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ERRATA

,~~~ . TP 464, Vol. 11

p. 46 At the bottom of the figure , the arrowhead on the left end of the horizontal
line has been omitted. It  should read:

1* —Most arrivals below noise to end oirun

p. 58 The apparent data points at a range of 12 to 14 kyd and a propagation loss
level of 123 dB are not real , but merely accidents of printing.

p. 67 The symbol for the noise level of 125 dB has been omitted. It  was measured
at a ra nge of 36.0 kyd .

p. 72 The apparent data points at a range of 13 to 1 5 kyd and a propagation loss
- ; level of 131 dB are not real. These are also accidents of printing.

TP 465, Vol. 11

p. 48 Figure C-6. The label at the top of the figure shou ld read “distance from
receivers , kyd ’ instead of “distance between measurements , kyd . ”

TP 465, Vol. III
I
~t —pp. 29 , 42 , 59 Column head ing “C” should be “C.”

I

i

LL~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ..



CONTENTS

INTRODUCTION 5

ENVIRONMENTAL SUMMARY AND COMMENTS 7
RUN I — 10 February 1972, 0251-0647 LST 7
R U N 2 — l l F e b r u a r y l 972, 0052-O5I5LST 11
RUN 3 —  11 February 1972, 0721-13 13 LST 16
RUN 4 — 1 1  February 1972, 1438-2I19LST 21
RUN 5 — 12 February 1972 , 1125-1400 LST 26

APPENDIX A: Run I Propagation Loss Versus Acoustic Range Plots 33
APPENDIX B: Run 2 Propagation Loss Versus Acoustic Range Plots 43
APPENDIX C: Run 3 Propagation Loss Versus Acoustic Range Plots 53
APPE NDIX D: Run 4 Propagation Loss Versus Acoustic Range Plots 63
APPENDIX E: Run 5 Propagation Loss Versus Acoustic Range Plots 73

FIGURES

1. Location of experimental areas. 4

2. Vertical temperature profile. 6

3. Station 1, run 1. Tracks of source and receiver ships and 0251 LST and
0647 LST propagation paths. 8

4. Station 1, run 1. Source level and acoustic range versus time of day. 9

5. Average sound-speed profile summary for station 1 acoustic runs. 10

6. Station l , run 1. Range and depth dependence for 1.5 kHz. 12

7. Station 1, run I. Range and depth dependence for 2.5 kHz. 12

8. Station 1 , run 1. Frequency dependence. 13

9. Station I , run 2. Tracks of source and receiver ships and 0053 LST
and 0515 LST propagation paths. 14

10. Station 1, run 2. Source level and acoustic range versus time of day . i 5

11. Station 1, run 2. Range and depth dependence. 17

I

A 
..--- . 

. .



CONTENTS (Continued)

FIGURES

12. Station 1, run 3. Tracks of source and receiver ships, 1330 LST propagation
path, and location of sound-speed profile boundary. 18

13. Station 1 , run 3. Source level and range from receiver versus time of day. 19

14. Station 1 , run 3. Range and depth dependence. 22

15. Station 1, run 3. Frequency dependence. 23

16. Station 1 , run 4. Tracks of source and receiver ships, 143 8 LST and 21 19
LST propagation paths, and location of sound-speed
profile boundary. 24

17. Station 1 , run 4. Source level and range from receiver versus time of day. 25

18. Station I , run 4. Frequency dependence. 27

19. Station 1, run 5. Tracks of source and receiver ships and I l  25 LST and 28
1400 LST propagation paths.

20. Station I , run 5. Acoustic range versus time of day. 29

21. Station 1, run 5. Difference in propagation loss between 57-rn and
6-rn receivers. 30

TABLES

I . Summary of propagation loss experiments , station 1. 5

2. Station 1, run 1. Range and propagation loss of propagation loss minimum. 11

~~~~:~3~ON

I NTiS Wh~ ~~~~~~

I ‘
~ 

-
~ 

~‘i 0
0

- - 
~~ ~ i, ur SPECIAL



- - - - -
~~~~~~~~~~- - ,

~~~~~
-

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

40°

SAN FRA NCISCO

_ _

LOS ANGELES

SAN\ 
~~~~~~~

A 

DIEGOV~~~~~~~~ .
.ç.

_ ..._. 

303N

~~

B

130° 1200 IIOOW

12I~ W

RUN1

RUN4

- o
:1 RUN 2— ~-~-—-—...~~j~ 

29

RUN 5 —
~-c:I~\1 —RUN 3

AREA A , STATION 1

Figure 1. LocatIon of experimental areas

4

[

~

cs

~ 

~~~~~~~~~~~
—- -~ ~~~~~ I,p~~

— —a.-—--- —

ci



F - - - 

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

INTRODUCTION

This is the second in a series of five volumes describing the near-surface acoustic
propagation loss measurements made during the SUDS 1 experiments. Volume I describes
the instrumentation used to make the propagation loss measurements and the data reduction
procedures. This volume (H) is a detailed report of the propagation loss measurements made
during station I , in which five acoustic experiments were completed. Figure I shows the
track of the source ship during these experiments . Source ship speed was 3 knots for runs
1-4 and 6 knots for run 5. CW-pulsed sources were employed on runs 1-4 and explosive
sources on run 5. Table I summarizes information pertinent to the individual propagation
loss runs. Listed for each run are the beginning and ending dates and times , minimum and
maximum range between the source and receiver ships, frequencies used , and source and
receiver depths.

The detailed propagation loss measurements are contained in Appendices A-E. These
appendices contain plots of propagation loss as a function of acoustic range for each fre-
quency and receiver depth. CW pulsed sources were used on runs 1-4 . The plots are the
propagation loss for each received CW pulse as a function of acoustic range. At the bottom
of each plot , remarks pertinent to that plot are indicated. The maximum acoustic range is
indicated by the vertical arrow (~l~) and individual noise level determinations by the symbol
(‘.‘). In addition , arrivals missing because of down periods when the recorder paper was
being changed, periods when the source was inoperative , and periods when the arrivals, or
most of the arrivals, were below noise are shown. Run 5 was an explosive source run. On
these plots the noise-limited measurements are plotted as triangles. These measurements
represent minimum possible propagation loss. Non-noise-limited measurements are plotted
as squares.

Table 1. Summary of Propagation Loss Experiments,
Station 1, 10-12 February 1972

Source Receiver
Date/time Range, kyd Frequency. depth , depth ,

Run LST Minimum Maximum kHz m m

1 10/0251-0647 0.5 27. 1 1.5 41 6/24/59/98/ 148
2.5 41

2 11/0052-0515 2.2 26.6 0.4 45 4/ 17/43/72/ 112
1.0 42

3 11/0721-1330 0.1 38.9 3.5 45 4/ 17/43/72/ 112
5.0 42

4 11/ 1438-2119 0.1 43.7 3.5 7 5/ 19/ 47/ 77/ 120
5.0 4

5 12/ 1125-1400 1.2 30.3 explosive 18 6/23/57/95/ 145/38
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The remainder of this report discusses, for each propagation loss run , the average
sound-speed profiles, average values for the AMOS parameters, and the maj or propagation
loss features on the basis of visual comparisons of propagation loss plots.

The AMOS near-surface propagation loss prediction model requires single average
values of isothermal layer depth , depressed channel depth, sea state, and sea surface tempera-
ture as inputs . The isotherm al layer depth is defined as the depth below the surface at
which the temperature gradient from the surface is greater than —0.3°F! 100 ft. Because of
the effect of pressure, this results in a surface sound channel. The depressed channel is
formed by an isothermal layer within the water column. This latter vertical temperature
structure results in a sound-speed minimum near the top of the isothermal layer because of
the effect of pressure on sound speed. The width of the depressed channel is approximately
equal to the depth of the channel axis*. Figure 2 aids in defining these parameters.

SURFACE

1SOTHERMAL
LAYER (a DEPRESSED
DEPTH I CHANNEL

AXIS

I

w
0

TEMPERATURE ~~~

Figure 2. Vertical temperature profile .

(Jnd erwater Sound Labo#atory Report 255A. Report on the Status of Project AMOS (Acoust ic , Meteorological, and
Oceanographic Survey), by II. W. Marsh and M Shulkrn, March 1955 (revIsed May 1967).
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ENVIRONMENTAL SUMMARY AND COMMENT S

RUN I — 10 February 1972, 025 1-0647 LST

During this run 1.5- and 2.5-kHz propagation losses were measured over acoustic
ra nges fro m 480 yd to 27. 1 kyd. Figure 3 shows the track of the sou rce an d receiver ships
and the 0251 and 0647 LST propagation paths. Figure 4 contains plots of source level and
acoustic range , derived from nine travel-time measurements, versus time of day.

Average Sound-Speed Profile

In dividual soun d-speed profiles showed the presence of transien t surface cha nnels
varying in depth fro m 6 to 50 m and small depressed channels at depths varying from 20 to
50 m. There were no persistent feature s of importance. The data were averaged to obtain a
single average sound-speed profile applicable to the complete run. Figure 5 contains a plot
of the average sound-speed profile. The average profile was characterized by a 20-rn surface
channel and a 70-rn refractive channel , with the minimum sound speed at 200 m. The
transient depressed chan nels, shown in individ ual profiles, were not retained in the average
profile. The average thermistor chain data showed a depressed channel with axis at 50 m.
During the experiment the source ship reported light airs to 3-knot winds , 1-ft waves, and
3-ft swell, while the receiver ship reported 4- to 5-knot winds, ripples, and 2-ft swell. No
Waverider buoy measurements of sea-surface roughness were obtained during this experiment.
Receiver I was located in the surface layer , receivers 2 and 3 below the layer, receiver 4 in
the thermocline, and receiver S just above the refractive channel.

AMOS Parameters

The number of observations and the average values of these parameters , derived
from the thermistor chain temperature measurements , and app licable to the run I experi-
ment are :

number of observations 143 1
isothermal layer depth 1 28 ft
depressed channel axis 148 ft
surface water temperature 58.6°F
sea state I

Discussion

The propagation loss measurements are plotted in Appendix A. A visual comparison
of these plots suggests the following:

• A consistent minimum of low propagation loss was observed over the range interval
from 22.8 kyd to 23.6 kyd for both frequencies and all receiver depths except for the 98-rn

7

V 
- V



— ~~~~ ~~~~~~~~~~~~~~~~~~~~~ - .~ -
~ r ~~~~~~~~~~~~~~~~~~~~ -~~~

r~ 
-

V I
0647

0600/
- ( I ~~~~290

RECEIVER
0400 

— 
0251

0251

4 t

~

V..
i’

t 04o0

SOURCE

I 0500

— I — 28°50’W
1 0600 

I

~~
.

0647
_j I

121°05’ 120°55’W

Figure 3. Station 1, run I . Tracks of source and receiver ships and 0251 LST and 0647 LST
propa~~tion paths.

8

L~~.LJ A



- ~~ --- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ -—--~~~ ~.. - - V -V~--~

90 
SEVERAL SOURCE LEVEL ADJUSTM ENTS
MADE. LEVELS VARIED FROM 94-103 dB

H _
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I I 
/ 1.5 kHz — C29 JP2

100 — 

~~~~~~~~~~~~~~~~~~ 
•__s____ s___.__~__/ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

- S I 2.5 kHz — C29 JP2

~T ‘ I
110 I I I I
0200 10 FEB 0400 0600

:::
~~ 20—

10-  
.
~~~~~~~~~~~~~~~

0 V V I
0200 10 FEB 0400 0600

V 1 Figure 4. Station 1, run 1. Source level and acoustic range versus time of day (LST).
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receiver at 1.5 kHz , where it may be masked by a noise level about 10 dB higher than the
other receivers noise levels. Table 2 lists the ranges and propagation losses (PL) for each
frequency and receiver depth. Note the lack of depth dependence for the three deepest
receivers. The propagation loss for these receivers is greater than that observed on the
shallowest receiver.

• Figures 6 and 7 show the variation of propagation loss with range for the shal-
lowest (6-rn) and the deepest (148-rn) receivers for each frequency *. There was no difference
between receivers out to 13.0 kyd at 1.5 kHz and 15.0 kyd at 2.5 kflz. At greater ranges,
the 148-rn receiver recorded a propagation loss about 15 dB greater than the 6-rn receiver.
The minimum propagation loss at a nominal 23.0 kyd is quite evident.

• Out to range s of about 19.0 kyd (1.5 kHz) and about 25.0 kyd (2.5 kHz) there
was little difference in propagation loss versus range for the three deepest receivers. At

.5 kHz there also was no difference between the shallowest receivers.

• Out to 5.0 kyd no depth dependence was observed at either frequency.
• The propagation loss at 2.5 kHz was a nominal 10 dB greater than the 1 .5-kHz

propagation loss. Figure 8 illustrates this difference.

• Arrivals were received from the maximum range of the run (27.1 kyd) on the
three shallowest receivers at 2.5 kHz and from 26.8 kyd and 27.0 kyd on the 98-rn and
148-rn receivers, respectively . At 1.5 kHz , arrivals were received from the maximum range
on the 24- and 59-rn receivers and from 26.9, 24.0, and 24.9 kyd on the 6-, 98-, and 148-m
receivers, respectively .

RUN 2— 11 February 1972,0052-0515 LST

During this ruu 0.4- and 1 .0-kHz propagation losses were measured over acoustic
ranges from 2.2 to 26.6 kyd. Figure 9 shows the track of the source and receiver ships and
the 0052 and 0515 LST propagation paths. The plane of the propagation paths is a changing

Table 2. Range (kyd) and Propagation Loss (dB) of
Propagation Loss Minimum

Receiver 1.5 kHz 2.5 kHz
Depth ,m Ran ge PL Ran ge PL

6 22.9 67 23.5 78
24 22.9 70 23.4 86
59 23.3 82 23.6 96
98 — — 23.0 97

148 22.8 82 23.2 95

CA maximum of four CW pulses were transmitted each minute. For simplification, all pulses received during each minute
(L e., 1. 2, 3, or 4) were averaged. These average values are plotted on all propagation loss plots used in the text of this
report.

I I
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Figure 8. Station 1, run 1. Acoustic range and frequency dependence .

function of time and at no time coincides with the plane of the source ship measurements.
Hence, the environmental measurements made by the source ship are not necessarily descrip-
tive of environmental conditions in the propagation path planes. Figure 10 contains plots of
source level and acoustic range , derived from eight travel time measurements , versus time-of-
day.

Average Sound-Speed Profile

Individual sound-speed profiles showed the presence of transient surface channels
varying in depth from 10 to 80 m and small depressed channels at depths varying from 20 to
50 m. There were no persistent features of importance. The data were averaged to obtain a
single average sound-speed profile applicable to the complete run. Figure 5 contains a plot
of the average profile. The average profile is characterized by a 68-rn surface channel and an
isospeed layer from 200 to 300 m. The transient depressed channels shown in the individ-
ual profiles are not retained in the average profile. During the experiment the source ship
reported 10-knot winds, 2-ft waves, and 5 ft swell, while the receiver ship reported I 2-knot
winds, 1-ft waves, and 3- to 4-ft swell. Also, sea-surface roughness measurements were
obtained by the Waverider buoy for the complete run. Spectral analysis of these measure-
ments reveals the presence of two trains of swell centered at about I I  .0- and I 5.7-sec wave
periods. Also present are 1.5- to 2.5-sec wind waves. Most of the sea-surface roughness is
associated with the 11.0- and I 5.7-sec swell trains. Receivers 1, 2, and 3 are in the surface
sound channel , receiver 4 is just below the surface sound channel , and receiver 5 is in the
thermodline.
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AMOS Parameters

The number of observations and the average values of these parameters , derived

r from the thermistor chain temperature measurements and applicable to the run 2 experi-
ment, are :

V number of observations 1350
isothermal layer depth 240 ft
surface water temperature 58.8°F

V 
sea state 2-3

Discussion

The propagation loss measurements are plotted in Appendix B. A visual comparison
- 

- of these plots suggests the following:

• A small variability in propagation loss was observed at both frequencies for the
- 

- receivers in the sound channel . This was also observed at 0.4 kllz for the two deeper
receivers. At 1.0 kHz the two deep receivers showed a marked change in propagation loss
variability at about 8.0 kyd. For ranges greater than 8 kyd , the pulse-to-pulse propagation
loss exhibits a random variability bC about ±5 dB.

• A limited maximum range of arrivals was observed at 0.4 kHz. The maximum
possible range was 26.6 kyd. For each receiver all , or nearly all , of the arrivals were below
noise for ranges greater than the following:

4 m  19.7 kyd 72m 19.0 kyd
17m 23.8 kyd 112m 17.1 kyd
43rn 22.0 kyd

• Figure 11 shows the variation of propagation loss with range for the 17- and
112-rn receivers for each frequency. At 0.4 kHz the propagation loss measurements at the
112-rn receiver was 10 to 20 dB greater than that measured on the I 7-rn receiver. At 1 .0
kllz, for ranges greater than 9.0 kyd , the losses on the 11 2-ifl receiver are a nominal 25 dB
greater than on the I 7-rn receiver.

• At 0.4 kHz the 4-rn propagation losses were consistently greater than for the
other two receivers located in the sound channel. This was not observed at 1.0 kllz.

• At either frequency , there was little difference in measured propagation loss for
the two receivers below the surface channel .

RUN 3 — FEBRUARY 1972, 0721-1330 LST

During this run , 3.5- and 5 .O-kHz propagation losses were measured over acoustic
ranges from 53 yd to 38.9 kyd. Figure 12 shows the track of the source and receiver ships , the
1330 LST propagation path , and the location of a sound-speed profile boundary which was
crossed at about 1130 LST at an acoustic range from the receivers of 27.5 kyd. Figure 13
contains plots of source level and acoustic range , derived from 12 travel-time measurements,

16
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versus time of day. Also shown is the range of the sound-speed profile boundar y as a func-
tion of time.

Average Sound-Speed Profiles

Individual sound-speed profiles suggested that a sound-speed profile shape boundary
was crossed at about 1130 LST. An inspection of the profiles in each water volume showed
little horizontal variability in profile shape. Hence , the data in each water vol u me were
averaged to obtain t wo average profiles. Figure 5 is a plot of these profiles. From 072 1 to
1130 LST, acoustic range of 27.4 kyd , both sources and receivers were in a water volu me
characterized by a 79-rn surface channel. From 1130 to 1330 LST, the end of the run , the
sources were in a water volume characterized by a negative sound-speed gradient starting at
the surface and extending to 1 52 m , the axis of a refractive channel. Both the source and
receiver ships reported 4- to 8-knot winds , 1 -ft waves, and 3-ft swell. Also, sea-surface
roughness measurements were obtained by the Waverider buoy for the complete run. Spec-
tral analysis of these measurements reveals the presence of swell centered at a 9.5-sec wave
period. Also present are 1 .5- to 3.5-sec wind waves. Most of the sea-surface roughness is
associated with the 9.5-sec swell . Receivers I , 2 , 3, and 4 were in the surface sound channel ,
and receiver 5 was in the thermocline.

AMOS Parameters

The AMOS propagation loss model assumes that sources and receivers are in the
same water volum e, in which single values of the AMOS parameters are applicab le. During
this experiment this assumption is true out to a range of 27.5 kyd . The number of observa-
tions and the average values of these parameters, derived from the thermistor chain temper- V

ature measurements and applicable to the run 3 experiment , are:

number of observations 1503
isothermal layer depth 259 ft
surface water temperature 5 8.8° F
sea sta te 2

Discussion

The propagation loss measurements are plotted in Appendix C. The vertical lines on
the individual propagation loss plots indicate the acoustic range from the receivers of the
sound-speed profile boundary . A visual comparison of these plots suggests the following:

• The disappearance of the 79-rn surface channel at an acoustic range of 27.5 kyd
has no observable effect on the propagation loss measured by the three shallowest receivers. V

• For the three shallowest receivers, arrivals were recorded at both frequencies out
to the maximum range of the experiment. For the 72-rn receiver , most of the arrivals were
below noise for ranges greater than 34.8 and 35.7 kyd at 3.5 and 5.0 kHz, respectively. For
the 112-rn receiver , most of the arrivals at 3.5 kHz were below noise for ranges between
18.6 and 25.3 kyd and for those greater than 34.6 kyd , with the last arrival being recorded
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at a range of 38.0 kyd. For the same receiver , all 5.0-kHz arrivals between 32.0 and 34.5
kyd were below noise , with the last arrival bei ng received for a range of 37.0 kyd. Also
most arrivals were below noise between 20.8 and 25.6 kyd.

• At both frequencies there was little diffe rence in propagation loss for the three
shallowest receivers . This was also true for the two deepest receivers. For the two deep
receive rs, the 3.5-kHz propagation loss for ranges greater than about 12 kyd was 10 to 20
d B greater than for the three shallow receivers . At 5.0 kHz , this was also true for range s
greater than about 6.0 kyd. This is illustrated by Fig. 14.

• At all receiver depth s and all ranges, the propagation loss at 5.0 k Hz was greater
tha n the propagation loss at 3.5 kHz. This is illustrated by Fig. 15 for the 17-rn receiver.

R U N 4 —  11 FEBRUARY 1972, 1438-2II9LST

Duri ng this run , 3.5- and 5.0-kHz propagation losses were measured over acoustic
ranges from 100 yd to 43.7 kyd. Figure 16 shows the track of the source and receiver ships ,

V the 1438 and 2119 LST propagation paths , and the location of a sound-speed profile shape
boundary which was crossed at about 1635 LST at an acoustic range from the receivers of
30.0 kyd. This was the same boundary that was crossed on run 3 about 5 hours earlier.
During this run the source ship did not maintain a constant course heading, but made several
small course changes, with a major change of 55° being executed at 1910 LST. This resulted
in the source ship crisscrossing the acoustic propagation paths. Figure 1 7 contains plots of
source level and acoustic range , derived from 13 travel-time measurements , versus time of
day. Also shown in Fig. 17 is the range of the sound-speed profile boundary as a function
of time.

Average Sound-Speed Profiles

Individual sound-speed profiles suggested that a sound-speed profile shape boundary
was crossed at about 1635 LST. The individual profiles in both water volumes showed
transient surface , depressed, and refractive channels. Along the source ship track , the
thermistor chain measurement s showed considerable variabili ty in temperature from 61 to
147 m. Above and below those depths , the variability was small . The measurements made 

V

in each water volume were averaged to obtain two sound-speed profiles. Figure 5 contains a
plot of these profiles. At the beginning of the run , the sources were in a water volu me char-
acterized by a negative sound-speed gradient starting at the surface , and the receivers were in
a water volume characterized by a 12-rn depressed channel with minimum sound speed at
20 m and a 70-rn refractive channel with minimum sound speed at 200 m. At an acoustic
range of 30.0 kyd the sources were towed into the same water volume as the receivers. The
79-rn surface channel present in the profile 1 volume during run 3 was eliminated by day-
time heating of the upper layers of the ocean and was replaced by the depressed channel.
The source ship reported 8-knot winds , increasing to 15 knots during the run , 2-ft waves,
and 4-ft swell , while the receiver ship reported I 0- to I 2-knot winds , 1-ft waves, and 3- to
5-f t swelJ. Sea-surface roughness measuremen ts were obtained by the Waverider buoy for
the complete run. Spectral analysis of these measurements indicated a change of spectra V

with time. At the beginning of the run , I .7-sec wind waves were present . wi th the period
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increasing to 3.2 sec as the run progressed. This change was associated with the increasing
speed of the local winds as reported by the source ship. During the beginning of the run , a
9.7-sec swell was present. This swell tended to decay during the run , although it was still
detectable at the end of the run. During the last 2 to 3 hours of the run , a 14.4-sec swell
moved into the area. Most of the sea-surface roughness was associated with the swell. Re-
ceivers 1, 3, and 4 were in the surface layer , receiver 2 was at the axis of the depressed
channel, and receiver 5 was in the thermocline about 45 m above the refractive channel.

V 

AMOS Parameters

The AMOS propagation loss model assumes that sources and receivers are in the
same water volume, in which single values of the AMOS parameters are applicable. For this
experiment this assumption is true out to a range of 30.0 kyd. The number of observations
and the average values of these parameters, derived from the thermistor chain temperature

V 
measurements, and applicable to the run 4 experiment are :

number of observations 1575
isothermal layer depth 0 ft
surface water temperature 59.4°F
sea state 3

L. 
~~~~~~~~~~~~~~~~~~~~~~~ 

V V V V



- — — - -~~~~ 
-

~~~
- -~~ - -~~~-—— V . ~~~~~~~~~~~~

1438 I
1500

RECEIVER

\ >1800

\~~ 19OO

2000/” — 290
2100 J \
21i9~~~~ \

2119~’~-..~ ~

2100

2000

SOURCE

— \ 1900 —

\

\
\

1800 \
\
\

\ PROFILE I

1 -

* 
— “ \ 

— 28°50’N

1700

SOUND SPEED PROFILE 2
PROFILE BOUNDARY ~..,,,~~~

1600

V t

I 1438
121°05’ 120°55’W

Figure 16. Station 1, run 4. Tracks of source and receiver ships, 1438 1ST and 2119 1ST
propagation paths, and location of sound.spee d profile boundary.

t
24

V V~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V - - 
~ V 

- ~~~~~~~~ V ~~~ . - 

V



~~~~~ V- VV~~VV~~V - - ~ V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ - ~~~~~~~~~~~~~~ -V ~ -V~~~- V- V~ V- V-V --V.,’

90

3.5 kH’ C29 JP2

ioo — 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

V

— •_.__.___ ._ ._.___.__ .__._ z _ ._._,,
______

* .__.____..,
__ ,___ _

~
“5.0 kHz C28 JP3

110 I I I
1400 11 FEB 1600 1800 2000 2200

S.
S.

S.4 0 —  5.

PROFILE2N~ 
—

N

- 

RANGE TO
~~~~~~~~~

’

~~
N<TOSOURCE

— PROFILE BOUNDARY

~~~20-

~, 
55’ COURSE CHANGE

— PROFILE 1

10 —

— •5

0 I I I I I ” ”~...1400 11 FEB 1600 1800 2000 2200

Figure 17. Station 1 , run 4. Source level and range from receiver versus time of day (LST).

25



r 
V V V ~~~~~~~~ V V V V ~~~~~~~~ V~~~~~~~~.~~~~~~~~~~~~~~~~~

iV
~

Discussion

The propagation loss measurements are plotted in App endix D. The vertical line
indicates the acoustic range from the receiver of the sound-speed profile shape boundary.
The acoustic range from the receivers to the 55-deg course change is also indicated. At 5.0
kHz , the recorder was inoperative for ranges greater than 38.2 kyd. A visual comparison of
these plots suggests the following

• For both frequ enLle ~ and .iII receiver depths. there appears to be a change in the
propagation loss pattern associated with the SS-deg course change . It is especially pro-
nounced for the measurements made on the 7 .m re~-ei~er

• The sound-speed prolik shape hou ndar~ did no have any obvious or marked
effect on the measurements

• At 3.5 kHz . inan~ ol the 5-rn Vlmb .J . ~ere helov* noise b r  ranges greater than
7.0 kyd. The comparabk range I31 , r  the 5 ~ ~~~~~

- 0 ‘) kyd.

• At 3.5 kHz . arrivals were m easured r *’ ,q the greatest range . 40.8 kyd . on the
19-rn receiver . This was also true at c 0 kH, , to, .~hi~ti .*rnvals were recorde d out to
38.2 kyd. At that range the S-kHz recorder bec.ime inoperative.

• At all receiver depths and range s the propa gation loss at 5.0 kHz was greater
than that measured at 3.5 kHz ThIs i~ I llustrated h~ Fi g I ~

• Some of the propagation loss plots exhibited modal patterns. These pattern s were
masked, in many cases, by Large pulse-to-pulse vanability .

RUN 5 — 12 FEBRUARY 1972, 1125-1400 LST

During this run , explosive propagation losses were measured out to acoustic ranges
from 1.2 to 30.3 kyd. Figure 19 shows the track of the source and receiver ships and the
1125 and 1400 LST propagation paths. During this run the source ship did not maintain a
constant heading. Course changes of 71 , 37 and 41 deg were made at 1230, 1245 and 1310
LST, respectively. As a result of these course changes, the propagation paths did not lie in the
same plane as the track of the source ship prior to 1330 LST. After 1300 LST, the prop a-
gation paths and the track of the source ship were in approximately the same plane. Figure V

20 is an acoustic range versus time-of-day plot derived from 28 travel-time measurements.
In figure 20 the “jog” in the acoustic range versus time-of-day relationship is related to the
course changes between 1230 and 1310 LST.

Average Sound-Speed Profile

Individual sound-speed profiles did not show any coherent sound-speed profile
boundaries or profile shape changes. They did show a consistent refractive channel with
axis at 125 to 200 m and transient surface and depressed channels . The data were averaged
to obtain a single average sound-speed profile applicable to the complete run. Figure 5
contains a plot of these data. The average sound-speed profile contains a 20-rn depressed
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Figure 20. Station I , run 5. Acoustic range versus time of day (LST).

channel with axis at about 18 m and a 100-rn refractive channel with axis at 200-rn .
No surface channel was present in the average profile. During this run the source ship
reported 5-knot winds, i -ft waves, and 3-ft swell, while the receiver ship reported 7-knot
winds, I-ft waves, and 4-ft swell. Sea-surface roughness measurements were obtained by the
Waverider buoy for the complete run. Spectral analysis of these measurements reveals the
presence of wind waves with a peak period of 4.2 sec, with most of the sea-surface roughness
concentrated in a 1 2.2- to 15.4-sec wave period band of swell. Receiver I was located above
the depressed channel in a negative sound-speed gradient , receiver 2 was in the depressed
channel , receiver 3 was just under the sound-speed maximum associated with the depre ssed
channel , receiver 4 was in the thermocline, and receiver 5 was about 5 m above the refractive
channel.

AMOS Parameters

The number of observations and the average values of these parameters, derived -

from the thermistor chain temperature measurements, and applicable to the run 5 experi-
ment are:

number of observations 242 1
isothermal layer depth 0 ft
surface water temperature 59.5°F
sea state 2
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Discussion

The propagation loss measurements are summarized in Appendix E. The data were
analyzed with 1/3-octave filters centered at frequencies from 0.4 to 10.0 kHz. Data points
not noise limited are plotted as squares on the explosive propagation loss figures , and noise-
limited data as open triangles. Noise-limited points represent minimum propagation Loss at
the plotted range . On these plots the vertical dashed lines indicate the acoustic range at
which major source ship course changes of 71 deg to the right and 37 and 41 deg to the left
were executed . A visual comparison of these plots suggests the following:

• At all frequencies , except the two lowest (0.40 and 0.63 kHz) and the highest
(10.0 kHz), shot arrivals were recorded on all receivers, except the 6-rn receiver (1 .0 kHz),
out to the maximum acoustic range of 28.8 kyd .

• The greatest propagation losses were recorded at 0.40 kHz . At the 6-rn receiver ,
only one non-noise-limited arrival , from 2.4 kyd , was recorded , with only six non-noise-
limited arrrivals recorded at the 23-rn receiver. The maximum range recorded for non-noise-
limited arrivals was 15.5 kyd at 23 m and 57 m, 23.0 kyd at 95 m , and 22.3 kyd at 145 m. 

V

• At all frequencies except 10.0 kHz , the lowest propagation losses were recorded
at the 57-rn receiver and the greatest at the 6-rn receiver. Figure 21 is a plot of the propa-
gation loss difference between the 57- and 6-rn receivers for all frequencies except 0.40 and
10.0 kHz. The propagation loss recorded on the 57-rn receiver is less than that recorded on
the 6-rn receiver if the difference is positive . The vert ical dashed lines indicate the ranges at 

V

which the major source ship course changes occurred. For ranges greater than about 1 5.0
kyd , the differences are a nominal 20 dB. This range closely coincides with the range of the
first major course change. Whether this is causal or coincidental is not known. At ranges
less than about 15.0 kyd , the differences are significantly smaller.

• At 6 rn there were no consistent differences among the seven frequencies between
0.63 and 10.0 kHz. At 23 rn , the propagation loss is largest at 10.0 kHz , with little consis-
tent difference among the six frequencies between 0.63 and 5.0 kHz. At 57 m , for ranges
greater than about 14.0 kyd , the propaga tion loss for the four middle frequencies was a
nominal 10 dB less than for the two lowest and the two highest frequencies. At 95 and 145
m , the greatest propagation losses occurred at 10.0 kHz. The losses, for ranges greater than
about 16 kyd , at 1.0 and 1.6 kllz were about 10 dB less than those recorded at the other
frequencies.
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