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- Foreword (0)

(U) The SQUARE DEAL Exercise was a
program of acoustic and environmental
measurements conducted in the northeast
Atlantic Ocean between July and September

-3973. The exer- cise was sponsored by
the Long Range Acoustic Propagation

! P.ro-jec-t (LRAPP), and included partici-
pation of several U.S. Navy Laboratories,
the United Kingdom Admiralty Research
Laboratory, and severai private contrac-
SotOrso Personnel from the Naval Ocean
Research and Development Activity (NORDA),
then of the Naval Oceanographic Office
(NAVOCEANIJO), managed tle environmental

V-TW data collection program, participated
in the exercise, arid analyzed most
resulting environmental data. This
report sumnmarizes environmental findings
frum SQUARE DEAL And represents a major
orontribution to the exercise. Much of

* the information contained herein has
appeared in the SQUARE DEAL Synopsis and
Environmental Acoustics Surmmary Reports,
previously published in 1974 and 1975 by
the Maury Center for Ocean Science.

Ralph R. Goodman
Technical Director

'W NORDA
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Executive Summary (U)

(U) This report contains an interpre- Acoustic Implications
tation of oceanographic (sound
vwlccity, temperature, and salinity), (C) The sonic layer was too sh. ow for
meteorological, and bathymetric data effective low frequency propagation
collected during summer 1973 in the throughout the exercise area.
northeast Atlantic Ocean as part of the
SOUAi<E DEAL Exercise. (C) The upper channel apparently acted

as a reliable acoustic path in most of
Environmental Findings the eastern half of the exercise area

(east of 20 0 -25 0 W), Including the
(U) The total exercise sound velocity shallow regions over the Rockall
data base was extremely well- Plateau, Porcupine Bank, and the
distributed (both temporally and northern Rockall Trough.
spatially), and was more than adequate
to describe environmental effects on (C) The deep sound channel apparently
acoustic propagation. was the most effective sound propaga-

tion path throughout most of the
(U) Sound velocity structures were exercise area, and was uninterrupted In
extremely complex and variable most of the West European Basin,
throughout most of the exercise area southern Rockall Trough, and Maury
owing to internal waves and mixing Trough.
between intrusions of Mediterranean
Intermediate Water, Labrador Sea Water, (C) Depth excess was adequate for
and Norwegian Sea Overfiow Water. convergence zone propagation from a

near-surface ýource throughout most of
(U) The interplay of various water the West European Basin and the Maury
masses created a bichannel sound Trough.
velocity profile in the eastern half of
the exercise area (east of 20 0 -25oW), (C) Throughout the exercise, the
where the upper and deep sound channels Acoustic Data Capsule (A00DAC) receiver
were separated by an Intermediate-depth sites wzre ieparated by zones of
sound velocity maximum. Intensive oceanographic mixing that

should have degraded all modes of sound
(U) The greatest spatial sound velocity propagation along the three major
variability was found across the crest exercise baselines.
of the Faeroe-lceland Ridge associated
with intrusions of Norwegian Sea (C) Internal waves and mixing
Overflow Water. (interleaving) could be partially

responsible for the diurnal and
(U) Significant temporal sound velocity semidlurnal periods observed in the
variability was found at all exercise spectral ambient noise Intensities at
acoustic receiver sites associated with several acoustic receiver sites.
internal waves and mixing of Intrusive

_ water masses. (C) Two major storms led to increased
ambient noise intensities at ACODAC IC
and Western Electric Company (WECO)
Survey Array 1A (phase I), and at
ACODAC IC (end of phase Ill).
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* Prefiae (U) Acknowledgements (U)

(U) This report was originally written (U) The author acknowledges the
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Rather than redraft the nunerous mental data used in this report would
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text. Only in the title does the term many members of NORDA involved in the
""sound speed" appear. preparation of this report. William C.

U Lippert and William J. Cronin
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nally prepared, kilometers were not valuable contributions to the report,
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miles. prepared by Joanne V. Lackie, and the

original manuscript was typed by JudithS(U) Similarly, throughout the text and A. Albrittain. The section on
in all the figures, wind speed is meteorology was prepared largely by
reported in knots (rather than meters George L. Hanssen of NAVOCEANO.
per second), and sea/swell heights are
reported in feet (rather than meters).
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Sound Speed Structure of the Northeast Atlantic Ocean in
Summer 1973 During the SQUARE DEAL Exercise (U)
Don F. Fenner

I. Introduction (U) . RFA OLMEDA (A-124) (OL)
a RMAS ST. MARGARETS (SM)

(C) The SQUARE DEAL Exercise was e RMAS BULLFINCH (BF)
conducted from July through September * HMS HECLA (A-133) (HC)
1973 in the northeast Atlantic Ocean
north of about 48°N in the region The two-letter abbreviations in paren-
between the continental shelf of the theses following each of the above
United Kingdom and the crests of the ships are those as used in the data
Reykjanes and Mid-Atlantic Ridges. The identification tables and figures of
exercise are consisted of three long, this report. All ships collected
narrow, overlapping basins (the Rockall oceanographic and/or meteorological
Trough, the northwestern portion of the data. However, data from ST.
West European Basin, and the Maury MARGARETS, BULLFINCH, and HECLA were
Trough) that were separated in the not available for inclusion in this
center by the Rockall Plateau and report. Continuous bathymetric records
bounded on the north by the Faeroe- were made by KANE, LYNCH, WILKES,
lctland Ridge. The exercise included SANDS, KINGSPORT, CHAIN, and ARTEMIS.

the following three phases: In addition, current meter arrays were
deployed and recovered at three

* Phase I, 25 July through 10 Aug~tst locations during the exercise: point
* Phase II, 15 through 27 August 288 (54 0 001N, 12 0 571W), point 2C
* Phase I11, 2 through 16 September (51 047'N, 190 381W), and point 2D

(55 0 25'N, 13 0 11OW).
In addition, some acoustic and oceano-
graphic data were collected between (U) Many of the analyses contained in
phases II and Ill. All three exercise this report have appeared previously in
phases were typical of oceanographic the SQUARE DEAL Synopsis Report (Maury
sunrmer in the northeast Atlantic. The Center for Ocean Science, 1974) and the
SQUARE DEAL Exercise was followed by SQUARE DEAL Environmental Acoustics
the Ridge Acoustics Exercise (RAE) that Suwnmary (Maury Center for Ocean
was conducted across the Faeroe-Iceland Science, 1975). The report supple-

Ridge in late September 1973. When ments these two reports by providing
applicable, RAE data have been utilized additional areal and temporal sound
in SQUARE DEAL sound velocity analyses. velocity analyses and tenverature-

salinity-sound vtlocity conparisons.
(C) The following ships took part in Various acronyms and oceanographic
the SQUARE DEAL Exercise: terms used in this report are defined

in the glossary (Appendix C).

i USNS KANE (T-AGS-27) (KN)
* USNS LYNCH (T-AGOR-.7) (LY) tl. Discussion of Envionmenal Data (U)
a USNS WILKES (T-AGS-23) (WI)
* USNS SANDS (T-AGOR--6) (SD) A, Dwa Avoilobility (U)
i USNS KINGSPORT (T•-AC-164) (KP)

w a USNS MYER (T-ARC-6) (MY) (U) Table 1 surrmarizes the oceanogra-
* USS NEPTUNE (ARC-2) (NP) p:•c data collected during SQUARE nEAL
* R/V CHAIN (CH) by platform and the following
a R/V ARTEMIS (AR) caregories:
* MIV SEISMIC EXPLORER ISE)

I24#g .* I=A
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* Expendable bathythermographs (XBTs) to prepare the following sound velocity
s Sound velocity-salinity-teniperature- analyses:

d&pth (SV/CTD) profiles
* Sound velocity-depth (SVD) profiles * Time-series analyses at seven
* Sound velocity-conductivity- reference points during one or more

temperature-depth (SV/CTD) profiles exercise phases.
* Surface meteorological observations o Average areal contours of several
* Bathymetric tracks parameters and their standard

deviations over the course of the
The exact location of individual deep exercise.
oceanographic measurements (SV/STDs, . Cross sections along four SQUARE DEAL
SVDs, and SV/CTDs) were listed In the baselines for one exercise phase.
SQUARE DEAL Synopsis Report (Maury
Center for Ocean Science, 1974). For the areal analyses, the one-degree

square averages and standard deviations
(U) Figure 1 shows the location of all for the given parameter are based on
oceanographic observations taken during all exercise data.
SQUARE DEAL. These observations formed
a roughly rectilinear grid that encom- (U) The exercise data also were
passed most of the exercise area. adequate to prepare areal temperature

Figure 2 shows the locations of oceano- and saiinity analyses at various depth
graphic observations that extended zo levels or sigma-t surfaces. However,
within 100 m of the bottom. These the only such analysis prepared for
observations were concentrated in the this report was a study of temperature
shallower portions of the exercise area at 10 m depth. In the opinion of the
(Porcupine Bank, Rockall Plateau, and author, similar analyses might answer
Faeroe-lceland Ridge). Figure 3 many perplexing questions concerning
locates abservations extending deeper the spatlai distribution of the deep
than 1000 m, and includes most deep sound channel (DSC) axis, the upper
oceanographic and T-5 XBT data cot- sound channel (USC) axis, and the
lected during the exercise. Figure 4 intermediate sound velocity maximum
shows the location of observations that that lies between the former two
extended deeper than 400 m, but were minima.
shallower than 1000 m. Most of these
observations were made with T-7 XBTs. C. Dta Accurocy (U)
Figure 4 also locates those T-5 XBTs
that failed to reach a depth of T^00 m. (U) Six different instrument types
Finally, Figure 5 showi the locations were used to collect environmental data
of hbservations deeper than 100 m, Out during SQUARE DEAL: SV/STDs, S1%s,

* shallower than 400 m (i.e., XBTs that SV/CTDs, T-5 XBTs, T-7 XBT$, and T-4
failed above a depth of 400 m). XBTs. The first three types measured

sound velocity directly with an
B. Trecirnent of Data (U) accuracy of +0.3 m/sec. The SV/S M

system has a temperature accuracy of
(U) Sound velocity profiles were + 0.020C and a salinity accuracy of

* measured directly at all 306 deep 70. 0 2 0 /oo* leading to an overall
oceanographic stations using either an computed sound velocity accuracy of
SV!STD, SVD, or SV/CTD system. In about 40.2 m/isec, disregarding any
addition, sound velocities were calcu- ilaccuracies in Wilson's equation. The
lated using the equation of Wilson T-S. T-7, and T-4 XBTs have a tenpera-
(1960) for all SV/STD and SV/CTD sure accuracy of about *0.20C, which
observztions. Each XBT trace was results in a computed sound velocity
converted to sound velocity using accuracy of about +0.7 mfsec, again
Wilson's equation and nearby salinity assuming that there are no errors in
measurements made during the exercise. Wilson's equation.
The resulting data bate was sufficient

3 CNFIDENCkTIAL
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(U) Generally, sound velocities various SQUARE DEAL sound velocity
measured directly agreed within 0.2 to analyses. Figure 7 defines the
0.5 mlsec of the computed values. This temperature-salinity (T-S) Indices of
applies to both the sound velocities major water masses encountered In the
calculated using insitu salinities exercise area. The most widespread of
(SV/STD and SV/CTD stations) and those these water masses is North Atlantic

. calculated from XBT temperatures and Central Water (NACW) which dominates
- salinities collected at nearby loca- the upper 600-1000 m of the water

tions during the exercise. Much of column. This water mass is circulated
this error may be due to an error in throughout the exercise area by the

A Wilson's equation, as originally North Atlantic and Irminger Currents,
suggested by Carnvale et al. (1968). and is altered by the Intrusion of two
Because of the high percentage of XBTs other water masses: relatively warm,
in the overall data base, and in order high salinity Mediterranean Interme-
to eliminate sinall disagreements diate Water (MIW) and relatively cold,
between measured and calculated sound low salinity Labrador Sea Water (LSW).
velocities, calculated sound velocities MIW enters the exercise area from the
have been used in lieu of measured south after emanating from the Mediter-
values whenever possible in all SQUARE ranean Sea through the Strait of
DEAL sound velocity analyses. Gibraltar. This water mass has been

called Upper North Atlantic Deep Water
(U) A major exception to the generally by Defant (1961). LSW enters the
good accuracy of SQUARE DEAL data was exercise area from the west at about
apparent for many SANDS SV/STD 540 N, 35°W and flows generally

"" stations. Below a depth of about southeast across the West European
1800-2000 m, both measured and calcu- Basin. This water mass has been called

. lated sound velocities were sporad- both Subarctic Intermediate Water
ically 0.5 to 1.5 m/sec lower, than (Bubnov, 1968) and Arctic Intermediate
those observed from other platforms. Water (Sverdrup et al., 1942). Accord-
Therefore, no SANDS sound velocities Ing to Bubnov, LSW occurs In two lobes
have been used below about 1800 m. throughout most of the western North
Salinities measured at all SANDS SV/STD Atlantic, one between 100 and 250 m,
stations were consistently lower than the other below about 900 m. Both
those measured by other platforms. lobes were found in the SQUARE DEAL
Therefore, all SANDS salinities were area, where the upper LSW lobe was
reduced by an average correction factor indistinguishable from the T-S minimum
of 0.110/00. In addition, the SANDS marking the bottom of the NACW layer.
SV/STD sound velocity sensor was
inoperative during phases I and II of (U) Throughout the northeast Atlantic,
the exercise, and the salinity sensor MIW and LSW mix both with each other

. was inopertaive during most of phase and with NACA at depths between about
Ill. These and other instrumentation 600 and 1800 m. In the region south-
problems have been discussed in the west of the Rockall Plateau (due west
SQUARE DEAL Synopsis Report.(Maury of Porcupine Bank), Intensive mixing of
Center for Ocean Science, 1974). these three water masses create a

series of vertical and horizontal
III. General Oceanography of the SQUARE DEAL fronts at Intermediate depths. During
Area (U) summer 1968, Rossov and Klslyakov

(1972) found a meandering extension of
A. Generalized Circulation and Water the Subarctic Convergence at depths of
Masses (U) 200, 500, and 800 m in the same generalregion (west of 20oW between about 480N
(U) Figure 6 shows a generalized and 55ON). They called this frontal
circulation diagram for both the zone the "Polar Front" and defined It
surface and intermediate depths, and as the boundary between sub-polar and
locates the reference points used in sub-tropical waters.
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(U) The fourth major water mass intermediate water mass along the 2L-2K

affecting the exercise area was track, except between points 2L and 2C
*., Norwegian Sea Overflow Water (NSOW). and west of Porcupine Bank, where the

This very cold, low salinity water mass track crossed two separate LSW flows.
enters the North Atlantic across the This track started south of the North
Faeroe-Iceland Ridge and through the Atlantic Current, crossed the south
Faeroe Channel (Herman, 1967), and has wall north of point 2L, crossed the
been found just above the bottom north wall north of point 2C, and lay
throughout the northern Maury Trough within the main flow of the current
(Lee and Ellet, 1965). Lesser amounts sorth of about 54 0N. Along the 3F-3ZZ
of NSOW occur at intermediate depths track (phase Ill), surface temperatures
along the western side of Rockall varied by more than 70C and surface
Trough, that apparently entering the salinities by about 1.2 0 1oo. In
area across the Wyville-Thomson Ridge addition, near-bottom temperatures
(Ellet and Roberts, 1973). varied by nearly 40C along the length

of the track and by more than 20C
(U) The effects of various water masses between points 3Z and 3ZZ. LSW was the
on northeast Atlantic sound velocity predominant intermediate water mass at
structures have been discussed in detail point 1C. At point 3D, both MIW and
by Fenner and Bucca (1971). A brief NSOW were present. NSOW dominated much

discussion of these effects specific for of the water column at point 3Z, while
the exercise area is given in the SQUARE Norwegian Sea Deep Water (NSDW) was the
DEAL Environmental Acoustic Surmary predominant water mass at point 3ZZ.
(Maury Center for Ocean Sciences, 1975). The 3F-3ZZ track began in the North
A more detailed discussion of the effects Atlantic Current, crcssed the main flow
of MIW, LSW, and NSUN on sound velocity of Irminger Current near point 3D, and

-. at selected SQUARE DEAL reference points crossed the meandering Polar Front
(including the Porcupine Bank time- twice between points 3Z and 3ZZ.
series station) is given in Appendix A. Generally, oceanographic conditions

Appendix A also contains temperature- were more complex along the 3F-3ZZ
S salinity- sound velocity comparisons for track than along any other SQUARE DEAL

the selected reference positions baseline.
(Figs. 49-61). C. Temperature at 10m Depth (U)
B. Temperature-Salinity (T-S) Relations Along
the SQUARE DEAL Baselines(U) (U) Figure 9 shows contours of average

temperature at 10 m based on all SQUARE
- (U) Figure 8 shows composite plots of DEAL oceanographic data. Temperature

T-S diagrams along the three major at 10 m varied from greater than 180C
SQUARE DEAL baselines. T-S diagrams along about 47 0 N to less than 9.50C

used in this figure also are presented over the southern tip of the Reykjanes
in Appendix A. Along the 1E-3B track Ridge and to less than 80C in the

(phase I), surface temperatures varied Norwegian Basin. Over the Faeroe-
by more than 80C and surface salinities Iceland Reidge, the intense Polar Front
by more than 0.80/oo. MIW was the caused a compression of the 80C through

predominant intermediate water mass at 120C isotherms. A lesser compression

points 1E and 2C, while at 1C and 3B, of the 120C through 140C isotherms

LSW predominated. In addition, the occurred along about 240W between about

". track crossed the North Atlantic 50ON and 550N and in the southwestern

"Current between po!nts 2C and IC part of the exercise area. Near-

(Fig. 6). Along the 2L-2K track surface fronts have been shown in both

(phase 1I), oceanographic conditions regions during August by Baranov
we.e less variable. Surface tempera- (1972). These frontal zones apparently

tures varied by less than 40C and are caused by the north wall of the

surface salinities by less than meandering North Atlantic Current.

0.3 0 /oo0 MIW was the predominant Throughout most of the exercise area,

12 CONFIDENTIAL
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the orientation of the Isotherms at mixing between N'ACW and various
10 m was similar to that of the North Intrusive water masses. At the
Atlantic Current (Fig. 6). Porcupine Bank time-series station and

at points 2C/2CA and 3ZZ, temporal
(U) Figure 10 shows contours of the variability resulted in a change from a
standard deviation In average tempera- bichannel to single channel sound veloc-
ture at 10 m depth. Standard devla- velocity structure in a period of about
tions ranged from less than 0.2 m/sec 11 days. At points 2A/2AA, 2FA/3Q6,
"along the southern, western, and and 3A/3MA, the iound velocity at the
eastern boundaries of the exercise area intermediate maximum changed signifl-
to greater than 1.0 m/sec in regions cantly over a period of 9 to 10 days,
over the Faeroe-iculand Ridge, west of resulting in changes in the "strength'
Porcupine Bank, and near the crest of of the USC. Such temporal changes in
the Mid-Atlantic Ridge. All three of sound velocity structure probably had
these regions contain frontal iones. significant effects on sound propaga-
The extremely complex isoplzth patterns tion, particularly in shallow water
also reflect temporal changes in the where the upper channel was the only
data base. These changes were caused available sound transmission path.
by the diurnai heating/cooling cycle as
well as the passage of several storms B.Time-SeriesStudies(U)
through the exercise area (see discus-
sion of meteorology in section VII). (C) Figure 12 shows a time-series plot
Nevertheless, throughout most of the and a contoured presentation of sound
exercise area, standard deviations in velocity data at point 1C during phase

" temperature at 10 m depth were less I. The data used in this figure are
than 0.4 m/sec. identified in Table 3 (Appendix B).

During phase I, a significant amount of
SIV. Temporal Variability (U) temporal variability occurred at point

1C. Between 5 and 10 August, the depth
A. Long-Term Variability Throughout the of the DSC axis varied by 140 m and
ExerciseAreo(U) axial velocity varied by 3.9 m/sec.

Critical depth varied between about
S(U) Figure 11 shows examples of 1900 and 2000 m and allowed ample depth

* temporal variability in sound velocity excess for convergence zone propagation
at selected SQUARE DEAL reference from a near-surface source. Although
points for time periods greater than the data distribution was Insufficient
five days. The data used in this to determine exact Internal wave
figure are identified In Table 2 periods, the convoluted form of the
(Appendix B). Significant amounts of sound velocity Isopleths below the DSC
temporal variability occurred through- axis indicates that Internal waves were
out the exercise area, much of which responsible for some of the observed
was caused by internal waves with a temporal variability. The remainder of
semldiurnal period similar to that of this variability probably wis caused by
the tides In the northeast Atlantic mixing between LSW and NACW. Internal
(NAVOCEANO, 1965). Similar internal waves with diurnal and semidluroal
waves have been detected in sound periods also may have partially caused
velocity data from the CHUIJRCH GABBRO the similar periodicity in the spectral
Exercise (Fenner and Bucca, 1973) and ambient noise intensity observed at
the NORLANT-72 Exercise (Fenner and Acoustic Data Capsule (ACODAC) IC
Bucca, 1974). Temporal variability In (Maury Center for Ocean Science, 1974).
sound velocity structure also was
caused by mixing of MIW, LSW, and NSC.. (C) Figure 13 presents a time-series
The significant temporal variability at analysis at point 2C during phase II.

- points 1C, 2A/2AA, 2BA/28B, 2C/2CA, The data used in this figure are
2FA/3Q8, 3A/3AA, and 3F probably was Identified in Table 4 (Appendix B).
the result of both Internal waves and These data were too shallow to reliably
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determine DSC variability, but were affected by MIW during various exercise
deep enough to define temporal varia- phases. Temporal variability should
bility in the bichannel sound velocity have had pronounced effects on ambient

structure. During the period 22-24 noise levi.ls measured at ACOWAC 2C
• August, the depth of the USC axis during phase II.

iaried by 180 m and upper axial voloc-
ity varied by 2.7 m/sec. The depth ind (C) Figure 14 presents a time-series

velocity of the intermediate maximum analysis at point 2D during phase II,
varied by 250 m and 3.1 m/sec, respec- the data for which are identified in

tively. Although critical depth varied Table 5 (Appendix B). These data were
by about 200 m, depth excess was con- well spaced temporally and consisted
"sistently greater than 800 m, more than primarily o-1 SANDS SV/STD stations
enough for convergence zone formation taken on 22-23 August. Internal waves
confidering a near-surface source. The with a period of approximately 12 hours
relatively large variability in sound are discernable in Figure 14. The

velocity at the USC axis and interme- variations in the sound velocity at the
. diate maximum probably was caused by USC axis and intermediate maximum (both

both ;nternal waves and mixing between 1.0 m/sec) were considerably less than

NACW and MIW. However, since point 2C that at point 2C during approximately
lay between two major MIW flows the same time period (Fig. 13). This
(Fig. 6), it may rot have been equally indicates that internal waves were
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(U) Figure 14. Time-Series Plot of Sound Velocity at Point 2D During Phase II
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primarily responsible for the temporal a contoured presentation, a sound veloc-
variability at point 2D this is ity composite is shown, and indicates
understandable since point 2D lay in that the maximum variability at point
the center of Rockall Trough (a region 2FA occurred at the surface (approxi-
not strongly affected by either MIW or mately 5 m/sec). However, the varia-

* NSOW flows). Depth excess at point 2D bility at depths between about 500 and
* .varied between 400 and 600 m, the. 1600 m was more than half that at the

minimum necessary for reliable conver- surface, owing mainly to the presence
gence zone formation from a near-- of MIW at point 2FA. At point 2FA, the
surface source. mean sound velocity at the USC axis -

(about 1493 m/sec) was approximately
(C) Figure 15 shows a time-series plot 3 m/sec less than that at the DSC axis
of sound velocity profiles at point 2FA (about 1496 m/sec). Although point 2FA
during phase II. The data are identi- was bottom-limited, the well-defined
tied in Table 6 (Appendix B). Since USC probably acted as a sound propaga-
these data were insufficient to prepare tion path for sources within the upper

channel throughout the exercise.
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(U) Figure 16 shows time-series plots, shallow region over the crest of the

a contoured presentation, and compos- Faeroe-Iceland Ridge.
ites of sound velocity data at point 3Z

during phase III. The data used In (C) At point 3Z, minimum sound veloci-

this figure are identified in Table 7 ties varied by 10.8 m/sec (between

: (Appendix B). Since the minimum sound 1463.8 and 1474.6 m/sec) during the

* velocity at point 3Z lay at or just period 7-11 September. This extreme

above the bottom, no DSC has been variation was caused by pulsations of

"* ' indicated in Figure 16. However, the NSOCW, was greater than that observed

observed near bottom minimum coincided along the Subarctic Convergence during
with the very cold, low salinity NSOW NORLANT-74 (9.5 m/sec, Fenner and

core. The various sound velocity Bucca, 1974), and should have pronoun-
isopleths just above the bottom on the ced effects on sound propagation at

contoured section indicate that the point 3Z. Here, propagation was
NSOW flow over the Faeroe-Iceland Ridge limited to bottom bounce paths, since

was sporadic during phase III of SQUARE the shallow topography of the Faeroe-

DEAL. This flow was partially control- Iceland Ridge extended to the depth of

led by the internal waves with a 12 the DSC axis and a well defined USC was

hour period. Similar internal waves absent. Turbidity and strong bottom

were observed during the International currents are thought to be associated

"Overflow" Expedition in 1960 (Magaard with NSOA( pulsations (Cherkis et al.,
and Krauss, 1967). However, as noted 1973), and these pulsations may have

by Dietrich (1967), NSOW pulsations led to anomalously high ambient noise

also are controlled by the tides in the levels in the data recorded by Western
Electric Company (WECO) Survey Array 3Z.
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(U) Figure 16. Time-Series Plot of Sound Velocity at Point 3Z During Phase Ill
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(C) Figure 17 presents a time-series The single channel structure during

sound velocity analysis at point 3ZZ phase i1 was extremely complex, and the

(Norwegian Basin) during phase Ill. DSC axis coincided with one of several

The data used in this figure are T-S perturbations at the approximate

identified in Table 8 (Appendix B). level of the MIW core.

These data were particularly well
spaced temporally and consisted (U) During phase I, the bichannel

entirely of SANDS SV/STD stations taken structure was transitory in nature and

on 5-6 September. Internal waves with had a roughly diurnal periodicity,

a 12 hour period are evident in the probably caused by internal waves.

contoured section, causing a 120 m However, the data distribution at the

variation In the depth of the DSC axis phase I station was inadequate to
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(U) Figure 17. Time-Series Plot of Sound Velocity at Point 3ZZ During Phase III

and a 1.5 m/sec variation in deep axial define these internal waves. During

velocity. These variations were phase II, Internal waves with a 12 hour

similar to those caused by internal period are evident in the contoured

waves at point 2D (Fig. 14). Although section. During both phases, these

* point 3ZZ was bottom-limited by the Internal waves caused variations In DSC

relatively shallow topography of the velocity similar to those found at

northern flanks of the Faeroe-lceland point 2D during phase II (Fig. 13).

Ridge, DSC propagation was possible at However, internal waves were not solely

this location, responsible for the major change in the
sound velocity structure that occurred

(U) Figures 18 and 19 show time-series between the two occupations of the

- sound velocity analyses at the western Porcupine Bank time-series station.

edge of Porcupine Bank during phases I Rather, this basic change was caused by

and II, respectively. The data used in a combination of internal waves andt

these figures are Identified in Tables mixing between iatrusive water masses.

9 and 10 (Appendix B). The two occupa-
tions of the time-series station were (U) In the opinion of the author, the

separated by approximately 10 days. temporal variability observed at the

During these 10 days, the bichannel Porcupine Pank time-series station

sound velocity structure shown on during phasa I was caused by internal

Figure 18 (phase I) was replaced by a waves and mixing between high salinity

single channel structure (Fig. 19). MIW and the upper lobe of low rallnity
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(U) Figure 18. Time-Series Plot of Sound Velocity West of Porcupine Bank During Phase I
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LSW. In this case, the T-S minimum greatest such variation yet found in a
generally characterizing LSW was LRAPP exercise area.
Indistinguishable from that marking the
bottom of the NACW layer. Apparently, V., Spatial Variability of Selected Sound Velocity
a large cell of upper-lobe LSW migrated Parameters (U)
from the west into the vicinity of
Porcupine Bank near the end of the (C) In the following sections, the
phase I and caused a change from a average sound velocity structure of the
bichannel to a single channel sound SQUARE DEAL exercise area is defined in
velocity profile sometime between 12 terms of several sound velocity param-
and 20 August. A similar cold water eters. These include the four most
cell was observed about 150 nm west of significant inflection points on the
the time-series site in July 1975 (Howe sound velocity profiles in this area:
and Tait, 1967). The presence of sonic layer depth, the USC axis, the
upper-lobe LSW west of Porcupine Bank intermediate sound velocity maximum,
during phase II had significant effects and the DSC axis. Regions where any of
on sound velocity structurL5 above these features did not occur because of
about 1500 m. The effects of this low shallow topography are indicated in the
salinity water mass also are discern- appropriate figures. The USC and
able in the average areal contours of intermediate maximum were not uniformly
various sound velocity parameters. present throughout the exercise area

IV because of variability in oceanographic
C. Summary of SQUARE DEAL Temporal conditions. Therefore, regions where
Variability (U) the USC and intermediate maximum were

present less than 20% of the time
(C) Temporal variations in sound (effectively absent), 20-80% of the
velocity occurred throughout the time (transitory), and greater than 80%
exercise area, and was responsible for of the time (permanent) also are
basic alterations In sound velocity indicated on the appropriate figures.
structures in several regions. These A bichannel profile occurs when a USC

* included changes from a bichannel to a axis, an Intermediate maximum, and a
single channel structure, changes In DSC axis are all present. According to
the "strength" of the USC, and changes Hanna (1969), significant transmission
in the width of the DSC. Changes of from a source to a receiver in the USC

S this type probably had significant occurs when the upper channel is well
effects on sound propagation and may developed. Furthermore, receivers
have caused short-term propagation located at the bottom of the upper
anomalies. Such anomalies might be channel (I.e., just above the depth of
expected at the ACODAC 1C, 2C, and 3D the Intermediate maximum) can perform

W sites, In the regions west of Porcupine better than these located at tho USC
Bank and surrounding Rockall Plateau, axis due to their position In the
and over the crest of the Faeroe- convergence zones at the bottom of the
Iceland Ridge. Generally, variations upper channel.
"at the USC and Intermediate maximum
greater than about 1.0 m/sec were A. Sonic Layer Depth (U),

V caused by the combined effects of
internal waves and mixing between NACW (U) Figure 20 shows regions with

and various intrusive water masses. simillar average sonic layer depth, and
DSC sound velocity variations greater Figure 21 shows regions where a sonic
than about 2.0 m/sec were caused by layer was present less than 20% of the
similar combined effects. The time (absent), 20-80% of the time
10.8 m/sec variation In deep axial (transitory), and greater than 80% of

velocity at point 3Z was caused by the time (permanent). Both figures are
boluses of NSOW pulsating over the based on all SQUARE DEAL environmental
Faeroe-lceland Ridge, and is the data. The sonic layer was quite

sporadic during SQUARE DEAL, owing to
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both diurnal effects and the passage of present, the USC axis varied between
several storms through the exercise 100 and 250 m, and was generally
area (see discussion of meteorology in shallowest over Porcupine Bank and the
section VII). Generally, a shallower Faeroe Plateau. Of particular Interest
sonic layer (less than 20 m deep) Is the region due west of Porcupine
occurred In the southern Maury Trough. Bank where a permanent USC was absent.
Throughout most of the exercise area, This tongue-shaped region roughly
sonic layers were transitory in nature. corresponded to the flow of LSW from
However, permanent sonic layers the west that was detected at the
occurred in a broken band oriented Porcupine Bank time-series station
southwest to northeast up the center of (Figs. 18 and 19), even though this
the exercise area. This band had the flow lay several hundred meters below
same general orientation as the North the depth of the USC axis. The
Atlantic Current (Fig. 6) and a near- transitory nature of the USC west of
surface front shown for August by Porcupine Bank may be the result of

r Baranov (1972). Within this band, intensive mixing of LSW with NACW and
average sonic layer depths were MIW. Further north, a transitory USC
generally deeper than 30 m. occurred over the Faeroe-Iceland Ridge,

but disappeared almost entirely in the
(C) The sonic layer is an efficient northeast corner of the exercise area.
sound propagation path only when the The USC should have been an effective
wave length of the transmitted signal sound propagation path for sources in
is short enough to fit into the layer. the charnol in the shallow water
For this reason, low frequency under- regions over Porcupine Bank and the
water sound does not propagate well Rockall Plateau, but was too sporadic
within the surface duct unless the for effective propagation over the
layer is unusually deep. All of the Faeroe-Iceland Ridge. Figure 23 shows

Sfrequencies used during SQUARE DEAL standard deviations in the average
were significantly lower than the depth of the USC axis that were
theoretical minimum that could propa- approximately 50 m throughout the
gate in a 50 m deep sonic layer. eastern half of the exercise area.
Consequently, surface duct paths This indicates that the USC was an
probably were not a significant factor extremely stable feature when present.
in SQUARE DEAL acoustic propagation.

(U) Figure 24 shows average isopleths
B. Upper Sound Channel (USC) Axis(U) of sound velocity at the USC axis.

When a USC was present, its velocity
(C) Figure 22 shows the average depth varied from greater than 1501 m/sec in
of the USC axis based on one-degree the south to less than 1486 m/sec In
square averages of all oceanographic regions along 250W, In the northern
observations collected during the Maury Trough, and over the Faeroe-
exercise. In general, a permanent USC Iceland Ridge. The upper axial
was present in the eastern half of the velocity isopleths were far more
exercise area, and USC structures were convoluted than those for upper axial
absent west of 20oW to 250W. In depth (Fig. 22). This indicates that
between these two regions, a transitory the USC was more stable In terms of
USC occurred. The eastern boundary of depth than In terms of sound velocity.
the region where a USC was absent In the region between about 20 0 V and
generally coincided with the subsurface 25°W, the sound velocity at the USC
position of the Subarctic Convergence axis changed rapidly over relatively
during summner 1968 (Rossov and short distances, as would be expected
Kislyakov, 1972). By definition, this in the presence of a subsurface front. =

front separates colder, lower salinity In the anomalous region west of
subarctic waters (such as LSW) from Porcupine Rank, the isopleths indicate
warmer, higher salinity subtropical a flow emanating from the west and
waters (such as MIW and NACW). When northwest. The standard deviations in
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the sound velocity at the USC axis greater than 1500 m!sec. However, in
shown in Figure 25 varied from less the anomalous tongue west of Porcupine
than 0.5 m/sec to greater than Bank, sound velocities at the maximum
2.5 m/sec, but were generally less than were generally less than 1496 m/sec.
1.0 m/sec throughout the eastern half Lower sound velocities would be expected
of the exercise area. in the presence of a low salinity flow

from the west and northwest (upper-lobe
C. Intermediate Sound Velocity Maximum (U) LSW). In three regions approximately

along 250W, along about 52 0N, and over
(U) Figure 26 shows the intermediate the Faeroe-lceland Ridge, sound velocity
sound velocity maximum based on all at the intermediate maximum changed
SQUARE DEAL environmental data. Again, rapidly over relatively short distances.
a permanent maximum was present in the Frontal zones at intermediate depths
eastern half of the exercise area, but have been observed in all three regions.
disappeared west of 20°W to 250W. These frontal zones are the subsurface
When present, the maximum varied in pos'tion of the Subarctic Convergence,
depth from about 300 m to greater than the intensive mixing zone west of
1100 m. In the anomalous tongue-shaped Porcupine Bank, and the Polar Front.
region due west of Porcupine Bank, the The standard deviations in the average
intermediate maximum lay at depths less sound velocity at the intermediate
than 500 m and coincided with the maximum (Fig. 29) varied from less than
approximate depth of maximum winter 0.5 m/sec to greater than 3.0 m/sec.
cooling. However, in Rockall Trough As expected, these standard deviations
and south of Porcupine Bank, interme- showei more variation than those for
diate sound velocity maxima occurred at upper axial velocity (Fig. 25).
depths greater than 1000 m that either
coincided with or lay below the MIW
salinity maximum. A maximum occurred D. Srength of Upper Sound Channel (U)
sporadically over the Faeroe-lceland
Ridge, but was absent in the southern (C) Figure 30 shows contours of the
Norwegian Sea. Figure 27 presents Ostrength" of the USC based on one-
standard deviations in the average degree square averages of all SQUARE
depth of the intermediate sound DEAL environmental data. 0StrengthO is
velocity maximum. These varied from defined as the difference between the
less than 50 m to greater than 200 m, average sound velocity at the interme-
but were generally less than 100 m diate sound velocity maximum or at the
throughout most of the eastern half of bottom and the average sound velocity
the exercise area, indicating that the at the USC axis. As p-eviously men-
intermediate maximum was somewhat less tioned, a well-developed USC can act as
stable than the USC (Fig. 23) in terms a sound propagation path for sources in
,mf depth. This is understandable since the upper channel (Hanna, 1969). Hanna
the intermediate maxintum was more did not define the term Owell devel-
strongly affected by intrusive water oped', but does show instances of USC
masses, propagation for profiles with

""strengths' of about 3 and 11 m/sec.
(U) Figure 28 thowi isopleths of During SQWARE DEAL, sound propagation
average sound velocity at tht interme- via the USC was observed along a
diate maximum. This parameter varied KlhriSPORT SUS run between points 298
from greater than 1505 m[sec south of and 3AD (Maury Center for Ocean
Porcupine Bank to less than 1487 m/sec Scienc.', 1974). Based on the isopleths
in the regions along about 25°0 and in Figure 43, the Ostrengthl of the USC
over the Faeroe-iceland Ridge. Souzh along the 280-3A8 tract was approxi-
of Porcupine Bank and in Rockall Trough mately 4 m/sec except near point 3AM,
where the intermediate maximum coinci- where it was less than 3 misec.
ded with the high salinity MIW core, Considering these data and tanna's
the sound velocity at the maximum was findings, it is safe to assume that
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some USC propagation was possible (U) Figure 32 presents contours of
during SQUARE DEAL in regions where the standard deviation in average deep
"strength" of the USC exceeded 3 m/sec. axial depth, which varied between less
Such regions occurred throughout most than 50 m and greater than 300 m. This
of the eastern half of the exercise figure indicates substantial variability
area except over the shallowest in the depth of the DSC axis through-
portions of Porcupine Bank, In the out the exercise area. Generally,
anomalous tongue due west of Porcupine standard deviations were less than 50 m
Bank, and over the Faeroe-lceland south of Porcupine Bank, over the
Ridge. Rockall Trough, in the region west of

30oW, and over the Faeroe-lceland
E. Deep Sound Channel (DSC) Axis (U) Ridge. In these regions, deep axial

depth was strongly controlled by MIW,

(C) Figure 31 shows the average depth LSW, and NSOW. Standard deviations
of the DSC axis based on one-degree were generally greater than 150 m along
square averages of all exercise environ- the southern boundary of the exercise
mental data. A DSC axis was present area, in the region southwest of the
throughout the exercise area at depths Rockall Plateau, and in the northern
that varied from less than 100 m over Maury Trough; mixing of various
the southern end of the Reykjanes Ridge Intrusive water masses was detected in
to more than 1600 m in Rockall Trough these areas during the exercise. Due
and the region south of Porcupine Bank. to the greater effects of intermediate
The isopleths shown In Figure 31 indl- water masses, standard deviations in
cate two frontal zones at intermediate deep axial depth were greater than
depths, one over the Faeroe-Iceland those for upper axial depth (Fig. 23)
Ridge and one between 20oW and 250W. or the depth of the intermediate sound
The first zone corresponds to the Polar velocity maximum (Fig. 27).
Front, the second to the subsurface
position of the Subarctic Convergence (U) Figure 33 shows contours of average
(Rossov and Kislyakov, 1972). Generally sound velocity at the DSC axis. Deep
the DSC was controlled by LSW in axial velocity varied from greater than
regions where the axis was less than 1496 m/sec south of Porcupine Bank and
900 m deep, except over the Faeroe- in the Rockall Trough to less than
Iceland Ridge. Here, NSOW caused a 1455 m/sec over the Faeroe-Iceland
sound velocity minimum just above the Ridge. The isopleths shown in this

' bottom. In regions where the DSC was figure are extremely convoluted
. deeper than 1200 m, it was controlled throughout the exercise area owing to

by either MIW (southeast part of mixing between various intermediate
exercise area and Rockall Trough) or by water masses. MIW flows from the south

U NSOW (foot of Faeroe- Iceland Ridge). and southeast and LSW flows from the
* Axial depths of less than 900 m at north and northwest are easily

about 530 N, 15oW indicate an Intrusion discernable in the various Isopleth
of upper-lobe LSW that extended east as patterns. Generally, DSC axial
far as Porcupine Bank. No DSC was velocities less than 1488 m/sec were
present over Porcupine Bank, much of controlled by low salinity LSW, except

q the Rockall Plateau, or the Wyville- over the Faeroe-Iseland Ridge where
, Thomson Ridge, precluding this sound NSOW was the pridominant Influence.

propagation path. Over the Faeroe- Deep axial velocities greater than
Iceland Ridge, the DSC was too close to 1490 m/sec were primarily controlled by
the bottom for effective propagation, high salinity MIW. Axial velocities of

* However, throughout the remainder of less than 1488 m/sec west of Porcupine
the exercise area, the DSC probably was Bank offer additional evidence of a low

S the most efficient path for underwater salinity flow from the west and north-
sound propagation, west. Along about 250W, the subsurface

Subarctic Convergence caused a com-
pression of the deep axial velocity
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Isopleths and resulted in horizontal isopleths. South of the Faeroe-Iceland
- gradients as great as 0.2 m/sec/nm. In Ridge, the 2000 m isopleth delineates a

the northern Rockall Trough, mixing flow of NSOW into the northern Maury
between NACW, MIW, and NSOW produced a Trough. However, throughout most of
horlo•lhr'al gradient of nearly 0.5 m/sec. the exercise area, the orientation of
This" srdient was even stronger than the critical depth isopleths was
that fouind over the Faeroe-lceland Ridge. determined by the circulation of the

North Atlantic Current (Fig. 6), and
(U) Figure 34 presents standard devia- was quite similar to the orientation of
tions in the average sound velocity at isotherms at 10 m depth (Fig. 9).
the DSC axis. fhese standard devia- Figure 36 presents standard deviations
tions varied between less than in average critical depth, which varied
0.5 m/sec and greater than 2.5 m/sec, from less than 50 m to greater than
and were generally greater than 250 m. These standard deviations were
1.5 m/sec along frontal zones and in generally higher in the vicinity of
regions of intensive mixing. Over the near-surface frontal zones, and
exercise area as a whole, standard resembled those for temperature at 10 m
deviations In deep axial velocity were (Fig. 10).
of the same general magnitude as those
for upper axial velocity (Fig. 25) and G. Depth Difference/Depth Excess (U)
sound velocity at the intermediate
maximum (Fig. 29). The same was not (C) Figure 37 depicts regions shallower
true for standard deviations in the and deeper than average critical depth.
depth of the DSC axis (Fig. 33), The former are regions of depth differ-
indicating that the depth of the DSC ence (bottom-limited); the latter are
axis was more sensitive to temporal and regions of depth excess. The bathy-
"spatial fluctuations in the environment metric chart used to prepare Figure 37
than was sound velocity at the DSC Is the same as given in the SQUARE DEAL
axis. Exercise Plan (Maury Center for Ocean

Science, 1973). As a general rule,
F. Critical Depth (U) more than 400 m of depth excess are

required for reliable convergence zone
(U) Figure 35 shows average contours of propagation from a near-surface source.
critical depth based on all environmen- The shallow bathymetry of Porcupine
tal data collected during the SQUARE Bank, the Scotland continental shelf,
DEAL Exercise. Since critical depth is Rockall Plateau, northern Rockall
strongly dependent on near-surface Trough, and the Faeroe-lceland Ridge
oceanographic conditions and circula- caused bottom-limited regions during
tion patterns, the various Isopleths in SQUARE DEAL. However, in all these
Figure 35 are shown not only for regions except the Faeroe-lceland
regions deeper than critical depth Ridge, a well developed USC occurred
(i.e., regions of depth excess), but more than 80% of the time (Fig. 22).
also for regions where the bottom is Consequently, long-range propagation
shallower than critical depth (i.e., for sources within the USC was possible
regions of depth difference). Critical in these shallow water regions.

V depths varied from greater than 3400 m
along about 47 0N to less than 1500 m (C) Other bottom-limited regions
over the southern end of the Reykjanes occurred over the crests of the
Ridge and in the region surrounding the Reykjanes and Mid-Atlantic Ridges
Faeroe Islands. Over the Faeroe- (along the western boundary of the

* Iceland Ridge, extremely cold NSOW just exercise area). However, between about
above the bottom caused anomalously 520 N and 530N, the Gibbs Fracture Zone
deep critical depths (greater than caused a region where depth excess was
2800 m at about 64 0 N, 120 W) and the greater than 2000 m. The offset of
intense Polar Front caused a marked this fracture zone apparently provided
compression of the critical depth a transmission Uwindow4 through the
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Mid-Atlantic Ridge during the exercise. 1489 m/sec at point 3B. A sporadic
Convergence zone propagation from a sonic layer to about 20 m occurred
near-surface source should have been along most of the track. However, this
possible throughout rnost of tOe West surface duct was not deep enough to
European Basin and Maury Trough. permit low frequency acoustic propaga-
However, acoustic propagation over the tion. A continuous USC and interme-
Faeroe-Iceland Ridge was blocked except diate sound velocity maximum occurred
for less reliable bottom bounce paths. along the first 270 nm, but abruptly

terminated when the track crossed the
VI. Spatial Variability in Sounu Velocity Along south wall of the North Atlantic
SQUARE DEAL Baselines (U) Current. These features recurred

within the core of the North Atlantic
(C) Figures 38-41 show sound velocity Current (310-390 nm from point 1E), but
profiles plotted at their position of disappeared again when the track
observation, bathymetric profiles, and crossed the north wall of the current.
contoured sound veloc.ty cross sections The depth of the DSC axis increased to
along four SQUARE DEAL Laselines. the northwest from about 1500 m at
These baselines and their corresponding point 1E to less than 100 m in the
acoustic events are as follows: region between points 1C and 3B, The

sound velocity at the DSC axis varied
V * Fibure 38, noint 1E to point 3B, from about 1493 m/sec near point 1E to

WILKES phase Signal Underwater Sound abott 1476 m/sec near point 1C. !n the
I (SUS) run, 020600Z Aug - 042232Z region where the track crossed the

Aug (event 2a). North Atlantic Current, deep axial
a Figure 39, point 2L to point 2K, depth and sound velocity changed

OLMEDA phase II SUS run, 22000OZ rapidly and the USC and intermediate
_ Aug - 2403132Z Aug (event 14b). sound velocity maxi.,um disappeared.

* Figure 40, point 2BB to point 3AB, Critical depth decreased to the
, KINGSPORT phase 11 CW tow, 182228Z northwest from greater than 3000 m at
• Aug - 200073Z Aug (event 13a). point 1E to about 1300 m nea." point 3B,

* Figure 41, point 3F to point 3ZZ, showing its most abrupt change where
OLMEDA phase III SUS rur;, 071500Z the track crossed the North Atlantic
Sep 101928Z Sep (eveat 22a). Curront. Since the DSC was uninter-

rupted along the track, DSC propagation
Figures 38-40 are plotted so that the probably was the most effective path
acoustic event begins on the left and for sound transmission between points
procceo, to maximum range on the right. 1E and 3B. Depth excess was greater
Figure '1 is plotted from south tc than 400 m along the entire track, and
north (aithough the SUS run was made allowed for unimpeded convergence zone
from north to southl for continuity propagation from a near-surface source.
with Figure 39. However, the reg'on of intense mixing

betwetn ranges of 250 and 450 nm
A. Point IE to Point 3B Track (Phose 1) (U) probably had an adverse effect on all

types of acoustic propagation along the
S(C) The oceanographic data shown in track, particularly in the region

Figure 38 were collected between 1 an4 between ACWAC IC and ACODAC 2C.
6 August and arce identified In Table 11
(Appendix B). The bathymetric profile BPoint2L to Point2K Track(Phase I) (U)
was recorded by WILKES. The ovwrall

sound -elocity 'tructure along the
1E-38 track was quite variable, since (C) The oceanographic data used in
the first half of the track lay within Figure 39 were collected between 20 and
the North Atlantic Current urder the 25 August and ate identified in Table
influence of L1W (Fig. 6). Surface 12 (Appendix 8). The bathymetric
sound velocities varied from about profile is from WILKES (0-420 nm) and
1513 m/sec at point 1E !o about KIN6SPORT (4.12-834 nm). Sound velocity
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structures were quite complex and a near-surface source. Northeast of
erratic along the 2L-2K track, since it point 2FA, the track was interrupted by
cut in and out of the North Atlantic the shallow bathymetry of the Szotland
Current several times and also crossed continental shelf. Over most of the
the region of intense mixing due west 2L-2K track, the DSC was uninterrupted
of Porcupine Bank (Fig. 6). Surface and DSC propagation was the most
sound velocities varied from about effective propagation path. Limited
1516 misec near point 2L to about convergence zone propagation from a
1502 m/sec near point 2FA. Near point near-surface source should have been
2K, surface sound velocities approached possible along the first 350-400 nm of
1505 m/sec due to warming in the shal- track. Over Rockal! Trough, sound
low waters over the Scotland continen- transmission from a near-surface source
tal shelf. No sonic layer was apparent was confined to the USC and less
along most of the 2L-2K track, preclud- reliable bottom bounce paths. All
ing this sound transmission path. A modes of acoustic propagation probably
USC and intermediate sound velocity were degraded by the intense mixing
maximum occurred near point 2L, around west of Porcupine Bank (i.e., between
"point 2C, and over Rockall Trough, but the ACODAC 2C and ACODAC 1D sites).
were absent along the rest of the

•:ii track. Generally, bichannel sound
velcit penerofles occurred wend C. Point 2BB to Point 3AB Track (Phase II) (U)S~velocity profiles occurred when the

track was crossing or running parallel
to the axis of the North Atlantic (C) The oceanographic data used in
Current. Over Rockall Trough, the USC Figure 40 were collected between 17 and
was very well defined and probably 21 August and are identified in Table
acted as a supplementary underwater 13 (Appendix B). The bathymetric
sound transmission path for sources in profile was recorded by KINGSPORT. The
the upper channel. Over the first shallow bathymetry of the Rockall
450 nm, however, the sound velocity Plateau extended into the DSC and even
structure above the DSC axis was above the depth of the intermediate
dominated by rapidly changing micro- sound velocity maximum along the
structure that could have Interfered 2BB-2AB track. However, a well-

. with acoustic propagation. developed USC occurred along the entire
track. This USC evidently acted as a

(C) The depth of the DSC axis was quite reliable acoustic path along this track
erratic along the 2L-2K track, and as indicated by the relatively low
varied from about 700 m at a range of propagation losses observed in Ambient
125 nm to greater than 1730 m at the Noise Buoy (ANB) 2BB data for event 13a
foot of the Scotland continental shelf. (Maury Center for Ocean Science, 1974).
The sound velocity at the DSC axis was This is significant, since Rockall Bank
equally erratic, and varied from about was only 400 m below the surface at a
1485 to about 1496 m/sec between thes: range of 170 nm. DSC propagation was
same two points. Between point 2L and possible only in the deeper parts of
a range of 125 nm, the depth of the DSC Rockall Trough.
axis decreased by about 700 m and the
axial sound velocity decreased by about D.Point3Fto Point3ZZTrack (Phase Ill)(U)
9 m/sec. These variations were
reversed between 125 nm and point 2C.
The DSC was particularly ereatic over (C) The oceanographic data shown in
the Porcupine Plain due to mixing of Figure 41 were collected between 4 and
LSW, MIW, and NACW. Critical depth 11 September and are identified in
decreased from about 3300 m near point Table 14 (Appendix B). The bathymetric
2L to less than 2400 m near point 2FA. profile was collected by KANE (points
Over Rockall Trough, critical depth lay 3F-3D) and KINGSPORT (points 3D-3ZZ).
less than 400 m above the bottom, thus The sound velocity structure along the
limiting convergence zone formation for 3F-3ZZ track was more complex and
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variable than along any other SQUARE lay just below the depth of the MIW

DEAL baseline owing to the wide variety salinity maximum (900-1200 m deep with
. of intermediate water masses. LSW, sound velocities greater than

MIW, and NSOW were all encountered 1486 m/sec). North of about 910 nm,
between points 3F and 3ZZ. In the DSC axis coincided with the NSOW
"addition, the track crossed the North T-S minimum. Along the southern flank
Atlantic Current, the Irminger Current, of the Faeroe-lceland Ridge, the DSC
and the Polar Front (Fig. 6). Surface axis lay just above the bottom and
"sound velocities varied from about apparently ceased to exist in the
1508 m/sec at point 3F to about region around point 3Z. However, over
1482 m/sec at point 3ZZ. However, the first 940 nm of track, the DSC was
along most of the track, the surface uninterrupted, and probably was the
sound velocity was between 1495 and most reliable path for acoustic
1498 m/sec. A sporadic sonic layer at transmission.
depths of 20-8_0 m occurred along much
of the 3F-3ZZ track, and was sometimes (C) Between a range of 940 nm and the
complicated by in-layer negative crest of the Faeroe-Iceland Ridge (over
gradients. Even when well established, a distance of 94 nm), the depth of the
the surface duct was not deep enough to DSC axis decreased from 1150 to 320 m
support low frequency acoustic propaga- (gradient of about 8.8 m/nm). In this
tion. A USC and intermediate sound same region, the sound velocity at the
velocity maximum occurred between a DSC axis decreased from 1484.6 to
range of about 500 nm and point 3Z. 1456.8 m/sec (gradient of about
These structures briefly disappeared 0.3 m/sec/nm). 'hese extremely large
when the track crossed the Irminger horizontal gradients were caused by
Current at a range of 670-700 nm. mixing of NSOW and NACW across the
Between points 3D and 3Z, the USC was Polar Front. The Polar Front itself
well-developed and probably acted as a lay between point 3Z and the crest of
supplementary sound transmission path the Ridge (i.e., between profiles 60
for sources located in the upper and 61 of Fig. 41). Here, the sound
channel. velocity at the DSC axis changed from

1470.0 m/sec to 1456.8 m/sec oveý a
(C) Both the depth and sound velocity distance of 36 nm (gradient of nearly
at the DSC axis were extremely variable 0.4 m/sec/nm) and surface sound
and erratic along the 3F-3ZZ track. velocities changed from 1494.5 to
The depth of the DSC axis varied from 1485.0 m/sec (gradient of about
about 130 m at 120 nm to 1150 m at 0.3 m/sec/nm). These gradients were
ranges of 760 and 940 nm. The sound nearly as intense as those encountered
velocity at the axis varied from about at intermediate depths at the northern
1474 m/sec to about 1489 m/sec between end of the Rockall Trough (Fig. 33).

S... ranges of 120 and 760 nm, and was
approximately 1457 m/sec at the crest (C) Critical depth decreased from about
"of the Faeroe-Iceland Ridge. At point 2700 m at point 3F to less than 1900 m
3F, the DSC axis was controlled by the at a range of about 100 nm as the track
North Atlantic Current. At ranges crossed the north wall of the North
between 100 nm and about 300 nm, the Atlantic Current. Critical depth then
DSC axis roughly coincided with the low gradually decreased to a minimum value
salinity LSW core (less than 400 m deep of 1740 m at a range of about 420 nm.
with sound velocities less than Over the Maury Trough, critical depth

. 1478 m/sec). Between about 300 and varied between about 1800 and 2100 m,
500 nm, deep axial depth and sound and generally increased to the north-
velocity increased to the northeast in east, reaching a value of 2100 m at the
a region of transition that marked the foot of the Faeroe-Iceland Ridge.
southern edge of the Irminger Current. Between ranges of about 100 and 850 nm,
Between about 500 nm and the foot of depth excess was greater than 400 m and
the Faeroe-lceland Ridge, the DSC axis
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should have been adequate for conver- 39, or 41. The data used to construct
gence zone propagation from a near- the sound velocity composites generally
surface source. Beyond about 900 nm, are the same used in Figure 8 (T-S
the Faeroe-lceland Ridge and the composites).
"intense Polar Front apparently impeded
underwater propagation between the (U) Along the 1E-3B track, sound veloci-
Maury Trough and the Norwegian Basin. ties varied by about 24 m/sec at the
All modes of propagation probably were surface, about 24 m/sec at 200 and

" degraded by the Intense mixing between 500 m, and about 16 m/sec at 1000 m.
ranges of about 500 and 700 nm where Below 1600 m, the various sound velocity
the track crossed the Irminger Current. profiles merge, with the exception of
This region lay between the ACODAC IC profile 29. The six profiles show a
"and ACODAC 3D sites. steady progression toward lower sound

velocities to the northwest along the
(C) Near point 3D, the sound velocity track. The large sound velocity varia-
structure was extremely complex through- tions (more than 20 m/sec) in the upper
out the water column owing to mixing 800 m of the water column were caused
within the Irminger Current, transient by variations in surface conditions and
MIW cells at intermediate depths, and differing intermediate water masses
descending boluses of NSOW near the (MIW for profiles 7 and 9, LSW for
bottom (Fig. 6). As noted by Dietrich profiles 29, 36, and 44).
(1967), the concentration of NSOW along

* the southern flanks of the Faeroe- (U) Along the 2L-2K track, sound
. Iceland Ridge is subject to temporal velocities varied by about 14 m/sec at

o variability due to pulsations caused by the surface, about 10 m/sec at 200 m,
tidal effects and internal waves. Such about 13 m/sec at 500 m, and about
temporal variability also occurred at 17 m/sec at 1000 m. At about 1800 m,
point 3D in the bottom 500 m of the the various profiles merge, but diverge
water column. Temporal variability again below about 2000 m. At a depth
throughout the water column probably of 2400 m, the sound velocity at point
was responsible for the extreme fluctua- 2FA was nearly 4 mrsec less than at
tions in ambient noise intensity point 2L due to the presence of NSOW.
recorded by ACODAC 3D (Maury Center for The seven profiles do not show a logi-
Ocean Science, 1974). The unusually cal progression up the 2L-2K track
high median noise levels at the bottom because of repeated crossings of the
"hydrophone of ACODAC 3D might be North Atlantic Current, LSW flows, and
partially caused by turbidity and the intensive mixing zone west of

S strong bottom currents associated with Porcupine Bank. The large sound velocity
"NSOW boluses in the Maury Trough variation at 1000 mwas caused by
(originally noted by Cherkis et al., differing Intermediate water masses (LSW
1973). for profile 8, MIW for profile 41).

E. Summary of Spatial Sound Velocity (U) Sound velocities throughout the
SVariability Along the Three Major SQUARE water column varied more along the

DEAL Baselines (U) 3F-3ZZ track than along any other
SQUARE DEAL baseline. This was due to

(U) Figure 42 shows composite plots of the wide variety of intermediate water
" sound velocity profiles at selected masses along the track. Sound veloci-

Intervals along the 1E-3B track (phase ties varied by about 26 m/sec at the
I), 2L-2K track (phase II), and 3F-3ZZ surface, about 36 m/sec at 200 m, about
"track (phase Ill). All sound velocity 34 m/sec at 500 m, about 26 m/sec at
profiles shown in this figure have been 1000 m, and about 21 m/sec at 1500 m.
extended to the approximate corrected The eight sound velocity profiles never
bottom at the point of observation, merge, but split Into two sets, each
Each profile is Identified by the same set typical of conditions on one side
number It bears in either Figure 38, of the Polar Front. The first set
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(profiles 1, 18, 32, 42, 52, and 59) A. Phase l(25 Jul-10 Aug) (U),
fall on the warm side of the Polar
"Front, the second set (profiles 61 and (C) Figure 43 shows major storm tracks
65) on the cold side. The first set of during phase 1. Surface meteorological
profiles does not show a logical pro- conditions within 100 nm of the phase I
gression up the 3F-3ZZ track, but does ACGOAC s~tes are shown in Figure 44.
show an overall sound velocity varia- The first half of the meteorological
tion that is less than that observed records at both ACCOAC 1C and 2C is
along the phase I and II baselines, based on hindcasted values. The fre-
The second set of profiles displays a quency of Iowpressure systems during
progression toward lower sound velocl- phase I was slightly greater than

"" ties northeast of the Polar Front. The normal. A moderate storm, with a
- bottom soutid velocities for all pro- central pressure of approximately
* files in the first set (except profile 995 millibars (mb), passed about 250 nm
" 1) were affected by NSOW (lower sound wcst of ACODAC 1C at the beginning of

velocities at the bottom). phase 1. Southwesterly winds of 30 kn
and waves and swells to 8 ft briefly

(U) The wide variety of sound velocity occurred as this storm moved rapidly
profiles shown in Figure 55 is a good north-ncrtheast. The strong pressure

" indicator of the complexity of sound gradient occurring after the storm
* velocity structures throughout the passed maintained generally westerly

northeast Atlantic during summer. winds of about 20 kn with waves and
Because of this complexity, propagation swells from 4-6 ft for the next three
patterns inferred along the four SQUARE days. On 30-31 July, a weak storm
DEAL baselines should be considered moving easterly at 25 kn passed about
representative only for these tracks 200 nm north of ACODAC 1C and resulted
and not for other regions of the exer- in moderate winds and seas. On I Aug-
c9se area. However, erratic spatial ust, a weak storm on an easterly track

- variations in sound velocity and tampo- passed over the northern Maury Trough
ral variability Induced by internal along about 61 0 N. This storm, however,
waves probably caused short-term did not have significant effects at
propagation anomalies throughout the ACODAC 1C. During the first week of
SQUARE DEAL Exercise area. operations, the ACCOAC 2C site was not

appreciably affected by major storms,

•* VII. Meteorolioy (U) and experienced light westerly winds
(averaging 12 kn) with waves of 3-4 ft

* (U) Surface meteorological data were and swells of 5-6 ft.
collected by most participating ships
during SQUARE DEAL. Meteorological (C) During the second week of phase 1,
observations collected during the a deepening storm moved southeast from
exercise were analyzed to produce 6 Greetcland and reached a position about
hour averages of wind speed, predomi- 200 nm northeast of ACGOAC IC by
nant wind direction, wave height, and 041800Z August, The storm then moved
swell height within a 100 nm radius of due east at about 15 kn. High seas and
the two ACODAC sites during each exer- swells from this siorm caused the
cise phase. Surface weather charts premature termination of the WILKES SUS
from the National Weather Service were run on 042223Z August. This severed
used :o hindcast meteorological condi- storm atta'ned a central pressure of
tions for those periods when observa- 985 mb at 050000Z August, and markedly
tions were not available and to produce affected both AC(XDAC sites, Westerly
storm track charts for each exercise winds reached 3r' kn with 7-10 ft waves
phase. and 10-15 ft swells at ACGODAC 1C on 4-6

August, and at AC"O)AC 2C on 5-7 August.
After about two~ days respite, a
moderate storm with a central pressure
near 1000 mb moved from southwest to
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northeast directly between the ACODAC Acoustic Buoy (MABS) I at point 2AA,

IC and 2C sites. On 8 August, ACODAC and ANB 2BB probably were quite similar
2C had northwest winds of 30 kn with to those at ACODAC 2D (Fig. 46).
8-10 ft waves and 12-15 ft swells. On
9 August, winds at ACODAC 1C reached (C) Between 14 and 16 August, a
25 kn from the southwest with 5-7 ft moderate storm passed about 300 nm
waves and 8 ft swells. After a northwest of the ACODACs, moving gener-
dramatic reduction in winds and seas ally northeast. Between 18 and 20 Aug-
following the passage of this storm, it ust, a weak storm moved east to west
deepened and expanded rapidly northwest between the two ACODAC sites. The
of Ireland, and caused increasing central pressures of these two storms
southwesterly winds and rising seas did not drop below 1000 mb. In both
until the completion of phase I. cases, west to northwest winds

increased to 15-20 kn and caused

(C) The 30 kn winds (Beaufort force approximately 5 ft waves and swells of
6-7) experienced at ACODAC 1C between 5-8 ft. Between 22 and 24 August, two
4 and 5 August probably caused higher separate moderate storms on south-to-

ambient noise intensities in the 250 Hz north parallel tracks passed about
band, at least for the shallower hydro- 325 nm west of ACODAC 2C and about
phones. This storm also should have 450 nm west of ACODAC 2D. Winds
had pronounced effects on ambient noise briefly increased to 20 kn from the
intensities measured by WECO Survey south and caused 5 ft waves. Swells of

S Array 1A, which was closer to the major about 5 ft persisted during the passage
development of the storm (050000Z of these storms at both sites. These
August) than was ACODAC 1C (Fig. 43). two storms combined and deepened
ACODAC 2C was not operational during between Iceland and Greenland, and

Sthe passage of the major phase I storm. caused southerly winds of 15-20 kn,
The southeast to northwest storm that approximately 5 ft waves, and slowly
passed between the two ACODAC sites on increasing swells (5-7 ft) during the
8 August probably had pronounced effects remainder of phase II at both ACODAC
on ambient noise intensities measured by sites.
WECO Survey Array 18 and MASS I at point
1BA. Both sites should have experienced C Phose 11 (2-16 Sep) (U)
wind speeds and surface conditions
similar to those at ACODAC 2C on 8 August (C) Figure 47 shows major storm tracks
(Fig. 44). During the passage of the during phase Ill. Surface meteorolog-
final phase I storm, ACODAC 2C again was ical summaries within 100 nm of ACODACs
not operational. 1C and 3D are shown in Figure 48. The

last parts of both records are hased on

B. Phase 1t (15-27 Aug) (U) hindcasts. During phase Ill, the
advent of winter storm patterns caused

(C) Figure 45 shows major phase I1 an increasing frequency and intensity
storm tracks, and Figure 46 shows a of storms. Both ACODAC sites were
summary of mettorological conditions affected by a 50% greater frequency of
within 100 nm of the phase II ACODAC storms than normally expected. The
sites. The first and last parts of the phase commenced with a moderate storm
ACODAC 2C record are based on hind- (central pressure of 993 mb) that
cksts. However, the majority of the passed northwest of both ACIDACs on a
ACCOAC 2D record is based on measure- southwest to northeast course. South-
ments made during the exercise. Most westerly Inds of 18-23 kn, 6-7 ft
of phase !1 was seasonally normal, and waves, and 10-1: ft swells affected
no major storms passed close enough to ACODAC IC on 4-5 September and AU)DAC
affect markedly either ACWAC or any 3D c- 9-6 September. After about two
other phase II acoustic receiver. days of relative cal-' another moderate,
Surface meteorological conditions for but weakening, storm approached ACCIDAC

WECO Survey Arrays 2A and 28, Moored IC from the southeast on 7 September.
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This storm diminished in the vicinity Generally, the WECO Survey Array at
of ACCOAC 3D on 8 September. Winds point 3A and MABS II at point 3AA were
were near 20 kn from the northeast with under the influence of the same weather
waves near 5 ft at both sites. ACODAC patterns as ACGOAC 3D. However, both
1C, however, experienced higher swells these receivers ceased operations on
(about 10 ft) during this period. 11 September. Based on the storm

tracks shown in Figure 47, the WECO
(C) Between 10 and 12 September, a weak Survey Array 3Z site was not markedly
storm moved south to north 300 nrn west affected by major storms during phase
of ACODAC 1C and resulted in southeast III of the exercise.
winds of 15-20 kn, 4 ft waves, and 5 ft
swells. However, this storm had little VIII. Summary (U)
effect on the ACODAC 3D site. A mod-
erate storm that developed 200 nm north- (C) From July through September 1973,
west of ACODAC 1C on 15 September 258 SV/STDs, 27 SVDs, 21 CV/STDs, and
caused southerly winds of 20-25 kn, 1045 XBTs were collected in the north-
6-8 ft waves, and 5-6,ft swells at both east Atlantic Ocean north of about 480N
sites before moving rapidly north as part of the SQUARE DEAL Exercise.
toward Greenland. On 16 September, a In addition, 2383 surface meteorolog-
severe storm passed midway between the ical observations and nearly 27,000 nm
ACGOAC 1C and 3D sites. This disturb- of bathymetric tracks were collected by
ance moved northwest from about 45 0 N, participating ships. Sound velocity
150W (off the Iberian Peninsula) during profiles were calculated for all XBTs
the period 14-16 September, and devel- using the equation of Wilson (1960) and
oped a central pressure of 984 mb by salinities measured during the exer-

* 160000Z September. In the exercise cise. The total sound velocity data
area, the storm caused 30-40 kn winds base formed a roughly rectilinear grid
from the northwest at ACODAC 1C and and was more complete and better dis-
similar winds from the southeast at tributed than that of any previous
ACODAC 3D. Both sites were affected by LRAPP exercise. These data were more
the 12-15 ft waves and 10-13 ft swells than adequate to describe environmental

* associated with this storm at the end effects on acoustic propagation and
of phase Ill. This final storm was the were sufficient for the following
most intense observed during SQUARE analyses:
DEAL and had stronger effects than the
major storm that occurred during the 0 Time-series analyses at several
second week of phase I (Fig. 44). reference points

Average areal presentations of
(C) The 30-40 kn winds (Beaufort force selected sound velocity parameters
7-8) at ACODAC IC at the end of phase 0 Sound velocity cross sections along
Ill theoretically should have had four exercise baselines
pronounced effects or' ambient noise
intensities in the higher frequency Generally, sound velocities measured

* bands, at least for the shallower directly agreed within 0.2-0.5 m/sec of
hydrophones. These relatively high computed values.
winds may at least partially explain
the Increase In ambient noise inten- (U) Sound velocity structures during
stltes at this site on 15 September for SQUARE DEAL were affected by three
frequencies of 160, 200, and 250 Hz major intrusive water masses: warm,
(Maury Center for Ocean Science, 1974). high salinity Mediterranean Interme-
Such Increases were observed in the diate Water (MIW); cold, low salinity
time-series plots of ambient noise Labrador Sea Water (LSW); and very

Sintensity at ACODAC IC for all hydro- cold, low salinity Norwegian Sea
phones except that at the bottom. Overflow Water (NSOW). All three of
ACGOAC 3D was not operational during these water masses altered the basic
the last three days of phase III. sound velocity structure associated

-64 CONFIDENTIAL



CONFIDENTIAL

with North Atlantic Central Water August position of the near-surface
(NACW) carried by the North Atlantic front shown by Baranov (1972) and the
and Irminger Currents. The interplay Polar Front, respectively. The Polar
of various water masses frequently Front extended to at least 1000 m

• created a bichannel sound velocity during the exercise, and separated the
profile where the upper sound channel warmer waters of the northeast Atlantic
(USC) axis was separated from the deep from the colder waters of the Norwegian

Ssound channel (DSC) axis by an Sea.
intermediate-depth sound velocity
maximum. The intermediate velocity (C) Meteorological observations
maximum either coincided with the MIW collected during SQUARE DEAL were
salinity maximum or corresponded to the combined with hindcasted values to
bottom of the North Atlantic Current. produce 6 hour averages of wind speed,
This latter case was more common in the predominant wind direction, wave
SQUARE DEAL area. The USC axis general- height, and swell height within a
ly corresponded to the maximum depth of 100 nm radius of the two ACODAC sites

* .. summer warming. during each of the three exercise
phases. In addition, track charts of

(U) The relative concentrations of MIW, major storms were produced for each
"LSW, and NSOW had pronounced effects on exercise phase. During phase I, the
the depth and sound velocity at the DSC frequency of low pressure systems was
axis throughout the exercise area. MIW slightly greater than normal. A major
was the primary control in regions storm (central pressure of 985 mb)
where the deep axial depth was greater caused 30 kn winds at point IC on 4-5
than 1200 m and deep axial velocity was August, and probably had pronounced

. greater than 1490 m/sec (southeast part effects on ambient noise intensities
S of the exercise area and the Rockall measured by ACODAC 1C and WECO Survey

Trough). LSW was the primary control Array 1A. During phase II, no major
where deep axial depth was less than storms passed close enough to affect
900 m and deep axial velocity was less markedly ACODAC 2C, ACODAC 2D, or any
than 1488 m/sec (western half of the other phase II acoustic receiver.
exercise area). However, in the During phase III, the advent of winter
vicinity of the Faeroe-Iceland Ridge, storm patterns caused 50% more storms
NSOW caused a DSC just above the bottom than normal. In addition, the phase
with sound velocities that varied III storms were more intense than those
between about 1460 and 1488 m/sec. In during phases I and 11. Wind speeds of
the Maury Trough, NSOW caused a weak- 30-40 kn were experienced at ACODACs 1C
ening of the near-bottom positive and 3D at the end of phase III during
velocity gradient and even a reversal the most intense storm of the exercise.
of this gradient. Relatively high winds from this storm

may be at least partially responsible
(U) Mixing of NACW, MIW, and LSW for the increase in ambient noise
created a series of horizontal and intensities at several frequencies
vertical fronts in the region west of observed at ACGOAC 1C on 15 September.
Porcupine Bank and southwest of the All other phase III acoustic receivers
Rockall Plateau that should have signif- (including ACODAC 3D) were nonopera-
icantly affected underwater sound prop- tional during the passage of the final
agation. This frontal zone generally exercise storm.
corresponds with the subsurface
position of the Subarctic Convergence (C) Significant temporal variability in
during summer (Rossov and Kislyakov, sound velocity was detected throughout
1972). Surface frontal zones also were the exercise area. This variability
found along the north wall of the North was caused by internal waves with a
Atlantic Current and over the Faeroe- semidiurnal period (similar to that of
Iceland Ridge. These latter frontal the tides) and by mixing of various
zones generally correspond to the water masses. At point 1C (54 0 52'N,
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- 29 0 49'W), mixing of LCW and NACW and (C) Significant temporal variability In
internal wave action caused a 3.9 m/sec sound velocity was detected at the
variation in the sound velocity at the following acoustic measurement
DSC axis over aperiod of four days. At locations:
point 2C (51 0301N, 190 381W), internal
waves and mixing between MIW and NACW 0 ACODAC sites 1C, 2C, and 3D

. caused a 2.7 m/sec variation in the 6 WECO Survey Array sites 2A, 2B, 3A,
- sound velocity at the USC axis and a and 3Z

3.1 m/sec variation in the sound veloc- 0 MABS sites 2AA and 3AA
ity at the intermediate maximum in less 0 ANB site 2BB
than two days. At point 2D (55o131N,

* 13o33'W), temporal variability was At these and other acoustic receiver
Sv caused exclusively by internal waves, sites, temporal variability probably

and was less than 1.8 m/sec throughout had significant effects on acoustic
the water column (except in the near- propagation and may have been partially
surface layer). responsible for observed diurnal and

semidiurnal periods in spectral ambient
(C) At point 3Z (63 0 101N, 120 101W), noise intensities. In addition, short-
NSOW boluses mixing with NACW over the term temporal variability probably

. crest of the Faeroe-lceland Ridge caused propagation anomalies throughout
caused a 10.8 m/sec variation in near- the SQUARE DEAL area.

-• bottom sound velocity over less than
four days. This dramatic variation is (C) The sonic layer was quite sporadic

. even greater than that observed along during the exercise, owing to both
the Subarctic Convergence during the diurnal effects and the passage of

* NORLANT-72 Exerci•e (Fenner and Bucca, several storms. Generally, the sonic
"* 1974). At point 3ZZ (64 028WN, 70401W) layer was shallower in the southern

in the Norwegian Basin, temporal part of the exercise area and over the
- variability at the DSC axis was only Faeroe-lceland Ridge, but was never
" 1.5 m/sec, and was caused primarily by deeper than 60 m. Throughout most of

internal waves. the area, sonic layers occurred 20-80%
of the time. However, they occurred

* (U) At the Porcupine Bank time-series greater than 80% of the time in a
station (53 0 001N, 150301W), internal broken band that was oriented along the
waves and mixing caused the disappear- North Atlantic Current. Since all of
rance of bichannel sound velocity the acoustic frequencies used during

. structures sometime between 11 and 20 the exercise were lower than the
I August (between phases I and 11). This theoretical minimum that could

basic change In sound velocity struc- propagate within a 50 m sonic layer,
ture probably was initiated by the surface duct paths probably were not a
migration of a cell of relatively cold, significant factor in SQUARE DEAL
low salinity water from the west. This acoustic propagation.
cell most likely contained upper-lobe
LSW (as defined by Bubnov, 1968), and (U) A USC and intermediate maximum were
was similar to that observed 150 nm to not uniformly present throughout the
the west in July 1965 (Howe and Talt, exercise area because of !he variabil-
1967). Changes from a bichannel to a ity in oceanographic conditions and
single channel structure were also bottom depths. Both parameters were
observed at points 2C and 3ZZ. A: pfesent greater than 0 of the time In
other locations, temporal variability the eastern half of the exercise area,
produced significant changes in the but were effectively absent west of
fustrength" of the USC and in the width 20 0 -2S0V. In addition, an intermediate
"of the DSC. maximum was ahsent over Porcupr-e Bar.k

and part% of the Faeroe Plateau and
Wyville-Thamson Ridge due to topo-

graphic interference. Both features
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disappeared near the subsurface Faeroe Plateau, and throughout Rockail
position of the Subarctic Convergence Trough.
during sunmier (Rossov and Kislyakov,
1972). Both features were present only (C) A DSC was present throughout the
20-80% of the time in the region due exercise area except in the shallow
west of Porcupine Bank. Here, transi- regions surrounding Rockall Trough and
"tory bichannel structures probably were the Faeroe Islands. The average depth
caused by a cell of upper-lobe LSW that of the DSC axis varied from less than
"migrated into the area west of 100 m over the southern end of the
Porcupine Bank sometime near the end of Reykjanes Ridge to more than 1600 m in
phase I. Rockall Trough and south of Porcupine

Bank. Average deep axial velocity
(U) When present, the USC axis had an varied from less than 1455 m/sec over
average depth of about 100-250 m, and the Faeroe-Iceland Ridge to more than
was generally shallower over Porcupine 1496 m/sec in the region south of
Bank and the Faeroe Plateau. Average Porcupine Bank. The DSC probably was
upper axial velocities varied between the most efficient path for sound
about 1486 and 1501 m/sec, and were propagation in the SQUARE DEAL area,
generally greater in the south. except over the Faeroe-lceland Ridge
Standard deviations of these two and the Rockall Plateau. The sub-
parameters were generally less than surface Subarctic Convergence and the
50 m and 1.0 m/sec, respectively. The Polar Front compressed deep axial depth
average depth of the intermediate and velocity isopleths and caused
maximum varied between about 300 and horizontal gradients at the axis of
1100 m, and was greatest south of 0.2-0.4 m/sec/nm. In the northern

S Porcupine Bank and in the Rockall Rockall Trough, mixing between NACW,
_ Trough. Average sound velocities at MIW, and NSOW caused a horizontal

the intermediate maximum varied between gradient at the DSC axis of nearly
1487 and 1505 m/sev, and were greater 0.5 m/sec/nm. Standard deviations in
than 1500 m/sec south of Porcupine Bank average deep axial velocity were
and in the Rockall Trough. Standard similar to those for the USC and
deviations in the average depth and intermediate velocity maximum, while
sound velocity at the Intermediate standard deviations in average deep
maximum were generally less than 100 m axial depth were greater and more
and 1.5 m/sec. respectively, variable. This indicates that deep

axial depth was more sensitive to
'C) Aicording to Hanna (1969), a well- invironmental fluctuations than was
developed USC can act as a sound deep axial velocity.
propagation path for sources within the
upper channel. Based on Hanna's find- (C) Average critical depths varied from
ings and SQUARE DEAL data, it Is safe greater than 3400 m along about 470N to
to assume that some USC propa;Ilon was less than 1500 m over the southern end
possible during the exercise in regions of the Reykjanes Ridge and in the
where the sound velocity at the inter- region surrounding the Faeroe Islands.
mediate maximum or at the bottom Standard deviations in average critical
exceeded that at the USC axis by more depth were generally less than 100 m,
than 3 rn/sec (i.e., w;iere the except in the frontal zones along the
ustrengthft of the USC was greater than north wall of the North Atiantik

3 m/sec). Such regions occurred Current. Convergence zone propagation
throughout most of the eastern half of from a near-surface source probably was
the exercise area except over the possible in large regions of the West
shallowest portions of Porcoinine Bank, European Basin and the Maury Trough
in the region due west of Porcupine where the bottom was more than 400 m
8ank, and over the Faeroe-lceland deeper than critical depth (depth
Ridge. USC propagation apparently was excess regions). However, the shallow
possible over Porcupine Bank, the bathymetry of Porcupine Bank, the
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Scotland continental shelf, the Rockall track, the depth and sound velocity at
Plateau, the northern Rockall Trough, the DSC axis were quite erratic, vary-
"and the Faeroe-lceland Ridge caused ing from 700 to 1700 m and from 1485 to
substantial bottom-limited regions 1496 m/sec, respectively. Maximum
(regions of depth difference). A well- values for both parameters occurred
developed USC was present greater than near point 2K at the base of the
80% of the time in all bottom-limited Scotland continental shelf. Over most
"regions except over the Faeroe-lceland of the track, the DSC was uninterrupted
Ridge. Here, acoustic propagation was and probably acted as the most effec-
confined to less reliable bottom bounce tive sound propagation path. Over the
paths. Rockall Trough, depth excess was not

adequte for convergence zone formation
(C) Oceanographic conditions along the considering a near-surface source.
1E-3B track (West European Basin) were Here, sound propagation was confined to
quite variable owing to disparate inter- USC and bottom bounce paths. All modes
mediate water masses at opposite ends of acoustic propagation probably were

* of the track. Surface sound velocities degraded by the intense mixing that
varied from about 1513 m/sec at point occurred due west of Porcupine Bank
1E to about 1489 m/sec at point 3B. A (between the ACOOAC 2C and 2D sites).
continous USC occurred along the first
270 nm of the track, but disappeared (C) Except over Rockall Trough, the

- crossing the North Atlantic Current. 2BB-3AB track was bottom-limited by the
The depth of the DSC varied between shallow topography of the Rockall
1500 m at point 1E to less than 100 m Plateau. The Rockall Plateau extended
at point 3B. Deep axial velocities above the DSC axis and even into the
varied from 1493 and 1476 m/sec between USC. However, a well developed USC
these same points. Since the DSC was ("strengths" greater than 4 m/sec)
uninterrupted, it probably was the most occurred over most of the track. This
effective propagation path between USC apparently acted as a reliable
points 1E and 3B. Depth excess was acoustic path as indicated by the rela-
greater than 400 m along the entire tively low propagation losses observed
track, and allowed for unimpeded by ANB 2BB for the KINGSPORT CVW tow
convergence zone propagation from a (event 13a). This is significant,
near-surface source. However, the since Rockall Bank was only 400 m below
region of intense mixing associated the surface at mid-range. DSC propaga-
with the North Atlantic Current prob- tion was possible only over the deeper

. ably had adverse effects on acoustic parts of Rockall Trough.
* propagation in the region between

ACODAC 1C and ACODAC 2C. (C) Oceanographic conditions along the
3F-3ZZ track were more complex and

(C) Sound velocity structures along the variable than those along any other
2L-2K track were quite complex, since SQUARE DEAL baseline due to the wide

" the track crossed the North Atlantic variety of surface and intermediate
Current several times and also crossed water masses. Surface sound velocities
"the intense mixing zone due west of varied between 1508 m/sec at point 3F
Porcupin3 Bank. Surface sound veloci- and 1482 m/sec at point 3ZZ, but were
ties varied from about 116b m/sec at between 1495 and 1498 m/sec along most
point 2L to about 1502 m/sec at point of the track. A U!C occurred over most
2FA. A USC occurred near point 2L, of Maury Trough, and was well-developed
around point 2C, and over the Rockall ("strengths" of 3-5 m/ser) between
Trough. In all three regions, the USC points 3D and 3Z. In the Maury Trough,
was extremely well developed the USC probably acted as a supplemen-
("strengths" greater than 6 m/sec), and tary sound propagation path for sources

probably acted as a supplementary sound located there. Both the depth and sound

transmission path for sources within velocity at the DSC were extremely

"" the upper channel. Along the entire varlable and erratic along the entire

6CD
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track. Deep axial depth varied between of 36 nm (gradient of nearly
about 130 and 1150 m and deep axial 0.4 in/sec/nm), nearly double that found
velocity varied between about 1439 and south of Davis Strait during the

0 1457 m/sec. Southwest of point 3Z, the NORLANT-72 Exercise (Fenner and Bucca,
Faeroe-lceland Ridge extended into the 1974). In this same region, NSOW
DSC and the DSC axis coincided with the caused a variation in deep axial
near-bottom NSOW core. However, over velocity of 10.8 mrsec over a period of
most of the track, the DSC was uninter- less than four days (point 3Z titne-
rupted and probably acted as the most series station). These dramatic varia-
reliable acoustic path. Depth excess tions at the DSC axis Indicate that
was greater than 400 m over much of the sound velocity structures along the
track, and was adequate for convergence crest of the Faeroe-Iceland Ridge are
zone formation for a near-surface source. more complex and variable than those
However, the shallow topography of the found during any p;-evious LRAPP
Faeroe-lceland Ridge and the intense exercise.
Polar Front precluded significant sound
transmission between points 3D and 3ZZ. IX. References (U)
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Appendix A: Temperature-Salinity-Sound Velocity Relatons
at Selected SOUARE DEAL Reference Points (U)

(U) This appendix contains temperature, quite similar to that at point 1E with
salinity, and sound velocity profiles one notable exception: the interme-
along with T-S diagrams for 13 selected diate sound velocity maximum lay at

. SQUARE DEAL reference points, including depths well above those of the MIW
the two occupations of the Porcupine salinity maximum. At these sites, the
Bank time-series station. Locations of intermediate sound velocity maximum
the various reference points are shown apparently corresponded to the maximum
in Figure 6. All data used In construc- depth of winter cooling and roughly
ting Figures 49-61 were collected coincided with the bottom of the North
during the exercise. Atlantic Current. This situation

applied throughout much of the SQUARE
(U) At point 1C (Fig. 49), Labrador Sea DEAL area. At points 2D and 2F

* Water (LSW) was the predominant water (Figs. 52 and 53), the USC was
mass throughout the water column. This particularly well-developed, and the

water mass caused a shallow, low veloc- sound velocity at the intermediate
ity deep sound channel (DSC) just above maximum was more than 6 m/sec greater
the depth of the salinity minimum for than that at the USC axis. In
the upper LSW lobe. The lower LSW lobe addition, Norwegian Sea Overflow Water
(1600 m) did not appreclably affect the (NSOW) was present at point 2F just
positive velocity gradient below the above the bottom. This water mass
DSC axis. emanated from the north across the

Wyvl!le-Thomson Ridge (Ellet and

* (U) At point 1E (Fig. 50), the Inter- Roberts, 1973) and caused lower sound
play eif various water masses created a velocities in tlhe near-bottom layer
bichannel sound velocity profile, where throughout Rockall Trough.
the upper sound channel (USC) was
separated from the DSC by an intermediate- (U) At point 38 (Fig. 55), LSW was the
depth sound velocity maximum that coin- predominant water mass, and the sound
cided with the Mediterranean Intermediate velocity structure was similar to that
Water (MIW) salinity maximum. The USC at point IC (Fig. 49). However, both
axis occurred at the maximum depth of LSW lobes at point 38 lay higher in the
surimer warming, and various secondary water coltn" due to the proximity of

t T-S maxima in the MIW core caused sound the Reykjanes Ridge. The lower LSW
velocity perturbations above the DSC lobe caused a deflection In the sound
axis, The DSC axis at point 1E was -.on- velocity profile at about 10G0 m depth.
siderably deeper and of higher velocity Both MIW and NSM were present at point
than that at point IC, due to the 30, but neither water mass affected the
presence of MIW. The 36% unmixed MIW positive sound velocity gradient below

U concentration at point 1E was the the OSC axis.
highest found at any SQUARE DEAL
reference point. The single lobe of LSW (U) At point 3D (Fig. 56), the sound
at about 1760 m was too diluted by mixing velocity profile was basically iso-
and occurred too deer in the water column velocity between about 100 and 1000 m.
to affect sound velocity structures at The sound velocity at the USC axis was

U point 1E. less than that at the DSC axis, and the
intermediate maximum lay only 100 m

(U) At points 2C, 2D, 2F, and 2L (Figs. above deep axial depth. This type of
51, 52, 53, and 54, respectively), the sound velocity profile was cownmon
overall sound velocity structure was throughout northern Maury Trough aid
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(U) Figure 54. Temperoture-Salinity-Sound Velocity Profiles and T-S Diagram at Point 21.
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(U) Figure 55. Temperature-Solinity-Sound Velocity Profiles and T-S Diagram at Point 38
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(U) Figure 56. Temperoture-Salinity-Sound Velocity Profiles and T-S Diagram al Point 3D
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was caused by mixing of MIW with North (U) Two temperature-salinity-sound
SAtlantic Central Water carried by the velocity comparisons are presented for

Irminger Current. Two LSW lobes occur- the Porcupine Bank time-series station,
red at point 3D, both below the DSC one for phase I (Fig. 60) and one for
axis. In the near-bottom layer, very phase It (Fig. 61). The phase I
cold, low salinity NSOW descending into station was occupied about 9 days prior
the Maury Trough from the north caused to the phase !1 station. Both figures
a small sound channel just above the show the presence of MIW at depths
bottom. Throughout the Maury Trough, between 750 and 800 m and LSW at depths
NSOW caused a weakening of the near- between 1600 and 1750 m. However, the
bottom positive velocity gradient and weak USC present during phase I was
resulted in lower sound velocities than replaced by intense sound velocity
those found in either Rockall T-ough or perturbations during phase II. In
the West European Basin. Similar near- addition, the DSC axis was nearly 200 m
bottom sound velocity structures have deeper in the water column during phase
been observed west of the Reykjanes I than during phase II. Such variabil-
Ridge in the Irminger Sea by Guthrie ity was caused by internal waves, the
(1964). passage of MIW boluses, and the migra-

tion of a LSW cell into the region west
(U) At point 3F (Fig. 57), the sound of Porcupine Bank between phases I and
velocity structure was somewhat dif- II. The T-S diagram in Figure 61 shows
ferent from that found throughout most several T-S perturbations between
of the exercise area. Although LSW was depths of about 400 and 1000 m that
present at point 3F, it did not result were caused by mixing between MIW and
in as shallow or low velocity a DSC the upper LSW lobe. Such mixing would
axis as would be expected for a be expected throughout the southern
location west of the Mid-Atlantic part of Rockall Trough.
Ridge. This was due to both the
presence of MIW and the proximity of References (U)
point 3F to the North Atlantic Current
(Fig. 6). Ellet, D.J. and D.G. Roberts (1973).

The Overflow of Norwegian Sea Deep
(U) Figure 58 demonstrates oceanogra- Water Across the Wyville-Thomson Ridge.
phic conditions along the crest of the Deep Sca Res., v. 20, p. 819-835.
Faeroe Iceland Ridge, and is typical of
conditions farther west at point 3Z. Guthrie, R.C. (1964). Sound Velocity
Here, the minimum sourd velocity in the Distribution in the Irminger Sea.
water column occurred at the bottom and Proc. First U.S. Navy Symposium on
coincided with the depth of the NSOW Military Oceanography, Naval
core. Along the southern flanks of the Oceanographic Office, Washington, D.C.,
Faeroe-lceland Ridge (i.e., between v. 1, p. 97-111.
points 3D and 3Z), !hc sound velocity
minimum produced a narrow sound channel
just above the bottom. At point 3ZZ in
the Norwegian Basin (Fig. 59).

* extremely cold Norwegian Sea Deep Water
caused sound velocities to be
25-30 m/sec lower than those at the
same depth south of the Faeroe-Iceland
Ridge. This large difference indicates
that points 3D ind 3ZZ were separated

* by an Intenie frontal zone (Polar
Front) that extend-d to depths greater
than 1000 m. During 5QUARE DEAL, point
3Z lay just south of the meandering
Polar Front (Fig. 6).

V
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(U) Figure 57. Temperature-S.'d!nlty-Souncd Velocity Profiles and T-S Diagram at Point 3F
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(U) Figure 58. Temperoture-Solinity-Sound Velocity Profiles and T.S Diogrom on Foeroe-Iceloa.'d Ridge Near Point 3Z
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w

(U) Figure 59. Temperoture-Solinity-Sound Velocity Profiles and T-S Diagrom of Point 3ZZ
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(U) Figjure 60. Temperature-Slinity-Sound Velocity Profiles and T-5 Diogrom Off Porcupine Bank (PhasIe )
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Appendix B: Data Identificaton Tables (U)

S. SV/STD
REFERENCE OR SVT) DATE TlIME LAT LWNG
POINT OBSERVATION (19731 (GMT) Phase (ON) (0oW)

IA/IAA Wl 1 5 Aug 2231 I 540491 250211
AR 8 12 Aug 2045 I 540541 240571

1C KN 5 4 Aug 1300 1 540541 280531

KN 65 8 Sep 0316 I11 540541 280481

IE 5D 1 1 Aug 1530 I 490181 140511
KN 32 18 Aug 0900 II 49034, 140322

2A12AA AR 10 16 Aug 1040 II 56009, 130581
AR 17 26 Aug 0850 II 56 0 19' 130591

2BA/288 AR 9 14 Aug 1330 1 540161 130121
SD 34 17 Aug 1929 II 53056' 120561
AR 16 25 Aug 1640 11 54018' 130031

2C/2CA S0 5 3 Aug 1000 I 51020- 19039'

Wl 39 22 Aug 2100 It 51W471 19008.

2:) SD 30 16 AUS 0050 II 55011. 130321

5s 50(U) .23 Aug 2310 If 550141 130281

2FA/3QB AR 11 22 Aug 1710 II 560381 10 045,
LY 16 29 Aug 0430 1l 560311 10014'

WI 43 31 Aug 2014 I11 560413 110071

3A1)AA LY 8 26 Aug 1808 i1 S90071 180391
KN 57 4 Sep 0618 11 59007, 18037t

AR 1(I(M) IS Sep 1800 _ 594071 190061

31 KN 58 4 5ep lilt 111 60023- 19005,

$0 79 10 Sep 0632 "it 60,07, 19805,

IF WI !4 I1 Avg 17M 510061 130361

SN 9 9 Sep 2119 111 si1los, 334312

3z A-k 1s 7 VtV 1510iII 6011 10
AR 27ýU) 1) Sep 0,145 Ill 61916' 1 "IQ,

Izz 54) 59 5 Sep 094) IlI 64*7&' 7042'

11 A(1W) 15 Sep 2257 64028! 7047'

Parcupifl- m) 17 In A. 100 I 52R 15*ý41

RAM 44 (k:) I Av~g l50 11 $30032, 14*12'

.(1 ,ndialft ups(al1. all other 4ita ffm dowitcat l.

(9M) it'diratt data from hie Ridge Acurtillct tvtriS€.
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DATE TINE LAT LONG
PROFILE OBSEW'ATION (1973) (GMT) (ON) (OW)

1 AR XBT 1 5 Aug 2030 540551 290031
2 AR XBT 2 6 Aug 0415 540551 280411
3 AR XBT 3 6 Aug 0800 540541 280371
4 AR SVD 1(J) 6 Aug 1342 540521 28037
S AR XBT 5 6 Aug 2000 540511 28027
6 AR SVD 2(D) 7 Aug 0035 540481 28018;
7 AR XBT 6 7 Aug 0300 54046; 280151
8 AR XBT 7 7 Aug '1800 540451 28009;

9 AR SVD 3(D) 7 Aug 1445 54041; 28029'
10 AR XBT 9 7 Aug 2000 540491 280261
11 AR SVD 4(D) 8 Aug 0050 540541 280421
12 AR XBT 11 8 Aug 0400 54053 280401

13 AR SVD 5(D) 8 Aug 1232 54051' 28036;
14 KP XBT 32 9 Aug 0400 54053 290081
15 KP XBT 34 9 Aug 0800 540531 28024;
16 KN SV/STD 5(D) 9 Aug 133., 540531 280531

17 KN XBT 51 9 Aug 1610 540531 280521
9

NOTES: 0 All SVD and SV/STD times are means of total elapsed cast time.
, (0) indicates downcast.
* Nominal position of Point 1C is 54 0 521N, 28 0491W.

CONFIDENTIAL
(U) Toble 3. Idenif,•cotion of Oowo Usea in Phome I Time-Series Study ot Porin IC

DATE TI ME LAT LONlG

PROFILE OBSERVATIctO (1973) (GMT) (°N) (OW

I WI SV/STD 38(D) 22 Aug 1038 510121 20000;
2 OL XBT 9 22 Aug 1600 51014' 20000;
3 0. XBT 10 242 Aug 1800 51°•5a 190 381
4 KP XBT 133 22 Aug 2000 510401 190441

5 KP XOT 134 22 Aig 2200 51037' 19029
6 CH XeT 29 23 Aug 0230 510411 20010,
7 01 SV. CIT) 14(D) 23 Aug 0530 51°31' 20,0-9
8 CH SV:CTD 14(U) 23 Aug 0656 51034, 20009,
9) CH XBT 30 21 Aui 0900 5!. 2.2, 201"08,

10 CH XBT 31 23 Aug 1600 510,23, 1 4'ý-
11 CH ,SVICID 16(0) 24 Aug• 0i40 $1c26t 1901,31

NUTES: 0 All SVISID and %V:CID times are meant of otail elapsed cast time.
* (U) indicates upcast, (D) indicates down, at.
0 N-e.Inal position of Point 2C is 51 030N1, 180%'-SIW.
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SANDS DATE TIME LAT LONG
PROFILE OBSERVATION (1973) (GMT) (ON) OW)

1 SV/STD 41(D) 22 Aug 0415 550111 130301
2 SV/STD 41(U) 22 Aug 0545 550111 130301
3 SV/STD 42(D) 22 Aug 0900 550141 130311
4 SV/STD 42(U) 22 Aug 1030 550141 13031!
5 SV/STD 43(D) 22 Aug 1402 55014! 13034!
6 SV/STD 43(U) 22 Aug 1547 55014t 13034!
7 SV/STD 44(D) 22 Aug 1856 55016! 13036!
8 XBT 102 22 Aug 2055 55016! 130351
9 SV/STD 45(D) 22 Aug 2351 55013! 13034!

10 SV/STD 45(U) 23 Aug 0013 55013! 13034!
11 SV/STD 46(D) 23 Aug 0422 55014! 13034!
12 SV/STD 46(U) 23 Aug 0557 55014! 13034!
13 SV/STD 47(D) 23 Aug 09'10 550151 13033!
14 SV/STD 47(U) 23 Aug 1015 55015! 130331
15 SV/STD 48(D) 23 Aug 1355 550121 13032:
"16 SV/STD 48(U) 23 Aug 1519 55012! 13032!
17 SV/STD 49(D) 23 Aug 1843 55013! 13029!
18 SV!STD 49(U) 23 Aug 2006 55013! 13029!
19 SV/SID 50(D) 23 Aug 2242 55014t 13028!
20 SV/STD 50(U) 23 Aug 2337 55014! 13D28 1

N)TES: 6 All SV/STD times are mears of total liap~ed cast time.
S(U) indicates upcast, (D) indicates downcast,

SNom inal posit ion of Point 2D is 550 131N, 130 331W.

CONFIDENTIAL

(U) Tab.'s 5. Identification of Data Used in Phase II Tim.e-$eries &udy at Point 2D

DATE TIME. LAT LONC,
PROFILE OBSERVATION (1973 . GMT) (ON) (OW)

I AR XBT 32 22 Aug 1720 56038! 10044!
2 AR SVD 11(U) 22 Aug 1834 56038! 10045!
3 AR SVD 12(D) 23 Aug 0700 56038! 10045!
4 AR SVD 13(D) 23 Aug 1830 560381 100451
S OL XBT 23 23 Aug 2200 560261 11008!

6 OL XOT 24 24 Aug 0000 56046! 100271
7 AR S\MD1 (•(D) 24 Aug 0640 56("38! 100451
8 KP XBT 156 24 Aug 1600 560341 100541
9 AR SVD 15(D) 24 Aug 1836 560381 10045'

NOTES: 1 All SVD tim•es at, means of total elapsed cast time.
* (U) indicates upca-t, (D) indicates downcast.
* Nominal position of Point 2FA is 56038'N, 100 45'W
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(U) Tobe 6 t-nlifkeot zf D,,c Utd 6 Phose 11 lme-.Series S"•y ri Pon, 2FA
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DATE TIME LAT LONG
PROFILE OBSERVATION 1973) (GMT) (ON) (OW)

1 AR XBT 53 7 Sep 1200 630153 11059!
2 AR SVD 18(D) 7 Jep 1547 63011! 12021!
3 AR SVD 18(U) 7 Sep 1707 63011O 120211
4 SD XBT 147 7 Sep 1957 63010! 11056!
5 SD SV/STD 74(D) 7 Sep 2133 630041 120181
6 AR SVD 19(D) 8 Sep 0032 63011! 12015t
7 AR SVD 20(D) 9 Sep 0415 63016! 12018!
8 AR XBT 54A 9 Sep 0505 63017! 12018!
9 KP XBT 265 9 Sep 1200 63010! 12000!

10 AR SVD 21(U) 9 Sep 1250 63019! 120251
11 AR XBT 55 9 Sep 1555 630141! 12032!
12 AR XBT 57 9 Sep 2105 63021! 12o111
13 AR SVD 22(D) 1" Sep 0040 63016! 12021!

14 AR XBT 60 10 Sep 0810 63016! 12018!
15 AR SVD 23(D) 10 Sep 1216 630171 120161
16 AR XBT 61 10 ."ep ,605 63016! 12('20!
17 AR XBT 62 10 S%ýp 2000 63016( 12021!
"18 AR 5VD 24(D) 11 Sep 0022 63016! 12019!
19 AR XBT 63 11 Sep 0115 63016: 12019!
20 AR xBr 64 11 S,. n400 63015! 120181

NDTES: All SVD and SVISTD times are incaas of total elapsed cas$ time.
* (U) indicates upcast, (D) indi..a:es aowncast.
* Nominal position of Point 3Z is 630 101N, 1?O1O!W

CONFIDENTIAL
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SANDS SV/STD DATE TIME LAT LONG
PROFILE OBSERVATION (1973) (GMT) (ON) (.W)

1 61(D) 5 Sep 2047 64,)271 70411
2 61(U) 5 Sep 2158 640261 70411
3 62(D) 5 Sop 2317 640261 7040!
4 62(U) 6 Sep 0025 640261 7040t
5 63(D) 6 Sep 0132 640261 7040!
6 63(U) 6 Sep 0311 640261 70411
7 64(D) 6 Sep 0508 640251 3!

"8 64(U) 6 Sep 0641 64025! 73441
9 65(D) 6 Sep 0810 640311 7036!
10 65(U) 6 Sep 0941 640311 7035?
11 66(D) 6 Sep 1104 640281 7040?
12 66(U) 6 Sep 1209 640281 7040!
13 67(D) 6 Sep 1305 64028! 7039?
14 67(U) 6 Sep 1414 64028! 7039L
15 68(D) 6 Sep 1527 640271 7039?
16 68(U) 6 Sep 1633 640271 70391
17 69(D) 6 Sep 1739 64027? 7039!
18 69(U) 6 Sep 1844 64027! 7037?
19 70(D) 6 Sep 1942 64027! 7037?
20 70(U) 6 Sep 2041 64028? 7038?
21 71(D) 6 Sep 2152 640281 70381
22 71(U) 6 Sep 2310 640381 7038t

NOTES: All SVISTD times are means of total elapsed cast time.
* (U) Indicates upcast, (D) indicates downcast.
* Nominal posltioo of Point 3ZZ is 64o281N, 70401W.

CONFIDENTIAL
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SANMS DATE TIME LAT LOK7
PROFILE OBSERVATION (1973) (GMT) (ON) (OW)

1 SV/STD 17(D) 10 Aug 1045 520581 150341
2 SV/STD 17(U) 10 Aug 1215 52058! 150341
3 XBT 43 10 Aug 1325 520581 150341
4 SV/STD 18(D) 10 Aug 1505 52058! 150341
5 SV/STD 19(D) 10 Aug 2222 52059! 15019!
6 SV/STD 19(U) 10 Aug 2355 52059! 15020!
7 SV/STD 20(D) 11 Aug 0320 53000! 15020!
8 SV/STD 20(U) 11 Aug 0430 53000! 150o
9 SV/STD 21(D) 11 Aug 0729 530021 15023!

10 SV/STD 21(U) 11 Aug 0911 53002! 15023!
11 SV/STD 22(0) 11 Aug 1151 530021 15020!
12 SV/STD 22(U) 11 Aug 1313 53002! 15020!
13 SV/STD 23(D) 11 Aug 1947 53001' 15027!
14 SV/STD 23(U) 11 Aug 2118 53001! 15027!
15 XBT 49 11 Aug 2215 53003! 15031!

NOTES: * All SV/STD times are means of total elapsed cast time.
v (U) Indicates upcast, (D) indicates downcast.

CONFIDENTIAL

(U) Table 9. Identification of Data Used in'-ha•s I Porcupine Bonk Time-Series Study

KANE DATE TIME LAT LONGS
PROFILE OBSERVATION (1973) (,GsT) (ON) (°W)

1 SV/STD 37(D) 20 Aug 0934 53000! 15030!
2 SV/STD 37 (U) 20 Aug 1115 53000! 150313
3 SVISTD 38(D) 20 Aug 1326 53000! 15031!
4 SV/STD 38 (U) 20 Aog 1450 53000! 15033!
5 SV/STD 39 (D) 20 Aug 1643 53000! 15033!
6 SV/STD 39 (U) 2') Aug 1823 53002! 15034!
7 SVISTD 40 (D) 20 Aug 2026 53001! 15028!
8 XBT 128 20 Aug 2140 53"000 15030!
9 SV/STD 40 (U) '0 Aug 2222 530011 15029!

U 10 SV/STD 41 (D) 21 Aug 0045 530021 15027!
11 XBT 129 21 Aug 0128 53003! 15028!
12 SVISTD 41 (U) 21 Aug 0222 533027 15029!
13 SV/STD 42 (D) 21 Aug 0522 53003! 15029!
14 XBT 130 21 Aug 0613 53002! 15029!
15 SV/STD 42 (U) 21 Aug 0706 530041 1,032f
16 SV/STD 43 (D) 21 Aug 1026 5301 15129,

17 SV/STD 43 (U) 21 Aug 1210 530 021 150211
18 SVISTO 44 (0) 21 Aug 1459 53000! 15030
19 SV/SIU 44 (U) i1 Aug I6io 530021 15032!

NO.ES: 0 A;1 SVISTD times are means of total elapsed cast time.
(U) indicates upca~t, (D) indicates downcast.

CONFICENTIAL

(U, table 10. Idenlificahon of Dwo Utesd m Phase It Porcuine Boni Ttmne.Series Study
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DATE TIME LAT iONG
PROFILE OBSERVATION (GMT) (ON) (OW)

1 SD SV/SiD) 1 I Aug 1530 4901,"1 140511
2 SD XBT 3 1 Aug 2335 49033" 150321
3 SD SV/STD 2 2 Aug 0255 490471 160011
4 Wi XBT 5 2 A;g 1100 490511 160111
5 SD XBT 5 2 Att 0912 50014! 160451
6 S')/SV SrD 3 2 Aug 1205 50022! 170161
7 SD XBT 9 2 Atig 1815 50040' 170491
8 SD SV/STD 2 Aug 2145 500561 180231
9 WI XBT 10 2 Auý 2100 5":0081 18046!

10 SD XVT 11 3 Au: 0345 510181 18059,
11 WI XBT 11 2 Aug 2300 510211 190201
12- SD 5V/STD 5 3 Aug 1000 510281 190391
13 WI XBT 13 3 Aug 0100 51035t 190531
14 SD XBT 13 3 Aug 1555 510431 200103
15 WI XBT 14 3 Aug 0300 51048? 20026!
16 SD SV/STD 6 3 Aug 2130 51056! 20035!
17 WI XBT 15 3 Aug 0500 520021 20058!
18 KN XBT 11 2 Aug 1800 520121 21004!
19 WI XBT 16 3 Aug 0705 520171 21029!
20 SD SV/STD 7 4 Aug 1355 520241 21056!
21 SD XBT 17 4 Aug 1934 520361 22022!
22 KN SV/STD 1 2 Aug 2302 520421 22036!
23 SD SV/STD 8 4 Aug 2350 S20541 22058!
24 KN XBT 14 3 Aug 0436 520581 23016!
25 WI XBT 20 3 Aug 1500 53006! 23033!
26 KN SV/S;D 2 3 Aug 0800 530161 240021
27 .KN XBT 17 3 'lug 1345 530311 240481
28 WI XBT 23 3 Aug 2100 53041! 250101
Ž9 KN SV/SID 3 3 Aug 1729 530501 25035!
30Ž KN XBT 19 3 Aug 2303 54006! 260221
31 WI X8T 26 4 Aug 0300 54016) 26052!
32 KN SVISTD 4 4 Aug 0247 54023! 27012!
33 WI XBT 27 4 Aug 0500 54027? 270271
34 KN XBT 21 4 Aug 0815 54`371 27059'

35 W1 XBT 29 4 Aug 0900 540491 280361
36 XN SVISTID 5 4 Aug 1300 540541 28053,
37 %1I XBT 33 4 Aug 1100 54058) 29007)
38 K. XST 26 4 Aug 1908 55C05' 29030)
39 KIN rtVfSTD 6 4 Aug 2309 55016! 300061
40 KN X-4T 31 5 Aug 0524 .5026' 300501
41 KN SV'STD 7 5 %ug 09;1 550381 31026!
42 WI XB1 40 5 Avg 0000 55047! 31052!
43 KN XBT 34 5 Aug 1517 ';5049t 32006!
44 KN SVIST7, 8 5 Aug 1,q32 55059! 32047!

45 KN XST 37 6 Aug 0030 560091 33028!

NOTE: ALI SV/STD oiservati-,ns are downcasr•.

CONFIDENTIAL

(U) ToSle 11. l ontific.on -%f Doo UsJed in Pount! IE to Point 38 C0os, S-,"o.o

93 C N IE TA



CONFIDENTIAL

DATE TIME LAT LONG
PROFILE OBSERVATION (1973) (GMT) (ON) (oW)

1 WI SV/STD 33 20 Aug 0715 48009: 230571
2 WI XBT 129 20 Aug 1325 480271 230401
"3 WI SV/STD 34 20 Aug 1740 48047: 23016:
4 WI XBT 131 20 Aug 2300 490061 220521
5 WI SV/STD 35 21 Aug 0355 490221 22026:
6 OL XBT 4 22 Aug 0600 49035 22018:

7 WI XBT 133 21 Aug 1032 49048: 22000:
8 WI SV/STD 36 21 Aug 1406 50001: 21042:
9 WI XBT 135 21 Aug 1924 50023: 21018:

10 OL XBT 7 22 Aug 1200 50029: 210051
11 WI SV/STD 37 22 Aug 0006 500371 20054:
12 WI XBT 139 22 Aug 0600 500551 20027:
13 WI SV/STD 38 22 Aug 1008 510121 20 0 01
14 CH XBT 31 23 Aug 1600 51023! 19042:
15 O1 XBT 10 22 Aug 1800 510351 190281
16 WI SV/STD 39 22 Aug 2100 510471 19008:
17 OL XBT 10A 22 Aug 2000 510581 180551
18 WI XBT 143 23 Aug 0315 52003: 18040:
19 WI SV/STD 40 23 Aug 0704 520251 18018
20 WI XBT 145 23 Aug 1247 52044: 170 50
21 KP XBT 139 23 Aug 0800 520501 17037:
22 WI SVISTD 41 23 Aug 1724 53002: 17028:
23 WI XBT 147 23 Aug 2215 53018: 17001:
24 KN SV/STD 45 21 Aug 2336 53025: 16044:
25 WI SV/STD 42 24 Aug 0107 530341 16032:
26 OL XBT 15 23 Aug 060U 530461 16010:
27 KN SV/STD 46 22 Aug 0111 54002: 150431
28 KP XBT 146 23 Aug 2000 540161 15015,
29 OL XBT 17 23 Aug 1000 54026: 14058:
30 KN SV/STD 47 22 Aug 2110 540371 14037:
31 01 XBT 18 23 Aug 1200 540471 14020:
32 KN XBT 143 23 Aug 0330 540541 14004
33 01. XBT 19 2.1 Aug 1400 55008: 13043:
34 KN SV/STD 48 23 Aug 0805 55012' 13028:
35 LY SV/S1h 2 25 Ajg 0116 55030: 13023:
36 KP XBT 152 2. .l! 0800 55038 12046:

t 37 OL XBT 21 2'. 1300 55048: 12028

38 OL XBT 22 23 Aug 2000 56'G7' 11048?
39 KP XBT 155 24 Aug 1400 56019' 110241
40 KP XBT 156 24 Aug 2200 56034: 10054'
41 AR SV`D 15 24 Aug 1810 56038' 10045$
42 OL XOT 24 24 Aug 0000 56046: 10027:
43 0C XBT 25 24 Aug 0200 57)06: 9044
44 KP XBT 159 24 Aug 2200 57011 9034
45 OL xBr :6 24 Aug 0400 57026t 9002'
46 KP XBT 161 25 Aug 02C0 57036' 803
47 KP XBT 162 25 Aug 0400 57045' 80021

48 KP XBT 164 25 Aug 0630 58004 70311

NOTE: All SV/STD and SVD observations are downcasts.

CONFIDENTIAL
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DATE TIME LAT LONG
PROFILE OBSERVATION , (1973) (GMT) (ON) (OW)

"1 SD SV/STD 34 17 Aug 1939 530561 120561
2 KP XBT 84 19 Aug 0000 540111 130171

* 3 SD XBT 74 17 Aug 2345 540161 130301
4 KP XBT 85 19 Aug 0240 54025: 130421
5 SD SV/STP 35 18 Aug 1010 540391 14004
6 SD XBT 77 18 Aug 1556 54056 140441
7 SD SV/STD 36 18 Aug 2010 550121 15021:
8 SD XBT 81 19 Aug 0230 550231 16001
9 KP XBT 92 19 Aug 1400 550421 160221

10 SD SV/STD 37 19 Aug 1015 55049 160361
11 KP XBT 93 19 Aug 1600 55055, 160503
12 SD XBT 83 19 Aug 1415 560091 17019:
13 SD SV/STD 38 19 Aug 2003 560241 17052:
14 KP XBT 97 19 Aug 2200 56033! 180161
15 SD XBT 87 20 Aug 0205 560411 180331
16 KP XBT 98 20 Aug 0000 56049' 180491
17 SD SV/STD 39 20 Aug 0505 560571 19019!
i8 KP XBT 100 20 Aug 0400 570091 19043!
19 SD XBT 89 20 Aug 0900 57014! 19056!
20 KP XBT 101 20 Aug 0600 570211 20013:
21 SD SV/STD 40 20 Aug 1410 57o3''I 20034
22 KP XBT 111 21 Aug 0200 57037' 200581

NOTE: All SV/STD observations are downcasts.

CONFIDENTIAL
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DATE TINE LAT LONG
PROFILE OBSERVATION (1973) (GMT) (ON)_ (OW)

1 KN SV/STD 69 9 Sep 233) 510051 330321
2 OL XBT 73 10 Sep 1900 510121 330281
3 OL XBT 72 10 Sep 1800 510241 330141
4 KN XBT 202 9 Sep 1919 510361 330031

5 OL XBT 70 10 Sep 1600 510441 320491
6 KN SV/STD 68 9 Sep 1212 520031 320261
7 KN XBT 200 9 Sep 0820 520261 310591
8 OL XBT 65 10 Sep 1100 52046r 310381
9 KN SV/STD 67 9 Sep 0118 530011 31019:

10 OL XBT 63 10 Sep 0900 53010: 31008:
11 OL XBT 62 10 Sep 0800 53022: 300521
12 KN XBT 197 8 Sep 2009 530291 300421
13 OL XBT 60 10 Sep 0600 530461 30021:
14 KN SV/STD 66 8 Sep 1404 53056: 30006:
15 OL XBT 59 10 Sep 0400 540081 29050:
16 KN XBT 194 8 Sep 0940 54025t 290301

17 OL XBT 58 10 Sep 0200 54032: 29018:
18 KN SV/STD 65 8 Sep 0316 540541 28048:

I 19 OL XBT 56 9 Sep 2200 550201 28016:
20 KN SV/STD 64 7 Sep 1624 550421 270341
21 OL XBT 54 9 Sep 1800 560031 270071
22 KN XBT 188 7 Sep 1102 560091 26059:
23 OL XBT 53 9 Sep 1600 56026: 26029:
"24 KN SV/STD 63 7 Sep 0434 56032: 26019:

S25 OL XBT 52 9 Seo 1400 560481 25053:
26 KN XBT 185 7 Sep 0024 56054: 25044,
27 OL XBT 51 9 Sep 1200 570121 25016:
28 KN SV/STD 62 6 Sep 1817 570201 24059:
29 OL XBT 50 9 Sep 1000 570341 24038t
30 KN XBT 183 6 Sep 1445 57044: 240191

31 OL XBT 49 9 Sep 0800 57055: 230591
32 KN SV/STD 61 6 Sep 0913 38008, 23036:
33 OL XBT 48 9 Sep 0600 580170 230191
34 OL X8T 47 9 Sep 0400 58042: 22 0451
35 KN SV/STD 60 5 Sep 1842 58054: 220091
3 OL XBT 46 9 Sep 0200 59o000 210591
37 KN XBT 175 5 Sep 1302 590191 210171

38 KN SV/STD 59 5 Sei 0614 59040- 20039:
39 SD SV/STD 80 10 Sep 1642 59050, 200191

40 XN XBT 172 5 Ssp 0028 600001 190541
41 SU XBT 165 10 5ep 1357 60!0'1 190411
42 KN ;V/STD 58 4 Sep 1811 60023: 190053
43 SO X1BT 162 9 Sep 2130 60039f 18025:

44 KP XBT 255 8 Sep 1600 60053: 18000:
45 SD SVISI1 78 9 Sep 1619 600591 170491
46 KP XBT 25t; 8 Sep 1800 61007: 170281
47 SD XV[ 160 9 Sep 1333 61015: 17008:

48 OL XBT 39 8 Sep 1200 61020: 16055:

49 SD SV/STD 77 9 Sep 0839 61030: 16030:

CONFIDENTIAL
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(Continued)

50 OL XBT 38 8 Sep 1000 610411 160076
51 SD XBT 157 8 Sep 2100 61049! 150451
52 SD SV/S'D 76 8 Sep 1615 620011 150081

* 53 SD XBT 152 8 Sep 1315 620171 140261
54 KP XBT 262 9 Sep 0600 62030! 13054!

• 55 SD SV/STD 75 8 Sep 0841 620361 13043!
56 SD XBT 149 8 Sep 0100 62045! 13012!
57 OL XBT 34 8 Sep 0200 62053! 12049!
58 KP XBT 264 9 Sep 1000 62057! 12037!

, 59 SD SV/STD 74 7 Sep 2123 63004! 120181
"60 SD XBT 147 7 Sep 1957 630091 11056!
61 SO SV/STD 73 7 Sep 1513 63032! 10048!
62 SD XBT 144 7 Sep 1200 63052! 9050!
63 SD SV/STD 72 7 Sep 0845 64001! 90161
64 KP XBT 272 11 Sep 0800 640071 8054!
65 SD SV/STD 71 6 Sep 2108 64028! 7038!

NOTE: All SV/STD observations are downcasts.
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Appendix C: Glossary (U)

AC0XAC: Acoustic Data Capsule. LRAPP: Long Range Acouftic Propagation
Project.

AJNB: Ambient Noise Buoy.
LSW: Labrador Sea Water (low

Bottom bounce: An acoustic propagation salinity).
path where underwater sound is reflec-
ted off the bottom one o,- more times MABS: •Aoored Acoustic Buoy System.
before reaching the receive; or target.

MIW: MediterrAnfian Intermediate WaLer

QCIRCH GABBRO- A LRAPP acoustic/envi- (high salinity).
ronmental exercise in the Cayman Trough
and adjacent regions of the Caribbean NACW• North Atlantic Central Water

Sea during November-December 1972. (carried by the North Atlantic and
lrm,'nger Currents).

Convergence zone: A region where sound
rays arrive at the surface in succes- NAVOCEANO: Naval Oceanographic Office,

sive intervals; an underwater sound NSTL Station, Mississippi.

propagation path.
NOfADA: Naval Ocean Research and

Critical depth: That depth where the revelooment Activity, NSTL Station,

maxV-,*_sm sound velocity at the surface Mis#kSippi.

or in the tier-surfacc layer recurs;

bottom of the DSC, NORLANT-72: A LRAPP acoustic/envi-
7nviroim~ental exercise in the western

CW: Continuous wave; a conxinuou: North Atlantic Ocean during July-

underwater sound source. September 1972.

Depth difference: The amount of sea NSDW: Norwegian Sea Deep Water.
floor topography that protrudes above

critical depth into the DSC (leads to NSTL: National Space Toshnology

bottom limltlid conditions). Laboratories.

Dtgth excess: The depth interval NS(W. Norwegian Sea Overflow Water

between critical depth and the seag•oor (near-bottom, low salinity).
(necessary for convergence zone

formation). PRAE: Ridee Acoustics Exercise; a LRAPP
acoustic exercise over and nnrth of the

nSC: Deep sound channel, generally the Faeroe-Icel :d Ridge during Septewber-

absoiute sound velocity minimeum; 4n October 1973.

underwater sound propagation path.
Silgn-t: An abbreviated value of sea

(MT: Greenwich Mean Time. water density.

Intermediate sound velocity max;•mu: Sonic layer depth: Depth of near-

The sound velocity inflection point surfa;e sound velocity eemxaium (not

lying between the depths of the USC and necessarily the same as thermal layer

DSC axes. depth).

w
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"Strenathm of USC: The difference
between the sound velocity at the
intermediate maximum (or at the bottom)
and the sound velocity at the USC axis.

Surface dtict: The zone inmediately
below the sea surface sphere sound rays
are refracted toward the surface an,.
then reflected; an underwater sound
propagation path.

SUS: Signals underwater sound; a high
explosive underwater sound source.

S2'CTD: An oceanographic instrument
that measures sound velocity, salinity,
aind temperature as a function of depth.

T-S: Temperature-salinity.

USC: Upper sounJ channel, a sound
velocity minimum lying aoove the DSC
and separated from it by an
intermtLdiate-depth sound velocity

maximum; an underwater sourd
propagation path.

WECO: Western Elec:ric Company,
Winston-Salem, North Carolina.

XBT: Expendable bathythermographs; an
oceanographic instrument that measurei
temperature as a function of depth to
either 460 m (Sippican model T-4
probe). 760 m (T-7 probe), or 1830 m
(T-5 probe).
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mixing caused microstructures that masked the major features of the sound velocity profile.
The interplay of various water masses caused bichannel sound velocity structure east of
20-250 W, and exerted a strong control on the deep sound channel (DSC) axis. Atop the
Faeroe-lceland Ridge, boluses of Norwegian Sea Overflow Water caused a 10.8 m/sec
variation at the DSC axis over less then four days. Nearby, the intense Polar Front

caused a 13.2 m/sec variation at the axis over 36 nm (gradient of about 0.4 m/sec/nm).
West of Porcupine Bank, a migrating cell of Labrador Sea Water caused the disappearance
of bichannel sound velocity structures in less than 10 days. Several possible effects of
extreme sound velocity and meteorological variability on propagation loss and ambient
noise are discussed.
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be remarked as follows:

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