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(C) Parece Vela Basin is characterz/zéd as bottom limited and high bottom loss
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characterized as an area of depth excess and high bottom loss.
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CONFIDENTIAL

I. INTRODUCTION

(C) CHURCH STROKE II, Cruise 5, was conducted in November and December
1977, in the Philippine Sea. The planning for Cruise 5 of the exercise
was presented in "Exercise Plan for CHURCH STROKE II Cruise 5" (U).l
Acoustic measurement systems deployed included the LAMDBA (large aperture
mobile data base array) systems, two PAR (programmable acoustic receiver)
systems, and two ACODAC (acoustic data capsule) systems. Data recorded
on the PAR and ACODAC systems have been processed at ARL:UT under this
contract, The subjects of this report are bottom loss, propagation loss,
and Ambient noise measureneits from both the ACODAC and PAR systems.
Figure 1.1 presents the locations of sites from which data have veen
processed; these data were acquired on 15-20 November at Site B, 27-29

November at Site EN, and 17 November at Site C.

(U) The data objectives of the ACODAC were bottom loss versus angle and
frequency; propagation loss and signal excess versus source range and

depth, and receiver depth; ambient noise as a function of wind speed and
receiver depth; and the effects of extended bottom limited propagation
conditions in the Philippine Sea on ambient noisc¢ and propagation loss.

The data objectives of the PAR were: sensor performances for omaidirectional,
vertical line arrays (VLA), and DIFAR sensors based on ambient noise and

cw projector tows. The recorded data have been processed at ARL:UT using

computer programs operating upon digitized samples of the recorded data.

(U} The main purpose of this report ia to present the processed data

obtained from the ACODAC and PAR deployments during Cruise 5; obsvrvations

and analyses are preseated in Chapter 6 of this veport. The complete
set of measurements s stured on digital computer tapes, which ave available

to CHURCH STROKE Il technical investigators.
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(U) ACODAC recording systcms2 were deployed at Sites B and EN to record
ambient noise and cw and SUS propagation events. Each ACODAC was set up
to record 12 data channels and 2 time code channels. At Site B the ACODAC
recorded for 5 days and at Site EN, for 10 days.

(U) PAR recording systems3 were deployed at Sites B, C, and EN to record
ambient noise and cw propagation events. Each PAR was set up to record one

time code channel, and 13 data channels: 11 omnidirectional channels and

2 horizontally directive channels. The PARs recorded for 6 days at Site B,
2 days at Site C, and over 10 days at Site EN.

(U) The same ACODAC hydrophone configuration was used at Sites B and EN.
This configuration is shown in Fig. 1.2. Hydrophone 1 rested on the
bottom and hydrophones 2 through 8 were distributed throughout the lower
1000 m of the water column. Hydrophones 9 and 10 were well up into the
sound channel. The receiviag sensitivities of hydrophones 8 and 10 were
appropriate to measure SUS events, while the sensitivities of the remaining
hydrophones were appropriate to measure the cw events and ambient noise.
Problems with the ACODAC recordings,4 however, limited the data processed
to data from one uncalibrated SUS hydrophone (No. 8) at both sites and five
cw/AN hydrophones (No.'s 2, 3, 4, 6, and 7) at Site EN only. As will be
discussed in Chapters I1 and LT[, these recording problems meant that
calibrated total propagation loss measurements from SUS sources could not
be made (they have been estimated). However, bottoa louss measurements
could be made from the SUS sources recorded on the cw/AN hydrophones.
Within the constraints of these problems, the available data which were

processed should be goud enough to achieve most of the ACODAU objeetives.

(V) A single hydrophone array configuration was used for all PAR f
deployments. This coafiguration is shown in Fig. 1.3. Hydrophone 1 was |
15.2 & off the bottom. The remaining emnidirectional hydrophones (2-4

and 7-13) were uniformly spaced 3.8 & (12.5 fr) froam the adjacent hydro-
phones. The directional hydrophones S and 6 were located in close proximity

to omnidirectional hydrophone 7. All of the PAR hydropliones were set up

3
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(U) with receiving sensitivities appropriate for measuring the cw and ambient

noise events. Problems with the PAR recordings,a however, limited any

processing to the omnidirectional data at selected time intervals.

Although sensor performance comparisons were unattainable, the quality of

E ) the available data warranted processing of selected time intervals to

supplement the ACODAC data set. B

(U) The times of events during which the ACODACs were recording are
presented in Figs. 1.4 and 1.5. The times when the PAR systems were

A recording are shown in Figs. 1.6 and 1.7. The shaded areas in these

figures indicate the times and events which were processed and are reported

1§ here.

(C) Ambient noise and cw propagation data were processed for Sites B, C,
and EN. At each of these sites data from only one PAR hydrophone was
prccessed. At Site B, data from three ACODAC hydrophones were also pro-
cessed for ambient noise. The ACODAC data from all five working cw/AN

. hydrophones at Site EN were processed. These data were analyzed in narrow-
band spectra with a frequency resolution of 0.147 Hz over the system band-
width of 10 to 500 Hz. One power spectrum per minute was produced and
stored on digital tape. Additional processing details are given in
Appendix A,

(U) The SUS data at Site B and the aircraft SUS event at Site EN were
processed for propagation loss and bottom loss. These shot data were

analyzed in 1/3 octave bands between 12.5 Hz and 600 Hz using the

techniques given in Appendices B and C. As mentioned above, problems with
the ACODAC recording system prevented calibrated measurements of propaga-

tion loss from the SUS sources.

(C) Bottom loss and propagation loss computed from the SUS data were
calculated using source levels published by Gaspin and Shuler.5 The cw
propagation loss calculations were based on the source levels presented
in Table I-1 for the short ranges at Site B, and in Table I-2 for all -
other tows. Ancillary exercise data sources are listed in Refs. 6-l1l.

6
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()] TABLE I-1
SITE B - SHORT RANGE ACOUSTIC ‘
SOURCE LEVELb g

Range Interval Level
(km) (dB//uPa)

0 - 22 155 1

22 - 37 165

(V) TABLE ©-2
ACOUSTIC PRUJECTOR Sotkee Lever®

Frequeancy Level
(Hz) (d8//uPa)

67 174

197 172

L e e v g
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N II. SITE B ENVIRONMENTAL ACOUSTIC DATA

2 ] (C) Figure 2.1 presents the Stze B location and the SUS shot run

T processed for this site. The site location was 14°54.5' N, 141°31,2' E;ll

" the SUS source event commenced at 0740, 15 Novewber 1977, and was concluded
‘ at 1716, 16 November 1977. This run was on an approximate bearing of 340°
f“. ;5 relative to the site. The data processed was for a range !interval extending
f:c 3 from 35 km to 500 km.7'8 The eatire event was conducted within the bottom

limited basin shown {u Fig. 2.1.

’ ﬁs (U) Shots detonated at Zepths of ©1 m and 244 m and received at a

.- hydrophone depth of 3572 m (l0CO m off the ocean floor) have heen analyzed.
There wece tvo hydrophones deployed at this depth. One hydrophonre with
a nominal receiving sensitivity of -151 dB//V/uPa was designed to smeasure
thie shot data, and another hydrophone, with a nominal receiving sensitivity
of =128 to -98 dB//V/uPa (varying gailn) was designed to measure ambient

noise and cw data.

(U) The predeployment calibration signals for the shet hvdrophone

excevded the saturation level of the recording tape. and therefore the

% data received o0 this hydrophone was uncalibrated. Siace the high sensi-

% tivity hydrophone wax designed to measure asbient uolse, the peak level of
i the first and second multipath arvrivals of alsmost a1l of the shots

fé salurated the tape recordings. Botrow loss swasurements vere made usiag

( the uasgturated higher order arrivals feceived on the ambient avise hydro-
o phunes.  However, total propagation loss could not be aceurately seasured
! because of the above problems. To pot an estimate of tetal propagation

R loss, data froa both the shot hydrophone and the ambleat noise hydrophone

\ have been processed for propagation loss. fhe Jdata froa the shot hydrophone

(uncalibrated thoupgh unsaturated) have boen plotied as Felative sound

pressure level (SPL) to present the structure of the propagatien loss as

a function of range. The Jdata from the subiceat noise hydrophone

13
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FIGURE 2.1
CHURCH STROKE IL - SITE B (U)
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(U) (calibrated though saturated) have been plotted as propagation loss to
provide an upper bound on the propagation loss. All of the propagation
loss data have been plotted with symb: ls to indicate the signal-to-noise
ratio (S/N) within the measurement band. The meaning of each symbol is

given below.

X: S/N 2 3 dB,

> +: 0 dB £ S/N < 3 dB,

' S: Saturation on some peaks, :
n: -3 dB < 8/N < 0 dB, and ;
A:  S/N < -3 dB. %

The term saturation refers to recorded shots which have a peak amplitude

exceeding the maximum recording level. E

(C)  The INDIAN SEAL towed a cw projector approximately along the 345°
radial of Site B from 1740 18 November to 1200 19 November 1977. The

tow startec at a range of 180 km and finished at the site. Data recorded

on the PAK during this time interval have been processed :or cw propagation

loss and ambient noise. The hydrophone had a nominal receiving sensitivity

. of -138 to -96 dB//V/uPa and was at a depth of 4542 m (30 m above the bottom).

At ranges greater than 36 km the source depth was 18 m, while at closer

range the source was at 91 m.

2.1 Bottom Loss at Site B

; (U)  Bottom loss measurements are presented as the loss per bounce as a

g function of buttom grazing angle; the data processing {s given in

Appendix B. The bottowm loss measurements for each multipath arrival are

presented in Figs. 2.2 and 2.3. The symbol plotted for a given wecasure-

]

ment .adicates the total number of bottom bounces for that arrvival.

(U) A scalloping effect can be seen in the 23 He and 50 Hz bottom loss

é . weasurements from the 91 m SUS (Fig. 2.2). It 1s felt that the bottoa loss

does not actually follow such a pattern. This type of behavior arises from

small discrepancies between the values of parameters such as sourece range

13
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or source depth which were used for data reduction and the actual value(s)
during cthe experiment. One may understand this by considering the propagation
loss measurements and reference calculations going into Figs. 2.2 and 2.3;
the material of Appendix C and Ref. 12 are relevant to this consideration.
Figure 2.4 presents the calculated reference propagation loss as a function
of bottom grazing angle (see Appendix C). The scalloping in this figure is
due to surface image interference (Lloyd's Mirror Effect). 1In Fig. 2.5

the individual measured arrivals are seen to be blurred, due, probably, to
problems in the experiment, For example, variations in the source depth or
the navigation data result in slight errors in predicting the bottom angle
of a given arrival and blur the effects of the surface image. In turm,
this results in a slight scalloping in the measured bottom loss curves,

as in Fig. 2.2; the influence of this effect is diminished by averaging

over grazing angle.

(W Figure 2.6 presents the average bottom loss at Site B. Data from the
two source depths were combined and then averaged in 5° bins. These

averages have been plotted at the midpoint of the angular bin. Table II-l
presents these average values along with the standard deviation and the number

of points used in each average.

(U) The bottom loss measurements were limited to bottom grazing angles
less than 35°; the arrivals predicted at angles greater than 35° weve not
detectable in the shots processed. For example, Fig. 2.7 shows the envelope
of one of the Site B SUS arrivals. Bottom reflection angles calculated for
that shot are shown in the figure. As may be seen, the arrivals at angles
above 35° become abruptly absent. This is consistent with known sediment
thickness in the Site B basin which is approximately 350 m.l3 Assuming
typical sound velocity gradients in the sediment, one may calculate that
rays steeper than 35° at the bottom will fully penetrate the sediment and
be scattered from the basalt basement. For that reason, at angles above
35° it is recommended that 10 to 15 dB of bottom loss be assumed, as
indicated in Table II-l.

18
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FIGURE 2.6
(U) AVERAGED BOTTOM LOSS (5°INTERVALS)
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SEE TABLE 2.1
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(<) TARLE II-1
AVERAGED BOTTOM LOSS DATA CHURCH STROKE II - SITE B (U)
91 mw and 244 m SUS
Receiver Depth - 3572 n
Bounces 3-12
25 Hz
Grazing Angle Std  Number Grazing Angle Std  Number
Interval-Deg Mean Dev  Samples Interval-Deg Mean Dev  Samples
0 5 -0.3 1.5 312 0 5 1.2 1.7 357
5 10 0.3 0.8 672 5 10 1.1 0.6 831
10 15 0.4 0.6 627 10 15 1.3 0.4 681
15 20 0.8 0.5 375 15 20 1.2 0.4 390
20 25 0.5 0.7 414 20 25 1.4 G.5 447
25 30 0.5 0.7 357 25 30 1.7 0.5 369
30 35 1.8 0.8 93 30 35 2.7 1.0 99
35 40 4.5 0.5 6 35 40 5.5 1.0 9
100 Hz
Grazing Angle Std  Number Grazing Angle Std  Number
Interval-Deg Mean Dev  Samples Interval-Deg Dev  Samples
0 5 1.7 1.8 276 0 5 1.8 1.6 243
5 10 2.1 0.7 453 5 10 2.3 0.8 435
10 15 2.1 0.5 408 10 15 3.2 0.8 213
15 20 2.3 0.4 261 15 20 4.0 0.7 135
20 25 2.8 0.5 294 20 25 4.7 1.0 156
25 30 3.4 0.5 258 25 30 5.7 1.0 153
30 35 4.6 1.1 78 30 35 6.4 0.7 39
35 40 6.6 1.0 9 35 40 7.6 0.0 3
400 Hz
Grazing Angle Std  Number
Interval-Deg Mean Dev  Samples
0 5 2.8 1.7 207 NOTE: Arrivals above 40° grazing
5 10 3.2 1.2 168 angles not detected.
10 15 5.0 0.9 54 Recommend using 12 dB loss
15 20 6.1 1.3 45 above 40° at all frequencies.
20 25 6.7 1.8 75
25 30 7.8 1.9 69
30 35 9.2 0.2 15
35 40 8.8 0.0 3
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NUMBER OF BOTTOM REFLECTIONS: 1 2 3 4 5 6 7 8
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FIGURE 2.7
ENVELOPE OF 244 m SUS AT 40 nmi RANGE
FROM CHURCH STROKE II-SITE B
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2.2 Propagation Loss at Site B

- (U) Since there were no calibrated SUS propagation results because of
; equipment problems, we are presenting two types of results here to provide

a picture of SUS propagation in the area.

! (U) The SUS hydrophones were approximately calibrated by matching the
é {‘ levels received at the SUS hydrophone and the ambient noise hydrophone

A at the same depth. Only individual SUS multipath arrivals which were not

saturited on the ambient noise hydrophone and which had a positive S/N on
the shot hydrophone were used. Figures 2.8 through 2.13 show estimated
propagation loss as measured from the uncalibrated shot hydrophone channel.
On these figures, all results at a given frequency are comparable. For
|- in example, the differences bhetween propagation losses from the 91 m and

i.' 244 m SUS at 25 Hz, seen in Fig. 2.8, are accurate. The source depth

E{' dependence of these results arises from the fact that the area is bottom
‘ limited. The 244 m SUS, but not the 91 m SUS, are below the conjugate
depth of the sound velocity profile. From the 244 m SUS, bottom refracting
'_§§ i (vice only bottom reflecting) propagation is possible; hence, the convergence

S zone structure in the 244 . source data.

(U) As an estimate of this lower bound of propagation loss, measurements

from the saturated AN/cw hydrophone channel are given in Figs. 2.14

e ———

through 2.20. An "S" symbol means that some of the multipath arrivals from
a shot saturated the recording, while other portions of the signal were
properly recorded. Notice that, because of signal saturation, the con-
vergence zone structure--the periodic high signal levels of the 244 u
data--seen in Figs. 2.8 through 2.13 is absent in Figs. 2.14 through 2.20.

z \ (U) Table I1-2 summarizes the cw projector data from the PAR usystewm at
Site B; 67 Hz and 197 Hz tones were broadcast for the entire range of

180 km. At a range of 22 km the source level for both frequencies was

increased by approximately 10 dB. At 37 km the source level was again
increased by 10 dB and the source depth was decreased from 91 m to 18 m.

Vo o i e
.

24
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© TABLE 1I-2
CHURCH STROKE II - Site B
Projector Tow Summary (U)
Range Source Source Level (dB) Preopagation Loss
Interval Depth 67 Hz 197 Hez Figure Number
(kin) (m)
0- 22 91 155 155 2.21
22 - 36 91 165 165 2.21
37 - 18¢C 18 174 172 » 2.27
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(U) Prcopagation loss for the Yl m source {s presented in Fig. 2.21; propagation

loss for the 18 m source is presented in Fig, 2.22.

(U) Signal excess and ambient noise level (in an adjacent frequency band)
during the projector tows at Site B are preseanted in Figs. 2.23 through
2,26. Both the 91 m and 18 m source depths are included in these figures.

2.3 Ambient Nolise

K . J
3 "k§

.2 O (C) Data were selected from PAR chanrel 4, from a hydvophone 30 m above
-3 ‘I:;?& K

- - the botcom, for the time periods 322/0000 through 324/0600. Selected

; QiQ'f | 1/10 octave band time series for that channel are shown in Fig. 2.27.

i g% The merchaat ship JICD was identified during this time and will be dis-
4 i

s Pt

cussed ia Chapter V on ship signatures. Percentile spectral levels for this
period are shown in Fig. 2.28; at 50 Hz the median level is near 74 dB
?; and the minimum level was found to be 63 dB. During this period the

dynamic range in level covered 40 dB across most of the spectrum.

Included in Filg. 2.28 is the system electronic noise spectrum, which can

be used to agsess where the data are corrupted by electronic noise.

(C) Data from the time period 330/0900 through 370/'200 was selected
for three channels from the ACUDAC to study depth dependence of the noise,
PAR data during the same period were also processed to evosscheck calibra-

tion between the twe systems. The 1/10 octave band time series {ullowed

by their respective percentile spectral plote are shown in Figs, 2.29
through 2.36. These data show a general decrvase {n level with time over

the 12 h period for all frequencies. The decrcasing level with time

corresponds to a departing unknown ship and decreasing wind specs. The
spectral levels range over 15 dB for the receiver lOO0 m above rhe kotrom
(ACODAC channel 4) and 25 dB for the near-bottom vecelvers (Pali cunnnel &,
30 m above bottom, and ACODAC channel 14, on the bottom)., Ti¢ mest
significent observation is that the nolse decrezses in level with depth
vver the last 1000 m above the bottom, as showm in Figs. 2.37 and 2.38.
The change in level is 7 or 8 dB, somewhat of a surprise because
Site B is bottom limited. A second surprise is the spectral level

39
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{C) for frequencies between 200 and 500 Hz. During the 10 min interval for
which the spectra, shown in Fig. 2.37, were computed, the wind speed given
by the site anemometer, 10 m above the surface, was 22 kt. The spectral
level according to, for example, Ref., 1lla, would be 66 dB at 500 Hz instead
of the 60 to 63 dB for the three receivers shown. The wind speed as
reported by Fleet Numerical Weather Central (FNWC) and the data from the
site anemometer are shown in Fig. 2.39. The spectral level output of
the PAR is compared with that of the ACODAC in Fig. 2.40 (for the same
time period as shown in Fig. 2.37). There are some differences which
are possibly calibration errors due to missing hydrophone information.
Some of the differences may be actual differences in level due to the
fact that the PAR and ACODAC were separated by 0.79 nmi and a ship was
in the background. Near the ship's CPA, shown in Fig. 2.32 (ACODAC) and
Fig. 2.34 (PAR), a significant difference is seen which can easiiy be

attributed to different source-rece’ver geometries.

PPNz P
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III. SITE EN ENVIRONMENTAL ACOUSTIC DATA

(C) Figure 3.1 shows the Site EN location, 20°05.9' N, 132°05.0' E,ll and

the source events processed for this site.

tU) There was one cw projector tow by the INDIAN SEAL out to 450 km

ialong the 180° radial to EN from 0629, 27 November, to 0345, 29 November 1977.
These data have been processed for propagation loss and ambient noise.
Receiver depths were 4982 m (1000 m off the bottom), 5582 m (400 m off

the bottom), 5782 m (200 m off the bottom), 5882 m (100 m off the bottom),

and 5972 m (10 m off the bottom).6 These AN/cw channels had nomlnal receiver
sengitivities of =128 to -98 dB//V/uPa. 1t should be noted that the cw
projector depth was 91 mw out to a range of approximately 53 km, and 18 a
depth beyond that.

(U) VP aircraft dropped 18 m and 91 m depth SUS along the tracks shown
in Fig. 3.1; they were received at a hydrophone depth of 4982 m (1000 m
above the bottom). The SUS data recordings at Site EN were subject to

the same problems that occurred at Site B, discussed in Chapter iI. For
Site EN, since calibrated propagation loss data were available frow the
cw source, only the SUS data from the AN/cw receiver were processed for

bottom loss and propagation loss.

3.1 Bottom Loss at Site EN

(U) As mentioned, the SUS charges at Site EN were aircraft deployed.

The primary practical effects of airdropping charges upon bottom loss
measurements are that fewer samples are available and that navigation
errors (and hence errors in bottom loss data reduction) are greater.
However, adequate data were obtained to estimate bottom loss in the arvea;

the results show that the bottom loss at Site EN is higher than at Site B.
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(U) Individual arrival estimates of bottom loss from 18 m and 31 m depth
SUS are showm in Figs. 3.2 and 3.3, respectively. There is larger scatter b
in these samples than was scen {n the data at Site B (Figs. 2.2 and 2.3)
from the ship dropped SUS. In addition, the anomalous oscillatiouns in ;

the 25 Hz and 50 Hz results of Fig. 3.3 reficct the navigation uncertain-

ties of the aircraft dropped SUS.

(U) Averaged values of bottom loss at Site EN are shown in Fig. 3.4,

These are averages at 5° i{ncrements of 18 m source data at 25 and 50 Hz,

and of 18 m and 91 m source data at the higher frequencies.

(U) The averaged values are also given in Table 1[I-1. The values for
angles above 20° are estimates, based on the fact that no signal arrivals
could be detected at angles above those plotted, as was the case for high

angle values at Site B,

3.2 Propagation Loss at Site EN

(U) For the first 53 km of the cw projector tow, the source was at 91 m
depth. Propagation loss from the 67 Hz and 197 Hz tones to the different
rveceiver depths are shown in Figs. 3.5 through 3.9. Beyond 53 km, the
same frequencles were projected for 18 m source depth, and the propagation
loss 1s shown in Figs. 3.10 through 3.14. It shouyld be noted that data

on the 5882 m and the 5972 m depth receivers were contaminated by ACODAC

recording system problems. These are shown on Figs. 3.13 ang 3.14,

(U) Signal excess and the ambient noise level (in an adjacent frequency

band) during the projector tow at Site BN are given in Figs. 3.15 through

3.24 for the 91 m source at short vange, and Figs. 3.25 through 3.34, for

- the 18 w source at longer ranges.

3 § : (U) Because of recording system problems, only a few of the SUS propagation
¥ loss results are included here. These results suffice to show the acoustic

blockage by the shoaling approximately 400 km north of Site EN.
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©) TABLE III-1
AVERAGED BOTTOM LOSS DATA
CHURCH STROKE 11 - SITE EN (U)
18 m and ¢1 m SUS
; Receiver Depth 4982 m
Bounces 2-9
25 Hz 50 Hz
Grazing Angle Std  Number Grazing Angle Std  Number
Interval-deg Mean Dev  Samples Interval-deg Mean Dev  Samples
0 5 3.5 2.4 50 0 5 3.8 2.8 46
5 10 3.5 1.5 55 5 10 3.4 1.4 52
10 15 3.7 1.0 38 10 15 3.7 1.0 37
15 20 3.9 1.0 17 15 20 4.3 0.7 17
20 25 5.3 0.7 2 20 25 4.6 0.5 2
25 30 0.0 0.0 0 25 30 0.0 0.0 0
30 35 0.0 0.0 0 30 35 0.0 0.0 0
35 40 0.0 0.0 0 35 40 0.0 0.0 0
40 45 0.0 0.0 0 40 45 0.0 0.0 0
45 S0 0.0 0.0 0 45 30 0.0 0.0 0
100 Hz 200 Me
Grazing Angle Std  Number Crazing Angle Std  Number
Interval-deg Mean Dev  Samples Interval-deg Mean Dev  Samples
0 5 $.l 2.7 63 0 b) 4.1 3.0 69
) 10 4.0 1.4 97 5 10 4.1 1.9 98
10 15 4.6 1.2 16 10 15 5.2 1.6 15
15 20 4.9 1.1 38 15 20 5.8 1.3 39
20 23 5.4 2.2 8§ 20 25 6.2 1.8 8
25 10 7.2 2.3 2 25 30 7.6 2.3 2
30 35 0.0 0.0 0 30 35 0.0 0.0 0
35 40 0.0 0.0 0 35 40 0.0 0.0 0
2 400 Hz
. ' Crazing Angel Std  Number NOTE: Arrivals above Y0° grazing
| {nterval-deg Mean bDev  Samples angle not detected.
. N Recommend using 12 48 loas
: 2 13 2; f: ‘;; above 30° at all frequencies,
: ) 19 1s 6.6 1.3 55 25 and 50 Mz - 18 m SUS oaly.
- 15 20 6.4 1.7 26
N 20 REY 1.3 2.0 ?
= 25 30 8.7 2.4 2
. . . 30 38 0.0 0.0 0
F - 35 40 0.0 0.0 0
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(U) Propagation loss at 50, 100, and 200 Hz from SUS run 3 are shown in
Figs. 3.35, 3.36, and 3.37, respectively; the southern leg of that run
is along the cw projector track. Results from runs 1 and 2 at the same

frequencies are shown in Figs. 3.38 through 3.40.

(C) Remember that "S" means that some of the signal saturated the ACODAC;
the cw propagation loss data of Figs. 3.5 through 3.14 provide a better
vstimate of propagation in the basin near Site EN. However, note in

Fig. 3.1 that runs 2 and 3 cross from the basin into a more irregular

region at approximately 400 km range from Site FN; run 1 is entirely in

that region. The SUS data of Figs. 3.35 through 3.40 show that propaga-

tion is abruptly blocked at approximately 420 km on run 3, and at 450 km

on run 2. That is, the recorded signils change from saturated to undetected,
with perhaps one unsaturated shot in between. No shots from SUS run 1

were detected.

3.3 Ambient Noise at Site EN

(U) Ambient noise recorded by ACODAC during the period 331/6 through 333/6
has been processed and also noise recorded by PAR (see Appendix A)

during the period 337/0 through 340/12. Several displays of ambient noisc
information are presented: noise time series, percentile levels versus
frequency, percentile levels during an interval of stable noise, displays
of mintmur noise level versus depth and frequency, and spectra gencrated

by Typhoon Lucy.

(1) The spectral levels frow the ACODAC in 1710 octave bands versus time
at the different recelver depths are shown in Figs. 3.41 through 3.45.
The distributions of noise at the recelvers over ithe two-day period are

shown by the percentile plots of Figs. 3.4b through 3.50.

(U)  In all of the ambient noilse data, system clectzonles nojse Ix present
below 10 Hz at least part of the time. Also, the percentile spectra of
Flg. 3.49 {s corrupted by a 10 Hz square wave callbration signal which

fnadvertantly turned on during the data perto . The 10 Hz sipgnal and s
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FIGURE 3.46
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(U) harmonics can be seen in the lower percentiles.
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As an editorial procedure,
the time period covering the aircraft SUS run, 332/0130 through 332/0730,
was deleted from the percentile estimates of ambient noise level. In
addition, erratic galn ranging on the deepest channel (see Fig. 3.34)

could not be accounted for and (the times 331/1530 through 331/2030 and
332/0200 through 332/1430) were deleted as shown in Fig. 3.45.

(U) One goal of CHURCH STROKE II Cruise 5 was to obtain estimates of
noise characteristics during a stable relarively quiet period. By examin-
ing Figs. 3.41 through 3.45, it can be seen that one such period is centered
near hour 12 of day 331. The distribution of noise versus frequency during
that period (hour 11 to hour 15 of day 331) is shown by the percentile

plots of Figs. 3.51 through 3.55.

(C) Another quantity of interest is the minimum spectrum levels uvbserved.
The minfmum levels (from Figs. 3.46 through 3.50) are shown versus depth
in Fig. 3.56 and versus frequency in Fig, 3.57. Figure 3.56 shows
noticeable quieting with depth below the critical depth at 5000 m.
(C)  Typhoon Lucy was of course a significant event. The pressure spectrum
levels {n 1/10 octave bands are shown in Fig. 3.58 as functions of time

as the storm 18 at {ts closest point of approach (CPA)., These data were
from the PaAR, which recerded the data in short segments. The recelver
wis 30 m above the bottom. Figures 3.59 and 3.60 show the spectral levels
as the storam approaches and then recedes. It should be no surprise that
these spectra show no evidence of shipping as the storm approaches the site.
The very high values of 85 to 93 dB//uPa:/H: pressurce spectrum level indi-

cate that raln was an lmportant compounent of the noise source.

()  The wind speeds for three sites around Site EN were provided by FXWU
and are showny {n Fig. 3.el, along with the storm track around Site EN.
The eye of the stoym approdched Site EN to within 50 ani and disinished
vapidly {n intensity after passing Slte EN. The spectral shapes in
Figs., 3.39 and 3.60 show an increasing pressutre level with decreasing
frequency as the storm approached CPA,
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IV. SITE ¢ - ENVIRONMENTAL ACOUSTIC DATA

(C) Figure 4.1 shows the Site C location and the track of the cw source

run processed for this site. The site location is 19°41.7%" N, 140°7.9' E.11

The radial source run has a maximum range of approximately 60 km from the
site. Delays due to poor weather conditions forced cancellation of longer

source runs and limited total recording time to 1.5 days.

(U) A 12 h segment of data from the Site C PAR hydrophone 42 m above

boctom (receiver channel 9) was processed. These data were used to estimate
cw propagation loss, ambient noise level, and the ship signature of JNXN

(to be discussed in Chapter V). Data from the other working hyvdrophones

in the same 40 m array were not processed since they would not add to the

omnidirectional data set.

4.1 Propagation Loss at Site U

(C) The ¢w projector wvas towed at a depth of 18 m during the entire event
processed for Site . Propagation loss for the &7 Hz and 197 Hz signals

recelved at a depth of 4946 m is shown in Fig, 4.2, These curves provide

4 look at near-bottom reception of shallow source signals.,  For those
ranges with direct path propagition, less than 30 km, the propagation lous
is approximately 75 dB. Betwsen 0 km and the end of the run, b4 ka,

the propagation loss Is approxtmately 87 dB at 67 Hz and 90 db at 197 He,

(€)  Signal exeess and ambient noise levels (inan adjacent frequency band)
during the prejector tow al Site U are presented fo Flgs, 403 and 4.4,

The ambient noise levels at buoth frequenclies decrrase 14 dB as the tow
ship {neredses range out to &0 km; this is evidence of nolse contamination
from the tow ship ttself. Throughout the entire event signal excess

remains high tor the 172 dB source levels. Beyond the direct path range,
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(U) 30 km, the signal excess was generally greater than 20 dB at 67 Hz,

and 25 dB at 197 Hz. At Site C sources with levels as low as
150 dB re 1 pPa should therefore be possible under similar noise condi-

tions.

4.2 Ambient Noise at Site C

(C) Selected 1/10 octave bands from the 12 h segment at Site C are shown
in Fig. 4.5. The CPA of JNXN occurred at approximately 321/0930; 5 to 8 h
later the noise field had settled back down and JNXN was 65 to 100 nmi
distant. Three spectra at approximately 3 h intervals are shown in

Figs. 4.6 through 4.8; these appear very stable as far as the broadband
noise is concerned. Blade rate harmonics from JNXN at 100 nmi can still
be clearly seen at frequencies below 30 Hz. The broadband level is near
75 dB around 50 Hz and drops off to near 56 dB around 300 Hz. Since this

was such a short time segment, no percentile level displays were computed.
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V. SHIP SIGNATURES

(U) During CHURCH STROKE II several merchant ships passed close to the
PAR/ACODAC at Sites B, C, and EN. Two ships were tentatively identified
based on reported FNWC position data. This chapter, Sections 1 and 2,
presents narrowband spectra generated by these ships; Section 3 presents
spectra from three unidentified ships at Sites EN and B; and Section &
presents spoctra from INDIAN SE:L. All of the spectra are in the form

of 10 min averages.

(U) The speed of advance (SOA) of the various ships was calculated

using Doppler data for each ship. A prominent line component of the ship
signature is tracked 2s the ship steams past the site. The frequency
shift of this line between the starting and end points is then measured
and assumed to be twice the Doppler shift of this line as the ship
approaches CPA., The following equation then yields the SOA of the ship.

where fs is the Doppler shifted frequency, fo is the actual frequency of

the line component, <, is an average speed of sound in the water, and v

is the SOA.

(U) The source levels for the ships discussed below are based on the

ﬁeasured narrowband spectra and the shallow source propagation loss (PL)

ét the recording sites. At Site C the PL values were obtained from measure-

ments (Fig. 4.2). At Sites B and EN the PL values were obtained from

calculations based on incoherently summed eigenrays for an 18 m source

(Fig. 5.1) (the measurements at short ranges are for a deeper source).

The median PL at 50 Hz for either the measurements or the calculations at

the ship-to~receiver range was taken to be the loss incurred by the broad-

band signature. At Sites B and C, the median broadband PL is approximately
137
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(U) 75 dB between 10 km and 20 km, the range interval used to compute the
source levels. At Site EN the PL is around 78 dB at 10 km, which is the
range to, INDIAN SEAL. These PL values are added to the spectrum levels

to obtain the source levels,

(U) Signatures of six different ships are discussed in the following

sections of this chapter. The characteristics of the ships' signatures

are summarized in Table V-1,

5.1 Unknown or JNXN

(U) On day 321, just before starting a cw radial tow away from Site C,

the chief scientist (Dr. A. F. Wittenborn, .ef. 14) on board INDIAN SEAL
spotted a "large tanker" bearing down on Site €. The INDIAN SEAL commenced
its cw tow at about 321/0830 and tracked the incoming ship on radar to a
CPA of 5 nmi from Site C at 321/0910. The acoustic data recorded by the
PAR confirm the passage of this ship, as shown in the 1/10 octave band

data of Fig. 4.5. The acoustic Doppler data show a CPA at 321/0910 and

an approximate 30A of 5 kt.

(U) The ship was possibly the YAMAHATA MARU (radio call sign JNXN),

a medium bulk carrier of 186 m length, 27.2 m beam, and 10.5 to 15.5 m
draft. The propulsion system given in Lloyd's Register is "Oil 2 SA

7 Cy. 740 x 1600, 8579 kW (11500 bhp)".>>

(U) The track of JNXN as reported by FNWC is plotted in Fig. 5.2; it
shows JNXN approaching Site C to within 5 nmi at 321/0740 at a SOA of

13.73 kt.

(U) There are three inconsistencies in the assumption that this ship is

st b S b e e

JNXN. JNXN was 1.3 h earlier than measured and was moving too fast, and

Dr. Wittenbcsn reported a ''large tanker," not a medium bulk carrier. On

the other hand, INDIAN SEAL was practically on the site (within 1 nmi of

Site () for several houre and reported no other ships. In this report,
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TABLE v-1

SHTP SIGNATURE CHARACTERISTICS (U)

Frequencies are the blade rate fundamental and its first three harmonics.

Levels are estimated source levels at 1 m.

(Ranges to two of the unknown ships are not available
and therefore source levels were not estimated.)

Blade Rate Lines

Broad Band Level

ANt A L

RTALTIRAY }\!‘ I o A el ) RN

Frequency Hz and Level - dB//uPa dB//1:Pa2/liz
SHIP F1 F2 F3 F4 50 Hz {100 Hz {200 Hz
"INXN" 7Hz/- 14/168 21/167 28/174 165 155 140
.JJCD 8.7/172| 17.4/172 { 26.1/168 } 34.8/1721{1 165 162 145
UNKN (unknown)
following 9.7/- 19.4/170 | 29.1/172 1 38.8/172|] 162 150 142
JJCD
UNKN (unknown) 9.5/- 19/- 28.5/~ 38/~ - - -
DATE: 331/1900
UNKN (unknown) 7.4/~ 14.8/- 22.2/- 29.6/- -— -— -—
DATE: 332/1810
INDIAN SEAL 7.6/140| 15.2/144 | 22.8/143 | 30.4/148(] 143 135 130
SPEED: 2.7 kt 9/144 18/143 27/148 36/150
INDIAN SEAL 8.8/~ 17.5/152 | 26.4/151 | 34.8/153|] 150 145 139
SPEED: 5.25 kt
140
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REPORTED COURSE OF JNXN AT SITE C (U)
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(U) the ship at 321/0910 is referred to as JNXN with the understanding that

these discrepancies do exist.

(C) Spectra from CPA and *1 h of CPA are shown in Figs. 5.3 through 5.5 on
a log frequency scale and in Figs. 5.6 through 5.8 on a linear frequeuncy
scale. The spectra at 1 h before CPA, Figs. 5.3 and 5.6, show harmonics

of the ship's blade rate and these are almost exact multiples of 7 Hz.

The levels in Fig. 5.3 above 50 Hz to 300 Hz were generated by INDIAN SEAL
and are discussed in Section 5.4 (sce Figs. 5.21 and 5.23). The spectrum
at near CPA, Fig. 5.4, shows clear blade rate harwonics up to the 7th
harmonic. The cw projector lines from INDIAN SEAL are seen at 67 Hz

and 197 Hz. The "lines'" for this ship are quite broad as seen in the

linear displays of Figs. 5.6 through 5.8.

(C) The source level of the assumed JNXN at CPA can be estimated by

adding 75 dB to the spectra in Fig. 5.4 and Fig. 5.7. This 75 dB is for

the PL at both 67 Hz and 197 Hz based on an approximate range of 5 nmi

(10 km). If 75 dB PL is added to the spectrum, then the broadband level,
which peaks near SO Hz, is 165 dB//uPaZ/Hz and the line peak at 35 Hz is

at a level of 178 dB//uPa. The slope of the spectrum between 50 Hz and

200 Hz is 45 dB/decade or 13 dB/octave. This slope is slightly greater than
the 10 dB/octave slopes found for some of the ships in the CHURCH OPAL

16
exercise.

(U) On day 322 the ship JICD (radio call sign) passed near Site B and was
recorded by the PAR system. This ship is annotated in the 1/10 octave

band time series of Fig. 2.27 and {ts reported track, plotted from the

FNWC position report, is shown in Fig. 5.9. The acoustic estimates at CPA
are in fair agreement with this track. The Doppler data shows CPA at
322/0620 and the reported track shows CPA at 322/0710, a 50 min difference.
The Doppler data also shows SOA 7.5 kt and the track shows SOA 7.1 kt,
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(C) The spectra before, during, and after CPA are shown on a log frequency
scale in Figs. 5.10 through 5.13. The spectrum near CPA on a linear
frequency scale (s shown in Fig. 5.]14. The blade rate "lines" ot this ship
are narrower than those of JNXN in Section 5.1. The blade rate frequency
is €./ Hz; the level at this frequency is about tae same as or greater than
the levels of the rest of the blade rate harmonics. This can be contrasted
with the tanker in Section 5.1, which had its 7 Hz blade rate fundamental
10 dB below its 5th harmonic at 35 Hz. All of the CHURCH OPAL signatures
had their blade rate fundamental frequency levels several decibels below

, 1
their harmonics.,

(U) The source level of JJCD can be estimated by adding 75 dB to the

spectra near CPA, which was at a reported (FNWC) range of 5 to 10 km.

The uncertainty in PL due to a range error over the interval 5 km to 25 km
amounts to only 3 to 5 dB. For ranges less than 25 km the PL i{s direct

path dominated. The spectra 1 h before and after CPA are 12 dB lower than
the CPA spectra, This change in level is also seen in the cw PL of Fig. 2.21
between the direct path region and the shadow zone. Based on the reported

positions, the range at CPA is no less than 10 k.

(C)  Based on the 75 dB PL, the peak sourve level is 17Y dB//uPa; the
broadband sourcve level peaks at 163 d&//u?azluz at 50 Hz, The spectral
rolloff at CPA beyond 100 He is &5 dB/decade or 20 dB/octave. Beyond
direct path the slope changes to 5% dB/decade or 17 dB/octave. la either

case this is a4 steep rolloff uf the spectrum,

5.3 Thre- Unknown Ships

(C)  Close behind JICD an unknown ship also approached Site B, 43 annotated
in the 1/10 octave band time series of Fig., 2.27. The spectrum of this ship
is shown in Figs. 5.15 and %.1b; 1t appears from the time series to have
approached Site 8 within 20 ka. Thus a PL of 75 J8 should be added to the
spectrum to estimate source level. Frowm the appearance of the overall
spectium, the blade rate was 9.7 Hz, bul the level ar this frequency ead
below the electronics nolse level and was not detected.
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(C) At Site EN the ACODAC and PAR were deployed early because of the
weather. Consequently, no ship track information was collected during the
first 48 h of recording time for the ACODAC, from which two ship signatures
were extracted. The ship at 331/1900 was detected at all depths by the
ACODAC as scen in Figs. 3.41 through 3.45. The spectrum in Fig. 5.17 shows
a high level blade rate at 9.5 Hz, and its harmonics can be seen up to

the 10th order. The "lines" are very broad as seen in the linear frequency

plot of Fig. 5.18.

(C) One day later at 332/1810 another ship passed by Site EN and its
spectrum is shown in Figs. 5.19 and 5.20. The blade rate was 7.4 Hz

and the "lines" are narrower.
5.4 INDIAN SEAL

(U} The best documented signature is from INDIAN SEAL, which was the
deployment ship for the PAR/ACODAC systems. This ship is 62.5 m (205 ft)
long wiih a beam of 12.2 m (40 ft) and a draft of 4.3 m (14 ft) forward and
4.6 m (15 ft) aft. The displacement is 270 gross tons.l7 The propulsion
system is twin screw direct drive, 3 blades/screw, varlable pitch., The
engines are ALCO 12V251 - 5250 hp (2 each). The design cruise speed is

L0 kt. Signature data were taken at 2.7 kt and 5 kt while the ship was

towing a cw source.

(€) The first signature {s from Site B, time 323/1020, using channel 4

of the PAR system 30 m above the bottom. Possible blade rate lines are

at 7.6 Hz and 9.0 Hz, as seen in Figs. 5.21 and 5.22. These correspond to
engine speeds of 150 rpm and 180 rpm. The large number of narrow lines

seen above 50 Hz i{n the logarithmic spectrum of Fig. 5.21 are shown on a
linear scale In Fig. 5.23. The 67 Hz projector line is identified; the
source of the other lines {s unknown. The ship was approaching Site B at
2.7 kt at a range of 1l km and the estimated PL, as in the case of the other
ship signatures for Site B, i{s 75 dB. The broadband noise level is then

143 dB//uPaz/Hz at 50 Hz; blade rate harmonics go as high as
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(C) 150 dB//uPa at 1 m. The wind speed was 12 kt as given by an anemometer

10 m above the surface.

(C) The INDIAN SEAL signature from Site EN is shown in Figs. 5.24 and
5.25. Harmonics of the frequency 8.8 Hz, which is a probable blade rate
based on the line width, can be seen in the linecar spectrun (Fig. 5.25).
The data above 50 Hz are dominated bv the cw projector, which appears to

be putting out prominent lines at 100 and 300 Hz in addition to the nominal
67 Hz and 197 Hz lines. At the time, the ship was advancing at a speed

of 5.25 kt away from Site EN at a range of 10 km. The nominal PL is

78 aB, which can be added to the speciium to estimate source level., This
gives the broadband noise around 50 Hz 4 source level ¢{ 150 dB//uPaZ/Hz;

the peak noise levels equal 158 dB//uPa at 1 m.

(U) The INDIAN SFAL signa:ures and the signatures of the other five
ships discussed above are summarized in Table v-1. For each ship the
fundamental vlade rate is given in coluw  ¥'; columns F2, F3, and F4

give the next three haraonic iines of the rundamental. Accompanying these

line frequencics are estimates of their source ievel, for those ships with
known ship-to-recelver ranges. Also vresented are estimates of the broad-

cand source levels at 50 Hez, 10O iz, and 200 Hz.
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VI. DATA SUMMARY AND ANALYSIS

(U) This chapter will present an analysis of the CHURCH STROKE II data

in terms of acoustic mechanisms and will comvware the results with results
of other exercigses. Section 6.1 will deal with bottom loss, Section 6.2
with propagation loss, and Section 6.3 with ambient noise. Each section
will summarize the data and the environmental factors affecting the data,

and make comparisons with other exercises and preexercise predictions.

(C) The exercises chosen for comparison are based on environmental
considerations. The CHURCH STROKE II area has two basins, the Parece Vela
Basin and the Western Philippine Basin. Sound speed profiles, Figs 6.1
and 6.2, from the Parece Vela Basin, containing Sites B and C, demonstrate
the bottom limited character of this basin. The BEARING STAKE exercise,l8
Fig. 6.3, was also conducted in a bottom limited region. Comparisons
between the BEARING STAKE.data and the CHURCH STROKE II bottom loss data

from Sites B and C will be presented in Sections 6.1 through 6.3.

(C} The sound speed profile from Site EN in the Western Philippine Basin,
Fig. 6.4, exhibits the 1000 m depth excess found in this basin. The
PARKA II, CHURCH ANCHOR, and CHURCH OPAL exer:cises,lg“21 Fig. 6.5, were
all conducted in regions of the Northeast Pacific with depth excess.

PARKA 1I data will be presented in Section 6,2 on PL. Ambient noise and
PL data from CHURCH STROKE II and CHURCH ANCHOR will be compared in
Sections 6.2 and 6.3; comparisons with the CHURCH OPAL ambient noise will

be presented in Section 6.3.

169

CONFIDENTIAL



-
S
*

UNCLASSIFIED

SOUND SPEED - m/sec
1480 1500 1520 1540
i 1

1

1000 -

200+

2000 — 1510 1520 1530 1540

DEPTH - m

3000

4000 -

5000

FIGURE 6.1
SOUND SPEED PROFILE
CHURCH STROKE O-SITE B ARLUT
AS-79-1307
KCF . GA
179 7-11.79

UNCLASSIFIED




UNCLASSIFIED

SOUND SPEED — m/sec

1480 1500 1520 ] 5140
L 1

1000

200

T T
1520 1530 1540

3000 -

4000 -

i
1550

5000

FIGURE 6.2
SOUND SPEED PROFILE
CHURCH STROKE II- SITE C

171

UNCLASSIFIED

ARL:UT
AS.79.1308
KCF - GA
T11.79



=N A

~y

\." OMAN BASI

~

s

S WO

S // é

T

A

";ry |

FIGURE 6.3
BEARING STAKE RECEIVER SITE LOCATIONS (U)

From Ref. 18 172

CONFIDENTIAL

ARL:UT
AS$-78.1239
KCF -GA
7-20.78



UNCLASSIFIED

SOUND SPEED - m/sec

1480 1500 1520 1540 1560
0 1 ! 1 1

1 | |

—
1545

LS TR §
1535

DEPTH - m

5000 -
. //
6000
FIGURE 6.4
SOUND SPEED PROFILE
CHURCH STROKE 11 -SITE EN ARL:UT
AS-79.1306
e
173

UNCLASSIFIED




CONFIDENTIAL

50° —,\S
N
X SITE CAD
4 [
0 X SITE CAC
30° X SITE CAA
A SITE PO
X SITE CO
° b -
o
20°
K
10*
160°* 150° 140°* 130°* 120°*
FIGURE 6.6

NORTHEAST PACIFIC SITES FROM CHURCH ANCHOR
PARKA II AND CHURCH OPAL (U)

A§L7:9u1

A5.79.2C78

174 KEF.GA
10.9.79

CONFIDENTIAL



CONFIDENTIAL.

6.1 Bottom Loss Analysis

(C) Bottom loss was measured in both the Parece Vela Basin and the
Western Philippine Basin. The low bottom loss measured in the Parece

Vela Basin will be compared to the bottom loss measured in a similar
region. The bottom loss measured for the two CHURCH STROKE II basins will
then be compared to one anotner. Finally, a geoacoustic model for the
bottom sediment of the Parece Vela Basin will be shown, with bottom loss

values calculated from this geoacoustic model.

(C) The bottom loss measurements at Site B -~ompare well with the
measurements from the BEARING STAKE sites in the Oman and Somali RBasins.
The bottom loss measured in the Oman Basint is low while the Somali Basin

bottom loss is somewhat higher.

(C) Bottom loss measured gt Sit- B in the Parece Vela Basin was presentud
in Fig. 2.6. Below 30° the losses are approximately 0.5 dB at 25 Hz

and 1.2 dB at 50 Hz. Figure 6.6 presents a comparison of these losses at
Site B with those measured during BEARINC STAKE in the Oman Basin. The
3ite B loss is slightly higher. At 200 Hz, the two curves differ by
approximately 1.2 dB at aill angles below 32°; below 200 He the differences
are nearly linear with frequency. Site B bottom loss at 100 Hz is 0.6 dB

greater than the Oman Basin data.

(')  Further compdrisons can be made: between Site B and regions of somewhat
higher bottom loss, such as the Somali Basin, Fig. 6.7; the Si{te B losses
are significantly less. At the lower frequencies the Site B losses
increase very little below 30%, while the increase with angle is almost
uniform in the Somali Basin., At the higaer frequencies the Site 8

losses increase with angle at approzimately hall the rate of the measure-

ments for the Somalil Basiu.

(C) Site EN in the Western Philippine Basin is another reglon where high
bottom losas has been measured. fhese losses, presented in Flg., 3.4, are
significantly higher than those in the uneighboring basin at Site B,
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(U) The bottom loss curves for Sites B and EN have one characteristic in

common. At the higher angles the slope of the bottom loss curves changes

rapidly. For Site EN this break occurs between 20° and 25°, while at
' : Site B it occurs between 307 and 35°. The Deep Sea Drilling Project

*

reportsl indicate that the Western Philippine Basin has approximately

3 160 m of sediment overlying an acoustic basement, while the Parcce Vela Basin

%‘ has 300 to 400 m of sediment. If one assumes a sound speed profile based
i on Hamilton's 13 area average velocity gradients,23 then it may be shown

that sound incident on the bottom at angles above 22° for Site EN, and

) ;} above approximately 27° to 33° for Site B, interacts with the acoustical
K f basement. Therefore, the nature of the sediment basement interface can
{ : ik dominate the reflected field at stceper angles. The presence of a rough
3 'é basement will introduce scattering aund {ncrease the losses at the higher
3 § angles, as seen {0 the bottom loss curves; {t is reasonable to assume that
;' ,i;’ this {s the case in the CHURCH STROKE Il data.
3 (UY A geoacwustic model for a 200 m thick sediment has been derived for

the Parece Vela Basia, Fig. 6.8, The derivation of this model is described

in detatl in Ref. 24, A summarv of the derivation follows. A svund speed

profile for the Uman Basin, based on Hawllton's average velocity gradients,
5 was ased for Site B, !t wias modified slightly by using a 0.987 ratio of
surface sediment velucity to bottom water velovity so that valeulated bottow
losses were similar to the obacrved nearly conztant losses at the smaller

\? angles. (This ratio is near Hamilton’s world average of U.98%) 1lhe

4 attenuation profile was derived from measured bottow loss using the method

; vutlined {n Ret. 23, The Jdensity contrast al the water-sedisent interface
was based on the measared Jdensitly of the sedlment {nteriace at Deep Sea
Deilliag Project Sites 53 and 34,1} with the remaining density profile

‘M} =)
A ) o
cxtracled from the Usman Basin pgeoacoustic sadel, The sound speed and

attenualion for the basctienl wete derived artificially 1o account for the

! high lousses at the bhigh angles acvtually resulting {rom the rough boundary
.i effects,
f .
< {U) Before the model valvulations and the measurements are compated,
€

the effects ol recording system limitat{ons on the measureacnts should be
178

UNCLASSIFIED




EPT
EN
(N) 8 3LIS- 0 INONLS HO¥NHD ¥O4 13GCH DILSNODYOID
8'9 34N914
: L 007
. - | -
< w <
- - - oot :
i
Z m ‘
. B - L
— - - 00z 3 '
. L H 3 |
. Z “ ‘
O q {
(@) L = ~ 001 {
T ﬁ- T\l. -0
0z lo £0°0 0 0002 00s1
~ nEu\o — AlI5N3Q YN W gp ~ NOILYNNILLY 3% w -~ Q33dS GNNOS
&
1




ERlaY sanrd W“W’tm TR A ,'.-,::'rr:.?-ffw.-;.i:,w,—_-,u—,.;:r,vw_-;u- e e U P PR

-
. L lad - . - -
“ » -

S L . © e e

CONFIDENTIAL

(U) noted. The bottom loss measuremen!s are based on multibounce data,

f permitting proper measurement of the low losses. At higher losses, the
_5‘ higher frequency signal components of arrivals which reflect several times
3 can experience 30 dB more loss than the lower frequencies. Due to the har-

monic distortion of the recording system, the level of the third harmonic
compenent is approximately 30 dB below the level of the fundamental. Thus,
bottom loss measurements which should show high loss can be biased towards

lower values by harmonic distortion.

(U) The geoacoustic model of Fig. 6.8 has been used to calculate bottom
loss at 25, 50, 100, 200, and 400 Hz. These curves are compared with
measurements in Fig. 6.9, At losses less than 5 dB, where the measurements
are not biased by prublems of measuring high losses from multibounce data,

the two sets of curves are within 0.2 dB of each cther. Based on this

favorable agreement, the geoacoustic model can be used to extend the bottom
loss values into higher loss regions, i.e., to other frequencies and/or
other angles. It is recommended that calculated values of bottom loss be

used to avoid the measurement problem mentioned above.

(C) The botiom loss measured at Site B has been seen to be relatively
low, just slightly higher than the low loss measurements in the Indian Ocean.
These measurements have been used to obtain a geoacoustic model for the

Parece Vela Basin and to extend the frequency and angular coverage of the

measurements. The Western Philippine Basin, when compared to the Parece

Vela Basin, is seen to have higher bottom losses at all frequencies.

i

Eoy:

6.2 Propagation Loss

o
RRAgs s

wy

(U) In this section PL for short ranges and for the long ranges will be

«

Lo .
mpialing _-f‘ el

discussed separately. A comparison between the CHURCH STROKE II sites
will be made using the short range data (less than 35 km); minimum detectable

source level estimates are based on these data. Comparisons with other

b

exercise areas are based on the long range data (greater than 35 km).

PRPUR

Where appropriate, comparisons are also made with computer model runs.
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(U) The 91 m source depth cw data from Site B, Fig. 6.10, displays an
unusual propagation effect around 25 km; the PL decreases approximately

10 dB and then increases rapidly again in less than 2 km. Figure 6.11
presents range versus source angle curves for this case. These curves
were obtained by tracing rays from the 91 m source to a depth of 4542 m.
The ranges at which a ray reaches 4542 m is plotted versus the ray angle
at the source. Since ray angles are either upgoing or downgoing at the
source and at the receiver there are four curves in Fig. 6.11. According
to ray theory, intensity at a given range is proportional to the inverse
slope of the curve at that range. For the 91 m source, located within

the thermocline, the rays which refract near the surface (0° to 2°) have
slopes near zero, indicating the formation of a caustic at 25 km. The ray
trace diagram in Fig. 6.12 also shows the formation of this caustic near
the bottom by the increased density of the rays, which were launched with
uniform spacing in angle. The high signal level at 25 km in Fig. 6.10 is
the result of this caustic formation. At 67 Hz, Fig. 2.21, a similar
decrease in the loss is also seen at 25 km; however, the range Interval is
about 4 km, demonstrating the low frequency spreading of the caustic.

This effect was not seen at the other two sites due to differences in the

shapes of the profiles near the svurce depth.

(C) The short range PLs for the two sites within the Parece Vela Basin
are shown in Fig. 2.1 and in Fig. 4.1. Comparisons are based on PL for
shallow sources, 18 m at Site C (Fig. 4.2) and Y1 m at Site B (Fig. 2.21).
The average PL between 10 km and 25 km for the two sites are within 3 dB of
each other at both 67 Hz and 197 Hz. At both frequencies the loss at

Site B averages 73 dB, and at Site C, 75 dB. Beyond the direct path range
(25 to 30 km), PL increases to Y0 dB at both sites.

(C) The direct path PL at Site EN (Figs. 3.8 and 3.9) in the Western
Philippine Basin i{s similar to the PL at Site B, Between 10 km and 25 ka

the PL dat Site EN averages 78 dB at both 67 Hz and 197 Hz. The PL also
drops below 90 dB beyond the direet path range of Site EN {30 ki to 35 ka).

182

CONFIDENTIAL



8 31is- I INONLS HOUNHD rmmn
(M) 2 67 1v NOILYW04 DILSnY) HLIM SSOT NOILYO VYLD wn»v
oL9 N9l 1i¥e
3NOH/31va
. S/€ZE 9/€TE L/ETE 8/€2¢ 6/ETE ou/eze H/eze 2i/e2e
1 | 1 )| I 1 ! i J
. wy ~ NV
ov S€E ot sT (174 Sl ot S 0 d
L pthbwwb~_»wmwubh_-~_bhbnh__F»hhLLEth;—b__nmhwbhmhmhmh.».hhwhnrhhmhmnhw.“mwh.L
< B —on
<
= A
¥ s
| r " = y 4
: w “ - ul
: 0 R ] -~00t 9 . 0
. 4 - o -
. - ) ﬂ Qo =
.,‘ F ] 4 N F
. ] Pt 9
. Z _ -y Z
1 - —~
(o) _ Fe2 O
S ittt (| ot s SRS 15 (0 [ §1.17 S SRSUNEDSPNUIT IR DINRIRINLI SO F I R o
; c ! ' o o c
P s «
! ! ; - “«
! 1 I - '
‘ ! | m : - 3
1 i -
! _ % 4h -
K L e Fit - - - - — 0%
M. “ * ﬁ k _ ‘,—A ”
u | WZySy ‘HLd3G ¥IAIDIY mw BN -
; . “16 ‘H143d 3D¥NOS & 22 38 -
¥ ! TH £61 GADNINDIYS 1 I (-
; 1 ' n -
4 TP U FURPRL ) - S L i PRI S SRR of

QL




wzyey ‘Hid3Q ¥3A1303Y
wig H143G IDVNOS
g 311S- IT INOULS HOUNHD
, 319NV 3DUN0S $75394 JONYY
, 119 34¥N914

ARL UTY
AS.79.2079
KCF . GA
10.9.9

6ap — 37J9NY IDHNOS

ol é 8 yi 9 S v £ Z { 0
L | [ i i i i 1 L A ;
0 ° Q
W 1]
— [ ]
L .
¥ ) - o1 7))
S 3 O
o fa
_W - z -l
_\ ) oz =
CZ : <
= : 2
e —
.... — Ot
"
- or
|
y
o i e ?q 4 2 il




332

UQ.. . On

$499

w1gs - HLd3Q 3DWN0S
9 3LIS- I IN0AULS HOHUNHD O IDYHL AYY
). Z1°9 3AN9i4

: wy — JONVYY
,” fa) o€ 174 oz L7 ot S ) 0
w )
; —— -
H F o000 F
- 0 0
- ") =N
m . 000t ®
L < ,////// m <
L 2 -
M S ///// 2 U
Z N 000 Z
. =
f,
k
W M" AAAARRAR LS RRASARARA] - N °
0SS1  00SL 0S¥l
. des/w — 03348




il

CONFIDENTIAL

(C) Signal excess was also measured during CHURCH STROKE II. ‘The

processing bandwidth for the measurements was 147 mHz. A 155 dB//uPa

source level at Site B (Figs. 2.23 and 2.24) results in 16 to 17 dB signal
excess at 67 Hz and 25 to 26 dB signal excess at 197 Hz for ranges less than
25 km. Beyond 25 km, a 165 dB source level yields 14 to 15 dB signal

excess at 67 Hez and 20 dB at 197 Hz. At Site ¢, within 25 km a 174 dB
source level produces 25 dB signal excess at 67 Hz and 35 dB at 197 Hz

(Fig. 4.3 and 4.4). At Sjite EN a 174 dB level results in 25 to 27 dB

excess at 67 Hz and 33 dB at 197 Hz.

(C) A minimum source level with 50% probability of detection can be
estimated from the signal excess measurements. if the ambient noise is
assumed to be white Gaussian, a minimum required signal-to-noise ratio

(S/N) can be computed based on a specified false alarm rate and the number
of equivalent degrees of freedom. The umbient noise measurements have
appruximately 14 to 16 equivalent degrees of freedom., For a false alartm
rate of 0.00l, a 507 probability of detection requires a minimum of 3 d8

S/N in the analysis bandwidth. Based on 15 JB of signal excess for a 155 dB
source level and this ainimum 3 db S/N, 143 dB i{s the minimum source

level with a 50% probability of detection,

()  Based on the signal excess presented above, estimates of minimum
Jdetectable source levels have been computed. A 151 dB source at 67 He
has a 503 chance of being detected {n a 147 mHz band at ranges less than
25 km from any of the three sites. A 142 dB source can be detected at
Site B. AU 197 Hz the estimated minimum detectable source levels ave
approximately U JdB below the @/ He levels, or 140 dB at all sites, and

133 4B at Site B, These results have been summarized in Table Vi-l.

(€)  The long range PL data frow Site B hax been compared to BEARING STAKE
daca.la Both arcas are bottom limited regions. Propagation to Site B,
Figs., 2.8 through 2,13, is chavacteristic of a bottosm limfted regiovn.

The lony range PL for a 91 m depth source, Fig. o.ll, luacrcases with
fncreasing vange 4t 4 rate greater than that of oxlindrical spreading,
because of losses {n the bottom, As tThe rantge {acredases from L0V kam to

15¢
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(C) TABLE VI-1
Signal Excess Summary and
Estimated Minimum Detectable Source
Levels for CHURCH STROKE Il Sites  {U)
147 miz Processing Buandwidth

25 km Maximum Range

187
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— ~
SITE 4o B ¢ EN
Freguency (Hz) 67 197 67 197 67 197
Source Level - 155 155 174 174 174 172
d8//uba
Noise Level - b 58 74 b2 o8 o4
dB/fupal/ie
e L e — [N SRR O e
¢ j &

Signal Excess - lo <3 =7 35 -9 33
oBlfwba
Estimated Minimum
Detectable Level - 142 133 150 142 151 142
LTVAZ NN SRS SR SRS SIS S USRI
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(C) 300 km the 25 Hz losses {ncrease from 87 dB to 100 dB. This general
increase of loss with range was also seen in the BEARING STAKE area,
Fig. 6.14. However, at BEARING STAKE Site 1B, the losses increased from
about 90 dB to about 95 dB over the same range interval. Propagation to
CHURCH STROKE II Site B therefore presents a slightly higher increase in
loss with range. This 1s consistent with the higher bottom loss values at

Site B, as discusgsed {n Section 6.1.

(C) As source depth increases below the bottom coniugate depth (the

depth where the sound speed equals the sound speed at the bottom), the
character of the Site B propagation changes. Convergence zone propagation
{s seen for the 244 w source, Fig. 6.15. Propagation loss varies as much
as 15 dB between the coavergencye ¢owes ond the shadow zones. Similar
effects were not seen in the BEARING STAKE data because no sources were

below the bottom conjugate depth.

(C) Spectra from the SUS data at Site B were averaged at 100 km intervals;

these are plotted in Figs. 6.16 and 6.17. For both the Yl = and 244 &
source depths, the PL generally incrszases with i{ncreasing frequency.
Betweet U km and 100 km, Pl at botl source depths {ncreases about ‘
6 dB/octave, which is more rapid th-n was seen {n BEARING STAKE Sire 18.15
This characteristic changes, however, with lncreases in range. Belween

200 ka and 300 ka, at a source depth of 91 n, the low frequency falloft

is 7.6 dB/octave; iU {5 slightly less betueen 306 k@ and 400 km.  For the
244 ® seurre the PL at high frequencies falls off at & dB/octave, while the
low frequencies fall off less vapidly. the BEARING STAKE data from Site 1

shoved this same characteristiv for both 244 & amd 91 m sources.

(C) AU Site EN, in the Western Philipploce Basin where depth excess exlsts,

Cofivergetive zotte propagalion predosinates for all souree depths, Fig. 6.18
w and Fips. 3.10 through 3.14. Other areas of depth excess, such as the
CHURCH ANCHOR and PARKA Ll arveas, also exhibit convergence zutie structure.
In these three areas Che difference betuweon vonvergence zone and shadow
cofe PL is at least 7 to 1S dB.  Ar mid-vater depths, the couvergence zone

propagation {s spproximately the sasme for the two reglons. Beyond 180 km
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,i

.;-?fi-;§ (C) (100 nmi), the PL to Site EN from sources within the convergence zone is
Al.ﬁ . approximately 88 dB at 197 Hz, while in the Northeast Pacific it is
§§'  5 %{I approximately 90 dB at 180 hz.

(C) Figure 6.19 presents the losses to Site EN from sources within the

convergence zone at 180 km as a function of receiver depth. 1In the bottom

400 m of the water column the losses increase with depth by as much as

15 dB. When compared to data from CHURCH ANCHOR (also In Fig. 6.19)

this increase at Site EN is more rapid and occurs over a smailer depth
interval; the increase in the CHURCH ANCHOR data begins at least 1000 m

off the bottom.

(C) Thus far all the data discussed have been taken with the source within

the "agin, An acoustic model study counducted prior to the exercise

predicted complete acoustic blockage by the bathymetric ridge along the

northern boundary of the Western Philippine basin. Although the model
runs were for a site 40U km to the south of Site EN, the blockage would

also be ,.edicted feor Site EN.

(U)  The atrcraft sSUS event at Site EN extended out beyond the Oki Daito
Ridpe, the northern boundary of the basin, When the shots were detonated
within the basin, the received signals saturated the recording system

(Figs. 3.35 through 3.40). At a range of 400 km, the source passed over the

Oki Dairo Ridge (Fig. 3.1). Stuots Jdetonated bevond this range were not

detected at the recelver location: the ridge does effectively block

acoustic propagation from shallow sourccs outside the basin, as predicted.

(C)  lu summdry, ta. PLowithin the CHURCH STROKE 1l avea fros sources at
short cvanges (10 to 2% km) averages 78 dB. The signs] cxvzss mcasured
durtag the short range events glves an estimated miacum det-ctable source
level of 150 dB//uPa at o7 Hz and lau dB at 197 Hz at all three sites for
noise levels similar to tho e during the exercise.  Long range PL

: characteristics in The botlowm limited Pare @ Vela Basin are similar to those
seen 10 the tndian Ocean, and are noied for thelr low losses.  The losses

however, are approximately 5 db greater in the Parcee Vela Basin.,  The PL
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(C) in the Western Philippine Basin is approximately equal to measurements
from the north Pacific. Other characteristics of those regions, such as
convergence zone structure and depth dependence, are similar. Finally,
propagation to the sites from outside the CHURCH STROKE IT basin was not

detectable.

6.3 Ambient Noise

(V) This section compares the background ambient noise levels from the
Northeast Pacific (CHURCH ANCHOR, CHURCH OPAL) with the levels at Sites B,
C, and EN of CHURCH STROKE I1l. The levels at critical depth and near the
bottom are examined separately. The data from Site € were obtained from

a4 short deep array, i.e.,, no measurements were made at critlcal depth.

The PAR and anemometer data at Site B were examined carefully to estimate
wind generated noise. The low signal level PAR data (at lower wind speeds)
were rejected, however, because of quality problems due to data compression

in the tape recorder.

(C)  The critical depth noise levels for the Northeast Pacific and the
Philippine Sea sites fo Fig. 0.9 are superimposed in Fig, 6.20. These
data are characteristic of shipping dominated regilons., The levels peak
aroutd 30 Hz decreasiag 6 to 8 dB/octave with increasing frequency. The
Philippine Sea data falls between the lowest Northeast Pacific data from
CHURCH OPAL (Site €0) and the data from CHURCH ANCHOR Sites CAC and CAD.
In general, the noire level in the Northeast Pacific decreases frows north

to south, which verrelates with the distribution uf shipping density.

() The nominal shippiag density in the Northeast Pdcific28 varies from

10 ships per $° square at Site CAD to 7 at Site CAC, 4 at Site CAA, and

3 at CHURCH OPAL Sitws CU.  The obscerved shipping density per 3% squarc in
CHUKCH STROKE 11 at S$ite 3 and Site ¢ was on the order of 10 to 15,19

AU Stte BN the density was on the order of 13, These deasity numbers are
slightly subjective and vitiable. In those cases where the sites lay on

4 5° bouadary an interpolation between 5° squares was made.
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(U) The near-bottom levels are shown in Fig. 6.21 for the three

Philippine Sca sites and the CHURCH OPAL site. These levels represent
near-minimum conditions duving which no single ship appears to deminate

the spectrum. The exception is from 3ite C where only 36 h of data were
available and the quietest time found was during a period when a tanker was
known to be 50 nmi distant. The CHURCH OPAL data remains as the lowest

level data yet recorded on an ACODAC.

(C) One of the more interesting observations in regard to depth dependence
{s that Sites B and C were bottom limited and Site EN had 1000 m of depth
excess. This observation is coupled with the fact that all of the North--
east Pacific data were taken from areas of depth excess and all those daca
show decrvasing noise levels with depth, The significant point is that
Site B also showed a decrease in noise level with depth. This is different
from the Indian Ocean (BEARING STAKE) data, also bottom limited, which
exhibited little or no depth dcpendcncc.lB The difference lies in the
shipping densities. The BEARING STAKE 5° shipping densities vary from

149 at Site 1 to 93 at Site 4. 1n the Indian Ocean, the shipping density
is wuch higher than that of the Philippine Sea, and essentially distant

shipping conditions do not exist.

(C) A second factor which may contribute to the depth dependence at

Site B is the mechanism of slope coupling of nolge from shipping over the
sides of the basin which contained Sites B and ¢ (Figs. 2.1 and 4.1).
Sources above the slopes of the bagin would be expected to contribute
relatively Little energy to deep tear-bottow sensors in the middle of the
basin, even though they would be expected to be important at midwater

depths.

(C) Tt should be noted that awbient nolue was recorded at Site EN duriag
the passage of Tvphoon Lucy. The nolse levels Increased 25 dB across the
spectrue from 7 Hz to 250 Hz during this time. A detailed discussion of

the typhoon data was presented in Chapter 3, Sectlon 3,
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APPENDIX A
AMBIENT NOISE/cw PROCESSING
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(U) The AN/cw processor is a hardware/software configuration designed to
perform a narrowband analysis over a variable frequency range handling
large volumes of data. The systew performs five functions: A/D conver-
sion, spectral estimation, band estimation, editing, and display. Param-
eters such as bandwidth, frequency range and resolution, and integration
or averaging time can readily be adapted to suit different applications.

The AN/cw processing flow i{s shown in Fig. A.l.

(U) The basic signal processiug task of the system is to compute and
calibrate a narrowband spectrum from contiguous time increments throughout
the data period analyzed. Currently, an 8192-point FFT s used to provide

a frequency resolution of 0.147 Hz for the frequency range of 10 to 600 Hz.

(U) The ambient noise spectra can be time averaged over a selected period
and can be output as narrowband and/or nth octave band time series.
Varfous statistical algorithms are avatlable to furnish the [nformation

required to perform an analysis of the acoustical data.

(U The cw analysis i{s achieved by using the caltbrated narrowband
spectra to estimate the sighal power in a given frequency band. 1he
spectra are first averaged for a | min period; from these averages, two
types of band estimates are obtained. For ecach cw signal, a narrow band
(*J.5 Hz) centered about the source Ifrequency is searched for {ts spectral
peak, and then the signal power in a narrower band (0.22 He) centered
about this peak {s determined. Peak tracking is used to compensate fov
any Doppler variation in source frequency that might ocvur. The sccond
type ot band estimate determines the asblent nuise power i 4 wider band
(& H2) associated with each source frequency. In computing propagation '
luss, the sighal power 1s corrected Yur the holse power compou¢nt.a'l'A"
An algoriths s used to minfmize the effects of shipping Interferetive and

short-terw nonstationarities that often contaminate data of this type.
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NUMBERS

FREQUENCY RANGE

cw PROCESSING BANDWIDTH

TIMECODE SYNC

CALIBRATION SIGNAL FORMAT
AND LOCATIONS

OVERLOAD SIGNAL FORMAT

HYDROPHONE ‘TAPE CHANNEL
ASSIGNMENTS

ANALOG TAPE

RECEIVER CONFIGURATION

HYDROPHONE SENSITIVITY

PREAMPLIFIER GAIN AND RESPONSE

CABLE LOSS FOR EACH HYDROPHONE

CALIBRATION SIGNAL LEVELS

ANY PERTINENT PRE POST
DEPLOYMENY NOTES

SQURCE FREQUENCIES (0.1 Ma)
APPROXIMATE SOURCE SPEED AND
DIRECTION

SOURCE FREQUENCY STABILITY

RANGE AND BEARING YO SOURCE
SOURCE LEVELS AND ON TIMES
SHIPPING PROXIMITY
CONFLICTING EVENTYS

RECIPIENTS
FORMATS
AVERAGING TIMES

(

CALIBRATION

~

B8AND
ESTIMATION

FIGURE A\

EDITING

DISPLAY

OUTPUTS

COMPUTER LOG

OPERATOR NOTES

RAW DIGITAL TAPES CONTAINING
DIGITIZED DATA
TIMECODE INFORMATION
AMPLIFIER SETTINGS
OVERLOAD AND CLIPPING

INDICATORS

BOOKKEEPING ENTRIES

CONVYERSION FACTORS
OVERALL FREQUENCY RESPONSE
STATISTICS ON RECEIVER
AMPLITUDE STABILITY
FREQUENCY STABILITY
GAIN STATES
NOISE FLOOR
SPECTRA SAVED OM DIGITAL TAPE

PEAKS, MEANS, AND MEDIANS
WITHIN EACH cw BAND

TOTA. POWER iH EACH 1 J OCTAVE
BAND NORMALIZED YO 1 Nz

HIGH RESCLUTION AVERASGED
SPECTRA

STATISTICS ON RECEIVER AND A/D
ARTIFACTS

INTERMEDIATE DIGITAL TAPES

COMPUTER LOG

FINAL DIGITAL TAPES
EDITING STATISTICS

PLOTS

TABULATIONS
STATISTICS
TRANSMITTAL TAPES

ARL:UT AN/ew PROCESSOR FUNCTIONS

204

UNCLASSIFIED

-

ARy < Uy
AS. 76193
GCEE . DR
?ola o




UNCLASSIFIED

(U) The third task performed by the AN/cw processor is to automatically
edit the reduced data- for artifacts and contaminaéiod from: (1) environ-
mental effects such as biological and seismic noise; (2) exercise cffocts
such as conflicting sources (SUS), source level fluctuations, source timing,
and shipping noise; and (3) receiver and recording system effects. The
techniques and algorithms used in the editing phase are computerized.

These algorithms provide calibrations, data quality indicators, adaptive
filters for octave and narrowband noise estimators, peak tracking, and

corrrection of artifacts.

Processor Outputs

(U) The following outputs of the AN/cw processor are available for
analysis:
ambient noise spectra in narrow and/or octave bands,

cw signal power, noise power, and S/N estimates in narrow

frequency bands, and

3. propagation loss (PL), noise power estimates, and S/N estim.tes

versus range and/or time.

(U) An example of the cw propagation loss display used in this report
is shown in Fig. A.2. Each plotted point is derived from an average
spectrum over 2 to 4 consecutive minutes. Points are connected when they

come from successive averaging intervals. Because of source cycling

(10 min on, 5 min bff) in this example from BEARING STAKE, there are

frequent breaks in the connecting lines. 1In addition, points are dele:-d

when the signal excess is less than 6 dB.
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APPENDIX B
SUS PROPAGATION LOSS PROCESSING
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(U) The general flow of the ARL:UT SUS propagation loss processing is
shown in Fig. B.l. The basic inputs are the analog tapes frouam the ACODAC
recordings, SUS detonation times and depths, and navigation information.
The primary nutputs are propagation loss and $/N in each of the 1/3 octave

bands from 12 to 600 Hz and in one octave bands at 12.5, 25, .nd 50 Hz.

(U) Before digitizing the data, a quality assessment of the ACODAC
tapes is performed. At this time decisions are made as to which channels

can be processed and potential problems are uoted.

(U) As soon as navigation and source information are available, programs
are run to calculate the source-to-receiver range and expected arrival
time for each shot. These programs provide timing inputs for the analog-
to-digital (A/D) conversion program. Typically, a 50 sec time segment
starting about 15 sec prior to the expected arrival time for each shot is
digitized. An identification record is output along with tbhe time series
indicating the source depth, detonation time, and range from source to

receiver.

(U) Two channels of SUS data are digitized simultaneously, with 12 bits
from each of the two channels packed into one word. At the same time, the
predeployment calibration signals are digitized and later processed to
provide calibration factors for the digital SUS data. Envelope plots

of the type shown in Fig. B.2 indicate that the arrivals are indeed within
the window of digitized data, and give an idea as to which shots may be

detected.

(U) A computer program 1s then used to detect the shot, determine {ts

duration, and compute its Fourier spectrum. A noise spectrum is obtained
using the first 6.8 sec of the time segment containing the shot, which is
then used to correct the shot energy in each frequency band. Calibration
factors, ACODAC gain, and ARL:UT gain applied at conversion time are then

taken into account in assigning a calibrated propagation loss value for
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(U) each frequency band. These values--noise level and S/N in each frequency
band, detection time, shot duration, peak level and {ts time of occurrence,
and both the shot and noise transforms--are output on digital tape for

each shot.

(U) Additional programs are used to display the data. The primary display
is propagation loss versus range for a given source and receiver depth

: l and frequency, as shown in Fig. B.3. Additional displays include travel
time from source to receiver, sound speed estimates, shot and noise spectra,
noise or S/N versus range, range averaged propagation loss, and differences

in propagation loss or S/N as a function of hydrophone depth or frequency.
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APPENDIX C
BOTTOM LOSS PROCESSING
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(U) The bottom loss processing system is designed to compute bottom loss
from recorded multibounce SUS data. There are three elements of the system.
First, there is the signal processing element, which is concerned with
obtaining calibrated spectral levels for time resolved signal components;
this 1s done using fast Fourier transform analysis of the digitized data.
Second, there is a signal modeling element, which is concerned with inter-
preting and predicting the observable signal components; for the current
work, this is done using a ray theory model based on careful calculation

of eigenrays. Finally, there is an element of the system which integrates

the signal measurements and the model predictions and accomodates small
timing discrepancies due to measurement errors or propagation fluctuations;
this is achieved by a combination of computer programs and manual inter-

vention.

e e e e

(U) The general flow of the ARL:UT mulvipath processing system is shown

in Fig. C.1. The basic inputs are the analog tapes from the ACODAC
recorders and the associated ancillary data. The ancillary data includes
SUS detonation times and depths, navigation inputs, sound velocity profiles,
and bathymetry. Bottom losses are computed in all 1/3 octave bands from

21 Hz to 600 Hz and one octave bands at 12, 25, and 50 Hz, and are stored

in digital form. Most of the data presented in this report are from the

25, 50, 100, 200, and 400 Hz bands. The source levels used were those

reported by Gaspin and Shuler.c'l

(U) The initial processiag of the ACODAC tapes includes a quality
assessment and a data survey. During this time, the ancillary data are
used to compute time windows for accepting digital data containing the shot
arrivals. Usually, the time window is 50 sec long and begins approximately
15 sec before the expected shot arrival. The data window, together with
information such as shot depth and range, are stored on magnetic tape,
together with appropriate ancillary information. The predeployment cali-
bration signals (header calibrations) are digitized during the same
operation and then processed to provide calibration factors for the

digital SUS data.
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(U) 1In parallel with the conversion and display of the data, computations
are made to determine the ray path arrivals from each shot. These are made
using a computer program which determines the eigenrays connecting the
source and 1:eceiver.C'2 These computations assume that the bathymetry and
sound velocity structure do not vary with range. Within a selected arrival
window (usually 10 sec), all of the eigenrays are determined to within 1l m
in range. That is, the voot-finding iterations to find each ray are
terminated when a ray is found which leaves the source and passes through
the receiver depth at a range within 1 m of the source range. Thus, the
signal travel timing along each ray is determined to better than 1 msec.

This information is then stored on a digital magnetic tape.

(U) To reconcile the modeled and the measured arrival structure, the ray
arrival structure is plotted to the same scale as the high resolution plots.
The one manual step in the multipath processing system uses these two
plotted displays in —:onjunction to verify that the modeled arrival structure
is adequate to represent the measurement and to correct for timing errors
due to, for example, detonation time uncertainties. Figure C.2 gives an
example of agreement typically observed betweeu the ray predictions and the
measured signal. In practice, the manual task is to verify such agreement,
and then to record the first and last ray indices and the times in the
signal at which good agreement has been found. For example, in Fig. C.2

it was noted that there was good agreement from ray 1 at 16.2 sec to ray 22
at 22.8 sec. This information is then input to a subsequent computer

operation referred to as "splitup'.

(U) The task of splitup is straightforward: to specify the time intervals
in the digital data containing groups of multipath arrivals and to

associate with these intervals the bottom reflection angle, the number of
reflections, and the reference propagation loss. The reflection angle is

defined as the average bottom angle of the rays within the time {nterval.
The reference propagation loss is computed by coherently summing the

ccutributions of the rays within the time fnterval and averaging over the

one or 1/3 octave bands used. This computed loss assumes that the ocean
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(U) bottom is perfectly reflecting and that the ocean surface is a pressure
release boundary. The difference between the reference and measured
propagation losses i{s then attributed to a bottom loss mechanism., In
Fig. C.2, the time intervals computed, together with some of the associuted

information, are shown.

(U) Finally, the information from the splitup operation is input to the
spectral measurement program which computes the Fourier transform and

the calibrated propagation loss (and bottom loss) for each of the arrivals.
This information is stored on digital tape for subsequent display and
analysis. Figure C.3 presents the power spectra for the first nine
arrivals in Fig. C.2. Figure C.4 presents the individual bottom loss
measurements at 25 Hz and 100 Hz for one SUS run, and Fig. C.5 presents

averaged bottom loss at 25, 50, 100, 200, and 400 Hz for the same SUS run,

(U) A more detvailed discussion of the bottom loss processing system can

be found in Ref. C.3.
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DEPARTMENT OF THE NAVY

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

IN REPLY REFER TO:

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

MEMORANDUM FOR DISTRIBUTION LIST

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

Ref: (a) SECNAVINST 5510.36
Encl: (1) List of DECLASSIFIED LRAPP Documents

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

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

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

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

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

NI =
BRIAN LINK
By direction
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Blue Sea Corporation (Dr.Roy Gaul)
ONR 32B (CAPT Paul Stewart)
ONR 3210A (Dr. Ellen Livingston)
APL, U of Washington
APL, Johns Hopkins University .
ARL, Penn State University
MPL of Scripps Institution of Oceanography
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