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This summ ary mernor:~ndum is being published to imake available

inforxm~ation on depth dependence of ambient sea noise. The data

were recorded in deep ocean areas approximately 200 n. n~i. west of

San Diego. They were acquired on three separate cruises during

April, Ju ne, and nugust 1971. ThIs research was sponsored jointly by

NAV~I~3Y~CO~ 53301, NAV IIV3Y3CGi3 COV1, and 0~R 469.
Problem.

I~ieasurc anbier~t s~a noise at various depths and determine the

nature of ambient sea noise depth dependence, if possible.

~~~~ iz .1~a ~~~~~ ~1erc in sho~:ed decrease in sound press ire
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i~ecom~c;wla tior’s.

I~epcat the experiment with sonic modifications : to include smaller

increments of depth for a more co~.iplete noise/depth profile; to use

a different station location — — preferably a different oceanic area

with significantly different parameters ; to rendezvous mith other

laboratories’ rneasure:ncr .L systems for both intersystcm calibration

comparisons an~ to determine variability in ambient nois e spectra — —
at the same depths -. — at locations widely se; arated over particular

oceanic areas. Measure sound v~iocity profiles and comb ine with

data on bottom type and major ship density for developing models to

predict ambient noise.
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I
ABSTRACT

Samples of ambient sea noise at depths from 100 to 2240 meters

were recorded from a single sensor suspended from NUC’s S0N0DIV~t

and the spectral level as a function of hydrophone depth was analyzed.

These noise data were analyzed from 8 Hz to 5 K Hz in 1/3 octave
bands. Within a stable period of sea noise data, with minimal transient

effects, 5 integrations of 2 minutes each were averaged. ~camples of
the noise spectra at various depths are shown . In general, these

data show a decrease in sound pressure spectrum level with increase

in depth. Signal — to — noise versus depth is the rca]. objective, of

course, but this will follow in later reports.
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INTR0DU~T ION

It hai h~~n established that the ambient sea noi~;e level , mea~urcd

near the surface, x~~y be predicted by the amount of interaction of

wind and sea ~.t their interface. See Knuds~r?’
2
, or Wenz3, for example.

~Ihile scr~e measurements made by Perrone
4 and others ~,6 indicate that the

level of ambient sea n.ise i~ ~ function of water depth, it is not well

known what relationships exist between noise levels measured at or very

near th.~ surface, and noise levels measured at various depths. It

is the purpose of this study to determine these relationships.

One of the princip~1 problems encountered in this study was the

difficulty in obtaining measurements at predetermined ‘depths at a

specified location and time. In 1971 this laboratory successfully

completed and tested two so~:cDTVER vehicles and a SP~RDUOY vehicle.

The SO~CDIV~~ vehicle, originally conceived by Gordon M. Wer.z, is

an unmanned , untethcrcd deep submcrge~iee rcse.~rch prcbe. It er~;,1c~rs a

velocity regulated buoyancy control system which enables it to hover

at a predetermined dcpti i , with vertical asceleration 1e~;’~ than

0.05 cm/see
2
, and vclocity less than 10 cm/sec , while gathering acoustic

sea data , Thj~ laboratory has further deve1o~ed a SP~Ri3U0Y vehicle, an

untcther~d, and unmanned surface vehicle for measuring acoustic sea

data to depths of 100 meters • SPARBUOY can he deployed from the mother

ship for periods up to 5 days and at distances of up to 5 miles, during

• which t ime it continuously transmits acoustic data to the mother ship.

See appendices . I and II for more complete descriptions of the SOMOD~J~~

and SP~flBUOY.

Siri~i1taneous measurements using SP.tRT3UOY and two SONODIVER vehicles

were made. Thia summa ry memorandum treats the init ial analysis derived

from these data sources.
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ME’THODS

Measurements were made from 100 to 2240 meters and intermediate

depths in corporating two SCNODIV1~13 and one SP~~BUOY . The SPARLUOY

sa:v’lcd at 100 meters at the same time 3O~ODIVER sampled at depth.

The depth of the station areas was about 2000 fathoms . Since the set

of measurements were made at the same time and at the same location

(SONOD1VER was launched within 300 meters of SPARBUOY), it is assumed

that any variation in sound pressure spectrum level Is the result of

differences in depth, rather than a change in the noise field that could

take place if the measurements were not made at th~ same time or perhaps

equafly cad — — at the same time but with great horizontal distances

bet~.~ n the sets of measurements.

Data from SP~?.i3UOY and SCNODVIER are expressed in dD re 1 dyne/cm2.

The data ~re processed in 1/3 — octave bands and converted to 1 Hz

bandwidth. The 1/3 — octave analysis was performed on board with

analysis instruznentat .iori installed, in a portable hut. A description

of same is shown in appendix III.

While the analysis was limited to 1/3 — octave filtering, it is

planned to process the data in much narrower band—widths utilising an

FF’F apnroach. With this capability, signal to noise in addition to

noise spectra as a function of depth will be computed. Some preliminary

data were acquired for this during thi April cruise utilizing several

explosions from SUS ~K — 61 charges at three ranges. Frequec~ versus

time plots s~ fr.ng frc~~inci~s contair.~ g principal energy content

wcre madi ror 1CC and lt~00 meter ricoption depths. These sonograns

were analyzed using a 2.8 cycle bandwidth. ~~plosions were at ranges

of 10, 20, and 40 n. ml., at 60 and 800 foot depths.

2
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These data, while limited in scope, show consistent indications
Pt

of depth dependence of ambient sea noise. As the data were acquired during

three separate cruises the discussion of results will be so presented.
- 

4 r11 cruise, This cruise was on the U,S.N,S. S.P. Lee, Station

location was 320 50’ N , 1200 25~ W, Ambient sea noise w33 measured at

100, 3CC, and 1CCO meter dcpths. No simultaneous pair of sonodiver

dives were attempted because of high sea states and equipmcnt difficulties.

Simultaneous measurement s were made at 100 and 300 meters and at 100

and 1000 mctcr depths using the SPA~.13U0Y and one SoPCDIVER vehicle.

Figures 1 and 2 show definit e decrease ir. sound pressure spectrum

levels for both 3CC meter and 1000 meter depths com~’~red to 100 meter

depth . There is cnly slight chang e in spectrum slope; it appears

that the slope beg ins to fall off more raridly at frequencies above

about 1 K Hz for the 1000 meter depth compared to 100 meter depth . The

two spectra for the 100 meter data do not coincide exactly because

they were measured at different times, with slight changes in sea states

and amount of nearby shipping. The apparent increase in difference

between spectral levels for frequencies loss than 30 Hz may result

from induced noise in the SP~RBUOY system. This noise is most probably

caused by cable — strumming and/or excessive hydrophone acceleration

due to the high sea states (about sea stite 4) present during the

data acquisition periods . There is a pronounced rise in levels in

all the dat a, from about 40 to 80 Hz. There was considerable heavy

sh inp ing in the station area durirg data acquis ition periods .-ñd ch

might be the cause of this rather pronounced ano~no~.y.

although ~i~ na1 — to noise ratios, as a func t ion of depth, will

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



lat~~’ be computed in narrow bands using ~n F~~ ap~roach, sor~c results

of the signals from the explosions of SUS I~K — 61 charges are shown

in figur e 3. Sonograms were made on these data us ing a 2,8 cycle

bandwidth. ~ie1l defined frequency components appear in the data

for explosions at 800 foot depth, at receiver depths of both 100

and 1000 meters.

Juno cruise. This cruise was on the U.S.N.S. Dc Steiguer. Station

0 0 T -location was 32 10’ N, 117 30’ 1. The principle objective for

use of the S0~ODIV~~ and SP tI~BU0Y vehicles on this cruise was to

provide a measure of the ambient noise in the vicinity of a large

aperture . array. •. As a result of some mechanical difficulties

with that system, time wa~ m:.de available for additional data acquisition

on depth dependc r~co of and~icnt sea noise, Sea state was zero; heavy

shipping ~ras pr~~cr~t :du~~.n; these d.ata sampling periods. -~~ fL rtuitous

event tcok place during one data acquisition period. The SC~GDIV~~

control mechanism is designed to hold the amount of vertical drift

to within 10 cm/sec during its ’ data sampling period. During one

dive, the vehicle slowly descended at about 10 cm/sec from 6cc meters

to 720 meters. Tb:ts data was sampled in approxiiaately 30 meter

increments to test for variability in levels within these small

increments at these depths. No significant variation was observed

( figures 4a — 4°).
Au:~ust cruise . This cruise ~;as on the U. 3 .~~,3. S.F. Leo.

Station location was 320 3E~L5 ’ i~, 123
0 41.5’ ~l, Sea ‘bras cairn and

wind speed was about ~ knots. Little or no change was observed from

j the 100 meter SF1~ I3U0Y sensor during any of the 3Ci~0DIVER sampling

periods. A double launch of two 30~0DIV~R vehiclc~ was accomplished

and simultaneous ambient sea noise spectra were obtaincd. The hover

4 .  - . -



dQ~
-.t ~~~ of ti~~ ~~~~~~~ dL::c~)I7~~ v~hicles ~•.cre 650 acd 1300 meters,

Figure 5 sho~is the resulting spectra. Although the differences in

levels arc small, they appear consistent with previous measurements,

in that greatest change in spectrum levels are in the higher part of

the spectra. A dive to 2240 meters was achieved and the results of

these spectra, combined with the 100 meter data, show inconsistent

results compared with similar previous data . The spectra , see figure

6, &:ow an increase in level in the lower portion fro::~ about 100 Hz

to l.25 K Hz.
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Repeat the :n ~1ysi.3 on these data with a much n - rrowcr band —

width. Examine the 1’ossibility of a relationship ex ist ing between

these an1 si gnal — to — noise profiles ~.nd ~o umI velccit~ profiles

- and/or propagation loss data for the corresrond~ng areas . Repeat

-~ 
- -J’: r I : L n ts should be plauned Pon uni~-~uely different cceanic areas ,

with distinctly dif ercnt sound velocity profiles , bottom characteristics,

etc. Said data sample , combined wi th data reported or. heroin, say

orovide clues as to a possible model to be used in ~r~dic tion of

ambient sea noisc/de~th profiles.

I
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SO~0[~IV f.a — J. C, Brown

A ~ystera block llagra~. of the S C C ~)IV~R vehicle 13 3howrl in

i~Hu~-~. ~.—l. - 
- - 

- The ~C (~~IJi~ i~ a d i ~~p - Jiving, ocean ambient

noise research vohici~ . It ~~~ untethercd and le free to drift ~-rith

deep ocean currents to prov id e ~~tre~~;1y s2t~ :: lC :~-iat fo~ a from

which to r~easure a~:Hient sea :oi~ e fror.~ ~ Hz to 5 K liz .

The a coustic ~:o~-HLcn of ~~ -JI7~ Ii cc~n s ;i ;to  of a b~idrop hone ~ar: u—

factur -ed by ITC Santa farhara.  . L  balanced c~z t n ’ i L  rua ~~p1.if!or r r -c- ;i’!es

a high fc’cr~uer~cy pr~ 7.-1-~-lifier that ::‘o T ~ a Hi f r - ~I:ue~ c:.~ :- i’c- —

e r;ha~is alsove J~ K i~z -a t 6 /~~ 
b- .v~~. c p r ~ a . s . - .~ n c r  ii ~a:1 .:f c tu~c-d

by I- arine ~c:~c e ~c~ci Inc . of ~~~ige C .lifcri~~a ~r- - i rttr t~ c b Jrc~ hone

fo r’r -~ a ioH t- that  s ’ - - -Hc~i 35 feet b~H o ~-r :~C - 0 ~ I7E~ a L’tcr- rca :h

the tr~ ;ct do t h .  The si~ ra .L Ic thec i:-~ lif~ ~d ~y a four stage ficr

to a r: :a: -H~~1~Hc ~~ijn of 60 Cfl3 , i-2a eh n t  hao a gain of 15 d~3, the out~ ut

of which is reeor~Li on -e-giiaAc tapo .

~fter  tb-c r i-  c - - ~t ;~ha:;c -m a nrcset delay ( adj uc-table in  1 or

10 mm incrc~ncnt s to a r~~ inu-~ of 90 r n t : i u t c e)  a calibration period

in ; ini t iatn~d. The calibration -cried consi—;ts of 4 rc:tce of eys~ cm

nol3-2 , 4 ncinut~ s of random flo~~~O , a~~d 4 :;:~ utos of muititonc-s. ‘~t t u e

completion of the c-~libration mriod a tw-~eut .y minute acoun~tic data

acf:U1S; L1. LOn nier lo i ~ begun . ~ ien the acr~u dt icn uci -lo d is con~-1etcd

the vehicle Ic ccm~~ -Jod to ~u r - fa oc  for rc~eover~j  and -~l iinacy

data re~ccL~on. -
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A block 1:Lagr -c: of the SPA~b3U0Y aion;~ ~-r th a drawing of the

v-chicle ar- -c ohown in I-i gc A—2 and A—3 respectively. The system cc-nci~ ts

of an ITC hydrop hone and 400 font of cahl~ . fh~ u~~ crcp~~ cc-~ is thc

type uu -cri in the SO~CD IVER .

A four ct~~ ;r .. - :~J~~fic :’ (~~~
- .

~~~~~
‘ 5 i~ ige l~ -

~~~~ gain) I’; u ncd to iL t’y

the hy-Iron -hor . c clgnal. Three 1~ ra4;c level detectors ani  some log ic

arc used to  control relays wh ich select the output of a r . w-ticu lar

stage. This output is then icw—~u-a~ s filtered - m-J s~j nnne :i u i t h  anothcr

signal which carri~;s t he gain iuHoruaaL1o n ~ i.c ., ~dcr .t l f i~ .~ the outr : at

stage tL’ - .H~-;d.

ml r? -Hi om nob g—H50r-  ~5cr cI~~~ZH-~~ 
- t~ ca -

- -

Hhi ch .fC ~~~
‘ - r 1 i C T I  s.c the in- ua of ttn HIre- horu c a . -1 !2~~HS~~’ .-.rud ars..

u-; s~ i tL- calculate the -ahooluto levels of the acouctic c.:H.ect noise

n ignal.

A sequencer provides for a cal t b r at i on  n2u ~ ucr:cc of  i~ minutes

every 2 hours .
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Carroll .i • ~-:arsha11

The purr :ose of the shipboard sonodiver processor is to recovers

fornu t , an !  analyze the acoustic -arul status data measured and recorded

on a 7 tra-ck magnetic tape !;y the sonodiver vehicle during a dive .

It is signi ficant to note that a preliminary analysis of the data can

be mad-c for evaluat ion within 15 minutes aft-c r a dive is co:r - lcteni .

If for any x-ea on the If tus .  is sub—standard another div e can be :.na- ie

at the sa~ e location to gather no--; data.
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