UNCLASSIFIED

AD NUMBER

ADC023527

CLASSIFICATION CHANGES

TO: unclassified

FROM: confidential
LIMITATION CHANGES

TO:

Approved for public release, distribution
unlimited

FROM:

Controlling DoD Organization. Naval Ocean
Research and Development Activity, Stennis
Space Center, MS.

AUTHORITY

ONR 1ltr, 31 Jan 2006; ONR 1ltr, 31 Jan 2006

THIS PAGE IS UNCLASSIFIED




'.At.‘p ! . ’ ‘ - I' m

4

g aiimiey
N M

CONFIDENTIAL

X

Naval Ocean Ressarch

and Daveloprent Activity
ISTL Station, Mississippi 39529

/\(ORDA Technica! Note N80C
Copy No.. of 73

“Surveillance Environmental Acoustic Support Project

ACOUSTIC SIGNAL CHARACTERISTICS
MEASURED WITH THE LAMBOA il
DURING CHURCH STROKE ill (U)

15 September 1980 DTIC, -

N

S &

>

O
: ¢
Cokad *NATLUNAL SECW NFO

"y - hE CURLIY INFORMATiya®™.
‘ Lt - - e ARl e, . ,:'f’:}\

*U~wuthorined Dijelodurs Subjset to Crininal

+
s Vs~ B
45 Ltun

Chassified by:  OPNAVINGT $85135 Ocean Programs Management Office

Enct. 42, dated 31 August 1980
Review on 15 Saptermdes 2000

30 12 12 513
CONFIDENTAL ~ §

b v——— o4 RS T B S kb W et T e TS L L




S R A T e R T e A T ISR AR AL S AT T R AR AR R A Y

——— e e

CONFIDENTIAL

TRW

R L RV

r
}!
3 i g' November 26, 1980
.ﬁ .. From: I. B. Gereben
3 i To: Distribution
{; Subject:  CHURCH STROKE III Cruise 1; forwarding of report
_'E' f‘ Enclosure: (1) (C) *"Acoustic Signal Characteristics Measured
7 ! with LAMBDA III During CHURCH STROKE III" (U)
'E ! 1. (U) The Surveillance Environmental Acoustic Support Project (SEAS)
- ‘3 of the Maval Ocean Research and Development Activity (NORDA) sponsored a
3 ' ; field exercise to obtain environmental and acoustic measurements during
4 i the month of July 1979. This effort included the measurement of Tong
i range propagation loss, the determination of the effects of bathymetry
ﬁ_ § in transmission Toss and evaluation of array performance parameters.
3 ’
!
|

3 3 2. (U) Enclosure (1) is a report of the analysis of the signal related
- data acquired during the CHURCH STROKE III Cruise 1 exercise. As

4 i authorized by the Director, SEAS, enclosure (1) is forwarded for your
g i information and retention.

- i Distribution: As specified in Enclosure(1)
? : 1 Sincerely,

. i
- ' &kab&llS,étﬂbL~bL(

3 | H

) | Istvan B. Gereben

e Member of the Technical Staff
. )

% t ; IBG:ss

. i Enclosure

; % : Unclassified upon removal of enclosure

g

i ~ CONFIDENTIAL

‘ 1 .- DEFENSE ARD SPACE SYSTIALS GROWP OOF TRIVINC,

\ i‘, 3 WASNINGTON OPERATIONS o IWESTGATE PARK ® 1500 COLSHIRE DRIVE, McLEAN. VIRGINIA 22101 o (703} 833-2000




- .

POPURSP U

g -

._~___
e R T

o ey pd

-

-4

|

gﬂ

¢

CONFIDENTIAL

(g

Naval Ocean Ressarch \f) e

and Development Activity NORDA D'_?‘MSOC
NSTL Stotion, Mississippi 39529 Copy No. ©

******** ?/ /)/F—i /)/~ 7)f“,Ar/<(/ !-

I it

P urvenllance Enwronmentol Acoushc Support Pr0|ect

et e AR TRAT AR 1R
e i R £ A A e L

!

9\213 6 |

vt

e S

”é ) Acousnc SIGNAL CHARACTERISTICS
“MEASURED WITH THE [AMBDATE '
u DURING CHURGH STROKE T (U) <~ e

i ———— s e

15 September 1980

PREPARED BY:

5;13 ISTVAN g/ EREBEN (TRW)

\ WILLIAN maﬁgAREv D)
RICHARD. D./Q0OLITTLE
\"‘“(Eonsm‘ih 0 BKD.

Classified by: OPNAVINST $5513.5
Encl. 42, dated 31 August 1960
Review on 15 September 2000

Ocean Programs Management Office

29+ "/"~< CONFIDENTIAL .

ek Y

!




o — -

" - R~

e

-

A T e B

by

‘; ;:;é.ﬂ

it T A

CONFIDENTIAL Fage 4

FOREWORD

(C) The CHURCH STROKE III Cruise 1 Exercise was designed to provide measured
acoustic and environmental data in the Florida Channel for theoretical and
analytical studies of acoustic phenomena, assessment of surveillance system
performance, acoustic model development and validation. The overall objective
of the Exercise was to provide an assessment of the undersea acoustic surveil-
lance alternatives at the entrance to the Gulf of Mexico. This report contains
the acquired experimental results and an analysis which pertains to transmission
loss and array performance necessary for the surveillance assessment.

(U) The Exercise was sponsored by the Chief of Naval Operations and conducted
under the direction of Commander in Chief, U.S. Atlantic Fleet (ANCLANTFLT) and
was under the general technical direction of the Surveillance Environmental
Acoustic Support Project Office (SEAS, NORDA Code 520). Mr. Jimmy Go§twa1d of
TRACOR Inc. served as Chief Scientist. Mr. Istvan B. Gereben of TRW, Inc.
served as Principal Investigator for transmission loss and array performance
measurements and data analysis. Dr, William M. Carey and Dr. Richard Doolittle
participated in various stages of acquisition, processing and analysis of the
information reported herein. Drs. Carey, Doolittle and Mr. Gereben are the
authors of this report.

(U) This report: Acoustic Signal Characteristics Measured with the LAMBDA

I11 During CHURCH STROKE III, presents findings and conclusions based on at-sea
measurements during the CHURCH STROKE Cruise 1 Exercise. Although the data
reduction and analysis have been extensive, as well as comprehensive there
remain segments of data that may merit further processing and analysis. The
data base obtained in this exercise is stored and can be cbtained through the
SEAS Project Office (NORDA Code 520).

<. (. . ¢ &\ » S —— *:{f";"":ﬁ)" ‘“m e o
Charles E. Stuart 321; TﬁﬁA&I

» _3"”;.‘,';2100‘3
Acting Manager, Measurements Program Jostirication—
Surveillance Environmental Acoustic Support Project \ e T
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EXECUTIVE SUMMARY

(C) Exercise CHURCH STROKE III, CRUISE I,sponsored by the Chief of
Nava: Operations (OP-95%was designed to upaate the understanding of ocean -
acoustic parameters and their effects on passive acoustic surveillance
systems in the Florida Channel of the Straits of Florida, the northern end
of the Yucatan Channel and the Eastern Gulf of Mexico.

~ €y Data acquisition for the determination of signal characteristics
was accomplished with the Large Aperture Marlne Basic Data Array III (LAMBDA

III)*122§?Q July 1979.

(C)” The ana]ys1s of the signal data and supporting 1nformat10n produced
the following major results: _ _

~)‘ When the influence of the slope was absent measured transmission
. loss showed good agreement with the FACT Model employing medium
: to low bottom loss curves,, developed for this area by ARL.

o;;S1ope enhancement efféct was observed when the source, proceeding from
deep water towards the slope, reached the location of the initiation of
the s]opq y This effect was recognized by a change in the TL data trend.

] Short‘;arm/TL fluctuation data (12-24 minutes) and related sta-
tisti€s were acquired. Standard deviation determined from ‘power
/averag1ng were found to be between 3 and 5 dB in the band of the
signal

3Array signal gain ranged from 15 dB to 34 dB, At was determined
. that in this multipath environment towed array performance is
affected by array signal gain and its f]uctuat1onsl

¢ Statistical distribution of ASG was found to be Log Normal Distri-
" bution when the multipath environments were not changing rap1d1y

¢ Half power beam width was determined as 1.73 (:}0 356’ A
b 20
e Side lobe levels near the signal beam were determined gg -9 dB for

the first lobe and -17 dB for the second 1obe

¢ Beam Width and side lobe levels were comparab]e to theoretical
-~ values for the prevailing operational condition of the array, ounad

¢ Signal coherence over the array aperture was established for
high signal to noise ratio cases, Z%e average MSC value was
approximately 70%. =

(U) It is recommended that the slope enhancement effects observed. in this -
experiment as well as other measurements be the subject of more theoretical
and experimental investigation. The obtained data base represents a rare case
of absolute calibrated acoustic data under known: environmental conditions.
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1. INTRODUCTION (U)

{C) Exercise CHURCH STROKE III, CRUISE } was designed to update the
understanding of ocean acoustics parameters and their effects on passive
acoustic surveillance systems in the Florida Channel of the Straits of
Florida, the northern end of the Yucatan Channeland the Easterm Gulf of
Mexico. The area of interest is illustrated in Figure 1-1.

(U) The exercise sponsored by the Chief of Naval Operations (OP-095)
and conducted under the direction of Commander in Chief, U.S. Atlantic Fleet
(CINCLANTFLT), was under the general technical direction of LRAPP (NORDA
Code 600). Tne participants were directed from an Exercise Control Center
(EXCON) located at CINCLANTFLT, Norfolk, Virginia in accordance with the
Exercise Plan and with CINCLANTFLT Letters of Instruction (References 1-3).

(U) The Exercise Plan was developed by using the results of the preassess-
ment of ti- re;ion of interest conducted by NORDA (CODE 600) (Ref. 4).

(U} Preliminary results of the "quick Took" analysis of the data re-
tating to the above objectives was published as part of Ref. 5.

(U) This reporf contains the results of the detailed analysis of data
acquired during the CHURCH STROKE III, CRUISE 1 Exercise and pertaining
to transmission loss and array performance. !

1.1 OBJECTIVES (U)

(C) The overall objective of the exercise - as defined in the Exercise
Plan (Ref. 2) - was to provide data to assess the undersea acoustic surveillance
alternatives at the entrance to the Gulf of Mexico. Specific acoustic ob-
jectives addressed by this report are:

a. Measure long range propagation loss as function of
frequency, range and receiver/source depth.

b. Determine the effects of bathymetry on transmission loss.

¢. Determine array performance parameters using a high level
towed source.

CONFIDENTIAL
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1.2 Approach

(C) The objectives were met by measuring signal parameters to describe
transmission Toss and array performance. These measurements were made with
the Large Aperture Marine Basic Data Array (LAMBDA).

AT L ettt b e il it

(C) Received signal levels of the individual hydrophone groups of one of
the three arrays of the LAMBDA system were used for transmission loss inves-
tigation. Received signal levels were averaged for the 64 hydrophones and
for a selected period of time and selected frequencies. These values provide
Lne pase tor transmission loss determination.

'C) ‘rray performance was calculated from the signal gainand noise
ga‘n values measured through one of the three arrays of the LAMBDA System for

selected time peviods and signal frequencies.

(U) Other signa! characteristics - i.e., signal Tevel distribution as a
function of spece and time - were also measured to support the transmission
Joss and array performance analysis.

1.3 Assets

i s i A At A v et ., .+

(C) The following 3sscts were employed during the signal investigation
portions cf tne Exercise:

e R/V INDIAN SEAL

- LAMSDA System
1) LF, MF, HI towed a~rays each «casisting of 64 hydrophones.
2) Non-Acoustic Data Sensors and their vecording system.
3) Signal Conditioning Units.
4) TAP Il signal processor and beamformer.
5) BATCH signal p-ocessor.
6) HDUR recording system.
7} NATOB system,
8) AN/BQR-23 sionai processor and displav system.

- Navigation System

«

-

e P e o = g v
.

et

K :x‘.'(

CONFIDENTIAL

G G 9% e eiid

T
%‘«;i(m'f P




=iy

CONFIDENT.AL

Environmental Measurements Systems

1) XBT.
2) Wind direction and speed.
3) Other sensors.

e USNS DESTEIGUER

HX-231 sound source radiating at 67 Hz and 173 Hz with nominal source
levels of 179.3 dB and 183.4 dB, respectively.

Navigation System.

SVTD System.

¢ Moored Source

g = e

——

- n g e — e o

The Webb Sound Source built by Woods Hole Oceanographic
Institute was moored at a depth of 988 m in 3416 m of

water and transmitted at a frequency of 174.89 Hz with

a source level of 171 dB relative to luPa.
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2. MEASUREMENT SYSTEM

(U) The Large Aperture Marine Basic Data Array (LAMBDA) System is
a unique tool of underwater acoustics. Originally developed under the
auspices of the Defense Applied Research Projects Agency (DARPA), it provided
a flexible system to investigate highly specialized areas of ocean acoustics
and to evaluate the feasibility of sophisticated ASW equipment designs.
Later, when the System was turned over to the Navy, a second generation
system was used to aid in the assessment of operational performance of
Tong towed arrays. Along with basic ocean acoustics measurements the array
has also been employed in Fleet exercises augmenting ASW assets.

(U) In 1979, a third generation LAMBDA System was developed; this
was the system employed during the CHURCH STROKE III Exercise.

(U) The LAMBDA System was supported by other measurement systems providing
CW tonal signals at different frequencies and that acquired environmental
information necessary for the determination of acoustic parameters under
investigation.

(U) A towed source., the HX-231F, was towed by the USNS DESTEIGEUR which
also acquired bathymetric and oceanographic parameters.

(U) The Webb Sound Source was moored in the exercise area and provided
an acoustic benchmark for the measurements.

2.1 LAMBDA SYSTEM DESCRIPTION

(U) The LAMBDA system was designed as a research tool to evaluate
the physical and operational characteristics of a towed passive acoustic
antenna system in a deep ocean basin environment. Maximum reconstruction
ability in post-exercise data processing through redundant data recording
was a characteristic of the system. Reliability requirements for data safety
and human factor requirements were incorporated to minimize personnel-system
interaction and to provide fault isolation capabilities. The LAMBDA system
was designed with as much redundancy as could be generated for limited crew
operation, with multiple paths for recording purposes, and with extensive display
capability for scientific experimentation.
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2.1.1 Subsystem Descriptions.

(C) The LAMBDA system was divided into subsystems with individual
performance requirements and operational goals.

o Array - Primary sensing device for acoustic data and for water
column non-acoustic data. The basic acoustic configuration
had three performance apertures: 6 Hz to 26 Hz (Low
Frequency ,2400 m Tong); 6 Hz to 54 Hz (Medium Frequency. 806
m long), and 20 Hz to 160 Hz (High Frequency. 300 m long).

Each aperture was composed of 64 equally spaced hydrophones
(38.1 m for LF; 12.8 m for MF and 4,75 m for HF). The
LF and MF apertures were interleaved,

The engineering sensor packages were interspersed
throughout the acoustic array, providing heading, depth,
temperature and tension data for performance monitoring
and recording. '

o Array Acoustic Front-End Electronics - Provided acoustic
signal conditioning, monitoring and switching capability.

e TAP III (Beamformer) - The frequency and time domain
beamformers provided processing, recording and display
of the acoustic signals. The frequency domain beamformer
was capable of forming all 64 beams simultaneously. The
time domain beamformer provided only 16 adjacent beams
simul taneously.

e High Density Digital Recorder - This was the primary recorder
for "raw" acoustic data.

¢ Array Non-Acoustic Front-End Electronics - This was the processing
interface between the array non-acoustic data and the batch
processing and recording system having data display capability.

¢ Integrated Navigation System - Gave the course and position
information utilizing a number of independent measurement
methods.
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Displayed this information both on the bridge and in
the instrument room.

Inputed the data to the Batch Processor.

& Non-Acoustic Data System - Prov.ded system status, ship's
velocity and ocean environment information.

oee deed MEE A

e Synchronous Time Code - Synchronizing connection between
rubidium clock in the Integrated Navigation System to the
High Density Digital Recorder time code generator and the
TAP IIl time code generator.

¢ Analog Tape Recorder - Recorded the output of the time

2
¥

domain beamformer,

e

® Batch Processor and Recorder - Assembled all non-acoustic
data and periodically transmitted these data to the beam-
. former system for simultanecus recording with the beam-

f W]
1

former data.

A |
14

e Provided off-line data analysis capability.

o

2 o AN/BQR-23 Analyzer with hard copy writer - Provided analysis
of 16 selectable beams.

s
AU B ” (a4, o, romm
AL

3» Provided output of 16 selected and analyzed beams for
i tape recording.

. Provided hard copy of 1 selected beam.

—

- (U) There were a number of other systems that provided support to the
{‘ LAMBDA system:

i

i ¢ Array Deployment/Retrieval - The array was stored on a
spool at the stern of the ship with array deployment/
retrieval being controlled from a monitor house sitting
above the spool.

e — e a—— — ———

2

e Communications - The communications system utilized Marisat
for primary encrypted/unclassified ship-to-shore communications
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i
I

with CRATT and bridge HF as back-ups. Ship-to-ship
communication was handled through additional VHF and
UHF radios.

- ey

P

e Power Generation - There were three power systems on
board: ship, instrumentation and uninterruptible.
Most equipment drew from the ship power system. The }
instrumentation power -as designed to provide an electrically _
quiet ground for the instrument room. The uninterruptible |
power system provided a limited battery back-up capability
to permit selected equipment to perform shut-down z'
functions in the event of power failure.

(U) The system was installed on-board R/V INDIAN SEAL, a 205 foot long ;’E
supply vessel with a beam of 40 feet. The ship had two main engines each 3
providing 2,000 shaft horsepower, and was equipped with two variable pitch
propellers. The vessel had a 10 knot cruising speed. Minimum low speed
was a nominal 0.75 knots.

2.1.2 System Operation

(U) The system was operated to serve two purposes: data collection
and realtime data processing. Data collection consisted of recording raw
acoustic data from the 64 individual hydrophones of one of three arrays
(LF, MF, or HF) on the high density digital recorder. This recording enabled
post-analysis processing of sectors which were not searched in realtime and
the application of different processing parameters to the data. The array &_
selected for recording presents the only limitation in the application of |
these parameters. Realtime data processing uses either the time domain or
the frequency domain beamformer. The time domain data are stored on analog
magnetic tape and are simultaneously processed and displayed in real time by
the BQR-23 spectrum analyzer. The output from the frequency domain beamformer

is stored on digital magnetic tape for further processing in the batch
computer.

-
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(U) The time domain beamformer provides time-frequenay information for
16 adjacent beams. The search sector width depends upon the relative steering
angle and the array selected. (At broadside, the sectcr width is 48° for
the MF array.) Four selectable adjacent beams are presented on the CRi of
the BQR-23 spectrum analyzer. The longest time history oi this display is
approximately 13 minutes. This limitation affects the ability of the analysts
to compare displayed acoustic data with previously observed acoustic events.
The BQR-23 also provides a hard copy of any one of the 16 processed beams.
The output of 12 of the 16 beams can be recorded on the analog tape recorder
for post-event analysis at sea and post-exercise analysis ashore.

2.1.3 ARRAY

(C) The LAMBDA III array consisted of three different acoustic arrays:
the low frequency array (LF), the mid-frequency array (MF), and the high
frequency array (HF). In addition, the array had six depth, temperature
and heading modules; fore and aft vibration isolation modules (VIMS) and
parachute tail drogues. The LAMBDA III array was a geophysical type hard-
wired array. The tow cable was a torque balanced, 5.125 c¢m diameter armored
cable with an overall length of 1485 m. This cable was configured to tow
the array at cable scopes between 200 and 1200 m with 450 m of "zip on"
flag fairing. The cable consisted of 216 twisted pairs and 7 shielded
twisted pairs. The lower end of the tow cable had an optional additional
mass (543 kg) in the form of 11.4 cm diameter lead cylinders, wnich were
band-strapped to the cable.

(C) The LAMBDA IIl array was used in several different configurations.
Generally the fore end of the array had 600 m of VIMS while the aft end had
300 m of VIMS preceding the tension producing parachute or rope drogues.

The HF array preceded the MF and LF arrays.

(C) These three acoustic arrays had 64 hydrophone groups each. The
HF array hydrophone groups were center spaced at 4.75 m. Each HF group had
seven series-connected Benthos AQ-1 hydrophcnes. Both the MF and LF hydro-
phone groups consisted of two of these seven series-connected groups
connected in parallel. The MF array which was nested in the LF array
consisted of 64 groups of hydrophones center spaced at 12.8 m. The LF
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array consisted of 64 hydrophones with a center spacing of 38.1 m. This
resulted in a HF array of 300 m , an MF array of 806 m and an Li array of
2,400 m acoustic aperture (Figure 2-1).

(C) The Benthos AQ-1 hydrophone (Ref. 6) had a nominal free field
sensitivity of -203 dB reV/Pa over the 5 Hz to 1000 Hz band. This hydro-
phone was designed to operate at ambient pressures of up to 21 MPa and in
the temperature range of -2°C and 30°C. The nominal capacitance of this
special lead zirconate/lead titanate hydrophone was 120,000 pf. The hydro-
phone itself weighed 17 grams and was 5 cm long. This hydrophone was air
backed and was mounted in an open cell urethane plug within a stainless steel
jacket. This jacket was mounted in a spider mount fastened to the array
strength members. This hydrophone was observed to have a sensitivity that
changed less than 1 dB over the pressure range 0 to 21 MPa and a sensitivity
change with temperature less than 0.3 dB over the range from -2°¢ to 30°C.

(C} Each hydrophone was connected to a .luf capacitive coupled
differential amplifier. The input to this amplifier wasprotected by a
diode clipping circuit. The amplifier had a gain of 30 dB and a +.02 dB
gain stability in the -20°¢ to +22% temperature range. The amplitude
response was down by 3 dB at 4.5 and 500 Hz. The roll-off at the low fre-
quency end was 4 dB per octave while the high frequency roll-off was 3 ds
per octave. The noise value for this preamplifier was -145.6 dB re 1V
@10 Hz (0.4 db re 1uPa equivalent) and -152.6 dB re 1V @300 Hz. The
differential input was maintained balanced to a virtual ground to provide a
common mode rejection of greater than 70 dB. The amplifier had a dynamic
range of 115 dB.

(C) The signals from all the hydrophones were conditioncd at the tow
ship by the use of differential signal conditioning amplifiers. These
signal conditioning amplifiers had selectable gain and pre-emphasis. The
amplifier response had a low frequency cutoff (3 dB down) point of 4.9 Hz
and rolled off at 12 dB/octave below that frequency. Without pre-emphasis,
these amplifiers were flat out to 300 Hz with a high frequency 3 dB down

point of 305 Hz. With pre-emphasis, the characteristic increased beginning
at 50 Hz with a siope of 5 dB/octave to 300 Hz.
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2.1.4 The LAMBDA III Data Acquisition and Processing System

(U) The LAMBDA I!II Acoustic Data Acquisition and Processing System
is illustrated in Figure 2-2. This system was complemented by a Nonacoustic
Data Acquisition System (NADS). The Acoustic System consists of signal
conditioning amplifiers, 15 bit A/D converters, a high density digital tape
recorder subsystem and a TAP III processor. The acoustic and nonacoustic
data were processed on the off-line 21MX batch processor. The NADS system
samplea all nonacoustic data such as array heading, ship heading, ships
speed, latitude, longitude, wind speed, array depth and array temperature.
A synchronous line code was utilized between the rubidium clock in the
integrated navigation system and high density digital recorder time code
generator. This integrated navigation system determines the positional
data using both satellite updates and ship course and speed data. The
NADS system which is continually running in the background of the HPZIMX
batch processor maintains a time-indexed file of all these data, The 21MX
processor had two video displays, one high speed plotter printer, a 25-
megabyte disk and a graphics terminal. This allowed a graphically displayed
set of NADS data for specified parameters. N

{U) Sixty-four channels of acoustic data were selected from either
the high frequency (HF), mid frequency (NF) or low frequency (LF) arrays.
After signal conditioning amplifiers and anti-aliasing filters these
sixty-four signals were digitized by a fifteen bit analog/digital (A/D)
system with a 1 KHz sampling rate. A Celectable channel was converted
back to analog fcr analysis on the SD30! analyzer. The high density
digital recorder (HDDR) takes the output of the digitizers and uses 3
“cample and hold" amplifier for simultancous sianal processing. The sys-
tem samples one thousand times per second per channel through an indepen-
dent multiplexer. A flexible fnput/cutput capability was built into the
unit to drive the Miller code encoder or read the output of the decoder.
The basic tape drive was a modified 14 track analog recorder. Twelve of
the 14 tracks were used for data, and track 13 was reserved for an IRIG 8
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Figure 2-2a. (U) LAMBDA/TAP Il Data Acquisition and Processing System (U)
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Figure 2-2b. (U) LAMBDA/TAP !1] Batch Processing Schese (0)

UNCLASSIFIED




H
A
N
.

4

-

.

dwt emee e e = —t

Al < Ay 42 ettt I =

- ——_
e <

e ——
a

Page 14 UNCLASSIFIED

time code. The frame consisted of 82 words. The HDDR system had simul-
taneous recording and playback capabilities which aided in monitoring the
output. The HDDR system was used to record the output of the LAMBDA array
whenever the array was opervational. This included all measurement periods,
all turns, and all array stabilization periods.

(U) The Three-Array Processor, central to all shipboard data processing,
performs beamforming and spectral analysis for signals received by thevLAMBDA
array by means of successive Fourier transforms. TAP III frequency domain
pezmformer hardware consisted of a Hewlett Packard 21MX computer, a Floating
Point System HP-120B high-speed array processor, a magnetic disk HP7970A, IBM-
compatible magnetic tape decks, and an interactive CRT keyboard display
terminal. The combination of this hardware and special software results in
an extremely flexible system. Figure 2-2a contains a block diagram of the
TAP 111 Processor. A detailed description of the proceésor is presented in
References 7, 8 and 9 (Appendix A of this report).

(U} The freauency domain beamformer provides a 0.08124 Hz frequency
resolution in three selectable 4 Hz bands anywhere within the total passband
from 3 to 305 Hz. The system operates at a fixed sample rate of 914.9]
samples in 1 sec. In this experiment, the system was used to determine the
fast Fourier transform coefficients of -sixty-four hydrophones and sixty-
four beams. These complex coefficients were written on a nine track magnetic
tape. The system response was 12.5 seconds of data every 62.5 seconds for
all 128 channels. Both tabular and graphical displays of the beam response
functions and hydrophone illumination functions were obtained from this
processor in addition to the magnetic tape record. The details of this
processor are discussed by Rennie (Ref. 8).

(U) In addition to FDB, we had a time domain Beamformer (TDB) which
operated in parallel with the FOR to form 16 beams in real time. These
sixteen beams were also recorded on a Sabre 6 tape recorder.

(U) The spectral data discussed in this paper were obtained with the
.08124 Y4z resolution and the complex coefficients of the FFT of 64 hydrophones
and beams written on the HP2IMX 9 track magnetic tape. This digital magnetic
tape enabled onboard analysis of the data with the HP21MX batch processor
shown in Figure 2-2b. The basic off line processing scheme was to load
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64 beams, 64 hydrophones and 25 time ensembles onto a data file on the HP
79A disk.

(U) The basic processing was accomplished with this large disk file
and the software resident on the batch processor.

2.1.5 Data Processing Techniques

(U) The TAP III processor has been described in Section 2.1.3 The band
Tevels for the sixty four beams and hydrophones in the three selectable band-
pass filter ranges processed by the TAP III were outputed on a line printer
and displayed on a CRT display. In addition these outputs were recorded on
magnetic tape. The output could be specified as the Fast Fourier Transform
(FFT) complex coefficients or the band levels for the hydrophones and beams.
In the CHURCH STROKE III Cruise I experiments the output was the complex
coefficients of the FFT's. The primary reason for this type of output was the
preservation of signal amplitude and phase. The duty cycle for this type
of data acquisition was 12.5 secs. of data and approximately 40 secs. of
processing. Backup files of all processed data were recorded on HDDR and
are maintained for further processing.

(U) The discrete Fourier Transform may be written as:

N-1
(p) < p)
Xy (mat) = hiidxi(nh)-e—jZ"mn/N
n=0
where
N The number of samples
i The hydrophone channel
p The pth ensemble
fs The sampling frequency

i/fs, reciprocal of sampling frequency

m The frequenrcy bir number

Af The frequency resolution
(p)

xi(nh) = 0 for ng 0 'or' n 3 N-1
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(U) The power spectral density can be determined by the mean squared
pressure in a Af Hz band. We assume xi(p)(nh) has the units of pressure;

i.e., all system calibration factors have been applied. It follows that
the mean squared pressure for the pth ensemble h sec long is:

e -

w—-—-
po

(p) (p) (p)
Pi(mAf) = xi(mAf)'[Xi(mAf)]* o }

(V) Pi(p)(mAf) renresents the estimate of the sauared pressure in the 1
mth frequency bin which is Af Hz wide for the pth ensembie h sec. Tong.

(U) The number of degrees of freedom (Ref. 9.a) for this estimate is 1
: 2afh.  In our case we have 2afh = 2 (.08124)(12.5 sec.) = 2. We wish to

obtain an estimate of the true mean spectral densitj, in this case, 4
proportional to the true mean square pressure. We must average or smooth
the data. We require the total averaging time to be short enough that the
process can be considered stationary. We also require 2AfhM be large enough
for a true estimate of the mean. For M = 12, 24, we have the following

1 % of data within spread dB spread dB
f spread 12 ensemble 24 ensemble
by
| 40% 1.25 .88
60% 2.08 1.50
| 80% 3.33 2.33
' 90% 4.17 2.92
: These estimates are based on a white noise distribution of energy. When we have
N a single peak in the spectrum of data with high signal to noise ratio then we can
“ use K = 2 degrees of freedom provided that 1/h is not small compared to the
ta width of the line. To insure a higher degree of confidence averaqing was
” employed. The average mean squared pressure was thus determined.
}
i M P(‘()) 6
. mA
‘ Fi(mAf) az-i__..._
g H
p=l <]

where Me is the number of ensembles and the variance
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M
e (p)
(F- P, )
giz(mAf) = ---i____i.._.._.__ .
M-1
p=1 €

(U) When spatial averages were employed we have

NS NS ME
1 _ 1 (p)
P(mof) = — z P, (mAf) = ——— Pi(mAf)
N . N M,
S =1 i=1 p=1
where NS is the number of sensors.
N M
S e
2 1 _ ®) ,
c"(méf) = ——m———— ., (Pi_P' )
(Ns—l)-(Me—l) 1
i=l p=1

(U) In addition to the estimates of mean square pressure and its band
level, we can also estimate the cross power spectral density, the magnitude
squared coherence and the phase coherence. The c¢ross product is defined as:

(p) (p) (p) *
P, (mf) = xi(mAf)-[xj(mAf)]

(p) (»*
xi(mAf)-xj(mAf) - exp(i¢)

where the cross power is proportional to the magnitude and the phase is in the
argument of the exponential in the above expression.

(U) The magnitude squared coherence is defined as

® 2
o (n)? X - X, ]
Y13 OO .
Py v Py
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Averaging is performed on the ensemble number p and statistical considerations
apply as before,

(U) These values all represent band level estimates of the mean squared
pressure. For plane waves we then have that the intensity (I) is proportional
to the mean squared pressure times the sonic velocity (C) and density (p).

T=-——

a reference pressure is taken as luyPa and all quantities are converted to

band levels

=2
Band level dB re lyPa = 10 Log P/F,- 2
r

For cases of white noise one can apply a bandwidth correction:

2
F
Spectrum level dB re (luPa)ZIHz = 10 Log /—P- 2| - 10 Log(af)
r

for the Af = ,08124, the correction is +10.9 dB. We have not applied this
bandwidth correction to the estimate of the narrowband signal level.
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2.1.6 System Calibration

(U) Acoustic data obtained in this experiment were referenced to
absolute values through several calibrations. The individual hydrophones
were carefully selected on a "binning" technique described by Doolittle
(Reference 6) to ensure reliable and consistent sensitivities. CAVAC tests
were performed at Benthos to provide a secondary calibration of each hydro-
phone to a reference standard. Test of the acoustic sensitivity, capacitance,
resistance, and other parameters were performed at NRL/USRD, Orlando, Florida,
on a sample batch of thirty-seven AQ-1 hydrophones drawn from the production
line as procured and accepted by Texas Instruments for use in the LAMBDA III
array. Individual array modules were CAVAC calibrated by George Pickens of
NOSC to ensure that a secondary calibration on all hydrophone groups was
available. Electronic calibration of the system was accomplished by use
of -two techniques. The first was the built-in system calibration whict.
usea square wave signal injected into the hydrophone preamplifier providing
a calibration in amplitude and phase for the entire system. The second
technique using the NUSC-developed inverse beamformer allows use of signal
plus noise as a calibration tool at preselected steering angles. These
calibrations were done on a routine basis to ensure the integrity of these
absolute values.

(U) These calibration techniques were evaluated by R. Hecht (Ref. 10).
This particular evaluation used a 57.2 Hz sine wave at a level of -14 dB
re 1 Volt. The measurement from the input to the signal conditioning unit
to the output of the TAP IIIl calibration program revealed a 1 to 1 transfer
function. Using a bandwidth of 0.08124 Hz the operating channels were
found to have an amplitude standard deviation of 0.126 dB (all measurements
within + 0.68%, The calibration technique was employed to insure relative
calibration of the channels during the course of these measurements.

(U) In addition to these experiments, a Lloyd mirror calibration was
performed prior to these measurements. The purpose of the Lloyd mirror
calibration was to provide an at sea verification of the absolute calibra-
tion factor. The Lloyd mirror calibration uses the interference pattern
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from the surface reflected ray and direct ray of sound. This interference
produces an easily recoanized pattern of maxima and minima in the received
signal and noise level as the range between the receiver and source is
varied.

(U) The field of the source can be observed in three distinct regions,
the near field, the interference field and the far field. The near field is
that region where the effect of the surface reflection is negligible and
the spreading is spherical. The interference field is the region dominated by
the constructive and destructive interference between the surface reflected
and direct paths. The far field is the region where the source and its
image appears as a dipole and fourth power spreading is observed. The
Lloyd Mirror calibration was conducted in the Interference field; that is

distances greater than 2 (deR)'/z. In the interference field the intensity
is given by:
T=1 (1+u -2y cos (wt))/R
0 0
where I0 = intensity of direct arrival at one meter from the source
u = the surface reflection coefficient
wy = 21rf0 (Hz)
v = time difference between the surface and direct arrivals
R = range separation between source and receiver

This equation clearly shows that four variables must be known: the source
level, source frequency, the surface reflection coefficient and the source-
receiver separation. The source level and frequency are independent cali-
brated values of 170 dI* re 1wPa @ 1 m and 173.13 Hz.

{(U) The surface reflection coefficient can be taken as unity for
these frequencies. This term could represent a major contributor to the
short term variation of the received signal. The reflection coefficient
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pertains to the specular reflection of the sound wave at the pressure
release surface. When the surface is flat or disturbances of the surface
are small compared to a wavelength, the reflection coefficient is indeed
unity. However when the surface is not flat, due to the existence of
higher sea states, the reflection coefficient is less than unity and thus
scattering may become important as surface disturbances approach the
wavelength of the sound. In this calibration measurement a sea state less
than 4 was observed and M=1 was used. That is to say, we did not

have a fully developed sea but wind speeds up to 19 knots were observed.

(U) The last variable in the equation is the range separation
between the source and receiver. Ideally we would require the knowledge
of the range exactly in order that we could predict the exact range of
the maxima. However in those cases where one does not have an exact know-
ledge of the range the intensity of the maxima is given by

- 2
[ =4 IO/R

We can identify the maxima from our experimental data and predict the
measured intensity with the approximate range.

For the Lloyd mirror calibration relative range between the source and receiver
was determined by precise knowledge of the location of the source and receiver
at selected times. Between these reference locations a constant speed

was assumed toestimate the range. As we were unable tomaintain anexact time
reference between the acoustic data files and the ship's position, the
approximate ranges were estimated from the approximate lines and the range plot.

Referencing Figure 2-3 we see that the geometry chosen for the Lloyd mirror
calibration was simply a straight tow track past a moored sound source with
the closest point of approach (1650 m) well within the interference field
(>> 854 m for dg = 911 m and dp = 200 m). Figure 2-4 shows the true earth
speed o1 the tow ship for this track while Figure 2-5 siiows the measured
acoustic band levels. These band levels were observed by use of an SD-301
(spectral dynamics analyzer) while the acoustic data was being obtained
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dr = 200m

ds=911m

- . — — —
oo
N

!

S
(BOTTOM DEPTH = 3170m)

THE LLOYD MIRROR GEOMETRY, Vertical

b FINNEX

TOW TRACK
\

CLOSEST
POINT OF APPROACH 1650m

SOURCE

fo= 175.13 Hz
SL =170dB re 1u Pa 1m,

Cg =911m

N

B751m

COMEX

THE LLOYD MIRROR GEOMETRY, Horizontal

Figure 2-3. (U) Lloyd Mirror Geometry (V)
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with the TAP III data acquisition system. This figure clearly shows the
successive maxima which one would expect from the Lloyd mirror effect.
The figure is labeled with the estimated range.

(U) Concurrent with the measurements performedwith the SD-301, data were ob-
tained with the TAP 11l system. These data were processed on the HP batch
processor to yield band level versus time for all twenty-four hydrophone
channels as shown in Table 2-1. These data are shown for several peaks.
Of the twenty-four hydrophones three (#12, 17, 18) consistently were low.
Mean levels were determined with and without these phones. The variances
were also determined. With all phones the standard deviations ranged from
1.38 dB to 1.84 dB increasing with a decrease in the signal to noise ratio.
Without the three low hydrophores these standard deviations were between
0.17 and 0.5 dB, very low values. The data in Tabl: 2-1 clearly show that
the relative calibration over all the hydrophone channels was quite good.
The consistency of these results is probably a direct consequence of the
calim state of the sea.

(U) A comparison of theoretical results with the values obtained with the SD-301
are tabulated in Table 2-2 and show that on the averag? cur measurements aqree
with the prediction within a dB when we are close to the CPA and our range
determination is more accurate., Farther away from the CPA our uncertaiuty
mcreases as much as 1.4 dbi.  This disagreewent vith theory is most
likely due to the uncertainty in our range estimates at these distances.

The basic result of this at sea calibration is that in those instances

(Pe 3.4, 5) where the ranges wer® known. Sea state calm dand speed constant
we were able to verify that we are within + .7 dB ot our system calibration
factor of 186 46 re 1 Volt/YPa. -
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2.2 MOORED SOURCE

(U) Acoustic benchmark for the exercise was provided by a Webb Sound ?
Source moored at the approximate depth of the sound channel nominally 100
miles from the LAMBDA operational area on the track of the towed source. ‘

(U) The Webb Sound Source developed and nanufactured by Woods Hole
Oceanographic Institution is an organ pipe type source made of 12" diameter |
6061 aluminum cylinder with a wall thickness of L". At one end of the
cylinder a ceramic bender transducer is mounted, the other end is open. Two
such organ pines are attached onto a longer cylinder of the same material
and diameter that contains the necessary batteries and electronics for ,
driving the transducer. The electronics/battery housing gives inertia to %

the system so that the organ pive cylinders are essentially stationary in
the water.

() With *he wavelength long compared to the radius , the bender acts
like a piston in that only the zero order mode (piane wave) is generated in
the tube cut to approximately \/4. This cutting is actually done
to give maximum cornductance to the driving amplifiers. Due to the standing
wave effect or standing wave ratio, the open end acts as a source wnich is
sone 104 times stronger than that produced at the other end.

e e o — St et B - e

- (U) The diffraction of a scalar plane wave by an aperture in an '
infinite plane screen-- the basis for the operation of the Webb Sound Source--
is examined theoretically by Levine and Schwinger in Reference 11.

m—

(U) The technical and operational parameters of the Webb Sound Source ;
are summarized in Table 2-3. An outline drawing of the Source is presented t
in Figure 2-6. The source was calibrated by the Underwate~ Sound Reference
Division of the Naval Research Laboratory before deployment.
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i
| {
| ; Table 2-3. (U) Technical and Operational Parameters of the
i, Moored Webb Sound Source Deployed During
the Church Stroke II1 Cruise 1 Exercise (U)
Overall length 5.37 m
Length of organ pipes 2.13 m
Diameter of organ pipes 0.30 m
! : Weight in air 459.6kg
’ | Maximum operating depth 2000 m
{ Carrier frequency nominal 175Hz
Frequency stability +1ppm
Acoustic power output level 171dB//1uPa at 1 m
Modulation Contiruous wave
Endurance 3 weeks continuous
] ' Position:
R Latitude 24° 11N
i f Longitude 84° 29.8
{ Depth of source 988 meters
A i Depth of bottom 3416 meters
| Date of deployment 06/2113Z July 1979
' N Date of recovery 19/1630Z July 1979
; l
\ Optimum sound velocity for 1490 to 1494 m/sec.
? ( operations
i |
! ;
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i
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i
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2.3 TOWED SOURCE

(U) A source, emitting high level CW signals for transmission loss and
array performance measurements,was installed on the USNS DESTEIGUER. The
source built by Honeywell was operated by personnel from the Naval Ocean
System Center (NOSC). .

(U) The Honeywell HX-231F projector is an omnidirectional sound source.
It consists of four sections formed from a lead zirconate titanate ceramic
bender bar transducer, driven by a step-up auto transformer with a turns
ratio of 1:3. Manufacturer's specifications are presented in Table 2-4.

(U) The liX-231F projector is enclosed in a tow body designed to provide
protection during deck handling, reduce drag and provide stability while
towing.

(U) For monitoring the output of the acoustic source the ITHACO Inc.
Model 601 wideband hydrophone was used. A National Inc. absolute pressure
transducer calibrated by NOSC was used as a depth sensor attached to the tow-
body.

(U) A schematic of the Acoustic Source System is presented as Figure
2-7.

(U) The HX-231F source was calibrated acoustically at Lake Pend Oreille
before installation on the USNS DESTIEIGUER.

(U) A detailed description of the HX-231F and its support systems is
provided by Reference 12.

(U) The HX-231F was operated at two frequencies 67 Hz and 173 Hz with
source levels of 179.3 and 183.4 dB respectively. Source levels are given
relative to 1uPa at 1 meter.

UNCLASSIFIED
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Table 2-4 (U) Technical and Operational Parameters L
of the HX-231F Sound Projector Deployed
During the Church Stroke III Cruise 1 (
Exercise (V) L
Number of Modules . . . . . . .. P 2
i Number of bars. . . . . v v v v i i e e e e e e e e 28 [
| Weight inair . . . . . . .« o v v o i s e 3700 pounds l
Exterior envelope
tength . . . . . . ... e e e e e e e e e 80 inches I
Diameter to contain unit . . . . . . . .. .. ... 32 inches ‘
Weight in air with tow body. . . . . . . . . . .. . .. 4500 pounds i
1
.
Resonant frequency. . . . . . . . . .. .. ... e 104 Hz [i
t Maximum measured source level at f, 4
(e WPa ) v v v v e b e 192 8 »
i
i Calculated maximum source level g}
; Possible @t fi v v v i 202 8 ‘
;\ Directivity at f. . . . . .. .. e Omn
L Transmitting efficiency at fr e e e e e e 20 percent H
! Maximum operating depth ., . . . . . . . . . . . ... 206 m
‘ 3
? 5.
i
‘»
t

S

g
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I Figure 2-7. (U) Acoustic Source System Installed on USNS De Steiguer
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I 3. DESCRIPTION OF THE EXERCISE

(C) The objective of CHURCH STROKE III was to obtain the data necessary
for assessing passive acoustic surveillance alternatives at the entrance and
approaches to the Gulf of Mexico. Particular emphasis was placed on the wide
aperture towed array (LAMBDA). The objective wus addressed through specific
measurements of propagation loss, bottom interaction, array performance, and
environmental factors.

(C) In response to recent CINCLANTFLT -oncern over understanding of
operational performance of ASW systems in the Gulf of Mexico, the Director
ASY and Ocean Surveillance Programs, OP-95 tasked the Director, LRAPP to
investigate the environmental parameters necessary to consider long term
solutions to the ASW problems of the Gulf of Mexico. Specifically, a

measurement exercise was to be performed which would address the ocean acoustics
, aspects of knowledgeable assessment of surveillance alternatives at the

ﬁ approaches and the entrance of the Gulf of Mexico. The measurement exercise

was accomplished and data permitting the avaluation of mobile and fixed ASW
systems was obtained.

3.1 COMMAND, CONTROL AND COMMUNICATIONS

1 (C} The CHURCH STROKE III Cruise 1 Exercise took place in the entrance
A to the Gulf of Mexico between the Florida and Campeche Shelfs northwest of
Cuba during the month of July 1979. The R/V INDIAN SEAL deployed the LAMBDA
system in the Zatoche lungue at two operational depths of 800 m and 400 m.
The USNS DESTTIGUER deployed the HX-231F towed acoustic projector providing
CW signals at two frequencies (67 Hz and 173 Hz) for transmission loss and
array perfcermance investigations., The tow depth of the HX-231 was at 100 m
throughout the exercise. The Webb Sound Source was moored at a strategic
location of the exercise area and provided an acoustic benchmark emitting

a 175 Hz CW signal during the duration of the Exercise.
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(U) The CHURCH STROKE III Cruise 1 Exercise was sponsored by the Chief
of Naval Operations (0P-095) and, due to the involvement of Fleet assets in
phases of the exercise other than that addressed by this report, was conducted
under the direction of Commander in Chief, U,S. Atlantic Fleet (CINCLANTFLT).
CAPT, N. E., Koehler, USN was assigned as the Officer in Charge of the Exercise
(OCE)/Officer in Tactical Command (0TC) and CDR. T. A. Northam, USN was
designated Project Officer by CINCLANTFLT. The Program Manager was Dr. R. D. Gaul,
Director LRAPP; Dr. D. L. Bradley was designated Technical Manager. Subsequently
Dr. Gaul was succeeded by Dr, Bradley as Program Manager and Mr, Charles E. Stuart
replaced Dr, Bradley as Technical Manager. Mr. J. T. Gottwald, TRACOR, Inc.
was assigned as chief Scientist of CHURCH STROKE III Cruise 1.

(U) The Chief Scientist was responsible for organization planning and
implementation of the techrical aspects of the exercise. Mr. V. Anderson,’
Underwater Research Corporation, served as Exercise Director and provided
integration of operations.

(U) During at-sea phases of the exercise, the Excrcise Director and the
0TC/Project Officer were located at Exercise Control (EXCON), CINCLANTELT
Headquarters. The Exercise Director was responsible for coordinating at-sea
operations and for liaison with Fleet Commands.

(U) The Chief Scientist aboard the R/V INDIAN SEAL directed at-sea
scientific and technical operations. The Principal Investigators aboard the
participating vessels conducted the data acquisition and analysis tasks of
their specific areas of responsibility.

PR

(U} Masters of the participating vessels were responsible for ship
operations and movements in accordance with the Exercise Plan and for crew
and ship safety.

-

(C) The primary communication 1ink between R/V INDIAN SEAL and EXCON
was via MARISAT using secure channels. Communications were in accordance
with applicable Naval Telecommunications Procedures. Message releasing

o e # e W o
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authority was vested in the Chief Scientist for technical matters and in
the ship's Master for matters concerning ship operations.

(U) Communications traffic were held to an absolute minimum.

(U) Participating fleet units communicated via the U.S. Naval
Telecommunications System.

3.2 AREA DESCRIPTION

(U) The acoustic and environmental characteristics of the CHURCH
STROKE III Cruise 1 Exercise area were assessed by pre-exercise efforts.
The results are published in Reference 4. The following description of
acoustic, physiographic and oceancgraphic parameters of the exercise area
is partially based on these results, augmented by the measured and analyzed
bathymetric and sound velocity characteristics.

(U) Parameters vital to the analysis of the acquired acoustic data
but not measured during the exercise were derived from information
established by preassessment efforts and published in Reference 4.

3.2.1 Area Covered

(C) The area included in CHURCH STROKE III, Cruise 1 is the eastern
Gulf of Mexico, including the Straits of Florida. This area is roughly
described in Figure 3-1 by the physiographic provinces identified as the
Mississippi Cone plus the Straits of Florida. The exercise area extends
over the slopes onto the shelves shown in Figure 3-1.

(U) The Gulf of Mexico is almost totally surrounded by the North
American continent and Cuba. The exercise area of the Gulf bounded by
the latitudes 22°N and 30°N is within the region that experiences tropical
storms, particularly during the months of August, September and October.

(U) The entire exercise area is in a region that experiences strong
and highly variable currents. Shown in Figure 3-2 entering the area from
the south through the Yucatan Channel is the Yucatan Current which has been
measured at four knots near its western edge. As the current enters the
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CHURCH STROKE THREE, CRUISE 1 (U) Ref 2.
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Figure 3-2. (U) July-September Current Patterns in the Gulf of

Mexico. CHURCH STROKE THREE, CRUISE 1 (U) Ref 2.
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1 | Gulf of Mexico, part of it turns east and flows into the Straits of Flbrida,
{ while part of it flows north to form the Loop Current of the Gulf of Mexico,

The Loop Current and the anticyclonic gyres which separate from it are the
major circulation features of the eastern Gulf of Mexico, The northern
penetration of the Loop Current is reported to be cyclic with periods
variously reported between six months and a year. At its northern extrene
the Loop Current "loops" to the east then south southeast where it rejoins
the flow from the Yucatan Current into the Straits of Florida.

(C) The locations of the exercise reference sites are shown in Figure
3-3 and tabulated in Table 3-1.

Table 3-1. (U) GEQGRAPHICAL LOCATIONS OF CHURCH
STROKE 111 CRUISE 1 REFERENCE SITES (U}

i h
j Reference Site Latitude (N} Longitude (W)
!é Moored Source 24° a1.1° 84° 29.8"

o E 23° 37" 8% 00

: F 25° 22" 83? 30

i [ G 22° 40 87° 19°

L.
: _ i‘ 3.2.2 Currents
»

(V) Currents can be expected to influence relatively low speed ship
operations in the area. One can expect to frequently encounter surface
currents of at least one knot, diminishing with depth. Near-bottom currents
may however, also be a non-neqliqible factor affecting measurement systems.
Currents in the exercise area can influence the acoustic propagation conditions.

- -
Pormmmnrry
.- < .

—e o
’ 3

g

3.2.3 Sound Velocity Profiles

(U) The warm saline water flowina from the Staits of Yucatan into the
cooler Gulf of Mexico produces a significant lateral change in sound speed
structure as illustrated in Figure 3-4.
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Figure 3-3. {C) Reference Sites for THURCH STROKE 11l
CRUISE 1 Operational Area (U)

CONFIDENTIAL

!
J

[T

(el ]
o e

7 niing
P H

-8

B anirg

HAT vy




Page4l

UNCLASSIFIED

e ———— g ey

(€L "434) (n) auy(aseg asyoaax3 1 ISINYD 111 3W06LS ‘
HOYNH) 3yl Buoly 8{1304d d4433whyleg pue S4N0IU0) £3}90(3A0S] {N) ‘p-f aunb; g

[} t T *® 99 ¢ w ¢ o0 . N ' . v . . g T8t et Lt e o M

k133 o os

™ SO0 MO
LT PRI

sy
Patevel Sur Gy i

ERTRY I

LR T IATY P LR

AT TN

L vNe
Moy BN SR

UNCLASSIFIED




= Pl MR ACta Aot S PUSRSL S SRt e

Page 42 UNCLASSIFIED

(U) The isovelocity contours superimposed on the bathymetric profile

along the Exercise Baseline (G-E-F) were derived from 32 selected sound velocity

profiles. The location of these 32 sound velocity profiles are marked as
function of range from Site E, the general vicinity of the receiver during the
exercise.

(U) A marked shallowing of the isovelocity contours above the sound
channel can be observed at a range of approximately 20 nm from Site E towards
Site G. The effect of the Loop Current at the other end of ihe Exercise
Baseline, towards Site F, is not so pronounced.

{U) Fifteen representative sound velocity profiles out of the 32 used
in the derivation of the isovelocity contours presented in Figure -5 are
superinposed on the bathyrctric profile of the Exercise Baseline in Figure 3-4.

Prcfile numbers used in Fiaure 3-4 do not correspond with those used in Figure 2.

(U) Fiqure 3-6 is a composite of sound velocity profiles along the
Exercise Baseline. Profile numbers are related to the corresponding profile

numbers used in Figures 3-4 and 3-5 by the code of Figure 3-6.

(U) The sound velocity profiles show a marked variation of sound speed
as » function of location relative to the Loop Current. Prafiles 1, S and 6
which show the most drastic annomaly from Profile 3 - the profile derived
from temperature measurements taken in the middie of the Loop Current -
were lacated either on the Nest Florida or the Campeche Sheif in shallow
water thus having no effect on measured transmission loss at Site E. Profile
4 obtained 42 miles towards Site G from Site £ on the slope may have affected
transmission loss characteristics along leas £-G6 and 6-€.

{U) The material used in this section is based on Ref. 13.

-
3.2.¢

Sound Propagation

(U} The propagation of sound at long ra~ges in the Exercise Area is
primarily limited by the ocean bottom due to the warm water near the surface
and the shallow water depth relative to the critical depth. Figur- 3-7
taken from Ref. 14 shows plotted contours of depth difference or “negative”
depth cacoss for the summer season. These contowrs are the difference botweon
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critical depth and local bottom depth in 100 fathom units. There are no data

at any time of the year to indicate the presence of positive depth excess.
‘ Thus, bottom 1imited propagation is the rule in entrance to the Gulf of Mexico,
.g the region covered by Church Stroke II1,

for shallow sources.

(U) An estimate of the minimum grazing angle, ¢ m? for bottom limited
rays can be obtained from the deep water sound ve]oc1ty gradient, g, the
depth difference d, and surface sound velocity, C

4
6, = Cos (1 + C0 ) » <0

For the contours shown in Fig. 3-7, the values of o for given values of

d expressed in fathoms are as follows (g = 0.0178 sec 1):

d (fathoms) EE_
500 8.3°
1000 11.7°

(U) Bottom loss in the Church Stroke III area was computed during pre- '
exercise estimates (Ref. 15) from a two-path model of bottom interaction, the
first path being the reflection at bottom depth, and the second, the refracted I
path through the underlying sediment. The result is plotted for three classes
of bottom as bottom loss/reflection versus grazing angle in Fig. 3-8 (ref. 14, ]

I fig. 6). The bottom loss for the 8° ray at 50 Hz is less than 1dB/reflection,
' regardless of which attenuation class is used.

-

(U) Sound attenuation by absorption has been measured recently (Ref. 16)
during the KINI ONE propagation measurements. The path of these measurements,
from the Mexican Basin northeast toward the Florida shelf extends into the
Church Stroke Il area. The sources were aircraft-dropped SUS charges. The
attenuation coefficient was determined by the deviation from the cylindrical

spreading loss. The values of attenuation coefficient are compared with the
Thorp formula in Fig. 3-9 (Ref. 16).
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GULF OF MEXICO
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. Figure 3-9. (U) Sound Attenuation Coefficient in Gulf of Mexico :
\ KIWI ONE Results (Ref. 16) (U)
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3.2.5 Ambient Noise

(U) Ambient noise in the area is expected to be most strongly influenced
by local shipping, particularly in the Straits of Florida. In addition, it
is anticipated that oil exploration and recovery off the Texas - Louisiana
shelf will influence the ambient noise in the exercise area.

(U) Shipping throughout the entire exercise area is dense. The greatest
concentration of ships is through the Straits of Florida along the Florida Keys.
The density of ships increases from east to west through the Straits reaching

a maximum at that point beyond the Florida Keys where the ships fan out to the
various ports of the Gulf of Mexico.

(C) An estimate of the density of the sum of merchant ships, tankers,
and large tankers within the Gulf of Mexico is found in the Historical
Temporal Shipping (HITS) data base.
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4.  EXPERIMENTAL RESULTS

(U) Experimental data relating to sound propagation and towed array
Jerformance in the Florida plain regicn and the Catoche Tonaue. were ohtained
over a three day period, The acoustic measurements with both a towed and a

moored source were conducted along a Northeast-Southwest track as described
in Section 3.2 and shown in Figure 3-3,

under relatively calm seas and clear weather. The LAMBDA III towed array was
used as the receiver for signals from both sources, The M/V INDIAN SEAL
deployed and towed this array at speeds of less than 1 to 1.5 knots in a
direction so as to place the towed and moored source at a near broadside
bearing during the acoustic measurements. The source ship USNS DESTEIGEUR
opened or closed range with the nominal receiver location, E, on four legs
designated F-E, E-G, G-E and E-F. Transmission Loss measurements were obtained
on each of these legs and ave presented by legs in Section 4.1. Section 4.2
presents the measured received signal characteristics including the array
performance as measured by array signal gain, noise gain, array gain and
measured beamwidth., Section 4.3 presents the results of signal fluctuation
measurements for both short term (12 to 25 minutes) and long term (22 hour)

periods.
4,1 TRANSMISSION LOSS AS A FUNCTION OF RANGE

(U) In order to meet the objectives of determining long range
propagation loss as function of frequency, range, and receiver/source depth and
of defining bathymetric effects a series of measurements were conducted
in the operational area.

(U) The LAMBDA 1l system, towed at a slow speed in the Catoche Tongue
at the vicinity of Site £ by R/V INDIAN SEAL, was used as the receiver for CW
signals transmitted by towed and moored sources. Signals at nominal 67 Hz and
173 Hz projected by the HX-231 F Towed Sound Projector were used to determine
transmission loss as function of range. A detailed description of the Sound
Projector and its characteriscics can be found in Section 2.3 of this report,
The Webb Moored Source described in Section 2.2 was used for array performance
and signal fluctuation investigations.
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4.1.1 Measurement Techniques

(U) Signal band levels received by each operational hydrophone group of
the HF array were used in the estimation of transmission loss. The signal
processing used is described in detail by Section 2.1.4 of this report.

e

(U) The signal level estimates used in the determination of transmission
loss were derived by averaging 12 or 24 data ensembles. ;

(U) Figure 4-1 gives the mean levels and the negative and positive variance

of the mean as function of frequency in three filter bands centered at 67, 173
and 175 Hz, The average is given for 24 ensembles.

(U) The same data are plotted in Figure 4-2. Doppler shifting of source \
frequencies at the receiver have been accounted for in the analysis. The l
spatial characteristics of the same received average signals as function of
hydrophone group location in the HF array of the LAMBDA are represented l
in Figure 4-3, The length of the array is 300 meters.

(C) Examples of computer processed tabular and plotted values of received |
levels in the 0.08 Hz wide processing band are presented in Figures 4-4 and 4-5.

(U) The temporal characteristics for the data presented in Figures 4-1 l
to 4-3 were not determined, however Figures 4-4 and 4-5 present typical
distributions of signal levels received by one hydrophone group as function i
of time (ensemble number). The duration of the 24 ensemble average is about :
17 mnutes.,

«

(U) The extent of spatial averaging due to relative movement of the source
and receiver was determined as less than 1 nautical mile. For most data ensembles
it was found to be close to 0.5 nmi.

e il

(U) Due to array tilt, the transmission loss data were acquired
over a range of depths. This range was determined by the extent of
the tilt and averaged less than 40 meters with occasional excursions
to above 70 meters. Maximum variation in hydrophone group depths
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was 78 m. The effect of volumetric averaging of transmission loss was
assumed negligible. This assumption was based on FACT model runs at several
depths within the depth range of the hydrophone groups. The results of these
runs showed no appreciable difference in predicted transmission loss as a
function of depth within the observed depth range of the hydrophone groups.

(U} Noisc levels were established by averaging the received levels
in 3 processing bands on each side of the signal band loceted 4 processing
bands away from the signal band. This noise value was used to determine

signal plus noise-to-noise ratios for each received signal level.

(U) Transmission loss was derived by subtracting the received signal
plus noise level from the calibrated source Tevel of the sound projectors
for signal to noise ratios greater than 2 dB.

4.1.2 Summary of Transmission Loss Data

(U) Tables 4-1 to 4-4 present a summary of the sound transmission loss
for each of four legs as measured by the technique described earlier. TL
values are given aiong with the measurement parameters relating to navigation,
transmitted signal and signal processing. These parameters, used to establish
the transmission loss estimates as a function of range in the headings for
che Tables 4-1 to 4-4,are defined as follows:

Mean Tima: The midpoint of the time interval during which
the data ensembles were averaged. Time is reported as
Greenwich Mean Time (Zulu).

Mean Receijver Location: The location of the tow ship at the

Mean Time. Rectified ravigation data provided by NORDA Code

340 were used in the determination of this location. The range
error introduced hy using the location of the tow ship instead
the mean location of the hydrophones was considered negligible.
Since the array was towed in a direction perpedicular to the
bearing between the source and receiver this assumption is vaiid.

Mean Source Location: The locetion of the source ship at the Mean
Time, Rectified navigatior data provided by NORUA Lode 340 were
used in the determination of this location.

Signal Level: Received signal band level of one of the tones
projected by the HX-231 F Sound Projector as determined by the
spatial averaging of the output of at least 57 of the 64 hydrophones of the
array and time averaging of a given number of ensenbles (12 to 24)
for each hydrophone,
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E~ ; Signal to Noise Ratio: Determined by the difference between

ke the averaged signal band level and a noise level defined by

i , the average of three spatially and temporally averaged noise
band levels at each side of the signal band, starting four
processing bands away from the signal band.

43
2
Es

Standard Deviation (o): The value of standard deviation for
the spatially and temporally averaged signal levels.

§ Transmission Loss: Determined by the subtraction of the
E received signal level from the calibrated signal level of
- the source frequency.

3 Range: Calculated great circle distance between the Mean
b Receiver and Mean Source locations in nautical miles.

A Bearing: Calculated true bearing from the Mean Receiver
| Tocation to the Mean Source location.

)R AR Source: The distance traveled by the source in the
wirecton of the tow during the duration of the averaging
time for the determination of received signal level.
Rectified navigational parameters provided by NORDA Code
340 were used in the determination of this value.

AH Sensor: The distance traveled by the receiver in

- the direction of the tow during the duration of the

9 ' averaging time for the determination of received signal

Tevel. Rectified navigational parameters provided by

- . NORDA Code 340 were used in the determination of this
2 value. This value is given in nautical miles.

b Mean Depth of Array: The depth of the center of the array
. at the Mean Time in meters. This value was determined by
2 averaging of the depths indicated by the depth sensors
TSN located of the front and at the end of the HF array. This
value is given in meters.

- —— —
e M S

AD Sensor: The difference in depth between the depth sensors
3 at the tront and at the end of the HF array. This value is
3 : given in meters.

21: The elapsed time over which the number of data ensembles
were averayed to establish the value of Received Signal Level.

— e -

4 ' Number of Averages: The number of data ensembles averaged to
obtair. the value of Received Signal Level.

S R (U) TL values are given for the two towed source frequencies, 67 Hz and
173 Hz, for ranges from 48 nm to 136.9 nm depending upon which leg is selected.
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(U) The measured transmission loss (TL) for each of three legs E-G,
G-E and E~F is plotted as a function of range for the two frequencies, 67 Hz
and 173 Hz, in Figures 4-6 to 4-8, Measured bathymetry for each leg is also
shown on the figures. The depth values are based upon PDR (Precision Depth
Recorder) readings corrected for local sound velocity and were provided by
NORDA Code 340. Each point on the plots of TL versus range is a space and
time averaged value as indicated on the fiqure and discussed previously.
Lines connecting these points are meant only to identify the data and
have no other purpose,

(U) No plot is presented for the legs F-E since there are only eight
data points at source depth of 100 m and receiver depth of 800 m.

(U} Depth-range relationships derived by using Site E as reference point
and presented in Figure 3-4 were corrected for variations introduced by the
fact that the receiver did not always remain in the close proximity of Site E.

The correction was defined by

r = Dcos (v)
where r = range correction
0 = Bearing of the location from E - Bearing of the
track used for the measurement of the depth profile.
D = Distance between the receiver and E at the time of
the measurement of TL.

(U) Corrections for legs G- and E-F where negligible (3t or less than
1 nm) and therefore no corrections were applied. An average 22 nm were
added to the ranges for leg E-G due to the fact that the receiver was between
21.5 and 23 miles east from Site € on the track of the towship (nominal 232°T).

(U) The location of each leg was shown earlier in Figure 3-3. The
bathymetry along the entire path F-G was shown in Figure 3-4 along with
representative sound velocity profiles constructed by NORDA Code 340 from
XBT records obtained on the DESTEIGEUR along the source tow track. Sound
propagation has been discussed in general in Section 3.2.4,
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4.1.3 Transmission Loss Ch:.acteristics (U)

(U) The measured transmission loss (TL) as a function of range along

the track covered during CHURCH STROKE 111, CRUISE 1, is influenced by
several effects incluaing:

Refraction of sound in water and sub bottom,
Bottom loss upon bottom reflection,

Changing bathymetry along the track,
Absorption by water,

5. Presence of ocean currents.

H oWy —

(U) Of these effects the influence of the first three may be seen .
the TL measurements although accounting for each effect by itself in detail
is not possible, Since absorption of sound has been measured and reported
previously (Ref., 16), data may be corrected for this effect. The exact
influence of the loop current on transmission loss is difficult to isolate
from the bathymetric effect since the two effects appear in the same
range interval. (See the discussion on the data of leg G-E and E-G).

(U} Little meaning can be given to the data without reference to the
general propagation characteristics. Thus, as a preparation to the discussion
of the TL data, & short summiry of the theoretical basis for data treatment is
given,

(1) The refraction of sound due to the variable sound veiocity with
depth combined with the shallaw bottom depth produces » bottoa-1imited sound

propagation condition. This condition, coupled vith a bottom loss that increases

with grazing argle, will cause the trapsmission gt long ranges to be confined
to an initial angle sector near e upgorng limiting ray. Tnis ray graics
the surface and strikes the bottom at the longest range of any ray produced
by the source. The downgoing ray strikes the bottam at the criiical angle

of bottor interaction. Steeper rays than those at the critical anglc are
highly attenuated and suffer more bottom bounces to a given range due to
their foreshartened cvcle distance. Thi< iz somewhat the case for rays which
have ¢levation angles that exceed the limiting ray since they strike the
bottom at a shorter distance and steeper angle than the limiting ray. The
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sum effect is to concentrate the sound energy "near" the limiting ray

_ especially at the higher frequency. It would be expected then that local
i minima in the transmission loss would occur at ranges where the limiting
ray reaches the receiver depth and that the distance between such minima
(actually pairs of minima since the up-coming and down-going rays will be
met at slightly different ranges when the receiver depth is not zero)
chould mztch closely the cycle distance of the limiting ray. To carry the
argument further would require a detailed knowledge of the number of rays
, that reach a given depth and range. Ray tracing and transmission loss

5 models were used during the analysis to accomplish this purpose and to

: produce detailed comparisions with an interpretation of the data. At
ranges of the TL minima, the TL values are determired by the expression

TL = 20 log R0 + 10 log (R/Ré) +aR + N8 (4-1)

where R is the range it which the transition from spherical spreading to
cylindrical spreading occurs. R0 15 in meters and Ré is expressed in the

L e o o———— s o,

measurement units of R. N is the mean number of bounces taken by the

: rays between the limiting ray and critical ray and 8 is a mean loss per
; bounce. The last term is an approximation to the actual contribution of
the rays after bottom reflection. The constant, a , is the absorption

i coefficient in dB/univ range (dB/nm).

. {U) 1t is necessary to estimate the bottom loss in the experimental
data so that the vesidual effects sucn 3s proximity to a sloping bottom

N wmay he treated. The term "slope effect” is usea to express the difference

P; between mpasured and estimated tronsmission loss when the source is over

: the sloping bottom. Each leg fs treated from this viewpoint in the nmext

s q ) : three sections. The L versus range data is fitted to & form similar to
Eq. ¥-1 and the bottom loss and residual effects are ther estisated from

g' the data.

() 0f the four acoustic data legs that were run during CHURCH STROKE 11,
? CRUISE 1 exercise, three vesulted in data over a range iaterval that was long
etiough o warrant closer andiysis. ir this section the data is examined in

- UNCLASSIFIED
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! ; order to separate the several factors that contribute to sound transmission
Yoss: spreading, bottom loss, absorption, and bathymetric effects. The data
is considered and discussed separately by leg.

{ 4.1.3.1 Leg E-F

el SN

(U) Th~ received signal data on leg E-F covers the largest range !
interval of the four legs that were run, (53 nm - 131 nm). It is also the
only leg where the source was in uniformly deep water (3400 m) fo~ a sig-
nificant part of the run (53 nm - 108 nm). Thus this leg offers the best
opportunity to observe the characteristics of bottom-limited sound propa-
gation without the complications of a changing bathymetry, at least until
the longer range pertions of the leg are reached. !

et e oot s e e

, (U) The locatior ~f measurement leg E-F is shown in Figure 3-3. The

i bathymetry along leg < sketched in Figure 3-4 with representative sound !

| velocity profiles constructed by NORDA ¢ode 34C (Ref.13) from the XBT records
obtained on the NESTEIGEUR along the . w-d <ource track. Sound propagation

{ has been discussed in general in Section 3.2.4 and these data are shown in i
} Figure 4-8.
(U) The general character of the data may be described as follows: |

(1) At ranges between 50 and 102 nm TL values tend to increase .
with range. However, peaks of minimum TL occur for the :
6/ Hz data at 55 nm, and for the 173 Hz data at 57 nm., A
sharp rise for 173 1z at 73 nm and with a less well defiped
o peak in the region near 100 nm is also observed.

Pt

(2) At ranges between 102 nm and 108 nm the 67 Hz TL data shows
no strong trend but the 173 Kz TL values increase with range.

- - -
P

i (3) At ranges between 108 nm and 118 nm, the TL values decrease
} with range. The 173 Hz data shows a higher rate of decrease
! with range than the 67 Hz data. The TL values at both

{ frequencies display minimum values at 118 nm range.

vord s

(4) At ranges greater than 118 nm, the TL values increase with
range with the higher frequency data increasing at a higher
rate than the lower frequency data.
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(U) By comparing the TiL values with the bathymetry, it is clear that
the strong reversal in the TL versus range trend occurs in the vicinity of
the sloping bottom and is associated with this bathymetric feature. This
effect is discussed further in this section.

(U) To obtain an empirical relationship for transmission loss for leg
E-F as a function of its parameters, we assume the form given in Equation 4-2.
(Refer to Equation 4-1 for definitions).

TL = 20 log R, - 10 log Ré + 10 log R + B N(R) + aR. (4-2)

For example, if the transition range between spherical and cylindrical
spreading, Ro’ is taken as 10,000 meters and the horizontal range, R,

expressed in nm units, Eq 4-2 becomes, with N = 0,

TL =80 dB - 7.3 dB + 10 log R + BN
TL=A+ 10 log R + NB +aR, (4-3)
A=72.74dB .

Equation 4-3 assumes a flat uniform bottom and an acoustic energy distribution
that, at sufficient range, becomes uniform over the extent of the water depth.
At the two source frequencies, the value of « taken from Figure 3-9 is *

f(Hz) a(dB/Yard) o dB/nm)
v 3
67 2107 <2 x 103
b -
173 3 x 10 6 x 10

Absorption is negligible at 67 Hz and of marginal importance at 173 Hz when
compared to our constant of A=72.7dB., Absorption will not be considered further
in the TL estimates presented in this section. The acoustic energy which
propagates near the limiting ray will also follow a cylindrical spreading
law. The physical reason for this is that minima in the TL versus range
curve are caused by focusing of rays near the limiting ray. The locus of
these minima are on a ring of radius r from the source. Losses due to
dispersion and absorption when secondary thus imply that successive minima
will follow a cylindrical spreading law. Thus a cylindrical spreading law
was used to estimate the bottom loss per bounce B from our measured data.
We assume that the energy from minima to minima s described by

UNCLASSIFIED
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L= (A, - N(R;)* B) + 10 Tog (R) + N(R)- B

where A = TL (Measured) - 10 log (R;)
) (4-4)
Ry = Range to first minima.
R = Range
N(R) = Average number of bounces for ray

bundle between critical and limiting ray

B = Bottom loss per bounce.

The value A0 is determined for the firs* experimentaly observed minima
and corresponds to the case where the bottom loss per bounce is zero.
Once Ao is determined we parametrically vary the bottom loss per bounce
(B =0, 0.5, 1.0, 1.5...) until we observe a good fit to the data prior
to the initiation of the slope. Once an estimate of the value of B was
obtained for each frequency, the extrapolated TL curve in the vicinity
of the slope was used as a basis for the determination of the "slope
effect". The “"slope effect" is defined as the deviation of the measured
TL data from the best fit curves. Cautinn must be taken in this regard
since the 7' values have several local minima. A minimum value of TL is
shown as a maximum in the TL versus range data due to the unusual method
of plotting curves of TL versus range. These minims are formed "near"
the cycle distance intervals of the limiting ray.

(U) Crucial to this estimating process is the determination of N,
the number of bounces at a given range, since the minimum number of
bounces is clearly the value for the limiting ray. Figure 4-9 shows the
ranges for the limiting ray based on a measured sound velocity profile
listed in Yable 4-5. This profile represents the conditions at the
receiver; Site E. Although the SVP changed with range this change is
ignored in the approximate methods used here. The limiting ray is
launched at an elevation angle of 5.08° angle and strikes the bottom at
a grazing angle of 9.23°, Figure 4-9 estimates the minimum number of
bounces determined by the limiting ray at any range. In particular,
the ranges at which the receiver intersects the limiting ray are in-

UNCLASSIFIED
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Intersection "400m upcoming"

Receiver Depth
. 66 Intersection "400m downgo1ng"
1\ J\,
: /
2
3

10 20 30 40 60 0 120

T ’ ;
E . j
s

DEPTH (KM)

b RANGE (NM)

Range (nm) Range (nm) Range (nm)
Rarige {(nm) 400m depth Zero depth 400m depth
Bounce No. Bottom Bounce upcoming -- downgoing

3 ; ! N (win)
73 ] 2
i . 0 -- .- 1.18 3.51

-3 3 ! 10.58 17.64 19.97 22.31
HE - 3
i R

= i | 2 20,37 36.43 38.76 41.09
1 3 48.16 55.22 57.55 59.88
s . " 4 69.95 74.00 76.34 78.67
% 3 L | 5 85.74 92.80 95.13 97.46
+ T , : o 104.53 111.99 113.92 116,25
% N t' ] 123.32 130.4 132.71 135.04
Eg}. 3 } :
. i

;g - Figure 4-9. (U) Ranges for Limiting Ray Propagation (U)
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Table 4-5. (U) Sound Velocity Profile for Ray Tracing f
Analysis (U) :

e s et s

[
| j
| 0 1544, 12 !
| 50 1540. 85
100 1538.04 ;
150 1536.74 !
200 1529.04 t
250 1524.16
300 1521.57 ;
350 1519.17 g
200 1515.43
500 1508. 39
. 600 1501.43
. 700 1495.79
i 800 1491.72 |
1 900 1489.05 k
1000 1488. 30 -
1230 1486. 45
| 1400 1489.21 -
2000 149932 !
_ 3000 1516.40 ‘
, 3400 1523.32 ,
. {
. U
|
)
fl
I
!
t
1\
7 i
' K
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dicated as "400m depth, upcoming" and "400m depth, downgoing" in separate
columns of the table on Figure 4-9. The zero depth column indicates the
ranges at which successive cycles graze the sea surface.

(U) Ray tracing was used to determine N. The number of bounces
to a given range were counted for launch angles between the limiting
ray and the critical ray. Table 4-6 shows the resulting values for N
at 5u, 75 and 100 nm. These values are used to compute transmission
loss values. The summary of the computation for the 67 Hz data is
shown in Table 4-7.

(U) Curves of TL versus range for the three bottom loss assumptions are shown

overplotted on the 67 Hz data for leg E-F on Figure 4-10. The following
is noted,

(1) at 73 m the data maximum lies between the 0.5 dB and 1.0 dB/
bounce loss curves,

(2) between 96 and 108 m, several data points lie between the
same two curves.

(3) at 96 m, local minima in the data lie above the 1.0 dB/bounce
curve.

(4) at 102 m and 105 m, two minima agree with the 0.5 dB curve.

The conclusion from this analysis is that the bottom loss value is between
0.5 and 1.0dB/bounce which gives this area a "low-loss" bottom classification
as described by Mitchell (Ref.4) and in Section 3.2.4, Figure 3-8.

With this empirical determination of bottom loss we may now characterize
the slope effect at 67 Hz. If a 0.5d8/bounce loss is assumed the equation
for TL versus range in the absence of the slope is

TL = 69.1 + 10 Tog R + 8.

At 108nm, the median range from receiver to the slope base, the TL value
is 93dB.

UNCLASSIFIED
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Table 4-6. (U) BOTTOM BOUNCE ESTIMATES
FROM RAY TRACING
! Range (nm)
g° 50 75 100
Limiting Ray
5.08° 3 4 5
,_ +6 to +10 3 4 6
+12 to +16 4 7 9
j -6 to -10 3 4 6
, -12 to -16 4 7 9
i
! N 4 5 7
\
i
}
l.

-

| UNCLASSIFIED
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4 | Table 4-7. (U) COMPUTATIONS OF TRANSMISSION
| . ~ LOSS AT 67 42 BASED ON EQ. 4-4 (U)
]
] Range (nm) A B N N 10 log(R) TL(dB)
|
, 55 70.6 0 3 0 17.3 87.9
i 69.1 0.5 3 1.5 17.3 87.9
i 67.6 1.0 3 3 17.3 87.9
75 710.6 0 5 0 18.7 89.3
§9.1 0.5 5 2.5 18.7 90.3
67.6 1.0 5 5 18.7 93.3
100 70.6 0 0 20.0 90.6
69.1 0.5 3.5 20.0 92.6
‘t 67.6 1.0 7 7 20.0 94.6
|
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) Between 108nm and 112nm we see an actual decrease in the transmission loss.
{ The empirical fit in this region is
TL = 93 - 560[10g(R) - log (RS)], 108 <R < Ne2nam Rs = 108 n.m.
Between ranges of 112 and 118nm the TL is almosc constant, decreasing by
} less than 1dB. At ranges greater than the minima value at 118nm the TL
% increases from 90dB to 96dB at 131nm. The empirical fit in this region is
! TL =90 + 132 log (R/RI"). 118 <R <131 nm, R = 118 mm.
i For the 173 Hz data a similar analysis was performed. The reference range
| was taken as 57nm; and the measured TL value is 92.0dB. Parameter values
; 0, 1, 2 and 3dB/bounce were used for B. The empirical transmission loss
constant at 173 Hz is
i Ao + Nb = 74.5d8, R = 57nm.
j The values for N were mean number of bounces. The result is overplotted
on the 173 iz data for leg E-F on Figure 4-11, The following is noted:
! (1) At + 75mm the measured data fall between the 2,0dB/bounce
and 3.0dB/bounce curves. The winimum is near the 2.0 dB/
. bounce curve.
(2} Between 95nm and 10dnn the measured data fall between the
1.6dB/hounce and the 3.0dB/bounce with the data minima
N centered on 1.56d8/hounce curve.
: (3)  The 1.5d8/bounce curve meets the rising measured data at 113nm,
i; () 5t Tidmm the 11 data rises  8.0dB above the 2dB/bounce curve
;i and 6dB above the 1.5dB/bounce curvve.
! To turther detail the slope effect and to obtain an empiri 1 fit for
} the 173 i data as we did before with the 67 Hz data the following
i estimates were made:
\ TLo= 169.9) + 10 Tog {(R) + N(B), 50ma - R ~ 108nm, B = 1.5d8/bounce
\ . T+ 106 - 208.0 log (R/R_),108mm <« R - 118nm, Rq = 108nm.
{ T- 100 + 452 log (R/R 3.122mm - R < 131am, R o= 12200,
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’ CONFIDENTIAL
(This page is unclassified.)
4.1.3.2 Lleg E-G
f (U)  The receiver depth for this leg is 800m. The data on this leg

begins at ranges where the source is well over the slope as can be seen by
reterence to Figure 4-6. Thus no comparison with the source in deep water

i is possible unless a calibrated model calculation is available. The TL
values are increasing with depth at the higher frequency and decreasing
<Tightly at the lower tregquency in the range interval 47-60nm. From 70nm

to maximum range, 100nm, the TU values at both frequencies are decreasing
with range.  The empirical fit expressions for transmission loss are as

tollows:

At o7 Mz,

{ TL - 90 - ade) loa \R"RO); 47mm - R - 60nm, RO“- 49nm,
{ TLoRT v 15009 Toa (RARY) . 73nm ~ R~ 79nm, Ry = 73mm.
i At 173 M2,
! oAk e e tog \R'RO). d9mm - R - 60nm, Ro = 5%
fom e T Tog (RRY, 73nm - R« um, R, = 73
' solcdd Ley ast
} fed G- was the return Teg trom the Teg £-G with an actual wean ditterence
) E Vorerener posction ¢ Ulmes o The receiver dopth was 400, The outstanding
E' L reature ot this vun s the deep dip in the T plot (Figure -4 gt Jone,
™ Than dip shiwes for hoth the =7 e oand 1273520 TR range ceincides with
; 1 o I ooeamsgraphty features, thatl of the loap current and the avea of special
‘ Boltom reuaghness, The evtdence for the loop carrent has been shown in
_ 3 Cigare Geq. THe boltos roaminess <haws on the bathymetric curves of
’ ! Prgune o0 There i nothing in the precent analvsis to separate the Tooe
. ' ' current from bathveetric oftects. The deep dip in 1L may be due to either
= ! eriect,
-
$
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4,2 RECEIVED SIGNAL CHARACTERISTICS ﬁ
. L

(U) The data obtained in these series of experiments using the LAMBDA
j [1] measurement system were performed by the preservation of amplitude and ?
. ]

phase information from omnidirectional hydrophone groups and beams. These

data were processed to yield the individual phone spectra, acoustic band
3 ‘ lTevel as a function of beam number, acoustic band level as a function of “
- -l hydrophone position, beam band level spectra, crosspower spectra, magnitude .
‘ squared coherence, and signal fluctuation statistics. This processing .
; A resulted in a rather complete but voluminous set of data on the performance ]
~ of the LAMBDA 111 array. | ;

3 ; (C) During the CHURCH STROKE 111 Cruise 1, exercise data was obtained

from a moored source and a towed source. During_pne period of uperationnn July 13
(194:20:28:04) data was obtained from both sources under favorable operating
conditions. During this periad of time the LAMBDA 11 pla;form, the RV

INDIAN SFAL, was 53.9 nm from the towship at a relative bearing of 93.5° and

99.92 nm from the moored source with a relative bearing of 96°.  The moored

e e, e
hiryrva

- ——

[ Yr—"y

sUurce was at a depth of 988 m in 3,416 = of water. The towed source

purs—

1 g was at a depth of 91 m and towed at a 1.76 kt speed. The LAMBDA |1}
; : array was towed at a4 nomingl 1 At at a depth of 00 meters. The array

i
[ (ARSI Y

was determined to have a tilt from fore to aft of +6.17°.

| Srvwe )

2 (U Figures 4212 to 214 show the beam vesponse levels for the 67, 173

: and 178 He sourees.  These beam hand lovels are the voltage leve) of each

; beam correvicd for the smmidivectional hvdrophone seasitivity.,  The beam-

‘ former was the TAR §10 frequency domain beamformer.  The output of the
progessar 4 shown in the 'a' parts of these fiaurey which shox the band

level for the <owurce frequency bin and tour selected noise hins.  The source
freguency bin was the bin with the manisue level. Ne observed that these
mavimgs lovels ocgur at 66.92 (<f = - 08 Mz), 172.83 (of = -.1p v2) and 175 89
EeezY 0 The of value of -2 iv what we would predict for the donpler

el | St Sl Kols

A6l betucen the mpored source and the LAMGDA 111 source ship: bul the
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3 L
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Figure 4-13. (C) teawm Band Levels of the 67 Mz Signal as a Function of
fieam Number and Relative Bearing (U)
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figure 4-14.

(C) Beam Band Levels of the 175 Hz Signal as a Function of
Beam Number and Relative Bearina (U)
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values for the towed source are less than one would expect for a relative
receding velocity of 2.3 kts. These shifts in frequencies are consistent

with a relative motion on the order of 1.34 to 1.73 kts. The output of the
processor is band level versus beam number. As one would expect, the Tlook
direction for each beam member is a function of frequency for this FFT beam-
forme». ine 'b' portion of figures 4-12, 4-13, 4-14 show the correct relative
bearing angle for arrival of acoustic energy. The effect of the tow ship's
raciated noise is cleariy seen in the noise curves of Fig. 4-12a, 4-13a, 4-14a,
4-12b ard 4-14b. The received signal level for the 172.84 Hz Signal (Fig. 4-13a
and 4-13b) is such that the presence of the ship is not readily observed in the
beam response pattern. In other words, beam #9 which looks in the relative
direction of 39° sees not only the acoustic noise radiated from the tow ship
but also the signal from the 173 Hz source on its side Tobe in the direction

of 97.18°%. This implies that the side lobe levels are less than -20 dB with

a few as 1r« as - 30 dB and a mean side lobe level of approximately -25 dB.
Examination of Fig. 4-14b shows the case for a lower signal energy. In this
instance, the tow ship radiated noise is discernable as a separate signal at
100.810. Likewise we see that the tow ship response (-25dB) is not dominant

in the beam which had simal. These response curves show that the LAMBDA 111
array clearly sees both tne sources and the tow ship's radiated noise.

(U) The relative bearing to the sources determined from the beam angle
of maximum response compare favorably with known positions. A bias error is
observed as shown in the following table.

MEASURED MEASURED

RELATIVE ARRAY TRUE TRUE
FREQ. BEARING HEADING BEARING REARING ERROR
61.92 97.5° 151.4° 53,9° 55, 50 -1.6°
172.84 97.1&° 151. 4° 54,2° 55, 5° -1.3°
174. 89 100.81° 151.4° 50.59° 530 -2.49

These errors could be due to a variety of factors including the array tilt.

(C) The data for the 172.848 Hz data shown in Fig. 4-13b is replotted in
Fig. 4-15, We have chosen this higher signal-to-noise ratio case to determine
the best estimates of the array beam pattern. The beam levels shown in Fig.
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(C) The LAMBDA III HF Beam Response (U)
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4-13 are clearly dominated by the source on most beams. Each data point represents
the response of a beam with its main axis ot response in o direction to the

source at angle 6, where both angles are measured from broadside. A sampling

of the range of side Tobe level values in this data corresponds to the range

of the variable ¥ (¥ = m d/A (sin (8) - sin (a))) between 0.0 and 1.9. The

data shown in Fig. 4-15 are the relative band levels versus the variable Y.

This plot reveals several interesting characteristics of the LAMBDA III HF array.

(C} The beam width which is defined as the angular width of the beam
at the -3 dB point is determined to be 1.7 + .35%. The side Tobe Tevel can
be inferred from this plot. In the region of the main Tobe, the first appears
at -9dB and the second at -17dB. The remaining side Tobes are seen to be less
than -20 dB with an average level of -27.5 dB. This performance is comparable

to the ] sin (n¥)/n sin (w)lzresponse of a uniform line array with several
missing hydrophones for a signal plus noise measurement.

4.2.1 Measured Spectral Values

(C) The characteristics of the beam response curves previously discussed
can be studied best by examination of the mean hydrophone and beam band Tlevel
spectra. We employ the term "band" uecause we have not applied any bandwidth
correction to the measured levels. The hydrophone sensitivity correction has

been applied, however, yielding absolute pressure levels in a 0.08124 Hz
analysis band.

|
|
|
|

(C) Figure 4-16 shows the mean band level spectra for all 60 hydrophones.
The figure shows the three TAP III filters centered at 67 Hz, 173 Hz and
174 Hz side by side in order of increasing processor frequency bin number
(.08124 Hz). This spectra represents the linear power average of 24 individual
estimates of power for each of the 60 hydrophones, 2,880 degrees of freedom.
Also shown in this figure are the standard deviations for this measurement as
determined by power averaging and then converted to dB's. Tabular values
of the 192 bins of information are presented in Fig. 4-17. We present this
information, since further discussion is restricted to 64 frequency bins
(5.2 Hz) of information. The first filter region for the tay 194:20:28:04 sawnle
is shown in Figure 4-18a for both the mean hydrophone and beam #34, the beam '
of maximum response that appeared in Fig. 4-12. The beam level has been
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OnTE 13 duLy y390%  TIME :194: 20: Jg: 4

TP LE1 RYG. TWFE @ | HNUMEBER OF EN5, : 24
FILTER 1 : 67.w0 FILTER 2 :173.00 FILTER 3 :174.89
FILTER WEEGHT : 2: 2: 2 START ENS 1

SHMFLE RATE :914.91 FFT LINE SPACING : 0812
TyPE OF RECORD : 2 TvPE OF ARRAY : 3
HVG. SPECTRA 1 6u HYOROGFHONES . NUMBER OF ENSEMBLES : 24

FREG. -516 wPx 516 1 FRE®. ~SIG  @PS 516G 1  FREG. -5IG  WPS +5IC 1 FREQ. ~SI16  APS  +5i.
54.40 -6.6 3.6 3.7 49  68.30 -7.5 4.6 4.0 97 1P3.00 -6.6 68.1 3.7 145 173.59 8.1 e4.6 4.
64.48 -2.4 74.5 3.9 S0 68.35 -7.6 74.8 4.0 98 173.08 -6.6 67.0 3.7 146 173.67 <6.7 cd4.2 i
64.56 -8.0 5.5 4.1 51 63.46 -6.9 ?75.4 3.8 99 {73.16 -6.9 66.9 3.8 147 173.75 -8.3 cr.9 4
64.64 <-7.6 77.4 4.0 52 65.54 -5.9 ?26.2 3.5 100 173.24 -7.3 66.3 3.9 148 173.83 -6.3 w3.7  i.g
n4.73 -8.0 78.4 4.1 S3  63.62 -2.9 6.2 4.1 160 173,32 -7.2 66.5 3.9 149 173.92 ~3.8 2.3 4.3
v4.81 -6.2 72.5 3.6 54 65.71 -6.4 76.7 3.7 102 173.41 -6.5 66.2 3.7 150 174.00 -7.2 o3.u 5.9
0d4.899 -7.7 a0.z 4.0 S5 68.7% -6.7 ?5.4 3.7 103 173.43 -6.6 65.2 3.7 151 174.08 6.2 ©4.5 3.6
©4.97 -6.3 £u.9 3.6 56 68.87 =11.1 7S.7 4.7 104 1?3.57 -2.3 64.7 4.0 152 174.16 -6.1 5.7 3.¢
65.05 -4.8 ©2.4 3.1 57 68.95 -7.4 ?5.9 3.9 105 173.65 -6.7 64.4 3.8 153 1p4.24 5.7 65.5 3.4
65.13 -5.1 @2.0 3.2 58 €9.03 -8.4 74.3 4.1 106 123.73 -8.5 6.5 4.2 154 174.32 -7.1 5.6 3.5
65.21 =3.6 =0.0 4.5 53 69.11 ~=2.6 ?3.3 4.0 107 1?3.81 -6.3 63.6 3.6 155 174.40 -7.3 5.5 3.9
©5.29 -8.1 &0.2 4.1 60 69.13 -6.8 2.5 3.8 108 173.89 -5.3 63.9 4.2 156 174.48 -6.5 7.2 3.°
65.38 -2.0 78.6 3.8 &1 69.27 -6.9 7.1 3.8 109 173.97 -7.7 63.5 4.0 157 174.57 -5.5 656.9 4.3
65.46 -2.9 75.3 4.1 62 69.36 -6.9 72.4 3.8 110 174,06 -5.0 64.3 3.5 158 174.65 -6.6 or.2 3.7
65.54 -R.4 75.2 4.2 63 69.44 -7.4 71.7 3.9 111 174.14 5.9 65.6 3.5 159 174.73 -7.8& 6.9 4.0
65.62 -7.4 74.2 3.9 64 69.52 -6.6 1.5 3.2 112 174.22 -5.6 65.9 3.4 160 174.81 -5.3 71.4 3.5
65.20 -7 3 72.4 3.9 &5 170.40 -5.8 e8.1. 3.4 113 174,25 -7.2 £5.6 3.9 161 174.89 -4.0 76.7 2.7
©5.76 -6.3 2.0 l.o 66 170.48 -9.9 66,9 4.5 114 174.38 -7.3 6€5.6 2.9 162 174.97 6.2 74.7 3.n
€5.86 -6.5 P1.9 3.7 &7 1720.56 -9.3 66.4 4.4 115 174.46 -6.5 67.1 3.7 163 175.05 -6.3 70.4 2.3
65.94 -6.9 T1.3 3.8 68 170.64 -10.2 66.8 4.6 116 174.54 -8.2 67.0 4.1 164 175.43 7.0 £9.1 3.5
56.03 -2.0 73.3 3.8 69 170.73 -8.7 65.9 4.3 117 174.62 -6.6 67.2 3.7 165 175.21 ~4.9 3.0 3.
o6.11 =-6.9 P4.3 3.8 70 170.81 -6.0 66.8 3.5 118 174.71 -7.8 66.7 4.0 166 175.30 5.7 o8.2 3.7
66,19 =7.6 4.9 4.0 P01 170,83 -5.6 68.2 3.4 119 174,79 -5.7 69.5 3.7 167 175.38 ~11.6 9.0 4.5
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66.35 -8.% .3 4.2 73 171,05 -6.0 63.3 3.5 121 174,95 -5.7 ?5.4 3.4 169 175.54 5.9 3.4 3.5
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65.51 -2.% 2 4.0 78 121,21 -9.0 66.4 4.3 123 17511 6.7 69.4 3.7 121 175.70 -9.4 66.6 4.4
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FIGURE 4-17. (C) Mean Band Level Spectra with Minus
and Plus Variance for 60 Hydrophones
24 Ensembles in Three Filter Bands (U)
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determined by applying the single hydrophone group calibration factor to the
measure of the voltage level at the output of the beam forming process. The
data on the signal level and noise levels are listed in the following Table.

HYDROPHONE (dB) BEAM (dB)
Moan Band Noise Level 75.8 -
Mean Band Level 75.5 95.61
(less bins with signal)
Mean Noise Level Bin 79 -
(25, 26, 27, 28)
Mean Noise Level Bin 73 -
34-39
Signal Level 88 122.2

{C) The beam noise level in the 64.40 to 69.52 level is well defined for
the region not containing the signal. The hydrophone spectra are not as easily
defined. We made several estimates of the noise level which are shown in the
above table. This table shows that, without the signal peaks, the mean band
level is 75.8 dB. In the neighborhood of the sigral, the average over four
noise bins on one side was 79 d8 and over seven bins on the other side was
75 dB. The mean level between these two estimates is 75.5 dB. These numbers
indicate that in the 67.0 Hz case we have an array signal gain (ASG) of 34.2
di, an array noise gain (ANG) of 20 dB and an array gain (AG) of 14 dB.

(C) Figure 4-18b shows the beam and mpan hydrophone level spectra in the filter
11 regicn, 170.40 Hz to 175.52 Hz. Bear number 36 is the beam of maximum
response to the 177.84 H2 source as shown in Figure 3-18¢c. As before, we de-
termined the mean hydrophone noise level by several dirferent techniques:
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Mean Hydrophone Band Level 58.7 dB
; Mean Hydrophone Band Level - less peaks 66.7 d8
Noise Rin Average (Right Hand S°ce) 67.4 dB
Noise Bin Average (Left Hand Side) 67.5 dB

(C) The beam noise level, neglecting the two spectral peaks, is 75.8 dB.
In this instance, ASG = 34 dB, ANG = 10 dB, and AG = 24 dB. This value of
AG exceeds the 10 Log(n) value for a sinusoidal signal in an incoherent noise
background.

(C) Figure 4-18c illustrates the data in filter il] cuvering the frequency
region 172.29 to 177.4) Hz. Here the mean hydrophone noise level (without
the two signal peaks) is 67 dB and the beam noise is 75.8 dB. This results
in an ASG of 34.1 dB, ANG = 8.8 dB, and an AG = 25.3 d8. Again, another high
value of array gain is obtained. This will by discussed later in this section.
The key result in this section is that the arrav sianal gains were 34.2,
34.3, and 33,1 d6 compared to a 20log(n) value of 36 dB. We note further that
noise values were insensitive to the averaging technique when spectval peaks
were ignored and the average was taken over the band.
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4.2.2 Measured Spatial Characteristics

(C} Spectral characteristics of the array were determined by spatial
and time averaging of the output of the individual hydrophones of the array

to produce the mean hydrophone spectrum. When this mean hydrophone spectrum

was used with the mean beam spectrum, the array signal and noise gains were

realized. Spatial averaging was expedient and necessary for the determination
of the gains, The question of the spatial variation arises. Figure 4-19 shows
the band level versus hydrophone number (running fore to aft) along the length

of the aperture. The hydrophone group spacing is 4.75 m. We show data for
the source frequencies of 66.92 Hz, 172.92 Hz and 174.89 Hz, Each of these
illumination ploys is shown f‘or five .08124 Hz frequency bins. One bin is

chosen at the source frequency and four represent noise bins. Alsc shown on

these qgraphs are the positions of faulty hydrophone qroups. These five groups

are the sharp drops on each c¢f the plots.

(C) The plot of the 66.92 Hz illumination 3hows a rather uniform signal

plus noise level with a slightly decreasing noise level as one proceeds from
the front to rear of the array. The noise is also shown to decrease at the
lower frequency bins.

{C) The olot of the 172.84 Hz data shows 3 rather uniform noise level
from the fore to aft hydrophone but 3 signal plus noise level which has a
pronounced dip near the middle of the array. This plot represents 12 time
ensembles averaged to yield a number of degrees of freedom equal te 24. We
routinely examined our data for this type of structure, ODuring this time
period, we observed no major effect due to the number of Lime averages. We
coepared the first 12 ensembles, 2nd 12 ensesbles and 24 ensecdles averages
and no major di fferences were observed. ¥e “id observe a shift in the
relative shage of the illuxination function  'd these plots are presented in
a separate volume data appendix. During this period of tiwe the source-
veceiver separation chranged beiween 0.47 nwi for 12 enseshles and .94 nai
for 24 enseables. This characteristic shape of ihe illuaination function i
20st prodably due to a multipath structure in the aedia.
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(C) The 174.89 Hz case shows a rather uniform illumination with a
periodic scalloping near the aft end of the array. During this period of
time, the array had an upward tilt of approximately 6° over the aperture.

Also observe that there is a decrease in noise levels from the fore hydrophone
aroup to the aft hydrophone group.

(C) These three lines are from two sources. The 66.92 and 172.84 Hz
source lines are from the towed source (400 m depth) while the 174.89 Hz
source is from the moored Webb Source (100.00 nm source receiver range, 988
meter depth). We would expect a different arrival structure based on these
range distances and due to the fact that the sources are at different depths.
We conclude that these effects as a function of operation are due to the
arrival structure of the sound.

(C) Figure 4-21 and 4-22 show the magnitude square coherence and signal
to noise ratio versus aperture length for the 172.84 Hz line and 174.89 Hz
line shown in figure 4-20.

(C) The MSC for the high signal to noise ratio case of the 172.9 Hz
line shows a smooth fore-aft variation, The minimum in the MSC Curve is
consistent with the minimum in the S/H curve and S + N curve. The Towest
value of S/H ratio is 14 dB, The case of the 174.81 Hz curve shows a more
interesting picture. Although the S + H versus aperture plot is uniform,
we see that the MSC plot is erratic at the forward end of the array. We
observe that the signal to noise ratio is less than 10 dB as shown in
Fiqure 4-22, then the signal to noise ration increases towards the aft
portion of the array due to the decrcase in noise levels, we observe that
this MSC curve overlaps the previous case except for the dip near hydro-
phone 56, \le conclude that we have a measure of the MSC of the signal for
S/4 > 10 dB; but that noise from the tow ship interferes with the determination
at 5/ < 10 dC. This is consistent with and reinforces our discussion of the
beam responsc function and array noise qain. Ve are measuring the properties
of a signal in the directive coherent field of the ship. The high S/H case
gives a clean measure of signal coherence to a distance of 300 meters for the
case of bottom limited propagation,
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BAND LEVIL VS FREGQUENCY BIN
20:24: 4
TYPE OF ARRAY : 3 HYD. NO'S:t 11 9§
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Figure 4-20. (U) MSC, Phase and Crosspower Versus Frequency (U)
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4.3 Fluctuations (U)

(U) This section of the report presents data on short term and long
term variations in the output level of the hydrophone groups and in the
array signal gain.

(U) Short term fluctuations are defined here as the statistical
distribution of band levels in a 12 to 25 minute period. As indicated in
Table 4-1, during these time intervals, variations in the range between

two ship and receiver ship averaged about .75 nm.

(U) For the purposes of this report, long term fluctuations are
dafined as 1'% variation of mean band level with time over the period of
nours without regard to transmission 19ss trends.

4.3.1 Short Term Mluctuations. (U)

(U) Data obtained in tnis experime.at were routinely processed to
determine the wnean band level anu the variance cof the distribution of data
about this mean. The standard deviations for the spectral analysis were
determined by the mean squarad pressure lavel and the sum of the squared
errors around tnis mean squared pressure. This is the reason for the
The example for the time period centered
around vay 194:20:23:04 discussed in prev®)us sections shall be discussed
The table shows the +

illustration of a + deviatior.

as to the chavacterization of theso variances.
deviation for this case with

10 log ((!o - a)/lo)
10 log (1 + )/1))

-\
*A

1]

15 the mean intensity, . is the s.andard deviation and A is the
logrithmic deviation.

where !0

f (S+N) N <S/N>

SYAL <.f/-A
67 Hz -6.2/3.6 -9/4 12 a8
172.92 Hz -5.2/3.2 -8.6/4.2 21 @B
174.89 Hz -6.2/3.6 -8.5/4.0 10 dB

The +\ are comparable to the estimate of the standard deviations determined

by 'dB' averaging.
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(U) The question arises as to the source of these variances in the
data. In the section on calibration it was determined that these fluc-
tuations in the acquired and processed data could not be due to the
measurement system. Examination of the spatial illumination plots for
signals and noise shows that spatial variations in the signal do occur and
that the noise in general decreases from the fore to aft hydrophone groups
in the array. Each hydrophone group shows signal and noise standard
deviations comparable to those listed in the above table.

(U) The distribution of errors around the mean of each individual
hydrophone group are shown in Figure 4-23 for the differential distribution
(probability density) and for the integral distribution (cumulative
distribution) in Figure 4-24. These figures show the cases for the first
and Tast 24 hydrophone groups of the array.

(U) A1l differential distributions show a skew and asymmetry with
respect to the abcissa.

(U) The cumulative distributions are shown in Figure 4-24. These
distributions were compared to standard statistical distributions. The 67 Hz
data for the forward 24 hydrophone groups was found to the Rayleigh distributed
with a mean of -8.15 dB and a variance of 18 dB. Both the 173 and 175 Hz
data distributions showed an approximate Gaussian distribution with a mean
of -0.5 dB and a variance of approximately 9 dB. The nature of the distribution
of the fluctuations in underwater acoustic signals has been treated by Urick,
Dyer, and Whalen (Ref, 17, 18 and 19). Basically these data represent the case
of a sine wave plus a narrowband Gaussian process inputed to a quadratic
detector with post detection summation., The individual samples of the
output of this system are statistically independent and for this case the
distribution would be a non-central X2 density function. This distribution
is characterized by a noncentral parameter which is proportional to the
ratio of signal noise power at the input to the measurement system. Thus
the input to the LAMBDA measurenment system in the analysed case of a
multipath sinusoidal signal in a narrowband Gaussian noise background should
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Figure 4-23a. (U) Probability Density Distribution for 48 Hydrophones
at a Frequency of 172.92 Hz for the LAMBDA III,
HF Array (U)
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(U) Cumulative Probability Distribution for 194:20:
28:04, The LAMBDA III, HF Array, Aft 24
Hydrophones (U)
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Figure 4-24b.
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produce a non-central xz distribution which is a function of the input
signal-to-noise ratio. The noise case alone would produce a x2
distribution (Whalen Ref. 19). These are compared to the envelope of
a narrowband Gaussian noise which is Rayleigh distributed and the
envelope of a signal in narrowband noise which is Rician distributed.

(U) Although a detailec characterization of these distributions
is beyond the scope of this report, the data presented here do not signifi-
cantlv deviate from results of other investigators (Urick and Dyer).

4.3.2 cong-term Fluctuations

(C) The time series of measured transmission loss over the approx. 24 hour
period during the leg E-F is shown in Figure 4-25. To obtain these plots
the transmission loss was estimated from the difference between the received
signal level and the source level. The received signal level is the
measured signal in a .08 Hz band averaged in space over 60 to 64 hydrophones
and in time, coherently, for 12.5 second and incoherently over 24 ensembles
spaced at about one minute intervals. The towed source had an average range
rate of 3.2 knots, while the moored source experienced a range rate of less
than 0.2 knots due to the motion of the array during the data-taking period.
There is thus a range interval of 71.6 nm in the towed source data and a 4 nm
interval in the moored source data. The data are shown only for the interval
along the leg where the signal-to-noise is greater than 10 dB in the analysis
band,

(€) The fluctuations for the two higher frequencies are similar,
especially {f the trend in the "towed" data is discounted. The computed
variance and standard deviation of the values for sach time series is
(without removing trends).

Freq, (H2 Source Variance STD Deviation
67 Towed 3.4 8 1.8 dB
13 Towed 10.4 b 3.2 d8
124.9 Moored 4.9 8 2.2 dB
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To emphasize the similarity, a "moving" correlation coefficient was
computed between the 173 Hz (towed) and the 174.9 Hz (moored) data.

The window selected was 200 minutes, i.e., all TL values within that
window were converted to power, multiplied, summed and normalized to the
product of the auto power in each time series. The result is plotted in
Figure 4-26 for the top two curves in Figure 4-25. In interpreting this
curve it should be kept in mind that the towed source was relatively
shallow (100 m), while the moored source was near the minimum of the
sound velocity profile (988 m). Also, the moored source was placed about
5 nm from the point of the track E-F where the bottom slope began. Thus,
the towed source range equals the moored source range at about 905 minutes
elapsed time and then exceeds it from that point on as the source moves
over the slope.

(U) The time intervals of high correlation seen between the towed and
moored source received signal fluctuations may be explaincd by the following
qualitative analysis.

(U) The hypothesis is that the two signals will have the same
fluctuations when the two sources are on the same ray path (eigenray) to
the receiver. To test this hypothesis, consider the ray trace curve of
Figure 4-27 for the receiver depth of 400 m. If both sources are on the
same ray, which is in this case the limiting ray, then both signals reach
the receiver. If the moored source is placed on the ray at 988 m depth and
the towed source is moved through the ray diagram at a constant depth of
400 m the towed source will cut across the shallow rays from the moored
source at certain range separations. These separations are roughly at !,
Y L4y Iy, etc., times the cycle distance of the limiting ray. These range
intervals are indicated by the horizontal bars in Figure 4-29 marked
“Limiting Ray." For comparison a similar estimate of the required range
separation was made from the ray trace curves (NORDA MPMP) shown in Figure
4-28., These range intervals are also shown at the top of Figure 4-29,

(U) The points of data on Figure 4-29 are the plotted range separation
versus time between the two sources. The two time scales are for elapsed
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time and mean time (elapsed time minus 100 minutes) for the correlation
window. The time intervals where the range separation is right for

high correlation between the two source signals is "blocked out" in the
lower portion of Figure 4-29. Finally the time intervals of high measured
correlation (R > C.5) taken from Figure 4-26 are shown in the bottom

time scale of Figure 4-29. There are two time intervals where the
measured and predicted time intervals overlap, centered at 200 and 700
minutes mean time, Thus the hypothesis holds in these cases.

(U) 1t is concluded that if two sources are close in frequency
(Af < 2 Hz) the fluctuations of signals transmitted over similar paths
can be highly correlated. There are two correlation peaks at ranges where
the towed source range is greater than the moored source range and the
towed source is over the slope. These could be due to some coincidence
of eigenrays, but the analysis has not been done. This would require a
complete eigenray analysis which could be accomplished but has not been

attempted here.

4.3.3 Array Gain Fluctuations

(U) Previous sections have discussed the fluctuations of individual
hydrophones and the importance of signal gain in the assessment of the
perrformance of the array. During this experiment estimates of array signal
gain, array noise gain, and array gain were performedwith a computer program
developed by R. Hecht of USI. The determination of array noise gain was
based on selected noise bins on either side of the signal level. Figures
4-30 and 4-31 show examples of the output for each of these programs.

This program was run for each group of 24 time ensembles.

(U) These figures show the time history for the signal and noise
level average values for consecutive samples on the hydrophone; the
consecutive estimates of ANG, ASG, and AG; the cumulative probability
distribution for ANG, ASG, and AG; and finally a tabular summary. Figure
4-32 shows a summary of this ASG data for 173 Hz and 175 Hz signal. We see
that two distributions are apparent--Class I and Class II. We refer to
Class 1 distribution as those which are straight lines (close to Gaussian)
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L with median Tevels of ASG between 16 and 34 dB with a central distribution
with a median level of AG of 27.2 dB with a 20% point of 25.2 dB and an 80%
point of 28.8 dB., Class II data points are those distributions with sharp
inflection points and an obvious asymmetrical behavior. Examination of

the sequential time data for these points shows that the ASG is rapidly
varying and is most 1ikely influenced by multipath effects. A1l data

shown in Figure 4-32 represent selected points with respectable signal-
to-noise ratios on individual hvdrophones. Further investigation with the

TAP III system was desirable to clarify the nature of these statistical
distributions,

et T

§ (C) Figure 4-33a shows the 173 Hz AG, ASG, ANG data versus the source
' receiver separation range. Also shown on this plot is the range dependent
bathymetry. For this particular case in Figure 4-33b, we have the following
summary of median, 10 percentile and 90 percentile values.

ANG ASG AG
105 6.6dB 27.4dB 12.6dB
‘ 50 10dB 31.2dB 19.6dB

| j 90" 15.5d8 33.4dB 24,848

: (C) These data represent the statistical performance of the LAMBDA
: ; high frequency array in a bottom limited multipath environment. These
| | commulative probability distributions are based on the distribution of

i twenty-two half hour intervals composed of 24 ensembles of .08124Hz bandwidth
" and 12.5 sec integration time,

: (C) During the same period of time the moored source was observed,
[ The ASG, AlG, and AG data are shown in Figure 4-34a versus the time of
observation and the cummulative probability distributions are shown in

l Figure 4-34b., Also shown at the bottom of Figure 4-34a is the range

) variation with time. This case represents a summary of the array per-
formance at a relatively constant range from a source in a bottom limited
environment. For this case the median, 10 percentile and 90 percentile

. values are shown in the following table.
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ANG ASG AG
10 6.7dB 28.6d8 14dB
50 10,3dB 32.3d8 21.4dB
90 15,2d8 35dB  27.2dB

These cummulative probability distributions consist of 37 one-half hour
samples with each one-half hour sample consisting of twenty-four ensembles
with a bandwidth of .08124Hz and an intergration time of 12.5 secs.

(C) In summary the array signal gain was observed to have a median
value of 31.2dB for the 173Hz source and 32.3dB for the moored source
during the course of the experiment. Rapid fluctuation in the data were
observed as a function of time and range. These were most probably due
to multipath effects. A comparison of the ASG data in Figures 4-33b and
4-34b show no major differences in the statistical distribution.
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5. SUMMARY OF MEASUREMENTS AND EXPERIMENTAL RESULTS

(U) The CHURCH STROKE III Cruise 1 Exercise was conducted in July 1979 in
the Entrance to the Gulf of Mexico including the western portions of the Florida
Channel the northern end of the Yucatan Channel, portions of the Tortugas
Terrace and the East Yucatan Channel,the Catoche Tongue and the Eastern region
of the Gulf of Mexico.

(U) The exercise was conducted by the Long Range Acoustic Propagation Project
(LRAPP) of the Naval QOceanographic Research and Development Activity.

(U) Acoustic and supporting environmental data were acquired in order to
provide information for the acoustic assessment of the region.

(U) The major assets employed during the exercise were the LAMBDA III
Measurement System installed on R/V INDIAN SEAL, the HX-231F Sound Projector
towed by the USNS DESTEIGEUR and the Webb Sound Source moored at the center
of the exercise area. Both ships participating in the exercise were equipped
with specialized navigational and environmental measurement systems supplementing
and supporting the major roles of the ships in the meeting of exercise objectives.

(U) A1 acoustic systems used during the exercise were calibrated.

(U) The HX-231F Sound Projector was calibrated py the Naval Ocean Systems
Center at Lake Pend Oreille using established procedures. The HX-231F Sound
Projector emitted CW signals of 67 Hz and 173 Hz with source levels of
179.3 dB// 1uPa at ) meter and 183.4 dB/ ipPa at 1 meter respectively. The
error of the calibration is t 0.4 d8. (Ref. 20)

(U) The Webb Sound Source was calibrated by the Underwater Sound Reference
Division of the Naval Research Laboratory before deployment, and operated
at 174.89 Hz with a source level of 171.0 dB// 1uPa at 1 meter.

(U) The hydrophones of the receiver, the LAMBDA I1[ Measurement System
were rigorously calibrated at different steps of the manufacture of the array.
The individual hydrophone elements were carefully selected by a binning technique
described in Ref 6. This selection ensured reliable and consistent sensitivities.
Thirty-seven of the Benthos manufactured AQ-1 hydrophones were tested by the
Underwater Sound Reference Division of the Naval Research Laboratory in its
facilities at Orlando, Florida. All individual hydrophone elements, groups and
array modules were calibrated by the CAVAC method developed by NOSC.
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(U) These calibrations were verified by at-sea measurements using the L
Lloyd-Mirror calibration method described in Section 2.1.5 of this report.

(U) Electronic calibration of the LAMBDA III System was accomplished by
several methods as described in Section 2.1.5 and in Reference 10 and Appen-
4 1 _ dicies 1 and 2 of this report. The results of these calibrations were consis-
; : ' tent with the results of the built-in calibration tests of the NOSC Ambient
Noise Directionality Programand the tests conducted using calibrated tonal signals. f

s e Ay

e

; : (U) Nonacoustic support data were obtained during the exercise such as ship speed,
b } heading, wind speed, array heading and array depth data.

(U) Thirty-two sound velocity profiles were measured along the Exercise
Baseline by the USNS DESTEIGEUR providing the data base for the isovelocity
contours presented in Figure 3-4 and the sound velocity profiles presented in
Figure 3-5. The tow measurements were corrected, analyzed and the refined ;
information provided by NORDA Code 321. t

(U) Weather information was collected throughout the Exercise. The
general sea-state condition was calm to moderate and wind speed was variable
-=20knts., Durations of higher wind speeds were not long enough to allow the
full development of the sea.

o
P

(U) Bathymetric information was obtained along the track of the tow ship
by using a Precission Depth Recorder. The tow data was later corrected for the
! . appropriate sound velocity. The depth information presented in i::» repor: 1s .
based on the corrected values. |

(U) Navigation data for both the R/V INDIAN SEAL and the USNS DESTEIGEUR
were obtained by a Satellite Navigational System and later rectified by NORDA g
320. Al} range and location information were derived from the rectified navi-

gational data. It is estimated that the maximum uacertainty in location is % r
0.3 nm, in range + 1 nm. L
(U) Current measurements were not obtained during the exercise. The

isovelocity contours however give a good indication about the behavior of the
Loop Current of the Gulf of Mexico.

{U) The quality of the obtained information is judged excellent.
Acoustic data on which the results presented in this report are based were
acquired under well defined conditions dealt with rigorously calibrated systers,

UNCLASSIFIED

et Al G




UNCLASSIFIED ™™

Ihe trequency levels are reliable, and the positions, and ranges are known to
adequate accuracy. Bathythermal and bathymetric conditions are known to the
oxtent required for the objectives of the measurements and their analvsis.

5.1 SUMMARY OF THE MEASUREMENTS

(U) The acquired acoustic data was obtaired and processed onboard the
R/V INDIAN SEAL and analyzed on shore.

(U) The following parameters were produced by the onboard processing
for transmission loss determination:

¢ Hydrophone Spectra for selected time periods by the Spectral
Dynamics 301 Spectrum Analyzer.

¢ Average Hydrophone Spectra for selected 12 or 24 data resembles.

e Received Signal Levels as function of hydrophone number and
frequency for a selected number of data ensembles.

o Coherence for selected data sets.

e Hydrophone level as function of time for selected number of
data ensembles.

(U) A1l of the ahove mentioned data was processed for the signal fre-
quencies (67 Mz, 173 Hz, 175 Hz). Some of the perameters covered the full 4 hz
wide frequency bands centered at the sicnal frequencius. sore of the parameters
were processed only for a few (up te &) frequencies.

(U) Measurements used in the transmission logs analysis were obtained for
four nmjor time periods corresponding to the four legs of the track traveled
by the USNS DESTEIGLUR towing the sound projeétor at 100 = depth., [ata gaps
occured due to equipment failure, maneuvers of the R/V INDIAN SEAL, calibration
ete. The receiver operated in the vicinity of Site €. The source followed
tracks connecting Sites F and L, § and G, G and £, Eand F. (See Figure 3-3)
Transmission loss data was obtained for:

o Lea F-E botwren 23 and 56 nm from Site £ in the basin between
the Florida cscarpment and the East Yucatan Shelf. The receiver was
at a nuninal depth of 800 n.
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o Leg E-F between 56 and 131 nm from Site E in the basin between the
Florida Excarpment and the East Yucatan Shelf and up on the slope
to the Florida Shelf. The receiver depth was at a nominal depth
of 400 m.

o Leg E-G between 48 and 96 nm from the receiver located 22 nm
northeast from Site E in the Catoche Tongue up on the East Yucatan
Slope. The receiver was at a nominal 800 m depth.

¢ Leg G-E between 55 to 160 nm from Site E downslope on the East
Yucatan Slope toward the Catoche Tongue. The receiver was at a
nominal depth of 400 m.

(U) The data acquired at 67 and 173 Hz and at ranges to 108 nm for Leg
E-F represents transmission lcss characteristics at deep br't bottom limited pro-
pagation conditions. The data at greater ranges exhibits the effects of the
. slope. Both types of propagation are dominated by bottom interference.

(U) 1t was established thgt transmission loss at 67 Hz cau be defined by
an empirical cyiindrical spreading loss formula with a bottom loss value of
0.5 dB/bounce for glazing angles between 5-16° where most of the propagating
acoustic energy is concentrated.

(U) The transmission loss at 173 Hz can be determined by the same empirical
cylindrical spreading loss formula but with a bottom loss value of 1.5 JdB/bounce
for this frequency. Absorption lass is negligible at the measured ranges.

(U) The “Slope Effect” becares obiservable when the source is still in
deep water over the beginning of the slope. This effect exhibits itself in the
weasured data by the change of trend in the transmission loss values as function
of range. The "Slope Effect™ is defined as the db difference between the
transmission loss values measured over the slope and the transmission loss
values derived fromthe e@pirﬁcai curves 3t the range where the swasured ainimud
occurs over the slope. '

(U) This effect is 3 dB8 for 67 Hz assuming a bottom loss of 0.5 dB/bounce
bottom loss and is 6 dB for the 173 Mz data with bottom loss of 1.5 db/bounce.

(U) Data are presented for Legs E-G and G-E; however, these oeasurements
were acquired only over the siope. Transwission Joss values were not determined

for deep water propapation conditicns and the lack of this information prevented the

establishuent of the effect of the slope for these legs.
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(U) Limited measurements were made for Leg F-E, A1) measurements were
obtained in deep water, off the slope, and therefore the determination of tne
"Slope Cffect" was not possible. Missing measurements are not recoverable
from the records of tow data. Equipment malfunction, ship operations, ;
calibration procedures were the primary reasons for not being able to obtain :
the necessary information for analysis. f

(U) Signal cokerence information was analyzed for selected data segments
of the approximaiely 300 m long High Frequency array. It was fcund that signal
coherence is a function of signal to noise ratio in the presence of the directive
coherent noise field of the tow ship. The measured signal coherence is a clear
representation of bottom limited propagation conditizns. The magnitude square
coherence varied between 60 and 1007 as function of distance.

(U) The following parareters were obtained for the analysis of array
performance:

¢ Beam and Hydrophone Spectra for selected 12 or 24 data
ensemb les

e Received Sional Levels as function of hydrophone nuuber and
frequency providing acoustic illuriration characteristics of the
array for gveraces of selected numbers of dats ensembles.
Coherence Information on selected data sets.
Array Signal fain, Arrgy Noise Gain Estimates using standard
signal to noise determination techniques

o Bearing of Signal Beam for bearing accuracy estimates.

Al of the above data was processed for the signal frequencies (67 Mz, 1.3 iz

and 175 Hz} ~ Measurements for array performance analvsis were obtained in parallel
with transsisiion 1oss measurements and selected parameters were routinely
processed for wrray perforsance characteristics determinstion. %Selected date
segrents were nrocessed for detadled analysis.

(U} The date acquired for transmission 1ess and arrey perforsance analysts
were seleclively processed and analyzed to determine signal fluctuation charac-
teristics.
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£.2 Discussion of Transmission Loss Data (U)

(U) Sound transmission in the Gulf of Mexico is bottom Timited for shallow
sources and receivers. Under these conditions sound propagation is described
by sound transmission theory Ref. 21 (Officer, page 97-101). In this case,
sound energy is propagated at all angles between the 1imiting and critical
rays. At ranges greater than the cycle distance of the limiting ray all rays
in this sector contribute to sound intensity. The contribution is not equal
for all rays, for two reasons; all other rays have a shorter cycle distance
than the limiting ray and strike the bottom at a higher grazing angle. If
there were no bottom loss all rays would contribute equally resulting in a
cylindrical spreading loss. However, it is known from Mitchell (Ref. 4) that

the bottom loss is finite at low grazing angles (in the order of 0.5 to 1.0 dB at

67 Hz per reflection in the measurement area) and increases with grazing
angle and frequency.

(U) This behavior tend. to reduce the relative intensity of the higher angle
rays especially at higher frequencies, with the result that the sound energy
tends to concentrate at angles near the limiting ray. This effect is more
noticeable at the high frequencies in regions where the botton loss is low
to moderate. Complicating the picture of botton loss is the penetration of
sound ‘nto the sub layer of the bottom. Mitchell (Ref 4) discusses the
refraction of the sound in the sub-bottom layer and points out that, at
low frequencies, the concept of a point bottom loss value is not valid. The
reason is that sound rays penetrate the bottom, enter the thick sedimentary
layers and are refracted. These rays re-enter the water at a greater range
but at the same angle as the reflected ray. The ray has split into two
narts, one part being specularly reflected and the other refracted and
returned to the water. The combination produces the arrival at the measure-
ment point. The bottom loss "per bounce" is the loss suffered by the combined
rays. For our purposes we have followed this description and estimated the
loss per bounce from the empirical fit to the data.

(U) Qur case considers shallow receivers (400-800m) and sources (103-1000m)
only. With this source-receiver geometry, sound transmission loss under the
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conditions of bottom 1imited propagation over a uniform flat bottom will
result in transmission loss minima at definite range intervals. The strength,
extent and spacing of these minima depend upon fraquency and bottom loss
values. At higher frequencies (up to 200Hz) we would expect sharper peaks
in the TL versus range curves tending to concentrate in range toward

the range cycles of the limiting ray. At lower frequencies, these peaks
will be spread out in range as the rays of higher grazing angle contribute
more to the intensity. The behavior of TL as a function of range may be
described (Ref.22) by an initial spherical spreading to some reference
renge with a transition to cylindrical spreading (if the bottom loss is not
too high) plus a mean loss per bounce reckoned on the average number of
bounces of rays between the limiting and critical rays, N, and an average
bottom loss per bounce, B. The exact value of TL at the first peak depends
upon the number of rays concentrating in that region and the spacing of the
rays in a ray tracing diagram at that range. If the ray density becomes
high enough, intensity estimates made by single ravy counting become diffi-
cult and thus wave theory must be used. I neither the bottom properties
nor the sound velocity profile change between s: cessive TL minima, the
value of minimum TL will be dependent only upon . ;lindrical spreading and
bettom loss. This is because the region of energy concentration is spread-
ing on a cylindrical surface of seperation sh according to

TL = 10 log RAR/A0 + N ° B

where ' is “he initial angular spread on the rays contributing to the TL at
ranye, R. Although ah depends upon range, it apprnaches a minimum at definite
range intervals and is a constant for successive cycles. This leaves only
bottom lovs and the influence of 10 log R to effect the transmission minima.

(U) For this reason the 1L dats are assumed to take the following form
TLehy + 10l0gR + N () * B.

For the data presented in this report N (R} has been determined from ray trace
diagrams. Then the value of AB is taken to be the measured TL at the first
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TL minimum in the data modified by the value of N - B to that range, For
greater ranges, curves of TL with B as the parameter are determined and the
bast "eye ball" fit to the experimental data is determined. These values are

0.5 to 1 dB/bounce at 67Hz
1.5 to 2 dB/bounce at 173Hz

The experimental values of bottom loss are consistent with the curves presented
by Mitchell in the pre-exercise estimates based on the two-path "geoacoustic"
model. The data indicate that a Tow to medium bottom loss describes the

region of the experiment and explains the "good" sound transmission experienced
in this experiment.

(U) The value for limiting ray grazing angle is slightly higher than the 80
value indicated in the pre-exercise estimates. Based on the measured cycle
distance at high frequencies, a value of 9.24° was determined which yields a
cycle distance of 18.6 nm.

(U)With the "best" value determined for bottom loss as a function of fre-
quency and grazing angle, the FACT transmission loss model (Fast Asymptotic
Coherent Transmission Loss Model, (Ref23) was run for a constant sound
speed profile and flat uniform bottom with coherent summation. This widely
used model is a Mavy Interim Standard Mcdel and employs ray tracing and
summation of the rays that reach a given receiving point (including those
that strike the bottom with some loss). These rays are phase summed accorxling
to the assumptions on the coherence between rays.

(U) Using the ARL curves (Figure 3-8) with the bottom loss description as
"low loss" and "medium loss," TL versus range curves were computed for the
two lower source frequencies, 67 and 173 Hz. These curves are shown over-
plotted on the experimental data for leg E-F on Figures 5-1 and 5-2. Also
shown is the empirical data fit determined in Chapter 4.

(U) Comparing the experimental data with the FACT computations at 67 Hz,
the following is noted:
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(1) Between 50nm and 75nm, the points of minimum TL agree
well with the 0.5dB/bounce curve and the "low loss"
bottom described by ARL.

P,

§ (2) Between 96 to 108nm, the FACT minimum and the data

: agree well and also follow the empirical curve for
0.5d8. A1l of the data lie in the region between
the ARL "low" loss and "medium" Toss curves and fit
well to the region between the 0.5dB and 1.0dB per
bottom bounce empirical curves.

(3) At 108nm, the range at which the bottom begins to slope
up toward the Florida shelif, a change occurs in trend
of the TL experimental data. This is called the "slope
effect" and is measured for our pirposes by the
deviation of the measured TL data from the "best" fit
or computed TL. At the minimum value of TL occurring
at 118nm range the slope effect is 2-4dB relative to
the FACT computations and ~ 3dB relative to the empir-

ical curves.

(U) The major point of the 67Hz data is that there is excellent agreement with
the FACT model in the region of flat bottom before the slope is reached.

(U)The 173Hz data show similar behavior as seen in Figure 5-2, where the
FACT model and empirical fit are overplotted on the experimental data.
The following points are noted in the comparison:

(1) TL minima meet the empirical curve with 1.5dB/bounce
bottom loss.

(2) The range and values of TL minima agree well with the
FACT computations using the ARL "medium" loss bottom
out to the range of slope initiation, 108nm.

(3) The slope effect begins in the deep water portion of
' the slope and reaches a maximum value at 118mm of 6dB
relative to either the FACT computations or the empiri-
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(U) At 173Hz, the agreement between experimental data and FACT computations
is excellent in the region of flat bottom if the ARL "medium" bottom loss
values are used.

(U) In summary, we have found that the calibrated data set is in excellent
agreement with the FACT model with the low to medium loss bottom characteristics
of Mitchell (Ref 4). These data provide a basis for dstailed TL studies
exploring the further effects of bottom loss, slope enhancement, fluctuations
and environmental effects such as the influence of tne loop current.
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5.3 DISCUSSION OF ARRAY PERFORMANCE RESULTS

. (C) It was found that in a multipath environment the primary descriptor
for the performance of a towed array is Array Signal Gain. The examination of
Array Noise Gain revealed that it is dominated by the directional noise field
of the tow ship. This condition is most likely characteristic of other towed
arrays also.

(C) Array Signal Gain was determined by comparing the measured beam level
in the signal beam with the signal level averaged through the 64 hydrophones.
Array Noise Gain was determined by using several techniques. (See Section 4.2.1)
Noise values were insensitive to the averaging technique when spectral peaks
were ignored and the average was taken over the TAP III filter band (5.2 Hz wide).

(U) The analysis-based on extensive data-produced the following key
results:

o Half-power Deam Width is approximately 1.71° ¢ 0,357

o Side lobe levels near the Signal Beam are -9 dB for the first
side lobe and -17 dB for the second side lobe. The remaining
side Tobes have levels between -20 dB and -27.5 dB.

o Beam Width and Side Lobe levels are comparable to expected
values for a line array of 64 median hydrophone locations with

: 6 inoperative hydrophones.

o Array Sianal Gain was estimated to be between 31 and 32 dB.

* Theoretical Array Signal Gain for line array of 64 hydrophones is
36.1 dB. The cummulative probability of Array Signal Gain estimates
are: 173 Hr. 175 Hr,

903 334 5
50 31.2 32.3
10% 27.4 28.0
o Array Noise Gain, the median values were estimated to be 10 db. The

cummulative probability for these estimates are:
173 Hr. 175 Hr.,

90% 15.8 15.2

50% 10 10.3

10% 6.6 6.7
- o The results of the analysis suggest that the statistical distribution
. of Array Signal Gain is a Log Normal Distribution when the multipath
z environments were not changing rapidly.
0 Bearing accuracy was detemined to be -1.6° to -4.7°. These errors

gi can be the results of many causes, the most obvious being array tilt
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(This page is unclassified.)

6.0 CONCLUSIONS AND RECOMMENDATIONS

6.1 CONCLUSIONS

(U) Transmission loss data was acquired in the entrance to

the Gulf of Mexico with a calibrated measurement system using
tonal signals emitted by calibrated sound projectors. Supporting
environmental information such as bathymetry and sound velocity
profiles along the measurement tracks, and ship locations in

the measurement area were also obtained.

(U} The signal and support data sets represent a complete
collection of information necessary to determine sound
transmission characteristics in bottom limited and slope
affected conditions. Signal data were acquired at 67 Hz and
173 Hz at source/receiver depths of 100/400 and 100/800 meters.

(U) The transmission loss results, interpreted as a function of
range, are consistent with ARL expectations for bottom limited
propagation encountering medium to low bottom loss conditions.
When the influence of the slope was absent the measured
transmission loss values fall in a region representing
transmission loss determined by cylindrical spreadi:.g law.
Furthermore, agreement with the FACT Model, the Navy's standard
model, was also apparent for this condition when the ARL

medium to low bottom loss curves were employed.

(U) The degree and location of initial effect of slope enhancement
were determined by the range where the measured transmission loss
values began to decrease with respect to the increasing trend
established by ray analysis. This ray analysis shows similar
trends up to this range as the measurements and the FACT model.
Slope enhancement effect for a towed source proceeding from

deep water towards the slope was observed by a change in the TL
data trend when the source reached the bottom of the slope.

(U) Short termn fluctuation data and their related statistics were
acquired, processed and analyzed for approximately 12 and 24 minute
time periods. Standard deviations determined from power averaging
were found to be between 3 and 5 dB in the band of the signal.
These observations are consistent with the results obtained by
Urick and Dyer for bottom limited propagation.
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(U) Long term fluctuations of the 23 and 24 minute mean
values taken for an approx. 24 hour period were found to be
correlated with multipath structure due to changes in

range between the sources and receiver. When the moored _
and towed sources had similar path structures their
fluctuations were correlated.

(C) Beam response patterns indicated that the directional
noise fieldwas due to the array tow ship, the R/V INDIAN SEAL
coherence analysis showed that this directional noise field
was partially coherent. Array noise gain estimates reflected
this coherence. Beam response curves for the high signal to
noise ratio data were found to yield a near broad side beam
width of 1.71° and mean side lobe level of 27.5 dB.

(C) Array signal gain ranged from 15 dB to 34 dB. The
distributions of array singal gains were found to lie in two
groups. One group with 60% of the data within 3 dB of the
median value and another group with a wide and rapid variations.
The array signal gain was found to depend on the multipath
structure and; consequently,the statistics of these distributions
are also decided by changes in the structure. It is concluded
that array signal gain is the major parameter to be considered

in the assessment of array performance under this type of

bottom limited correlation.

(U) Coherence data were obtained over the aperature len
of 300 meters. When the signal to noise rat?o wasrﬁigﬁ gth

(S/N > 15 dB) a true measure of the coherence was observed.

(C) Array tilts of 4 to 12 degrees were observed. This tilt
of the array was found to produce bearing errors between 1.5
to 5V depending the degree of tilt. A negative bias in the
errors was attributed to upward tilt of the array.

(C) Array data consisting of spectral properties of the
hydrophone groups and beams were necessary to determine the
array performance, spatial variations, and to interpret the
coherence data. The complete set of data enabled an analysis
of a sinusoidal signal in a coherent noise background with

mul tipath effects. In a multipath environment towed array
performance is affected by array signal gain and its
fluctuations. This is partially due to the relative variation
of the source and receiver poasitions, and also the fluctuations
in the medium along the tiansmission path,
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6.2 RECOMMENDATIONS

1.  (U) Measurements performed to characterize the performance
of an array should be taken such that amplitude and phase
information is preserved. At a minimum the following
data should be obtained:

a. Hydrophone average spectra and standard
deviation.

b. Beam spectra.

c. Signal level and noise level versus
aperture.

d. Signal level and noise level versus
beam number.

¢. Beam noise statistics.

2. (U) Coherence data are useful in interpreting array performance
data. In the measurement of signal coherence on underwater

acoustic signals with a towed array, only S/N > 15 dB data
should be used to attribute the coherence te the signal.

3. {U) Signal structure studies of this kind should not be
subjected to communications limitations imposed by
simuitaneously conducted fleet operations.

4. (U) Environmental data acquisition including knowledge of
the bottom characteristic derived from core samples or
measurements of bottom loss are necessary in transmission
loss studies.

5. (U} Studies performed with towed 3rrays should have their
absolute calibration factors verified at sea with a [loyd
mirror type calibration,

6. (U) Short term and long ters: fluctuation data obtained in this
experiment should be further analyzed and compared to
theoretical models.

7. (U} Slope enhancement effects observed in this experisment
as wall as other measurements should be the subject of
more theoretical and experimental investigation. Explosive
experiments which allow identification of individual paths
should be performed. The data obtained in this report
represents an unusual look at propagation of sound for
a source proceeding from deep water t0 2 shallow depth.

: Also the propagation of sound from a source moving up

2 slope and down slope is also available.
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(U} Data obtained in experiments such as these should be
taken so that analysis on multiple signal processors is
possible.

(U} The data in this experiment represent a rare case of
absolute calibrated acoustic data under known bathymetric
and environmental conditions. Close agreement with Navy
Standard Models is also apparent. For these reasons a more
comprehensive examination of the TL data would be warranted,
especially since sound field coherence, signal statistics,
and fine structure could be examined and additional TL versus
range could be realized. A brief qualitative investigation
of these effects has been presented in this regard. A finer
examination with more sophisticated models is warranted to
further qualify the slope effects.

(U) During this experiment a moored source was continuously
transmitting data at a depth of 911 m and the array was at a
depth of 400 m. The range separation between these two systems
was not changing drastically. This data set represents a
continuous measure of signal propagation and array performance
in an interesting oceanographic area. These vital data should
be analyzed in a continuous fashion.
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ANALYSIS AND TECHNOLOGY, INC.
ROUTE 2

NORTH STONMINGTON, CT (06359
ATTN: S. ELAM

ARTHUR D. LITTLE, INC.

15 ACORN PARK

CAMBRIDGE, MA 02140

ATTN: DR. G. RAISBECK
W. G. SYKES

B-K DYNAMICS

15825 SHADY GROVE ROAD
ROCKVILLE, MD 20850
ATTH: P, G. BERNARD

BELL TCLEPHONE LABORATORIES
1 WHIPPANY ROAD
WHIPPANY, NJ 07981
ATTH: DR, J, GOLDMAN
DR. L. F. FRETHELL

BOLT, BERANEK AND [EWMAN
1701 H, FORT MYER DRIVE
SuiTE 1001

ARLINGTON, VA 22209
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UNCLASSIFIED

BOLT, BERAWEK AND NEWMAN
50 MAULTON ST.
CAMBRIDGE, MA 02138

SUNKER-RAMOD

31717 LA TIENDA DRIVE
VOSTLAKE VILLAGE, CA 91361
ATTH:  F. K. FULLERTON

CLAUDE P. DRAICART & ASSOC., INC.
17159 SUTTE CREEK ROAD, SUITE 214
HOUSTOR, TX 77090

DANTEL H. MAGNER ASSCCIATES
STATION SQUARE OHE
PACLT, PA 19301

DAUBIN SYSTEMS CORP.
104 CRANDOW BOULEVARD
SUITE 315

NEY BISCAYHE, FL 33149
ATTi:  OR. S. C. DAUBIN

give, Lic.

GOC FOLLTIE LANE
VIENLA, VA 22180
ATTH: G, O'SULLIVAI

GERERAL ELECTRIC CORP,
FARPCLL ROAD PLANT
SYRACUSE, HY 13201
ATTH:  E. D. GRCCIMIALGH

ACLERAL ELECTRIC corp,
REERTRY [LHVIR, SYS. wV.
3T, CHESTIIUT STRELT
PHOUVADELPHEA, PA 19101
ATIG:r 00 ALIMA

PR, E. L. URPHY

GoLLR, liic.

CHESAPCAKE THSTRUMEHT D1V,
6711 LAYMEADOK DRIVE

GLEN BURNIE, 1D 21961
FTIR: P, POLLOCE

LOCKHLED NISSILES AND SPACE
caneany, INC.

P, 0, BEX 504

SURKYVALE, CA 24003

ATTH: R, C. PARSQOUS

UNCLASSIFIED

DISTRIBUTION LIST (CONTINUED)

OCEAN DATA SYSTEMS, 1IiC.
6000 EXECUTIVE BOULEVARD
ROCKVILLE, MD 20852
ATTN: G. V. JACOBS
DR. E. MOREMNOFF
J. H. LOCKLIN

OCEAN DATA €YSTEMS, INC.
2400 GARDEM ROAD
MONTEREY, CA 93940

OCEAN DATA SYSTEMS, INC.
3581 KERYOL ST.
SAN DIEGO, CA 92110

OPERATIONS RESEARCH, INC.
1400 SPRING STREET
SILVER SPRING, MD 20910
ATTN: DR. J. I. BOWEN

PLANNING SYSTEMS IRC.
7900 UCSTPARK DRIVE
SUITE 600
McLCAN, VA 22101
ATTN: R. KLINKNER
DR. R. S. CAVANAUGH

PURVIS SYSTEMS, IMNC.

3420 KENYON ST., SUITE 130
SAII DIEGO, CA 92110

ATTH:  T. J. FITZGERALD

RAYTHEON COMPARY
SUCMARIRE SIGHAL DIVISION
P. 0, BOX 360

PORTSHOUTH, RI 02871
ATTH: DR. B. A, BECKEN

SAUDERS ASSOCIATLS, INC,
95 CAMAL STREET
HASHUA, Wi 03060
ATTH: L. E. GAGKE
R, P, WHITE

SCIENCE APPLICATIONS INC.
SUITE cl&

21133 VICTCRY BLVD
CANCGA PARK, CA 91303
ATTH: DR, J. H, WILSON
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UNCLASSIFIED
NISTRIBUTION LIST (CONTINUED)
SCIENCE APPLICATIONS INC. 1 gESEERgoingggéc COMPANY
| 1200 PROSPECT ST . 0.
§ P. 0, BOX 2351 GREENSBOROUGH, NC 27420
d : LA JOLLA, CA 92038 ATTN: R. H. HARRIS 1
ATTH: F. J. RYAN
WESTINGHOUSE ELECTRIC COMPANY 1
SCIENCE APPLICATIONS, ING. P. 0. BOX 1488
8400 WESTPARK DRIVE MAIL STOP 9R40
McLEAN, VA 22101 ANNAPOLIS, MD 21404
ATTN: DR. J. S. HANNA 1
C. W. SPOFFORD 1
SUMMIT RESEARCH CORP. 1

1 WEST DEER PARK DRIVE
GAITHERSBURG, MD 20760

SUTROM CORP.
1925 N, LYNN STREET

SUITE 700
ARLINGTON, VA 22209
ATTH: C. H. DABHEY 1

TETFA TECH, INC.

1911 N, FORT MYER DRIVE

ARLINGTON, VA 22209

ATTH:  JOHN PRESTON 1

e

TRACOR, INC.

1601 RESEARCH BCULEVARD

ROCKVILLE, MD 20850

ATTN: J. T. GOTTWALD 1
DR. A. F. WITTENBORN 1

TRW SYSTEMS GROUP
7600 COLSHIRE DRIVE

P

| MCLEAN, VA 22101
| ATTN: R. T. BPOWN 1
{ 1. B. GEREBEN 1
i X
} UMDERWATER SYSTEMS, INC.
) 8121 GEORGIA AVENUE
; SILVER SPRING, MD 20910
' ATIN: DR. M. S. WEINSTEIN 1
1
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DEPARTMENT OF THE NAVY

OFFICE OF NAVAL RESEARCH
875 NORTH RANDOLPH STREET
SUITE 1425 ’
ARLINGTON VA 22203-1995

IN REPLY REFER TO:

} 5510/1
i Ser 3210A/011/06
1 31 Jan 06

MEMORANDUM FOR DISTRIBUTION LIST

Subj: DECLASSIFICATION OF LONG RANGE ACOUSTIC PROPAGATION PROJECT
(LRAPP) DOCUMENTS

Ref: (a) SECNAVINST 5510.36

Encl: (1) List of DECLASSIFIED LRAPP Documents

1. In accordance with reference (a), a declassification review has been conducted on a
number of classified LRAPP documents.

2. The LRAPP documents listed in enclosure (1) have been downgraded to
UNCLASSIFIED and have been approved for public release. These documents should
be remarked as follows:

Classification changed to UNCLASSIFIED by authority of the Chief of Naval
Operations (N772) letter N772A/6U875630, 20 January 2006.

DISTRIBUTION STATEMENT A: Approved for Public Release; Distribution is
unlimited.

3. Questions may be directed to the undersigned on (703) 696-4619, DSN 426-4619.

SN =
BRIAN LINK
By direction




Subj: DECLASSIFICATION OF LONG RANGE ACOUSTIC PROPAGATION PROJECT
(LRAPP) DOCUMENTS

DISTRIBUTION LIST:
NAVOCEANO (Code N121LC - Jaime Ratliff)
NRL Washington (Code 5596.3 — Mary Templeman)
PEO LMW Det San Diego (PMS 181)
DTIC-OCQ (Larry Downing)
ARL, U of Texas
Blue Sea Corporation (Dr.Roy Gaul)
ONR 32B (CAPT Paul Stewart)
ONR 3210A (Dr. Ellen Livingston)
APL, U of Washington
APL, Johns Hopkins University
ARL, Penn State University
MPL of Scripps Institution of Oceanography
WHOI
NAVSEA
NAVAIR
NUWC
SAIC
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