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4 Surmieside Court 

Waterford, Conn .. 

Ja.mrnry lit, 1962 

Mr. Josen% E. Barbeau 

Northeastern University 

Boston 15, :Mass. 

DeHr Mr. Barbeau, 

I arr submitting the following report: "An Exploratory 

Study of the Relationship Between Sound Re~lectivity and 

Ocean Bottom Physical Properties, 11 for your review. This 

report is the product of a study I have conducted to deter-

Fine the effect of ocean bottom physical properties upon 

ref1ected sound. Included in the following discussion 

will be the general results obtained, as well as recom-

:rr:endatj_ons intended to irr;prove future studies. Al-

though I have sought to define all technical references, 

some references alluded to cannot be clearly defined due 

to their confidential nature. I hope that this will not 

affect yottr understanding of this report. 

Sincerely, 

&~1.~ 
Bernnrd F. Cole 



GenerAl Topic Outline 

I. Assir:nment and Initial Investj.?ation 

A. Prnblem assi!J;nment 

B. General correlAtion--measurements Rnd ~rain size 

c. Velocity-ratio method 

II. Ref'lection frn:rn W.c;.ter-Sedi1;...,ent Interface 

A. Shallow water study in eastern Pacific 

B. Deep water study in rrj_ddle and eastern Atlantic 

C. Agreement of studies 

D. Theoretical reflection losses 

E. Recomffendation concerning f'uture measurements 

III. Penetration into the Bottom Sediment 

A. Depth of penetration 

B. Attenuation Jn varying sedirrents 

C. RefJ~ec ti on and re Trac ti on 

IV. Conclusion 

A. SUl1mlary of study 

B. Possible theoretical explanation 

C. Nore reconmtenda tions 



Definition of Terrr-s 

A:rrios: 8n oceanoP'rr-mhic survey 

.Ura.ss II : a snr1ar s:ystern 

Density wet weight of sediment-weight of sea water 
toTsl volume of sarr-.nle-vnlurne of sea water 

;;5 : :rr·edian grain diarr.eter in nhi uni ts -- -lo,rr,2 dia. (rnrr) 

Porosity ratio of volume of voids (sea water in this case) 

between the grains of a sediment sRnmle to the total volm:ne 

of the sedirrent 

Sand, silt, and clay : Wentworth p.:rac'le scale of narticle 

di a.weter: sand 2-0 .062 mn, silt 0 .062-0 .OOLL :mm, and clay, 

less than 0.004 mm 



It is the purnose of this report to give a general 

idea of sorre of the factors which rr.ay affect sound waves 

co:rnj.ng into contact with the ocenn bottom, and to set the 

stage for future investigations of these properties. 



An Explo:rAtory Study of t1-1e Relationship Between 

Sound. Reflectivity and Ocean Bottom Physical Properties 

Upon my return to the Underwater Sound Laboratory, 

I was assigned to aid Mr. Thaddeus Bell of the Systems 

Planning Staff by conducting a study of ocean bottom 

s0und reflectivity. In an attempt to find sorr:e corre1at-

ion between Amos .0 nd Brass II s•·inar bottom loss ni.easure-

ments and bottom cowposition, sedinient cores from the 

Atlantic1 were divided into two classes (cores contain-

ing sand or silt,, and cores containing no sand or silt) 

and were compared with bottom loss measurements accord= 

ing to geographic nosi tione The results obtained from 

this comparison inrlicate that areas containing sand or 

silt generally provide very good reflectivity, while areas 

containing no sand or silt provide reflectivity ranging 

froni good to bade From this general study it appears 

that reflectivity from sand or silt areas is more pre-

dictable than that from non-sand or silt areas .. 

1. D.B. Ericson, M. Ewing, B.C. Heezen, G. Wollin, 

Geological Society of America Bulletin, 72, 173,(Feb. 1961). 



The relntionship of this median grain size method 

of botto~ loss prediction to Fry's water-sediment ve-

loc5ty ratio method.2 '3 will be evident from the follow-

ing discussion of the inter-action of the sediment layer 

velocity, porosity, and median grain size. 

A physical analysis of shallow water sediments from 

the Pacific b;r Hamilton et al.,(1956)~ showed a correlat-

ion between the velocity, the porosity, and the median 

grain s.ize of the sediment layer. A general increase in 

velocity with increasing rr:edian grain size and decreasing 

porosity wBs observed. It is interesting and significant 

that the se.me correlation was noticed in a physical anal-

ysis of AtJ.antic deep-sea sediFent cores by Sutton et 
5 al., ( J 957) • 

2. J. Fry, W.R. Raitt, J.~.urnal of Geonhysical Reseftrch, 

66-2, 589 (Feb. 1961). 
"'l J =... T[JSM1 T 1 11 2 2L• fA---"., -.r.I"~' :>. • .r· ry, . __ J' ... ourne .... , _ - . , u.1.. \ apr -'-..!. J.. '70.L J ., 

4 .. E. Hamil.ton, G. ShUt--nwa.y, H. Menard, c. Sbipek, Journal 

of the Acoustical Society of Anierioa, 28-1,l (Jan. 1956). 

5. G. Sutton, H. Berckhemer, J. Nafe, Geophysics, 22-11, 

7 7 9 ( Oc t • 1957 ) • 



Althnugh both studies shoved a strong positive cor-

relation to exist between the rredian ~rain size and the 

velocity, Sutton internrets the r.edian grain size as 

directly affecting the velocity, hut Hamilton exulains 

the correJetion as a result of the velncity-porosity 

:relationship, and a strong negative correlation between 

the median grain size anc the porosity. Sutton found 

the corrpressional wave velocity in the ocean bottom un-

consolid~ted sediments studied to be well represented by: 

where 

v' = 2.093 - (o.01-114:to.oo6o) ¢ + (o.00135±0.00038)Y 

- ( 0 ~)ii~·'± 0 ~ 15 ) ~ 

v' = corr:pressional wave veJocity in km/sec. 

¢ - median gr~in size in phi units 

Y - % carbonate content6 

1'J "" porosity 

6. Sutton found a positive correlation between the 

carbonate content and the velocity. 



:More co:rr-p1ete measurements wi11 be necessary to 

accurately establish the bottom loss as a function 

of these properties, however, for the uresent, a 

general classification of the bottom loss can be 

obtained by consideration of either the velocity, 

the porosity, or the median grain size. 

Harr:ilton's study in the Pacific included reflect-

:ton losses calculated frorr Rayleigh is eauation as 

presented by Mackenzie?: 

Loss in db/ rei'lection = 20 loglO 
1 a (? ) ~? pa- - p -1 cot l 

pq+ -(p2-l)cot ? 

where 
p is the velocity in sediment/ velocity in water 

q is the density of sediment/ density of water 

and 
¢ is the grazing angle at the bottom 

Although the grain size is not directly accounted 

for in the above eauation, a ~raphical representation 

of tbe theoretical reflection loss vso the median grain 

size ( I<1ig. 1) is in agree:men t with A!nos and Brass II 

7. I\.V. Mackenzie, U .S.N. Electrl)nics Laboratory Report 

229 (1952). 



cnnsistent reflection loss.. The fact that the wide 

vari2tion of theoreticAJ ~eflection loss for silt 

cireas does not appear in the Amos and Brass II rreasure-

ments could he due to the classification of sand and 

silt into one cate~ory, 2nd to the presence of sand in 
.... . . c o:n uP l!Ung silt .. This ..Loss variabiJ_lt:y~ 

silt a.reAs, however, was confirmed by later Naval 
8 Research LnborAtory rreasurerrents. 

Since the reflection losses were theoretical, and 

were calculated from the velocity and the density of 

the sedi.rr.ent layer, it is difficult to deterrrine any 

exact correlation between the bottom physical pro-

perties ar~d the bottom reflection losses. It can only 

be concluded that a low porosity, high velocity, large 

rredinn grain size sediment layer provides optimum re-

flectivityo For this reason, it is reco~mended that 

actual meas1n>ements of bottom loss be obtained in future 

studies, so that an exact correlation between the bottom 

losses and the bottom properties can be established. 

27" 



Up to this point, thls study has been concerned 

only with the effect of bottorr properties uuon re-

flectivity from the water-sedirrent layer interface. 

Since the denth of oenetr8tion of the bottom sediment 

at echo ranging frenuency is probably nuch greater 

than cornmonly supriosed, a discussion of the sub-surface 

reflection and sediment layer refraction effects on 

bot torr. loss is appropriate. 

A recent verbal corrrr.unication with the Hydrograph:l. c 

Office sugpested that a frequency of 12 KC will occasion-

ally nenetrate to 300 feet into the bottom sediment, 

with a nenetrat5-on depth of 100 feet not unusual. Since 

the denth of penetration generally decreases with in-

creasing freouency, it is ouite nrobable that a pene-

tration denth of several hundred feet may be exnerienced 

in the operating frequency range of some sonar systerrso 

1'.fith the penetration of the bottorr sedi:rrent layer, 

the bottorn loss beco:r-e.s dependent upon not only the veloc-

ity, ~orosity, and ~edian grain size, but also upon the 

attenuation constant and the penetration clepth of the 



sediment layer. Since Shumway found the attenuation 

to vary with the freauency?' 10 this becomes still an-

other factor deserving consideration. 

The secUment attenuntion measurements of Hamil ton, 

who u:::\ed Shumwayts resonant chamber rrethod~l indic2te 

that the attenuation increases as the median p,rain dia-

rreter increases frorr coarse silt to fine sand., Sutton 

found this was also true for an increasing grain size from 

clay to coarse silt, thus irnplyinp; that the attenuation 

increases as the median grain size increases from clay to 

fine sand. 'I'hese findings were confirmed by Shumway, who 

established that the attenuation reaches a maxirr.um at 

fine sand sediments, and then decreases again. Figure 

2 shows the attenuation values obtained by Hamilton and 

Shumway for different median grain sizes. 

From the inter-action of the median grain size and 

the other bottom properties, it can be shown that the 

least attenuation due to bottom properties occurs in 

9ue G. §lJ.1.),rrt"V[Cl.Y, Q.eophysics,n 21-2,u _305(Ap!"il 19$6)n., 

10., a= kfl.8 

lla G. Shumway, Geophysics, 25, 659 (1960). 



srenll median grain size, 1ow velocity, high porosity 

sedi:rr,ent layers. It should be keut in rr:ind, however, 

that the attenuation will increase with increasing depth 

of penetration, and will increase very rapidly with in-

creasing freauency.. The unconsolldated sediment may 

also contain a gradien~:i~d therefore effect a rapid 

change in velocity and attenuation with a small change 

in depth penetration. 

Although the sediment attenuation is affected by the 

penetration depth, this, in turn, is affected to s.o:me 

extent by the grazing angle. For a grazing angle of 

90 degrees, the sound which penetrates into the sediment 

will be re::f'lec ted from a sub-surface interface, but for 

other anp:les, the unconsolidated sedirrent gradient must 

be taken into account.. This gradient :ro~y refract the 

sol.md back lnto the water, or :may cause n::.ore or less 

reflection from e. sub-surface layer interface than 

would norrral1y he exnected .. 



Now that the bottom effects have been generally 

dJscussed_, perhaps the two effects can be related.. From 

the above study, it can be seen that a sediment providing 

poor reflectivity, is a sediment providing good sound 

propagation. For this re~son, it is quite conceivable 

that the high reflection losses found over low velocity~ 

small :median grain size, high porosity sediment layers 

can be accounted for by the large amount of sound propagated 

through the water-matched medium, and the small arriount of 

sound reflected. In the same :manner, the low reflection 

losses experienced over high velocity, large median grain 

size, low porosity layers can be explained as a result of 

little sound being propagated through the :mediUl11 51 and a 

majority of the sound being reflected due to the water-

sedimen t rr.is-ma tche 

This theory, it should be noted, was based on a very 

limited amount of data, and is not necessarily correct. 

Since the amount of data was so limited, future :measure-

ments will have to be made in order to obtain a good pre-

diction of sound reflection losses with bottom sediment 

type. ·It· i~ ·recorrJ11ended that these future· studies·· 



include an investigation of the in-sediment and sub-

surface reflection modes of propagation, as well as 

determining op tirrurr. equiprren t pararr.eters such as 

fr•equency and an,q;le. I hope that this exploratory 

study has helped to make future studies more valuable 

and has ad(3ed to the present knowledge concerning ocean 

bottom sound reflectivityo 
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