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INTRODUCTION 

1. This is a sequel to an earlier report * which presented measure¬ 
ments of the ambient noise profile down to 8000 feet at a location 
off St. Croix, Virgin Islands. The present report is an extension 
of these measuieiaents to a depth of 12,000 feet in deeper water 
some 5 miles from the previous location. The methods of calibration 
and analysis of the data are identical to those used previously. 
The results show that the level of the ambient noise background 
at both sites falls off with depth, rapidly at first and then more 
slowly as the bottom is approached. 

MCASURLILNT METHOD 

2. The measurements were made with a string of hydrophones spaced 
2000 feet apart along a common coaxial cable. Figure 1 shows the 
experimental geometry. Each hydrophone fed its own frequency- 
modulated carrier up the cable to the anchored platform, where the 
signals were de-modulated and recorded. In addition, a separate 
hydrophone from an A/N-SSQ-57 sonobuoy was floated away from the 
anchored barge to record noise at a depth of 100 feet. Noise 
samples 1 1/2 minutes long were obtained at hourly intervals during 
an overnight period. A total of 18 such samples were recorded; 
however, only 14 noise samples were obtained with the 100-foot 
hydrophone, which was found to have broken off toward the end of 
the overnight period. 

3. An in-situ calibration of the system was obtained with a 
standard J-9 sound source. Playback of the field recordings was 
done later in 1/3-octave filter bands, and the band levels were 
reduced to spectrum levels in the conventional way by subtracting 
10 times the log of the bandwidth, and have been referred to 
1 dyne/cm , rather than to IwPa, so as to enable easy comparison 
with the earlier results. 

4. Figure 2 shows the test site, located at the cross in 13,600 
feet of water north of the island of St. Croix. The earlier site 
in 10,000 feet of water is indicated by the dot located to the 
east. Notice that both measurement locations are on the side of 
a deep basin bounded by islands to the north and south and by 
bottom ridges to the east and west. 

"Same authors, "The Deptn Profile of Ambient Noise in the Deep 
Sea North of St. Croix, Virgin Islands", NOLTR 72-176, Aug 1972 
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RLSULTS 

5. Figure 3 gives the distribution of the hourly levels plotted 
on nornal probability paper. The indicated standard deviations (o) 
are the slopes of the straight lines drawn by eye through the data 
points. They are seen to vary from about 7 db at low frequencies 
to 2 to 3 db at high frequencies. 

6. Figure 4 shows profiles of the mean noise level at the different 
measurement depths in the various analysis bands. Uic standard 
deviation of the mean level, equal to the value of o from the 
previous figure divided by the square root of the number of samples, 
is snown by the horizontal bars. At 5000 Hz only median levels 
are plotted, since at this frequency electronic noise tended to 
mask sea noise under quiet conditions. 

7. Figure 5 is a complete tnird-octave analysis of a single 8-second 
simultaneous sample at 4 depths, as made by a General Radio lype 
1921 Real Time Analyzer using an 8-second integration time. We 
may note in this data the typical depth variation snown by the 
averaged data. In addition, there is a steep increase in level 
toward the low frequency end of the spectrum apparently caused by 
a distant ship, or ships, that were evident on listening to the 
sample. The level of electronic noise shown by the lower dashed 
curve is satisfactorily below that of sea noise except in the 
highest two 1/3-octavc bands. 

8. Figure 6 illustrates the variability of the noise profile from 
hour to hour by means of hourly profiles at frequencies of 125 and 
2000 Hz. We observe from these profiles that while their general 
shape tends to be maintained, there are variations in detail such 
that for the 1 1/2 minute samples taken at hourly intervals, some 
depths are more noisy and others more quiet than they are on the 

average. 

9. Finally, Fig. 7 shows the mean levels of Fig. 4 plotted against 
frequency, along with the Knudsen-Wenz spectrum for conditions of 
moderate shipping and a 11-16 knot wind. At 2000 feet and below, 
the levels at the test site are seen to be some 3-7 db lower than 
expected or predictedf whil the levels at 100 feet arc considerable 

higher. 

DISCUSSION 

10. The present data show a gradual decrease of mean level from 2000 
feet to 12,000 feet. In the earlier data, there was a suggestion 
of a reversal below 6000 feet; the mean levels at 8000 feet were 
2 to 3 db higher than those at 6000 feet. The present data do not 
substantiate this reversal, which may have merely represented the 
uncertainly of 1 to 2 db or so in the system calibration. 

11. Another item of difference is the low value of a at high 
frequencies in the present data. This must be the result of 

2 
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the small variation of wind speed in the present overnight series. 
During this period of 17 hours the wind speed was ‘J-10 knots during 
the first half of the period and rose gradually to 16-17 knots 
toward the end. 

12. The rapid decrease of noise below tne surface continues to be 
a puzzling and apparently valid characteristic of the noise back¬ 
ground at the test location. In addition to the evidence for its 
validity that was presented in the earlier report, the effect 
was verified anew by lowering and raising a hydrophone between 
5U and 3UÜ feetiwith pauses of 5 .to 10 seconds at 100 and 200 feet 
for a steady noise reading at these intermediate depths. This 
was done from ooth the barge and a small craft lying to some 400 
feet away. The results are plotted in Fig. 8 as noise profiles in 
a number of 1/3 octave bands, normalized to a common value at 100 
feet at each frequency. They show a decrease of about 3 db 
between 50 and 300 feet, with no clear dependence on frequency. 
This decrease evidently continues at a lesser rate down to the 
sea bottom, as shown by the mean noise profiles given previously 
in Fig. 4. The cause of this behavior is not clear. On the one 
hand, the rapid decrease at shallow depths may be thought to be 
the effect of the surface duct, which must act to channel the noise 
produced by near-surface sources and, by surface scattering, produce 
a decreasing sound field in the water below. Evidence for this 
interpretation lies in the fact that the difference in level between 
1ÜU feet and 2000 feet is greater at frequencies above a few hundred 
Wertz than below, a frequency region that corresponds to the lower 
limit of trapping by the 150 foot surface duct. This frequency 
difference is evident in Fig. 5 and was noted in Fig. 8 of the 
earlier report. On the other hand, an alternative explanation is 
that the rapid decrease of level with depth is the result of the 
over-all velocity profile, since the decrease occurs in ray-trace 
intensity computations and appears in tne observed data at frequencies 
as low as 125 Wz. However, there is no convincing or exclusive 
evidence for either of these possibilities. Indeed, both of these 
hypotheses may be correct; the surface duct may merely intensify 
or enhance a variation of noise level with depth caused by the 
velocity profile. In any event, an understanding of why the noise 
profile is the way it is, at this location as well as at others 
where computed or observed profiles may become available, is an 
important problem for future solution. 

SUMMARY 

13. The results of this snort field trial may be summarized by tne 
following statements: 

a. Based on an overnight series of hourly noise samples, the 
mean noise level at all frequencies from 50 to 5000 Hz is found 
to decrease with depth, with a rapid decrease down to 2000 feet 
and a smaller decrease below (Fig. 4). 

3 
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b. Individual 1 1/2 minute noise samples taken at hourly 
intervals fluctuate in level with a standard deviation of 6-7 db 
at low frequencies and 2-3 db at high (Fig. 3). The latter value 
is smaller than that found previously because of the smaller varia¬ 
tion in wind-speed during the snorter time duration of the observa¬ 
tion period. 

c. because of this variability, the noise profile existing at 
any one time is itself variable, some depths being at times more 
noisy than others (Fig. 6). 

d. below 2000 feet, the sea at tne test site averages about 
5 ub more quiet than an estimate based on the Kundsen-Wenz noise 
spectra (Fig. 7). 

e. Lowering and raising a hydrophone shows a decrease of level 
of about 3 db at all frequencies between 50 and 300 feet (Fig. 8). 
This rapid near-surface decrease of noise has been observed in 
other ways on other occasions at the test site, and appears to 
represent the uppermost small segment of the noise profile as 
determined by the fixed hydrophones at deeper depths. 

f. The origin of the noise profile remains uncertain, but 
must be understood before the validity of the present results 
for other locations and other environmental conditions can be 
assessed. 
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