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ABSTRACT

The received energy of sound waves generated by underwater explosive
sources (SUS) was recorded during August and September 1973 as part of
the CHURCH ANCHOR Exercise conducted in the central Northeastern Pacific
Ocean. The analog and digital magnetic tape recordings of these
date have been analyzed by digital hardware/software processing tech-
niques including automatic shot detection, shot length estimation, and
fast Fourier transform (FFT) spectrum analysis. Results of these
analyses are plotted as propagation loss versus range, for ranges up to
1200 nm; for frequencies of 25, 50, and 158 Hz, with limited data for
100 and 250 Hz; for source depths of 18 m and 91 m; and for receiver
depths near the sound chaunnel axis, near the critical depth, and near
the ocean bottom. Sound propagation characteristics were exsmined
as 8 function of source-to-receiver range, source depth, receiver
depth, frequency, and bathymetry.

Often no source depth dependence is evident; however, in some
cases propagation loss from the deep (91 m) source is as much as 15 AR
less than from the shaliow {18 m} source. Minimum propasgation loss was
always observed at the sound chanmel exiz, with up to 10 db higher loss
&t the critical depth and as much as 50 dB higher loss (&t 1090 nm |
ringe) below the criticel depth and near the ocean bvottam. Oals'slight
frequency dependence is exhibited and it is interrelated =itk éoﬁrqa V
depth. Propagation w:ross sesmounts blocking 25% of the sougé-ﬁﬁannél
introduced as much as 10 db sdditionel losg over clear channel prqpagé%7 o
tion. Beyond a range of about 175 nm, cignal-to-nwise ratic {878}

decreases with incressing receiver gepth, the rate of decremss bveing .~
grester below critical depth. For ranges iess than 175 nm, &he &M way

grestost et the deepest {near bottca) hydrophonse. The &% at 50 Nz
was usually lower than 8/F st either 83 He or 158 #z. -
iii o
{The reversce of this page is blesk.)
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- copeurrent measurements. of undeywater acoustical pmpagation and ocean
- _-xepurh deacribes results of the snalysis of pmpaga.tion data obtained

Rydraphones were located at depths nemr the deep sound chanmel axis,

()

by digit.a’-_‘i‘ecordam“and in past by‘analogimcordem.
vére duplicated snd the data wer@rdiﬁiéized
included xu;caa.im: stot d?*&ctai!)n, shot 1engt‘: esxmnw, sh@ gugd.
f miw enerby eas,n:-&tiou wimz & f&qt Yv‘cur:‘.ev tmmmm vVE“ tha fre- -

in c,emil in Section I, Date *ma.l*’ 1 g,

u
et in the appendice

 sound sources.

L. . . Y.a TIETRODUCTION
The CHURCH ANCHOR Exercise, which was conducted in the centrel
Northeastera Tacific Ocean during Avgust mad: ‘Saptember 1973, included
envirounental parameters. Objectives of this Long Ra.nge Acougtic

Propsgation Project (LRAPP) exercise are deacribezi in Refs, 1 a.m 2 and
detaile.of the sewral types of date to be scquired are given, This

dmng the exercise from measurements with underwater explesiva (sus)

| | Receivers for these date includsd three Accustic Tata
Cspsules (ACODAC) and one Muiti-Element S\xper-direcx:ive Array (MESA).

tha eritieal dapth, &xid‘ the ocean bottom, The SUS 'exnlcsive sources _
wevé detonated at depths of 18 m-and 91 m. Section II, Data Acq,u.bit,ioa,- '
:leacrm‘ues this p{:rtitm af the emrcise in more ..etail

Signals received by the ACODAC a ays were recordsd on amalog’
mgngéis tape recorders, whersas MESA array dats were recorded in part:,
The anslog _tapé's
- Subssquent procgasing

quency pand froem 10 m 360 EL., ‘f;ﬁ'ﬁ?ﬂﬁﬁﬁio“ loss. ami £33
calculatiea, plotting,

g3 ~to-ncige rasio

and eddting mwlt-s, mis gz‘t)cessiag is deseribed

g P&rtism of the 'prepggatmn deth, selected from the complate data.

¥, are used in Sechiom IV tu iliveirale izporisnt .

L

L ﬂé“}i‘é‘ %&&‘?‘m;
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In Sections IV end V, prqpagation loss wnd sign&lato-noioe ratios ere

ond ‘ACODAC receiver depths for which recorded dets vere’processed are

e a et s AP Ba TN g LV AT Sy g L g L s

Gﬁﬁ?! -

(mms vage is tmcmssmmn )

festures of underwajer sound propsgation in the exercise area,
Similer illustrations of Signal~to~noise ratio are given in Scckion V.

exam,.ned as functions of reneiver depth, source dept-h, i‘requancy, ang
bource-to-receivar range.

Plots of propagation loss "vér'sus‘ range for all SUS source events

shown in Appendix’ A i’or i’requencies of 25, 50, and 158 Hz. Appendix B
conteins propag&tion loss versus ‘range plots derived frow MBSA data

for fraguencies of 25, b(},- 100, 158, ang 251 Hz. Error estimates for

the ACODAL data m}.ysis tecnniques are dascri‘nea in Appendix C
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‘I.b. SUMARY OF RESULYS

Swmarized below are observations of propagation loss and signal-
to-noi'seAmtio characteristics and dependencies, These are discussed
in detail in Ssctions IV aud V.

A. Propagation loss Swmary

1. Source Depth Dependence

Propagation loss frequently éxhibits no source lepbh depandence.
Whea & dependence is cbserved, loss from the deep source (%1 m) 18 es
wuch 85 15 dB less than for the shallow source {18 m). 7This is particu-

. lardy evitte® dn the MEYA deta (vecetver ab axis depth).

‘2, Receiver Depth Dependence

Oinimun propagation luss is Alwsys o“*exmﬁ at the souud ehs:ma},

axis. - For ranges beyond 20 mn porth of & récel wr, aee.r axis. rie;.th

propagstiion 1o6s ircremes'oi‘.lv very slawly with im:'re&amg THL ».a'ﬂ'“‘n}!!‘ }

u&cw&smg vith iacreasm., rmg& at 8ite C for 'tpa kﬁser fraguen ,‘,ie,s :

~ ‘a.“ﬁ f:eegez source.

increwses with range sad 4'&*3&3&_5 48 Sor .nts Leb m soured }g;ﬂ‘

Hydrophones at degpths within 16D = of the erd ticsl iepth exhidit .

o
higher propegaticn 1osg Shan axis “wgt*x h\d‘mﬁ}zcmﬁ-t !“e differe z:m
aid 30 48 for the OL n sourse depth,  The rate of ipercese ot g&..;a‘. :
tiou lasa with increa.,z.ng, :ec@hrer depth ig isrge for aepah mcxma '
rear ang holow aFitival JEpth with 2 b8 5 n:} sigher loss =¥ Yk e b&}@r
critical dapth t:ba-.i‘ &t 162w ‘t?aefe mticm Jepth, j"*‘

eewsﬁamma
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Propagation loss to receivers beneeth the sound chamnel end near
the sea floor exhibits a wmuch more rapid inerease with- range than woulci
result from simple cylindrical spreeding. For renges on the order of. -
1000 nim, the propagetion loss difference bvetween sound chamnel axis and
near bottom receivers is greater than 75 dB end can be as largd as

3.  Freguency Dependance

For frequsncies hetween 25 and 158 Hz, there is often ro Aindicatidr&.”
‘of frequency dependence of pmpaga'tion loss; especially between 23 Haw
and 50 Hz. When a frequemcy depandence ii oxbibited, propagation loss
decresses with incressing frequency for the 10 m ‘sou.rc;e depth and -
increases with incrsesing frequency for the 91 m source Gepth. Frequency e
dependence 1s wost often exhibited by axis depth reééiw_rs. '

k. B&ﬁh wetry Dependence

Bathymetry and/or sound speed profile chenges near Puthfinder
Seamount intreduced as much as 10 4B additionsl prep&gatibn loss atb
recelver locations south of 'a‘ae seapount when the sources were d&i)logad_
north of the se—s.m\mt-. The prasonce ci‘ xamits-Rcﬂsevélt aemunt, .
éitanﬁizzg "'\z m inte "he sound: chEnnel ootween the source and mw“,. ,
Blow me*e&':ea :;mgaga‘im\ tess by sboulk 1D &b, . Propagstion &cams
Atm sea:::mt results in & convergesce ONE lik a,Jmcture in the props~

z

Q‘&‘* X4 Il_ &38 ‘:‘E}‘i‘;‘&& raué,m plotsa.

E.‘-

5?‘““-‘;&1",‘
LA T 25e5y el
Yoo Becmivey tspth M**eﬂ\d b

;w _Tseqes. «m to 179 me st gite O, the §/F is lerger noar the ses
" x.%,e:,@ sritical 2esth] then sesy the sound chamnel axds,
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{6) For ranges gma.ter than 175 on, the 8/N is la.rger naar tiza sa\mﬂ ehs.nrsel
- _axie nh&n at other depths. At recedvors sepmatea in depth by 300, m*

(c) '

,in the vicinity of eriticsl depth, the §/N velues ave sscentially -

equal. Benesth the deep sound. cheanel, 8/H dﬁcree.sea with inereasing
depth for source-to-receiver ranuges beyond 175 Em. T

2.  Frequency Dependenca

At 50 Hz the S/N is consistently less than that at 25 Mz for all

" gites and alwost all ranges, the difference being greater for the 91 m

sourcs depth-than for the 18 m source depth. At 50 Hz the S/H is
frequently less thaa that at 158 Hz, slthough it 1s equal %o or greater
than that at 4158 Hz for some range intervals south of site C, and for
vanges grester than 40 nm morth of 3ite . {3/1_1 ie usually bigher &t
158 Bz than at 251 Hz,

{The peverse of Thi
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Tne CHURCH ANCHOR Exercise was conductea in August and Septemb: 1973
in that region of the Northeastern Pacific Ocean shown in Pig, 7 1.
During the exercise, acoustic energy from underwater explosive (uLuS)
sources was recorded with two types of receiving systems: Accuasiic Data
Capsules (ACODACs) located at sites 4, C, .nd D, and a Multiclement
Super-directive Array (MESA) located at site E. The primary source
track for the data, as shown in Fig. I1-1, was the south-to-~north line
(longitvie 143°30'W) passing through sites A, C, D, and E and extending
from 150 nm south of site A to the beginning of the Alaskan Sloge (about
850 om morth of site D). Alsc shown in Fig. II-1 is the secondery source
track, a S0 nm segment of the radial line from Kermii-Roousevelt Sesmount

to site A, centered on the ssamunt. i

™o source detonation depths were used for each SUS run: 18w
and 91 m. The SUS charges were deployed by USHS STLAS BENT {T-ACS 28)
along the primary track froz 28°30'K to %6°30°N and subsequantly by
aircreft flying frop L6°30'K to S9°30'YH along Lhe northern portion of
whe track (see ®ig. II-1 for track segeents and Tsble II-! for deploy-
mant times). For the secondary track pazaing over Kermit.Roosevell

Seamount, the SUS churges were depleyed by USNS RARTIETT (T-\GOR 13).

Rominal range intervals Weiween shots at eacht depth were 1 mx for the

ship runs and B m for the aireraft source run. Varfous receiving |
systems were used during the exercise v recerd sound energy received |
froo BUS charges and CW gseurces aad $0 record sebiant nolise snergy.

bacauwse oF this vsriety of tazks, the ADORAU i0-day recording interval

2t site A expired tefore the WENT and sirceralt source ruhs were 2ompleted.

The other two ACODADs end the MERA array a1 site ¥ reconded data

thyoughout 2ach of the SUS rens, Haceliver receraing time inderwvals

ard source event time intarvals are summarized in Tebdle IT-1,
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e — AIRCRAFT
SOURCE RUN ~~
b SITE €
- x MESA
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B | ACODAC
{ -
- T RUN |
USNS BARTLETT RUN ~__ !
" R o
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B |
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(v) The ACODAC systems have six hydropkones distributed vertically in
the water column. The hydrophone depths at each ACODAC site and the
MESA a% 3ite E sre shown in Table TI-1. Two midwater ACODAC hydro-

» : phones at sites A and C did not function and are not included in

T%f : Table II-1l. Recelving system locations and hydrophone depths are also

3 indicated in Fig. I1-2 on a cross section showing the bvathymetry along

the primary sonrce track, Sound speed profiles based on data ohtained
during the Exerc’se are shown in Fig. II-2, together with indications
of the deep sound channel axis and the critical depth.
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III. DATA ANALYSIS
(u) SUS signals recgived by the ACODAC and MESA sensor systems were
racorded on magnetic tape in analog and digital format, respectively.

The processing of data from both systems is described in this section.

A. ACODAC Data Processing

1. Outline of ACODAC Data Processing

(u) The following is a listing of the steps performed in processing
the data. Each step is described in detail in the subsections which
follow.

Tape Duplication

Preprocessing Edit

Analog~-to-Digital Conversion

Multichannel Shot Detection

Shot Length Estimation

Shot and Noise¢ Energy Bstimation

Propagation Logs and Sigmal-fo-Holse Calculations
Plotting of Analyzed Data

Final Editing

2.  Tape Duplication

(v) The ACODAC analog tapes were dupllicsted by Texas Instruments,
Dallas, Texas. After duplication, the original tepe wa archived for

preservation and subsequent analysis wag performed only on the duplicstes,

13
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(u)

(v)

(u)
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3. Preprocessing Edit

Prior to processing, each analog tape was edited for quaiity and
completeness of data recorded during each exercise event of interest.
The edit checks included data quality, time code consistency, tape
speed consistency, overload density, and the quaiity of the internal
and external calibration signals. ' '

4. Analog-to-Digital (A/D) Conversion

The edited analog data from three channels (hydrophones) are
played back at a speed-up of 20:1, bandpass filtered (10 to 300 Hz) to
minimize strumming and aliasing effects, and simultaneously sampled at
a rate of 600 Hz. The 50 Hz carrier of the time code is extracted and
multiplied to 600 Hz using a phase-lock loop frequency muitiplier. This
€00 Hz signal is used to control the A/D conversion‘procesé in order to
minimize the errors due to mechanical variations in the uaniog récord/ 
playback systems. The digital samples are continuously stored on
digital wagnetic tape in blocks of 10 sec (ACODAC time)}, -

The digital data for one or more events are stored in a temporary -
tape library for processing with a CDC 3200 digital computer.

5. Shot Detection

An important aspect of the hardware/software system used in the
procesaing of SUS dats is the automatic detection of shot energya _
arrivals., The leading edge of an errival on each of three channels is
located by continuously comparing & short time average of the recorded
signal to & longer time average, The short time average value 83 will
be larger then the longer time sversge E, when a shot signal is present
in the time interval of the short time average. Recursive filtering ’ :_.*
techniques are used to obtain E, and E,. Whenever E_ exceeds a threshold N
level of EEI, the arrival of shot energy on the channel of interest

1h
UNCLASSIFIED
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(U) is hypothesized and this portion of the record is selected for further
processing.

(u) The probability of processing false detections is reduced by
requiring thet ES exceed QEB simultaneously on two or three chanaels,
and that the detection be within a few seconds of a possible shot energy
arrival time determined by the times of previous detections and the shov
deployment schedule. Nominal shot detonation depth is identified by
comparing the arrival time with previous arrivals for the different
depths and the known shot deployment pattern., Exact deployment times
or source-to-receiver ranges are not known; however, it is aszumed that
the planned schedule of deployment and ship/aircraft speed wes aoproxi-
mately adhered to. Reference arrival times fcr processing purposes
are initially obtained from plots of the signal envelope.

6. Shot Length Estimation

(v) To ensure that sll the significant multipath epergy iz included
in the tims interval used to estimate shot energy, the shot duration
must be estimated. Simply using a very long signal segment resulits in
winecessary measurement errors due to statisticel fluctuations of the

noise.

(4} To ensure precision and repeatability io the shot length estimate,
A a recursive fiitsr is used to auntomaticslly update the shot length
eztimate on such éhﬂnnal;f In this process, the signal energy is
measured in tige intervals At before amd after the current estimate of
signal end time. The two .nergies are respectively designated EL and ER‘
 The time interval At is the greater of 1 sec or one-tenth of the signal
Iangﬁh, A moise veference energy Eg in o time segment At is computed
frem the background lavel. If ER>EN and Eﬁ>l.l EN’ then the signal
length estimate is increased by 9%; otherwise it is decressed by 10%.
A minimum shot length of 2 sec is imposed. If either EL or ER exceeds
'ZEH’ then the signal length estimete ic incressed by 20% to reduce con-
vergance time of the length estimation process.

UNCLASSIFIED
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In addition to the attention given to the shot termination, two
steps are taken to enszure that all of the initiel shot energy is
included: 1) shot integration for energy estimetion begins before the
indicated detection time (normal ‘ead is 0.5 sec) and 2) the beginning
of shot integration for all channels .y set by the earliest detéction
tine over the three channels.

T. Suct and Noise Energy Bstimation

For each SUS signal detected, the SUS signal plus noise energy
is estimated using 20LO spectral energy levels computed Ly & fast
FPourier iransform /F¥T) over the Praquency band from 10 to 300 Kz with
0.146 Hz resolution. Noisae spectral energy is similarly estimated for
a 13 sec segment of noise data ending 2.5 gec befcre the shot detection
time. The total received shot energy plus noise energy and total noise
energy in l-cctave and l/}-octave bands centersd on frequenciee of
interest sre then computed by sumiing the individusl spectral energy
levels. The received SUS energy estimate is determined Ly subtracting
the nolse encrgy estimate from the SUS signal-plus-nolise ensrgy estimate.

8. Propagation Loss and Signal-to-Noise Calculations

The output of the energy estimation process is cambined with
source-to-reéceiver range information {from s digital range tape supplied
by the Naval Oceanographic Office) and with sonsor system response
parameters to determine the propagation loss and signal-to-noise ratio
for each shob.

The ACODAC external and internal celibration signals are converted

to digitel representation at the sume $ime es the shot data. These
calibdration dats are processed and used to correct the results for the

recording and plsyback system {requency response.

16
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(U) Other parsmeters used for propagstion loss and signal-to-noise
ratio calculation include the hydrophone sensitivity, acoustical

impedance of the water at the hydrophone, source levei, and source
Getonation depth.

(u) Explosive source levels for 1.8 1b SUS charges detonated at 18
and 91 m depth were obtained from Gaspin and Shuler (Ref. 3). The
source levels used are shown in Table III-1l in ergs/cm?/Hz at 100 yd.

TABLE ITI-1
Shot Energy by Gaspin and Shuler

Source Frequency
Depti 25 Hz 50 Hz 160 He
m 1 octave | 1/3 octave 1 octave| 1/3 octave| 1/3 octave
18 18.6 20.0 15.8 14,9 10.3
91 19.9 20.7 15.6 15.7 1 11.5
{u) Correétions were made to the source levels in Table IIT-1 because

of variations in actual detonation depth of the SUS charges. True
detonation depth wes determined by weasuxement of the period of the
first bubble pulsa (Underwater Systems, Inc., 1974). Approximstely 10%
of the shot signals were discarded because of excessive depth devia-
tions (from the nominal detonation depth).

9. Plotting of Procegsed Data

{u) The propagation loss, signal-to-noise ratio (s8/H), and noise
estimate for esch shot is plotted as & function of frequency, source
depth, e@nd receiver depth. Sywhols used to plot the propsgation losc
ror each shet are .o2ad £ indicate the signal-to-noise ratic of the
received siguel (see Appendix A for code). Range of detecticn (but not
propagation lose) is indicated for overlosded shots and for shots with
§/8 < -3 as.

| .,
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10. Finel Editing

(V) The propagation loss and signal-to-noise retio deta sre subjerted
to a final editing for quality control. For renges that exbibit extreme
nolse estimates, the narrowband spectrs for the s.ot signal detected ia
those ranges are inspected to determine the quality «f thz data. Presumed
signals which did not show the characteristic bubble pulse pattern were
rejected as belng noise contaminated.

B. MESA Data Processing

1. System Description

(V) The data from a single MESA hydrophone were recorded in digital
format for the BENT SUS run and in analog format for the aireraft SUS
run. The processing of all SUS data is with the fast Fourier transform
(FFT) method (Ref. 4) utilizing Hewlett-Packard hardware. For SUS
signals covering time periods longer than 6.55 sec¢, additional consecu-
tive transforms are taken and added to obtain total energy. The energy
for the SUS signal-plus-noise and the noise estimate are calculaied in
1/3-octave bands from highsr resolution energy spectra. The l/3-octeve
bands are weighted with & sixth-order Butterworth filter function.

From these energy estimates, the SUS signel energy, propagation loss,
and signal-to-noise ratios are calculated as a function of source depth

apd source-to-recgiver range.

2. Processing Parameters

(u) Tne parageters relevant to the SUS processing are
A/D rate: 2500 Ha
Data vindow: 6.95 sec (16,384 peints)

FFT bandwidth: 0.153 Hz

18
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IV. DISCUSSION OF PROPAGATION IOSS

Propagation loss i1s examined in this secticn as a function of
source-to-receiver range, receiver site, receiver depth, source depth,
frequency, and bathymetry. An inventory of the data sxamined is included
in Table IV-1l. Propagation loss is plotted, in Appendix 4 for ACODAC
data and in Appendix B for MESA data, as a function of range for each
source depth, frequency, and receiver depth. S=lected plots of these
data are combined in some of the illustrations of this section. A
description of the symbols used in these plots is piven in Appendix A.

The data for each receiver site arc discussed below on an individusl
basis. Observations based on data from all four receiver sites are
combined in the Sumary of Results (Section I.b).

Because the source-to~-receiver ranges varied from less than one
nautical mile to over 1200 nautical miles, the received signals were
sometimes so large that they overleaded ihe yeceiving syctems, and at
other tlmes they were of such low level that the resultent low signel-to-
noise ratio precluded accurate propagetion logs cslculation. Thus, im
some range segmenta either the low propagstioen lose (high signal level)
or the high propagation loss {low signal-to-noise ratio) dats arz
missing and the fine structure of the propagstion logs versus range

plots is logt. Owricaded anl low signei-to-noisa ratio sigmals aee

indicated cn the ACCDAC data plots in the mamner describved in Appendix A,

A.  ACODAC, Site A

At site & the sound channel axis depth was 670 m and the eritiesl
depth was 4515 ». TFropagation lozs deta are svailstle for the EENT SUS

run over the range interval from 200 to 550 mi north of aite A for iwe

19
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(U) hydrophone depths: 1) 4353 m (162 m above critical depth) and 2) 4659 m
(144 m velow critical depth). These date ere shown in Appendix A,
Figs. Al9 through A30.

(c) Data for the 4353 m hydrophone depth are combined in Fig. IV-l
and for the 4659 m hydrophone depth in Fig. IV-2, These two illustra-
tions snow the dependence of propagation loss on source depth. At

PR,

25 Hz for both receiver depths, propagation loss is greater for the 18 m
source depth (although the large number of overloaded shots preclude
deteiled comparisons). At 50 Hz, the shallower (18 m) source similerly
exhibits greater propagation less to the hydrophone 1hl m below eritical
depth while, for a receiver 162 m above critical depth, the lecss is

approximately the same for each source depth. Source depth sppears to
have little influence on propagation loss at 158 Yz for either hydro-
phong depth.

N R R

(c) Propagation loss to the hydrophone 14Y% m below eriticsl depth is
consistently greater than propagation Joss to the hydrorhone 162 m above
critical depth. This is illustrated in Fig. IV-3 where the difference
in propagation loss for the two hydrophone depths is shown for 2ach sheot
having greaster than O 4B signal-to-noise ratio at both hydrophones.
Though the hydrouphones sre only separated by about 300 m, the signals
arriviag at the hydrophony above the cyiticsl depth sare, at rll three
frequencieg, 2 %o $ 4B higher, on the average, than those arriving at

the hydrophone below the critical depth, 1.e., propagstion loss is cone

glgtanily greater to the deeper phone.

a8t it Vs e

(c) The frequency dependence of propagstian less {s illustrated in
Figs. IV-b and IV¥.5, where the difference in propagation icss computed

&t two diiferent freguencies is plottesd versus range. The data indicate
that propagation loss is alxost independent of froquency for both source
depths from 25 to %0 Hz. However, the 158 Hc propagstion loss is
consistently different from the lavwer freguency dsta and the difference

% CONFIDENTIAL
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(¢) 1s dependent on source depth: the 91 m source depth data indicates
that propagation loss increases between 50 and 158 Hz while the 18 m
source depth date shows that propagation loss decreases vetween 50
and 158 Hz.

(u) The secondary source track passes over the Kermit-Roosevelt
Seamount approximately 540 nm from site A. On this track, which is
radial to site A, USNS BARTLETT deployed SUS charges over the range
interval from 500 to 580 nm from site A. Propagation loss measured at
site A for this source run is shown in Appendix A, Figs. Al through
A18.

(¢) The BARTLETT SUS run data provide an indication of the influence
of topographic blockage on propagation loss. The Kermit-Rooseveit
Seanwount rises 3000 m above the sea floor; approximately 800 m above
critical depth (i.e., into the deep sound chammel). Propagation loss
data at 50 Hz are summerized in Fig. IV-6 for both source
depths. Beyond 540 mm range (i.e., beyond the seamount), two charac-
teristics are shown by the dsta. ¥First, the sinpe of the propagation
loss versus range is grester and the overloading of the raceiver
abruptly decreases or ceases for most receiver depths. Second, a con-
vergence zone-like fine structure appears in the data (for ranges less
than 540 nm the fine structure may exist, but be obscured by overloading).
As indicated by Fig. IV-6, the topographic effects are greater for the
shallower (18 m) source depth. For the uear axis depth receiver (749 w),
th: Geep source (91 m) data overloads continue beyond the seamount range.

(c) Figure IV-6 indicates that at %0 Hz, ror the BARTLETT SUS run,
propagotion loss increases with receiver depth, especially for ranges
beyond the seamcunt. This fsct is further borne out in Figs. IV-T and
Iv-8, which show data for frequencies of 25, 50, and 158 Hz, In
Fig. IV-7, the propegation loss for the 18 m source depth shows almost
no frequency dependence, perhaps decreasing slightly with increastlig
frequency for ranges less than 540 mm. For the 91 m source depth,
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(¢) Fig. IV-8, propagation loss increases with increasing frequency. Thus,

the frequency dependence behavior is consistent with that measured

during the BENT SUS run.

B. ACODAC, Site C

(v) The BENT SUS run passed northward over site C. Thus, data are

available for a range interval from 0 to 350 mm south of site C

(2orthward propagation) and for a range interval from O to 44O rm north

of the site (southwerd propagation). Additional data for sources from

44O nm o 1220 nm north of site C are provided by the aircraft SUS rum.
Data for these three range segments are included in Appendix 4, Figs. Ak9

through AlOZ,

Propagation loss from these SUS runs is examined below for

(u)
At site C, the sound

hydrophore depths of 696 m, 4055 m, and 5521 m.
channel axis depth was 655 m, the critical depth was 3860, and the sea

floor depth is 5555 m. This information is summarized in Table IV-l.

Propagstion loss data at 25 Hz are shown in Fig. IV-9 for the three

source-to-receiver range segments, both scurce depths, and the 69 m
The range segments are combinsd to provide a con-

(¢)

hydrophone depth.,
tinuocus indication of propagetion loss from 350 nm south of site C to

1200 nm north of site C. Similar deta for 50 Hz and 158 Hz are shown in

Flgs. IV-10 and IV-1ll, respectively. These illustrations show a greater

propagation loss tor the shallow (18 m) source. They also indicate

decreasing or constant propegation loss with range for the deep source
at ranges bveyond 200 nm north of site C. This decreasing loss with

.range results from shoaling of the scund channel axis and consequently
better coupling of energy from the sources north of site C (see Fig. II-°)
Minimum loss occurs when both source and receiver are near the axis aepth.
An abrupt increasse in loss at 158 Hz from the shallow source, at a
range of 700 nm north of site C, results from partial blockage of the

channel by Pathfinder Scamount (Fig. II-2).

31
CONFIDENTIAL

A e S T A S e

LS P o MR

et

o
A
3
&
4
%
3
3
=
X

e NS e e,

L
R S A R iyt i




W 969 1V ¥3AI03Y vV OL 3¥NOS W {6 Pu® & 8 HiYd

ZH G2 LY 3 3LIS 40 HINOS OGNV HIY¥YCN SSOT NOILWIVdO¥d m :
6-A1 3¥n9I4 <
~ :
1) s
[7¢] i
a3uey) areos wu uj 23uey < w
QIION : yines i
00323 c00% 608 009 00% 002 0 06e ocY
' Nyl
< 4
- —o21 L ;
= - v
NW N . N L S : Y ...m.ﬁ.. ! .fq 3g. gt g
1] W o b sensdyug, ¥ % . A A - W0 T HE T 001 B &
D * [} w M«.C/ E ﬁ...
B SE® I8 4B SUS POAS . %W v WO ¢ [ X X ] 108 L - Al M- ¢ A ¥ ¥ - wers W g
Pl : g D
F ) yjdeog avanog w 1§ ~, oy
2 a8uwvy) oyeds wu uy aduey 5 ™ i
< . YON wmog B z
o H o021 0001 008 009 00% ooz 0 002 oc¥y )
G . o C
c = c
oF%l1
: 3 0l ﬂ
o ..-.r!. .f._w..- su.. --.xn---‘-.\f. . m 3 Yy ..rm -’ m‘k..m? {.
. e 4 [} . .aﬂ.al. .ol Fe9® N
B, i)
M T 001

y3dsq 9oInog w 81




: ’ @ 969 1y ¥3IAIIIIY ¥ OL 3DUN0S W {6 OGNV © 91 WOYd
ZH 0S LY 2 31IS 40 HINOS ONY HINON SSO7 HOILYOWdOud m
: OL-Al 3¥n914 ~.
aSuey) a[e2g uru u) adusy S
; Y3ON /< §Inog
0021 0001 008 008 00% 002 0 002 oov
w 0%1
2] — ozt W
— b - - M “ E ~
w... * ., wcﬁ s ® * L ..\.ﬂo Mv . . - ' i -k v
..—m... R Lo Lol ] pod 2 L 07} % .%\..ﬂ - el it o, g L.
1w 2k : =
M.u s H48 60 ¥626¢ 2483 5 emimmET A StwTS tes s amw Aw - ”oao - - e — - - . -res m DMWr .u“..f- S
e a8uey) a1ed adue T
o wd qioN o PTERS /4 o SFue ymes 3 M
¢) oozr__ 000 008 _ 009 00¥ 002 0 00% « vor
ﬂ ﬂ e « s T ry T 5 c “
z : oy B Z
=) | g
W os1 '
" . .\.T TS T ] . . . caa sl 1 ﬁ...
’ %, i e b . 3 . - P CAPA R TN
. ] ﬁ ai_.- TN G %ﬂﬂ'} = e « a ¢ R d .." r %.ﬁ.\.\ . A Sl f N .MTH " Mﬁ . o
: Vh——f — 001 "

y3jdeq 99aneg W g

RS LRV




e

W 869 1Y ¥3aI303Y¥ V Ol 33¥N0S W [6 ONY @ B W0odd )
ZH 8G1 1Y 2 311S 40 HINOS aNY HLYOM SSOT NOILYOYoOMd m
: )
LL-AT 33nD14 ¢
[74}
adueyD 218dg uru uy a8ury <
Y3ON J ynos
0021 0001 008 008 00% 002 D 003 oGy
i
a . i
w o
[H] — o bl gt w .
lFl > ._ s ! ‘ —H "
: mhan 3 CTILA Bt A K rrar L
— u- -ﬁ -s-L.---- , -- o , N-Lw . vw‘nnlv- -N s " $ .f s 3 . . log HMW&M«.M NWW#.‘L ..W - i
L)) - nl 1 LA 1 da . 001 3 0
s S4S S0 UGS 40 L ] 0 m eehis mms ¢ LR ] LR N ] -—— - . L& 1 S LA m Q‘\} s
A yadeq @oanog w ig 3 <t
-l aSueyg) 21edg wu uy aduey Y . | «
(9 qIZON _ J ynog A4 ($) ;
N 0021 0001 008 009 00% 002 0 00z 00% & N w
! P g
: = — . 0¥ 1 =
2 ;
Wu 11— - — w. ‘1021
. 4 I-I--J.:- -\r.fn M R y B \.b!bll
’ "1 ot 2] n Wy . IR -- i . K & o d# -v« ...O .
T | Yl e L ﬂ B REEN SR
] v : et $ 11 §
» et dl#u-mua..'&lo.qdow E mﬁ - * AR s L 2 - -
4




M A P -

(c)

(c)

(c)

CONFIDENTIAL

Propagation loss to the 5521 m (neer bottom) hydrophone depth is
illustrated in Figs. IV-12, IV-13, and IV-lk, For all frequencies and
source depths, the loss increases more rapidly with range than it does
at the channel axis. For the initial 200 mm range segment, the loss to
the near bottom hydrophone increases more rapidly with range north of
site C than south of site C. This greater loss may be due to partial
blockage of the near bottom hydrophone by the Mendocino Escarpment,
which rises 1500 m above the sea floor about 50 nm north of site
(Fig. 1I-2).

All of the very short range date were overloaded. In some cases,
processing of the signals was started at about 25 mm range, which is
why the overload indications do not occur continuously across zero
range in Figs. IV-9 through IV-1k,

Raceiver depth dependence of propagation loss is indicated %y
comparing Figs. IV-9, IV-10, and IV-11 with Figs. IV-12, IV-13, and IV.1lb,
For sll three frequencies and both source depths the loss is always
greater for the near bottom depth than for tne near exis depth. This
difference in propagation loss incressss with range until it exceeds
50 dB beyond about 8500 nm. Receiver depth dependence is further illus-
trated in Figs. IV-15, IV-16, and IV.17 where the differemce in propagetion
loss betwean the axis depth snd the other two depths (nesr criticel depth
and near bottom) is shown. In Fig. IV-15 and IV-16, for the portion of
the BENT SUS run south of gite € and for bolh source depths and all three
frequencies, the loss vemr the bottow iv shown to be consistently larger
than nesr the axis and the difference increases with increasing range,
This same type of behavior is exhibited by the dsts for the runge seg-
ments north of site O, Figure IV-15 shows thst, for the 18 = source
depth and for all three frequencies, the propsgstion loss is, on the
average, slightly larger {(perhaps 9 dB) for the near critical depth
{099 n) thah for the axi:s depth (6596 ) and the differwace does not
exhibit any connistent change with reange. Figure IV-156 exkibits sizmilsr
vehsvior for the 91 m scurce depith except that the sverage difference
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CONFIDENTIAL

(C) is larger, the loss being about 10 dB higher at 4055 m than at 696 m.
The same general pattern of receiver depth dependence is exhibited by
the data for sources north of site C as shown in Fig. IV-17, except that
a gradual increase in the difference with range is shown for ranges beyond
300 nm.

(c) The frequency dependence of propagation loss at site C is shown, for
the 18 m source depth, ia Fig. IV-18 for the 696 m receiver depth and in
Fig. IV-19 for the 4055 m receiver depth. Consistent with findings at
site A, for the axis depth, loss tends to decrease with increasing fre-
quency for the 18 m source depth both north and south of site ¢ {Fig. IV-18).
Loss also decreases with increasing frequency at 4055 m for sources north
of site"C (Fig. IV-19); however, no consistent difference in loss with fre-

quency is exhibvited by the data for sources south of site ¢. For the 91 m
source depth, propagation loss increases with increasing frequency ab

all receiver depths.

C. ACODAC, Site D

(U) At site D, the sound channel axis depth was 478 m, the critical
depth was 2840 m, and the ocean bottom depth is 4646 m. All of the
bydrophones at this gite are deeper than criticsl depth, ranging from
3325 m to 4612 m desp. As indicated in Table IV-l, data are described
for the hydrophones at depths of 3625, 3925, and 4612 m; these represent
distances below the critical depth of 785, 1085, and 1770 m, respectively,
with the deepest receiver (4512 m) only 34 m sbove the sea floor. The
overload detector was not working for the hydrophone at 3925 m depth;
therefore some of the high level signals prebably overloaded the ACODAC
system and the data plots are useful for only the high propagetion loss
data. o

(v) The BENT SUS run passed rorthward over site D and propagation data
are gvailable for a range from O to 700 no south of site D and from 0 to
3% nm north of site D. Most of the aignals recelved from north of site D
were large enough to overload the ACODAC receiver. The aircraft SUS run

L
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(U) provides propagation data for ranges north f site D from about 90 to
900 nm. The propagation loss to site D from these SUS runs is shown in
Appendix A, Figs. A-121 through A-156.

(¢) The general nature of the propagation loss versus range at site D
is illustrated in Fig., IV-20, which combines data for propagation from
south and north of site D for the 91 m source depth and the 4612 m
receiver depth at 25 Hz. The 4 nm nominal spacing between shots for the
aireraft SUS run (north) provides lower density sampling. Processing of
the aircraft run data began at 150 nm range because of overloaded data
&t shorter ranges. The rapid increase in propagation loss at about 35C nm
nerth and continued low signal levels beyond this range are typical of the
data for propagation from north of site D and probably result from partial
blockage by Pathfinder Seamount (Fig. II-2).

(¢) Figure IV-21 illustrates thet at 50 Hz the propagation loss is,
in general, higher for the 18 m source depth than for the 91 m source
depth; this is also true at 25 Hz. However, as shown in Fig., IV-22, for
158 Hz ot the near bottom hydrophone, for ranges less than 300 nm, the
maximum signal levels are as much as 8 dB higher for the 18 m source depth
than for the 91 m source depth, minimum signal levaels being about the same
for both source depths. Beyond about 400 nm, the 158 Hz dats are similar
" to those for 25 Hz and 50 Hz in that the 18 m source depth propagation
loss is somewhat higher than is the 91 m source depth loss (note the
higher incidence of low signal-to-nolse ratic for the 18 m source depth).
Another notable feature of the 18 m source depth 158 Hz data, for this
near bottom receiver, is the large span of values for propagation loss
over range intervals of less than 50 nm (convergence zone structure).

(c) For ranges grester than about 200 nm, the propagation loss lucreases
significantly with receiver depth, s¢ shown in ¥Fig. IV-23. This is also
svidenced by the higher incidence of overloads at 3625 m and the higher
incidence of low signal-to.noise ratios at L4612 w (Fig. IV-23).

15
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With the exception of the previously noted lower minimum propagation
loss values for sghort rangas at 158 Hz for the 18 m source dspth and
L612 m receiver depth (Fig. IV.2¢°, no significant frequency dependence
is exhibited by the data for site D. An example of this is shown in
Fig. Iv-2k,

D. MEBA, Site E

At site E, the MESA hydrophcne was at 400 m depth; 10 m above the
sound channel axis and 4200 m above the sea floor. Similar to tke other
receiver locations, site E is on the primary source track (Fig. II-1).
The BENT SUS run norihward ended at site E and the aircraft source run
began near site E. Thus, source-to-receiver ranges vary from O to 967 mm
south and from O to 780 nm north of site E. Propagation loss vevsus
range plots are shown in Appendix B. Pigure IV-25 conxbines the date
south of site B for both source depths and frequencies of 25, 50, and
158 Hz. These data, and those for the aircraft run north of site E,
illustrate that propagation loss is greater at all frequencies for the
i8 m source depth than for the 91 m zource depth. The data &lso indicate
that the 18 m source depth prnpagation loss shows & decresse with
incressing frequency while the 91l m source depth propsgation loss
increases with increasing frequency; however, the difference in propagation
loss for the different freguencies is small. This behavior is consistent
with ACODAC results for near axis hylrophones ‘
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V. DISCUSSION OF SIGNAL-TO-NOISE RATIO (S/N)

For the ACODAC data, signal-to-noise ratio (S/N) was computed by

dividing the energy in the received SUS signal, within a given fre-

quency band (1 octave at 25 and 50 Hz, 1/3 octave at 158 Hz), by the
noise enargy within the same band as measured over a 13 sec interval
ending 2.5 sec before the SUS signal arrival. Signal-to-noise ratio
differences between the signal at the same frequency received at two
different hydrophones and between different frequencies for the signal
received at the same hydrophone have been computed on & shot-by-shot

basls and plotted as a function of range. These are used below to examine
the variation of S/N with receiver depth and with frequency. The data
shown have all been smoothed by averaging over 10 nm range increments.

The signal-to-noise ratio for the MESA data was computed using
1/3 octave cignal-plus-noise and noise only segments of 6.55 sec length
(see Section III-I). This S/N bas been plotted versus range and composite
illustrstions of this ere used below to examine the variation of §/N
with frequency,.

A. Variastion of Signal-to-Noise Ratio with Receiver Depth

Ar previously described in Section IV, the signal level generally
der . snges with iacreasing receiver depth for a given source depth and
renge (i.e., propegation loss increases with incressing receiver depth).
As describec in Ref. 5, the awbient noise intensity level also decreasses
with ipcreasing receiver depth, but not necessarily at the same rate as
the sigral level., Consequently, S/W does not necessarily increase or
decrease wonotonically with depth for a givea source«to-receiver geometry.
In sddition, th¢ embient noise intensity level at a given depth is
aonstationary., Veriations in 8/N with range cau therefore be attributed

to variations in propagation loss, variations in noise intensity,
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(C) or combinations of these. Computing the S/N difference tends to reduce

(c)

(c)

these variations. The resulting S/N difference curves are useful for
noting major trends in the S/N data.

Figure V-1 shows S/N differences between hydrophones located at
depths of 4363 wm and 4659 m at site A. These data correspond to the
l-octave band centered at 50 Hz end are for the BENT SUS run. As the
figure illustrates, S/N difference varies with range, but with no obvious
deterministic vehavior. The average S/N difference is approximately
zero for both the 18 m and 9. m source depth, i.e., on the average the
S/N is the same for these two hydrophone depths and for both source
depths.

In Fig. V-2, curves of S/N difference versus hydrophone depth are
plotted for the three frequency bands centered on 25 Hz (1 octave),
50 Hz (1 octave), and 158 Hz (1/3 octave) for site C where data were
processed for hydrophone depths of 696 m, 4055 m, and 5521 m. The data
are for an 18 m source depth and they have been smoothed over a 10 nm
range increment. For propagation to reng2s less than 175 nm (except for
& short range segment near 100 nm) S/N at the deeper depth of 5521 m
is grester than at the other two depths of 4055 m and 696 m. Beyond
175 nm range, this situuticn is reversed and S/N is higher for the two
shallower hydrophones indicating that the acoustic propagation at long
ranges to 5521 m depth is not as efficient as to the depths of 696 m and
4055 m. This same S/N behavior is exhibvited at 25 Hz and at 50 Hz at
site C for propegation from the 91 m source depth es Fig. V-3 illustrates,
Also, for ranges boyond 1795 um, S/N at 696 m is greater than at 055 m.
Thus, for ranges less than the transition range of about 175 am, the
S/Nfis usually highest for the deepest (near bvottom, 5521 m) hydrophone.
For longer ranges, 8/N decreeses with incressing depth from the axis to
the critical depth and continues to decrease with depth to the near
bottom hydrophene. This is in agreement with the observation of a
generally increesing transmission lass with depth for site C as discussed
in Section IV. A similar range dependence of the S/N difference with

5k
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depth is exhibited for the BENT run segment south of site C, as shown
in Fig. V=4,

For ranges beyond 400 nm north of site C, S/N differences with depth
for some of the alrcraft SUS run data are shown in Fig. V-5. For the
initial range segment, these deta support the conclusions previously
stated. The leveling off of the S/N difference between the 696 m and
5521 m depth hydrophones corresponds to the observed leveling off of
propagation loss at very long ranges for the 5521 m hydrophone depth
(the 696 m hydrophone depth propagation loss is almost constant with
range, see Section IV). This behavior of the propagation loss at the
5521 m hydrophone depth probably results from reduction of the continually
decreasing received SUS signal energy level below the ACCDAC receiving
gystem noise. Note, in Section IV and in Appendix A, that for ranges
beyond 600 nm north, the signals received on the 5521 m hydrophone at
S0 Hz are all rejected because S/N 1is less than ~3 dB. For long ranges,
the apparent decrease in S/N difference between that at 4055 m depth and
that at 5521 m “epth also results from the propagation loss at the deeper
hydrophone bottoming out in the system noise while the 4055 m depth

propagation loss continues to increase with range.

At site D, the three hydrophones at depths of 3625 m, 3925 m, and
4612 w are all below the critical depth. As Fig. V-6 illustrates, the
deepest hydrophone always has the lowest §/N and the difference becomes
more significant with increased range. The data suggest the possibility
of a transition range of about 100 nm with S/N increasing with depth
velow critical for shorter rcangss. There 1is not sufficient data for a
definitive statement, but such behavior would be consistent with the
observations at site C. There 1s no significant difference in S/N between

3625 m and 335 m for ranges up to 400 nm for both the 18 m and 91 m o
source depthe. Between OO and 70O nm range, the 8/N at 3625 m depth
becomes greater than et 3925 w by as much as 10 dB, For ranges beyond .

400 nm, these conclusions are supported by data from site D for the
aircraft SUS run as shown by Fig. V-7.
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B, Variation of Signal-to-Noise Ratio with Frequency

The frequency dependence of §/N is illustrated by plotting, versus
range, the difference between S/N for two frequencies for given source
and receiver depths. For a source at 18 m depth and a recelver at
4659 m depth at site A, the difference between S/N at 25 and 50 Hz and at
158 and 50 Hz is shown in Fig. V-8. The lowest S/N occurs consistently
at 50 Hz. At 158 Hz, for the 18 m source depth, S/N is 7 to 10 dB
larger than at 50 Hz, while at 25 Hz S/N is only 2 to 3 dB larger. For
the 91 m source, the difference between the 25 Hz and 50 Hz S/N, and
variability of the difference, increases with range. 8imilar frequency
dependence of S/N is exhibited by tke data for other receiver depths at
site A.

Frequency dependence of $/N for both source depths and for the
5521 m hydrophone depth at site C is illustrated in Figs. V-9 through
V-11. For the deep (91 m) sources, S/N at 25 Hz always exceeds §/N
at 50 Hz. For mnst range segrents, this is also true for the shallow
(18 m) sources.

At site C, the difference between S/ at 158 Hz and 50 Hz exhibits
& similar range dependence for both socurce depths. For sources south of -
site C, Fig. V-9 shows that 8/N is higher st 50 Hz for renges less than
175 mm, but S/N at 158 Hs is higher for ranges in excess of 175 um.
Figures V-1 and V-1l show ehat, for propagation fram sources north of
site €, S/N st 158 ¥z is higher for ranges out to 400 mm bayond which
S/t nt 50 iz exceeds that at 158 He on the aversge.

Figures V-12 and ¥-13 show the frequency dependence of S/ for the
LG12 = depth at site D. For propagation from south of the site
(Fig. V-12) S/K is almest alvays lese st SO H than st either &5 ik or
158 Hz. For propesgation from the north (Fig. V-13), large fluctustiocns
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(U) in the S/N difference are exhibited, but generally 8/N is minimum
at 50 Hz.

(c) In agreement with ACODAC results, the MESA data given in Figs. V-lk

and V-15 indicate that S/N is minimum at 50 Hz. S/N at 25 Hz and 50 Hz

are approximately equal with the exception of the 91 m source depth of

the BENT SUS run, for which S/N at 25 Hz is about 5 dB higher than S/N

at 50 Hz. For all the MESA data, S/N increases with increasing frequency
tween 50 and 158 Hz, but decreases with increasing frequency belween 158

and 251 Hz. Thus, the maximum S/N cccurs at 158 Hz.
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APPENDIX A

ACODAC PROPACATION 10SS DATA

i (v) The propagation loss, computed as described in section III, is
| shown versus range in nautical miles in Figs. Al through A156. Different
gymbols are used to indicate the signal-to-noise ratio (8/N) for each
i data point: ‘

the symbol X indicates that S/N exceeds +3 dB, but the signal

1s not overloaded; '

the symbol + indicates that S/N 1s less than +3 dB but greater

than O dB; and

the aywbol 4 indicates thet S/N is less than O dB btut greater

than -3 dB.,
The range of detection for signals detected vith S/N less then -3 4B
is shown by plotting the symbol ¥V on the bottom of the figure.
Similarly, a shot which triggered the overload signal is indicated by
plotting the symbol O at the top of the figure at the range of
detectioil.

(V) The following three pages each contain s table for one of the
ACUDAC sites indicating the figure number assigned ia this appendix
to the propagation loss plot for each source eveai, hydropucue depth,
fregquency, snd source depth.

(W) Though not shown in this sppendix, amalyzed mropagation data are
available on digital magnetic tape for 1/3 octave band analysis at
freguzneies of 25, 50, 100, and 230 Hz.

The data presented in this appendix are
UNCLASSIFIED

Al

UNCLASSIFIED




TABIE Al
SITE A, ACODAC
Figure Number for Source Depth 18 m, 91 m
Center Frequency (Hz)//Bandwidth (octave)'
Hydrophone -
cource
vent Depth (m) 25//1 50//1 158//1/3
30 749 Al, A2 A7, A8 Al3, Al4
Bartlett
Source 43583 A3, A4 A9, Al0 Al5, Aleé
Run
4659 A5, Ao All, Al2 Al7, Al8
31
BENT 4353 Al9, A20 A23, A24 A27, A28
Source
Run 4659 A21, A22 A25, A6 A29, A30
3
§
£
¢

L AR ARNGE ST, TR =

S T s i T L e




| TABIE A2
SITE €, ACODAC
Figure Number for Source Depth 18 m, 91 m
Center Frequency (Hz)//
Source Hydrophone Bandwidth (octave)
Event _ Depth (m) 25//1 50//1  158//1/3
20 596 A31l, A32 A37, A38 Ad43, A44
BARTLETT
Source 4055 A33, A34 A38, A40 A45, A46
Run
5521 A35, A3 Adl, A42 Ad47, A48
31
BENT 6396 Ad9, AS0 AS5, AS6 A61, A62
RUN
Sputh 4055 A51, AS52 A57, A58 A63, A64
of
Site C 5521 AS53, AS4 A59, A60 ABS, AH6
31
BENT 696 A7, AGS A73, A4 A79, A80
RUN
North 4455 AGY, A70 A75, A6 A81l, AS2-
of
Site C 5521 ATY, A2 AT?, A7 A83, A84
32 696 ABS, AS6 A91, A92 A97, A98
AIRCRAFT
Source 40355 A8T, A88 AR3, AB4 ADS, ALGD
Run
5521 A89, A%0 A95, A96  AlDL, AlQ2

.- e e s U X - . . - R U WIS USSP




et v« s A

Figure Numbsr for Source Depth 18 m, 91 m

TABLE A3

SITE D, ACODAC

Center Frequency (Hz)//

B & Do it e e T

s HydrOP?o?e Bandwidth (octeve®
OUTCe Depth (m
Event ° 25//1 50//1 158//1/3
3625 A103, Al04 A109, ALLD ALY, U4
30
BARTLETT #3925 A105, AlDS Alll, All2 All?, ALLS
Source
Run 4612 A107, Al08 All3, All4 All9 Al2
3625 A121, A122 Al27, Al128  A133, Alld
31
BENT *3925 Al23, Al24 A129, A130 A135, Al j
Saurce ) '
Run 4512 AL2S, AL26 Al31, Al32  Al37, Al3s
3625 Al139, Al40 al45, Ald6  AlS1, AlS2
32 :
AIRCRAFT #3925 Al4l, Al42 Ald7, Aid8  Al33, Al54 i
Source
Run k&2 Al43, Al4d AY49, AL50  AlLSS, AlSS

¥The ACCDAC overload detecter wes not working on Lhis channel;
therefore the low propagaticn less data points (o these plots may
include disturted {overicasded) sigrals.

#
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APPENDIX B
MESA PROPAGATION LOSS DATA

MESA array propegetion loss data are shown in Figs. Bl through
B20. The signal-to-noise ratio (S/N) for each shot is indicated by

~different symbols as explained in Appendix A. Table B-~l summarizes

the figure numbers used in this appendix for each soqi-ce\event,

freguency, and source depth.

The data presented in this appendix are
‘ UNCLASSIFIED

Bl

UNCLASSIFIED




TABLE Bl

SITE E, MESA

Figure Numsber for Source Depth 18 m, 91 m

Hydrophone Depth 400 m

Source
Event

Center Frequency ‘Hz) of 1/3 Octave Band

25

50

100

158

251

31
BENT
Source

Bl, B2

BS' 34

85, B6

87, B8

B9, Bl10

32
AIRCRAFT
Source

Run

B1i, B12

Bi3, Blé

B15, Blé6

B17, B18

Bi9, B20
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APPENDIX C

QUALITY CONTROL OF THE ACODAC DATA ANALYSIS

(u) Meaningful interpretation of the experimental results requires
that sufficlent quallity control be exercised during the data procés.siz_zg
to minimize the errors introduced through the processing system and
techniques. These errors must be small relstive to the variations in
ghot-to~-sghot signal level that have been introduced by the transmission

environment.
(V) Two studies were conducted at the Applied Research laboratories
. of The University of Texas at Austin (ARL/UT) (Refs. 1 aund 2) to

determine repeatibility and campatibility of the digital SUS processor
with analog processors. A summary of the results of these studies
follows.

(1) . 1. On a single ARL digitizing day, for repeated digitizationm,

the energy in frequency bends for either shots or noise had standard
deviaticns of 1% to 2%. The energy in the saze bands of the calibra-
o | tica signal shoved e similar spread.

(v) 2. The signal levels, as digitiszed, showed variations from day
to day thst yield 5% vwo 10% (5% = 0.2 4B} deviatiouns oi emargy {n the
selected bands before the calibration sign:l was used for cuspensation.
Since the calibraticn signals assceiated with the dats wers similarly
aftected, adequate coopensatlon can be zade. '

. () 3. ‘The ticws st whick the sutomatic shot process {(ANL/UT) detected
a shot shoved nc fluciuacions with repeated processing other than those
Lo be expacted from the temporsld resolutica isposed by the saspling

rate (1.e., syproxizstely 0.2 cec).

¢l
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4, The standard deviations due to repeated processing of
transmisgion loss for given frequency bande is of the order of 0.1
and 0.2 dB.

5. To prevent an introduction of frequency smearing due to
mechenical variations in the analog record,/playback procedures, s
reference track should be used in any shut processor, whether anglog
or digital.

6. The stability of the ACODAC calibration signal analyzed showed
a variation in power of only 1 dB over a 24 h period in data.

7. A comparison of two data segmentation techniques used in the
digital cslculgtion of total shot energy in a given frequency band and
the shot energy calculated by the traditional analog method was performed
using selected shots from the CHURCH GABBRO Exercise ACODAC data. The
selected chots had different characteristics Cue to different propaga~
tion situations. To complete the study between the two digltal
techniques, a compurison was made with 70O shots from the CHURCH GABBRO

shot runs.

Tor the selected shots, which had a time duration of 25 to
40 sec, contiguous date blocks were transformed (FFT) and summed
"coherently and incoherently” and compared to a digltal simulation of
an analog system (50 Hz at 1/3 octave). It was found that when equivalent
integration times are used the incoherent summation gave the best
comparison to the analog system (within 0.1 dB) for data segmentation
from 27.2 to 0.85 sec blocks. The varlance from the analog system
using the coherent summation showed a maximum deviation of 1.k @B with
0.85 sec data blocks., Using 6.8 sec data blocks (ARL/UT eystem,, the
variance Tor the coherent sum was 0.0l to 0.5 dB. It is apparent that
on & shot-to-shot basis the difference between all three btechriques
are data independent.

c2
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The comparison of the total energy calculations for the 700
shots for the coherent and incoherent summstion techniques show that
the ensemble mean of the difference between the two techniques is
0.1 dB or less, with an rms difference, that varied with frequency
band and integration time, of less than 1.0 dB.

8. For the shot data from the SQUARE DFAL Exercise, the shot
duration is on the order of 10 sec. Using a 6.3 sec data segment, a
comparison between the coherent and incoherent techniques showed &
mean of 0.02 dB and a rms value of 0.25 dB.

9. PFor the CHURCH ANCHOR Exercise, the majority of the shot
durations fit into one data seguwent or FFI.

10. The choice that a stot processor mekes on the two digital
processing segmentstion techniques is based on the hardware/software
configuration of the prccessing system, length of data segments, shot
duration, availsble funds and, of course, the accuracy required in the
energy calenlation relative tc other sources of system error. For a
software FFT imvlementation, for exemple, the computation ecovomy
(depending on the shot duration) favors the coherent swmation by a
factor of two or three. For a hardware FFT, this savings is not A
present. '

11. A comparison of tke ARL/UT shot processing system with systems

at other facilities show the foilowing results on a set of shots (70)
from the SQUARE DEAL Exercise. The comparisons are {a propagation
loss in & 50 Hz 1/3-octave frequency band., '

PROCESSOR MEAN DIFFERENCE SID. DEV.
(dB) dB
ARL Digital/ARL Analog 0.07 ' 0.51
ARL January/ARL June 0.02 0.1k
ARL/WHOI -0.99 1.45
ARL/NUSC - «0.47 0.51
ARL/WECO 1.20 1.20




(U)

(v)

CONFIDENTIAE
(ONELassiFIED)

WHOI - Woods Hole Oceanographic Institution
NUSC - Naval Undersea Systems Centar
WECO - Western Electric Co.

Analysis of the total ACODAC measurement accuracy is the subject
or Ref. 3, which accounts for all errors occurring from the expiosive
sources to the final digital processing of the SUS data. Thus, the
error analysis of Ref. 1 is included in the study of Ref. 3. 4s an
example the error estimgtes for the ACODAC system inclule those
associated with the hydrophone and preamplifier, the transmission
éable, the data amplifier, the tape recorder, and the calibration
gystem. The concluslon reached in this study is that for SUS measure-

ments an uncertainty of +2.48 dB to +2.60 dB can be expected in the
propagation leoas estimation, priancipally because of uncertainty in
the SUS source levels.,
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1} "Quality Control Anaiysis of SUS Processing from ACODAC Dats,"”
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