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Foreward.,

This summary memorzndum is being published to make available
information on depth dependence of ambient sea noise., The data
were recorded in deep - ocean areas approximately 200 n. mi. west of

¥ San Diegoe They were acquired on three separate cruises during

April, June, and august 1971, This research was sponsored jointly by
JAVAIRSYSCOU 53301, NAVSHIPSYSCGES OCVLl, and OIR 469, ;
Problem.

Measure ambient sea noise at various depths and determine the
nature of ambient sea noise depth dependence, if possible,

Rf‘."” ll—‘.:s »
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he 1limibed deba. reported herein showed decrezse in sound pressure
spectrun level with increcse in depth., Decrease in levels were greater
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Recommendationse

Repeat the experiment with some modifications: to include smaller

increments of depth for a more couplete noise/depth profile; to use
& different station location - - preferably a different cceanic area

with significantly different paramcters; to rendezvous 'rith other

laboratorics! measurement systems for both intersystem calibration

1 comparisons and to determine variability in ambient noise spectra - -
G a at the same depths - - at locations widely seyarated over particular
.

oceanic areas, Measure sound .- velocity profiles and combine with
' d data on bottom type and major ship density for developing models to
; P J pirg
s
13
; predict ambient noises.
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ABSTRACT

Samples of ambient sea noise at depths from 100 to 2240 meters
were recorded from a single sensor suspended from NUC's SONCDIVER
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., Examples of
the noise spectra at various depths are shovm, In general, these
data show a decrease in sound pressure spectrum level with increase
in depth., Signal - to = noise versus depth is the real objective, of

course, but this will follow in later reportse
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INTRCDUCTION

It has been established that the ambient sea noise level, measured
near the surface, may be predicted by the amount of interaction of

: b o . 2
wind and sea at their interface, See Knudsen ’

, or Wenzz, for example.

While some measurements made by Perroneh and others 556 indicate that the

level of ambient sea noise is & function of water depth, it is not well

known what relationships exist between noise levels measured at or very
ear the surface, and noise levels measured at various depths. It

is the purpose of this study to determine these relationships.

One of the principal problems cncountered in this study was the
difficulty in obtaining measurements at predetermined depths at a
specificd location and time; In 1971 this laboratory successfully
completed and tested two SONCDIVER vehicles and a SPARBUOY vehicle,

The SOLCDIVER vehicle, originally conceived by Gordon li, Wenz, is

an unmanncd, untethercd deep submergence research probe, It employs a
velocity regulated buoyancy control system which enables it to hover

at a predetermined depth, with vertical acceleration less than

C.05 cm/sec2, and velocity less than 10 cm/sec, while gathering accustic
sea datie This laboratory has further develored a SPaRBUOY vehicle, an
untethered, and uamanned surface vehicle for measuring acoustic sea
data to depths of 100 meters, SPARBUOY can be deployed from the mother
ship for periods up to 5 days and at distances of up to 5 miles, curing
which time it continuously transmits acoustic data to the mother ship.
See appendices. I and II for more complete descriptions of the SCUCDIVER
and SP-RBUOY.

Similtaneous measurements using SPARBUCY and two SONODIVER vehicles
were made, This summary memorandum treats the initial analysis derived

from these datzs sources,
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METHODS ]
Measurements were made from 100 to 2240 meters and intermediate j

depths incorporating two SONODIVERS and one SPaRBUCY, The SPARBUCY

sarrled at 100 meters at the same time SONODIVER sampled at depth.

- The depth of the station areas was about 20C0 fathoms. OSince the set
of measurements were made at the same time and at the same location
(SONODIVER 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 the same time or perhaps

equally bad - - at the same time but with great horizontal distances

between the sets of mecasurements,

Ty Sror # : 2
Data from SPaRSUCY and SCNODIVER are expressed in dB re 1 dyne/cm“.

The data are processed’in 1/3 - octave bands and converted to 1 Hz
bandwidth, The 1/3 - octave analysis was performed on board with
analysis instrumentation 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
rlanned to process the data in much narrower band-widths utilizing an
FFT aprroach. 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 the April cruise utilizing several
explosions from SUS VMK - 61 charges at three ranges. Irequecy versus
¥ time plots showing frecuencics containi g principal energy content

were made for 100 and 1UOO meter rcception depthss These sonograms

were analyzed using a 2.8 cycle bandwidthe IExplosions were at ranges

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




RESULTS & DISCUSSION

These data, while limited in scope, show consistent indications

of depth decpendence of ambient sea noise, 4s the data were acquired during
three separate cruises the discussion of results will be so presented.
April cruise, This cruise was on the U,3.N.5, S,P. Lee, Staticn
location was 32° 50! N, 120° 25 W, Ambient sex noise was mezsured at
1C0, 30C, and 1CCO meter depthse WNo simultaneous pair of sonodiver
dives were attempted becauce of high sca states and equipment difficulties,
Simultaneous measurements were made at 10C and 300 meters and at 100
and 10CO mcter depths using the SPARBUCY and one SONODIVER vehicle,
Figures 1 and 2 show definite decrease in sound pressure spectrum
levels for both 30C meter and 1000 meter depthns compared to 1CO meter
depth, There is conly slight change in spectrum slope; it appears
that the slope begins to fall off more rapidly at frequencies above
about 1 K Hz for tﬁe 100C meter depth compared to 100 meter depth, The
two spectra for the 100 meter data do not coincide exactly vecause
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 less than 3C Hz may result
from induced noise in the SPARBUOY systeme. This noise is most probably
caused by cable - strumming and/or excessive hydrophone acceleration
due to the high sea states (a2bout sea stite 4) present during the
data acquisition periods. There is a pronounced rise in levels in
all the data, from about 4O to 8C Hz., There was considerable heavy
shipping in the station area during data acquisition periods vhich
might be the cause of this rather proncunced anomaly.

although signal -~ to - noise ratios, as a function of depth, will

3




later be computed in narrow bands using an FFT approach, some results
of the signals from the explosions of SUS MK - 61 charges are shown
in fizure 3. Sonograms were made on these data using a 2,8 cycle
| bandwidthe Well defined frequency components appear in the data
for explosions at 8CC feot depth, at receiver depths of both 100
and 1000 meters,
, June cruises This cruise was on the U,S,N,S, De Steiguer. Station
! location was 32° 10' N, 117° 30! W, The principle objective for
‘ use of the SOHODIVER and SPARBUOY vehicles on this cruise was to

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

aperture . array, . .« &3 a result of some mechanical difficulties

with that system, time was made available for additional data acguisition

on depth derendence of ambient sea neoise, Sea state was zero; hea
& £ J

shipping was present during these data sampling pericds, A fortuitous
event took place during one data acquisition period. The SCNCDIVER
control mechanism is designed to hold the amount of vertical drift

to within 10 em/sec during its' data sampling periode During one

dive, the vehicle slowly descended at about 10 cm/sec from 6CC mcters
to 720 meters, This data wuas sampled in approximately 30 meter
increments to test for variability in levels within these smzll
increments at these depths. No significant variation was observed

a (fizures ha - Le).

Aurust cruisee This cruise was on the U.S5.N. 5. S.P, Lee,

Staticn location was 32° 38.5' N, 123o L1e5' We Sea was calm and
wind speed was about & knotse. Little or no change was observed from
> the 100 meter SPARBUOY sensor during any of the SONODIVER sampling

periods.s A double launch of two 3CNODIVER vehicles was accomplished

and simultaneous ambient ssa noise spectra were obtaincde The hover

e i e it Sk i et . A S
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depthe of the two SCUCDIVER vehicles were 650 and 1300 meters,

Figure 5 shows the resulting spectra. Althoﬁgh the differences in
levels are small, they appear consistent with previous measurements,
in that greatest change in spectrum levels are in the higher part of
- the spesctra, 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, show an increase in level in the lower portion from about 1C0O Hz

to 1.25 K Hz,
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RECOMMENDATICNS

2nalysis on these data with a much nirrower band -

(V]

Repeat th

width. Exomine the possitility of a relationship existing between

¢4
9]

these and signal - to - noise profiles and sound velocity profiles
and/or propagation loss data for the corresponding areas, Repeat

experiments should be planned for unicuely different oceanic areas,

with distinctly diflerent sound velocity profiles, botiom characteristics,

etc, Said data sample, combined with data reported on herein, may

provide clues as to a possible model to be used in prrediction of

ambient sea noise;depth profiles,
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APPLNDIX T

SONOLIVER -~ J. C. Brown

A system block diagram of the SCICDIVER vehicle is shown in

Fignrd Al 0 01 oo . The

SONCDIVER is @ deep diving, ocean ambient

noise research vehicle, It is untethered and is free to drift with

deep ocean currents to provide an extremely stanle platform from

which to measure ambient s

ea noise from 8 Hz to 5 K Hz,

f SCNCDIVER consists of @ hydrophone manu-

bara. < balanced output preamplifier preovides

o = e B P T Ol VR e
r that provides a higk frequency pre -

54 m - Fa i B %4 3
dB/octave, The preamplifier is manufactured

1

1. . " it A st T aed A v w 3 it PR -~ e rel v
by MHarine Resources Inc. of Northridge California and with the hydrophone

forms a unit that is suspen

the preset depth. The sig

to a maximum gain of 60 dB,

of which is recorded on ms

After the descent phase

nal is then ampglified by a four stage amplifier

gnztic tapa.

i

and a preset delay ( adjustable in 1 or

10 min increments to a maximum of 90 minutes) a calibration period

is initiated.s The calibratiocn pericd consists of 4 minutes of system

noise, /L wminutes of random

L

completion of the calibrat

nois

(¢

, and 4 minutes of multitones. At the

o

ion period a twenbty minute acoustic da

)
i
£

acquisition period is begun, When the acquisition peried is completed

the vehicle is communded to surface for recovery and preliminary

data reduction.

Ll bl sncie
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APPINDIX IT

SPARBUCY - Melquiades A, Calderon

A block diagram of the SPARBUOY a2long with a drawing of the
vehicle are shown in Figs A-2 and A-3 respectively. The system consists
of an ITC hydrophone and 400 feet of czble, The hydrophone is the same
type used in the SCNODIVER,

A four stage amplifiesr (each stage 15 4B gain) is used to amvlify
the hydrophone signal.. Three average level detectors and some legic
are used to control relays which select the output of a particular

o

stage. This output is then low-pass filtered and summed with another

o

signal which carries the gain information, i.e., identifies the output

+hich are applied to the inrut of tine hydrorhone amplifier and arc

v

used to calculate the absolute levels of the acoustic ambient noise

;.

sequencer provides for a calibration seguence of 10 minutes

every 2 hours,

20
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APPENDIX IIT
SCUODIVER SUTIPECARD PROCESSOR

Carroll Vi, Marshall

The purpose of the shipboard sonodiver processor is to recover,
format, and analyze the acoustic and status data measured and recorded
on a 7 track magnetic tape by the soncdiver vehicle during a dive,

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

be made for evaluation within 15 minutes after a dive is completed,
If for any reason the data is sub-standard another dive can be made

at the same location to gather new data,

Status Dabta Processinz, The status data p: ters of the vehicle
(vclo:itj, temverature, and dc;th) are recorded during a dive on magnetic '

tape in a serialized pulse code format at the rate of two parameters
per second., « sixteen bit word is recuired to define each parameter,

The Sonoliver Processor accepbs each parameter word of the recorded 1

("

tatus data, in the format of serialized PCM, converts it to & dizital

number; displays the number on & visual numeric read out display, and

records it on an incremental digital tape in a format that is zccertabls
o & digital computer. This same digital number is converted to an

analog volbtaze and recorded on a strip chart reccrders The resultb

(%)

of the strip chart recording oreration is a plot of each parameter as
a function of time for the duration of the entire dive, This nlot
of parameters gives, at a glance, a detailed analysis of wvehicle behavior

during a dive., Figure A-L shows an example of this display for a

1CCO meter dive made during the April cruise,

Acoustic Data Processinge The acoustic ambient noise data

from one of thz four channels recorded on magnetic taye by the

Sonodiver vehicle is prescented to the “rocessor where it is spectrum

23
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analyzed into thirty 1/3 octave bands in the region from §5 Hz to

»

5C0C Hz, The RS level of each band is computed for a speciflied

period of time and converted to a digital number (0 - 60 dB) which is

racorded on a digital recorder in the Jormat that is acceptable

e

to a digitel corputer. In adiition, an analog voltage representing
the RIS levels of the 30 bands for the specified period of time

>d, disrlayed on an oscilloscope, and recorded on a hard

copy bar gragh.
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