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Foreword (U)
wo -
(U) The Acoustic Modei Evaluation w!
Committee (AMEC) has been chartered to K
serve as an advisory group to the |
Director, ASW Program (OP-G95), on o
matters dealing with model evaluation. :
In fulfil!lment of its charter AMEC will
produce a series of volumes detailing -
the methodology taken and the results -
of specific model evaluations. This -
volume presents a summary of acoustic -
propagation loss experimental data for s

use as referconce in assessing the accu-
racy of range independent propagation
loss models. Each dala set was sub-
mitted to criteria which assure suit-
ability to propagation loss model

o

QSQﬂ evaluation for a range independent i

R environment. Twelve data sets were o

\& N found suitable and are summarized: :

SO SUDS, GOA, FASOR, LORAD, PARKA |l, WHOI

p Hays-Murphy, Bearing Stake, !CMEDEX, g‘
JOAST 111, JOAST 1V, ATOE, and JAGUAR, i
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Executive Summary (U)
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|
" N.i (U) The Acoustic Model Evaluation Committee (AMEC) has 1
W examined propagation loss experimental results to :
[‘_;7 determine their applicability to the evaluation of ‘
U propagation loss computer models for which the envi-
D iﬂ romeental inputs are independent of range. Twelve data
sets were found suitable for this purpose, meeting
S criteris of range independence and envirommental data
o :: avallable in sufficient quantities for model dinpv*
< Yy requirements. The twelve data sets are: (1) Surfac
) Duct Sonar (SUDS) Measurements, (2) Gulf of Alaska,
N~ A (3) Forward Area Sonar Re search (FASOR), (4) PARKA III
g H (Pacific Acoustic Research Kanehoe—Alaska), (5) Long
& Range Acoustic Detection (LORAD), (6) BEARING STAKE,
_\i .y (7) Mediterranean Sound Transmission (WHOI Hayes-
RN Murphy), (8) Ionian Mediterranean Exerciss (IOMEDEX)
:3 < (9) JOAST III (Joint Oceanographic and Acoustic System
Y Tests), (10) JOAST IV, (11) Acoustic Transmission and

Oceanographic Experiment (ATOE), (12) Joint Americas
: Geophysics Underwater Acoustics Research (JAGUAR).
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> These experimental results and their supporting
N RN environmental data are reviewed in thia volume. Any
: Q.; factors associated with these data that would affect
b model evaluation are carefully set forth.
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Preface (U)

RO

(U) This report was prepared under the joint spon- \_‘
sorship of the Naval Sea Systems Command, Program -
Manager, P. R. Tiedeman (SEA 63D3), PE 63708N; the

Surveillance Environmental Acoustic Support Project, N
Program Manager Dr. Robert A. Gardner (NORDA Code oy
520), PE 63795N; the Tactical ASW Environmental
Acoustic Support Project, Program Manager, E. Chaika -
(NORDA Code 530), PE 63795N; via the Acoustic Model o
Evaluation Committee under the auspices of OP-952D e
(Capt. J. Harlett).
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The Acoustic Model Evaluation Commitiee (AMEC) Reports

Volume IA. Summary of Range Independent Enviror ment

Introduction (U)

(U) The overal!l objectives of Acoustic
Model Evaluation have been addressed in
companion volumes to this report and
will not be dwelled oi. here except to
the extent necessary to put this effort
into proper perspective. The thrust of
the effort described in this volume iIs
to rovide identification, assessment,
and suntmarization of enviror ental and
acoustical propagation data sets for
use by the Mode! Evaluator. Only data
obtained in range independent environ-
ments are discussed hercin.

Background (U)

(U) Acoustical models are developed as
components of prediction systems.
While they may be ultimately a part of
these¢ larger systems, the acoustical
models in turn require environmental
inputs as their basis for computation.
To determine the accuracy of a predic-
tion system result, it is necessary to
have an assessment of the accuracy of
the acoustical model. Appropriate
references for evaluation of a model
are measured data sets covering the
parametric range of the model's
applicability. It is not expected that
any c e experiment covers the range of
applicability of a given acoustical
model; however, many different acous-
tical measurements with concurrent
environmental data have been made and
reported, which, taken together, form a
valid basis for evaluation. This task
is to identify candidate acoustic data;
to assess their utility as a function
of experiment geometry and parameters,
as well as concurrently collec: :d
environmental data; and to sumarize
them to provide model evaluators with
an easily accessible but concise and
complete description of relevant data
sets.

1

WLt A A

Acoustic Propagation Data Sets (U)

(U) Literally hundreds of propagation
loss experiments have been conducted over
the past 40 years. Three major bibliog-
raphies of reported measurements [1,

2, 3] have boen reviewed in the process
of selecting the data sets described in
this report. The Navy Data Bank
(NAVDAB) [1] developed a concise
description of acoustic data sets and
selected specific sets for digitization
and implementation into a computerized
softwara system. These data come
principatly from NAVSEA supported
experiments (See Appendix 1A). Most
Navy laboratories have the systems on
their computers and have added data
sets of local interest. The official
versjon of NAVDAB resides at the Naval
Ocean Systems Center (NOSC), San Diego.
The SEAS (Surveillance Environmental
Acoustic Support) project, formerly
LRAPP, has developed a separate data
bank for results of exercises described
in reference [2] (See Appendix 1B.).

On request to the SEAS project manager,
data taken in a particular exercise can
be installed in the data bank (if not
already available) and accessed by
analysts. These data are typically low
frequency, <500 Hz, taken in deep ocean
basins. The Acoustic Reference Service
of OMiS (Oceanographic Management
Information System) [3] contains a
listing of hundreds of axperiments and
thelr measurement parameters as
obtained from laboratory reports and
open and classified journals. Appenlix
1C is a partial listing of experiment
names only from OMIS.

(U) In sefecting aata, the evaluation
process [Reference 4], as well as the
characteristics of models to be
evaluated (initialiy FACT and RAYMODE
[5, 6] were reviewed to identify ranges
of parameters treated by the models.
Basically, the models purported to
treit such a iarge range of conditions
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that practically any reported data set
would be appropriate for use. There-
fore, the problem reduced to selecting
data sets which, together, provided a
wide range of parameters (e.g., fre-
quency, range, deep water, shallow
water, surface ducts, bottom inter-
action, environmental conditions,
etc.), were reasonably accessible, had
adequate data density, and had accura-
cies which could .e assessed.

Approach (V)

{(U) Scientists were selected who had
long experience as participants in
field experiments to assist with the
data set selections and sunmarizations.
The four who performed the actual work
are identified as preparers of this
report and in the appendices with the
data set each summarized.

(U) Data sets were identified,
reviewed, and assessed by each
participant in association with R.
Martin. Once it was agreed that it
warranted summarization .s a range
indep. ndent data set, the scientist
assigned conducted the summarization
and submitted it. Each data set was
assessed on the basis of:

— Accessibility of the processed data

- Adequate concurrent environmental
support data to assess the range
independeni environment assumption

- The prevailing environmental
conditions (e.g., sound velocity
profile type, bottom depth)

— The source and receiver geometry and
operating parameters, frequency, type
of propagation (CZ, 8B, ctc.)

- Acceptable navigation accuracy

- Data density

Summarization includes:

- Exercise description

— Exercise acoustic parameters

Processing and analysis parameters
and description

Navigational system description
Exercise environmental measurements
listing and synopsis

-~ Location of processed data

Plots, graphs and/or tabulations of
relevant environmental data

-~ Ptots of all propagation loss cuives
recoomended for use in evaluations

References

(U) Assessment of data quality dependcu
on information contained in the
reports, personal experiences and, at
times, discussions with exercise
personnel. Reports typically described
the calibration rrocedures (source and
receiver), source levels used for
explosives, tow depth determination
methods and navigation techniques used.
From personal experience and specific
analyses [7], for example, it is known
that acoustic travel time muitiplied by
appropriate group velociiy estimates
y.eld by far the best estimate of range
af any technigues in general use.
Detonition depth variability impact on
source band lcvel variability for SUS
{signals, underwater sound) which 2ce
pressure detonated and contain a 1.8 Ib
TNT charge is well known [8]. These
charges may detonate at + 10% of selec-
ted depth and result in as much as 2 dB
error in 1/3 octave band levels. Also
different experimenters often used
different estimates of source level;
recently the estimates given 'a
Reference [8] have been generally
accepted and, where possible, the
difference between level used and those
of Reference [8] are identified.
Analyses of bubble pulses [9] show that
detonation depths are typically within
+10% of design. Other methods used
incluie fuse cut to length and charges
floated from the surface. Finally it
is noted that towed CW sources might
vary in depth with maneuvers and sea

CONFIDENTIAL

SRPLPL L PG RO PR PG U DL TR LR B NS S
> ‘.AT."JM.R.JJ;. A AV iy :‘:’. P SRR LR SR )

“»

»e#,

e N 4
| B

2

(201 |

.

VLSS
N

LA M R R AR R S RN R N e A IC T PR Sl S S R RO A AN A S R AL AR N et T e O |




LR JaC il b et I A Ja vt A A G R S aSU ML S S S A SR AP VL R W A AR S
>

e Ay A S AR ALd " aTa"s FEBY LT

N state, but this typically has little or
o no impact on source level and Is not used. JAGUAR-Argentina, for
sensitive to source receliver geomatry examplie, has anomalously shaped prop-
l! only near strong changes in sound agation loss curves which were patently
RN velocity with depth. inexplicable with respect to the
reported environment. TRANSLANT |V was
.S Overview of Data Sats (l!) a source-depth dependence propagation
X iz study of extremely low data density
(U) Table 1 lists exercise parameters with range. With ryspect to AMOS,
-~ of Appendices 2 thru 13. It is noted adequate reported information in g
o that recelver depths span the entire sufficlent detail as to be useful in
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water coiumn while source depths are
typically relatively close to the
surface; ATOE (1220 m) and GOA (1067 m)
are exceptions. Frequencies range from
0.025 kHz to 5.0 kHz and both CW and
explosive sources are used. Ranges are
zs long as 500 nm and navigztion typi-
caily involves tho use of absolute
acoustic travel times. Also a wide
range of propagation types, both as
isolated and as composite phenomena,
were cbtained reflecting 2 considerable
range of sovund velocity, bottom cepths

(U) Some experiments were reviewed but

the evaluation process could not be
locaied [10]. Many other data sets
dealt principally with reverberation or
noise and may be useful if models of
that type are evaluated.
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APPENDIX 1B

LISTING OF SEAS SPONSORED EXZRCISES 19L3-1977

PARKA 1, II-A & II-B
NEAT 1 & II

TESTBED

INTEGRATED MEDITERRANEAN PROGRAM ( IMP)
[ OMEDEX

TRANSLANT I, II, III, & IV
SURFACE-DUCT SONAR MEASUREMENTS (SUDS)
NORLANT '72

EASTLANT 11

TASSRAP

BAJA I & II

BERMUDA NOISE

CHURCH GABBRO

BLAKE TEST

SQUARE DEAL/RIDGE ACOUSTICS

CHURCH ANCHOR

RIMPAC '73

M<S BASELINE TEST

MEDITERRANEAN AUGMENTATION PROGRAM - TASKS T - V &
TASK IV EXTENDEX

CAPER
WESTLANT '74
CHURCH OPAL/KENT BEACON

CHURCH STROKE
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PARTIAL LISTING OF 195 EXERCISES WITH PARAMETER SUMMARIZATION
IN OMIS ACOUSTIC REFZRENCE SERVICE

APPENDIX 1C

72 GMEX 114 NA-1
73 GRAVEL 67 115 NEAT
74 GRAVEL 68 116 NEAT 1
75 GULF 117 NEAT II
AN 76 HAWAII 118 NEPTUNE
gq o 77 HIAWATHA 119 NORL
ib ) 78 IMP 120 NORLANT 72
N 79 IOMEDEX 121 NPQ7
+ I 80 IXWEX 122 NPSA
81 11-2 123 NP-9
RS 82 13-4 124 NUC OFF SAN DIEGO
oS 83 I.0. 125 OCEAN ACRE
84 JAGUAR ARGENTINA © 126 OKHK
85 JAGUAR BRAZIL 127 OPEX I
’.‘ 86 JAPN 128 PARKA II A
87 JASA V60 N2
JOAST 1V
&7 89 KAMA
N 90 KOK
- 91 LAMBDA ARRAY FIELD TRIAL
LAPE
LOLA
LORAD

95 LORAD ALASKA

MED
MED ASW I
98 MED ASW IV

- 99 MED ASW IV ENTENDEX
! MED ASW V
o 101 MEDEA

102 MEDL
X MEDWIN
) 104 MESS
MICHAEL
106 MILOCSURVNORLANT
~ 107 MINOX 3
& MIZPAC 71
. 109 MODE
R 110 MOSES
111 MOVORD 001
112 MSS BASELINE
i 113 MSS FVT
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3 Appendix 2. (U) SUDS (Surface Duct Sonar Measurements)
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oo APPENDIX 2 o
A‘ :r\‘ :‘3
RN SURFACE DUCT SONAR MEASUREMENTS (SUDS) Iﬁ
g! Summarized by Kenneth V. Mackenzie [
o RAT IONALE -
W —_ g
] --‘i‘
n The purpose of this report is to recommend to mode! evaluators data sets =
BV 4 -.
53 suitable for evaiuating FACT and RAYMODE X models. Two limitations of these i
et !
models are requirements of a single range-independent sound speed profile
~ f
zi and a flat bottom. i

Initial efforts are directed toward selecting optimum sets of data in

a

NAVDAB to test mcdel accuracy, because NAVDAB exists at NUSC and contains

Y

quality acoustic data sets with sufficient supporting environmental data.

LA

The Naval Undersea Center, San Diego, conducted a series of 18 surface

duct propagation loss experiments in *hree deepwater areas, at four acoustic

stations off the west coast of Southern California from 9 to 24 February 1972,

% ]

during the program known as SUrface Duct Sonar Measurements (SUDS 1).

0f the 18 acoustic runs, eight were selected that met the criteria for a

R

o

W

o profile sufficiently range-independent to evaluate the simplistic FACT and
! RAYMODE X models (see Table 1).

a

Complete information is published in NUC TP-463, 464, and 465 totalling

979 pages. The present report is a stand-alone synopsis with a number of

|72

errors/inconsistencies corrected.

RS I
P
»?ale

SUDS 1 EXPERIMENT

r
L

A chief feature of SUDS was the copious sampling of the oceanographic

472

environment. The experiment utilized three ships to obtain both acoustical

N

| i and supporting environmental ¢ a simultaneously. Each of the 18 runs produced

R approximately 4000 data points per channel per frequency or about 40,000 data
o

points per run, Figure 1 illustrates deployment of the ships and sensors. ::

Ry p
) g
) ‘

Encl (1) to NORDA 1tr
115:RiM:vfc Ser 115/015
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DeSTEIGUER NUC R/V CAPE USNS S. P. LEE
Stitwell Wave e
System v
1%\ X 4 o NS o
) - P SCURPIRCRESW Vi N
FUC Wave 5 Datawets O/ o~
Spar B O Waverider explosives at
% g par Buoy $ 60 feet
0 .-,
) D c v -,
surface duct ‘ 'g, 5 * projectors nominally -:‘
£ 9 to.7L
’5“60 . a
thermacline 5 Y e
p ® o) f ® Internal waves _;-‘ |
& ’ £ q o
o O . é \
O ) Q ;
d N }
1 mite D ) ‘
9 miloy = e————ermemc— | }
: X\
USNS DeSTEIGUER NUC ‘R/V CAPE USNS S, P LEE
Records acoustic signals received Recovds data telemetered Tows thermistor chain 2nd projectors at as
by 5 hydrophones at depths of 20 from 10 thermistor buoys depths of 20 to 200 fest, with frequencies “
feet and 0.4L,0.8L, 1.3L, and spaced | mile apart. of 0.4,1.0, 1.5, 2.5, 3.5, and 5.0 kRz.
2.0L, where L is layer depth, :
NUC Wave Spar Buoy, XBT's. MK.61 SURS charges at 60 feet, Datawell e
Nansen casts, STD-SV, XB8T's, : Waverider System, Stilwell Wave System, ‘o
Nansen casts, STD-5V, XBT's. PG
Figure 1. SUDS Experiment. a
N
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Figure 2. Location of Experimental Areas.
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Figure 2 defines locations of the exp. mental areas. Station 1 was

conducted in Area A, Station 2 in Area B, and Stations 3 and 4 in Area C.

At each acoustic station either four or five propagation loss runs were ;!‘

carried out. Propagation losses in near-surfaée propagation paths (direct,

surface chénne], and depressed channel) were measured as a function of range. w
~

Acoustic Measurements ﬁg}

Pulsed CW propagation loss measurements were conducted on 15 of the =
acoustic runs, and SUS charges were sources for three runs. Three pairs of -
frequencies were transmitted for each run: three employed 0.4 and 1.0 kHz .-

gt
el

sources, five 1.5 and 2.5 kHz, and six 3.5 and 5.0 kHz sources, with

&

one run at 1 kHz only.

Source depths were 0.7 of the measured surface layer depth or 15 m which-

< .
[}
.

ever was deeper, for 12 runs and 6 m for 3 runs. During each experiment a tea

series of 500 msec pulses, at a 12 sec repetition rate for each frequency,

B

were transmitted as the source ship opened or closed range at 3 knots from

the receiver ship.

Transmissions were received on five transducers suspended from the

-
ﬁsg recording ship, which was hove to and drifting. From initial BT§, receiver ;i
§;d. depths were rigged for 6 m and 0.4, 0.8, 1.3, and 2.0 time: e me usured <
l§j surface layer depth. N
:‘ Surface duct signals were clearly time-separated from 1st and 2nd bottom
reflected sound. Propagation runs did not reach the convergence zone, conse- )

quently the data sets are for pure surface duct propagation. A large hottom o

Toss can be assumed for evaluations of surface duct components of a particular

. ~l.l
f‘."a"l

model. Data were noise-corrected whenever received sound was within 10 dB of

the noise. Simultaneous transmission of radio and acoustic pulses enabled

AY.

Sj%~ range accuracies of + 15 m.

" .
L A . -._..
gjb Details of the eight selected runs and plots of propagation loss vs$ ity
et -
KRS

ﬁ range are presented in Appendices A through H. UNCLASSIF'ED
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Environmental Measurements

The following oceanograpnlic parameters were measured: wmperature,
salinity, and sound speed a. a functfun of depth; surface r jhness and |

wind speed as a function of time. Hydrographic casts measured temperature

- l
'ﬁ: and salinity at discrete depths from the surface to bottom. A Plessey i
52 STD/SV profiling system simultaneously measured temperature, salinity, and 1
v sound speed as continuqus functions of depth from the surface to bottom. 5
:2 A Sippican XBT system obtained temperature as a continuous function of
o depph from the surfa~. to 450 m. A thermistor chain, consisting of 44
E§ thermistors spaced 5.6 m.apart, acqu1req a vertical temperature profile
ii every 10 sec from the surface to 242 m along the track of the source ship.

A Lockheed Teletherm buoy line consisting of 10 buoys tethered 1 nmiapart
ézé simultaneously collected 10 temperature profiles at 10 equally spaced depths

from the surface to 125 m every 10 sec. Surface roughness was determined
!! . by a Datawell Waverider buoy, with supplementary data from a wave staff
33 and stereo photographs of the sea surface. Ship logs recorded wind speed *
- and direction as well as sea state.
Eg Both temporal and spatial variability were encountered; results are ‘
. discussed in the Refereqces. Tables and figures in the a.pei:dice~ supply E
E§ details to a depth of 1500 meters. For greater depths thc o.ofiles were ‘
E§ the same for all stations and are presented in Table 2. E
N g
Eg Table 2. Sound Speed vs Depth in SUDS Area )

Depth Sound Speed

(m) (m/s)
2000 1491.7
E; 2500 1498.9
. 3000 1506.9
X 4000 1524.3
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o Sound speed profiles for the upper 200 meters are plotted in Fiqure 3.

ﬁ Profiles 3a and b exhibited bi-linear profiles. Profiles 3c and d possessed ?'!‘
§ a shallow surface duct overlaying a weak depréssed channel (hereby designated
‘}: a "pseudo .surface duct") which might well have simulated a true surface duct '.-:f
?_: except for the complications of mode-trapping. Profiles 3e and f had a shallow :::‘
:ﬂ surface duct with the sources below the ducts. Finally 3g indicated a

:4 negative gradient, and 3h a negative gradient beneath a shallow surface duct. _5
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o APPENDIX A A

| .
R N
Station 1, Run 2—11 February 1972 (Closing) ,?
éi During this run 0.4 and 1.0 kHz propagation losses were detected over ;g
- acoustic ranges from 2.2 to 26.6 kyd. The plane of the propagation paths gi
59 was a changing function of time and never coincided with the plane of ég
E; the source shjp measurements. Hence, énvironmenta1 data gathered by the E§
source ship are not necessarily descriptive of conditions in the propagation 51
Fg path planes. E%
rd i
ii Average Sound Speed Profile '
Individual sound speed profiles reflected the presence of transient
fﬁ surface channels varying in depth from 10 to 80 m, small depressed channels
at ?0 to 50 m depths, and refractive channels from 190 m to 250 m. No
g coherent sound speed profﬂ e bo. ndaries were apparent.
’ﬁ Figure A-1 is a plot of the average sound sbeeds listed in Table A-1.
b Details of t.e average sound speed distribution in tﬁe upper 200 m appear
EB in Figure 3a. No persistent'features of importance existed. The data
s were 2y .~agen to obtain a ﬁingle average sound speed profile applicable
ES to tie complete run. The average profile was characterized by a 68 m surface
ﬁi chann21- and an isospeed layer from 200 to 300 m. Transient depressed channels
= in the‘individual profiles are not retained in the average profile.
Eg : Individual spectra did not indicate a change with time.
N _ During the experiment the source ship reported 10 knot winds, 2 ft waves,
p and 5 ft swell; the receiver ship 12 knot winds, 1 ft waves, and 3 to 4 ft
E; swell. Sea surface roughness data were obtaiped by the Waverider buoy for
the cqmp]eté run. Spectral analysis revealedtwo trains of swell centered
lﬁﬁ at about 11.0 and 15.7 sec Qave periods, causing surface roughness associated
:3 with the 3 to 5 ft swell reported by both ships. A1so present were 1.5 to
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2.5 sec wind waves resulting from local 10 te ’ knot winds encountered by .
both ships. Receivers 1, 2, and 3 were in the surface sound channel, receiver :3{
o
4 was just below the surface channel, and receiver 5 in the thermocline.

AMOS Parameters K
The AMOS: propagation loss model assumes that sources and receivers are ﬁ%
, =y

in the same water volume, in which single layers of the AMOS parameters are
applicable. Average values of AMOS parameters, derived from the thermistor &f

chain temperature measurements and applicable to the Run 2 experiment, were

%

isothermal layer depth 223 ft

surface water temperature 58.8°F ?S

sea state 3 >
Discussion A

Propagation loss measurements are plotted in Figures A-2. through A-6.

%

o

Visual comparison suggests the following:

; e A small variabi]jtj in propagation loss was observed at both frequencies Eg
g‘ fo~ t-e receivers in the sound channel and at 0.4 kHz for the two deeper .
i. receivers. At 1.0 kHz the two deep receivers displayed a marked change in ;d
Fi prtpdgation loss variability at about 8.0 kyd. For greater ranges the pulse- v
5- to-pulse propagation loss exhibits a random variability of about +5 dB. w
ﬁ o A limited maximum range of arrivals was observed at 0.4 kHz. The gé
& maximum possible range was 26.¢ ° For each receiver all, or the majority ..
% of the arrivals were below noise for ranges greater than the following: ;ﬁ
E 4m 19.7 kyd 2m 19.0 kyd o8
5 7 m 23.8 kyd nem . 17.1 kyd z
43 m 22.0 kyd 3y
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. :
~.*," wd ® At 0.4 kHz propagation loss at the 112 m receiver was 10 to 20 dB I
3 ,
3 = greater than on the 17 m receiver; at 1.0 kHz for ranges greater ‘
PR !
than 9.0 kyd, losses on the 112 m receiver were a nominal 25 dB '
g ' :
¢ f:j greater. | :
. o At 0.4 kHz the 4 m propagation losses were consistently greater than :
g?.{ the other two receivers located in the sound channel. inhis was not
£ ' observed at 1.0 kHz. ‘
k.
e At either frequency, 1ittle difference in propagation " ;ss was noted
i for the two receivers below the surf-:e channel.
<
§ 3 a
3 Table A-1. Station 1, Run 2 (11 February 1972) “
! Average Sound Speed Profile (m/sec).
I Depth, Number of Average Standard :
'S ‘-g m OUbservations Speed Deviation
i )‘v - -
0 1350 1505.29 0.13
N l“': 10 - 1350 - 05.41 0.13 1
3 i 20 1350 05.44 0.16 s
§ ) 30 1350 05.46 0.6 !
N o 50 1350 05.47 0.6 '5
q 2 - 75 1350 05.25 0.587 '
100 1350 00.61 094
SN 125 1350 1495.80 0.50 :
v 150 1350 - 93.38 0.32 :
s . 200 1350 92.48 G.25 1
| Q 250 1350 92.37 0.19 ]
" : 300 22 92.45 0.72
‘. 400 20 89.79 0.90 !
3 P’ 500 . 4 87.54 0.68 p
to 600 4 85.79 0.75 j
% 800 6 83.59 0.29 {
A 1000 5 83.54 0.19 ;
‘;; & 1200 5 84.57 0.13
N 1500 5 86.66 0.09 i
¢ ! K
Ny 68 1505.48 sC .
i 900 1483.40 AXIS i
P
y A
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APPENDIX B

Station 1, Run 3—11 Fe ruary 1972 (Opening)

During this run, 3.5 and 5.0 kHz propagation losses were measured over
acoustic ranges from 53 yd to 27.5 kyd (Figure B-1, Profile 1). The propagation

paths coincide closely with the track of the source ship.

Average Sound Speed Profiles

An inspection of profiles in each water volume indicated little horizontal
variability in profiie shape. Figure 3b is a plot of Profile 1. Both sources
and receivers were in a water volume characterized by a 79 m surface channel.
Both source and receiver ships reported 4 to 8 knot winds, 1 ft waves and 3
ft swell, Sea surface roughness data were obtained by the !zverider buoy
for the complete run. Spectral analysis revealed swell centered at a 9.5 sec
ave period. Also present were 1.5 to 3.5 sec wind waves. Most sea surface
roughness was associated with the 9.5 sec swell. Receivers 1, 7, 3, and 4

were i1 the surface sound channel and receiver 5 was in the thermocline.

AMOS Parameters

During this run, sources and receivers were in the same water vlume
out to the range of 27.5 kyd. Average values of AMOS parameters, derived
from the thermistor chain temperature measurements and app]icabié to the Run

3 experiment include:

jsothermal layer depth 259 ft

surface water temperature 58.8°F

sea state 2
Discussion

The propagation loss measurements are plotted in Figures B-2 through

B-6. The vertical lines on the individual propagation loss plots indicate
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the acoustic range from the receivers of thr sound speed profile bouncdary.
A visual comparison of these plots suggests the fol'owing:

e Disappearance of the 79 m surface channel at un acoustic range of
27.5 kyd exerted no observable effect on the propagation loss measured by
the three shallowest receivers.

e For the three shallowest receivers, arrivals were recorded at both
frequencies out to the maximum range of the experiment. For the 72 m 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 m receiver, most 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 at a range of 38.0
kyd. For the same receiver, all 5.0 kHz arrivals between 32.0 and 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 ast arrival received for a range of 37.0 kyd.
Also most arrivals were below noise between 20.8 and 25.6 kyd.

e At both frequencies, little difference was noted in propagation loss

for the thrce shallowest and twc deepest receivers. For the two deep receivers,

b

E::‘*‘
) -
‘Q

the 3.5 «Hz propagation loss for ranges greater than about 12 kyd was 10 to 20

4 s

dB greater than the three shallow receivers. At 5.0 kHz, this was also true

®
s,
»

Ly A,

for ranées greater than about 6.0 kyd.

XA
&
<
'

M
:{ﬁ - » At all receiver depths and all ranges, the propagation loss at 5.0 kHz
2 .- "
& was greater than the propagation loss at 3.5 kHz, as exemplified by the 17 m

Ff' N receiver.
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Table B-1. Station 1, Run 3 (11 February 1972) . .
Average Sound Speed Profile (m/sec). R
Depth, Profile 1 0720--1130 o
m n C a R
0 1503 150535  0.16 , =
10 1503 05.38 0.13 - '
20 1503 05.44 0.13 ~
30 1503 05.49 0.16 ’"
50 1503 05.50  0.10 o
75 1503 05.61 0.47 -
100 1503 01.37 1.62 ~
125 1503 1496.22 0.74 o
150 1503 93.66 0.28 -
N 200 1503 92.73 0.15 .
f, 250 1503 92.03 0.31 o
0 300 21 91.59 0.82
o 400 19 89.20 0.85 .
‘ 500 4 87.54 0.68 g
600 4 85.79 0.75
800 6 83.59 0.29 N
1000 5 83.54 .5 RS
1200 5 84.57 0.13 &
1500 5 86.66 .09
79 1505.63 SC
900 1483.35 ANIS
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e Figure B-1. Station 1, Run 3
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