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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). 1

Acoustic measurement systems deployed included the LA4lDRBA (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 ombient noise measurer..eiits from both the ACODAC and PAR systems.

j- Figure 1.1 presents the locations of sites from which data have been

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 noise and propagation loss.

The data objectives of the PAR were: sensor performances for omnidirectional,

vertical line arrays (VLA), and DIFAR sensors based on ambient noise and

ew 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 is to present the processed data

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

and analyses are presented in Chapter 6 of this report. The complete

set of measurements t stored on Jigital computer tapes, which are available

to CHURCH STROKE II tchnttcal investigators.
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( ACODAC recording Systems were deployed at Sites B and LN 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 receiving 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, however, limited the data processed

to data from one uncalibrated SOS 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 it Chapters 11 and III these recording problemit wwant that

calibrated total propagation loss measurements from SUS sources could not

be made (they have been estimated). ktoweve, . bottom loss measurements

could be mAde from the SUS sources recorded on the cw/AN hydrophontes.

Within the constraints of these problems, the available data which were

proc4.ssod should be good etnough to achieve mast of the ACOLIAC objectives.

(U) A zaingle hydrophone array configuration was used for all PAR

deploymetnts. This configuration is shown Its Fig. 1.3. Htydrophune I was

15.2 is off the bottot. The roetAining o tidirectiotal hydrophoner (2-4

and 7-13) were untiformly spaced 3.8 m (12.5 ft) from the aditwent hydro-

photes. Vie directional hydrophones 5 and 6 were located it close proximity

to oLmnidiroctional hydrophone 7. All of the PAR hydrophoneo were aet up

UNCLASSIFIED
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NOMINAL SENSITIVITIES HYDROPHONE DISTANCE OFF
BUOY No. BOTTOM

-160, -180 10

-3000m-98- -1280

ACODAC

-160,--600 8

-9•- -128" 7

-964 -128' 6- 400m

-9•-•-1284 5- 300.

-96- -128" 4- 200 m

S-go- -- 24 3- lOOm

- -124" 2 • 10m

"-96-U'" 2-- -- • I - to.

,*10 5 GAIN STEPS ARL'Ut
~~. KCP .(.A

FIGURE 1.2
ACODAC ARRAY SPACUN4

4
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NOMINAL SENSITIVITIES HYDROPHONE DISTANCE OFF
(IN 6 dB GAIN STEPS) BUOY No. BOTTOM

"PAR
SPHERE

-138 -- 96 13 omni 76m

-138- -96 12 omni 61 m

-138 - -96 11 omni 46 m

-138- -96 0 lOmni 42.

-138 -96 9 omni 38 m

- omnl 34m

horizontal
"-198 -- 156 56 sine 30.
-138- -96-7 ann 30 m

-138 -96 4omni 27.

-138 -96 3Omni 23.

2 amni 9

-138- -96 [19.

138 96 1 Omni 15.

ACOUSTIC
RELEASE

ARLUT

FIGURE 1.3 KCF.GA
PAR ARRAY SPACING 5'" .79
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(U) with receiving sensitivities appropriate for measuring the cw and ambient
4

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

processing to the omnidirectional data at selected time intervals.

Although sensor performance comparisons were unattainable, the quality of

the available data warranted processing of selected time intervals to

supplement the ACODAC data set.

(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

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

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

w " 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 ev:eLt at Site EN were

processed for propagotion 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
5

calculated using source levels published by Gaspin and Shuler. 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 1-2 for all

other tows. Ancillary exercise data sources are listed in Refs. 6-11.
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(U) 'TABLE 1-1

SITE H - SHORT RANGE ACOUSTIC

SOURCE LEVEL 6

Range. Interval Lteve 1
(kin) (dB//•tPa)

0- 22 155

22- 37 165

(U) TABLE 1-2

ACOUSTIC PUOJECTOR SOIRCE LEVELb

6 717

S197 172

(Thu rovoric of hil s ptgot is bciak.)
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II. SITE B ENVIRONMENTAL ACOUSTIC DATA

(C) Figure 2.1 presents the Site B location and the SUS shot run

processed for this site. The site location was 14*54.5' N, 14!031.2' E;11

the SUS source event commenced at 0740, 15 November 1977, and was concluded

aat 1716, 16 November 1977. This run was on an approximate bearing of 340'

relative to the site. The data processed was for a range inLerval extending
7,8from 35 km to 500 kn.. The entire event was conducted within the bottom

limited basin shown in Fig. 2.1.

(U) Shots detonated at depths of 'I m and 244 m and received at a

hydrophomý depth of 3572 m (10CO m off t~he ocean floor) havtc been analyzed.

There wece two hydrophones deployed at this depth. One hydrophone witi

a nominal receiving sensitivity of -151 dB/!V/vPa was designed to mcaaure

the shot data, and another hydrophotte, with a nominal receiving sensitivity

of -128 to -98 db//V/IPa (varying gain) was desi~god to measure a=bient

noise and cv data.

(U) The prodeployment calibration signals for the shot hydrophone

exv•x ,4vd the s turatloa level of thi recording tapv. and therefore the

data received ou this hydrophone was uncalibratcd. SNite the high setnsi-

tivit) hydrophotn waN detigned to measure aMhient notse, thC peak level of

tho first and seco•d .multipath artivals of almost all of the shots

saturated the tape rocordtngs. boteom loss mcasuremetou wvro bmde using

the uusuturated highor order arrivals rectived on tho ambiott toios htydro-

phones. 1"o~evcr, total propaga4toti loss could not be aveuratelv Mvasured

because of the above probleo. To get Au oietim-to of tota1 p-oparAtiou

loss. data fromk both the shot hydrophone and tho acbint n•otie hydrophentc

havt been proeossed for Prop-Agation loss. Ttlc data trom the shot hydrophotto

(uncalibratod though unsaturated) have been plottd as relative Viouttd

e.ssur, level (SPL) to present the structure of the ptopagAtion loss as

4 function of r'ane. The data from the a-mbiout noiss hydrophone
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(U) (calibrated though 8aturated) 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, Is to indicate the signal-to-noise

ratio (S/N) within the, measurement band. The meaning of each symbol is

given below.

X: S/N L 3 dB,

4: 0 dB < S/N < 3 dB,

S: Saturation on some peaks,

n: -3 dB - S/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.

(C) The INDIAN SEAL towed a cw projector approximately along the 3450

radial of Site B from 1740 18 November to 1200 19 November 1977. The

tow Etarted at a range of 180 km and finished at the slie. Data recorded

on the PAR during this time interval have been processed -or cw propagation

los& and ambient noise. The hydrophone had a nominal receiving sensitivity

of -138 to -96 dB//V/pPa and was at a depth of 4542 m (30 in 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

function of bottoe grazing angle; the data processing is given in

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

presented in Figs. 2.2 and 2.3. The symbol platted for a given measure-

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

(U) A scalloping effect can be seen in the 25 Hz and 50 Hz bottom loss

measurements from the 91 m SUS (Fig. 2.2). It is felt that the bottom lo,ýs

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

small discrepancies between the values of parameters such as source range

15Lif _CONFIDE_____



CONFIDENTIAL

+10-'- - _ _ __ _ _

25 Hz 50 Hz

0 35 . a _ _ _ __ __ _ __ _ _ _

0-

0

+1 0-

100 Hz200 Hz

a)3

__ _ _ _ _ _ _ _ _ _ __o_ _ _ _ _ _ _ _ _ _ _ _

0-5

31 H 0 203000 0 10203i4
GRAZING ~~ ANL rtogGAIGANL o

FIUR 2.2
BOTO LOS ESIAE essGRZN NLU

CHURCH 6 ST OK 7g7IEB.37 ECIE ET'4A~
91- ILI SORC t.ETH

'I ~ b II30.7

CONFIDUENTIAL

CHRC STOK ]I SIEB-37 ECIE ET R

...........



CONFIDENTIAL
+10

25 H~ 50 Hz

5-

in 4
o~44

a-LI-L
0- 

6 _ _ _'

+10-
100 Hz 20H

-~4 4

*5 4

inS

0-0
0

3)5 Ha 0 i z44
to004

a .

in7

0 10 20 30 400 10 20 30 40
GRAZING ANGLE - clgGRAZING ANGLE - o

FIGURE 2,3
BOTTOM LOSS ESTIMATES versus GRAZING ANOLE (U)

CHURCH STROKE 11 -SITE 8 -3572 mn RECEIVER D'EPTH ARL;UT
114 m SOURCE DEPTH lkCF -GA

it CONFIDENTIAL

n mzz **m '



UNCLASSIFIED

(U) or source depth which were used for data reduction and the actual value(s)

during Lhe 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). In 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 turn,

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.

(U) 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 11-1

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* were 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 know% sediment
13

thickness in the Site B basin which is approximtely 350 m. 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 da of bottom loss be assumed, as

indicated in Table 11-1.

I UNCLASSIFIED
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(C) TABLE !I-!

AVERAGED BOTTOM LOSS DATA CHURCH STROKE II - SITE B (U)

91 m and 244 m SUS
Receiver Depth - 3572 m

Bounces 3-12

25 Hz 50 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 0.5 447
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 200 Hz

Grazing Angle Std Number Grazing Angle Std Number
Interval-Deg Mean Dev Samples Interval-Deg Mean 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 400 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

22
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NUMBER OF BOTTOM REFLECTIONS: 1 2 3 4 5 6 7 8

BOTTOM GRAZING ANGLE: 50 13° 20' 27* 33* 38' 42* 45'

FIGURE 2.7
ENVELOPE OF 244 m SUS AT 40 nmi RANGE

FROM CHURCH STROKE ]!-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

levels received at the SUS hydrophone and the ambient noise hydrophone

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

saturated 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

example, the differences between propagation losses from the 91 m and

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

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

(vice only bottom reflecting) propagation is possible; hence, the convergence

zone structure in the 244 ý. 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

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 aignal levels of the 244 m

" •data-seen in Figs. 2.8 through 2.13 is absent in Figs. 2.14 through 2.20.

(U) Table 11-2 summarizes the cw projector data from the PAR aystem at

Site B; 67 Hz and 197 Hz tones were broadcast for the entire range ot

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.

24
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FIGURE 2.15
PROPAGATION LOSS AT 50 Hz* (U)
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FIGURE 2.16
PROPAGATION LOSS AT 100 Hz' (U)
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FIGURE 2.17
PROPAGATION LOSS AT 160 Hz (U)
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PROPAGATION LOSS AT 200 Hz* (U)

CHURCH STROKE SITE B
91 m AND 244 m SUS

/ 4 SATURATED - SEE TEXT

ARL:UT•:' AS.? 8.11852
KCF GA

354 CONFIDENTIAL



CONFIDENTIAL

80-.
FREQUENCY: 315 Hz

SYMBOLS SOURCE DEPTH: 91 mx: SAli?3 dB RECEIVER DEPTH: 3572 m
m 90 "+: OdB_<SN!<3dB

"o: -3dB:_S/N _<0dB
s: Saturation on Peak

1 100-

g I $110- 11

rK 
x

"J ss

120
100 200 300 400 500z 80  4

o SYMBOLS FREQUENCY: 315 Hz,: S/N 3 dB SOURCE DEPTH: 244 m90-_+: 0 dB_< S/N_1 3 dB RECEIVER DEPTH: 3572 mk'l<9 1-3dB<_SA/ISdB ,____ ____ ___

s: Saturation on Peak

o 100.- -OIL.~tT ~

op I to

120 -

0 100 200 300 400
RANGE -km50

FIGURE 2.19
PROPAGATION LOSS AT 315 Hz
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FIGURE 2.20
PROPAGATION LOSS AT 400 Hz" (U)
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(C) TABLE 11-2

CHURCH STROKE II - Site B

Projector Tow Summary (U)

Range Source Source Level (dB) Propagation Loss

Interval Depth 67 Hz 197 Hz Figure Number
(kin) (M)

0 22 91 155 155 2.21

22 - 36 91 165 165 2.21

37 - 1 80 18 174 172 2.27
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(U) Propagation loss for the 91 mn source Is 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 presented in Figs. 2.23 through

2.26. Both the 91 m and 18 m source depths are included in these figures.

2.3 Ambient Noise

(C) Data were selected from PAR channel 4, from a hydirophone 30 m above

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

1/10 octave band time series foi that channel are shown in Fig. 2.27.

The merchant ship JJCD was identified during this time and will be dis-

cussed In Chapt,!r V on ship signatures. Percentile spectral levels for this

period are shown in Fig. 2.28; at 50 lIz the median level is near 74 dB

and the minimum level was found to be 63 dBl. During this period the

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

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

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

(C) Data from the time period 330/0,)00 through 3M0/1200 was seloteCL

for three channels from the ACODAC to study depth dependencn of the noise.

PAR data during the same period were also processed to crosscheck calibra-

tion between the two systems. The 1/10 octave band time series i,.ilowed

by their respective percentile spectral plots are shown in Figs. 2.29

through 2.36. These data show a general decrease in level with tiice over

* the 12 h period for all frequencies. The decreasing level with t ttue

.corcesponds to a departing unknown ship and decreasing wind spee. r'he.

spectral levels range over 15 d8 for the receiver 1000 m above rh.:, _.ýtrom

* (ACOIDAC channel 4) and 25 d8 for the near-bottom %-eceivers (PAh •'I,;ne! 4,

3n0 m above bottom, and ACODAC channel 14, on the bottom). T.: m,:.t

significent observation is that the noist: decreptses in level with depth

over the last 1000 m above the bottom, as shorwn in Figs. 2.37 and 2.38.

The change in level is 7 or 8 dB, somewhat of a surprise because

Site A is bottom limited. A second surprise io the spectral level
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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. lla, 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

i1 Fig. 2.34 (PAR), a significant difference is seen which can easily be

attributed to different source-rece'ver geometries.
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III. SITE EN ENVIRONMENTAL ACOUSTIC DATA

• = =•iII

(C) Figure 3.1 shows the Site EN location, 20005.9' N, 132'05.0' E, and

the source events processed for this site.

'(U) There was one cw projector tow by the INDIAN SEAL out to 450 kin

along 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 in off the bottom), 5582 m (400 in off

the bottom), 5782 m (200 in off the bottom), 5882 in (100 in off the bottom),
6

and 5972 m (10 m off the bottom). These AN/cw channels had nominal receiver

sensitivities of -128 to -98 dB//V/pIPa. It should be noted that the cw

projector depth was 91 m out to a range of approximately 53 kin, and 18 n

depth beyond that.

(If) VP aircraft dropped 18 in and 91 in depth SUS along the tracks shown

in Fig. 3.1; they were received at a hydrophone depth of 4982 m (1000 in

above the bottom). The SUS data recordings at Site EN were subject to

the same problems that occurred at Site B, discussed in Chapter il. For

Site EN, since calibrated propagation loss data were available frotu 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 area,

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 91 m depth

SUS are shown in Figs. 3.2 and 3.3, respectively. There is larger scatter

in these samples than was seen in the data at Site B (Figs. 2.2 and 2.3)

from the ship dropped SUS. In addition, the anomailous oscillations in

the 25 Hz and 50 11z results of Fig. 3.3 reflect 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 50 increments of 18 m source data at 25 and 50 Htz,

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

(U) The averaged values are also given in Table III-1. The values for

angles above 200 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

receiver depths are shown in Figs. 3.5 through 3.9. Beyond 53 kin, the

same frequencies were projected for 18 m source depth, and the propagation

loss is shown in Figs. 3.10 through 3.14. It should be noted that data

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

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

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

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

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

the 18 m source at longer ranges.

()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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(C) TABLE III-I

AVERAGED BOTTOM LOSS DATA
CHURCH STROKE II - SITE EN (U)

18 m and 91 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 50 0.0 0.0 0 45 5W 0.0 0.0 0

100 Hz 200 Hz

Grazing Angle Std Number Grazing Angle Std Ntumber
Interval-deg Mean Dev Samples Interval-deg Mean Dev Samples

0 5 1.l 2.7 69 0 5 4.1 3.0 69
5 10 4.o 1.4 97 5 10 4.1 1.9 98

10 15 4.6 1.2 76 10 15 5.2 1.6 75
15 20 4.9 1.1 38 15 20 5.8 1.3 39
20 25 5.4 2.2 8 20 25 6.2 1.8 8
25 30 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

400 HIz

GrdaZin Angel Std Numb r NOTE: Arrivals Above 30' grazn4

inaerval-deg Mean Wev Sample•s 4nule not detected.

"0 5 5.4 2.4 67 Retoend using 12 d loss

5 10 5.9 1.6 30 a all frequete
1.0 15 6b 1.3 55 25 And 50 Ha - 18 M SUS only.1 is 1 6.6 1.3 55

15 20 6.4 1.7 26
20 25 7.3 2.u 7
25 30 8.7 2.o o

35 40 o.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

,stimate of propagation in the basin near Site EN. However, note in

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

region at approximately 400 km range from Site EN; 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 sigivt,; change from saturated to undetected,

with ?erhaps 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 :133/6

has been processed and also noise recorded by PAR (see Appendix A)

during the period 337/0 through 340/12. Several displays of ambient noise

information are presented: noise time series, percentile levels versus

frequency, percentile levels during an interval of stable noise, displays

of minimurm noise level versus depth and frequency, and spectra generated

by Typhoon Lucy.

(U) 'hite spectral levels from the ACODAC in 1/10 octave bands vtrsu5 time

at the different rvceiver depths are ,.howtu in Figs. 3.41 through 3.45.

The distributions of noise at the rv.t:eivvrs ov-r ýhe two-day period are

shown by the percentile plots of Figs. 3.46 through 3.50.

(U) In. all of thie ambient noise data, system elC t-onlls noise ih pvesent

below 10 lie at least part of the time. Also, the percentile spectra ot

Fig. 3.49 is corrupted by a 10 HL square wave ctlibration signal which

iinadvertantly turned oil during the dat.t pvri-, The 10 Hti signal and its

St98
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(U) harmonics can be seen in the lower percentiles. As an editorial procedure,

the time period covering the aircraft SUS run, 332/0130 through 33210730,

was deleted from the percentile estimates of ambient noise level. In

addition, erratic gain ranging on the deepest channel (see Fig. 3.34)

could not be accounted for and (the times 331/1530 through 031/2030 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 relaively 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 observed.

The minimum levels (from Figs. 3.46 through 3.50) are shown versus depth

in Fig. 3.56 and versus frequency in Fig. 3.57. Figurt 3.56 shows

noticeable quieting with depth below the critical depth at 5000 M.

(C) Typhoon L~UCY wdS Of 'ourse a Significatnt. event. The prk!ssurv spectrum

levels in 1/10 octAvv bands are shown in Fi1g. 1. 58 As f unc tions of time

as the S~onrti is at its clo-sest point of approach (CPA). These d"ta were

from the VAR, which recorded Lthe. data in short stgmvnts. Vie reeviver

was 30 m above the bottotm. Figurzes 3.59 aind 3.60 show thie spcetral, levels

as the 3torm approAches and then reccedes. it shiould be nio surprisev that

these spectra show no evidence- oi shipping, a: Lthe ;torta approaches the site.

rTli very high values of 85 to kj' dgP/H4 pressure: spectrum level indi-

caite that rain was a4n importaint componevnt of thie noise sourcu.

(U) The wind speeds for three sItes Around K'S L were provided by F.MC

and are showti in Fig. 3.61. Along, with the storm trzick Around Site EN.

The eye of the storm approached Site fEN to withinl 50 timi and ditainished

rapidly in intensity 4tler pas~ing Site EN'. Vie spectral sh.apes in

Figs. 3.59 and 3.60 show An% increvasing pressure level with decre.asing

frvuoncy 4s the storm approached CPA.
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IV. SITE C - 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 0 41.q' N, 14007.9' E.

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 chatnel 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 hydrophones

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

omtnidiretioiial data set.

4.1 Propagation Loss at Site C

(C) 1te cw projector was towvd at a depth of 18 m during the entiire event

processed for Site C. Propagatiotn loss for the 67 Hr and 197 liz s!ignals

received at a depth of 4946 m is showtn in Fig. 4.2. These curvvs provide

Sa look at njear-bottom rVceptiotn ot shallow source signals. For those

ranges with direct path propagt iotn, less thati 30 km. the propagationl loss

is approximately 75 dBi. Bvtwvvn W km and the end of the run, b4 kin,

thhe propagatiott loss Is approxim.Ately 81 dB at 67 ltz anld 90 dLi at 197 Hx.

(C) Signal eCVc::s atnd ambintlL noise levw:s (in an adjacent trvquttcy bAnd)

during the projector tow at Site C are presntied in Figs. 4.3 and 't.4.

"The• dmbient ntoiste0 levei% att both trcquen '.eV de¢r:-aeS 14 dB as-- the tow

ship itncreases range out to 4.0 km, this i vvideticv of noise con1tamination

from the tow ship tsualf. ThIroughout th entLire event .lgnal excess

rem~ait high for th. 17 dB aourei levels. 4.yond the, direct path Vange,
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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 I 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 lHz 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 unidentifie6 ships at Sites EN and B; and Section 4

presents speŽctra from INDIAN SEM.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 as 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.

f - f
S 0f 

o
0

where f is the Doppler shifted frequency, f is the actual frequency ofs 0

the line component, c 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

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

a6t 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, tile median broadband PL is approximately

137

UNCLASSIFIED



UNCLASSIFIED

60-

co

~70-
0

ii 80
0

90- . .........
0 10 20 30 40 50

RANGE - km

60-

-U

70- SITE EN
0

z
0

A 80-

90

0 10 20 30 40 50
RANGE - km

FIGURE 5.1
INCOHERENT RAY THEORY PROPAGATION LOSS

AT 50 Hz FOR 18 m SOURCE
CHURCH STROKE 11 SITE B AND SITE EN ALU

A S.79.20~7
KCF.- GA
10. 9-79

138

UNCLASSIFIED



UNCLASSIFIED

(U) 75 dB between 10 km aad 20 kin, 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 C. 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 SOA of 6 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)". 1 5

(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

JNXN. JNXN was 1.5 h earlier than measured and was moving too fast, and

Dr. Wittenbc¢n 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 C) for several hours and reported no other ships. In this report,
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(C) TABLE V-1

SHIP 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
Frequen y Hz and Level - dB//WPa dB/P p 2 /1Z .....

SHIP Fl F2 F3 F4 50 Hz 100 Hz 200 Hz

"JN"N" 7Hz/- 14/168 21/167 28/174 165 155 140

JJCD 8.7/172 17.4/172 26.1/168 34.8/172 165 162 145

UJNKN (unknown)
following 9.7/- 19.4/170 29.1/172 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

4.
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(U) the ship at 321/0910 is referred to as ,NXN with the understanding that

these discrepancies do exist.

(C) Spectra from CPA and d1 h of CPA are shown in Figs. 5.3 through 5.5 on

a log frequency scale and in Fig,. 5.6 through 5.8 on a linear frequency

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 (see Figs. 5.21 and 5.23). The spectrum

at near CPA, Fig. 5.4, shows clear blade rate harmonics 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 aad 197 Hz based on an approximate range of 5 nmi

(10 kin). If 75 dB PL is added to the spectrum, then the broadband level,
2

which peaks near 50 liz, is 165 dB//PPa /Hz and the line peak at 35 Hz is

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

200 Hz is 45 dB/decade or 13 dB/octave. This slope is sliglhtly greater than

the 10 dB/octave slopes found for some of the ships in the CHURCH OPAL

exercise. 16

5.2 JJCD

(U) On day 322 the ship JJCD (radio call sign) passed near Site B and was

recorded by the PAR system. This ship is annotated in the 1/10 octavt

band time series of Fig. 2.27 and its 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 sh.jwn on a log frequency

scale in Figs. 5.10 through 5.13. The spectrum near CPA on a linear

frequency scale is shown in Fig. 5.14. The blade rate "lines" of this ship

are narrower than those of JNXN in Section 5.1. The bLade rate frequency

is e./ Hz; the level at this frequency is about Lae 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 fundame:ital

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
16

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 (FNwM) range of 5 to 10 kim.

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 P1, is direct

path dominated. The spectra I 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 kim.

(C) Based on the 75 dB PI., the peak source level is 175 dB/hPa; the

broadband source level peaks at 165 d./!•Pa-hiz at 50 Hz. The spectral

rolloff at CPA beyond 100 Hz Is 65 dB/decade or 20 db/octave. Beyond

direct path the slope changes to 5'1 dB/decade or 17 db/octavv. In either

case this it a stet-p rollotif V the spectrum.

5.3 "hre,- UnkznownShips

(C) Close behind JJC0 an% unknown ship 41aso approacched Site B. ai autiotatvd

in the 1/10 octave band time series o1 Fig. 2.27. The spectrum oI this ship

is shown In Figs. 5.15 and 5.16. it appears trom the tim,- series to have

approached Site B within 20 km. Thus a PL ot 75 JB should be 4dded to th-

tipectrum to estimate source level. From the appearatwe of the- overall

spectrutt, the blade rate was 9.7 liz. but the level at this trequvtety tt-

below the electronics noise 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 inforrration was collected during tile

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 seen 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 w(.h a beam of 12.2 m (40 ft) and a draft of 4.3 11 (14 ft) forward and
17

4.6 m (15 ft) aft. The displacement is 270 gross tons. The propulsion

system is twin screw direct drive, 3 blades/screw, variable pitch. The

engines are ALCO 12V251 - 5250 lip (2 each). The design cruise speed is

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

towing a ew source.

(C) The first signature is from Site B, time 323/1020, using channel 4

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

at 7.6 Hz and 9.0 Htz, 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 H1z in 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 is unknown. The ship was approaching Site B at

2.7 kt at a range of 11 km and the estimated PL, as in the case of the other

ship signatures for Site B, is 75 di. The broadband noise level is then

143 dB//IPa /Hz at 50 Hjz; blade rate harmonics go a,; high as
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(C) 150 dB//pPa 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 liz, which is a probable blade rale

based on the line width, can be seen in the linear spectrui! (Fig. 5.25).

The data above 50 Hz are dominated by 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 spec•:um to estimate source level. This

gives the broadband noise around 50 Hz a source level ,f 1.50 dB//Pa 2/Hz;

the peak noise levels rqual 158 dB//wPa at 1 m.

(U) The INDIAN SEAL signa-ures and the signatu::es of the other five

ships discussed above are stummarized in Table V-l. For each ship the

fundamental 6lade rate is given in coiu, V'1; columns F2, F3, and F4

give the next three ha, ion'.: sines of thi tundamental. Accompanying these

line frequencis are estimates of their source ievel, for those ships with

known ship-to-recelver ranges. Also presented are estimates of the broad-

sand source levels at 50 Hz, 100 dz, 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 comoare the results with results

of other exercises. 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, 1 8

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
19-21

PARKA II, CHURCH ANCHOR, and CHURCH OPAL exercises, Fig. 6.5, were

all conducted in regions of the Northeast Pacific with depth excess.

PARKA II data will be presented in Section 6.2 on PL. Ambient noise and

PL data from CHURCH STROKE II and CHiURCH ANCHOR will be compared in

Sections 6,2 and 6.3; comparisons wiLh the CHURCH OPAL ambient noise will

be presented in Section 6.3.
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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 mouel.

(C) The bottom loss measurements at Site B -ompare well with the

measurements from the BEARING STAKE sites in the Oman and Somali Basins.

The bottom loss measured in the Oman Basilc is low while the Somali Basin

bottom loss is somewhat higher.

(C) Bottom loss measured at Sit, B in the Parece Vela Basin was presentud

in Fig. 2.6. Below 300 the losses are approximately 0.5 dB at 25 Hz

and 1.2 dB at 50 Hz. Fi 6 u-e 6.6 presents a comparison of these losses at

Site B with those measured during BEARINC STAKE in the Oman Basin. The

Site B loss is slightly higher. At 200 Ilh, the two curves differ by

approximately 1.2 dB at all angles below 320; below 200 liz the differences

are nearly linear with frequency. Site B bottom loss at 100 liz is 0.6 dB

greater than the Oman Basin data.

(U) Further comparisons can be madu between Site B and regions of somewhat

higher bottom loss, such as the Somali Basin, Fig. 6.7; the Site B losses

are significantly less. At the lower froquencies thle Site B losses

increase very liLttl, below 300, while the increaF:e with aigl.e is alrmost

uniform in the Somali Basin. At the higher frequencles the Sit.' B

losses increase with anigle at appro;,im.ately halt the rate of the measure-

ments for the Somali Basin.

(C) Site EN ill the Western Philippine Basin is anothec rogion where high

bottom loss has been measured. i'hese losses, prkesented in Fig, 3.4, are

significantly higher t0an those ill thle neigbborilig 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 200 and 25', while at

Site B it occurs between 30 and 35. The Deep Sea Drilling Project

132
reports13,22 indicate that the Western Philippine Basin has approximately

100 m of sediment overlying an acoustic basement, while the Parkece Vela Basin

has 300 to 400 m of sediment. If one assumes a sound speed profile based

23
on Hamilton's 13 area average velocity gradients, then it may be shown

that sound incident on the bottom at angles -ibove 22" for Site EN, and

above approximately 270 to 330 for Site B, interacts with the acoustical

basement. Therefore, the nature of the sediment basement Interface can

* domitulle the reflected field at st-eper angles. The presence of a rough

basement will introduce scattering 'ud increase the losses at the higher

angles, as seen in the bottom loss curves; it is reasonable to assume that

* this is the case in the ChURCH STROKE ti data.

(U) A gcoActustic model1 for a 400 m thick sedime-nt has been derived for

the Parece VelA Bahsi, Fig. fy.S. The derivation ol this model is described

in detail in Ref. 24, A summatrv of thc- derivation follows. A sound speed

protile for the Oman Basiin, based on HAt-ilton'ti average velocity gradients.

was ,tsed for Site B. .t was modified -slightly by usitng a O.9S7 ratio of

surftace sedimrent velocity to bottom water Vetocit~y so th0.t calculated bottom

losses W-re similar to the obs.Vrved tearly Aonstant loses at the sfmalt r

angles. (This r4tio is near HamiltotL'n %.orld avde'agc of 0.98S.) Itic

attenuation profile was der'ved tf4rUM measured lottom 1osN uti;Zg the method

outlined in Reu. 2c. "Fie J•eitv contrasit at the watr -%VdIthent interfacr

VaN ba.Sd on the mtasreJ deInsity of the sedinctlt intVVlace at Dvep Sea

Drilling roJect Sites i aný t 54, Vith the rett-ainitn d•tn•ity prof ile

extra% ted from the Oaun BaSi:t geo.coust •' model. T11c sond peed attd

attenuation 10r the basemen-st We're derive1d art it icia3ly to .104'oUnt io the

hirh lossesi at the nigh atgien actually rv-ult ing Zrota the rough boundary

Vficcts.

(U) Before thc mdel c'alculations a4nd the me.asurements arec compared,

the effcts of recording SiYhtem limitation, on th, ma•sur.%cntis should be
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(U) noted. The bottom loss measuremen' s are based on multibounce data,

permitting proper measurement of the low losses. Ac higher losses, the

higher frequency signal components of arrivals which reflect several times

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

component 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 problems of measuring high losses from multibounce data,

the two sets of curves are within 0.2 dB of each other. 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 boti.oim 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 Vella 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.

6.2 Propagation Loss

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

discussed separately. A comparison between the CHURCH STROKE II sites

will be made using the short range data (less than 35 kin); minimum detectable

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

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

Where appropriate, comparisons are also made with computer model runs.

180

CONFIDENTIAL



I,

CONFIDENTIAL

FREQUENCY CALCULATED MEASURED

25
50

100 ........... ...........

200 - ..

400

12-.

10-1

0 V I

II /

0 V

>11

8- *: *'

|/ I'

ii 1. /. /

0 10 20 30 40 50
REFLECTING ANGLE -dog

FIGURE 6.9

COMPARISON OF MEASURED BOTTOM LOSS AND ARL:UT

COMPUTED BOTTOM LOSS USING Fig. 6.8 KCF.GA

CHURCH STROKE IIl-SITE B (U) 7"*11 79

181

CONFIDENTIAL



A - --- --

CONFIDENTIAL

(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 20) 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 source 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 P1. for

shallow sources, 18 in at Site C (Fig. 4.2) and 91 m at Site B (Fig. 2.21).

The average P;. between 10 km and 25 km for the two sites are within 3 dB of

each other at both 67 Hz and 197 Itz. At both frequencies the loss at

Site B averages 78 dB, and at Site C, 75 dB. Beyond the direct path range

(25 to 30 kin), PL increases to 90 dB at both sites.

(C) The direct path PL at Site EN (Figs. 3.8 and 3.9) in, thie Wesctrn

Philippine Basin is similar to the PL at Site B. Betweetn 10 km and 25 ktm

the PL at Site EN averages 78 dB at both 67 Hi4 and 197 lIz. The PL also

drops below 90 dB beyond the direct path range of Site FN (30 kil to 35 Wos).
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(C) Signal excess was also measured during CHURCH STROKE i1. The

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

source level at Site B (Figs. 2.23 and 2.24) results in i6 to 17 dB signal

excess at 67 Hz and 25 t3 26 dB signal excess at 197 Hz for ranges less than

25 km. Beyond 25 kin, a 165 dB source level yields 14 to 15 dB signal

excess at 67 Hz and 20 dB at 197 Hz. At Site C, within 25 km a 174 dB
source level produces 25 dB signal excess at 67 Hz and 3.5 dB at 197 Hz

(Fig. 4.3 and 4.4). At Site 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. Thu atmb ient noise measurements have

approximately L4 to 16 equivalent degrees of freedom. For a false alarm

rate of 0.001, a 50% probability of detection requires a minimum of 3 dB

S/N in the analysis bandwidth. Based on t5 dB of signal excess for a 155 dB

source level and this minimum 3 db S/N, 143 dB is the minimum source

level with a 50% probability of detection.

(C) Based on the signal excess presented aibotvl, estimates of miniimum

deteetable source levels have been computed. A 151 dBi source at b7 H4

hau a 50% chancce of being de-tected in a 147 mHz band at ranges less than

25 km irotn any of the three sites. A 142 db source can be detcted at

Site b. At 19/ Hie the estimated minimum detectable source levvls are

approximately 1U dBi below the 61 lit, levels, or 142 dB at all sites, and

lJJ d4 at Site B. These results have been summarized in Table Vt-i.

(C) 'Teic long range P. data from Site B has been compared to BEARINC STAKI
data. Both areas arv bottom limited regions. Propagation to Site B,

Figs. 2.8 through 2.13. is characteristic of a bottom limited region.

The long range PL for a 91 m depth soutrcv. Fig. o.13, incraseis vith

incr %:asi:ng t'anig at a rate gre-ater than tha.At of c ViIdr ica I NpreadingI

because of loses in the bottom. As the range iicreascs from IOU km to
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(C) TABLE VI-1

Signal Excess Summary and

Estimated Minimum Detectable Source

Levels for CHURCH STROKE It Sites iU)

147 mliz Processing Bandwidth

25 km Mtaximum Range

SITE B C EN

Frequency' (I:) 67 197 197 b7 197

Source Luvel- 155 1515 174 174 174 172
du//wPa

Noist: Level -5 74 b2 08 t,A
dB//•ib'I 2 /fi ____

Signal Exces1 - t5 l3

L'stimated Minimum

dttct ab] Lv - 1..4' 1ý5 iso 14j- IS1 14-'

1CN I
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(C) 300 km the 25 Hz losses increase 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 lB, 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 is consistent with the higher bottom loss values at

Site B, as discussed in Section 6.1.

(C) As source depth increases below the bottom conjugate 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

is seen for the 244 m source, Fig. b.13. Propagation loss varies as much

as 15 dB between the convergence 4ottes ;-nd thc shadow zones. Simi lar

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 4re plotted it% Figs. 6.16 and 6.17. For both the 91 m and 244 m

source depths, the Pt. generally increasvs with increasing frequency.

Betwete 0 km and IOU ktu, Pt. at bout source depths Increases about

6 d/octave, which is more rapid th-,n was scen i±• BEARING STAKE Sitc lB.

This characteristic changes, howevcr, with increases iti range. cEvtween

200 km and 300 kM. at a source depth of 91 m, the low frcqucticy falloff

is 7.6 db/ocuave; it is slightly lvss botwco.i 400 km and 600 km. For the

244 m sou-ro the Pt. at high frequenscles falls off at 6 dh/octave, while the

low rcquvt~cjes fall off less capidky. The i.ARIJNG STAXE data frot Site lb

showed this sane ctracctristic for both 244 th atu 91 t% sources.

(C) At Sitc M, in the Wetern Philippine Iiasitn where dvPth excesi exists,

cotvergen¢c 4one proppagAtion predotaiates for all souurce ctlp'ht, Fig. b.1S

atnd Figs. 3.10 through 3.14. Other areas of dcptl excess, such Aas the

CHURCH ANCHOR and PARKA 11 areas, also exhibit cotnvvrgencV tunc structure.

Iti these three areas the differe'vce betwv,0 convergnce none and shtadow

roac PI. is at least 7 to 1S dh. At mid-water depths, tlh %:c vvrgotce rone

propagation is approxiLmacly Elhe ame for the two regions. Wyoutd ISO km

189
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j (C) (100 nmi), the PL, to Site EN from sources within the convergence zone is

approximately 88 dB at 197 11z, while in the Northeast Pacific it is

approximately 90 dB at 180 liz.

(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. In 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)

F 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

4the '-,sin. An acoustic model study conducted prior to the exercise 2 7

predicted complete acoustic blockage by the bathymetric ridge along the

northern boundary of the Western Philippine basin. Although the model

'Iruns were for at site 400 kmt to the south of Site EN, Lhe blockage would

also be .edicted Fe-r Site EN.

(1) The ..trcraft SUS event at Site EN extended out beyond the Oki Oalto

Ridge. the northern boundary of the basin. Wht-a the shots were dvtonatvd

within the b:%sin, thý. received signals saturated Lthe recording systema

(Figs. 3.3ý through 3.40). At it range of 400 kw, tht source passed over thc

Oki Ditito Ridge (Fig, 3.1). Shots JAetoniatod beyond this range were not

detectod At thte receivvr location: the ridgve dioct tefvetivvly block

acoustic propagit lot, froth !;halluw tour-,,i outriidce the basiti. as predicted.

(C) 1.4 sumary, 'ý,., Pt. within tb-ý .iURCH STRO)KE It areA irote sources at

shlort aangvs k40 to .'i km, Avveraq-es 78 UB. The sigit~;.I ýe".ss M0asurod

during sho hrt range eventS giVes All etitithted Mint~ItuMMdtc~ sOUr~c

level of 150 dH//j.?j At bi U n lAt..t4L di; At 191 ite At All three: sites for

nouise Ievels similar to th,- d urt ink t~i veercisc. Long ratige P1

characteristica fin the bottom limited ?At-v VclA B,4sin are similar to those

seen in the tindian O~vati. 24ntd Are tvoivd for their low losset.. The lo~sst-

howoevor, arc ApproximAtc.l'. 5 dh greAtur int the ?Arecc,' Velai l.Asit%. 1the ?t

1Y5
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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 II basin was not

detectable.

6.3 Ambient Noise

(U) 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 II. The levels at critical depth and near the

bottom are examined separately. The data from Site C were obtained from

a short deep array, i.e., no measurements were made at critical 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 problemis due to data compression

in the tape recorder.

(C) The critical depth noise levels for the Northeast Pacific and the

Philippine Sea sites io Fig. n.5 are superimposed In Fig. 6.20. These

data are characteristic of shipping dominated regions. The levels peak

around 50 H-- dvcre4Aivg 6 to 8 dig/octave with increasing frequency. The

Philippine Sea data f4ll between the lowest Northeast Pacific data from

CHURCH OPAL. (Site CO.) and the data from CIHURCHI ANCHOR Sites CAC and CAL).

in general, the tnoitb level in the Northeast Pacific decreases from north

to south, which c~jrrW14tCs with the distribution oi shipping density.

(U) The tominal shipping deinnty in the Northeast Pacific8 varies from

10 ships per "' squnrc 4t Site CAD to 7 at Site CAC. * at Site CAA, and

3 at CHURCH OPAL Situ Co. The observed shipping deniity per 5' square in

CHU11WH STRO.XE It at S~te 4 and Site C was oun the order of 10 to 15.10

At Site F% the dettsity w4 ou the order of 13. 1These density numbers are

slightly subjvLtive ai-d v.jiable. In those cases where the aites lay on

a 5' boundary an ititryý)latioti between S' squares was mAde.

C N DN197
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(U) ThaerbttmL.i re sho)wn in FI I 1) 21 for the three

Philippine Sea sites and the CHUWRCH OPALI site. These levels represent

near-minimumi conditions during which no single ship appears to dominate

the spectrum. The exception is from Site C where only 36 h of data were
available and the quietest time found wa, duigapro hnatne a

known to be 50 nmi distant. The CHURCH OPAL data remains as tile lowest

level data yet recorded onl an ACOIJAC.

(C) One of thle more interesting observations in regard to depth depondenre

is that Sites B and C were bottom limited and Site I'N had 1000 t 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 3ind all those da,'tIshow decroasing noise levels with depth. The significant Point is that

Site B also showed a decrease in noise level with depth. This is different

from thle Indian Ocean (BEARING S'TAKE) data, also bottom limlited, which

exhibited little or no depth dependence. rhe differkence lies in the

ship;ping densities. Thev BLARING STAKE 50 shipping densities vary from

149 at Site I to 93 at Site 4. In the Indian Ocean, the shipping density

is much higher than that of the Philippine Sea, and essentially distant

shipping conditions do not exist.

(C) A second factor which may c ant r ibute to t he depth dependence at

site B is the mevchanism of slope coupl ing of noise from shipping over thle

si-des Of the basin Which contained Sites B ai~d C (Figs. 2.1 and 4.1).

Sources above the slopes of the basin would be expected to contribute

relatively little energy to deep itear-bot tor sensors in the middle of thle

basin, even though they would be expected to be important at taidwater

depths.

(C) It should be noted that aub lent noia4e was recorded at Site EN during

the passage of 'lyphoon Lucy. The noise levels increased 25 d8 across the

spectruir frow 7 H4 to 2SO Ht_ dur ing. Lhis time A deta~iled discussion ot

the typhoon data was presented in LChApter 3, Set~tion 3.
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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 system performs five functions: A/D conver-

sion, spectral e.timaition, 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 is shown in Fig. A.l.

(U) The basic signal processing 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 is used to provide

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

(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.

Various statistical algorithms are available to furnish the informuation

required to perform an analysis of the acoustical data.

(U) The cw analysis is achieved by using the calibrated n•arrowband

spectra to eatimate the signal powur itn a given irequency band. III

spectra are first averaged for a I rtin period; from these averages, two

types of band estimAtes arc obtained. For each cw signal. a narrow band

(3.).5 H4z) centered about the source trequency is vearched for its spectral

peak,. and then the signal power in a narrower band (0.22 lit) cemterod

about this peak is determined. Peak tracking is used to compensate tor

any Doppler variation in source frequency that might occur. The second

type ot band estimate determines the ambie.nit noise power in a wider band

(4 H.) associated with each sourwe frequentcy. lit computing propagation
A.IA.2

los4, the sigtnal power it corvcoted for the noise power component.

An algorithm is used to mintmite the efivcti o0! shipping interference and

short-term nonstatlonaritics that often cotttamittate data of this type.
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NUMBERS COMPUTER LOG

FREQUENCY RANGE OPERATOR NOTES
cw PROCESSING BANDWIDTH RAW DIGITAL TAPES CONTAINING
TIMECODE SYNC DIGITIZED DATA
CALIBRATION SIGNAL FORMAT A/D TIMECODE INFORMATION

AND LOCATIONS AMPLIFIER SETTINGS
OVERLOAD SIGNAL FORMAT OVERLOAD AND CLIPPING
HYDROPHONE'TAPE CHANNEL INDICATORS

ASSIGNMENTS BOOKKEEPING ENTRIES
ANALOG TAPE

RECEIVER CONFIGURATION CONVERSION FACTORS
OVERALL FREQUENCY RESPONSE

HYDROPHONE SENSITIVIlY STATISTICS ON RECEIVER
PREAMPLIFIER GAIN AND RESPONSE AMPLITUDE STABILITY
CABLE LOSS FOR EACH HYDROPHONE CALIBRATION FREQUENCY STABILITY
CALIBRATION SIGNAL LEVELS GAIN STATES

ANY PERTINENT PRE POST NOISE FLOOR
DEPLOYMENT NOTES SPECTRA SAVED ON DIGITAL TAPE

PEAKS, MEANS, AND MEDIANS
WITHIN EACH cw BAND

TOTA'.. POWER IN EACH 1 3 OCTAVE
SOURCE FREQUENCIES (0.1 HO BAND NORMALIZED TO I Ha
APPROXIMATE SOURCE SPEED AND / BAND HIGH RESOLUTION AVERA.GED

DIRECTION ESTIMATION SPECTRA
SOURCE FREQUENCY STABILITY STATISTICS ON RECEIVER AND A/D

ARTIFACTS
INTERMEDIATE DIGITAL TAPES
COMPUTER LOG

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

RECIPIENTS PLOTS

FORMATS DISPLAY TABULATIONS
AVERAGING TIMES STATISTICS

TRANSMITTAL TAPES

FIGURE A.1
ARL:UT AN/ew PROCESSOR FUNCrIONS

CEES. OR

UNCLASSIFIED



UNCLASSIFIED

(U) The third task performed by the AN/cw processor is to automatically

edit the reduced data-for artifacts and contamination from: (1) environ-

mental effects such as biological and seismic noise; (2) exercise effects

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:

1. ambient noise spectra in narrow and/or octave bands,

2. 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 off) in this example from BEARING STAKE, there are

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

when the signal excess is less than 6 dB.
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(U) The general flow of the ARL:UT SUS propagation loss processing is

shown in Fig. B.1. The basic inputs are the analog tapes frun the ACODAC

recordings, SUS detonation times and depths, and navigation information.

The primary outputs are propagation loss and S/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 Loted.

(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 the 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 is then used to detect the shot, determine its

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 its 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

and frequency, as shown in Fig. B.3. Additional displays include travel

time from source to receivear, 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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(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 is done using fast Fourier transform aiialysis 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.

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

in Fig. C.l. 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 Itz 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
C.1

reported by Gaspin and Shuler.

(U) The initial processing 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 ranage, are stored on magnetic tape,

together with appropriate ancillary information. The predeployment cali-

bration signals (header calibrations) ire digitized during the same

operation and then processed to provide calibration factors for the

digital SUS data.
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(U) In 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
C.2

source and receiver. 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 1 m

in range. That is, the root-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 I 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 between 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 interval.

The reference propagation loss is computed by coherently summing the

contributions of the rays within the time interval 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 thte reference and measured

propagation losses is then attributed to a bottom loss mechanism. In

Fig. C.2, the time intervals computed, together with some of the associated

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 erich 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 1z for the same SUS run.

(U) A more detailed 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 321OA/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.

BRIAN LINK
By direction
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NAVOCEANO (Code N121LC - Jaime Ratliff)
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APL, U of Washington
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MPL of Scripps Institution of Oceanography
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