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ACOFTTC BUTTOM REFLECTIVITY AT 1.5 it

B. R. Gardoer and ¥, F. Betsler, Code 3185

L?" Thie memorandm describes the s@puent 243 exparimental teci-
:xique- beling used in & atudy of accustic bottam reflectivity and zlass
presents a8 emall amount of data, ;Iobmimrl oo the Tivst sea trip., —F
Tais memorAandum has been prepered bLecouse it 1 believed thel e
informetion covered mey be useful. to othere working on similer
proviens at KEL. 1I¢ sbould not be copstrved on & formal YL repart
gigpce $te only purpose a8 G prescent Informenicn on 8 Small pary of
HEL Problem Ll-5. fmnly limited distrivuticn outside the Lahorstory

is ccanlawpiated.

bulistd-0169




AOUBSTIC BOIMPGM REFLECTIVITY AT 1.5 K©

PACKGROURD

Isprovement in the design of sonar equipwent depends to &
large extent oa improved understanding of the ses enviromwent
and its effect on updervater sound signals. Applications vhich
involve reflection of sound siguals from the sea floor have baen
& particularly troublesome problem in m.xdaréataer acoustic research.
The: roughness of the bottom and the depth and physical propertiss
of the layers of sediment widch uaderlie the water layer are
- usually lmperfectly known and mey vary congidsratly even within
a reiatively small area., Even wien the geceetry end physicel prop-
erties o an area are known, predictions, based on theory bave nou
tezn highly successful. 4s & result knowledge of bottom refleci-
ivity is usually obtained from field experimegts. Recent loprove.
ments in theory and improved methods for dztermicing t;he physical
propevties of the sediment layers may sllaviats thie problem. At
present hovever the experimeptal approach, with increased emphesis
on experimental cogtrol and sccurscy of measuresznts, is solll
needed to obtain deaign Ioformetion snd Lo test theoreticel models
appropriate to the eituatlon.

The Rnyleign}'expreas:on for the bottom refisction coefficient
(two-layer cese’ gives perfect reflection for graziug® angiss .eec

then the critical engle. A modification of this theory, suggesied

#* Acgle between tie sound ray and the bottom.
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n, sackeazie, comsiiers the effect of the bdottom attenuation factor

and shows topat reflection loss may be expected at al)l grazing anglev
greater than o>, The presence of two or more shallov layers of ced-
imeat and the existence of sediment layers with sound velocities E

i
less than that in the wuterj’

have ccomplicated both the theoretical
and expervimental asgpects of ihe problem. 4 aumber of modeis coun-
sidered sultable for deep ovean bottows bave recently been sugges’-
ed. One of these, suggested by Cwle ond Bell5 nag beern fairly
successful in obtalning syreesent witp experimental resul®s. It " J
is 3 three-layer mcdel mad cumbines the three-layer sclution of
'Hmkhovak.&khé with the mz:xiiflc.ation suggested by Mackenzie.
Previcus experimental studies of accustic bottow reflectivity
bawe bean mide with signels of relaibively high frequency or with
expiosive eovrces. The angle coverage, gspecially for low grazing

anglees, hes been incomplete. The present study endssvoras to give

a more complets sagular coverage with emphasis om the low angles.
Frequencies of 1.5 k¢ snd 10 ke have been used thus far and further
teste uslpg 3 ke sources as vell Bs explosive sources are planned.
Considerable control of the experiment hse been achieved, we belleve,
vy anchoring one or both chipe, by using varisble depth sources which
are non-directional or nearly 6o, aud by the choice of s relatiwely
smooth and ievel aresa for a tesy site.

Duta were collected dQuring sea trips In (etober and December
1661, and Auguet 1962. The preseat report deseribes ocur eguipment,,
rhe test airss, and tune experimentil procedure., t also presente a
porticn of the data obtlained on the October 1961 trip. This re-

suriction o Oetober 19C1 dsis is & matter of convenlence at this

[
<




tipe. HReporting r other data muet be dalayed to permit astudy of
copglotonny eriterie {n @)l dats., The present purpose is to discuse
methods Wil only exsaples of resultis,

BQUIPMERT AND EXVERIMENTAL PROCEDURE
Genersd:  The provedures and equipsect used on all three trips
were similar. ‘Yhe £ollowing dessriptiom, which refers specifically
to thr Ocuober 1981 trip, will therefore give a general {des of

tise el procedures for all trips.

Bech of the stipe (U833 KEIBURG and YFU-&5) wes equipped to

send, receive and record 1.5 ko underveter signals; the REXBURC

eiso carried radar acd echo-soundiacg equipment. The YFU-L5 woe

anchored while the RENBURC wss salloved to driftl. The photogriph,

Figare L., takea on tue YFU.-L5 ghows the 1.5 ke source bYeing met

aver the bow; the USS REXRURG is seen in the background. |
The geomstry of the erperimenisl procedure is shown in

Pigure 2. As the REXOURG drifted uwey €rom the YFV, the gracing

npgle § made by the bottom-raflected ray changed graduslly. ho

nusber of grazing engles tested was furiher lncressed by sendivg 2ud |

recelving the sound fram several different ;izp-?.hs. In generel,

sources were kept deep siance this svolded troublesone refracticn off

and provided lovw grazing-angle pathc from source to recelver. Al

certain cocvections, to be described in a later zectlon, the hou

reflection coefficients cculd then be cbisdined by compeying whs oo

litudes of the direct and botiom-refiecied eignale &8 recordsd al

receivipg ship. Grasiog engles were cogputed dby speasuriog signst touw

cit timee from which depiho, renges, snd Lhe camplete geomatyy oF ‘he

teat codd thep be calculated,
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TRANSMITTING AND RRCEIVING BQUIPMENT

The tiock diegram ia Figure 3. chows the trassmitting and receiv-
ing system used aboard the Y¥U-45. Thut on the USS REXBURG waz jdent-
ical except for the addition of the linear ™ eguipment to be discussed
water.,

The sourd sigral to be transmitted criginates in the keyer {see
Pig. 3) and after amplification ies tranemitted simuliapecusly with
& redio pulse to the receiving ship. A signal from the REXBURG is
received at the YFU-45 on three channels via the shallov and deep hyd-
rophone aud tuLe transducer which is normally switched Lo the receive
position. Liaear ampiifiers (7C db} sad varfeble sttenustors bring
the received signal to & level suiiable for displey on three chapuels
of the paper-tuape vecorder. Channel 1 x-e-ceives the radic eignal which
provides a zero-time reference. A 20C cps sine wave gepmerated by the
cyrystal-controlled clock is recorded on channel 5 and serves az a tiwme
base for measuring travel time via the varicus sound paths. Plgure he
shows a sample recard obtained on the YFU-45., A S5-msec pulse (reopi-
mitted by the REXBURG has been received on channels 2, 3 and 4. Bach
channel shows a mmber of arrivals which 8re not always completely
resolved. This lack of resolution is clearly shown in Figure b,
chennel 4, where the direct and surface-reflected signals overlay al-
most completely. Channels 2 and 3 (o Figure 4b. show completely re.-
solved direct, bottom, and surface-reflected cignals plur other siguals
resulting from more then one refiections. (Lables B, D and 6 refer ‘o

hottem, direct, and surface, reapectively.

[ T
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COMPARISON OF SIGRAL TYPKS

Three types ¢f signals were transmitted during the Cetober trip.
In addition to the S-meec CW pulses, seep in Figure b, . two types of
PM signals were used; 50-msec FM chirps end linesr FM puleses. A msjor
vhjective cof the (ctober trip was to compsre these gignsl types end
thus determine the woet appropriste type for future uee. Bach type
and their relative merits will aow be discussed.

{1} €W Pulses

The 5 msec CW pulees trensmitted at 1.5 ke/s were short enough
to give good resolution between the vottom-reflected and direct-
arrival signals as long as there was a path differevce equivelent o
the length of the pulse in water; that is, & path difference of sboul
g yds, When these two aignals are resolved their awmplitudes can be
compered to obtain the reflection coefficient. Por a given pulse
length, the path difference and the grazing sugle depend on the separ-
ation of the source and receiver and upoun their distances sbowve the
bottom. The relation between grazing angle, range, aod distance of
the transducers spove the bottom is shown gt:upbic&u,y in Figure S. iu
this figure it is assumed thet both transducers (source and receiver)
are the seme distance, D, above the bottom. The X-mark on each curve
gives the limit at which a S-msec pulse is resolved, expressed in terms
of range and grazing angle for the given value of D. For exsmple, i
D = 10C yds. usable dats i1s limited to grazing senglee of ;6:'4.50 and
abvove.  As these curved shovw, the lower limit to grazing angle cover-
gge wsing S-msec pulseg 1s about 49 unless rangee in excess of 3000 yds

are used. GBhorter pulse lengtbhs will incremse this coversage but at

1.5 ke/s & S-meec pulse, vhich contains 7.5 covlee, 18 close to the
5
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sracticak iimdt. Interference from the surface reflected signsl must
eleo be considered; the sesme curves; veing D as the distsnce to ths
surface, may he used.

{2) Linear FM Pulses

The lipear PM equipment, used only on the October trip, wae A mod-
jtied version of ar echo-ranging equipmeni originaliy developed for long
eoge, deep-water research.? ™e linesr FM pulees were one second
long and had a variable sweep frequency with & center frequency of 2
wc/e. The aveep frequency was generated op the REXBURG and trensmitted
by radio to the YFU-LS, where 1t wss then retrasasmitted into the water
through & power smplifier. This expedient was necegeary because the
only available equipment was on the FIXBURE, and it is necessary for
the same egquipment Co generate as well as receive the signale., Figure
6 is & replica of the signals receivel ou the X-¥ recorder unsed with
this equipment. After certain correctioms, the amplitude reflection
coefficient ie cbteined by finding the ratio betweer the bottom-reflect-
ed amplitude, B, &nd the direct-arrival axplitude, D. This system pro-
vided a minimme resolvable path difference of adbout 10 ydc. Aa upper
iimlt of 185 yis in path difference was fmposed by the scale limitstious
of the recorder. Because the CW pulsca were essier (o geosraie and use,
because they gawe somevhat greater angle coversge, aad because they
presenied fewer calibration problems, ithe use of the linesr FM system
in thie study wes not continued. However, the asystew worked satise
factorily and may be an important tool for simliar studies in deep
water where its high sigpal-to-noise retio is A more importani comsicor-

ation than in the relatively sballov-vater, short-range cesc,
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{3 T Chbirps
The PM chirpe used vere 50 msec ilong. They were swept linearly

n frequency from 1.3 to 1.6 ke/s at a rate of € ke per second, per
second.
AL 8 recelver; the sound fra: tbhe dirvect and bhottom-reflected

paths srrives slightly displaced in time. The beating together of the

| two sigunals produces an interference patteérn whick mey be seen between

3 and C in the sample record of Figure 7. Liebemuns’g has shown
that the maximm reading, M; is the sum of the tvo elgnal emplitudes
and that the minimer, w, 16 tbe difference between them. The smplitude

reflection coefficient R is therefore;

M-m  (d+r} - (d-r) 2r .
mc(d+r$+{a-r)=§K=R-.-«-........(-)

where d and r &re the amplitudes of the direct ead reflected sigrnris,

respectively; and R is the amplitude reflecticn coefficieat,

Use of the M chirps ig limited to relatively low grazing angles
because, for best data, the surface-reflected signal sbould not arrive
uatil at iewst oue pulse length after the start of the bottam-refliecued
signal . Alsg, the peth difference must be at least great enough o
give one complete maximum and minimun during' the tlnse that the Bigne.l.a
are interfering. Increasing the path difference incresses the beat fre-
quency, thus giving more beate in a given time. The upper limii of use-
ful deta ls reached whan the overlep in sfignals ie juet great enocugh o
roduce one complate cycle of interference.

When the factors limiting the use of the FM chirp sre considered
for the present equipment, it ie found that nseful data is cbiained when

path Aifferences of from 5.8 yds to 77 yds exiat. This correspouds ‘o

delay times of 1.6 moec and 46.L meec, rerpectively. 7izse limitations
7




FIGURE 7. SAMPLE RECORD SHOWING INTERFERENCE PATTERN
PRODUCED BY AN F M CHIRP,
(THE OIRECT, BOTTOM-REFLECTED, AND SURFACE -

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




sre indiceted w noame of the curves of Pigure © with circles which she
rhe venge and sngle interval over which useful Zata may be obtaiped Lo

a given source and recelver depth. For =xample, the grazing-angle

coverage , when the source and receiver are 150 yds above the bottoa,
is from & low of 2 degrees in s maximum of 29 degrees; the range
interval for this case is from 500 yie to 8000 yds. ¥wWhen the source ]
and receiver are %0 or 100 yde from the bottom the upper angle limfit
ls cicser than SO0 yds and is not shown.

The increased resoluticn provided by M chirps givee sowewheil

beticr low-angle coverage than eitber the 5 msec pulses or tha linear
M syatem. One drawback io the use of the chirps 1s that ambiguous re-
gults are obtaiped 1T the bottom reflected pulse hos A greater smpll-
tude than the direct pulse. As Liebemnng has expleianed, this ambigs
ity csn be resolved, The process is tedioue however and should be
avcided if possible. Another dfsadventage concerns the pecessity for
corrections ip amplitude becauss the fregquency response of the sources
are not flat over the freguency interval covered bty the chirp. In
opite of these drawbacks {urther tests with FM chirps vill be made
since there g eomse indication of increased stability in resuise froaa
pulae to pulse and beceuse angle coverage do’\m to 2 or ] degrees con
e ootained by thie method.
DESCRIPTIOR OF TEST ARRA

The location of the teet area off Misslon Beach, San Mego 15 seen
tn Filgure B, This ares was gelscted becsuss it bas e flat mcderately
deep ocean Tloor and ie readily accessible from NEL. A further sdvant.

age of the site is that it 1s shaliov encugh at 200 fme to permit
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&nchoring of coe® or both vessels, Thus & steble point of reference
is provided for the tects.

The sez bottom in this aren consists of & layer of silty material
of uigh poroai.wﬂF and low sound veloclity, properties which are also
characteristic of large areas in the deep Pticiﬁc Ccean basina.3
Sound velocity in the upper part of this layer is close to or slightly
188 than that in the sea water nesy the votiom. As seen from Figure
9, sound raye striking the wvater-cilt interface &re partieily reflectad
with the vemainder of the emergy going into the silt layer. If the
silt layer is homogencous this transmitied ray is refracted st the
silt-water interfece and follows a straight line path to the sub
bottom where the energy is largely refiected and returns to the water
along tha path shown. ‘The possible presence of a positive velocity
gradient in the eilt, wacertainty regarding the thickness of the eilt,
uncertainty regarding the roughness of the sub bottcﬁ, and uncertaiaty

regarding the sound attemuation coefficlent in the silt layer sre

camplications which make it difricudt to prediect the reflection coetfi-

cient in this ares.

Informntion obtalned from the Sea Flocr 3tudy section of m.m ia-
dicate that the botiom eediments are clayey silts approximstely T yds
thick over sbale or gandstone. The physical and acoustic propercies
of the three media (water, sil®, shale) are shown in Teble I. An
anslysis of a sediment sample brought vp by the anchar in thiz sres is
in agreement with the tabulated values. Aleo, recent in situ meesvremests

cbtalned during & dive of the bathyscaph TRIESTE in this area provide

9
*Ratio of the volume of veids (eea water) between the grains of a scdimcut

sample to the total volume of the sediment. -




JHL NI SH3AVT  IN3IWIG3S ANV d31vm 3HL 40

S~

'Sv3Iyv 1S3l
S31143d08d VOISAHd ‘6 3¥NOId

29s/43 0022 = %9

n .
cWo/wb g1’z = d M

3NOLSANVS

(30V4431NI 3INOLSANVS 111S)

W01108-8NS

% vL = ALISO¥Od

N\
L3

20s/14 (€€ F) €28v:=2%9
QUI/WB ggy =y
1S AN

(IDV4HILNI LNS-Y¥3ILVYM)

e —

WO1108

Y3AI13034

i T v3uns

29s/43098b = 'D
Jwo/wb €07 = d ?

H31vM

324N0S

e e
H31VM




PHYSICAL AXD ACCUSTIC PrOPEFIIZS OF '[HR MEDIA

TARLE

Density gn/c.ng

' .
Medimn l Velocity km/oec Atienustion db/m
\ ! ’
| e — '
i
| Weter | 1.03 1.b8
H i
s + it
1 ! —
i 841t ‘ L.5e Lob6a1 bR
| |
! J i
H {
| Shale i 2.15 2..0-2.4C

10




further confirmation for the water and silt sound velocities which appear

in this table. During the dive of the TRIESTE acoustic probess were
used to measure the sound velocity in thbe upper region of tbe ailt., The
sound velocity for the sachor sample wae obtained from the porosity-
gound velocity relsticuship described by Sh\mwa.y.ll The attenuation

in the sediment wss obtained frcm szmwaq"sn 30- to 37- kc/s veluer
vhich were exirapolated to 1.5 kc/z. The average frequency dependence
obtained from the 30~ to 37-ke/s results may be expressed ss,

1
B e e e

where @ = attepuation in dv, f = frequency, and k is the conetant of
proportionality. It 1s important to note that the sverage velus of
1.8 has a standard deviation of appruximately 1.0.

The properties of the third layer (shele or sandstons) eire poorly
xnown but this is less Laportant then the other uncertaintices aiready
mentioned,

As alresdy stated, the bottom in this aree 18 falrly level and s
pelieved to be guite smooth. In the October tests, for example, the #
tracks {Pig. 8.) were over bottoms which had fairly linear slopes of
iess then three degress, as indicated by the echo-sounder aboerd the
REXBURG. Visuel observations from the TRIBS:m vend to confirm that the

bottom 1s smooth, at least over the limited ares seen through the viewe

"t on the TRIESTE.




REDUCTION OF CW-PULSE DATA

7he amplitude refiection coefficient for the ocean hottam 1s the
ratic af the reijected sound-pressure ampiitude to that of the incident
sound wave. 1T path lengths sre eguAl and the sound scurce snd receiver
are ocmnl-directional thiz mtio csp be found directly Crom the amplitude
of the bottom-reflected and direct signais, such ac those recordsd on
the Tisicorder tape, Figure %, A&t lov grazing angles these conditions
cf path length and directivity were closely approximated. At other
angles the ratio of the recorded ampiitudes wae corrected for difference
is patd length by azsuming inverse eguAare spreading.

corrections for eource and receiver directivity were optained frowm
the vertical directivity pattevn geen in Pigure 10, Ae this (igure
shows, the correction at low grazing angles {near ?X)Q, Fig., 10) 1= small;
in the neighborheod of u5° (1350, Fig. 1) however the recponse is about
6 db dovn, which redvees the bottom-reilected emplitude by 12 Av when -
both scurce and receilver are ccneidered. The pattern in Figure 10
appliee to the transducer on the ¥FU-LS as well aa that op the EFRIMG
eince they sre of identlical design. The hydrophones uged are comi-
directional at 1.5 ke/s.

Mustients “or diffecence in path length vere mede by aeawming
straight~line paths and appiying an inverse-equere apresding loas corr.
ection, At the small range difference involved, corractions for differ-
enc2s in absorption loas are negliglhie, BRefracrtion effects vhich migh*
oroduce shedow zones and invalicate the assumption of siraight-ifne patio
wvare considered of negligibie importance because the wvelocity profile ob-
tained during the tests shows only alight segative gradients st depthe
Whers lovw-grazing sngies were considersd. (3ee further discuseiom 1ip

a later section.) A% higher grazingpmglun (2'}0 or greater’ wefraction
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affects are negligible even waen apprecimble velocity gradiente ere
present.

Path lengths and grazing sungles were calculated by measuring
travel time along the various peths using the radio pulee as a zero
reference and the 200 cps signal &8s & tive hase. {See Fig. 4.)

Prom these travel times and the sverage sound speed, as determined by

the velocimeter, the péth lengths and grazing angles could then be cel-

culated. A wvelocity profile ohtaiped in ons of the velorimeter lower-

ings from the surface to the bottam, is reproduced in Figure 11.
RESUWTS AND DISCUSSION

The individual amplitude reflection coefficients determined in
the October tests are plotted in Filgure 12 as a function of grazing
angle, These unaveraged results present & somewhat unexpected
pleture. Although fluctustion is never unexpectad in wderwater scund
research, that shown here seems to be excescive. In addition, the
large number of raflection coefficlents greater than unity was nct ea-
ticipated, Under comditions vhere experimental control is considered
&ocd and in 8n area where the bottom appears tc ve smooth and produces
& cleen cut bottom reflected eignal; with little evidence of distor-
tian by excessive scattering, the reswlits shown are scmewhat surprising.

The data of Figure 12 is presented in a different, and perhaps
less alsrwing, form in Figure 13. In this figure the average of all
whe coefficiente in each S-degree laterval is plotted varsus grazing
sngle. The standard errvor of & single obeervetion 1g also indicated
at each aversge value. Tbhe dotted line joining the average poiante
now dbears some resemblence to the decresase in rotlection coefficisnt

vhich might be expected from theory. ITe results eaeu in Filooe 10 e
13
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siso presented ia Teble TXI. In this table the reflection coefficients
are listed according to receivar. Where § or more samples are availe
gole, fairly good consistency in reflection coefficient values from

receiver to receiver was obtained, This provides same evidence regard-

i Rt

ing the effectiwvenece of the separste equipments hut more 2amples are
needed %o give camplete asswrance. It is also cbvious from the table

that saue reglons (42.5° to 47.5°, for exemple) have been poorly sampled.

kol s i

i2t us now examine soom of the theoretical reiations and compare
their predicticns with the results seen in Figure 13. The pbysical
properties listed in Teble I will be used as the basia for these pre.
dictions.

Figures 14 and 15 give the amplitude reflectiom coefficient curves
that are cbtained when a two layer model 1is sssumed. Figure 1k shows
the results odbtajred from the Rayleigh fcmmla.l Since there is some
doubt a3 to the precise value of the sound velocity in the cleyey-
3i1l%t layer, three curvep were drawn. Theee three curves show the maried
gffect of slight veristions in thie parameter. The sversge valuze from
Figure 13 are alco piotted on ¥Figure L4; these circled dats points are
well removed frowm sll of the theoretical rurves. Figure 15 presents
the modifled Rayleigh -:ur'vesz using the esmw: eots of physical properiies
as jn the previcue figure. The data points of Figure 13 again fall weil
above any of the theoretical curves for this two-leyer model. It may
seem govious that the poor agreement betwsen theory and experiment would
oceur, since we 8re sctunlly coucerned with a three-layer situation.
However, since the attenuation 1v the silt layer, as well as the thicke

ness of the leyer and the type of material underiylng it are poorly kauwr,

A’l




TABLE I

AVERAGE, REFLECTION COSFFICTENTS BY RECEIVER

LT

i

". ﬁ YFU Deep {YFU IFU ‘ I'T!E Deep PCE
i E?dro- Shallow irans- E . 5;2:: . T;:z:;
}}L__ phone Hydroph. uc:;? ; I g i

e 1 1 B
:_ 0.86% 1.017 18 0.967 61 0.9M1
0.791 0.79%0 5 §0.356 i1 1.0
20 0.680 0.79%0 1 §0.482
25 0.752 6 | 0.662
30 0.362 4‘13 0.829 o.u7T {11 {0.567 11 ! 0.h55
0.542 -ﬁ | 2 | 0.515
0.64g |} 825
2 § 0.4% 0.227 1| o.h20
gl 0.h88 7 §0.221 61 0.336
o.4m | 1 ] 2.247 5298 12 10.153 1] 0.16k
0.553 |5 |0.682 ! '
0.4 L 1 0.763]'7

N = number of semples
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there was no sssurance that agy of the sound ewergy entering the silt

would e Teturned o the vater 1acer,

e poor agreemant shown by the two-layer models s led to the
wrial of several thresclayer modeis. The results from cne such trial
ace ahown in Pigure 16. The procedurs uséd in daeriving these curves
can e explained simply by referiing to figure 2, It ie sesn whet the
recelved szl may be considered &8s & combination of twe signals, ome
srriviog vis o reflection at the water-silt interface, the other by &
peth through the eilt leyer with & reflaection at the silt-gandstone inter
{fece, Tbe sigmal which follows the second path will suffer ‘osses st
threc boundaries as well eé ettenuation (absorption) losses in the eilt

layer. The unmodilfiec Rayleigh™ reflection and transmiseion reiations
vere used te estimate the lose &t each interfece. The reflection co-
fficlent corves esen in Flgure 16 are derived from the resultant oig-
u4l whnen the losces along the separate paths are considered and the 4w:
signals are added, powerwise at the recelver. An attenuation coefficisnt

-~

ia the 511t of .038 db/w was wssumed {n calculating esch curve. Othe
purapeters from Table I were used, as indicated on the figure, axcept
that for the curve labelled €, < ©, a sound speed C, = 1.5 won/sec was
used. The sveraged Octoter daia polnts have again been piostte? an the
tigure; 1v 1s apparent that consideration of the three.layer model hes
eauited in a considerably improved fit,

The simplified medel Just considered is inadequate in some re-

specte. For example, phase effechs are not coasidered and the poseibd

{lity of maltiple reflection paths in the allt laver have been ignore? "




Wlullllll“ T ——

"W0L108-8NS ANV WOL108 WOY4 (0310317434 STUNOIS
ONINIBWOO A8 GQ3NIVLIBO0 S3AHND HII3TAYY 3LISOAWNOD "91 3¥Nold

$334¥930 NI ‘¢ 319NV ONIZVHO

06 o8 0L 09 0S ov O¢ 02 Ol
| T I T T T C

AN310144300 NOI1031438 30NLINdWNY

¢ €9 =022 .
# 20 = 9| ——— T A
15 - 8b1




5

The model sugeested recently Ly Cole and Bell’ cover thege inadequacies
and may provide a better Tit to tbe¢ data collected in this srea. Howewver,
there are other possible mechanisms at work which may invelidate our ass-
unptions, or which may be related to the large fluctuaticns and the high

reflection coefficients which have been ohserved. Four of these mechan-

{sms will he considered briefly.

(1) It is quite possible that a positive velocity gradient is present

in the silt layer. If so the sound entering the layer would be refracted
upward and could reenter the water layer without reaching the sandstone
layer.

(2) The large number of ohservations in which the refiectian coeffi-
cient hae a value greater than unity hae suggested the possibility of
focusing., With both source and receiver essentislly amni~directionai
and & bottom which is not & perfect plane surface 1t is posaible to have
sound reach the receiver hy reflection at more than one point ou the sea
floor, and with little difference in pech length. There individual signals
conld add vectorially to produce & highly varisble signal.

{3} Another possible cause for the lurge mumber of coefficiecnts
greater thar unity is that the direct arriva:L may be of lower ampldtude
than is predicted by inverse squsre spreading. To test this poseibility
the levels of the direct signals received on the transducersz at the 1000
£t depth during an opening run of 220¢ yds were plotted against range.

The results obtained are shown in Figure 17. The plotted points in thic
figure scetter about the 20 log r spreading-loss line as the range ln-
crenses from 80C to 2000 yds. Tu the reglon beyond 2000 yds, however,
there 15 & marked decresse in level below that shown by the inverse-

aguare epreading loss., As a result the reflection confticients obtalaned
17
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from this dete are too high. It ls beiileved thal this accounts. in part
at least, for sope of the high values obimined in the low-angle region.
The droop in the level of dhe dirsct signel has been observed om
several other runs at a critical renge which seems to Ye associated with
the distances of the source and receiver above the bottom, This hes
suggested the possibility that the decrease in eignel may be caused by
destructive interference between the direct gignal and one vwhich reaches
the receiver by a refraction pathl,zu indicated in Figure 18. ‘This path,
EABH, goes fram source to receiver vis the silt-water interface apd, for
a velocity in the sediment, greater then in the water, may rcach the re-
ceiver at the zame time as the direct signal. Thue interference would
result, producing a lower {(or higher) direct signal. Another potsible
refracvion path follows the silt-snale interface ECDE. The oritical
range T . at which the direct and the refraction signsl resch the receiver

simultoneowsly is given by

—
.

Ce+cliﬁbﬁiﬁ.0...'bi.(3}
2 1

l‘c-% -

where 3 1s the distance of the source and receiver fram the hottom and
C1 ) c2 are the sound velocities in the vater and sediment, respeciively.
In the data and theory plot of Figure 16, the refraction path jusi dis.
cussed might very well lower the data point at 5 degress grnzing aaclic.
Other data would not be affected.

In the example cited (Pig. 17) and several otber cases, the critical
range calculated from this expression £alls close to the range vhare the
level of the direct signel shows & marked departure from the 2C log r line.

Woile further sctudy of this poeciblliity seems desirelle there sre & nu ber

18 ’
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“f Temscas ¥hy this explanstion for the high (and iov) coefficiwnis at

low 2razing engles is =i unlikely one. Cf wost importance, perhaps, ie-
that comsideradle loss is expected in the sediment becauss of absorpiion
and because the sigral alopg the refractiom path suffers an inverse
Arom-m power locs. (See Ref. 1, p )96) Tuus the signal viu the refrac- 1
4ion path may de of 8 relatively low level and may have little effect ou
the direct =ignal. This uncertainty can be clarified by resclving tbs

refrection path signal. This bas not been sccomplighed in the preseat

data becsuse rang=s have act boer great encugh for this purpose. Reso-
lution can also be accamplished by meking 7 in Bgustico (3) email; thet
is, by bringing the source and receiyer closer 4o W& dottaa. Future
testns will attempt to do this.

{4) "The ouddey decresse in the level of the direct signal seexn in
#e graph (Fig. 17} could be caused by refrection effects such a3 thoee ex-
perienced if the receiver enters & shadow zone. #For exsmple, an unsus-
pected positive gradient near the bottom could create s ehadow zons ‘i
pear the bottom simliar to that commonly ovserved neur the surface woen
a nagative gradien® 18 preasnt, As alreedy wentioned, refracticu effects
were considared negligidle becmuse velocity dath, obteiped frow surface
to botiom, had rather weak velocity gradients. This guestion has been
checked further by conetructing & ray diagram, FPigure 19, dbased on Lbe
veiocity profile of Pigure 1l1. It is evident frowm this ray diagram
that the aowrce-to-receiver path &t the 1000-ft lsvel is but Iittls

affected by refruction and could not be resnonsidle for the shavy duvop

in level peen at 2200 yda in Figure 17.

. 19
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CONCLUSIONS

L. The squipment used pertformed satisfactorily and sprears to be ade -

quate for further bottom-reflection lose teets.

. ’\"Of the signal types ueed, the CW pulses gave best reaulis. The FM

chdrps have same advantages and their use will be couotinued. Tbe iineer

M pulsee show promiee for Loug-range, deep-water work but heve ro sd-

vontages at the ranges and depths used in this study, oo .

3 The pleaned experimental procedure worked smoothly; with s few

mxiifications it is adeguate for ocur aeeds. In particular, it seeme

desiradbie Lo anchor both shipe and vary the grezing asgle by changlog

the depin of source and recedver. This procedure, with occusionel

chapges in range, will give adequaile grazing-aongle cowverage sad will als.
| provide a nore stable experimental eset-up.
4. " The three-layer model applied to the October data givee a consider-
ubly retier fit than any of the two-lsyer modele. XL 18 expecisd that
batter control of the experimemt, better information an the physicel
properties of the sediment, wore data vith uciform coversge al ull arglec,
l‘L end sowe changee ‘o the three-layer model assumptions will remedy the <is-

agreementy 2till shown by the three-layer model. . 7

5 i The reason for the high fluctuetions (n reflection coeffiicient

. " =0
uhserved over many of the ¥ lutervals iz not kaown. Altbough mors dats

and better control will reduce this wide deviation it 18 veileved that

some uvnexplalned mechanism such 88 focusing may be the chief ~ause.

6. Toe large nurber of reflection coefficiente, st low grazing sugles,

with 8 vaiuvé greetec than unity {8 balieved to result from &n unerplsined

decreasse in the level of the direct aignal at o certain criticsl rapge

20




Refractioe effects do not appeer to ve the cause of this degradulion

in the direct signal. Interference netwsen the direct signal end the

rafraction-path rignal, that is, ibe sigael which trevels aloung the

vater-gilt or siit-sanéstone interfece ig sugpested se 8 pocsiblec couse.
RECCMMERDATI(NE

1. The low freguency b(;ttw refiectivity studdes should be contirusd.

Oaly minar wmodificatiens in equipment and experimental procedure are

naeded.

2. An effort should be made to explisin the sbrupt sttegusiion of thwe

direct sigpal which hes been observed at certalu critical ranges.

3. An investigation of the pessible ceuses of the wmexpectedly nige

fluctuation in reflection coefficiente at & given angle should e wede.

4, A better explsnation of the experimental results by & more thorough

exsmination of the three-layer model should be scught.

5. Teste over bottame with & different and less cagpliceted dotltom

gtructure ie conaidered of mejor importance.

6. ‘fhe uss of other Trequencies (10 k- and 3 ke) and expioeive

sources to give broad bagd coversgs and Lo &id in resolving the vey-ious

signal paths is recommended.

21
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