the vatcr end ne&tmant , respectlvciy .

Iii the data and theory plot of ?igurc 16, the refr action path •“c~~, &1s-

cusaed might very well lower the data point at 5 degrees gray ag

O~he: tiata would not be affec ted .

In ~hc~ ~~aa~1e .:ite i (F ig. fy) and seve ra l other cases, the ~ -1.tI cal

r~..-~ge C ulated fros thin cxp ress ;Lon f’ails close to the range vhe~e tbe

of the d irec~- signal shows 6. ~‘ir.rked departure t”r.-~v the 2~ ~c’~ r li~n’— .

~~ile further st.ud.y at’ this poecibth ~:~‘ seene d~sirsl~~e ther e are a n’

lb
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reasons w1~y this expla.natic~ for the big~ (.n~ luv ) Coeffic i ~ni.s at

low ~razing engj..s is en unlikely one. Qf most impc’rtenoe, perL ~~5 , i s ’

that considerable loss is expected In the sedi.mant because of ehearpttcn

and because the si~~e3. SJ.cmg the refr action path suffer. an inverse

fourth power lace. (See 1~ef. 1, p 396 ) ‘i!bi~.s the signal via the re trsc-

tion path ,~ y be ~f a relatively low level and may have l.Itt .~e effect on

the direct signal. Thi s ~mcsrtainty can be clarified by resolving th~

ref rac tion path signal . This baa not been ecc~~~1isbed in the present

data because ranges have oat beefl great enough for this purpose. Peso-

lution can aUo be acc uplisbed by ma~ tug Z In Pqua tion (3) ~sa.U; that

Is , by bringing the source and receiver ‘loser to the bctto4. F\itore

tes .a will atte~~t tc do th is.

(le) The sudden decrease in the level of the direct signal seen in

~~ graph (Fig. 1~’!) could be caused by refraction effects such aa those uz~-

pen anced if -
~~~~~~~ recet”er enterS a shadow tori For exe~~le, an

pected positive grM.tant sear the bottcn v ould create a sbad~ v ~ooc

seer the botton sim1~ar to that cc~~~mly observed near the surface when

a negative g adlent is present . As already mantioned, refr action effects

were ccesidered neg3.ig~ble because velocity dat~ , obtained froe swf ace

to bott~~ , had re~.he r week velocity gradients. This ~nastion ham been

- becked further by constructing a ray d.tagr Mm, Figure 19, based ir ~ F.be

v”-loc ~ty protI1t~ ~4’ Figure U. It is evi dent fron this zey &iaqrse

i~~v i -e a ~‘r e..to-re~eiver path at the 1000-ft level is but i.tt 1~

5ff TA ci by re fra ction and could not be iee’~c*~sibie for tbf’ 8t - -~~-~ ~~~~

j~ ievr I ‘can at 2200 yda in Ft gore 1.7 .

‘ 9 ’  - 
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/~ ‘ ~~~ • - -~~~~ , 
•

cQ WB1ON~3

• T~~ ~~ 1~ntient w~~i ~~rf~rw~d sattsfactor11~ 3nt~. t~p~~ars to u.e a& -

;uF~~~ ~‘or ~u.~—the r b~~ t c~~--r-~ fiec~ io~i lose teets.

2. ‘01 the signai ty-,~~s used, the OW pu1se~ gl*ys. t~~’it rea~.lt.s. The 1,’(

“.bir~s have st~r~ ad\raotages arid their use ~iL1 be e ut rn~t~~ • ¶t’b e I

~V pu3 se~ sbow ~r~ t.ise ~or ~~ug-c~~~e, dee?~water w~rk hut ~a’v~ ~~~~

r~tag~~~ at. the rar.ges and ~iepths us~ã in ttila study .

3. Th~~ plsn ied expex ~i~~rita1 p~ocedu.r~ wor kec~ smooth ly; ~lith a

~. i f I~~&t4~~is tt ~~ ade~ u~tte rc?’- Our ~eeits . Ir~ par~~ .~~i~ r , It sec~~

de~~~r~~~~~ cj  au cn~~ ~~~ c~i~ ps~ i~nJ ~~~ the graztw~ angle by c~ a~~ic~,

tbs ~~~~~~~~ .~f source ~~~ rc~-~~’~ ‘;er . ~~~~ ~rocedure , ~~th (X Cai31 .~T~~~,

c~~ nge~ In rn nge , wiU giv~- adequate ~razi~g-ang.~.e coverage ~~~~~~~ ~~ U ~~~~

~ store a table experimental set-up .

- The thr!e-layer z~ciIei app Lie d to the October da ta gi~~~ 0

ably bcti~er fit thafl azi~y ot~ the ~~~— i~yer m odels . It I~ ~~~~~~~~~ ~~~~~~~~~

t~.~rtk.e: cuntrol of the experitm~en~ , be t. t.er ni~ tioim c~ 4~ c ~~y~- :

pr.~~-~ r t~iea of the .~~ flt , ~~~~~ data vith ur~ f orsi coYera.gr at ‘~ L~ ~~~~~~~~

~~~ -~m~-~ ~~~~ ~ the three—layer n~odeJ. ast~i~ ptior~n wI~~i e~w c ~ i..b~ ‘it ~ - •

a e e n~ r~t •~~:Ji r~bowni ny the taree-lay’er snodel.. /

5 . T h - ~ ~~~~r f : . r ~~~~ b i - ~n ‘Xth L ~icnt~ refl~ ~~ov~ r-~~ f ’ - ~~~n~

n -
~ r vc -~ .~ ~~ r ~~~~~ ~~- : ‘ t.he~ 

“
~ t. • c r :  ~ I ~t known . .4.1 U; O~ ~~ -‘~~~

‘
~~‘

i~;.,d bet~.e~ ~~ r t i u  ~‘I11 ~~~~~~~~~~ t :~.~v ~‘J~ •~~ ati-~ ~ :~ i~t~ t’~~d

~~~~ unex ’~~~~i •.~r~r~ta~ ~~~b ~~ i~~ the 4’~~~i~f •

6. ~~ j . ~--p~ ~~~~~~~~~ o~ r’~r ’ ‘ ‘tt ~~ c~cy~f fj  ~ t r , ~Y ~~~~ ~~~~~~~ ~~~~~~~~~

w~ th ~ ~~~~~ ~~. ~~‘c~ t~ ~rui.n .n  y .~~ bel ~~~~~ t~ res ’i~ t t ’ —~~-~ ax’ iri~~’~p~~-s

ifl Lh~ j~~’YOJ. Of ‘ij ’~ :’~~ ~i~ nvn - at ~ - - - r~~h, crIi~Ica1 r~,r~—

20
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Refraction effects do uoi. appear to be the cause of this dogrmint~ on

in the direct stgna U L~terferenee ~~~~~~~ the ~ir~ct sIgnal and the

rs tio -p*th r~~g~’r.i., that Is , the sIgn~d vb1~ih travels al ong the

water-silt or eli t - r,and~tone i.nterfc~ e I t~ ø~~~~es t.ed as a poct~ibio •:- .~ ;t~~.

1. The low equency botton reflectivity studi e~ should be continued.

Only minor eodiflcaticnS in eqaI~~~ ut and. exi,eri~iental procedure are

~~ ded.

2. An effort shou.i d be made to ei~lain the abrupt atteuuatioa o~ th~

di rect s. gral v~ ieh baa been observed at certe.tu critical re.n~g~a .

3. ~-n izives tigati on of the possible causes of the uae~pected.l,y :~t~~

finc t uat lon. lxi e1lectlon -coeff~.cients at ~~. given ox gle st~ou.ld be ~a&ad*.

4 . A better ex-pJanatlon of the expe.rtmeri ta.L results by a more thorov.&x

examinati on of the three-..L ayer wodz~2. nbculd be sought.

5. Teats ~y’rnr bott~~~ with a dif fe rent and less conç,41c&ted bc t t ~~

structure Is considered of major teportence .

6.. The ise ol’ othe r trMuencie a (lo kr and 3 kc) and &zploeive

sources to give broad band ~~~ a~~. t-o *14 in resolving the va~~- -r ~~

signal paths is rac~~~~nded .
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