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ABSTRACT

The purpose of the bottcm interaction experiment 18 to examine the
influence of the ocean bottom on low frequency acoustic mropagation.
Thie document descrides the goalc of the experiment, the design of the
experiment, Including site selection, and details of conducting the
experiment, and includes the data analysis plen.

The bottom interaction experiment will use ACODAC recording systems to
obtain a record of SUS signals in & bottom limited region. The geometry
will be selected so that the number of bottom interactions and the
bottom interaction angles will be kmown. Data will be collected at
short ranges with a small number of bottom interactions to duplicate
previous measurements. Data will also be collected out to maximum range
vermitted by SUS source level to ensure the maximum number of bottom
interactions and small grazing angles.
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I. IRTRODUCTION

The bottom interaction experiment will collect data tos
= Measure acoustic propegation losa
- Measure bottom interaction
= Measure bottom loss
- Measure noise field
« Maasure bottom properties
in a bottom limited region.

Bottom loss versus grazing angle as a function of frequency will be
determined and examined for consistency throughout the region selected
for the experiment.

Izhpuloive‘(explosive) sources have been used extensively to measure
rropagation features. Analysis of received epergy from such scurces by
neang of digital asignal procesasing allows a greater flexibility than do
other techniquas. With the ability to resolve and analyze {on & rcutine
basis) the individusl arrivals cootained ir the received signsl, it
becomes possidble to take dnto consideration the differences in ycpega-
tion paths of the fndividual arrivals. The experinent described heve
wvill take advantege of the availsble wodeling techaiques to describe
individual sxrival paths. For those paths interscting with the hottom
it i{s then possible to measure the influence of the bottom,

The acoustic date w11l be recordsd by meaans of the ACODAC {Acoustic
Deta Capsule) recording syeten with hydrophones at selected depths in the
vater colum. Gydropbone depthe and SUS locations will be salected to
inciufs eingle bottom bounce dsta and to include ranges out to the wexi-
o &b which aignals can be detected. BUS runs vill be mads in four
directions fron the two ACODAC systems so thst consisteucy of the bottom
effeats Over & large arce vill be establisked.
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Additional features of the experiment inclule use of a continucus
wave (CW) source to obtain CW propagation loss data to supplement the
M explosive source data, and to allow comparison of the two measurements
in a severely bottom limited region.

The perticular site selected as appropriate for the hottom interacticon
measurements permits additional useful measurements. The location allows
both SUS and CW data to be taken in & transition region which goes
across a trough to a continental slope inte ehal:.ow wvater. Data will be
collected to describe propagation down this slope into a bottom limited
reglon.

Algo for this particular region, the highest demsity of shipping
n occurs in a single lane which is parallel to the coast and is in shallow
g - ‘- wvater. The selection of ACODAC sites will permit some interpretation of
S the distribution of the noise fleld from these shallov water sources in
1 8 bottom limited region.

) Supporting the direct acoustic measurements vwill be weasurements of
- temperature profile, sound velocity profile, and wind, sea, and swell

E conditicns. To aid in describing the bottom, bathymetry, wide angle
reflecticn, and subbottom profiling data will be taken.

It 1s important to scknovledge the asaistance of the Nawal
Oceanographic Office and Texas Instruments in preparing this document.
Mr. R. 8. Vtnokur, Code 6130, RAVOCBANO, supplied the detsile of ths
deconvolution processing of the SUS data. Nr. A. Kirst, Ti, supplied
detaila of the svent scher »*¢r sad environzental dsta schedules.

Although the future of the experizent as described in tals
document becane uncertein in the IRAPP program, certain elemeats of
v the experiment are useful to ruport. The fipal reccamendations of
the Techaical Advisory Group of the Botton Inlersction Experizent are
includisd in Appendix G. These recaxmendations go into detall concera-
ing the experiment as coafigured in tbis report snd discuss necessary

N changes when different experiment deslgn criterla prevail.
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II. PURPOSE OF EXPERIMENT

The experiment deseribed here has several measurement goals, all
directed toward further understanding of the interaction of low frequency
sound with the ocean bottom. The experimental design i1s such that rela~
tively simple messurements will achieve the sultiple goals. The
experiment will be conducted in a region without a fully developed
acoustic channel, the so-called bottom limited condition. Wahile uct
esgentiel to some elements of the experiment, all the measurements goals
can best be accomplished in a bottom limited region. The purpose of
this section is to describe the goals of the experiment and especially

N to call attention to the necessary interrelations betweep these measure-
ment goals.

T0 understand and describe propagation under the conditions of
bottom interaction, it is necessary with existing modeling techniques
to know the acoustic bottom loss versus grazing angle as a function of
frequency. The ACODAC's receiving hydrophones will be configured and the
SUS runs-designed so that bottom reflectivity data wil) be collected from
very close range (single bounce) to the maximun range at vhich siguals can
te detected. For comparisor purposes, daca for up %o three bol.tom luter~
actions will be analyzed by processing total eaergy raceived for ‘each shot.
This method of analysis vill be essentially & repeat of those used previously
This experiment will expand the anslyeis techniques to imclude anslysis '
of individual exrrivals; {.e., acouatic arrivsls fros an explosive sources
which have traveled by different transmissivs prihe. The experiment
deelgn requires selection of source depth, receiver depth, and range to

v cosure transalesico pathe which interact with the dottow, and which have
delay times betucen teransmission paths adequate to allow resolution of
| - . ‘ individusl srrivals.

Do O vt v e




To plan the experiment, the following steps are necessary.

1. Estimetion of propagation loss expected for the bottom area
of interest. This step is necessary in order to make the best estimate

of signal levels t0 be expected and the best prediction of ranges over

vhich bottom loss can be measured. For prediction purposes, a range of
bottom loss behavior is assumed. Resulting propegation loss (PL) pre-

diction from the FACT model for several source and receiver geometries

of interest are generated. FACT is a-ray theory layered ocean propagation
model suitable for this type problem. It includes caustic corrections,

surface image interfcrence effects, and low frequency cutoff, and treats
bottom interaction by application of a suitable bottom loss coefficient

to bettom interacting multipaths as a function of the elgenray hottom

grazing angle.

2. Prediction of eigenrays for expected ranges and the source and

raceiver depths of interest. With an Indication of expected signal levels

at the ACODAC receivers and using the propagation loss predictions from
FACT, s tabulation of eigenrays is obtained to show bottom interaction
angles, number of bettom interactions, and delay times between individual
arrivals. The ability to compute details of elgenrays is & recent
development from a NAVELEX sponsored program at ARL/UT. Additional
information is given in Appendix B.

The primary uncertainty in this experimental design procedure is
the exact nature of the bottom where the experiment is to be conducted.
Use has been made of the limited bottom loss data for nearby regions to
select several types of bottam behavior for use in the FACT runs. In
the experiment design, ranges have been selected to allow measurement
of bottom loas within e spen of values sinmilar to those used in the
prediction.

A gecond major aspect of the experiment is the use of a countinuous
vave (CW) source., Although these data do not comtribute iirectly to

4
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measurement of bottom interaction, it is important to make a direct

comparison of propagetion loss measurements using CW and SUS data in a
bottom limited region. The propagation loss measurements will extend
from the smooth bottom, up slope into very shallow water, again allowing
direct comparison of the two measurements results. Because of the
linits on towing depth and source level, the range over which CW messure=-
ments can be made is limited. '

Another feature of this particulur site is the concentration of
shipping in & well defined lane running close to the shore in shallow
water. The locations of the ACODAC systems have been selected to allow
collection of data to give information on the distribution of noise
from these shallow sources into & bottom limited reglon.

Experience from other acoustic experiments using the ACODAC systems
will be used to select density of tempsrature profile data (XBT), sound
velocity profile data (SVP), bottom profile (bathymetry), and meteorology
data (wind, wave, and swell).

Two additional measurements will be made t¢ aid in understanding the
bottom features. Subbottom profiling will be conducted along all tracks
where acoustic propagetion measurements will be made. The subbottonm
profile will supplement the routine bathymetry datae by giving information
on the detalls of acoustic layers below the bottom down to depths on the
order of 200 m. To increase the usefulness of the subbottom profile dats,
wide angle reflection measurements will be wmade at appropriate intervals
aslong the tracks, The wide angle reflection data allow calculation of
the acoustic propagation velocity in the subbottom layers.
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1II. IOCATION

In choosing en experimental site, there were two categories of
information to be conaidered: those features which were necessary and
those which were desirable.

It was neceseary in this early stage of experimentation to have
winimm bottom topographic variation over the maximm range from which
measurenents vere expected. First choice was a asmooth £lst bottom and
second choice vas a smoocth sloping bottom; the contribution of more
complex bottom features car beti~y be examined in later experiments.

It is highly desirable to conduct the meesurements in a severely bottonm
limited reglon, although this is not neceasary for some goals of the
experiment. It is desirable to have some sdditional kmowledge of the
ares including ammd velocity mrofile and botton type.

Initially, three aress in the Bagstarn~Central Pacific vere examined.
These areas ave shown {a Fig. III-i. The entire region is bottom limited
and each area bas & relatively srooth bottor with several hundred miles
dicension; aud, there is asdequate kmowledge to support the platning phase
and to determine that the desired messurements can be made, Site I vas
sslucted bucauss it had the tost desirveble bottom festures.

The SVP stiovn in Fig. 1I1-2 {s represectative of this eres. It showvs
a condition of severe bottoo limited ecoustic propagation for shallow A
powrees. DBottcn date, although iimited, indicates s uniforn region of
thin (<100 &) segiments with high botton loss at lov grazing engles. 3o
bhottar 1095 data vere availalle at grazing angles between O° and 59,

A benefit of this locatico is the proximity of the ccastlike and
its rapid slope. ¥ith small additicnal effort, dats oz slope coupling
in & bottor limited regios will be obiaiped. Anocther feature e the
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concentration of shipping along che coastline. Useful date on the
noise distribution from these concentrated, shallow water sources will

als80 be obtained.




IV, EXPERIMENTAL DESIGN

With the purpose of the experiment established, and with & location
selected, a range of expected acoustic behavior was then used to design
the experiment. The first step consisted of using the avallgble SVP,
Fig, III-2, and available bottom loss data to obtain propagation loss
predictions using FACT. Four SUS depths and four receiver gepthe are
used. The resulting propagation loss runs for two expected extremes of
bottom type (1.e., approximately 5 dB bottom loss at all grazing angles
and a change of 0 to 5 4B between 0° and 5° grazing angle) are presented
in Appendix A. For shallow sources and receivers, and high bottom loss,
it is seen that extremely high propagatioa loss occure and only short
ranges can ‘be expected. For less stringent conditions the predictions
indicate the ACODAC systems will receive bottom interaction signals to
several hundred miles. Tentative selection of ACODAC spacing and
measurement distances were made based on those predictions.

For these ranges and for the avallable SVP data, familie: of
eigenrays were examined tc determine if the particular gecmetry allowed
time resolution of individusl arrivals and to determine the range of
grazing angles for which data would be analyzed and the number of bottoam
interactions which would occur. ZExamples of specific eigenrays are
shown in Figs. IV-1l, IV-2, and IV~3. Summariee of the behavior of the
eigenrays asre tabulated in Appendix B. '

The eigenray parameters ars summarized in Fig. IV-4, which shows
bottom reflection angle versus renge, and Fig, IV-5, which shows arrival
time (relative to first arrival) versus range for specific propegstion
pathe.

These sample predictions are intended to illustrate the asteps taken
to determine hydrophone depths, source depths, density and spacing of
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shots, separation of ACODAC systems, levels of signals to be received,
and dynamic range required at the receiving system. The final experi-
mental design descrided in the next section is a result of several

repetiticns of this design cysle.
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V. EXPERIMENTAL IETAIL
Site and Track Detail

The experiment will use two ACODAC systems deployed as shown in
Fig. V-1. The coordinates for ACODAC Site A are 11°31'N, 93°32'W and
for Site B are 8°57'N, 95°49'W. A and B are separated by 206 milea.

The experinment will use two ship tracke. The first is the straight
line track between the two sites extending up the slope to the 100 fathom
contour. The second track crosses the firat track at approximately 60°
st Site A and turns to recroes at approximately the same angle at Site B.
The track from 1 to 2 (Fig. V-1) is approximately 480 wiles. The track
froo 3 to 4 via P e 525 miles.

The purpose of making two runs ia to coilect data on as many bottom
intaractiona as source level and recelver sensitivity will permit for
this bottom grea, and aleoc to ensure reascoable duplication in the data.
For example, the run ending at 2 4o near the expected maximum range for
System B and cutside the expected range for System A. However, if the
bottom loss 15 less than expected, then the range from 2 to System A will
ellow maximum nuber of hottom interactions to be measured, Also, there .
are useful results for system comparisons and snelysis vhen energy fron
one source is received on both systems (i.e., those portiocns of the runs
between A and 3). For all the deep shots (2bh m, 610 m) and portions of
the shkallov shots {18 &, 91 m) both ACODACs will wecord the events. In
the unlikely event one ACODAC faile, most of the ship track and SUS sources
vill still contribute to the experiment. ' '

SU3 Deployment

Several factors influence the shot deployment pattern. To define
the bottor Losc “ursus grazing epgle curve with ressonably fize resolution,
: B \
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& bigh density of shots (amall spscing between shots) is desirable,
especlally et short ranges. However, to keep the total number of shots
used within reasonable bounds and to minimize the chance of reverberation
from one shot interfering with reception of the next in a sequence, &
minimum shot spacing had to be established.

A geametry frequeutiy used for bottom loss measurement positiocns a
vecelver at 152 m (500 f££) depth and sources at 244 m (800 £4) depth
deployed at ranges from near the receiver to 30 or 40 nm. Although the
present bottom interaction experiment is deslgned to use several source
depths and several receiver depths, to compiy with this geometry one of
the ACODAC hydrophones is to be at 152 m depth and one of the source
depths 1s to be 244k m, Figure V-2 showe the bottom interaction angle
versus range (cut to %0 nm) for the first three bottom interacting
mltipaths. The relative arrival times showm in Fig. V-3 demonstrate
that the various arrival orders will be separable in time during data
processing. From the model results used to produce Fig. V-2, a shot
separation of 1 nm for the 244 m depth sources results in an angular
geparation of measurements less than 3° beyond 8 nm range (bottom int.,e
action angles below 25°) for the single deep turning multipath. For
shorter ranges, sngular separation of measurements increases to about
7° at 4 om range. The shot deployment pattern to be used provides for a
high density of 2kl m depth shots for the flrst 15 um range either side
of an ACODAC, a medium density of 244 m depth shots on out to 35 am range,
and & lower but acceptable density for grester rangss. The two shallovest
depth shots (18 m and 9L m) are to be deployed at the grester apacing
{~3.3 om) for all range segments. The deepest shots, which provide
calibration information for reduction of the other data, will be detonsted
et 3.3 n= gange increments for some range segmenis and at 10 nm incremsnts
for other range segments. Figure V-4 illustrates the four shot deployment
patterns to be used and Fig. V-5 shows the range segment Cor which each
pattern 18 to be used. Although the ghots for all depths are shown at
the same times in Fig. V-l, the actual deployment sequence is controlled
by the varicus times between deployment and detonation for the different

19
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. detonation depths. The sink rates and detonation depths result in the
- time deléys ghown in Tgble V-1. In order to minimize the psrobability :
of overlep of shot signals, the deployment.schedule tO be used 1s a 60 f£t.
(18 m) SUS followed 60 sec later by a 300 £t (91 m) SUS followed 60 sec
lster by & simultaneous deployment of an 800 £t (244 m) end a 2000 £t
(610 m) SUS. This baslc pattern is modified to allow for the four
different deployment patterns to be used, &s shown in Tables V-2 through
© V-5. The total SUS requirements are as follows: 60 £t, 350; 300 £t,
350; 800 £+, 500; and 2000 ft, 250,

CW Deployment

The CW tow will be conducted slong the track from poilnt 1 to
point 2 (see Fig. V-1l) and will pass over ACODACs at Site A and Site B.
Towing speed will be 5 kt, requiring 98 h to complete the tow. The
Vibrosels system allows towlng two sources simuitaneously at two dif-
ferent depths. Each source can tranasmit two frequencies simulteneously;
thus a total of four frequencies can be trensmitted. During the CW tow
for this experiment, four different frequencies over the band from 10 to
300 Hz will be transuitted with a schedule of 50 min on and 10 min off
each hour. A high and a low frequency, in the stated band, will be
selected for both tow depths. The shallow tow depth will be 60 £t while
the deeper tow depth will be 300 £t, allowing comparison of propsgation
measured during the tow with that measured during the SUS runs. Fre-
quencies for the OW source will be chosen to facilitate this comparison.

ACQDAC Configuration

Figure V-6 is a schematic of the ACODAC configuration. The 13
receivers are cluatered in four groups of three hydrophoses with the
remaining hydroghone located adjacent to the bottam.
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“TABLE V-1
Time. Between Deployment and Detonation =

for Various SUS:Depths

Shot Detonation Relative Detonation Time
- Depth (ft)/(m) {after deployment) (sec)
4 sec through the water (to 6 sec
60/18 with spoiler plate)
300/91 26
800/244 46
2000/610 120
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TABLE V-2

Shot Deployment Schedule for each Shot Density

Densitz 1:

Starting
on the Hour
Time

0000
0001
0002

oo2e
0021
0022

0040
0041
0042

Deploy SUS,
Depth (£t)
60

300

800 and 2000

60
300
800 and 2000

60
300
800 and 2000

26

Starting »
on the Half Hour
Time

0030

0031
0032

0050
0051
0052

0110
0111
01,2




- TABLE V-3
Shot Deployment Schedule for Each Shot Density

Density 2:
Starting ' Starting
on the Hour Deploy SUS, on the Half Hour
Time Depth (ft) Time
0000 60 : 0030
0001 300 0031 .
0002 800 and 2000 0032
0020 60 0050
0021 300 0051
R 0022 800 only 0052
¥ 0040 60 0110
0041 300 0111
0042 800 only 0112
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Densitz 3:

Starting

on the Hour
Time

0000
- 0001
0002

0012

0020
0021
0022

0032

0040
0041
0042

0052

Deploy SUS,
Depth (ft)
60

300

800 and 2000

800 only

60
300
800 and 2000

800 only

60
300
80C and 2000

800 only

TABLE V-4

28

Shot Deployment Schedule for Each Shot Density

Starting

on the Half Hour
Time

0030

0031

0032

0042

0050
0051
0052

0102

0110
0111
0112

0122




Density 4:

Starting
on the Hour
Time

——

0000
0001
0002
0007
0012
0017

0020
0021
0022
0027
0032
0037

0040
0041
0042

0047
0052
0057

Shot

Deploy SUS,
Depth (ft)
60

300

800 and 2000
800 only
800 only
800 only

&0

300

800 and 2000
800 only
800 only
800 only

60
300
800 and 2000

800 only
800 only
800 only

TABLE V-5

Deployment Schedule for [ach Shot Density

Starting
on the Half Hour
Time

0030

0031

0032
0037
0042
0047

0050
0051
0052
0057
0102
0107

0110
0111
0112

0117
0122
0127
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In eddition to the 152 m (500 f£t) receiver depth, as showm in R
Fg. V-6 hydrophones wiil be placed at depths of 1005 m (near axis depth),
2840 m (about 1000 m above the bottom), and 3610 m (30 m above the bottom).
This receiver configuration samples several important depths in the water
colwm, It further ensures & variety of bottom interaction angles and
arrival timees from each shot, thus maximizing the range seguents over
which multipath separation and bottom loss analysis can be performed.
The single bottam receiver will be configured to record bottom noise
level.

Each of the three hydrophones at the four depths will be passed
through a different preamplifier gain prior to recording, thus providing
a large dynamic range for reception at each depth. The chennel gains are
adjusted to provide reception over the following sound pressure levels in
the water at the hydrophone face: '

Channel SPL Range 4B re uPa
Low Gain 198 - 168
Medium Gain 168 - 138
Righ Gein/ 138 - 108{
(Ambient Noise) (108 - 78

As ghown gbove, the low and medium channels are fixed gain, vhile
the high gain (ambient noise) channel has two gain states and switches
betveen the two in the usual manner of operation of the ACODACs. The
low gain channels will allow reception of the 8US signals at rangss as
short as 4% to 5 nm without overloading the recorder, while the other
channels allov continuous definition of propagetion details out to ranges '

experiencing much higher propegatlon losa.

All channels will use the maximum available bandwidth (10 Hz to
600 Hz) except the high gain/ambient noise channels vhich will be used
to incorporate the uecessary reference frequency and will heve a useful
bandwidth of 10 Hz to 300 Hz.
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IRy I IR

‘Event Schedule

Table V-6 is & Master Event Schedule for the bottom interaction

experiment. The SUS vessel will conduct the experiment .totally with the . o

exception of the use of a CW vessel to provide the four dey CW tow
(Event 252).

Table V-7 is the SUS vessel event schedule and Table V-8 is the
CW vessel schedule. Table V-9 gives details of the YBT snd STD schedule.

. The locations are shown in Fig. V-7. The locations of the wide angle
reflections measurements as a supplement to subbottom profiling are shown

in Fig. V-8,

Appendix C gives & list of organizations, personnel, and major
equipments participating in the experiment. Appendix D gives additional
detail of operational plans including radic frequencies, acoustic source
fraquencies, and schedules, ete.,

R T e arthedt




T T
g JVUOTY SASLAIIY o199 065 -
(€ 03 § S93LS) Bupiys | .
~0id W0330GQNS PuUR UO}IOB[JDL ILDUR IPIM 055 LS
und Sng pul | 028 695 -
aueuRy . ”
‘eoqieg aAjaly | 16y 1es A :
| (v 03 4 03 € 5834S) una Sps uybag o | €5 . 3
| una s pu3 ost § 9t :
Moj M) pu3 (L 03 2 sa3ls) una s uybag oEY Sb
I (v 03 &£ so31s) Bupits M
-o4d W0330GNS pue UOLIIBLISL Fbue IPLX gee  § sig I
(L 03 2 s31LS) | &
Mol MO uibeg { 282 8vE ;!
U0 udn3 ,3V000Y tse BYE i
{toay mﬁ;mw ButiLs . a X
-oud WO330qQqns pue UD{3i3ad 3{buR BPLK o2e gcs I
V JvGoJV Aoidag oi2 1413
(v 03 d 03 8 Sas) Buiitd |
-oud wWo330Gqns pue uoildatsad albue SpiM 1411 592 :
g Jv¥aQJy foldsg | 06 _ A
(9 03 2 s3318) BuiiLs L
-04d 510330QqNS pue HOL3IDI S84 3|DUR FPLIM ob : 22 ;
eaJe IS|I43KD A0S OD|[NdEdy Juvdag ot . 951
| 02|ndedy BA fdyY 0z At
obaiq ues 3aedag . | : ozt M
ofojg ueg 3uudeg § a1 | o0
- 1 | { d3geny 1 |
._mm.m.us M3 T3SS3A sns m.mzwbma wmw%wmxm g

i

AGVWRNS 3ING3HIS IN3A3 YALSYH  "9-), 6Vl




0634Q ues aA}day
03 |nde3Y A jiuY
YV JWa03Y 8AsiJ3ey

(v 03 9 se3;8) Suiiis
-04d woljoqans pue uoLjdBfjaM atbuv Ipim

99L
274
0dL

029

988
$69
2£9

¢09

73SS3A M)

T3ISS3A SnS

Q3NNIINDD * 9-A ISV

YIGHAN &ﬁ MLl

AN3A3

IS

1




: M,00.56 i} und ¥M X3H0D puw Aonquuos aﬂ%l | 1
G2 4 - NelSe8 } S 060 3% G O3 HOLS DUR ZHM SAREIN Y L2 oLt
Buglys
A -04d WOI0GFS LH0Y PUV Z¥M 03
N2 S - oL§ 060 | 3ssuedy taswauls pue unb 439 Byl 592 001
EOOY
Ao{dap pur f{f-; pup 5-1) Sig¥
- 74 pue Gl$ 3qeL - A3A4NS 43S Emum ove 06
l M. 8b,S6 JAURBLFS PUP e&.
- L ~ NvLSo8 § - - A4R DABLAIL PUR G UF1S DALY 682 o8
MiL2.96 g 3315 03 J4suLLl PUR YOS
09 9 r, - Hi2loB JOL] 190 34 Ol WMSdJd pus und yM YINIS]  £R2 0L
- M:0b.96 unJd ¥M %3W0D pue AONQOUDS |
02 v - NulSol | S R 74] Aoidsp ¢34 § ©3 MOLS (YK IMLidy] 622 €9
Buy 115040 wo3s0q ]|
oY 14 oiL] Lo -QisS X3K0J pu® [uM OF Jisuld) 522 132
- Mi90.L6 AAURILIS PUL
{ - N, L2oL unb Jie Bl pum 2 9348 SALLIYY  yz2 oY
- zaus)
085 8§ oL} ¥y o3 3jsulal puw 0d{ndedy juvdagl gyy 0e
M.£5066
~ 4.08.9L ‘
22 — od{ndedy | - - 340d uj - o3yndedy sapay} gy 02
- Mblalll ov{ndedy O3 3SuRLY. |
(441 141 “ NilvoZE | OL] WY pue (obaig ues) %00 NN fm%a 0 o] S
obaiy uesg
- JINVASIO | GIMOTIV NOILISOd VoSt 354602 NO11dI82S3G IN3A3 SHNOH | Y3oHIN
MIL _ JuiL IHIRT
- i ISIYIM3, ]

JING3HIS IN3AI TISS3IA SAS

“[-A TI8VL.




Buy {34044 WOY30q

~gns XIHOD PUR GHM O3 3pSuBLI

ot € - oL { Lo pue Jaweas3s pue unb 442 61y 9EE o2z
VOO0V
Aopdep puw (£-1 puv g-1) SIi8X
- 0¢ - - - pue QLS @42l - Aanang 2315 uibeg | 90t 012
R 2EaEH JAVBLS PUR |
- L - N.tEoll }- - Unb 43e INDLUITY - Y BILS ALY S0E 002
- K.G2.£6 ¥ 9315 03 3jsueal PuR YOS
Ly v - N,0S.0L Gl | OsE 3% GL PWNS84 puR und HM YINIL Lo 061
| M, 0206 und gM XIW0J Puw Aongouos £ojdop
0z b - N.0EoOL §5 { 0sE £3% § O3 MOLS PUR GHM arjday | [62 081
Mo€LoE6 'GuM 03 33SURSY PUT YOS
Lt b - N, 08,6 fot | ose 3% QL UNSIL PUR UM ¥M AINI4 | €62 oLy
M.01,£6 und YK YIN0D puwv Aongouos Loidep
02 b - N.OE.6 S {1 OSE $3% G O3 MOLS PU® HUM arjdday 682 oSt
. M, b0.£6 . yuM 03 3}SURLT pUT 0GE
€8 £ - N.LS.8 - | ose ] o3 es«nod sbueyd - 4 IS IAjdy 942 051
M. 0PeE6 d 934 03 3}sSURL] PUR YOS
8¢ b - N.lSo.8 0L § O6C 34 Ol ANSaE PUT UNG YK X3INI4 282 oyt
_ M. 00.6 (N4 YM XIMOD pue Kongouos £oidap
02 v - N2S.8 IS 1 060 t4% 6 O3 MDLS PUP ZHM IMpday | @72 gl
£¥M ©3 3}5uURa3 PLR YOS
ov b oL | 060 14 Ol JMSA PUT und YK XINIJ w2 pet
3IINVLSIC | GIMOTV NOILISOd | VOS] 35unod NO114140S30 Lri3A3 SO | d3840H
IL _ WIL | LN3A3
3ISIINI

NGNS IN3AT T38S3A SnS  “L-A I18YL -




| M. bE o£6 X3H03 pue Aonqouos Aojdap 3% & |
oL 2 - NSoll & | oct 03 MOLS pue OLUN/Y 33iS aAplay | £8E O¥E
¥V 931S 03 £ 3315 woudi bui(is
M.8t.£6 -oad We33oqqns X000 fJawnanis
08 8 : - N.OLoEL fot OLL [pue unb aye Gia pue £ 334s Brjday | o4€ %3
ol £l ot | ssz £ a34s 03 3ysueay | 2of 0z
L . (L-1) 18X puw QLS 9xei 198 DIE
M. 6EoL6 dduestls puw unb
i - NJ9EEL Jdy® SABLA3BA puE | 334§ dAjaay § (9E 0og
M. 25016 uns YW XIWOJ pue Aonqouos Aojdap
8l £ - Ni22.EL |5 L#0 €94 G O3 MOLS PUR GYM ALJuay | /GE 062
. M.50026 64M 03 3LSUBAI PUR YOS
02 2 - NZBoEL JoL | 150 1y QL RSsSB4 pue und ¥M X3NI4 | sSE 082
M.8L.26 un4 YM X0) Pre Aonqoues Aoydap =
02 v N.2502L |S o 3% G 03 MO|S pu? QypM aAtday | 15¢ 042
M,2E026 BYM 03 3;SUB43 pue YOy
02 Z - Net€o2l fOL | 100 1% QL Sunsad puw UPA MM X3NI4 | 64€ 092
‘ WNOu U4n3 ovaosy 1 eve 152
M:SY026 unJd ¥M X3H0U pue Aonqouos Aojdap
02 v - Ni2202L §§ 140 €93 G 03 MOLS PUR fyM SAjady | GuE 062
M:85026 [8M O3 isuei3 puR YOS
02 2 - N.80o2L Jor I tvo 34 Ol 3uNS3J PUR UNL ¥N X3Nid | €4F ove
M. LloE6 una ¥M X3W0D pue Kongouos Aoj{dap
02 b - N.€Sotl |5 70 €33 G O3 MOLS puw QYN @ALLAY | 6EC 0g2
3INvisIa | GamoTiv NOILISOd. | vos] 3sunod NOILdI¥DS30 IN3A3 SHNCH | ¥38Wn
MIL : 1 Wil {18373
3SIOMIXI

JMNGIHIS IN3AT 13553A SNS  “L-A 3gvd

L S e L .-

B

e L e e e B : o —— R e S P




_. | { 938
692 L2 oL] ivo 03 5 931§ WO4F UNJ sUS XINOZ | 69t 05t
: K. 6EoV6
- 1 - NutloOL | - - SIOYS $Z X3IWOD PuUR J 9345 aajay] 8oy ovy
| : . 5 931§ 03 g 934S WOy una |
222 22 oL} o SAS X302 pue 4aweas3s joys iy |  opy oEY
21 viva| et 12y \
. M,900L6 (£-1 pue §-1) sigy ,
€ - Nil2ol pue g1s aYe3 pue 2 93is aatddy] gy o2y
26 6 ot} sot z 9315 03 3ysueayd zzp 1 Oiv
, M.0E0l6 (£-L pue 5-1) sigx o
€ - N:.So8 pue QIS aye3 pue § aifs aspday] 61t ooy ®
#.GboE6
992 L2 - N9Lotl ot} se2 . v 2115 03 3jsueat | zge 06E
M.5V.€6 © 43RBIYS put
L - Ny9Lloll | - - | unb uye aaapazas pue und ¥M XINIZ| LeE 08t
. M.8E.E6 URL YW XTHOD pue |
ot 2 - Ni€2oll §§ | 122 Aonqouos Aoldap pue £lyM anfedy]  68E 0L
‘ U UM X303
M, 2£.€6 fpue Aongouos Aoidap 12z 03 3S4NOD | .
ol 2 - NJiSoll § s | 12z abueyd pue Z1aM/y 931 ey | 8E 09¢ |
M,EELE6 und ¥ XIOD pue w
0L 2 - Noelwoll |51 of1 Aongqouos Aoidap pua {1¥K sAjddy | ggf 0SE
IDNVISIA | a3M0TY NDILISOd vos] 35410 NOILdI¥IS30 INIA3Z SHAOH | 5@5& |
MIL - Wil | IN3AT “.
ISTIHINI i |

FINAIHIS IN3AT 13SS3A SNS  “L-A 378Vl




2 H8t.56 ronqouns foude po D K03 PO
! o onqouos A0{ a9 u S
- oL ¢ - NilSe8 §S ' LYo SSBueyd-L (4 pue § S PALaay §  ¥BS €8S
M.L5.56 una M3 XIW0) pPue j
ol A NilSo8 |G | 060 Aonqouos Aojdsp pue 9IyM BALLIY § 255 DLs
. M.20.96 und ¥M X3IwW0Jd pue Aocnqaoues .hamu,mv_
oL 2 - N:LGo8 | S 060 €334 G 03 MOLS PUR GL¥M 3AfMY { (RS 094
| M, 0b.96 GLYM 03 JLsSues] puR ¥os ,
2t £ N:.G.8 JoL] 060 3§ Ol Qunsad pue uns ¥ YINIJ ) ss5 046
. M. 00,46 una ¥M X3W0D Pue Aonqoucs Aoidap
02 ¥ - N:.ZG.8 } S 060 34 G 0} MOLS pUT YLdH m»*»&« £L5 0bs
: PLEM 03 3isupdy
0e € oL ] 060 pue mc_F*»oLa wo33oqens Xk oLs 0zs
M.0€o26 MBiead]s pue unb ste bia Sasueeuls o
1 - N.LSo8 J0YS BAD}AIBA pUR § B31S ALY | gas 02s &
992 L2 oif o2 § 931S 03 und SAS X0 295 ots
K $0.£6 (£-L pue G-1) siax
€ N.2G5.8 pue GiS aje3 pue d 831§ aatasyl  geg 00s
: d 931S 01 £ 8316 wWouy |
1S2 92 oL] oll und SIS X3W0J 4aweadls 204s By b gig Gy
M,8Y.£6 (-4 pue G-1) sigX
£ - N,OloEL pue QLS a4e3 pue € 334S anfddyY §  GiS g8y
ocl £l oL] esz € 231S 03 JiEuURdL § /6y - OLE
. M.6E.16 J3WBBULS DARLABU |
L - N.9ELSL pue und SNS X3INI4 L 931S 8Ajday § oy 09y
3ONVLSIQ | a3K0TTY NOILISOd vast 3suncd NOI1dI¥JS30 IN3A3 SHNOH ] ¥38un: b,
ML IWIL | INZA3
§351043X3
allenerms " 3
3ING3IHIS INIAI 13SS3IA SNS  L-A Fis¥L




Mi960€6

Y 931§ 03 jisuedj pue

- N#0oll oL | L¥O 33 QL 2wnsad pue und ¥M X3ANI4 | £29 00L
L M, 6076 und YM X3WED pue Konqouos Aojdsp
RZ - Nv6boOl S ¥ L0 €33 G 03 MOLS pue 2ZyM 8ALudY | €29 069
” Mi22o¥6 2Z4M 01 3LSuedl pue yos
2 - N.¥ESOL oL | LHO 2 QL SuNS34 pue und YW X3INId 129 089
: . M.SELV6 ' und YM X3W0) Aongouos Aojdop
- 02 14 - Ni6Lo0L fS { iv0 - 2} G 03 MOLS pue [2jM aALAdY | /19 0L9
 M8P.S6 L24M 03 3LsUR] puR yos
02 r4 - NiSQ.0L foL | Lv0 | 3% oL’ 03 aumsas pue und ¥M X3INIJ | SL9 099
M. 1056 una Y¥M X3W0D Pue Aonqouos Aoldep
02. v - N.6to6 §S | L¥O €33 G-0) MOLS pue QZuM dALa4yY | 119 0S¢
i : M. tLoS6 0ZdM 01 ILSURII pUe YOS
0z 2 - N/6bo6 jOL | LtO 33 Ol aunse4 pue und YM XINI4 | 609 ov9
M:tloS6 una ¥M XIW0D Aongqouos Loldap
02 ¥ - N¥Es6 S | WO 1} G 0} MO|S pue glyM dALAAY | S09 0£9
. 61YM 03 Buljljoud wo330qgns XIHGD
- Ot € oL tvo pue uswesays pue unb aie by 209 029
. M,8Y.56
2L - NiLS08 IVA0OY 9ADLAISd pue g I1LS dALLY b 06§ oLo
. M. t€056 g 931S 01 }isued3 pue unb
0Z. 2 - N.2le6 JOL | L22 4le 9ASiJ3ad puR UNA M) XINI4 | 88§ 009
. MiLboS56 unJd M) X3WOD pue
ol 2 N,S0-6 §S | L¥O Aonqouos Aodsp pue gIyM SAlday } 985 058
- 3ONVLSIO § a3M0TIV] NOILISOd vos] 3sun0 NOILAI¥IS3G LN3A3 SUNOH | MISANM
L IIL IMIL .cm_...u
ISIoUI3

FINA3HIS. INIAZ T3SSIA SnS

“{-A I8Vl

ko




. A obarg ues - Yoop JnN aAtsdy | o988
R . obaLq ueg
,QNwP_. el oL ay 03 jisuedy pue od|ndedy juedag ZhL
| 8t 340d Ul c0d3{ndedy SALJLLY 69
00§ 05 oLy v odindedy 03 3tsuear |  th9
el JV¥CG0JY oABLAYBY 2£9
_ M,2€.£6 ‘ J3UedUS pue
‘1 = Nil€oll unb are aA3LUIBY Y 9ILS BALJULY 1€9
IONVASIA | 0IMOTIV NOILISOd VOS} 3SUN0d NOILdI¥ISIA LW3IAT. SUNOH
. . 1 m _ WIL
AS1243X3

FINAIHIS IN3AT T3SS3A SNS  “L-A 378VL




eweueq ‘eoqleg aAtuay|  |2§ L6
ot iy eweued ‘eoqieg 03 jlsuedf (A%} LSH
M.6Eo16 . S20JNOS SAILUBU :
- N9ESEL | - - pue | 93LS 3@ MOL M3 XaNid] otw LEY
 Mi9el6 [ 331s
.w..me 86 - zrm.m_ono .m L¥0 03 ¢ 89315 wody MOL MO X3W0D 1517 PASTA
74 o S824Nn0s HL4 pue g 33LS SALAAY y2€ A¥
. ¢ 911s 03
ovoz | voe o] v 31sues3 pue obaig ues 3qedsg} ozl i
~3onvasio f ool . woriisod | vos| 3sunod NOILdI¥DS3A IN3A3 SANOH | d38Kn
Sae THMIL . WIL | IN3A3
3ISTNAAI . |
3ING3HIS IN3A3 T3SS3IA MI  "8-A gVl




SITE  DISTANCE (nm)

2 ' 0
30

50

70

100

2 120

47
62

87

.12

127

187

B 163

22
43
63

o4

109

134

P 185

TABLE V-8
YBT and ST Schedule
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VI. TATA ARALYSIS AND INTERPRETATION

The data acquired during this experiment will provide a tase for
studying the long yvar_z propagation of sound in a bottom limited environe
ment. The wrimary objective of the data analysis and interpretation will _
be to understand and describe the effects of bottom interaction.on the
measured propagsation characteristics. ‘ '

Techniques developed by the Naval Oceancgraphic Office (X0O) to
calculate bottom loss versus grazing angles for aingle bounce situatiocns
will be extended to study multiple bounce data. These technigues will be
augnented by procedures developed at ARL/UT to extract basic information
" on the detailed mropegation paths from source to recoiver for the long
range dats. Together with the utilization of current propagation models,
these data processiug and analysis tools will provids the imsight from
the measurements to allow for g more epplicable model of bottom intersce
ticon in propagation calculations. Anslysis/interpretaticn of the seimmic
profiling data and the wide angle reflection data will be required to
support the primary experiment objective.

To gain a full description of the envirommental acoustice of the
area, the CW data will be asaslyzed for propegaticn loss, the axbient nolse
data will be studied for the effects of the pottanm limited conditions,
bathymetyry, and limited shipping disteributiocn. The analysis o the
environmentsl date will provide support to ell of the interpretaticn.

SUS Data Avalvsia

The receiver location gsd tracks for the SUS deployreuts ere ehowm
in Pig. V-1. The track céetall &od deply .eent schedule for the SUS events
sre provided in Fig. V-5. Pigure V-6 shows the sound velocity structure
typical of the area and the receiver ailscaticn in the water coluxa.
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Figure IV-l4 ghows the estimaied bottom reflection angles versus range

of several multipeth arrivals for only one of the aource/receiver
combinstions to be used. From these estimates, it is seen that as range
increases the bottom reflection angles of the primary (first few)
arrivais constituting the received signal are spread over & smaller
range of angles. Beyond approximately 100 nm, most of the received
signcl will have encountered the bottom at angles less than 10°, Only
at short ranges are the multipath arrivels reflected from the bottom at
steep saugles.

The SUS data received at short ranges (<50 nm) will be processed by
NOO with the deconvolution procedures which consist of convolving the-
direst arrival (or Troper replica) with the received signal structure to
obtain the impulse response of each arrival. Each arrival is thus
delineated in time +o within the resolution of the convolution process
and the energy associgted with each arrival can be attributed to the
Troper mechanisms in terms of the physical structure of the bottcm.

SUS data from all ranges will be processed by ARL/UT for propagation
loss using the total energy of the received signael as well as the prope=-
gatlcr loss and bottom loes determined from individuyal arrivals. Of
particular importance will be the comparison between the bottom loss
determined at the long rangea involving many reflections and the loss
determined at short ranges from one or two reflectione. The frequency
and energy characteristics of the individusl arrivals of the received
signal will form the vesic processing for this analysis. Details of the
SUS data processing procedures are gilven in Appendix E.

Aabient Noige Dste Anslyais

Three features combine to make the study of the ambient noise fileld
in the experiment area particularly interesting. First, from the bottouw
linited envirommental condition, the shippivg contribution to the ambilent
noise is expected to be low, Second, almost all shipping in the area is
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concentrated along & 6 nm limit off the coastline. Considering these
two features together, the ambient noise lavel at Site B, approximately
100 nm further from the shipping lane, is expected to be leass than at
Bite A. A third feature results from the shipping lane along the edge
of the Middle American trench. Sound reflecting from the edge of the
trench may couple into the sound chammel and increase the ambient level
above that expected for shallow acurces in water of uniform depth.

_ARL/U'J,‘ will process the ambient noise data from both Sites A and B.
Narrowoand spectra will be used to produce the l/ 3 octave estimates. The

“4 date will be analyzed for frequency, depth, and site dependence to gain

ineight into the governing mechanisms. Details of the noise data pro-
cessing techniques are given in Appendix F.

CW Data Analysis

Event 252 is a CW tow using the Vibroseis source. The sources will
be deployed at depths of 62 £t and 300 ft with four frequencies in the
band from 10 to 300 Hz. The sources will transmit 50 min of each hour
continuously at a constant level.

ARL/UT will process the (W dats for propagation loss and signal
excess along with the associated ambient noise levels. Using the measured
bottom loss dsta, and environmental daste, & meaningful camperison cun be
made between the (W propagstion loss and predicted values. Details of
the CW dats processing technique are given in Appendix F.

Environmental Data Analysis

NOO will process the environmental dats and reconstruct the
source~to-receiver tracks/ranges. These data will be furnighed to the
participants in the acoustics data analysis and modeling.
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Source Data Analysie

A recongtruction of the time history of the source level performance
- of the Vibroseis CW source will be carried out by ARL/UT,

The SUS deployment analysis will be performed by NOO and provided
to the participants in the SUS analysis,

The source level correction calculstions will be performed by USI
from the on board recordings and provided to NOO and ARL/UT.

8US Arrival Structure - ARL/UT

The task of measuring propagation loss, and bottom loss for
individual arrivals from s large number of shots over a long range
interval, requires expansion of the routine SUS processing. There will
be three hydrophones at each receiver depth, to provide & large dynamic
range for the recorded data; when required different portions of the
same shot will be analyzed from different recording chamnels. Multipath
arrival times, bottom angles, and propagation loss assuming perfectly
reflecting bottoms will be computed and used to guide the signal pro-
cessing. This will require good navigation, source, and environmental
data prior to the time the acoustic data is processed. The ancillary
data will be used by programs such as the eigenray program, described in
Appendix B, and by propagstion modeling yprograms such as FACT.

Mgure VI-1 demonstrates the type of analysis which will be performed
4pou the shot arrivals. Also indicated are the bottom reflection angles
for each arrival. If for example the spectral energy in the third ar-
rival vere intograted from 45 to 56 Hz, the results would be the energy

- ir a 1/3 octave band centercd at 50 Hz for signale bouncing ten times
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from the bottom at 3.7° grazing engle. - Subtracting the source 'ehexfgy L
in thet same band ylelds the measured propagation loss for that path.
- Next, the propagation loss assuming perfectly reflecting bottom along
that path is to be computed. The difference between these two values.
18 then ten times the bottom loss at 50 Hz and 3.7° angle. = -

SUS Deconvolution - NOO

Acoustic bottom reflectivity data will be collected nesr ACODAC
buoys along several tracks over a range sufﬁcieht to include up to
three bottom bounces. The dats will be digitized for digital de~
convolution processing and 1/3 octave bottcm loss computations{ 'A
geometry consisting of SUS charges at 244 m and hydrophones at 30 and
1000 m above the bottom and at 1000 m depth will be utilized. Over a
relatively smooth bottom, this gecmetry permits the separation in time
of a single bottom return from its surface reflections. As an aid to the
deconvolution processing, direct signsls will be recorded on the ACODAC
hydrophones as well as the listening ship's 3.5 kHz profiler transducer.
These direct signals permit precise measurement of bubble pulse periods
and hence, through & synthetic deconvolution procedure, the source level
spectrum is adjusted for the small but important variations in detonstion
depths. More importantly, the deconvolution removes bubble pulses from
bottom reflected traces. The resulting impulse responses achieve near
optimum resolution by pulse compression. It should also be possible by
"deghosting" filtering to properly remove interference caused by water
surface reflections overriding deeper bottom returns. This kind of
processing permits direct interpretation in terms of the structure of the
bvottom, since reflections from individual sediment layers and refracted
arrivels from sediment sound velocity gradlients are easily identified.
Measurement of pulse heights and positions from impulse responses leads
to estimates of sediment parameters such as sound velocity and velocity
gradient, density, and attenustion. These parameters integrated with
geological knowledge of the bottom ald in understanding the acoustic -
ocean bottom interaction. An example of a measured source signal is
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shown as the unprocessed trace ‘in Fig., VI-2. The 'dgéothiv_e;& trace

‘shovn in the figure is the effective source signal after: processing

" and 18 a good representation of an idee.l‘spiké*'aiml.": “Bottom returned T

" “signals corresponding to both of these source -signals 1nge;fg._.},iaq,~»5ahmrn o
Mg, VI-2, C o :

The processing described sbove requires that fast Fourler trapnsformes .
of the bottom return signal and a stored direct signal be computed. The
frequency response function is then compute& as the guotient of the two
transforms with.adjustmente  for the bubble pulse period and water columm
-syreading and absorption losses. The impulse response is cbtained by
taking an inverse Fourier transform together with a filtering operatiocn
to minimize the effects of noise. The noise filtering is based on
samples of the ambient noise background. Water column losses ere
determined from ray trace calculations based on sound velocity and
bathymetry profiles measured over the bottom loss tracks.
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APFENDIX A
PROPAGATION LOSS PREDICTIONS

This appendix presents propagation loss prediction from the FACT
_model for the expected range of bottom loss. Results from the two
‘bottom loss types are given for four source depths and four receiver
depths. ' '




Bottom Loss Type 1:

Bottom Loss Type 2:

APPENDIX A

Approximately 5 dB for all grazing angles -

from 0° to 90°.

Same as Al, except that loss decreases
linearly from 5 dB at 5° angle to 0 dB

at 0° angle.

Figure Numbers for Bottom Loss Type 1

Jource Receiver Depth ft/m

Depth

ft/m 500/152.5 3297/1005 7520/2291.7 10702/3261.7
60/18.3 Al A2 A3 A4
300/91.4 AS A6 A7 A8
800/243.8 A9 Al0 All Al2

2000/ 609 .6 Al3 Al4 AlS AlS
Figure Numbers for Bottom Loss Type 2

Source Receiver Depth ft/m

Depth

ft/m 500/152.4 3297/1005 7520/2201.7 10702/ 3261.7
60/18.3 Al7 Al8 Al9 A20
300/91.4 A2l A22 A23 A24
800/243.8 A25 A26 A27 A28
2000/609.6 A29 A30 A3l A32
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APFERDIX B
EIGENRAY TABULATIONS

This appendix gives tabulations of the predicted behsvior of
eigenrays for four source depths and four receiver depths and & range
of 131.2 nm. For each eligenray tbe information given is reflecting
layer (for this example only the bottom named layer No. 1 is used),
gource sugle, receiver angle, hottom angle, and time required for trans-~
niesion and mmber of deep turning points. The SVP ghown in Plg. ITI-2
vas used. The computer progrsm EIGENRAY. used to obtain these results, -
is & layered ccean program which identifies all eigenrays, including
botton penetrating eigenrays, far & glven mopagation geometry and
tabulates the ray paraeneters which are ebown in *his appendix.
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’ APPENDIX B

Eigenrays for four receiver depths and four source depths at
151.2 nm range. '

Table numbers for source/receiver combinations.

Source Receiver

Depth Number: 1 2 1 3 . 4

ft/m Depth ft/m: 500/152.4 3297/1005] 7520/2291.7 10702/3261.7
60/18.3 Bl B2

300/81.4 B3 B4

800/243.8 85 B6

2000/609. 6 87 B&§
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APPENDIX C
ORGANIZATIONS
g2

(to be added later)

NAJOR EQUIPMENTS




APPERDIX D
OPERATIONAL DETAILS

DETAILED OPERATIONAL PLANS

ACOUSTIC SOURCE FREQUENCIES

RADIO FREQUENCIES, ETC.

(to be added later)
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APPENDIX E
8US PROCEESOR DESCRIPTION

The analog data recordings are times compressed in playback and
converted to digital format slong with associated timing end system
information. Three dats channels or hydrophones are converted simul-
tenecusly. The data eve filtered in playback for antisliasing snd eatie
struming (low frequency receiver effects). The sampling rate, which 1s
synchronized by a tone on the data tape to minimize analog record/pisybaeck
variaticus, is dstermined by the freguency renge of avalysis. The |
broadband digitized signale are not archived after the processing is
compisted. '

The heart of the sutomatic SUS processor is a software system with
an adaptive slgorithn that determives the threshold for dstection based
on estimates of the acbient noise snd the euvelope of the SUS eigesl.
Coincident dstection is required scross multichanneis to minimize the
false elarm rate. For example, E‘ig. 2=1 shovs the arrivel of g shot
received on the hydropbone data channels. Source infortistion frox the
exercise operations is input to the processor, vhich utilizes a simpla
popagation model to calculate an expected event arrival time vindow.

The SUS signal duraticn is infependently determined on esch duta
channel since varying propsgitior pathe can exfst between the source and
receiving nydrophonss. An edaptive filter hased cn the signal enaxgy
relative to the anbient Bolse cuergy 16 uped to determise the shol signal
terztuaticn. Informaticn from eack detected SUS is used to update the
filter paremsters for each following event.

Opce the evenl ia detected and the signsi duration is determined,
an ¥° slgoritha ie used to determine the high resoluticn epectrum of
the signal plus noise. The resolutiocn in the spectral estinmgtiocn is
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based on the sampling rate chosen and & 4096 point transform. The
spectrum of the ambient noise immedigteliy precedingz each SUS is deter-
mined in a like manner.

The structure of the received SUS frequency spectrum 1s determined
by the multipeth arrival structure and the SUS source character. For
example, Fig. E-2 shows the spectrum of two different SUS arrivalis
including the noise spectrum preceding each arrival. The spectira are
remarksbly different because of the source depth difference, which
determines the SUS tubble pulse frequency.

The general flow of the shot processing is summarized in Fig. E-3,
and the parameters of the prucessor are outlined in Fig. E-k.

Procesf r Qubputs

For esch SUS rignal detected the following information ia output to
v digltal tape and is used in the analysis of the acoustics of the
environment :

1) SUS event time to 0.0l sec.

2) 8US duration to 0.0l sec.
%) High resolution spectre of signal plus nolse.

4) High resolution spectra of the amblent noise sampls associated
with each SUS.

5) 8US signal energy, smbient noise encrgy, and signal-to-noise
estimates in 1 and 1/3 octave frequency bands.

6) Propagation loss and signal-to-noise estimates versus range
and/or time.
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DATA SOURCE: ANALOG TAPE

PROCESSING TECHNIQUE: ANALOG TO DIGITAL CONVERSION OF CONTINUOUS RECORD
INTFRMEDIATE STORAGE ON DIGITAL TAPE AUTOMATIC COMPUTER EVENT
DETECTION ADAPTIVE SIGNAL D'RATION DETERMINE FPT ENERGY ANALYSIS.
RANDOM ACCESS DISK FOR SIGNAL SORTING

SIMULTANEOUS PROCESSING OF THREE HYDROPHONE CHANNELS

PLAYBACK SPEEDUP: 20/1

PROCESSING SPEED: 10 TC 15 sec FOR HYDROPHONE SHOT INCLUDING NOISE
(EXERCISE DEPENDENT) {

RESOLUTION: EVENTS TO 0.0l sec, FREQUENCY TO 0.15 Hz

AVAITABIE OUTPUTS:
SIGNAL ARRIVAL TIMES
SIGNAL DURATICN
POWER SPECTRA FOR SIGNAL AND NOISE
OCTAVE BAND ENERGIES
PROPAGATION 1L0SS
SIGKAL-TO-HOISE RATICS

FIGURE E-4
ARL/UT SUS PROCESSING SYSTEM
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APPENDIX F
AN/CW PROCESSOR DESCRISTTION

The AN/OW processor is a hardware/software configuration designed
to perform s narrowband analysis over e varisble frequency range
handling large volumes of data. The system is divided into five taske:
A/D conversion, spectral estimation, band estimation, editing, and
display. Parameters such as bandwidth, frequency range and resolution,
and integration or averaging time can be readily adopted to suit different
applications.

For the A/D task, the analog data recordings are time compressed in
playback and converted to digital format. The equipitent configuration
is shown in Fig. F-1. One hydrophone channel is digitize@ on each pro-
cessing, run along with the corresponding timing and receiving system
information. Programsable emplifiers, controlled by the digltal
computer, are used to maximize the dynamic range utilization of the A/D
_eonverter. The sampling signal io phaeed locked to & reference on the
data tape to minimize errors due to record/playback fluctuations.

During one A/D pess the computer flags any sample whose amplitude
exceeds the range of the A/D converter. The computer also determines
the peak and average amplitude of the data for each minute. This
information is used to determine the desired amplifier setting for the
data in the following minute. Time synchronization checks are maiutained
by the computer throughout an A/D run.

The second task of the processor is to compute and caiibrate a
parrowband epectra from contigucus time {norements throughout the data
perdod analyzed. Currently an 815 point FFT is used to provide a
frequsncy resolution of 0.0T Hz for tha frequency range of 10 to 300 Hz.
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The ambient noise spectra can be time averaged over a selected |
period and output as narrowband and/or octave band time series. Various
statistical algorithms are availsble to furnish the information required
to perform an acoustical analysis of the data.

The CW analysis is achieved by usi: - the calibrated narrowband
spectra to estimate the signal power in a given frequency band. The
spectra are first averaged for a specified period. From these averages,
two types of band estimates are obtalned. For each CW signal, a narrow
(%1 Hz) band centered about the source frequency is searched for its
spectral peak line. The power in a narrower band (0.22 Hz) centered
about this peak is then determined. Peak tracking is used to compensate
for any doppler shift and variastion in source frequency that might occur.
The second type of band estimate determines the amblent noise power in
e wider band (4 Hz) associated with each source frequency. An algoritha
is used to uinimize the effects of extraneous shipping lines and short-
term nonstsetionarities that often contaminate data of this type.

The third task performed by the AN/CW processor automatically edits
the reduced dats for artifacts and contamination from these sources:

1. environmental effects such as biological and seismic noise,

2. exercise effects such as conflicting sources (SUS), source level
fluctuastions, source timing, end shipping nolse, aud '

-

3. receiver and recording system effects.

The techniques aud algorithms used in the editing phase are software
implemented with the exception of some SUS detection scccmpliehed during
the A/D phace. ‘These algorithms coneist of calibrations, da%a quality
indicators, information from exercise operations, and adaptive filters
for octave and narrovband noise estimators, pesk tracking, and correction
of receiver system artifacte.
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The data displey consists of graphics and tabulations specified
and required in the final analysis performed. Pigure F-2 summarizes
the CW/AN processing. ' v

Procesgor Outputs

The following outputs of the All/CW processor are aveilsble for
analysis: '

1. anbient noise spectra in marrow and/or octave bends,

2. CW signal povwer, noise power, and signal-to-noise estimstes
in narrow frequency bands, and

3. propagation loss (PL), noise power estimates, and sigaal-to-
’ noise estimstes versus range and/or time.

“ Examples of PL and signal excess (S+N/N) in the deep ocean are
shown in Figs. F-3 and F-4. These show the PL along the same track for
an inbound source and then an outbound source. The figures illustrate
the repeatability of the PL as a function of range and equally inter-

~ esting is that they show rather large variations in the noise background.

Noige varistions like this are difficult to interpret when viewed through
& nerrowband processor and ARL has found that a valuable aid in intepr-
pretation is a time versus frequeucy plot of the total available spectrum.
Por axsmwple, the noiee increase in Fig. F-3 is identified as & moving
broadband source {n the three-dimensional plot shown 4in Flg. F=5.
Another view of Fig. F-3 is Fig. F-6, which is & better illustration of
the quamntitative rise in the noise level.
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REQUIRED INPUTS | g . QuTPUTS

EVENT TIMES + HYDROPHONE NUMBERS . COMPUTER LOG

FREQUENCY RANGE / OPERA/OR WOTES

CW PROCESSING BANDWIDTH . RAl DIGITAL YAPES CONTAINING:
TIMECODE SYNC \ CIGITIZED DATA

CALIBRATION SIGNAL FORMAT AND LOCATIONS TIMECODE INFORMAYION

OVERLOAD SIGNAL FORMAT ANPLIFIER SEVVINGS
HYDROPHONE/TAPE CHANNEL ASSIGNMENTS GUESLOAD AND CLIPPING INDICATO!
ANALOG TAPE : BOUXKEEPING ENTRIFS

RECEIVER CONFIGURATION

HYDROPHONE SENSITIVITY

PREAMPLIFIER SAIN AND RESPGNSE

CABLE LOSS FOR EACH HYDROPHONE

CALIBRATION SIGNAL LEVELS

ANY PERTINENT PRE/POST
DEPLOYMENT NOTES

CONVERSION FACTORS
OVERALL FREQUENCY RESPONSE
STATISTICS ON RECEIVER:
AHPLITUDE STABILITY
FREQUENCY STABILITY
GAIN STATES
NOISE FLOOR
SPECTRA SAVED ON DIGITAL TAPE

CALIBRATION |

SOURCE FREQUENCIES (0.1 Hz) PEAKS, MEANS, AND MEDIANS WITHIN
APPROXIMATE SOURCE SPEED AND DIRECTION ' EACH CW BAND
SOURCE FREQUENCY STABILITY BAND TOTAL POMER IN EACH 1/3-0CTAVE /
ESTIMATION / BAND NORMALIZED T0 1 Kz
/' HIGH-RESOLUTION AVERAGED SRv -
STATISTICS ON RECEIVER AND & -
ARTIFACTS
INTERMEDIATE DIGITAL TAPES
COMPUTER 10G

RANGE AMD BEARING TO SOURCE , FINAL DIGITAL YAPES
SOURCE LEVELS AND ON TIMES EDITING STATISTICS
SHIPPING PROXIMITY
CONFLICTING EVENTS

RECIPIENTS ' PLOTS

FORMATS TABULATIONS
AVERABING TIMES bispLay ) STATISTICS

TRANSHITTAL TAPES

FIGURE F-2

ARL/UT GW/AN PROCESSCR
AS-T5-232k
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APFENDIX G

6 January 1975

MEMORARDUM

Fram: Chalrman, Technical Advisory Group, Bottam Interaction
Experiment
Tos Manager, Long Range Acoustic Propagation Project

Subj: Report and Recommendations of Technical Advisory Group

Ref: éa‘ ONR Code 102-0SC:REM:ke ltr of £ August 1975 .-
5 "hcoustic Bottom Interaction Experiment Description,"
Loyd D. Hampton, Applied Research Laboratories,
13 August 1975 éPreliminary Copy)
Ecg NAVOCEANO Code 6130:RSW:jaa memo of 1 December 1975
"Acoustic Bottom Interaction Experiment Description,"
Loyd D. Hempton, ARL-TR-T5-41, . November 1975

Encl: (l) Attendance at First Meeting of Technical Advisory Group
for tue Bottom Interaction Experiment (28 August 1975)
{(2) Attendance at Second Meeting of Technical Advisiory Group
for the Bottom Interaction Experiment (11 December 1975)

1, Reference (a) established an ad hoc Technical Advisory Group (TAG)
for the IRAPP-sponsored ocean acoustics exercise in the eastern Pacific
Ocean in an acoustic bottom limited environment {Bottom Interaction
Experiment), The first meeting of the TAG was held in Austin, Texas,
on 28 August 1975 to review the preliminary experiment description
contained in reference (b). Enclosure (1) lists the participants at
the first meeting. At that meeting the location for the proposed
experiment was changed to an area having a smoother bottom., In
addition, & number of suggestions were made concerning the experiment
objectives, plan,and details contained in reference (b), A4s a

result of the discussions and suggestions made at the first TAG
meeting, together with comments received from those who could not
attend, the rreliminary experiment description was revised by the

Chief Scientist, Dr. Loyd Hampton.

2, The second meeting of the TAG was held in accordance with reference (c)
on 11 December 1975 in Washington, DC. Enclosure (2) lists the TAG members
and others who attended thi, meeting. Although the Bottom Interaction '
Experiment hag beeh postponad due to funding deferrals and the loss of
required ACODAC s;stems in another LRAPP exercise, the meeting was held

to reviev the revised experiment description to ensure that a technically
gound plan is avallable for use whenever the experiment is rescheduled.

The TAG was informed by the LRAPP staff that the earliest pogsible period
for the conduct of the experiment would be FY TY and that decisicns
conceraing the fate of the experiment had not yet been made.
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6 January 1976

Subj: Report and Recommendations of Technica.l Advisory Group

3. The TAG notes that the experiment was originally planned in
accordance with an overall sequence of LRAPP exercises scheduled for
FY 76, which placed certain geographic,- financial, and resource con-
stralnts on it. In view of the postponement of the experiment
these constraints no louger exist in the same way and they may
unnecessarily limit the conduct of the proposed experiment; however,
at my direction the revised experiment description was reviewed
largely in the context of the original constraints.

L, The TAG considers the Bottom Interaction Experiment Description
to be well conceived and thought out, In particular, the TAG
commends the Chief Scientist for his application of acoustic models
in the experiment desiga. The TAG endorses the revised experiment
plan within the limits of the original constraints, The TAG does
suggest, however, that selected aspects of the plan should be
reviewed further if the experiment is to be conducted at some time.
In particular, it is recommended that the following parts of the plan
be reviewed:

a. Experiment Location: The area selected is generally well-
sulted for a bottom interaction experiment and offers some advantages
in that it permits a number of related transmission phenomena to be
investigated, together with propagation in a bottom limited reglon.

Ir addition, some hottom loss and geophysical dats already exist for
the ares, although 1t should be noted that the region 1s geophysically
complex, possibly making interpretation of the resulting datas difficult.
The ares chosen has logistic advantages of proximity to the continental
U.S., as well as consistency with the overall geographlic and time
sequence of the originelly planned FY T6 LRAPP exercises. Should the
experiment be conducted in the future it may be desirable to move the
experiment to a geophysically less complicated region, to a region of
higher geographic priority, and/or to & region where more detalled
geophysical information 1s availlable, such as an area contailning deep
sea drilling sites. Moving the experiment to ancther location may,

but not necessarily, improve the results on their application to

future systems or geographic interests.

b. Use of Near-Bottom Hydrophones: The experiment as currently
planned utilizes a set of near-bottom hydrophones on the ACODACs.
The use of these near-bottom hydrophones may be of souwe advantage
for certain system applicetions; however, their use in interpreting
the data, partiecularly for determining bottom loss, may be limited
by the lack of sufficient time separation between direct and bottom
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6 January 1976
Subj: Report and Recommendations of Technical Advisory Group

reflected signals. The desirability of using these near-bottam
hydrophones in the ACODAC corfiguration should be reviewed in the
context of system related versus experiment objectives. At this
time the TAG does not recommend a particular deep hydrophone
configuration.

¢. OW Projector: There does not appear to be sufficlent
Justification at this time for including a CW projector in the
experiment. It appears that the experiment objectives cen be
satisfied without the use of the projector and .it should be dropped
from the experiment unless further justified. '

5, In view of existing financial constraints for experiment planning
and the postponement of the experiment, and in order to meintain the
integrity of the experiment design the TAG does not suggest the

Chief Scientist modify the experiment plen at this time to incorporate
the sbove recommendations. The TAG recommended to the Chief Scientist
that, with some minor changes, reference (d) should be forwarded to the
Manager, LRAPP, for final review, and then printed in limited numbers
for future reference and use.

6. In light of proposed future LRAPP-sponsored exercises, the TAG
strongly recommends that the Bottom Interaction Experiment be con-
ducted prior to the conduct of similar measurements in the Indian
Ocean. Planning such as went into the development of the Bottom
Interaction Experiment and the results from such an experiment should
be used in developing an Indian Ocean exercise plan. The experience
and results gained from & preliminary bottam interaction experiment
should be invaluable for the conduct of future measurements in
bottom limited regions.
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6 January 1976
Subj: Report and Recommendations of Technical Advisory Group

7. Finally, the TAG recommends that consideration be given to expanding
the sponsorship of the proposed Bottom Interaction Experiment to include
the interests of NAVELECSYSCOM and ONR, Combined sponsorship would
increase the resources avallable to support such an experiment. Judiciou
planning could satisfy the mutual interests of the 6.1, 6.2 and 6.3
communities and provide & cost effective means of conducting &
significant experiment.

ROBERT S. WINOKUR

Copy to:

J. T, Gottwald, Tracor, TAG Member

J. 8. Hanna, AESD, TAG Member

M. G. Lewis, NAVELEX, TAG Member

M. 8, Welnstein, USI, TAG Member

L, D. Hampton, ARL/UT, Chief Scientist
R. E. Morrison, LRAPP

Homon
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Attendance at First Meeting of Technical Advisory Grou
for the Bottom Interaction Experiment (28 August 1975

Winokur, NAVOCEANO, TAG Chairman

Welnstein, USI, TAG Member

Wittenborn, Tracor, representing J. T. Gotiwald, TAG Member
Hampton, ARL/UY, Chief Scientist

Ellis, ARL/UT

Anderson, ARL/UT

Kirst, T.I.

Morrison, LRAPP

Lane, LRAPP

Attendance at Second Meeting of Technical Advisory Grou
for the Bottom Interaction Experiment (1l December 19(5§

Winokur, RAVOCEANO, TAG Chairman
Gottwald, Tracor, TAG Member
Henna, AESD, TAG Member

lewis, NAVELEX, TAG Member
Weinstein, USI, TAG Member
Anderson, ARL/UT

Bezdek, ONR, Code 486

Hampton, ARL/UT, Chief Scientist
Lane, LRAPP

Morrison, LRAPP

Reese, PME-124
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