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ABSTRACT (U)

?

(U) The CHURCH ANCHOR and SQUARE DEAL Exercises

P
by

were concerned with acquiring environmental acoustic data

2

for two ocean areas. A large number of explosive signals

P

Artereim, B

if (SUS) were used to measure acoustic propagation loss.

Signals were received and recorded on a number of differ-

1 ent systems, Subsequently, these data were processed by a
number of different organizations.

d
e (U)An examination of preliminary data disclosed a

- number of possible discrepancies and unusual features,
These included:

+ A number of CHURCH ANCHOR propagation loss
plots contained features which were not
readily understood. These features had an

‘
apparent correlation with temporal variations
in ambient noise, and generally occurred when
the signal to noise ratio was poor.

- Different propagation loss values were obtained
when the same recorded data was processed at
different laboratories.

* Propagation loss measurements made with the
Western Electric survey array/yere significantly
lower than measurements made with the ACODAC

system in the same general area of the SQUARE

DEAL experiment. Although the runs compared

vi
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were for different tracks, the propagation
loss differences were sufficiently high to
question the validity of the results,.

(U)An investigation, referred to as a “"diagnostic
plan", was subsequently undertaken to investigate these
matters. This document reports the results of that
investigation.

(U)It was found that by applving advanced analytic
techniques the CHURCH ANCHOR data could be edited to
remove spurious data which had been introduced by the
combination of poor signal to noise ratio and ambient
noise fluctuations. 5Some of the reasons for the different
propagation loss values obtained by various organizations
when processing recorded data were identified, and a
statistical analysis was performed to establish prcbable
accuracy levels. The difference in propagation loss
measurements made with the ACODAC and the survev array was
determined to be due, at ‘@ast in part, to significantly

different hottom loss conditions along the two paths.

vii
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EXECUTIVE SUMMARY (U)

(U)The CHURCH ANCHOR and SQUARE DEAL Exercises
were concerned with acquiring environmental acoustic data
for two ocean areas. A large number of explosive signals
{(SUS) were used to measure acoustic propagation loss.
Signals were received and recorded on a number of differ-
ent systems. Subsequently, these data were processed by a
rrumber of different organizations.

(U)An examination of preliminary data during May
and early June 1974 disclosed a number of possible dis-
crepancies and unusual features. These included:

* A number of CHURCH ANCHOR propagation loss
plots contained features which were not
readily understood. These features kad an
apparent correlation with temporal variations
in ambient noise, and generally occurred when
the signal to noise ratio was poor.

Different propagation loss values were obtained
when the same recorded data was processed at
different laboratories.

+ Propagation loss measurements made with the
western Electric survey array were significantly
lower than measurements made with the ACODAC
system in the same general area of the SQUARE

DEAL experiment. Although the runs compared

viii
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were for different tracks, the propagation
loss differences were sufficiently high to
question the validity of the results.

(U)In order to investigate these matters, a Diagnostic
Plan was developed and forwarded to the Manager, Long Range
Acoustic Propagation Project (LRAPP). This plan was approved
by the Manager, LRAPP, on June 19, 1974. The plan was
subsequently modified and expanded as interim results in-
dicated the need therefor.

(UYThe plan called for investigations in three speci-
fic areas:

« CHURCH ANCHOR data editing.
+ Data processing comparisons and accuracy analyses,
+ Model computation comparisons with data from

the SQUARE DEAL Exercise.

{U)The CHURCH ANCHOR data was edited to a leavel satis-
factory for use in the £inal report. This was accomplished
by e¢liminating data points demonstrated to be artifacts
bacause of poor signal to noise ratio. Guidelines have
been developed and established for future editing of

propagation loss data.

ix
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{U)The data processing comparisons and accuracy
analysis provided an understanding of the reasons for
the observead differences in propagation loss when data

is processed at different facilities., Small differences

can be introduced by a number of different factors. These

include:

- Variability of results when the same recording
is processed at the same facility at different
times;

+ Differences between duplicates and original
recordings.

> Differences between digital (FFT) and analog
(filter) processing.

- Differences in the signal integration time at
different facilities.

- Differences in nrocedures for estimating ambien

noise levels,

t

(U) The propagation loss values determined by ARL have
P

been used as a base for comparison with the results obtained

at other facilities. ARL and NUSC comparisons were made
using recoxrdings from threz ACODAC hydrophones used in

3JUARE DEAL for the 25, 50 and 160 Hz bands. Subtracting

the NUSC propagation loss values from the ARL values yielded

averace differences of +0.5 to ~1.0 dB, with standard

deviations of 0.4 to 0.7 dB, Using two ACODAC hydrophone

X
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and the frequency bands of 50, 100, and 200 Hz, the =

comparable values for the comparison with WECO pro-

cessing were +1.2 to ~0.5 dB for the average values, and

i 0.6 to 1.2 dB for the standard deviations. Thus, these

three processing systems (ARL - WECO - NUSC) yield very

- comparable results with no significant bias of average

i propagation loss, By contrast the comparable figures for
the comparison of ARL and WHOI data for three hydrophones
and the 50 Hz band are 1.2 to 2.4 dBR for the average
values and 1.2 *» 1.7 dB for the standard deviation, when
“ the signal tc noise ratio is greater than +3 4B. When

E the signal to noise ratio is between 0 and +3 dB, the
average value and the standard deviation increase signi-
ficantly. Thus, WHOI processing yields propagation loss
values one to two decibels lower than those obtained at
ARL, WECO, or NUSC.

(U)A comparison of the survey array and ACODAC pro-
pagation loss data with predictions showed reasonable
agreement if the bottom loss along the track to the survey
array is low, and the track to the ACODAC includes a
é. high bottom loss segment at a distance greater than 200 nmi.
. Time expanded displays of the received signals have con-

- firmed that the above bottom loss conditions are present. .

Part of the interpretive difficulty which arises is due

to the limited amount of experimental data. The survey

array data extends out to a maximum range of about 100 n.m.

= ot b 1
Bt T Al

. xi
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By contrast the ACODAC is overloaded at short range,

§ so that data points do not start to accumulate until

T e ok T Y N AT PN

the range is in excess of 100 n.m., and are sparse out

. to 200 n.m. Thus, the best that can be said is that the

gé difference in SUS propagation loss observed with the

- ACODAC and survey array is conéistent with the difference
EE in the euvironment, and is not a basis, in itself, for

- guestioning the accuracy of the data from either system.
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? % SUS SIGNAL DATA PROCESSING (U)

1. Background (U)

(U) The CHURCH ANCHOR and SQUARE DEAL Exercises

¥

were concerned with acquiring environmental acoustic data
for two ocean areas. A large number of explosive signals
(8US) were used to measure acoustic propagation loss,

.- Signals were received and recorded on a number of differ-

g i ent systems. Subsequently, these data were processed by a

™ number of different organizations.

("YAn ex¢ .ination of preliminary data during May
i anG <arly June 1974 disclosed a number of possible dis-
N crepancies and unusual features, These included:
; + A number of CHURCH ANChOR propagation loss
plots contained features which were not
readily understood. These features had an
apparent correlation with temporal variations

in amblent noise, and generally occurred when

the signal to noise ratio was poor.

- Differeuat propagation loss values were obtalned
when the same recordel data was processed at
different laboratories.

i, + Propagation loss measurements made with the
Western Electric survey array were significantly
lower than measurements madc with the ACODAC
system in the same general area of the SQUARE

DEAL experiment. Although the i1uns compared
> This pago is UnCLASSIFIED
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were for different tracks, the propagation
loss differences were sufficiently high to
question the validity of the results.
(U)In order to investigate these matters, a Diagnostic
Plan was developed and forwarded to the Manager, Long Range
Acoustic Propagation Project (LRAPP). This pian was appro-
ved by the Manager, LRAPP, on June 19, 1974. The plan was
subsequently modified and expanded as interim results in-
dicated the need therefor.
(U)The plan called for investigations in three speci-
fic areas:
- CHURCH ANCHOR data editing.
« Data processing comparisons and accuracy analyses,
+ Model computation comparisons with data from

the SQUARE DEAL Exercise.

(U)This document reports the results of that

investigation.

2
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3. Editing of CHURCH ANCHOR Data(U)

a. Noise Correlation and Signal-~to-Noise Ratio(U)

(U) Initial plots of CHURCH ANCHOR SUS data derived
from ACODAC recordings consisted of prop.-ation loss (PL)
vs, range and various types of PL differences.between
hydrophones or frequencies. Discounting the overload
problem, which is very severe, the remaining data showed
some peculiar and confusing results. TFigure (1), taken
from Reference (2), shows sample data, deliberately chosen
as the worst, which illustrates the difficulty. Note that
PL increases rather steadily with range except near 300 n.m.,
»where the PL is anomalously low. The first clue to the
cause of this anomaly was found when the ambient noise and
S/N ratio plots were examined in conjunction with the PL
plot. The three plots on the left of Figure (2) show this
comparison for the event of Figure (1) (18 m source) south
of the site, (The range scale in Figure (2) is reversed as
compared to Figure (1) south of the site.) The three plots
on the right show that the same effect is present with the
91 m source.

(U)The ambient noise level is exceptionally high when
sources are near the 300 n.m. range (-uspected to be due to
radiation from a nearby ship), while the S/N ratio is low.
This suggests that these PL measurements are invalid. To
understand this effect, it is necessary to review how the

PL measurements are made.
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BENT C. Source l8m receiver BENT C, Source 91lm receiver
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Figure (2). Example of propagation loss and noise
correlation.
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1 (U)To determine PL, the total energy of the SUS

< signal plus noise is measured during the period that a
signal is received. A sample of the noise background

3 is taken for the 10N seconds prior to the spoch of the

signal. It is assumed that the best estimate of the

. noise component of the signal energy measurement is the

™ noise in that 10 second period. The SUS energy is esti-

mated by subtracting the measured noise energy from the

3 total signal plus noise energy measured during the signal
w

. period.

. (U)Figure (3) shows the error that may be introduced

in the calculated PL as a function of S/N, by a change

in the noise level that may have occurred between the

; noise measurement period and the signal measurement period.
As can be seen the error increases as S/N decreases. For
low signal to noise ratio an increase in the ncise level

- between the noise and signal measurement periods causes

2 the apparent propagation loss to decrease.

(U)To reduce this source of error we decided to impose
strict S/N requirements on the data to be reported. Using
only data with §/N > 3 dB remnved many artifacts, but also
removed many points which were apparently valid, leaving
- very few data points. The compromise arxived at was to

reject data points with S/N < -3 dB, indicating on the

plots the ranges of points so rejected, and to re-plot
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PL Error (pB)
Figure (3). PL error as a function of §/N

for indicated changes in noise
level.
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the remaining data using symbols to differentiate among

data points with S/N > +3 dB, between 0 and +3 4B, and
between -3 and 0 dB, thus permitting the user to exercise
judgement in the acceptance of the data. Figure (4),
taken from Reference (3), shows in the top portion the
re-plot of Figure (1) (the scale of the reproduction
requires the use of a magnifier to differentiate among
the symbols). The symbols along the range scale indicate
those data points omitted from the plot because of S/N

< -3 dB. The symbols above the plot indicate the ranges
at which overloads occurred. Note that while the elim-
ination of low S/N data points has clarified the plot for
the 18 m source, the anomaly at 300 n.m. south is still
present for the 91 m source.

(U)One of the advantages of the above editing process
is a reduction in the number of suspect data points. This
permits the cost effective application of more advanced
techniques for identifying artifacts. It is known that
the nulls and peaks in the source spectrum, due to the
bubble pulse, are retained in the spectrum of signals at
long range. Fortunately, narrow band FFT processing was
a part of the automated processing procedure, so that the
spectra could be examined. 1If the signal spectrum locked
like a shot the data point was accepted, if it did not it

was rejected.
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(U)The next sei of figures, taken from Reference (4),

compare spectra for contaminated and uncontaminated shots.

Figure (5) shows the gpectrum for signal plus noise on the

i et Pum IR we

left, and the noise alone at the right for a 300 foot shot

for a high S/N ratio. Note that the signal plus noise

B -y

shows pronounced scalloping with strong nulls spaced at

about 25 Hz, consistent with the source spectrum. The

» noise spectrum is totally different. Fi~ure (6) shows %
. similar results for a lower S/N ratio. The signal plus %
- noise spectrum is still cood. Figure (”) shows the results )
for a contaninated sample. Note that the signal plus

noise spectrum dces not show the null sequence and is quite
similar to the noise spectrum. This is a case where signal
plus noise is dominated by a noise burst, and this data

- point is therefore rejected. ;

- (C)Examining the remaining suspect data points and

employing the criterion described, additional data points !
h were rejected with the results shown in Figure (8), taken §
. from Reference (5). The artifacts have been removed and ?
- the remaining data points may be relied upon. Further é
- investigations of noise fluctuations permitted the estab-
I iishment of estimated uncertainty bars in the various

signal~to-noise bins, Referénce (5). :

12

UNCLASSIFIED

B dBatecn e

R S O
e




)

ST T

e

.

TR T

fad

e

‘dp € €T+ (Pae3do ¢/1) ZH 0§ 38 N/S
*TH/9TZT/8 - 9STCU pue S30oYs Jo ex3dads Iamod °(§) axnbtg

zg ‘£Lousnbaayg 2z *ALouanbaayg
(610} 0ge Q0T 00t 062 00T

i | |l

TH 91 o1 8

E

0T L

; 9sTON
§ ~ 02 02
— 0 & [o€

3043

R VR T Ly P

P e

gp TOAST BATIBISY

UNCLASSIFIED
UNCLASSIFIED

| oy | o4




o

i
1
i
i
M

“€gP 9°¢- (@a®300 £/7) ZH 0§ 3 N/S
*€H/1I21/8 - ©STOU pur s3oys 3o evxjlonade IoM0d °*(g9) °2aInbtg X

ZH ¢ALousndsay Zg “Aousnbsayg
. oot Q0ce 00T 00¢ 00 00T
[

14

. V T T T ’ :

| EH 11 ¢c¢ 8 :
a

. o ot 0T o

: et wo .

. @ B M v
- , <
um u.;.om e o. : ;

2% A Z -

: Y : : &

2 j TP asToN ,nu i :

: t ﬂ %

“ [ og o ; 7
j=1) ' By

: & : & 204s _ g

_, on on _w

A SRR LG g oy et




Gk h_q}?‘

o SUTSERRR

?
*gP 9°9T- (9ae300 €/1) zH 0§ 3@ N/S
*£H/Z£60/8 — 9STOU puw 830ys 3JO ezx3joads xemod (L) °9anbia
zZH *ALousnbaxg 2 ¢Aouanbaxg
. Qot ooe 0ot 0ot 002 00T w
: EHCE B &

UNCLASSIFIZD

. W

al?

UNCLASSIFIED

0 ‘12A97 SATIVISY

i
Y ,\% -

l}%@g}\%ﬁf‘ﬁ”m‘wm S




FE B

R By

08

T

R T

M

YIION

0001

*{n) seaano g pa3zrTpe Lrszsrdwod(d)

a3uw) syeog

coy 00¥

wu ur 28uey

008 00¢ 6

(L4 S

(g) @anbta

002

ynosg
00%

) ..lmﬁu-: .ﬂ.....-l-w&..&hﬂ.“ﬂt. iR cesis B 15 lGumenasl sevdn M s B8 Teem T O ares louqﬂllll
T s A ——o%1
- _ loh. ono. . N — . h“.-
B ik
- ¥ .rﬂ ....:uﬁ. Moyl T 0Z1
> ¢ E "I
- . -ﬁ.‘
T - Mo 4 »
Z _ v m .
o . 2
the ' - - M.v..
4 32JN0S W g 9
w aduey) a1edg wu ur aduey g
YILON J qmos @
0021 0001 008 009 00¥% 00¢ 0 00% 007 5
[Tee : ] ' . .wﬂ!lﬂﬂ_\ S e o G+ wes s B been s G ek BR T T A-ul‘ﬂ«lﬁllﬂu“jlll,

. ] . I . i . H [=
R L E
| —— T e - ] o¥1
_ ~ IR S - i :

m , , Pt ., ¥a o,

i . H _ y U . * . h . & om' i
———— — e A e 0zt
_ ! m 1 ' : __ * - -t _

m . m — , 4 L . —
! N : i 7 il T
; “ ! M i _ _ 1 | 3 i | _ ?
H i i i i _ Rt | . . L = F Qo.ﬂ
aoanog w g,
e | v f beed BreR beid brens devid bPeerd el el el el BEE G R T s
o e R agiie AN AR, i oyt bV i i A bl S R s et . .»n..x......s.v(wmmvn.m.ﬁ&fr

16

CONFIDENTIAL

g

[




LA Rt e G T

A S T4 TS U N i v e

R R S R 6 SRR -
- DR R i A e L T

- e [OURRRPRERNE T Y o ot e e B — AR

UNCLASSIFIED

- D7 A e S e SRR é

coney g g |

(U)The results discussed in this section so far are

bl reported in more detail in References (4) and (6). é
B b. Other Investigations(U) %
. ,
i (U)Several other questions arose in the interpretation f
%; of the SUS propagation loss data obtained with the ACODAC ;
g system, which are unrelated to the above discussion of ;
g; editing procedures. These were investigated and are

% reported in this section, for completeness. ‘
£

(U)1. One set of data for a hydrophone at ACODAC Site é

paat

D was remarkably free of overloads, and appeared'to be an i

excellent set for model studies. Unfortunately, model

PG
-

computations were in marked disagreement out to about

300 n.m., and in fact the experimental PL appeared to be

i

too high by any reasonable yardstick. It developed that

l‘ ; I!

the ACODAC overload indicator was inoperative, so this
data set had to be rejected. This work is reported in
Reference (7).

(U)2. It was observed that the replotted PL data appeared

to be limited to a narrow range of values for each hydrophone.
This was examined for internal consistency; no gross errors
in ACODAC receiver gain were found. This is reported in
Reference (8). Because of the logic employed in the ACODAC
to set up the gain on the 800 foot shot, the range of PL
measurements which can be made is determined by the ambient

noise level and the dynamic range of the tape recorder, and R
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not the peak signal level,

(U)3. Because of the large number of overloads no
data is available for the shorter ranges. At somewhat
longer ranges some of the data is overloaded and some
is not. The presumption is that the propagation loss
fo; the overloaded data would be lower than for the data
which is acceptable. While this is probably true in most
cases, it is noted that overloads are determined by the
signal peak, while propagation loss also depends on the
number of multipaths. Thus the propagation loss for some
overloaded signals can be comparable to, or even somewhat
lower than observed at adjacent ranges. An attempt was
made to see if a maximum PL could be assigned to overloaded
data as a qualitative aid to model evaluation. It was found
that the maximum PL could be identified to only within about
10 dB. Thus, it does not appear that any of the overloaded
data can be salvaged, even for qualitative purposes. The
best that can be said is that the averaqge PL in regions of
substantial overload is likely to be somewhat less than
indicated by the acceptable data. This will be discussed
further in Section (6) of this report.

(UY4. One of the guestions raised in the interpretation
of the CHURCH ANCHOR data was whether the propagation loss
determined with SUS and CW sources agreed. Although there

were only a limited number of cases in which SUS and CW

18
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tracks overlapped, the agreement was reasonably good.

An example is shown in Figure (9), taken from Reference
(5). When the differences in PL for different frequencies,
or different hydrophone depths are considered, the trends
observed for the SUS and CW sources were also.in reasonably
good agreement. For this latter case SUS data was used

only when the S/N ratio was higher than 0 dB.
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4. Processing System Comparisons (U)
Propagation Loss

a. Introduction(U)

(U)As discussed earlier, one of the purposes for
conducting this investigation was to examine the apparent
differences in PL measured with ACODAC and the Survey
Array for two different SUS runs, Since the data wvas
processed at different facilities, and since some differ-
ences in results for the same data processed at different
facilities had already been observed, a pre-requisite to
further analysis was to determine how the different systems
compared. To accomplish this duplicates of tape recorded
signals were rotated between facilities and shot-by-shot
comparisons were made. The results of the analyses are
discussed in this section of the report.

(U) The processing systems compared were located at
ARL/UT, WHOI, NUSC, and WECO.

(U)ARL employs a fully automated digital system, with
narrow band FFT processing. Energy in adjacent bands is
summed to achieve a 1/3 octave band. Time summation is

employed to determine the pre-signal noise levels, and the

signal plus noise levels. WHOI uses analog l/3 octave filters

followed by digital summation to achieve the same results.
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The NUSC system operates in similar fashion, except
that it includes more sophisticated controls for pro-
duction processing of large amounts of data. The WECO
system employs an 18% analog filter followed by a con-
ventional enerqgy integrating shot processor. 'When com-
paring results, the WECO data was band corrected to

1/3 octave, Additionally, it should be noted that WECO
generally processes data on board ship, while the com~
parisons discussed in this report were made with a labora-
tory processor. The WECO processing equipment is of
essentialiy identical design, but the actual hardware

is diffexcnt.

22

UNCLASSIFIED

e R VU R

RN O 5 13 T e

A G

etz s b s RO e SRR LA TR - 308




fivd ey AE

e

$od

bt

ont NN SR 8 s fmd peed o

UNCLASSIFIED

b. ARL Processing Repeatakility(U)

(U)Since the results obtained by ARL were compared
with the results obtained by all other processing systems,
repeatability at ARL was investigated. Comparisons were
made of original and duplicate tap~s for both CHURCH ANCHOR
and SQUARE DEAL, comparison of a SQUARE DEAL tape originally
processed in January, 1974 and then reprocessed in June,
and a comparison of the all-digital ARL processor with an
equivalent analog filter processor. For the latter com-
parison, the output of one hydrophone was split to form
two input channels; one channel was processed according to
the standard digital procedure, and the other channel was
filtered with a 1/3 octave analog filter prior to digitizing
and summation as is done at WHOI. The full reports of all
these comparisons are contained in References (11), (12)
and (13).

(U)Table (1), derived from these references, shows sample
data from these reports. The first set shows comparisons
between an original and a duplicate tape for CHURCH ANCHOR
data, the second set is gsimilar for SQUARE DEAL, the third
shows the SQUARE DEAL duplicate against itself about 6 moﬁths
apart, and the last set compares digital and analog filtering
at ARL., With tha exception of the "ALL S/N* data from CHURCH
ANCHOR, the average differences are fairly small. The standard

deviations are somewhat higher, but ave less than 1 dB.

23
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Table (1)
ARL repeatability, 50 Hz

R e L e B N sy |

s (1/3 octave analysis) é
- 3
. PL Noise S/N :
‘g‘ :
N u* o¥ u g 3 g

. i CHURCH ANCHOR, Original - Duplicate, Hydrophone #5 %
. s/N > 3dB | 0.07  0.47 |-0.08 0.66 |-0.21  0.89

o] 1 All S/N 0.31 2,10 |-0.21 0.57 {-0.40  2.33

SQUARE DEAL, Original - Duplicate, Hydrophone #3

All S/N 0.30 0.44 (-0.63 0.29 |[+0.14 0.57

SQUARE DEAL, Duplicate January vs Duplicate June,
1974, Bydrophone #3

All S/N 0.02 0.14 }-0.25 0.24 - -

SQUARE DEAL, Digital vs. Analog Filter Processor
All S/N 0.07 0.51 |+0.32 0.80 }-0.50 0.95

*y, - mean difference
¢ - standard deviation
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c. ARL/NUSC Comparisons (U)

(U)ARL furnished NUSC a designated seven hour segment g
of SQUARE DEAL ACODAC data for processing on their hybrid ;
analog/digital analyzer. The results of the processing
were then returned to ARL for comparison with the ARL

outputs from the same data. The results are reported in

wrasy .

& w
¥

Reference (17). Sample results are shown in Table (2).
Comparing Table (2) with Table (1) for the ARL repeatability

indicates that the standard deviation is about the same.

o)

The average difference is somewhat higher, and varies from

§ -t

about +.5 to ~1.0 decibels. We conclude that there is no
significant difference in the results obtained by data pro-

cessing at ARL and NUSC,
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Table (2)

Means and standard deviations of differences
in PL and ambient noise,

at NUSC and at ARL,

Comparing processing
SQUARE DEAL AlC.

(1/3 octave analysis)

Hydrophone 1

nhone 3

Hydrophone 5

Frequency

y

[*)

ARL~-NUSC Difference in PL

25 Hz

-.97

.61

BT

.03

50 Hz

~.2k

Ry

.51

=.15

160 Hz

~.52

39

b

-. b

Difference in Ambient fNoise

25 Hz

147

.58

1.26

_50 Hz

.93

-.28

.81

160 Hz

.88

-.08

.12

e e nen A

(Format of NUSC output made S/N

PARASHSIINY SO

A N AN AR e P e N 8 s g th s g .. . "
il .t‘k..n,‘a&’?u.q_d,’\\,ua‘dﬁ&ﬁu&a;‘-iwms)fm:.iesmMéxéi@&x&«&ﬁi%‘ R kR s R "".‘
3 AR RN :

comparison inconvenient.)
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d. ARL/WECO Comparisons (U)

{U)A shot by shot comparison of 190 shots was used
for the comparison. Since the WECO processor operates
in real time, and no facilities were available for play-
back of the ACODAC tape at the original recoréing speed,
the ACODAC tapes were forwarded to NUSC for duplication
to WECO specirications. WECO processed the data in their
normal fashion. The results are summarized in Table (3).
The maxinum difference observed between ARL and WECO pro-

cessing was about 5 dB, The average difference is some-
what larger than for the ARL/NUSC comparison, and the
standard deviation is about twice as high, generally
about 1.2 dB, It is likely that at least a portion of
this increase is due to the tape duplication process,
which was not straightforward. Considering this addi-
tional source of error, we judged the ARL and WECO results
to be essentially equivalent, with one possible exception.
The WECC PL values appear, on average, to be about .35 dB
lower than the ARL values. Whether this is due to differences
in processing procedure or to the tape duplication could not

be ascertained.
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Table (3)
Comparison of propagation loss determinations
{ARL - WECO)* ‘

et o~ A PEIROTETY

Hydropaone 3 Hydrophone 5

Freguency

50 E=z +1.2 1.2 +1.1 1.2
100 Hz 0.0 1.2 _ +0,8 0.6
i

200 Hz -0.5 o2 +0.4 1.1

Total
All Frequencies +0.2 1.4 +0.8 1.1

*ARL employs 1/3 octave bands, WECO 18% bandwidth.
All measured levels reduced to 1 Hz bandwidth.
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e. ARL/WHQI Comparisons(U)

(U)Table (4), derived from Reference (9), shows a

comparison of a series of over 300 shots from the SQUARE

& M AR SRR

DEAL Exercise. The SUS propagation loss at 50 Hz, 1/3

octave bandwidth, is compared. ARL used a duplicate tape
recording and WHOI used an original tape recording. Each :
organization used their normal processing procedures, which :
include an independent determination of the signal integra- §

tion time. The data is broken down by S/N categories.

The first three lines show the results for S/N > 3 4B,

I

for three hydrophones. The PL determined by ARL ranges
from 1.17 to 2.35 dB higher than at Woods Hole, with standard
deviation ranging from 1.24 to 1.73. The composite of the
three data sets yields 1.81 dB higher loss at ARL and a
standard deviation of 1.67.

(U)YIf we consider only S/N greater than zero and less
than +3 dB, the number of data points available is reduced
to 53. The averaqe PL difference goes up significantly to
3.05. For S/N between -3 and 0 dB the data is insufficient
for statistical analysis. The table lists the individual

differences, and similarly for S/N less than -3 dB.

%
-k
%,

3
f
P
st
v
A
~

<

(U)These results indicate that there is a significant
difference in results from processing at ARL and WHOI, and

the difference increases as S/N decreases.
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Table (4) ;
: ARL/WHOI comparison, 300 shots from §
I SQUARE DEAL data, 50 Hz. ;

I S/N a Number of
- Category Hydrophone u* g Data Points
L S/N > 3dB 3 +2.12  1.24 270
.';r-_' #3 +2.35 1.73 2.43 j
- 45 +1.17  1.54 321
o S/N > 3dB Composite | +1.81  1.67 834
§" 3&B~> S/N > 0 Composite +3.05 2.12 53
" 0 > s/N > -3dB #1 +5,1
- +5.9
.. #5 +5.1
T +1.3
- +0.9
1 +0.6
=5.5
I S/N < =3dB #5 +5.8
I -0.9

®*ARL, Duplicate-WHOI Original
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(U)Since the signal integration times were inde-
pendently selected by ARL and WHOI, 100 shots were selected
for reprocessing at WHOI using the same integration times
as those used at ARL. The noise estimation peribd used
by ARL and WHOI overlapped sufficiently (about 80%) so
that no attempt was made to exactly duplicate noise esti-
mate periods., The results are shown in Table (5), derived
from References (10) and (24). A comparison of the initial
and the recomputed differences consistently shows a reduction
in the average difference and the standard deviation, although
they are still large enough to cause concern, Thus, differ-

ences in integration time contribute to the observed differ-

ence in processing at WHOI and at ARL., This is probably
also true for the results obtained by WECO and NUSC, but
was not investigated since the overall comparisons were
acceptable.

(U)The data shown in Tables (4) and (5) were obtained
by processing a duplicate recording at ARL and the original
recording at WHOI. To investigate the effect of tape dupli-
cation, the original recording was forwarded to ARL and
100 shots selected for reprocessing. The results are shown
in Table (6), group (a). For comparison, group (b) repeats
the all S/N data from Table (5) for the recomputzd data.
Group (c) repeats the data from Table (1) for the ARL com-

parison of original and duplicate recordings from SQUARE DEAL
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Table (5)

R e dTe o AR A IS T et st
IR S R e B e e e )

Comparison with WHOI recomputation 4

using ARL signal and noise integration times. 2

(1/3 octave analysis) L

100 shots from SQUARE DEAL data, SO‘Hz g

S/N T u* g o :
Category Hydrophone Init, Recomp. Init, Recomp. ;'
3

S/N > 3dB 41 +2.13  +1.85 1 1.55  1.36 E
#3 +2.16 +0.95 2.06 1.52 4

§5 +1.47 +1.08 1.28 1.05 §

3@B > §/N > 0 1 +3.76  +3.02 2.80 1.78 4
3

$3 +5.36  +1.99 1.64  1.12 :

#5 +1.50 +1.36 1.82 1.05 %

ALL S/N 81 +2.59  + 2.20 1.97  1.56 :
$3 42,40  + 0.99 2,19  1.45 f

#5 +1.66 + 1,09 1.57 1.28 |

*ARL Duplicate~-WHOI Original

P ] ] Foinnd P | i By e i)
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Table (6)

PL comparisons with ARL and WHOI using
original tape, using same integration
times, all S/N data points, 50 Hz.

(1/3 octave analysis)

Hydrophone No.

£ g

No. of Points

(a) ARL-WHOI, Original/Original

1 +2.,7 1.8 30

3 +1.6 1.5 30

5 +2.1 0.9 27
(b) ARL-WHOI, Dupl./Original

1 +2.2 1.6 84

3 +1.0 1.4 92

5 +1.1 1.3 65
(c) ARL~ARL, Original-Dupl.

1 l +0.4 0.6 55

3 +0.3 0.4 59

5 +1.1 0.7 71
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for hydrophone 3, and adds data for hydrophones 1 and 5.
It is apparent from a comparison of these results that
the difference in the ARL and WHOI data is not due pri-
marily to processing different tape recordings at the

two facilities.

f. Summary of -Propagation Loss Comparisons (U)

(U)In summary, the measured propagation loss at ARL,
NUSC and WECO are in good agreement. The differences
observed are due to a combination of factors which in-
clude repeatability, analog or digital filtering, signal
integraticn time, basic processing procedures including
digital or analog enerqgy summation and ambient noise
estimates, and differences between original and duplicate
tape recordings. No single factor has been identified
as the major factor. By contrast, the WHOI propagation

loss values are one or two decibels down, and the standard

deviation is higher.
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5. Repeatability of Ambient Noise Processing at WHOI (U)

(U)since the propagation loss determination at WHOI was
significantly different from that at ARL, data processing
repeatability at WHOI was examined. The investigation centered
on ambient noise measurements and the use of duplicate tapes.
It is important to note, in the latter connection, that SQUARE
DEAL data previously processed by WHOI was accomplished with
the original‘tapes, so the difficulties discussed later in
this section regarding the use of duplicates do not affect
that data. The following discussion is based on Reference (14)

supplemented by additional data.

(U)Figure (10) shows a comparison of two consecutive
passes of an original SQUARE DEAL ACODAC tape recording.
Five consecutive 10 second samnles were taken and processed
in 1/3 octave bands from 16 to 250 Hz. The differences between
the two passes are plotted. The upper data set was obtained
with operator care; that is, care was taken to insure that
there was sufficient rewind of the tape after the first
pass and sufficient lead in for the second play to stabilize
the machine and properly lay up the tape. The average value
of the difference is zero, and the standard deviation is
0.36 dB, The lower scatter plot shows similar results for
another time segment, but without care on the second pass,
That is, tape rewind and lead in were not sufficient to
stabilize the machine and to lay up the tape. Degradation

is present over the entire frequency band, and is particularly
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Figure (10). SQUARE DEAL ambient noise differences.
Original II - Original I. 1/3 octave
bands, five 10 second samples.

Top: With Care
Bottom: Without Care

36

UNCLASSIFIED

LI R




AR TN S s s e e S e S e

- 0 R B S e et i

« noceots Sl

BN IRt v rensr e+ e -

e pee et AR TR D RN S S TR A RO BT T GO, A0 A 4 e et S s am e+« 1oe - . e e st LS R EVE

UNCLASSIFIED

bad at 160 Hz and above. For the 16 to 126 Hz data, the
average value is +0.67, and the standard deviation is

0.65 dB. Thus, even for this restricted frequency range

there is considerable additional degradation.

(U)This indicates the potential existence of an
operator problem with the results dependent upon the
care taken to stabilize the machine and the tape.

When performing production runs the standard practice

at WHOI is to start the tape and rxrun through completely
without interruption. The repeatability shown by the
upper data plot then applies, provided that the tape had
been carefully rewound before processing.

(U)To demonstrate that the requirement for special
operator care is directly related to the use of the
direct record mode a duplicate tape recording was prepared
in the FM mode. Figure (l1l) shows a sample of an FM-FM |
comparison without any special operator care being taken;
i,e., in ordinary usage., The average value is +0,03 dB
and the standard deviation is 0.31 dB. This is about
what was obtained in comparing the original against the
original with care, It is important to note that the
use of FM duplicates eliminates only operator carelessness
and, to a lesser extent, gradual degradation of the tape
recorder playback system. It does not correct for any
problem introduced by the initial direct recording and

the first playback to produce an FM duplicate.
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SQUARE DFEAL ambient noise
comparison

Figure (11}).
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(U) The original and a duplicate Direct Record
magnetic tape were compared next, Figure (12) shows a

scatter plot of levels from the original (circled points)

- and duplicate (crosses), done with -are. Many plots for
CHURCH ANCHOR and SQUARE DEAL data were made, of which

this is a samp.~. On this scale the comparison looks

reasonably good, except for frequencies of 200 Hz and
. higher. Note, in particular, the tendency of the dupli-
T cate data to increase in level above 160 Hz. This will
be discussed later.
(UVPigure (13) shows a plot of the differences in
the levels shown in Figure (12), Starting at 200 Hz the
.e 1ifference increases drastically with increasing frequency.
.= If the frequency region of 16 to 160 Hz only is considered,
the average value is 0 dB and the standard deviation is
0.71 dB.
N {(UyFigure (14) shows similar differences for the
i CHURCH ANCHOR data. One can immediately see that this is
much worsa. The SQUARE DEAL and CHURCH ANCHOR ACODAC set-
ups were different in several respects. SQUARE DEAL in-
cluded calibration in all 1/3 octave bands; CHURCH ANCHOR
included calibration only at the freguencies indicated with

an asterisk on Figure (l4). Por intermediate freguencies
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Figure (12). Spectral noise levels.
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five 10 second averages,
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CHURCH ANCHOR ambient noise comparison,

Dgplicate - Original. 1/3 octave bands,
five 10 second averages.

*Calibration frequencies
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The data deteriorates outside the calibration frequency
range; i.e. at low as well as at high frequencies. if
the 25 to 200 Hz interval only is considered, the average
value of the differences is +1.08 dB and the standard
deviation is 1.02 dB. This is significantly higher than
the repeatability when care is taken, or the above cited
values for the comparison using SQUARE DEAL recordings.

(U)To examine the effect of the calibration inter-
polation, we have taken the differences at the calibra-
tion freguencies only, for five sets of data, obtaining
an average value of +1.44 dB and a standard deviation of
0.71 dB. The average value of the difference is some-
what higher and the standard deviation is somewhat lower
than that obtained for the total data set between 25 and
200 Hz, Thus, there is no indication that interpclation
of the calibration signals between 25 and 200 Hz was a
major cause for the large differences observed.

(U)Table (7) is a summary of the statistics already

discussed, permitting a quick appraisal of the situation,

e e RATYPIRARETE T T L

It must be remembered, however, that outside the restricted

frequency bands indicated in the table the differences are

always positive and large.
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Sanit BB

fecq

de Table (7)

. WHOI ambient noise difference summafy

i Comparison Frequency u g
{Hz)

Original-Original

T SR e RN P PR

.- With care 16-250 0 .36
Without care 16-126 +.67 .65

;. Duplicate-Original -
i (SQUARE DEAL) 16-160 0 -1

. Duplicate-Original -
T (CHURCH ANCHOR) 25-200 +1.08 1.02

Cal. freq. only 25,50, +1.44 .71
- 100,200

o T T A
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(U)It was concluded that the differences observed
were due to degradation introduced during duplication
of the magnetic tapes and a further investigation was
conducted to determine the reasons. An original and
a duplicate of a SQUARE DEAL tape were used for this
purpose. Reference (15) is the report of the team which
conducted the investigation.

(UiFigure (15) from Reference (15) shows ambient
noise broadband, at 50 Hz 1/3 octave and at 200 Hz 1/3
octave for the original tape. The scale is 50 dB, or
1l dB per millimeter. The broadband is slightly clipped
bv the Brush recorder, which should be discounted. On
the left there is a 10 dB gain change, which is followed
well in all frequency bands. To the right there is a
calibration signal. Just prior to the calibration signal,
the hydrophone inputs are opened for 1/2 minute. This
time period permits a look at the noise floor. 2As can
be seen, the ambient noise level is well above the noise
floor in all three cases.

(U)Figure (16), also taken from Reference (15), shows
comparable results for the duplicate tape. For broadband
and 50 Hz the 10 dB <ain change is properly followed, and
the signal is well above system noise. For 200 Hz, the

gain can only change by 5 dB before the noise floor is
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reached. If the noise floors for tﬁe original and the
duplicate are compared, it is seen that they are within
one decibel.

(U)Figure (17) from Reference (15) shows a compari-
son of the calibration data at the beginning of the tape
for the original and the duplicate, for Channels 1 through
3. Note that the recorded level on the duplicate is lower,
and the spectral shape is different, falling off markedly
at the higher frequencies. Figure (18) shows the same
results for Channels 4 through 6, for which the fall-off
is generally worse. Channel 5, the channel used for the
ambient noise comparisons, appears to be one of the worst.

(U)Thus it appears that the recording level of the
duplicate is much lower than that of the original, and
the equalization suppresses the high frequencies, so that
system noise rather than ambient noise is measured. It is
also significant to note that while the calibration levels
are reasonably constant for the original, they fluctuate
as much as two decibels in the duplicate, clearly indica-
ting degradation,

(U)Table (8), taken from Reference (15), shows 50 and
200 Hz internal calibration levels at different times on
the original and duplicate tape recordings, At 50 Hz

there is a variation of about 1 dB for both data sets.
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Internal channel calibrations,

Table {(8)

50 and 200 Hz

50 Hz Periodic Cslibrations
{db re 1 volt)

Ch.anel 1 Channel 2 Channel 3 Channel 4 Channel § - Channel 8

Time Mast.,  Dub, Mast. Dub. Mast. Dub. Mast.  Dub, Mast.  Dub. Mast. Dub,

201/1700 -9 -10 -11 ~-13 -9 -12 -8 -11 -4 ~-10 ~11 -13

201/2300 -9 -10 -11 -13 -9 -12.5 -9 ~11 - 4 -10 -11 -13
206/1100 -8 '-lO -11 ~12 -9 ~12 -9 -10.5 -~ 4 -9 -11 -12,5
206/1700 -10 -10 -11 -12 ~10 -12 « 9 -10.5) - 4 ~ 8.5 ~11.5 -12.5
207/1700 -9 -10 -11 -12 -9 ~12 -~ 8 +10.5} - 4 - 8.5 -11 -12.8
207/2300 -9 -10 -1 -12 -8 ~13 -8 «10.5 - 4 - 8.5 -11 -12.6
208/0500 -9 -10 -1 -12 -9 -12 -8 -105) -4 -9 S11,6 -12.5
208/1100 -9 -10 -1 -2 -4 12 -9 -10.5) -5 -85} -11.5 -12,5
208/1700 -8 ~10 -11 ~12 -10 -12 -9.5 -10.5] - 4.5 - 9.5} -11.5 -12.5

208/2300 -8 - 8.5 -1t -12 ~10 -12 -8 -10.5] - 4.5 ~ 9 -11.%  -12

209/1700 -8 - 8.5 -1 -11.58 -10 -1, - 9 -10 - 4 -9 -11 -12

209/.2300 -9 -10 -10.5 -11.§ -10 -11.5 -9 -10 - 4 -8 -11.5 -12

210/0500 -9 -10 ~11 -11. 8 -10 -11.5 -9 -10 - 4 -9 -11 -12

<
200 He Periodic Callbrations
(db re 1 voli)

Channel 1 Channel 2 Channel 3 Channel ¢ Channel ‘5 Channe! 8
Time Mast. Dub, Mapat, Dub. Mast. Dub, Mast. Dub. Mast. Dub. Mast, Dub,
201/6500 -15 18,8} -17 -i9 -16,5 -16,3 } -15° -10 . -10 -21.5 4 -16.% -22
208/23¢5 -i4 -15 -17 -19.5 | -i86 -17 -14 -18 -9 ~-30.8 ] -15,% .21
210/0500 -12.5 ~1§ ~15 -20 -1% -17.5 | -t3 -19 -8 -21.8 ] -14 -32
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- At 200 Hz the variation on the original is as high as

gt g et

" 2.5 dB. Although it does not appear to be as large in

the duplicate, it must be rememberel that these numbers

LSRR
- [

AT

are estimated averages of fluctuating levels. Also note

that the calibration level on the original on Channel 5
is 5 dB lower than on the other channels. Somehow this
was corrected in the duplicate.

(U)Short sections of all the CHURCH ANCHOR and SQUARE

Cee e o N amean s e

DEAL duplicate tapes in the WHOIl library were examined for

e e e i e

the phenomena just described., It was present on all
duplicates, but generally to a lesser extent, The tape
used for the preceding discussion was the worst and, as
noted, Channel 5 was one of the worst channels on the tape.
The discussion above therefore represents a worst case for
- both CHURCH ANCHOR and SQUARE DEAL duplicate tapes.,

2 (U)In the previous comparisons of SUS levels, only

50 Hz data were considered. It is now obvious that at
higher frequencies difficulties may be encountered. The
dividing line appears to be about 160 Hz in the WHOI data.
To determine whether similar degradation at high frequen-
cies was present in ARL processing, previously processed

data was re-examined and ARL was requested to provide com-

(9) summarizes data derived from References (12) and (13)

at 25, 50 and 160 Hz, and Table {(10), taken from the enclo-
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: This is a nat
which S/N > 0 on both tapes.

than for noise.
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sure to Reference (16), presents results at 200 and

250 Hz. It may be seen that the ambient noise level
differences hetween original and duplicate tapes do

get larger at the higher frequencies, but the increase
does not approach in magnitude that encountered at WHOI,
The actual ARL and WHOI values should not be compared,
for the reason given in Note 1 of Table (10).

(U) The system noise introduced during duplication is
part of the measurement noise in the shot signal. If a parti-
cular channel shows a relatively large statistical difference
of background noise between duplicate and original, it might
be expected that the statistical difference of the PL between
the original and duplicate on the same channel would also be rela-
tively large. However, Table (10) shows that this is not the case.
This is due to the processing procedure whereby the noise
estimate is subtracted from signal plus noise to determine
propagation loss. It is of little account whether the noise
is ambient or system generated, except, that when sfstem
generated noise dominates, the signal to noise ratio will
be reduced, and the measurement accuracy for propagation
loss will thereby suffer.

(U)To summarize, it is apparent that degradation has
been introduced in the preparation of the duplicate tape
recordings, The degree of degradation varies from one set
of tapes to the next. This degradation can result in con-
siderable error in noise measurements, particularly at fre-
guencies above 160 Hz. To a lesser extent it also contri-
butes to inaccuracy in the measurement of propagation loss.
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6. Comparison of ACODAC Data and Survey Array Data(U)

(U)This comparison was undertaken because an initial
examination of data indicated apparent differences in
propagation loss between the Survey Array and ACODAC in
the SQUARE DEAI Exercise. The PL measured with ACODAC was
5 to 10 dB higher than that measured by the Survey Array.

It is evident from the data processing comparisons dis-
cussed in Sections (4) and (5) that processing differences
cannot account for differences of this magnitude. Further
investigation therefore included a comparison of ACODAC

and Survey Array data with model computations performed by
AESD., References (20) and (21) are the reports of this work,

(U)yFigure (19), taken from the enclosure to Reference
{(22), shows the SUS track (Olmeda) and the ACODAC location
(1C) for the data considered. Figure (20), taken from
Reference (20) with some information added, shows the experi-
mental SUS PL data compared with the PE model computations.
As can be seen, the agreement is quite good. Also shown
are the envelopes from a FACT computation for bottom class
5 (dotted line) and for bottom class 3 (dashed line). Bottom
class 5 with FACT is in reasonable agreecment with PE and the
data points. By contrast, the PL predicted with bottom class

3 is much lower than the data.
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(U)Figure (21), also taken from Reference (20) with
some information added, shows the comparison of PE and
data for ACODAC for conditions closest to those for the

Survey Array. Note the following:

boid Suvg SEg BB o

(U)1, There is very little data in the first 300

n.m. because of overloads. Since the overloads and poor

PR

S/N points are not plotted, this data can be misinterpreted.

gg

At close range the missing overloaded data would generally

i correspond to low propagation loss values; at long range

the missing poor S/N data would correspond to high pro-

pagation loss values. The effect of these two factors is

to introduce a narrow band of propagation loss values

on within which the data must lie because of measurement

T system characteristics. Except for a few points, the
bulk of the data lie between 98 and 113 dB. As in the

; case of the CHURCH ANCHOR data, the limitation of PL

points to this interval is due to the logic employed in

i setting up the gain in the ACODAC recording system for
- SUS signals,
oy

(U)2. In the vicinity of 100 n.m. the PL data
points indicate about 100 dB of loss. These are the

higher loss values, the low values having been lost due

—

to overloads,

(U)Figure (22), taken from the enclosure to Reference

Yoo}

(22), shows the PL data obtained with the Survey Array.
The inset shows the location and track. This is a
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Figure (22). (C)Model predictions compared to
SQUARE DEAL data - Survey Array(U).
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T

radically different track than for the ACODAC data.
In the vicinity of 100 n.m. the propagation loss is
about 90 dB, or 10 dB lower than for the ACODAC data.

The dotted line is a FACT computation for bottom class

R
20 afi” &

3, superimposed on the experimental data. The fit is

reasonably good.

P

(U)A comparison of the data shown in Figures (20)

e n g g AN, S P ST (TR YR S T
R A O R YR PR R TR TR

ik and (22) suggest that both data sets, those for ACODAC
L 1 and the Survey Array, may be correct, and that the differ-
% - ences noted stem from two factors. First, for the ACODAC
: ;' data the lower PL values at the shorter ranges have been
N lost due to overloads. Secondly, J. Hanna of AESD sugges-
z ‘ted that the bottom loss along the track to ACODAC is high,
- while that along the track to the Survey Array is moderate
- or low.
o (U)A further investigation following the recommendations
- of J. Hanna was undertaken to determine if there is other
;: evidence for a difference in bottom type along the two

tracks. Figure (23) shows data obtained by the Survey
Array from a shot at 25 n.m. distance. The top curve
displays in arbitrary units the pressure-squared vs.

time data; the lower curve shows the integration of the
received energy. It is apparent from the top curve

that bottom bounce arrivals are present and that the

major portion of the total energy received is attributable
to those arrivals. The propagation loss for the direct

arrival alone would be about 6 dB higher, or 85 dB.
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Figure (23). Shot arrival at Survey Array
from 25 n.m. Event 6a, shot #458 at 300 feex,
35 Hz, 18% bandwidth, WECO processing.
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Since the shortest range of suitable data received at
the ACODAC site was about 200 n.m., the shot received
by the Survey Array over the longest path was examined
to see if bottom bounce arrivals were still clearly
evident. Figure (24) shows an event at 99 n.m,, in the
fourth convergence zone. The bottom bounce arrivals
are indeed evident in the upper plot and the énerqy
curve shows that about half the total energy received
is attributable to them. It would be expected that a
shot at 200 n.m. would display similar features.
(U)Figure (25) shows the SUS arrivals on two ACODAC
hydrophones with an expanded time scale. The frequency
band is 10 to 300 Hz. The range is about 270 n.m. All
received energy is contained within approximately 1/2
second, with the two major energy bursts corresponding
to RSR arrivals separated by 300 to 400 milliseconds.
As previously noted, the ACODAC overloaded for most shots
at ranges less than 200 n.m. and the data could not be
processed to determine propagation loss, However, ARL
has found that it is possible to determine the duration
of the received shot signal, even +*..m17h it is overloaded.
The results as received on ACODAC '~ for event 22a are
shown in Figure (26). For ranges less than 175 n.m., the
signal duration is 15 seconds or greater, suggesting a
low bottom loss out to this range, The signal duration

drops abruptly within 50 n.m. to three seconds, which
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is the shortest integra.ion time available with the ARL
processor, Signal duration can bhe much shorter as is
evidenced in Figure (25). This sugyests a bottom loss
trauiition at about 175 n.m., with high bottom loss
conditions persisi.ng for a sufficient distance to
suppress bottom bounce arrivals from lenger ranges.

The effect of bottom-reflected paths ¢. propagation

loss is discussed in greater detail in Reference (25).

(U)It is concluded that the ACODAC and the Survey Array

data are probably bo*h v  "d. The low propagation loss

measured with the Survey ..ccay is due to the low bottom

loss alorng the entire track. The high - opagation loss

measured with ACODAC at ranges greater than about 200 n.m.

appears to be due to a transition from low to high bottom

loss at about 175 n.m., with high bottom loss persisting

for a sufficient distance to suppress bottom bounce

propagation. 'lad it been possible to measure propagation

loss at ranges shorta:r than 200 n.m. with the ACCDAC,
it is likely that significantly lower values would have

been attained.*

*Overloading at the short ranges is due to the higher peak
signal levels, and should not be interpreted to bhe due to

or indicate the presence of low bottom loss conditions
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7. Other Considerations (U)

(U)To further investigate the validity of the
ACODAC data a comparison was attempted between ACODAC
and MABS, an independent system recording the same events.
An event was chosen for the comparison during which the
two systems were located reasonably close to each other
geographically. However, the tracks to the two sites
were over different paths and of different path lengths.
Furthermore many of the ACODAC shot arrivals were over-
10aded, whereas there were no comparable indications for
overloaded shot arrivals at MABS. Considering these
different conditions and judging the results qualitatively,
it may be said that the measurements made by the two systems
agreed reasonably well. More details reqgarding this work
may be found in Reference (19).

(UYIt is apparent that in many cases information
regazding bottom loss is an important factor in evalu-
ating the zpplicability of various models, and that models
must take bottom loss into account. It is recommended
that future exercises include provisions for bottom loss
measurement, or for data processing procedures designed

to obtain bottom loss information,
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(U)There are two ways that bottom loss measurements
can be made. The first is a direct measurement in which

the loss as a function of frequency and bottom angle is

food  nerd

determined using SUS and single bottom encounters, as in

- the standard MGS surveys conducted by the Naval Oceano-

graphic Cffice. A second method is to use the procedure

T discussed in this report and exemplified by Figures (23)
L

to (28). This type of measurement can provide a more

-

average value,; in that more than one bottom encounter is

involved, particularly for the longer ranges., J. Hanna

of AESD views this as an inferred, rather than a direct
measurement., For each track in each experiment we strongly

recommend that a number of SUS signals be selected for

processing ‘.1 che manner described.
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8. Summary and Conclusions (U)

(U)Because of puzzling discrepancies in SUS propa-
gation loss data processed by different organizations,
preliminary plots of experimental data showing confusing
results, and differences in propagation loss measurements
made by different systems, investigations were conducted
in three general areas:

* Editing of CHURCH ANCHOR data

* Data processing comparisons and accuracy analysis

* Model computation comparisons with data from the
SQUARE DEAL Exercise

(U) The CHURCH ANCHOR data was edited to a level satis-
factory for use in the final report. This was accomplished
by editing the PL data to eliminate data points that were
shown to be suspect. Irregularities in the ambient back~'
ground contaminate the PL measurements in three kasic ways.
First, the shot signal is masked by the presence of the
noise; with very high noise levels, the shot may be totally
hiddan. Second, fluctuations in the noise tends to change
the measured level. Third, nar:owband, high amplitude noise
components selectively contaminate the PL in certain bands.
These problems are always present to some extent. It has
been observed on multichannel recordings such as the ACODAC

that high noise levels may render some channels useless,
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while not affecting others. The following factors should
be taken into account when interpreting or editing PL data.

+ Consistency and Reasonableness (U)

fooi fewed ol TR e

(U)Ideally, the PL data should trace a reasonable

§ -4

pattern., If the majority of the points do so, exceptional

deviants should be checked for origins in recording or
.- processing problems or eliminated out of hand.

.- + Background Noise (U)

(U)If the measurement signal-to-noise ratio
is low (less than 3 dB, say), then a plot of the background
noise éhould be inspected. 1If noise contamination is evi-
o dent, then PL measurements near the noise peak are suspect.
- Also, correlations between the PL curves and the noise curves
should prompt further investigations. However, if the noise
is stable, then even PL data with low S/N may be used.
Close study of the noise fluctuations may permic the
establishment of estimated confidence levels for various
S/N levels.

- + SUS Spectra(U)

(U)If there are questions about what signals
are actually being measured, then the power spectra of the
shot and noise levels should be inspected. The presence
of a SUS signal is confirmed by the characteristic bubble

pulse spectrum. Additionally, it may be discovered that

E M pud e
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contamination of the PL data is limited to certain fre-
guency bands.

(U)The data processing comparisons and accuracy
analysis permitted an understanding of most of the discre-
pancies originally noted between facilities. The ACODAC
and WECO Survey Array data both appear to be valid, since
it was shown that the bottom conditions were different
over the two sound paths. The ACODAC and MABS data agreed

reésonably well. The repeatability of processing results

and the agreement among results processed by different
activities were reasonably good, although not yet as good
as is desirable, except that WHOI processing yields pro-
pagation loss values about one or two dB toc low on average.
It is clear that all details must be meticulously docu-
mented. Source:ilevels and processing bandwidths should

be documented to permit data comparisons. A statewment

of the quality assurance procedures used, or a best esti-
mate of data accuracy should be made. Ultimately it

appears desirable to develop standardized procedures for

calibrating processing systems.

(U)Although a small amount of degradation always
occurs in the duplicating process, the duplicate reccrdings
were found to be degraded hy varying amounts relative to the
original, sometimes by quite large amounts at the higher €fre-
quencies. The principal impact is to introduce sarious artifacts

in the measurement of ambient noise; i.e., measurzment of

UNCLASSIFIED

73

[ Y B

N S DT A
RS T SO AR A




o Semd Gwg SEI SN

g -

-

UNCLASSIFIED

system rather than ambient noise under some circum-
stances. This also affects propagation loss measurement
accuracy, but to a lesser extent, by reducing S/N ratioc.
It is important to note that when processing SQUARE DEAL
ambient noise data, WHOI used the original recordings,
so that degradation in tape duplication would not affect
those results.*

(U) Comparison of available experimental data
with model computations showed reasonable agreement, when
bottom loss is taken into account. It is apparent that
bottom loss information is an important factor in evaluating
models and that models must take bottom loss into account.
It is recommended that future exercises include provisions
for bottom loss measurement, or for data processing pro-

cedures designed to obtain bottom loss information.

*since the commencement of the work discussed in this
report, the Manager, LRAPP has contracted with the

Martin Marietta Corporation Facility at Denver, Colorado
to establish a magnetic tape repository and duplication
facility, with the responsibility of insuring the quality
of duplicate tapes. They are aware of the many problems
involved, are developing detailed plans and procedures
for their internal handling of LRAPP magnetic tapes, and
are interacting with users of the duplicates.
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