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ABSTRACT 

As a part of the Ocea n Acre Program, experimental studies of volume reverberation 
were conducted nea r Berm uda during April and November of 1969, Downward l<>"king 
transducers with CW pulse transmissions were used , The spring measurements were made 
at frequencies of 3 ,5, 13 , 5, and 15 , 5 kHz, The fall measurements were made at 12,0 
kHz. The resultant data include freq uency comparisons of peak ~altering strength versus 
depth, as we ll as daily and seasona l comparisons of scattering strength, During the spring 
studies, daytime sc artering at the upper frequencies was greater t.han that at 3,6 kHz. 
At nighttime, the reverberation at 3 , 5 kHz increa sed to a level comparable with that of 
the upper frequencies. Daily comparisons of the scattering strength profiles exhibited ex­
cellent structural repeatability. The !all reverberation measurements yielded generally 
greater peak scattering suengths when compared with the spring measurements, 
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The work was accomplllbed un<ler New London Laboratory Project No, A-403-00-00, 

"Reverberation Research Studies" (U), Principal Investigators, N. P. Filch and R. K. 
Dullea, Code 2211, and Navy Subproject and Task No. SF 11552 001-112-11284, Pro­
gram Manager, J. Reeves, NAVSHIPS 00V 1. 
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ACOUSTICAL INVESTIGATION OF THE DEEP SCATTERING 
LAYERS AT THE BERMUDA OCEAN ACRE SITE 

IN APRIL AND NOVEMBER 1969 

INTRODUCTION 

The results of the acoustical investigations of the deep scattering 
layers (DSL) at the Bermuda Ocean Acre Site I are presented for the 
spring of 1969, Ocean Ac re Cruise 6, and the fall of 1969, Ocean Acre 
Cruise 8. The spring measurements were made by using a series of 
transducers operated at 3. 5 kHz, 13. 5 kHz, and l 5. 5 kHz. The 
UNIVAC 1230 computer installed on the USNS SANDS (.A,GOR-6) was 
employed in the experiment for at-sea processing of reverberation 
data. The fall measurements were made by using a 12. 0-kHz transducer 
on the R/V TRIDENT. This report presents the analysis of the morn­
ing, noon, and nighttime variations of the volume scattering strength 
versus depth at the above frequencies, as well as daily and seasonal 
comparisons. 

BACKGROUND 

The primary objective of the Ocean Acre program 2 is to determine 
by concurrent studies over a 3- to 5-year period the acoustical and 
biological characteristics of the DSL at a selected oceanic site. The 
site chosen for this undertaking is a water column 60 nautical miles 
square by 4000 meters deep about 15 nautical miles southeast of 
Bermuda (32°N, 64°W). It is expected that this study will provide a 
greater insight into the acoustical resonant frequencies and associated 
scattering strengths, migrational habit G, life histories , geographical 
distribution, and seasonal variations of the inhabitants of the DSL. 

DATA ACQUISITION AND REDUCTION SYSTEM 

A number of research ships are participu ting in the Ocean Acre 
p ogram. During Cruise 6, the SANDS was the research vessel , and 

l "Oc:rn Acre, " NUSL Pub, No . 1107, 2 April 1970. 

2Ibid. 
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data were obtained at 13.5 kHz and 15.5 kHz from a modified hull­

mounted AN/UQN echo sounder and at 3. 5 kHz from a special hull­

mounted projector and receiving array. Data at 12 kHz were obtained 

during Cruise 8 by using an AN/UQN mounted in an ORE towbody that 

was towed from TRIDENT. 

In both studies, the data were recorded on analog tape and then 

processed on the UNIVAC 1230 computer system aboard the SANDS. 

The block diagram for the data acquisition and reduction system is 

shown in Fig. 1. A Gifft recorder generates a key pulse that triggers 

the transceiver, and the resultant reverberation is recorded on tape. 

During the tape playback, this same \r.ey pulse starts the input sampling 

program of the computer. After being filtered and envelope-detected, 

the reverberation signal is sampled at a rate of 500 samples/sec by 

an A/D multiplexer and fed to the computer where it is averaged and 

converted by an appropriate program to scattering strength. Subse­

quently, the data are placed on magnetic tape and are graphed by a 

high- ■peed printer. 
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THEORY 

The scattering strength is defined3 as 

I ■ cat s . .. IO log 10 --:-- , 
ltnc 

where ls cat is the intensity scattered by a unit volume of 1 yd 3 
mea sured 

at a distance of 1 yd from the scattering volume and where line is the 
incident intensity. In p r actice, the insonified volume is not 1 yd 3 and 
the scattered intensity is not measured at 1 yd, Thus, the actual re­
ceived intensity must be normalized so that s. is obtained. In addition, 
correcti ns must be made for inverse spreading. The method of ob­
taining Eq. (1) is explained by Urick,4 and, therefore, only the equation 
is presented here: 

s. = RL. -SL+ 40 log r - 10 log 10 V 
( 1) 

V = [{cr)/2] 'l'r 2 
, 

where 
s. = scattering strcogth in decibels , 

Rl.v = received rcvcrbcratiotl evel in decibels, 

r • distance in yards from the receiver to the insonified volume, 

V = insonified volume contributing to the retumed reverberation at a given instant of time, 

SL= source level, 

c = velocity of sound in yards per second, 

r = pulse length in seconds, and 

'I'= equivalent beam width. 

RESULTS 

The scattering strength versus depth curves in this report present 
a composite of the results obtained during this e xperiment. The curves 
were obtained from an en semble average of 8 pulses that occurred ove r 
a duration of about 30 sec. The graphs are actually c ompos e d of finite 
data points, each of which constitutes a 10-msec ti:ne average. Th e 

3R. J. Urick, Princi r l es of Underwater Sound for Engineers, M cGraw -Hill Book Co . Inc , ew 
York, Hl67 . 

4 tbid, 
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rev e rbe r a tion da ta are corrected for noise by subtracting the mean 

squa r e of a n am bie nt noise sample from the actual reverberation level. 

Figur e s 2a , 2b, and 2c show the morning, noon, and nighttime 

va ria tions of volume scattering strength versus depth at constant fre­

quenc v for m easur ements made on 28 April 1969. The system thresh­

olds shown in the figures represent the minimum scattering strength 

for which values could be measured at the depths indicated for the as­

sociate d frequency. The 3. 5-kHz data were unmeasurable above depths 

of 650 ft because of ringing in the transducer. It is evident from the 

data at 13. 5 and 15. 5 kHz that a relatively thick layer was present 

throughout the day between 850 and 1750 ft. At these frequencies, the 

greatest variation in scattering strength (greater than 20 dB for some 

depths) occurred between the depths of 350 and 850 ft. Scattering 

strength variations between the interval of 100 to 250 ft increased on 

the order of 10 to 15 dB from noon to night. 

Figures 3a, 3b, and 3c present a frequency comparison for the 

morning, noon, and nighttime profiles. As shown in Figs. 3a and 3b, 

the morning and noon pro~iles at 3. 5 kHz were below the associated 

system threshold. 

The morning profiles for 13. 5 and 15. 5 kHz show relatively good 

agreement in both the magnitude and structure of the layers. For 

those portions of the depth interval where data wer-e observable, the 

noon profiles show excellent magnitudinal and structural agreement 

with the exception of the depth interval from 850 to 1100 ft, where the 

data at 15. 5 kHz are about l 0 dB greater than the 13. 5 kHz data. The 

nighttime profiles exhibit good s true tural agreement at all three fre­

que ncies where data were measurable. The associated scattering 

str e ngths of the three frequencies are in close agreement down to a 

de pth of 1350 ft. Belr.>w 1350 ft, the scattering strength at 3. 5 kHz is 

2 to 6 d B g r eate r than that at the upper frequencies. 

Figur e s 4a a nd 4b present nighttime profiles with a 21 -hour s e p­

a r a tion for da ta obtained at 13. 5 and 15 . .5 kHz, respectively. The 

mag nitude a nd struc ture of these profiles are in exc ellent agreement. 

Figures Sa a nd Sb present noontime profiles with a 48-hour s epa­

r a tion for da ta obta in e d a t 13. 5 and l 5. 5 kHz, respective l y. Again these 

com pa ri sons show e xcellent correlation. 
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Figure 6 shows the morning, noon, and nighttime scattering strength 
profiles for data obtained on 24 November at 12. 0 kHz. As in Fig. 2, 
the data show that the greatest variations in scattering strength (when 
compared with time of day) occur in the first 1000 ft. The scattering 
strengths below 1000 ft are rela,: vely stable in comparison throughout 
the day. 

Figure 7 presents a comparison of nighttime volume scattering 
strength profiles for data obtained during the spring and fall studies. 
With the exception of the 700- to 900-ft depth interval, the November 
scatterhg strength profile is 2 to 10 dB greater than the correspond­
ing April scattering strength profiles. The increase in the overall re­
verberation measured in the fall, as compared with the reverberation 
measured in the spring, is in agreement with preliminary biological 
analysis over the same period. 

YOI.UME SCATTUING STIENGTH 1411 VOlUME SCATTEIING STIENGTH 1411 
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Profile at 12 kHz for Ocean Acre Site 

(24 November 1 6 ) 
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- 12.0kH, , 2227 1w 11/2.,69 
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CONCLUSIONS 

Definite trends in the acoustical characteristics of the DSL at the 

Bermuda Ocean Acre Site have been observed in the data analyzed in 

this report. The greatest variation in scattering strength from morn­

in g to night occurs between the depth interval of 250 to 750 ft. This 

variation is generally in the order of 20 dB. In the spring of 1969, the 

peak volume scattering strength profiles at I 3. 5 and 15. 5 kHz exhibited 

good rnagnitudinal agreement throughout the day with a singular excep­

tion occurring at noontime in the depth interval from 8:10 to 1100 ft, 

where the I 5. 5 kHz data were approximately IO dB greater than the 

I 3. 5 kHz data. Scattering strength data at 3. 5 kHz, although not meas­

urable during the daytime hours were equal to or greater than the cor­

responding upper frequency data at nighttime. 

A noteworthy observation yielded by this investigation i s that, when 

the DSL are relatively stable (i.e., noon or night), the magnitude and 

structure uf the scattering strength over the entire water column is 

almost identical from day to day. This would indicate that the layer 

population and stratification remain constant on a day-to-day basis. 

An observed seasona increase in volume reverberation from the 

spring to the fall of· 1969 indicates an increase in the population density 

and size of the scatterers. This final result agrees with preliminary 

biological measurements of the DSL over the same period. 

1 



UNCLASSIFIED 
Sec uritv C'la R!lific-atlon 

DOCUMENT CONTROL DATA· R & D 
! SC'C" ur ity r l• 1.si ll r •t lon o f t l llo, body o l 11b ,i tra r l ltttd m dcai11t! 1tnno t1tt icm mu x l I.J~ • tHe re d wh en t/t e over• II r e p o rt I s rl•••llled) 

I ORIGI NAT I NG A CTI V IT Y ( Co rpo,.,. •utl1orJ Z• , R EPO R T SE 'CURITY CL A SSIF I C A TI ON 

New London Laboratory UNCLASSIFIED 
Naval Underwater Systems Center 2b. GROUP 

New T ,nndon. CnnnPrtic-nt 06320 
3 R E POR T TI T LE 

ACOUSTICAL INVESTIGATION OF THE DEEP SCATTERING LAYERS AT THE 
BERMUDA OCEAN ACRE SITE IN APRIL AND NOVEMBER 1969 

-4 . OE SCRIP T IVIE NOT E S ( Type of report and lnclue lve detea) 

Research Report -5 , AU TMORtll (Flra t name, m i ddle Initial, laat name) 

Robert K. Dullea 

I , .. ~PORT DAT~ 1a, TOTAL NO . 0,. PAG E S rb. NO. 0 .. IU: .. ; 

10 December 1970 16 
le. CONT .. ACT 0111 G"ANT NO . N , OfUGINATO .. •I IIIC:PORT NUM ■ II. Rllt 

b . PIIIOJl:C T NO . A-403-00-00 3038 
SF 11552. 001-112.-11284 .. eb. OTHl[III 1111:POIIIT NOIII (An, olll•• n-Nn dtel _, N aul,,.ed ,,,,. _,,) 

d. 

10. DIITlll ■UTION ITAT•M-NT 

Thi• document ha• been approved for public relea1e and 1ale; it• dhtribution ii 
unlimited. 

11 , IUPPL•M-NTAIIIY NOT.I ti . l~ON...:t,-INO MILITAflY ACTIVITV 

Department of the Navy 

,, . a ■aTIIACT 

A• a part of the Ocean Acre Program, experimental 1tudie1 of volume reverber-
ation were conducted near Bermuda durin1 April and November of 1969. Downward 
look.in1 tran1ducer1 with CW pul1e tran1mi11ion• were u1ed. The 1prin1 mea1ure-
menta were made at frequencie• of 3. 5, 13. 5, and l 5. 5 kHz. The fall mea1urement1 
were made at 12.. 0 kHz. The re ■ ultant-data include frequency compari1on1 of peak 
acatterin1 1tren1th ver1u1 depth, a1 well aa daily and 1ea1onal compari1on1 of scat-
tering 1tren1th. During the apring 1tudie1, daytime 1cattering at the upper frequencie1 
wa1 1reater than that at 3. 5 kHz. At ni1httime, the reverberation at 3. 5 kHz lncrea■ed 
to a level comparable with that of the upper frequencie1. Daily compari•on1 of the 
1catterin1 1tren1th profile ■ exhibited excellent 1tructural repeatability, The fall 
reverberation mea1urement1 yielded 1enerally greater peak 1cattering atrength1 
when compared wlth the 1pring meaaurement1. 1 

(PAGE 1) 

SIN 0102-014·&600 
UNCLASSJFIED 

S.curitv cl■nl lcaUon 



UNC r ••~1v1r.n 
IH1lfllY CIH8trlc■Uet1 

" · I.INK A I.INK ■ I.INK C 
KKV WOIIIDI 

11101.K WT 1101.K WT 11101.K WT 

Deep Scattering Layer I 

Ocean Ac re - Bermu.da 

Volume Reverberation 

-
-

-

DD ,'= .. 1 .. 73 (BACK) UN~ LASSIFI§D 
' PAGE 2) S.curlty Cl■Hlllc■tlon 


	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017

