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Foreword (U)

{U) The SQUARE DEAL Exercise was a
pregram of acoustic and environmental
measurements conducted in the northeast
Atlantic Ocean betweer Juiy and September
:J973. The exer- cise was sponsored by
the Long Range Acoustic Prepagation

7 Project (LRAPP), and included partici-
pation of several U.S. Navy Laboratories,
the United Kingdom Adniralty Research
Lzboratory, and severai private contrac-
tors. Personnel from the Naval Ocean
Research and Development Activity (NORDAj,
then of the Naval Gceanographic Office
{NAVOCEANO), managed the anvirenmental
data collection program, participated

in the exercise, and anaiyzed most
resulting environmental data. This
report summarizes environmental findings
from SQUARE DEAL and represents a major
contribution to the exercise. Much of
the information contained herein has
appeared in the SQUARE DEAL Synopsis and
Environmental Acoustics Summary Reporits,
previously published in 1974 and 187% by
the Maury Center for Ocean Science.

Raiph R. Goodman
.Technical Director
NORDA
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Executive Summary (U)

T TRT T e TR T e TR TR T

(U) This report contains an interpre-
tation of oceanographic (sound
valccity, temperature, and salinity),
meteorclogical, and bathymetric data
co'lected during summer 1973 in the
northeast Atlantic Ocean as part of the
SOUARE DEAL Exercise.

Environmental Findings

(U) The total exercise sound velocity
data base was extremely well-
distributed (both temporally and
spatially), and was more than adequate
to describe environmental effects on
acoustic propagation.

(U) Sound velocity structures were
extremely complex and variable
throughout most of the exercise area
owing to internal waves and mixing
between intrusions of Mediterranean
Intermediate Water, Labrador Sea Water,
and Norwegian Sea Overfiow Water.

(U) The interplay of various water
masses created a bichanne! sound
velocity profile in the eastern half of
the exercise area (east of 200-250W),
where the upper and deep sound channels
were separated by an intermediate-depth
sound velocity maximum.

{U) The greatest spatial sound velocity
variability was found across the crest
of the Faeroe-lceland Ridge associated
with intrusions of Norweglan Sea
Overflow Water.

(U) Significant temporal sound velocity
variability was found at al! exercise
acoustic receiver sites associated with
internal waves and mixing of Intrusive
water masses.

Acoustic Implications

(C) The sonic layer was too sh. .ow for
effective low frequency propagation
throughout the exercise area.

(C) The upper channel apparently acted
as a reliable acoustic path in most of
the eastern half of the exercise area
(east of 20°-25°W), including the
shallow regions over the Rockall
Plateau, Porcupine Bank, and the
northern Rockal!l Trough.

(C) The deep sound channel apparently
was the most effective sound propaga-
tion path throughout most of the
exercise area, and was uninterrupted in
most of the West European Basin,
southern Rockal! Trough, and Maury
Trough.

(C) Depth excess was adequate for
convergence zone propagation from a
near-surface source throughout most of
the West European Basin and the Maury
Trough.

(C) Throughout the exercise, the
Acoustic Data Capsule (ACODAC) receiver
sites waro separated by zones of
intensive oceanographic mixing that
should have degraded al!l modes of sound
propagation along the three major
exercise baselinas.

(C) internal waves and mixing
(interleaving) could be partially
responsible for the diurnal and
semidiurnal periods observed in the
spectral ambient noise intensities at
several acoustic receiver sites.

(C) Two major storms led to increased
ambient noise intensities at ACODAC 1C
and Western Electric Company (WECO)
Survey Array 1A (phase 1}, and at
ACODAC 1C (end of phase (11).
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(U) This report was originally written
during the summer of 1974 while the
author was a member of the Undersea
Surveillance Oceanographic Center
(USOC) of NAVOCEANO. At that time the
term "sound velocity" was still in
widespread use rather than the
presently accepted term *sound speed."
Rather than redraft the numerous
figures of this report, the term "sound
velocity" has been retained throughout,
in the figures, the tables, and the
text. Only in the title does the term
“sound speed” appear.

(U} At the time this report was origi-
nally prepared, kilometers were not
widely used to measure range in the
Navy community. Therefore, all
range-dependent figures were prepared
and drafted using nautical miles rather
than kilometers. Ranges cited in the

text also are reported only in nautical
miles.

(U) Simitarly, throughout the text and
in all the figures, wind speed is
reported in knots (rather than meters
per second), and sea/swell heights are
reported in feet (rather than meters).

(U) The author acknowledges the
excellent performance of all field
personne! involved in the collection of
environmental data, and gives special
acknowl|edgement to the NAVOCEANO SQUARE
DEAL Coordinator, Benjamin A. Watrous.
Without his perseverance throughout all
phases of the exercise, the environ-~
mental data used in this report would
not have been coliected.

(U) Grateful thanks are extended to the
many members of NORDA involved in the
preparation of this report. William C.
Lippert and William ). Cronin
(presently with NAVOCEANO) made
valuable contributions to the report,
including reduction of most environ-
mental data and preparation of many
analytical figures. Reuben j. Busch
provided the bathymetric profiles and
depth difference/depth excess chart
used herein. All illustrations were
prepared by fjoanne V. Lackie, and the
original manuscript was typed by Judith
A. Albrittain., The section on
meteoralogy was prepared largely by
George L. Hanssen of NAVOCEANO.
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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)

(C) The SQUARE DEAL Exercise was
conducted from july through September
1973 in the northeast Atlantic Ocean
north of about 48°N in the region
between the continental shelf of the
United Kingdom and the crests of the
Reykjanes and Mid-Atlantic Ridges. The
exercise are consisted of three long,
narrow, overlapping basins (the Rockall
Trough, the northwestern portion of the
West European Basin, and the Maury
Trough) that were separated in the
center by the Rockall Plateau and
bounded on the north by the Faeroe-
lceland Ridge. The exercise included
the following three phases:

Phase |, 25 July through 10 August
e Phase |1, 15 through 27 August
o Phase 111, 2 through 16 September

In addition, some acoustic and oceano-
graphic data were conllected between
phases |1 and 1. All three exercise
phases were typical of oceanographic
sunmer in the northeast Atlantic. The
SQUARE DEAL Exercise was fo!lowed by
the Ridge Acoustics Exercise {RAE) that
was conducted across the Faeroe-lceland
Ridge in fate September 1973. When
applicable, RAL data have been utilized
in SQUARE DEAL sound velocity analyses.

(C) The following ships took part in
the SQUARE DEAL Exercise:

USNS KANE (T-AGS-27) (KN)
USNS LYNCH (T-AGOR-7) (LY)
USNS WILKES (T-AGS-23) (WI)
USNS SANDS (T-AGOR-6) (SD)
USNS KINGSPORT (T-AG~164) (KP)
USNS MYER (T-ARC-6) (MY)

USS NEPTUNE (ARC-2) (NP)

R/V CHAIN (CH)

R/ ARTEMIS (AR)

W/V SEISMIC EXPLORER !SE)

® @ © & o » & © & o0

RFA OLMEDA (A-124) (OL)
RMAS ST. MARGARETS (SM)
RMAS BULLFINCH (BF)

HMS HECLA (A-133) (HC)

The two-leiter abbreviations in paren-
theses following each of the above
ships are those as used in the data
identification tables and figures of
this report. All ships collected
oceanographic and/or meteorological
data. However, data from ST.
MARGARETS, BULLFINCH, and HECLA were
not available for inclusion in this
report. Continuous bathymetric records
were made hy KANE, LYNCH, WILKES,
SANDS , KINGSPORT, CHAIN, and ARTEMIS.
In addition, current mefer arrdys were
deployed and recovered at three
locations during the exercise: point
2BB (54°00'N, 12057'W), paint 2C
(51947'N, 190°38'W}, and point 2D
(55%25'N, 13011'W).

(U) Many of the analyses contained in
this report have appeared previously in
the SQUARE DEAL Synopsis Report (Maury
Center for Ocean Science, 1974) and the
SQUARE DEAL Environmental Acoustics
Summary (Maury Center for Ocean
Science, 1975). The report supple-
ments these two reports by providing
additional area! and temporal sound
velocity analyses and temperature~
salinity-sound vsiocity comparisons.
Various acronyms and ocesnographic
terms used in this report are defined
in the glossary (Appendix C).

il. Discussion of Environmental Data (V)
A. Data Availability (U)

(U) Table 1 summarizes the oceanogra-
piiic data collecied during SQUARE NEAL
by platform and the following
Tafegories:

COMEREMTHAL———
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e Expendable bathythermographs (XBTs)

o Sound velocity-salinity-temperature-
depth (SV/CTD) profiles

e Sound velocity-depth (SVD) profiles

¢ Sound velocity-conductivity-
temperature~depth (SV/CTD) profiles

e Surface meteorological observations

e Bathymetric tracks

The exact location of individual deep
oceanographic measurements (SV/STDs,
SVDs, and SV/CTDs) were listed in the
SQUARE DEAL Synopsis Report (Maury
Center for Ocean Science, 1974).

(U} Figure 1 shows the location of all
oceanographic osbservations taken during
SQUARE DEAL. These observations formed
a roughly rectilinear grid that encom-
passed most of the exercise area.
Figure 2 shows the locations of oceano-
graphic observations that extended io
within 100 m of the bottom. These
observations were concentrated in the
shallower portions of the exercise area
(Porcupine Bank, Rockall Plateau, and
Faeroe-lceland Ridge). Figure 3
locates cbservations extending deeper
than 1000 m, and includes most deep
oceanographic and T-5 XBT data cof-
lected during the exercise. Figure 4
shows the location of observations that
extended deeper than 400 m, but were
shaitower than 1000 m. Most of these
observations were made with T-7 XBTs.
Figure 4 aiso tocates those T-§ XBTs
that failed to reach a depth of 1700 m,
Finally, Figure 5 shows the locations
of asbservations deeper than 100 m, but
shaliower than 400 m [i.e., XBTs that
failad above a depth of 400 m).

8. Treciment of Data (U)

{U) Sound velocity profiles were
measured directly at atl 306 deep
oceanographic stations using either an
SV/STD, SVD, or SV/CTID system. In
addition, sound velocities were caleu-
lated using the equation of Wilson
{1960) for all SV/STD and SV/CTD
observitions. Each XBT trace was
converted to sound velocity using
Wilson's equation and nearby salinity
measurements made during the exercise.
The resulting data base was sufficient

to prepare the foliowing sound velocity
analyses:

e Time-series analyses at seven
reference points during one or more
exercise phases.

o Average areal contours of several
parameters and their standard
deviations over the course of the
exercise.

o Cross sections along four SQUARE DEAL
baselines for one exercise phase.

For the areal analyses, the one-degree
square averages and standard deviations
for the given parameter are based on
all exercise data.

(U) The exercise data also were
adequate to prepare areal temperature
and saiinity analyses at various depth
levels or sigma-t surfaces. However,
the only such analysis prepared for
this report was a study of temperature
at 10 m depth. In the opinion of the
author, similar analyses might answer
many perplexing questions concerning
the spatiai distribution of the deep
sound channel (DSC) axis, the upper
sound channel (USC) axis, and the
intermediate sound velocity maximum
that lies between the former two
minima.

C. Data Accuracy (U)

{U} Six different instrument types
weire used to collect environmental data
dur ing SQUARE DEAL: SV/STDs, SVDs,
SV/CTDs, T-5 XBTs, T-7 XBTs, and T-4
XBTs. The first three types measured
sound velocity directly with an
accuracy of +0.3 m/sec. The SV/STD
system has : temperature accuracy of

* 0.02°C and a salinity accuracy of
10.020100. leading to an overall
computed sound velocity accuracy of
about ¢0.2 m/sec, disregarding any
inaccuracies in Wilson's equation. The
T-5, T-7, and T-4 XBTs have a tempera-
ture accuracy of about +0.29C, which
results in a computed sound velocity
accuracy of about *0.7 m/sec, again
assuming that there are no errors in
Wilson's equation.
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(U) Generally, sound velocities
measured directly agreed within 0.2 to
0.5 m/sec of the computed values. This
applies to both the sound velocities
calculated using insitu salinities
(SV/STD and SV/CTD stations) and these
calculated from XBT temperatures and
salinities colfected at nearby loca-
tions during the exercise. Much of
this error may be due to an error in
Wilson's equation, as originally
suggested by Carnvale et al. (1968),
Because of the high percentage of XBTs
in the overal! data base, and in order
to eliminate sinall disagreements
between measured and calculated sound
velocities, calculated sound velocities
have been used in lieu of measured
values whenever possible in all SQUARE
DEAL sound velocity analyses.

(U) A major exception to the generally
good accuracy of SQUARE DEAL data was
apparent for many SANDS SV/STD
stations. Below a depth of about
1800-2000 m, both measured and calcu~
lated sound velocities were sporad-
jcally 0.5 to 1.5 m/sec lower  than
those observed from other platforms.
Therefore, no SANDS sound velocities
have been used below about 1800 m.
Salinities measured at all SANDS SV/STD
stations were consistently lower than
those measured by other platforms,
Therefore, all SANDS salinities were
reduced by an average correction factor
of 0.11°%/,,+ In addition, the SANDS
SV/STD sound velocity sensor was
inoperative during phases | and Il of
the exercise, and the salinity sensor
was inopertaive during most of phase
Il'te These and other instrumentation
problems have been discussed in the
SQUARE DEAL Synopsis Report.(Maury
Center for Ocean Science, 1974),

IIl. General Oceanography of the SOUARE DEAL
Area (U)

A. Generalized Circulation and Water
Masses (U)

(U) Figure 6 shows a generalized
circulation diagram for both the
surface and intermediate depths, and
locates the reference points used in

various SQUARE DEAL sound velocity
analyses. Figure 7 defines the
temperature-salinity (7-S) indices of
major water masses encountered in the
exercise area. The most widespread of
these water masses is North Atlantic
Central Water (NACW) which dominates
the upper 600-1000 m of the water
column. This water mass is circulated
throughout the exercise area by the
North Atlantic and Irminger Currents,
and is altered by the intrusion of two
other water masses: relatively warm,
high salinity Mediterranean Interme-
diate Water (MIW) and relatively cold,
low salinity Labrador Sea Water (LSW).
MIW enters the exercise area from the
south after emanating from the Mediter—
ranean Sea through the Strait of
Gibraltar. This water mass has been
called Upper North Atlantic Deep Water
by Defant (1961). LSW enters the
exercise area from the west at about
540N, 359W and flows generally
southeast across the West European
Basin. This water mass has been called
both Subarctic Intermediate Water
(Bubnov, 1968) and Arctic !Intermediate
Water (Sverdrup et al., 1942). Accord-
ing to Bubnov, LSW occurs in two lobes
throughout most of the western North
Atlantic, one between 100 and 250 m,
the other below about 900 m. Both
lobes were found in the SQUARE DEAL
area, where the upper LSW lobe was
indistinguishable from the T-S minimum
marking the bottom of the NACW layer.

(U) Throughout the northeast Atlantic,
MIW and LSW mix both with each other
and with NACW at depths between about
600 and 1800 m. In the region south-
west of the Rockall Plateau (due west
of Porcupine Bank), intensive mixing of
these three water masses create a
series of vertical and horizontal
fronts at intermediate depths. During
summer 1968, Rossov and Kislyakov
(1972) found a meandering extension of
the Subarctic Convergence at depths of
200, 500, and 800 m in the same general
region (west of 200W between about 480N
and 559N). They called this frontal
zone the "Polar Front", and defined it
as the boundary between sub-polar and
sub-tropical waters.
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(U) Figure 7. Generalized Northeast Atlantic T-S Diagram
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(U) The fourth major water mass
affecting the exercise area was
Norwegian Sea Overflow Water (NSOW).
This very cold, low salinity water mass
enters the North Atlantic across the
Faeroe-lceland Ridge and through the
Faeroe Channel (Herman, 1967), and has
been found just above the bottom
throughout the northern Maury Trough
(Lee and Ellet, 1965). Lesser amounts
of NSOW occur at intermediate depths
along the western side of Rockall
Trough, that apparently entering the
area across the Wyville-Thomson Ridge
(Ellet and Roberts, 1973).

(U) The effects of various water masses
on northeast Atlantic sound velocity
structures have been discussed in detail
by Fenner and Bucca (1971). A brief
discussion of these effects specific for
the exercise area is given in the SQUARE
DEAL Environmental Acoustic¢ Summary
(Maury Center for Ocean Sciences, 1975).
A more detailed discussion of the effects
of MIW, LSW, and NSOW on sound velocity
at selected SQUARE DEAL reference points
(including the Porcupine Bank time~
series station) is given in Appendix A.
Appendix A also contains temperature~
salinity- sound velocity comparisons for
the selected reference positions

(Figs. 49-61).

B. Temperature-Salinity (T-S) Relations Along
the SQUARE DEAL Baselines (U)

(U) Figure 8 shows composite plots of
T-S diagrams along the three major
SQUARE DEAL baselines. T-S diagrams
used in this flgure also aro presented
in Appendix A. Along the 1E-3B track
(phase 1), surface temperatures varied
by more than 89C and surface salinities
by more than 0.89/,.. MIW was the
predominant intermediate water mass at
points 1E and 2C, while at 1C and 3B,
LSW predominated. In addition, the
track crossed the North Atlantic
Current between polnts 2C and 1C

(Fige 6). Along the 2L-2K track
(phase 11), oceanographic conditions
we.e less variable. Surface tempera-
tures varied by less than 4°C and
surface salinities by less than
0.3%/50+ MIW was the predominant
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intermediate water mass along the 2L-2K
track, except between points 2L and 2C
and west of Porcupine Bank, where the
track crossed two separate LSW flows.
This track started south of the North
Atlantic Current, crossed the south
wall north of point 2L, crossed the
north wall north of point 2C, and lay
within the main flow of the current
aorth of about 549N. Along the 3F-3ZZ
track (phase 111), surface temperatures
varied by more than 7°C and surface
salinities by about 1.2%/,,. |In
addition, near-bottom temperatures
varied by nearly 49C along the length
of the track and by more than 2°C
between points 3Z and 3ZZ. LSW was the
predominant intermediate water mass at
point 1C. At point 3D, both MIW and
NSOW were present. NSOW dominated much
of the water column at point 3Z, while
Norwegian Sea Deep Water (NSDW) was the
predominant water mass at point 3ZZ.
The 3F-3ZZ track began in the Norih
Atlantic Current, crcssed the main fiow
of Irminger Current near point 3D, and
crossed the meandering Polar Front
twice between points 3Z and 3ZZ.
Generally, oceanographic conditions
were more complex along the 3F-3Z2Z
track than along any other SQUARE DEAL
baseline.

C. Temperature at 10m Depth (U)

(U) Figure 9 shows contours of average
temperature at 10 m based on al! SQUARE
DEAL oceanographic data. Temperature
at 10 m varied from greater than 18°C
along about 479N to less than 9.5°C
over the southern tip of the Reykjanes
Ridge and to less than 8°C in the
Norwegian Basin. Over the Faeroe-
lceland Ridge, the intense Polar Front
caused a compression of the 8%°C through
12°C isotherms. A lesser compression
of the 129C through 149C isciherms
occurred along about 249W between about
500N and 55°N and In the southwestern
part of the exercise area., BNear-
surface fronts have been shown in both
regions during August hy Baranov
(1972). These frontal zones apparently
are caused by the north wall of the
meandering North Atlantic Current.
Throughout most of the exercise area,
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the orientation of the isotherms at
10 m was similar to that of the North
Atlantic Current (Fig. €).

(U) Figure 10 shows contours of the
standard deviation In average tempera-
ture at 19 m depth. Standard devia-
tions ranged from less than 0.2 m/sec
along the southern, western, and
eastern boundaries of the exercise area
to greater than 1.0 m/sec in regions
over the Faeroe-icecland Ridge, west of
Porcupine Bank, and near the crest of
the Mid-Atlantic Ridge. Al!l three of
these regions contain frontal zones.
The extremely complex isoplesth patterns
also reflect temporal changes in the
data base. These changes were¢ caused
by the diurnai heating/cooling cycle as
well as the passage of several storms
through the exercise area (see discus-
sion of meteorology in section VI!),
Nevertheless, throughout most of the
exercise area, standard deviations in
temperature at 10 m depth were less
than 0.4 m/sec.

IV. Temporal Variability (U)

A. long-Term Variability Throughout the
Exercise Areg (U)

(U) Figure 11 shows examples of
temporal variability in sound velocity
at selected SQUARE DEAL reference
points for time periods greater than
five days. The data used in this
figure are identified in Table 2
(Appendix B). Significant amounts of
temporal variabl!lity occurred through-
out the exercise area, much of which
was caused by internal waves with a
semidiurnal period simllar to that of
the tides in the northeast Atlantic
{NAVOCEAND, 196S5)}. Similar internal
waves have been detected in sound
velocity data from the CHURCH GABBRO
Exercise (Fenner and Bucca, 1973) and
the NORLANT-72 Exercise (Fenner and
Bucca, 1974). TYemporal variability in
sound velocity structure also was
caused by mixing of MIW, LSW, and NSOW.
The significant temporal variability at
points 1C, 2A[/2AA, 2BA/2BB, 2C[2CA,
2FA/3Q8, 3A/3AA, and 3F probably was
the result of both internal waves and

15

mixing between NACW and various
intrusive water masses. A: the
Porcupine Bank time-series station and
at noints 2C/2CA and 32Z, temporal
variability resuited in a change from a
bichannel to single channsi sound veloc-
velocity structure in a period of about
11 days. At points 2A/2AA, 2FA/3QB,
and 3A/3AA, the <ound velocity at the
intermediate maximum changed signifi-
cantly cver a period of 9 to 10 days,
resulting in changes in the "strength®
of the USC. Such temporal changes in
sound velocity structure probably had
significant effects on sound propaga~
tion, particularly in shallow water
where the upper channel was the only
available sound transmission path.

B. Time-Series Studies {U)

{C) Figure 12 shows a time-series plot
2ad a contoured presentation of sound
velocity data at point 1C during phase
I« The data used in this figure are
identified in Table 3 (Appendix B).
During phase |, a significant amount of
temporal variability occurred at point
1C. Between 5 and 10 August, the depth
of the DSC axis varied by 140 m and
axial velocity varied by 3.9 m/sec.
Critical depth varied between about
1900 and 2000 m and allowed ample depth
excess for convergence rone propagation
from a near-surface source. Although
the data distribution was Insufficient
to determine exact internal wave
periods, the convoluted form of the
sound velocity isopleths below the DSC
axls indicarés that internal waves were
responsible for some of the observed
temporal varlability. The remainder of
this variability prodbably was caused by
mixing between LSW and NACW. Internal
waves with diurnal and semidiurcal
periods also may have partially caused
the similar periodicity in the spectral
ambient nolse intensity observed at
Acoustic Data Capsule [ACODAC) 1C
{Maury Center for Ocean Science, 1974).

{(C) Figurc 13 presents a time—serles
analysis at point 2C during phase |1,
The data used in this figure are
identified in Table 4 (Appendix B).
These data were too shallow to reliably
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determine DSC variability, but were
deep enough to define temporal varia~
bitity in the bichanne! sound veiccity
structure, During the period 22-24
August, the depth of the USC axis
varied by 180 m and upper axial veloc—-
ity varied by 2.7 m/sec. The depth and
veloclty of the intermediate maximum
varited by 250 m and 3.1 m/sec, respec—
tively. Although critical depth varied
by about 200 m, depth excess was con-
sistently greater than 800 m, more than
enough for convergence zone formation
concidering a near-surface source. The
refatively large variability in sound
velocity at the USC axis and interme-
diate maximum probably was caused by
both internal waves and mixing between
NACW and MIW. However, since point 2C
lay between two major MIW flows

(Fige 6), it may +ot have been equally

DATE 7 TIME (GMT)

affected by MIW during various exercise
phases. Temporal variavility should
have had pronounced effects on ambient
noise levels measured at ACODAC 2C
during phase il.

(C) Figure 14 presents a time-series
analysis at point 2D during phase I!,
the data for which are identified in
Table 5 {Appendix B). These data were
well spaced temporally and consisted
primarily of SANDS SV/STD stations
taken on 22-23 August. Internal wavds
with a period of approximately 12 hours
are discernable in Figure 14, The
variations in the sound velocity at the
USC axis and intermediate maximum (both
1.0 m/sec) were considerably less than
that at point 2C during approximately
the same time period (Fig. 13). This
indicates that internal waves were
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(U) Figure 14. Time-Series Plot of Sound Velocity at Point 2D During Phase |l
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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 zt 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 I1. The data are identi- was bottom-|imited, the well-defined
fied 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,
a contoured presentation, and compos~
Ites of sound velocity data at point 3Z
during phase |ll. The data used in
this figure are identified in Table 7
(Appendix B). Since the minimum sound
velocity at point 3Z lay at or just
above the bettom, no DSC has been
indicated in Figure 16. However, the
observed near bottom minimum coincided
with the very cold, low salinity NSOW
core. The various sound velocity
isopleths just above the bottom on the
contoured section indicate that the
NSOW flow over the Faeroe-lceland Ridge
was sporadic during phase II! of SQUARE
DEAL. This flow was partially control-
led by the internal waves with a 12
hour period. Similar internal waves
were observed during the International
"Overflow" Expedition in 1960 {Magaard
and Krauss, 1967). However, as noted
by Dietrich (1967), NSOW pulsations

shallow region over the crest of the
Faeroe-Iceland Ridge.

(C) At point 3Z, minimum sound veloci-
ties varied by 10.8 m/sec (between
1463.8 and 1474.6 m/sec) during the
period 7-11 September. This extreme
variation was caused by pulsations of
NSOw, was greater than that observed
along the Subarctic Convergence during
NORLANT-74 (9.5 m/sec, Fenner and
Bucca, 1974), and should have pronoun-
ced effects on sound propagation at
point 3Z., Here, propagation was
{imited to bottom bounce paths, since
the shallow topography of the Faeroe-
lceland Ridge extended to the depth of !
the DSC axis and a well defined USC was :
absent. Turbidity and strong bottom
currents are thought to be associated
with NSOW pulsations (Cherkis et al.,
1973), and these pulsations may have
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 il

21

CON FIDENTIAL

R, TR NP NP R e e

L JPOR TV DERPRLTY 3

LRI WY shag. VLT 7 WULY WAL TERRT AN WAy oy ) PP VY S




(C) Figure 17 presents a time-series
sound velocity analysis at point 3ZZ
(Norwegian Basin) during phase 111,
The data used in this figure are
identified in Table 8 (Appendix B).
These data were particularly well
spaced temporally and consisted
entirely of SANDS SV/STD stations taken
on 5-6 September. Internal waves with
a 12 hour period are evident in the
contoured section, causing a 120 m
variation in the depth of the DSC axis

DATE/ YIME (GMT}

The single channel structure during
phase 11 was extremely complex, and the
DSC axis coincided with one of several
T-S perturbations at the approximate
level of the MIW core.

(U) During phase 1, the bichannel
structure was transitory in nature and
had a roughly diurnal periodicity,
probably caused by internal waves.
However, the data distribution at the
phase | station was inadequate to
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and a 1.5 m/sec variation in deep axial
velocity. These variations were
similar to those caused by internal
waves at point 2D (Fig. 14). Although
point 3ZZ was bottom-limited by the
relatively shallow topography of the
northern flanks of the Faeroe-lceland
Ridge, DSC propagation was possible at
this location.

(U) Figures 18 and 19 show time-series
sound velocity analyses at the western
edge of Porcupine Bank during phases |
and I, respectively. The data used in
these figures are identified in Tables
9 and 10 (Appendix B). The two occupa-
tions of the time-series station were
separated by approximately 10 days.
During these 10 days, the bichannel
sound velocity structure shown on
Figure 18 (phase |) was replaced by a
single channel structure (Fig. 19).
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(V) Figure 17. Time-Series Plot of Sound Velocity at Point 3ZZ During Phase lli

define these internal waves. During
phase 1!, internal waves with a 12 hour
period are evident in the contoured
section. During both phases, these
internal waves caused variations in DSC
velocity similar to those found at
point 2D during phase Il (Fig. 13).
However, internal waves were not solely
responsible for the major change in the
sound velocity structure that occurred
between the two occupations of the
Porcupine Bank time-serles station.
Rather, tnis hasic change was caused by
a combination of internal waves andy
mixing between iatrusive water masses.

(U) In the oplnion of the author, the
temporal variability observed at the
Porcupine Rank time-series station
during phase | was caused by internal
waves and mixing betwsen high salinity
MIW and the upper [obe of low calinity
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{U) Figure 18. Time-Series Plot of Sound Velocity West of Porcupine Bank During Phase |
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LSW., In this case, the T-S minimum
generally characterizing LSW was
indistinguishable from that marking the
bottom of the NACW layer. Apparently,
a large cell of upper-lobe LSW migrated
from the west into the vicinity of
Porcupine Bank near the end of the
phase | and caused a change from a
bichannel to a single channe! sound
velocity profile sometime between 12
and 20 August. A similar cold water
cell was observed about 150 nm west of
the time-series site in July 1975 (Howe
and Tait, 1967). The presence of
upper-lobe LSW west of Porcupine Bank
during phase Il had significant effects
on sound velocity structurcs above
about 1500 m. The effects of this low
salinity water mass also are discern—
able in the average areal contours of
various sound velocity parameters.

C. Summary of SQUARE DEAL Temporal
Variability (U)

(C) Temporal variations in sound
velocity occurred throughout the
exercise area, and was responsible for
basic alterations in sound velocity
structures in several regions., These
included changes from a bichannel to a
single channel structure, changes in
the "strength! of the USC, and changes
in the width of the DSC. Changes of
this type probably had significant
effects on sound propagation and may
have caused short-term propagation
anomalies. Such anomalies might be
expected at the ACODAC 1C, 2C, and 3D
sites, In the regions west of Porcupine
Bank and surrounding Rockall Plateau,
and over the crest of the Faeroe-~
lceland Ridge. Generally, variations
at the USC and intermediate maximum
greater than about 1.0 m/sec were
caused by the combined effects of
internal waves and mixing between NACW
and various intrusive water masses.
DSC sound velocity variations greater
than about 2.0 m/sec were caused by
simifar combined effects. The

10.8 m/sec variation in deep axial
velocity at point 3Z was caused by
boluses of NSOW pulsating over the
Faeroe-liceland Ridge, and is the
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greatest such variation yet found in a
LRAPP exercise area.

V.. Spatial Variability of Selected Sound Velocity
Parameters (U) .

(C) In the following sections, the
average sound velocity structure of the
SQUARE DEAL exercise area is defined in
terms of several sound velocity param-
eters. These include the four most
significant inflection points on the
sound velocity profiles in this area:
sonic layer depth, the USC axis, the
intermediate sound velocity maximum,
and the DSC axis. Regions where any of
these features did not occur because of
shallow topography are indicated in the
appropriate figures. The USC and
intermediate maximum were not uniformly
present throughout the exercise area
because of variability in oceanographic
conditions. Therefore, regions where
the USC and intermediate maximum were
present less than 20% of the time
(effectively absent), 20-80% of the
time (transitory), and greater than 80%
of the time (permanent) also are
indicated on the appropriate figures.

A bichannel profile occurs when a USC
axis, an intermediate maximum, and a
DSC axis are all present. According to
Hanna (1969), significant transmission
from a source to a receiver in the USC
occurs when the upper channel is well
developed. Furthermore, receivers
located at the bottom of the upper
channel (l.e., just above the depth of
the intermediate maximum) can perform
better than these located at the USC
axis due to their position in the
convergence zones at the bottom of the
upper channel.

A. Sonic Layer Depth (U).

{U) Figure 20 shows regions with
similar average sonic layer depth, and
Figure 21 shows regions where a sonic
layer was present less than 20% of the
time {absent), 20-80% of the time
{transitory), and greater than 80% of
the time (permanent). Both figures are
based on all SQUARE DEAL environmental
data. The sonic layer was quite
sporadic during SQUARE DEAL, owing to
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both diurpal effects and the passage of
several storms through the exercise
area (see discussion of meteorology in
section VII). Generally, a shallower
sonic layer (less than 20 m deep)
occurred in the southern Maury Trough.
Throughout most of the exercise area,
sonic layers were transitory in nature.
However , permanent sonic layers
occurred in a broken band oriented
southwest to northeast up the center of
the exercise area. This band had the
same general orientation as the North
Atlantic Current (Fig. 6) and a near-
surface front shown for August by
Baranov (1972). Within this band,
average sonic layer depths were
generally deeper than 30 m,

(C) The sonic layer is an efficient
sound propagation path only when the
wave length of the transmitted signal
is short enough to fit into the layer.
For this reason, low frequency under-
water sound does not propagate well
within the surface duct unless the
layer is unusually deep. All of the
frequencies used during SQUARE DEAL
were significantly lower than the
theoretical minimum that could propa-
gate in a 50 m deep sonic layer.
Consequently, surtace duct paths
probably were not a significant factor
in SQUARE DEAL acoustic propagation.

B. Upper Sound Channel (USC) Axis (U)

(C) Figure 22 shows the average depth
of the USC axis based on one-degree
square averages of all oceanographic
observations collected during the
exercise. In general, a permanent USC
was present in the eastern half of the
exercise area, and USC structures were
absent west of 200W to 250W, In
between these two regions, a transitory
USC occurred. The eastern boundary of
the region where a USC was absent
generally coincided with the subsurface
position of the Subarctic Convergence
during summer 1968 (Rossov and
Kistyakov, 1972). By definition, this
front separates colder, lower salinity
subarctic waters {such as LSW) from
warmer, higher salinity subtropical
waters (such as MIW and NACW)., When
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present, the USC axis varied between
100 and 250 m, and was generally
shallowest over Porcupine Bank and the
Faeroe Plateau. Of particular interest
is the region due west of Porcupine
Bank where a permanent USC was absent,
This tongue-shaped region roughly
corresponded to the flow of LSW from
the west that was detected at the
Porcupine Bank time-series station
(Figs. 18 and 19), even though this
flow lay several hundred meters below
the depth of the USC axis. The
transitory nature of the USC west of
Porcupine Bank may be the result of
intensive mixing of LSW with NACW and
MIW,. Further north, a transitory USC
occurred over the Faeroe—lIceland Ridge,
but disappeared almost entirely in the
northeast corner of the exercise area.
The USC should have been an effective
sound propagation path for sources in
the channcl in the shallow water
regions over Porcupine Bank and the
Rockall Plateau, but was too sporadic
for effective propagation over the
Faeroe-lceland Ridge. Figure 23 shows
standard deviations in the average
depth of the USC axis that were
approximately 50 m throughout the
eastern half of the exercise area.
This indicates that the USC was an
extremely stable feature when present.

(U} Figure 24 shows average isopleths
of sound velocity at the USC axis.
When a USC was present, its velocity
varied from greater than 1501 m/sec in
the south to less than 1486 m/sec in
regions atong 259W, in the northern
Maury Trough, and over the Faeroe-
tceland Ridge. The upper axial
velocity isopleths were far more
convoluted than those for upper axial
depth (Fig. 22). This indicates that
the USC was more stable In terms of
depth than in terms of sound velocity.
In the region between about 20°%V and
25%Y, the sound velocity at the USC
axls changed rapidly over relatively
short distances, as would be expected
in the presence of a subsurface front.
In the anomalous region west of
Porcupine Bank, the isopleths indicate
a flow emanating from the west and
northwest. The standard deviations in
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the sound velocity at the USC axis
shown in Figure 25 varied from less
than 0.5 m/sec to greater than

2.5 m/sec, but were generally less than
1.0 m/sec throughout the eastern half
of the exercise area.

C. Intermediate Sound Velocity Maximum (U)

(U) Figure 26 shows the intermediate
sound velocity maximum based on atl
SQUARE DEAL environmental data. Again,
a permanent maximum was present in the
castern half of the exercise area, but
disappeared west of 20°W to 250W,

When present, the maximum varied in
depth from about 300 m to greater than
1100 m. In the anomalous tongue-shaped
region due west of Porcupine Bank, the
intermediate maximum lay at depths less
than 500 m and coincided with the
approximate depth of maximum winter
cooling. However, in Rockall Trough
and south of Porcupine Bank, interme-
diate sound velocity maxima occurred at
depths greater than 1000 m that either
coincided with or lay below the MIW
salinity maximum. A maximum occurred
sporadically over the Faeroce~iceland
Ridge, but was absent in the southern
Norwegian Sea. Figure 27 presents
standard deviations in the average
depth of the intermediate sound
velocity maximum, These varied from
less than 50 m to greater than 200 m,
but were generally less than 100 m
throughout most of the eastern half of
the exercise area, indicating that the
intermediate maximum was somewhat less
stable than the USC (Fig. 23) in terms
of depth. This is understandable since
the intermediate maximun was more
strongly affected by intrusive water
masses.

(U) Figure 28 shows isapleths of
average sound velocity at the interme-
diate maximum. This parameter varied
from greater than 1505 mf{sec south of
Patcupine Bank to tess than 1487 m/sec
in the regions along about 25°W and
over the Faeroe-icetand Ridge. South
of Porcupine Bank and in Rockall Trough
where the intermediate maximum coinci-
ded with the high salinity MIW core,
the sound velocity at the maximum was
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greater than 1500 m/sec. However, in
the anomalous tongue west of Porcupine
Bank, sound velocities at the maximum
were generally less than 1496 m/sec.
Lower sound velocities would be expected
in the presence of a low salinity flow
from the west and northwest (upper-lobe
LSW). 1In three regions approximately
along 25%, along about 529N, and over
the Faeroe-fceland Ridge, sound velocity
at the intermediate maximum changed
rapidly over relatively short distances.
Frontal zones at intermediate depths
have been observed in all three regions.
These frontal zones are the subsurface
pos'tion of the Subarctic Convergence,
the :ntensive mixing zone west of
Porcupine Bank, and the Polar Front.

The standard deviations in the average
sound velocity at the intermediate
maximum (Fig. 29) varled from less than
0.5 m/sec to greater than 3.0 m/sec.

As expected, these standard deviations
showed more variation than those for
upper axial velocity (Fig. 25).

D. Strength of Upper Sound Channel (U)

(C) Figure 30 shows contours of the
®strength® of the USC based on one-
degree square averages of all SQUARE
DEAL environmental data. *®Strength? is
defined as the difference between the
average sound velpcity at the interme-
diate sound velocity maximum or at the
bottom and the average sound velogity
at the USC axis. A$ previously men-
tioned, a well-developed USC can act as
2 sound propagation path for sources in
the upper channel (Hanna, 1969). Hanna
did not define the term "well devel-
oped®, but does show instances of USC
propapgation for profiles with
®“strengths™ of about 3 and 11 m{sec.
During SQUARE DEAL, sound propagation
via the USC was observed along a
KINGSPORT SUS run between points 288
and 3AB {Maury Center for Qcean
Sciencs, 1974). Based on the isepleths
in Figure 43, the "strength® of the USC
along the 2B8B-3A8B track was approxi-
mately 4 m/sec except near point 3AB,
where it was less than 3 m;sec.
Considering these data and Hanna's
findings, it is safe to assume that
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some USC propagation was possible
during SOUARE DEAL in regions where the
istrength! of the USC exceeded 3 m/sec.
Such regions occurred throughout most
of the eastern half of the exercise
area except over the shallowest
portions of Porcupine Bank, in the
anomalous tongue due west of Porcupine
Bank, and over the Faeroe-lceland
Ridge.

E. Deep Sound Channel (DSC) Axis (U)

(C) Figure 31 shows the average depth
of the DSC axis based on cne-degree
square averages of all exercise environ-
mental data. A DSC axis was present
throughout the exercise area at depths
that varied from less than 100 m over
the southern end of the Reykjanes Ridge
to more than 1600 m in Rockall Trough
and the region south of Porcupine Bank.
The isopleths shown in Figure 31 indi-
cate two frontal zones at intermediate
depths, one over the Faeroe~lceland
Ridge and one between 20°W and 25%W.
The first zone corresponds to the Polar
Front, the second to the subsurface
position of the Subarctic Convergence
(Rossov and Kislyakov, 1972). Generally
the DSC was controlled by LSW in
reglons where the axis was less than
900 m deep, except over the Faeroe-
Iceland Ridge. Here, NSOW caused a
sound velocity minimum just above the
bottom. In regions where the DSC was
deeper than 1200 m, it was controlled
by either MIW (southeast part of
exercise area and Rockall Trough) or by
NSOW (foot of Faeroe- lceland Ridge}.
Axial depths of less than 900 m at
about 539N, 15°W Indicate an intrusion
of upper—lobe LSW that extended cast as
far as Porcupine Bank. No DSC was
present over Porcupine Bank, much of
the Rockall Plateau, or the Wyville-
Thomson Ridge, precluding this sound
propagation path. Over the Faeroe-
lceland Ridge, the DSC was too close to
the bottom for effective propagation.
However, throughout the remainder of
the exercise area, the DSC probably was
the most efficient path for underwater
sound propagation,

38

(U) Figure 32 presents contours of
standard deviation in average deep
axial depth, which varied between less
than 50 m and greater than 300 m. This
figure indicates substantial variability
in the depth of the DSC axis through-
out the exercise area. Generally,
standard deviations were less than 50 m
south of Porcupine Bank, over the
Rockall Trough, in the region west of
300W, and over the Faeroe-Iceland
Ridge. 1In these regions, deep axial
depth was strongly controlled by MIW,
LSW, and NSOW. Standard deviations
were generally greater than 150 m along
the southern boundary of the exercise
area, in the region southwest of the
Rockall Plateau, and in the northern
Maury Trough; mixing of various
intrusive water masses was detected in
these areas during the exercise. Due
to the greater effects of intermediate
water masses, standard deviations in
deep axial depth were greater than
those for upper axial depth (Fig. 23)
or the depth of the intermediate sound
velocity maximum (Fig. 27).

(U) Figure 33 shows contours of average
sound velocity at the DSC axis. Deep
axial velocity varied from greater than
1496 m/sec south of Porcupine Bank and
in the Rockall Trough to less than

1455 m/sec over the Faeroe-iceland
Ridge. The isopleths shown in this
figure are extremely convoluted
throughout the exercise area owing to
mixing between various Intermediate
water masses. MI|W flows from the south
and southeast and LSW flows from the
north and northwest are easily
discernable in the various isopleth
patterns. Generally, DSC axial
velocities less than 1488 m/sec were
controlled by low salinity LSW, except
over the Faeroce-lzeland Ridge where
NSOW was the preodominant Influence.,
Deep axlal velocitlies greater than

1490 m/sec were primarily controlled by
high salinity MIW., Axial velocities of
less than 1488 m/sec west of Porcupine
Bank offer additional evidence of a low
salinity flow from the west and north-
west. Along about 250V, the subsurface
Subarctic Convergence caused a com-
pression of the deep axia! velocity
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isopleths and resulted in horizontal
gradients as great as 0.2 m/sec/nm. In
the northern Rockall Trough, mixing
between NACW, MIW, and NSOW produced a
hori;dh&al gradient of nearly 0.5 m/sec.
This"§radient was even stronger than
that;fq&nd over the Faeroe-lceland Ridge.

(U) Figure 34 presents standard devia-
tions in the average sound velocity at
the DSC axis. These standard devia-
tions varied between less than

0.5 m/sec and greater than 2.5 m/sec,
and were generally greater than

1.5 m/sec along frontal zones and in
regions of intensive mixing. Over the
exercise area as a whole, standard
deviations in deep axial velocity were
of the same general magnitude as those
for upper axial velocity (Fig. 25) and
sound velocity at the intermediate
maximum (Fig. 29). The same was not
true for standard deviations in the
depth of the DSC axis (Fig. 33},
indicating that the depth of the DSC
axis was more sensitive to temporal and
spatial fluctuations in the environment
than was sound velocity at the DSC
axise

F. Critical Depth (U)

(U) Figure 35 shows average contours of
critical depth based on all environmen-
tal data collected during the SQUARE
DEAL Exercise. Since critical depth is
strongly dependent on near-surface
oceanographic conditions and circula-~
tion patterns, the various isopleths in
Figure 35 are shown not only for
reglons deeper than critica!l depth
(i.e., regions of depth excess), but
also for regions where the bottom is
shallower than critical depth (i.e.,
regions of depth difference). Critical
depths varied from greater than 3400 m
along about 479N to less than 1500 m
over the southern end of the Reykjanes
Ridge and in the region surrounding the
Faeroe Islands. Over the Faeroe-
lceland Ridge, extremely cold NSOW just
above the bottom caused anomalously
deep critical depths (greater than

2800 m at about 649N, 129W) and the
intense Polar Front caused a marked
compression of the critical depth

42
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isopleths., South of the Faeroe-Iceland
Ridge, the 2000 m isopleth delineates a
flow of NSOW into the northern Maury
Trough. However, throughout most of
the exercise area, the orientation of
the critical depth isopleths was
determined by the circulation of the
North Atlantic Current (Fig. 6), and
was quite similar to the orientation of
isotherms at 10 m depth (Fig. 9).
Figure 36 presents standard deviations
in average critical depth, which varied
from less than 50 m to greater than

250 m. These standard deviations were
generally higher in the vicinity of
near-surface frontal zones, and
resembled those for temperature at 10 m
(Fig. 10).

G. Depth Difference/Depth Excess (U)

(C) Figure 37 depicts regions shallower
and deeper than average critical depth.,
The former are regions of depth differ-
ence (bottom-limited); the latter are
regions of depth excess. The bathy-
metric chart used to prepare Figure 37
is the same as given in the SQUARE DEAL
Exercise Plan (Maury Center for Ocean
Science, 1973). As a general rule,
more than 400 m of depth excess are
required for reliable convergence zone
propagation from a near-surface source.
The shallow bathymetry of Porcupine
Bank, the Scotland continental shelf,
Rockall Plateau, northern Rockall
Trough, and the Faeroe-Iceland Ridge
caused bottom-limited regions during
SQUARE DEAL. However, in all these
regions except the Faeroe-lceland
Ridge, a well developed USC occurred
more than 80% of the time (Fig. 22).
Consequently, long-range propagation
for sources within the USC was possible
in these shallow watar regions.

(C) Other bottom-limited regions
occurred over the crests of the
Reykjanes and Mid-Atlantic Ridges
{along the western boundary of the
exercise area). However, batween about
529N and S3ON, the Gibbs Fracture Zone
caused a region where depth excess was
greater than 2000 m. The offset of
this fracture zone apparently provided
a transmission Ywindow® through the
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Mid-Atlantic Ridge during the exercise.,
Convergencs zone propagation from a
near-surface source should have been
possible throughout riost of tie West
European Basin and Maury Trough.
However, acoustic propagation over the
Faeroe-lceland Ridge was blocked except
for less reliable bottom bounce paths.

V1. Spatial Variability in Souna Velocity Along
SQUARE DEAL Baselines (U)

(C) Figures 38-41 show sound velocity
profiles plotted at their position of
observation, bathymetric profiies, and
contoured sound veloc.ty cross sections
along four SQUARE DEAL taselines.

These baselines and their corresponding
acoustic events are as follows:

o Figure 38, roint 1E to point 3B,
WILKES phase Signal Underwater Sound
I {SUS) run, 020600Z Aug - 0422327
Aug {event 2a).

o Figure 39, point 2L to point 2K,
OLMEDA phase ! SUS run, 2200950Z
Aug - 2403132 Aug {event 14b).

e T[igure 40, point 2BB to point 3AB,
KINGSPORT phase 11 CW tow, 1822287
Aug - 200073Z Aug (event 13a},

e Figure 41, point 3F to point 322,
OLMEDA phase 1} SUS run, 0715002
Sep 1019287 Sep (eveat 22aj.

Figures 38-40 are plotted so that the
acoustic event begins on the left and
proccee’ to maximum range on the right.
Figure ¢1 i5 plotted frem south te
norih {a1though the SUS run was mads
from north to south) for continuity
with Figure 39,

A. Point 1E 1o Point 3B Track (Phase 1) (U}

{C) The oceanographic data shown in
Figure 38 were collected between 1 and
6 August and are identifiad in Yable 11
{Appendix B). The bathymetric protile
was recorded by WILKES. The overatll
sound velocity <tructure along the
1E-38 track was quite variable, since
the first nalf of the track lay within
the North Atlantic Current urder the
influence of LW (Fig, 6). Surface
sound velocities varied from adout
1513 m/sec at point 1E to about

47

1489 m/sec at point 3B, A sporadic
sonic layer to about 20 m occurred
along most of the track. However, this
surface duct was not deep enough to
permit low frequency acoustic propaga-
tion. A continuous USC and interme-
diate sound velocity maximum occurred
along the first 270 nm, but abruptly
terminated when the track crossed the
south wall of the North Atlantic
Current. These features recurred
within the core of the North Atlantic
Current (310-390 nm from point 1E), but
disappeared again when the track
crossed the north wall of the current.
The depth of the DSC axis increased to
the anorthwest from about 1500 m at
point 1E to less than 100 m in the
region between points 1C and 3B, The
sound velocity at the DSC axis varied
from about 1493 m/sec near point 1E to
about 1476 m/sec near point 1C, In the
region where the track crossed the
North Attantic Current, deep axial
depth and sound velncity changed
rapidly and the USC and intermediate
sound velocity maxi..um disappeared.,
Critical depth decreased to the
northwest from greater than 3000 m at
point 1E to about 1300 m nea point 3B,
showing its most abrupt change where
the track crossed the Narth Atlantic
Current. Since the DSC was uninter-
tupted along the track, DSC propagation
probably was the most effective paxh
for sound transmission between points
1E and 3B. Depth excess was greater
than 400 m along the entire track, and
allowed for unimpeded convergence zone
propagation from a near-surface source.
However, the region of intense mixing
hetween ranges of 250 and 450 nm
probabiy had an adverse effect on all
types of acoustic propagation aiong the
track, particularly in the region
between ACODAC 1C and ACODAC 2C.

8. Point 2L to Point 2K Track (Phase i) (U)

{C) The aceanograpbic data used in
Figure 39 were collected between 20 and
25 August and are identified in Table
12 {Appendix B). The bathymetric
profile is from WILKES (0-420 nm) and
KINGSPORT (432-834 nm)., Sound velogity
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structures were quite complex and
erratic along the 2L-2K track, since it
cut in and out of the North Atlantic
Current several times and also crossed
the region of intense mixing due west
of Porcupine Bank (Fig. 6). Surface
sound velocities varied from about

1516 m/sec near point 2L to about

1502 m/sec near point 2FA. Near point
2K, surface sound velocities approached
1505 m/sec due to warming in the shal-
low waters over the Scotland continen-
tal shelf. No sonic layer was apparent
along most of the 2L-2K track, preclud-
ing this sound transmission path., A
USC and intermediate sound velocity
maximum occurred near point 2L, around
point 2C, and over Rockall Trough, but
were absent along the rest of the
track. Generally, bichannel sound
velocity profiles occurred when the
track was crossing or running parallel
to the axis of the North Atlantic
Current. Over Rockall Trough, the USC
was very well defined and probably
acted as a supplementary underwater
sound transmission path for sources in
the upper channel. Over the first

450 nm, however, the sound velocity
structure above the DSC axis was
dominated by rapidly changing micro-
structure that could have interfered
with acoustic propagation.

{(C) The depth of the DSC axis was quite
erratic along the 2L-2K track, and
varied from about 700 m at a range of
125 nm te greater than 1700 m at the
foot of the Scotland continental shelf.
The sound velocity at the DSC axis was
equally erratic, and varied from about
1485 to about 1496 m/sec between thess
same two points. Between point 2L and
a range of 125 nm, the depth of the DSC
axis decreased by about 700 m and the
axial sound velocity decreased by about
9 m/sec. These variations were
reversed between 125 om and point 2C,
The DSC was particularly ervatic over
the Porcupine Piain due to mixing of
LSW, MIW, and NACW., Critical depth
decreased from about 3300 m near paint
2L to less than 2400 m near point 2FA,
Over Rockal! Trough, critical depth lay
fess than 400 m above the bottom, thus
{imiting convergence zone formation for

50

a near-surface source. Northeast of
point 2FA, the track was interrupted by
the shalfow bathymetry of the Scotland
continental shelf. Over most of the
2L-2K track, the DSC was uninterrupted
and DSC propagation was the most
effective propagation path. Limited
convergence zone propagation from a
near-surface source should have been
possible along the first 350-400 nm of
tracke Over Rockal! Trough, sound
transmission from a near-surface source
was confined to the USC and less
reliable bottom bounce paths. All
modes of acoustic propagation probably
were degraded by the intense mixing
west of Porcupine Bank (i.e., between
the ACODAC 2C and ACODAC 7D sites).

C. Point 2BB fo Point 3AB Track (Phase ) (U)

(C) The oceanographic data used in
Figure 40 were collected between 17 and
21 August and are identified in Table
13 (Appendix B). The bathymetric
profile was recorded by KINGSPORT. The
shallow bathymetry of the Rockall
Plateau extended into the DSC and even
above the depth of the intermediate
sound velocity maximum along the
2BB-2AB track. However, a well-
developed USC occurred along the entire
track. This USC evidently acted as a
reliable acoustic path along this track
as indicated by the relatively low
propagation losses observed in Ambient
Noise¢ Buoy (ANB) 2BB data for event 13a
(Maury Center for Ocean Science, 1974),
This is significant, since Rockall Bank
was only 400 m below the surface at a
range of 170 nm., DSC propagation was
possible only in the deeper parts of
Rockall Trough.

D. Point 3F to Point 3ZZ Track (Phase lll) (U)

(C) The oceanographic data shown in
Flgure 41 were collected between 4 and
11 September and are identified in
Table 14 (Appendix B). The bathymetric
profile was collected by KANE (points
3F-3D) and KINGSPORT (points 3D-3ZZ).
The sound velocity structure along the
3F-32Z track was more complex and
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variable than along any other SQUARE
DEAL baseline owing to the wide variety
of intermediate water masses, LSW,
MIW, and NSOW were all encountered
between points 3F and 32Z. In
addition, the track crossed the North
Atiantic Current, the Irminger Current,
and the Polar Front (Fige 6). Surface
sound velocities varied from about

1508 m/sec at point 3F to about

1482 m/sec at point 3ZZ. However,
along most of the track, the surface
sound velocity was between 1495 and
1498 m/sec. A sporadic sonic layer at
depths of 20-80 m occurred along much
of the 3F-3ZZ track, and was sometimes
complicated by in-layer negative
gradients., Even when well established,
the surface duct was not deep enough to
support low frequency acoustic propaga-
tion. A USC and intermediate sound
velocity maximum occurred between a
range of about 500 nm and point 3Z.
These structures briefly disappeared
when the track crossed the !rminger
Current at a range of 670-700 nm.
Between points 3D and 3Z, the USC was
well-developed and probably acted as a
supplementary sound transmission path
for sources located in the upper
channel.

(C) Both the depth and sound velocity
at the DSC axis were extremely variable
and erratic along the 3F-3ZZ track.

The depth of the DSC axis varied from
about 130 m at 120 nm to 1150 m at
ranges of 760 and 940 nm. The sound
velocity at the axis varied from about
1474 m/sec to about 1489 m/sec between
ranges of 120 and 760 nm, and was
approximately 1457 m/sec at the crest
of the Faeroe-lceland Ridge. At point
3F, the DSC axis was controlied by the
North Atlantic Current. At ranges
between 100 nm and about 300 nm, the
DSC axis roughly coincided with the low
salinity LSW core (less than 400 m deep
with sound velocities less than

1478 m/sec). Between about 300 and

S00 nm, deep axial depth and sound
velocity increased to the northeast in
a region of transition that marked the
southern edge of the Irminger Current.
Between about 500 nm and the foot of
the Faeroe-Iceland Ridge, the DSC axis

53

lay just below the depth of the MIW
salinity maximum (900-1200 m deep with
sound velocities greater than

1486 m/sec). North of about 910 nm,
the DSC axis coincided with the NSOW
T-S minimum. Along the southern flank
of the Faeroe-lIceland Ridge, the DSC
axis lay just above the bottom and
apparently ceased to exist in the
region around point 3Z. However, over
the first 940 nm of track, the DSC was
uninterrupted, and probably was the
most reliable path for acoustic
transmission.

(C) Between a range of 940 nm and the
crest of the Faeroe-lceland Ridge (over
a distance of 94 nm), the depth of the
DSC axis decreased from 1150 to 320 m
(gradient of about 8.8 m/nm). In this
same region, the sound velocity at the
DST axis decreased from 1484.6 to

1456 .8 m/sec (gradient of about

0.3 m/sec/nm). These extremely large
horizontal gradients were caused by
mixing of NSOW and NACW across the
Polar Front. The Polar Front itself
lay between point 3Z and the crest of
the Ridge (i.e., between profiles 60
and 61 of Fig. 41). Here, the sound
velocity at the DSC axis changed from
1470.,0 m/sec to 1456.8 m/sec ove: a
distance of 36 nm (gradient of nearly
0.4 m/sec/nm) and surface sound
velocities changed from 1494.5 to
1485.,0 m/sec (gradient of about

0.3 m{sec/nm). These gradients were
nearly as intense as those encountered
at intermediate depths at the northern
end of the Rockall Trough (Fig. 33).

(C) Critical depth decreased from about
2700 m at point 3F to less than 1900 m
at a range of about 100 nm as the track
crossed the north wall of the North
Atlantic Curvent. Critical depth then
gradually decreased to a minimum vatue
of 1740 m at a range of about 420 nm,
Over the Maury Trough, critical depth
varied between about 1800 and 2100 m,
and generally increased to the north-
east, reaching a value of 2100 m at the
foot of the Faeroe-lceland Ridge.
Between ranges of about 100 and 850 nm,
depth excess was greater than 400 m and
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should have been adequate for conver-
gence zone propagation from a near-~
surface source. Beyond about 900 nm,
the Faeroe-lceland Ridge and the
intense Polar Front apparently impeded
underwater propagation between the
Maury Trough and the Norwegian Basin.
All modes of propagation probably were
degraded by the intense mixing between
ranges of about 500 and 700 nm where
the track crossed the Irminger Current.
This region lay between the ACODAC iC
and ACODAC 3D sites.,

(C) Near point 3D, the sound velocity
structure was extremely complex through-
out the water coiumn owing to mixing
within the Irminger Current, transient
MIW cells at intermediate depths, and
descending boluses of NSOW near the
bottom (Fig. 6). As noted by Dietrich
(1967), the concentration of NSOW along
the southern flanks of the Faeroe-
lceland Ridge is subject to temporal
variability due to puisations caused by
tidal effects and internal waves. Such
temporal variability also occurred at
point 3D in the bottom 500 m of the
water column. Temporal variability
throughout the water column probably
was responsible for the extreme fluctua-
tions in ambient noise intensity
recorded by ACODAC 3D (Maury Center for
Ocean Science, 1974). The unusually
high median noise levels at the bottom
hydrophone of ACODAC 3D might be
partially caused by turbidity and
strong bottom currents associated with
NSOW boluses in the Maury Trough
(originally noted by Cherkis et al.,
1973).

E. Summary of Spatial Sound Velocity
Variability Along the Three Major SQUARE
DEAL Baselines (U)

(U) Figure 42 shows composite plots of
sound velocity profiles ai selected
intervals along the 1E-3B track (phase
1), 2L-2K track {phase 11), and 3F-3ZZ
track (phase 1l1l). All sound velocity
profiles shown in this figure have been
extended to the approximate corrected
bottom at the point of observation.
Each profile is identifled by the same
number it bears in either Figure 38,

54

DT = PRIy, S 1Y

L. WP, et Saa

39, or 41, The data used to construct
the sound velocity composites generally
are the same used in Figure 8 (T-S
composites).

(U) Along the 1E-3B track, sound veloci-
ties varied by about 24 m/sec at the
surface, about 24 m/sec at 200 and

500 m, and about 16 m/sec at 1000 m,
Below 1600 m, the various sound velocity
profiles merge, with the exception of
profile 29. The six profiles show a
steady progression toward lower sound
velocities to the northwest along the
track. The large sound velocity varia-
tions (more than 20 m/sec) in the upper
800 m of the water column were caused

by variations in surface conditions and
differing intermediate water masses

(MIW for profiles 7 and 9, LSW for
profiles 29, 36, and 44).

(U) Along the 2L-2K track, sound

velocities varied by about 14 m/sec at

the surface, about 10 m/sec at 200 m,

about 13 m/sec at 500 m, and about

17 m/sec at 1000 m. At about 1800 m, ‘
the various profiles merge, but diverge

again below about 2000 m. At a depth

of 2400 m, the sound velocity at point

2FA was nearly 4 m/sec less than at

point 2L due to thc presence of NSOW, .
The seven profiles do not show a logi- ;
cal progression up the 2L-2K track

because of repeated crossings of the

North Atlantic Current, LSW flows, and

the intensive mixing zone west of ;
Porcupine Bank. The large sound velocity ;
varfation at 1000 m was caused by
differing intermediate water masses (LSW
for profile 8, MIW for profile 41),

{U) Sound velocities throughout the
water column varied more along the
3F-3ZZ track than along any other
SQUARE DEAL baseline. This was due to
the wide variety of intermediate water
masses along the track. Sound veloci-
ties varied by about 26 m/sec at the
surface, about 36 m/sec at 200 m, about
34 m/sec at 500 m, about 26 m/sec at
1000 m, and about 21 mfsec at 1500 m, ]
The eight sound velocity profiles never
merge, but split into two sets, each
set typical of conditions on one side
of the Polar Front. The first set
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(profiles 1, 18, 32, 42, 52, and 59)
fall on the warm side of the Polar
Front, the second set (profiles 61 and
65) on the cold side, The first set of
profiles does not show a logical pro-
gression up the 3F-3ZZ track, but does
show an overall sound velocity varia-
tion that is less than that observed
alcng the phase 1 and 1] baselines.

The second set of profilas displays a
progression toward lower sound veloci-
ties northeast of the Polar Front. The
bottom souud velocities for all pro-
files in the first set (except profile
1) were affected by NSOW (lower sound
velocities at the bottom}.

(U) The wide variety of sound velocity
profiles shown in Figure 55 is a good
indicator of the compiexity of sound
velocity structures throughout the
northeast Atlantic during summer,
Because of this complexity, propagation
patterns inferred along the four SQUARE
DEAL baselines should be considered
representative only for these tracks
and not for other regions of the exer-
cise arca. However, erratic spatial
variations in sound velocity and tampo-
ral variability induced by interna!
waves probably caused short-term
propagation anomalies throughout the
SQUARE DEAL Exercise area.

Vil. Meteorology (U)

(U) Surface meteorological data were
collected by most participating ships
during SQUARE DEAL. Meteorological
observatioans collected during the
exercise were analyzed to produce 6
hour averages of wind speed, predomi-
nant wind direction, wave height, and
swel! height within a 100 nm radius of
the two ACODAC sites during each exer-
cise phase, Surface weather charts
from the National Weather Service were
used s0 hindcast meteorological condi-
tions for those periods when observa-
tions were not available and to produce
storm track chaets for ecach exercise
phase.

A. Phase | (25 Jul-10 Aug) (U)

(C) Figure 43 shows major storm tracks
during phase |. Surface meteorological
conditions within 100 nm of the phase |
ACODAC sites are shown in Figure 44,
The first half of the meteorological
records at both ACODAC 1C and 2C is
based on hindcasted values. The fre-~
quency of lowpressure systems during
phase | was slightly greater than
normal. A moderate storm, with a
central pressure of approximately

995 millibars (mb), passed about 250 nm
west of ACODAC 1C at the beginning of
phase |. Southwesterly winds of 30 kn
and waves and swells to 8 ft briefly
occurred as this storm moved rapidly
north-ncrtheast. The strong pressure
gradient occurring after the storm
passed maintained generally westerly
winds of about 20 kn with waves and
swells from 4-6 ft for the next three
days. On 30-31 July, a weak storm
moving easterly at 25 kn passed about
200 nm north of ACODAC 1C and resulted
in moderate winds and seas. On 1 Aug-
ust, a weak storm on an easterly track
passed over the northern Maury Trough
along about 61°N, This storm, however,
did not have significant effects at
ACODAC 1C. During the first week of
operaticns, the ACODAC 2C site was not
appreciably affected by major storms,
and experienced light westerly winds
{averaging 12 kn) with waves of 3-4 ft
and swells of 5-6 ft.

(C) During the second week of phase |,
a deepening storm moved southeast from
Greerland and reached a position about
200 nm northeast of ACQDAC 1C by
0418002 August, The storm then moved
due east at about 15 kn. High seas and
swelils from this siorm caused the
premature termination of the WILKES SUS
run on 0422232 August. This severed
storm atta‘ned a central pressure of
985 mb at 0S00002 August, and markedly
affected both ACODAC sites. Westerly
winds reached 3N kn with 7-10 ft waves
and 10-15 ft swells at ACODAC 1C on 4-6
August, and at ACODAC 2C on 5-7 August.
After about twn 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
1C and 2C sites. On 8 August, ACODAC
2C had northwest winds of 30 kn with
8~-10 ft waves and 12-15 ft swells. On
9 August, winds at ACODAC 1C reached

25 kn from the southwest with 5-7 ft
waves and 8 ft swells., After a
dramatic reduction in winds and seas
following the passage of this storm, it
deepened and expanded rapidly northwest
of lreland, and caused increasing
southwesterly winds and rising seas
untif the completion of phase }.

(C) The 30 kn winds (Beaufort force

6-7) experienced at ACODAC 1C between

4 and 5 August probably caused higher
ambient noise intensities in the 250 Hz
band, at least for the shallower hydro-
phones. This storm also should have

had pronounced effects on ambient noise
intensities measured by WECO Survey
Array 1A, which was closer to the major
development of the storm (050000Z
August) than was ACODAC 1C (Fig. 43).
ACODAC 2C was not cperational during

the passage of the major phase | storm.
The southeast to northwest storm that
passed between the two ACODAC sites on

8 August probably had pronounced effects
on ambient noise intensities measured by
WECO Survey Array 1B and MABS | at point
1BA., Both sites should have experienced
wind speeds and surface conditions
similar to those at ACODAC 2C on 8 Augusi
(Fig. 44). During the passage of the
final phase it storm, ACODAC 2C again was
not operational.

B. Phase li (15-27 Aug) (U)

(C) Figure 45 shows major phase 11
storm tracks, and Figure 46 shows a
sutmary of meteorological conditions
within 100 om of the phase 11 ACODAC
sites. The first and last parts of the
ACODAC 2C record are based on hind-
casts. MHowever, the majority of the
ACODAC 2D record is based on measure-
ments made during the exercise. Most
of phase | was seasonally normal, and
no major storms passed close enough to
affect markedly either ACODAC or any
other phase Il acoustic receiver.
Surface meteorological conditions for
WECO Survey Arrays 2A and 2B, Moored
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Acoustic Buoy {MABS) ! at point 2AA,
and ANB 2BB probably were quite similar
to those at ACODAC 2D (Fig. 46).

(C) Between 14 and 16 August, a
moderate storm passed about 300 nm
northwest of the ACODACs, moving gener-
ally northeast. Between 18 and 20 Aug-
ust, a weak storm moved east to west
between the two ACODAC sites. The
central pressures of these two storms
did not drop below 1000 mb. In both
cases, west to northwest winds
Increased to 15-20 kn and caused
approximately 5 ft waves and swells of
5-8 ft. Between 22 and 24 August, two
separate moderate storms on south-to-
north paralte! tracks passed about

325 nm west of ACODAC 2C and about

450 nm west of ACODAC 2D. Winds
briefly increased to 20 kn from the
south and caused 5 ft waves. Swells of
about § ft persisted during the passage
of these storms at both sites. These
two storms combined and deepened
between lceland and Greenland, and
caused southerly winds of 15-20 kn,
approximately 5 ft waves, and slowly
increasing swells (5-7 ft) during the
remainder of phase 11 at both ACODAC
sites.

C. Phase iil {2-16 Sep) (U)

(C) Figure 47 shows major storm tracks
during phase t11. Surface meteorclog-
ical summaries within 100 nm of ACODACS
1C and 3D are shown in Figure 48. The
last parts of both records are hased on
hindcasts. During phase 111, the
advent of winter storm patterns caused
an increasing frequency and intensity
of storms. Both ACODAC sites were
affected by a S0% greater frequency of
storms than normally expected. The
phase conmenced with a2 moderate storm
(central pressure of 993 mb) that
passed northwest of both ACCDACS on a
southwest to northeast course. South-
westerly » iads of 18-23 kn, 6-7 f1
waves, and 10-12 ft swells affected
ACODAC 1C on 4-5 September and AGDAC
3D ¢~ %-6 September. After aboutl two
days of relative calm gnother moderate,
but weakening, storm apprcecached ACCDAC
1C from the southeast on 7 September.
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This storm diminished in the vicinity
of ACODAC 3D on 8 September. Winds
were near 20 kn from the northeast with
waves near 5 ft at both sites. ACODAC
1C, however, experienced higher swells
(about 10 ft) during this period.

(C) Between 10 and 12 September, a weak
storm moved south to north 300 nm west
of ACODAC 1C and resulted in southeast
winds of 15-20 kn, 4 ft waves, and 5 ft
swells. However, this storm had little
effect on the ACODAC 3D site. A mod-
erate storm that developed 200 nm north-
west of ACODAC 1C an 15 September
caused southerly winds of 20-25 kn,

6-8 ft waves, and 5-6,ft swells at both
sites before moving rapidly north
toward Greenland. On 16 September, a
severe storm passed midway between the
ACODAC 1C and 3D sites. This disturb-
ance moved northwest from about 450N,
150W (off the Iberian Peninsufa) during
the period 14-16 September, and devel-
oped a central pressure of 984 mb by
160000Z September. |In the exercise
area, the storm caused 30-40 kn winds
from the northwest at ACODAC 1C and
similar winds from the southeast at
ACODAC 3D, Both sites were affected by
the 12-15 ft waves and 10-13 ft swells
associated with this storm at the end
of phase Il1l, This final storm was the
most intense observed during SQUARE
DEAL and had stronger effects than the
major storm that occurred during the
second week of phase | (Fig. 44).

(C) The 30-40 kn winds (Beaufort force
7-8) at ACODAC 1C at the end of phase
11! theoretically shouid have had
prtonounced effects or ambient noise
intensities in the higher frequency
bands, at least for the shallower
hydrophones. These relatively high
winds may at feast partially explain
the increase in ambient noise inten-
sfties at this site on 15 September for
frequencies of 160, 200, and 250 Hz
(Maury Center for Ocean Science, 1974),
Such increases were observed in the
time-series plots of ambient noise
intensity at ACODAC 1C for all hydro-
phones except that at the bottom,
ACODAC 3D was not operational during
the last three days of phase 111,

64

Generally, the WECO Survey Array at
point 3A and MABS Il at point 3AA were
under the influence of the same weather
patterns as ACODAC 3D. However, both
these receivers ceased operations on

11 September., Based on the storm
tracks shown In Figure 47, the WECO
Survey Array 3Z site was not markedly
affected by major storms during phase
111 of the exercise.

Vill. Summary (U)

(C) From July through September 1973,
258 SV/STDs, 27 SVDs, 21 CV/STDs, and
1045 XBTs were collected in the north-
east Atlantic Ocean north of about 489N
as part of the SQUARE DEAL Exercise.

In addition, 2383 surface meteorolog-
ical observations and nearly 27,000 nm
of bathymetric tracks were collected by
participating ships. Sound velocity
profiles were calculated for all XBTs
using the equation of Wilson (1960) and
salinities measured during the exer-
cise. The total sound velocity data
base formed a roughly rectilinear grid
and was more complete and better dis-
tributed than that of any previous
LRAPP exercise. These data were more
than adequate to describe environmental
effects on acoustic propagation and
were sufficient for the following
analyses:

® Time-series analyses at several
reference points

¢ Average areal presentations of
selected sound velocity parameters

® Sound velocity cross sections along
four exercise baselines

Generally, sound velocities measured
directly agreed within 0.2~0.5 m/sec of
computed values.

(U) Sound velocity structures during
SQUARE DEAL were affected by three
major intrusive water masses: warm,
high salinity Mediterranean interme-
diate Water (MIW); cold, low salinity
Labrador Sea Water (LSW); and very
cold, low salinity Norwegian Sea
Overflow Water (NSOW). All three of
these water masses altered the basic
sound velocity structure associated
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with North Atlantic Central Water
(NACW) carried by the North Atlantic
and Irminger Currents. The interplay
of various water masses frequently
¢reated a bichanne! sound velocity
profile where the upper sound channel
(USC) axis was separated from the deep
sound channel (DSC) axis by an
intermediate~depth sound velocity
maximum. The intermediate velocity
maximum ejther coincided with the MIW
salinity maximum or corresponded to the
bottom of the North Atlantic Current.
This latter case was more conmon in the
SQUARE DEAL area. The USC axis general-
ly corresponded to the maximum depth of
summer warming.

(U) The relative concentrations of MIW,
LLSW, and NSOW had pronounced effects on
the depth and sound velocity at the DSC
axis throughout the exercise area., MIW
was the primary control in regions
where the deep axial depth was greater
than 1200 m and deep axial velocity was
greater than 1490 m/sec (southeast part
of the exercise area and the Rockall
Trough). LSW was the primary control
where deep axial depth was less than
900 m and deep axial velocity was less
than 1488 m/sec (western half of the
exercise area). However, in the
vicinity of the Faeroe-~lceland Ridge,
NSOW caused a DSC just above the bottom
with sound velocities that varied
between about 1460 and 1488 m/sec. In
the Maury Trough, NSOW caused a weak-
ening of the near-bottom positive
velocity gradient and even a reversal
of this gradient.,

(U) Mixing of NACW, MIW, and LSW
created a series of horizontal and
vertical fronts in the region west of
Porcupine Bank and southwest of the
Rockall Plateau that should have signif-
icantly affected underwater sound prop-
agation. This frontal zone generally
corresponds with the subsurface
position of the Subarctic Convergence
during summer (Rossov and Kislyakoyv,
1972). Surface frontal zones also were
found along the north wall of the North
Atlantic Current and over the Faeroe~
lceland Ridge. These latter frontal
zones generally correspond to the
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August position of the near-surface
front shown by Baranov (1972) and the
Polar Front, respectively. The Polar
Front extended to at least 1000 m
during the exercise, and separated the
warmer waters of the northeast Atlantic
from the colder waters of the Norwegian
Sea.

(C) Meteorological observations
collected during SQUARE DEAL were
combined with hindcasted values to
produce 6 hour averages of wind speed,
predominant wind direction, wave
height, and swell height within a

100 nm radius of the two ACODAC sites
during each of the three exercise
phases. In addition, track charts of
major storms were produced for each
exercise phase, During phase |, the
frequency of low pressure systems was
slightly greater than normal. A major
storm {central pressure of 985 mb)
caused 30 kn winds at point 1C on 4-5
August, and probably had pronounced
effects on ambient noise intensities
measured by ACODAC 1C and WECO Survey
Array TA. During phase 1|, no major
storms passed close enough to affect
markedly ACODAC 2C, ACODAC 2D, or any
other phase 1l acoustic receiver.
During phase 111, the advent of winter
storm patterns caused 50% more storms
than normal. In addition, the phase
11l storms were more intense than those
during phases | and !l. Wind speeds of
30-40 kn were experienced at ACODACs 1C
and 3D at the end of phase ||l during
the most intense storm of the exercise.,
Relatively high winds from this storm
may be at least partially responsible
for the increase in ambient noise
intensities at several frequencies
observed at ACODAC 1C on 15 September.
All other phase 1ll acoustic receivers
(tncluding ACODAC 3D) were nonopera-
tional during the passage of the final
exercise storm.

(C) Significant temporal variability in
sound velocity was detected throughout
the exercise area. This variability
was caused by internal waves with a
semidiurnal period (similar to that of
the tides) and by mixing of various
water masses., At point 1C {54952'N,
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29949'W), mixing of LCW and NACW and
internal wave action caused a 3.9 m/sec
variation in the sound velocity at the
DSC axis over aperiod of four days. At
point 2C (51°30'N, 19038'W), internal
waves and mixing between MIW and NACW
caused a 2.7 m/sec variation in the
sound velocity at the USC axis and a
3.1 m/sec variation in the sound veloc-
ity at the intermediate maximum in less
than two days. At point 2D (55013'N,
13033'W), temporal variability was
caused exclusively by internal waves,
and was less than 1.8 m/sec¢ throughout
the water column (except in the near-
surface layer).

(C) At point 3Z (63°10'N, 12°10'Ww),
NSOW boluses mixing with NACW over the
crest of the Faeroe-Ilceland Ridge
caused a 10.8 m/sec variation in near-
bottom sound velocity over less than
four days. This dramatic variation is
even greater than that observed along
the Subarciic Convergence during the
NORLANT-72 Exercise (Fenner and Bucca,
1974). At point 3ZZ (64028:N, 7040'W)
in the Norwegian Basin, temporal
variability at the DSC axis was only
1.5 m/sec, and was caused primarily by
internal waves.

(U) At the Porcupine Bank time-series
station {53000'N, 15930'W), internal
waves and mixing caused the disappear-
rance of bichanne! sound velocity
structures sometime between 11 and 20
August (between phases | and !l). This
basic c¢hange in sound velocity struc-
ture probably was initiated by the
migration of a cell of relatively cold,
low salinity water from the west. This
celf most likely contained upper-lobe
LSW (as defined by Bubnov, 1968), and
was similar to that observed 150 nm to
the west in July 1965 (Howe and Tait,
1967). Changes from a bichanne! to 2
single channe! struciure were also
observed at points 2C and 32Z. A:
other locations, temporal variabiliiy
produced significant changes in the
Ystrength®™ of the USC and in the width
of the DSC.
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(C) Significant temporal variability in
sound velocity was detected at the
following acoustic measurement
locations:

® ACODAC sites 1C, 2C, and 3D

® WECO Survey Array sites 2A, 2B, 3A,
and 32

® MABS sites 2AA and 3AA

® ANB site 2BB

At these and other acoustic receiver
sites, temporal variahility probably
had significant effects on acoustic
propagation and may have been partially
responsible for observed diurnal and
semidiurnal periods in spectral ambient
noise intensities. In addition, short-
term temporal variability probably
caused propagation anomalies throughout
the SQUARE DEAL area.

(C) The sonic layer was quite sporadic
during the exercise, owing to both
diurnal effects and the passage of
several storms. Generally, the sonic
layer was shallower in the southern
part of the excercise area and over the
Faeroe-~Iceland Ridge, but was never
deeper than 60 m. Throughout most of
the area, sonic layers occurred 20-80%
of the time, However, they occurred
greater than 80% of the time in a
broken band that was oriented along the
North Atlantic Current. Since all of
the acoustic frequencies used during
the exercise were lower than the
theoretical minimum that could
propagate within a 50 m sonic layer,
surface duct paths probhably were not a
significant factor in SQUARE DEAL
acoustic prepagation.

{U) AUSC and intermediate maximum were
not uniformly present throughout the
exercise area because of the variabil-
ity in oceanographic conditions and
bottom depths. Both parameters were
present greater than R0% of the time in
the castern half of the exercise area,
but were effectively absent west of
200-25%y. In addition, an intermediate
maximygm was ahsent over Porcupine Bark
and parts of the Faeroe Plateau and
Wyville-Thomyen Ridge due to topo-
graphic interference. Both features
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disappeared near the subsurface
position of the Subarctic Convergence
during summer (Rossov and Kislyakov,
1972). Both features were present only
20-80% of the time in the region duc
west of Porcupine Bank. Here, transi-
tory bichannel structures probably were
caused by a cel!l of upper-lobe LSW that
migrated into the area west of
Porcupine Bank sometime near the end of
phase 1,

(U) When present, the USC axis had an
average depth of about 100-250 m, and
was generally shallower over Porcupine
Bank and the Faeroe Plateau. Average
upper axial velocities varied between
about 14835 and 1501 m/sec, and were
generally greater in the south.
Standard deviations of these two
parameters were generally less than
50 m and 1.0 m/sec, respectively.
average depth of the intermediate
maximum varied between about 300 and
1100 m, and was greatest south of
Porcupine Bank and in the Rockall
Trough. Average sound velocities at
the intermediate maximum varied between
1487 and 1505 m/ses, and were greater
than 1500 m/sec south of Porcupine Bank
and in the Rockall Trough. Standard
deviations in the average depth and
sound velocity at the intermediate
maximum were generally less than 100 m
and 1.5 m/sec, respectively.

The

{C) According to Hanna (1969), a well-
developed USC can act as a sound
propagation path for sources within the
uppst channel. Based on Hanna's find-
ings and SQUARE DEAL data, it is safe
to assume that some USC propasaticon was
possible during the exercise in reglons
where the sound velocity at the inter-
mediate maximum or at the bottom
exceeded that at the USC axis by more
than 3 m/sec (i.e., waere the
Ustrength® of the USC was greater than
3 m/sec). Such regions occurred
throughout most of the eastern half of
the exercise area sxcept over the
shalliowest portions of Porcunine Bank,
tn the reglon due west of Porcupine
Bank, and over the Faeroc-lceland
Ridge. USC propagation apparently was
possible over Porcupine Bank, the
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Faeroe Plateau, and throughout Rockall
Trough.

(C) A DSC was present throughout the
exercise area except in the shallow
regions surrounding Rockall Trough and
the Faeroe Islands. The average depth
of the DSC axis varied from less than
100 m over the southern end of the
Reykjanes Ridge to more than 1600 m in
Rockal! Trough and south of Porcupine
Bank. Average deep axial velocity
varied from less than 1455 m/sec over
the Faeroe-Iceland Ridge to more than
1496 m/sec in the region south of
Porcupine Bank. The DSC probably was
the most efficient path for sound
propagation in the SQUARE DEAL area,
except over the Faeroe-Iceland Ridge
and the Rockall Plateau. The sub-
surface Subarctic Convergence and the
Polar Front compressed deep axial depth
and velocity isopleths and cdused
horizontal gradients at the axis of
0.2-0.4 m/sec/nm. In the northern
Rockall Trough, mixing between NACW,
MIW, and NSOW caused a horizontal
gradient at the DSC axis of nearly

0.5 m/sec/nm. Standard deviations in
average deep axial velocity were
similar to those for the USC and
intermediate velocity maximum, while
standard deviations in average deep
axial depth were greater and more
variable. This indicates that deep
axial depth was more sensitive to
snvironmental fluctuations than was
deep axial velocity,

(C) Average critical depths varied from
greater than 3400 m along abeut 47°N to
less than 1500 m over the southern end
of the Reykjanes Ridge and in the
region surrounding the Faeroe Islands.
Standard deviations in average critical
depth were generally less than 100 m,
except in the frontal zones along the
north wall of the Nort! Atianti:
Current. Convergence zone propagation
from a near-surface source probably was
possible in large regions of the West
European Basin and the Maury Trough
where the bottom was more than 400 m
detper than critical depth (depth
excess regions). However, the shallow
bathymetry of Porcupine Bank, the
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Scotland continental shelf, the Rockall
Plateau, the northern Rockall Trough,
and the Faeroe-lceland Ridge caused
substantial bottom-limited regions
(regions of depth difference). A well-
developed USC was present greater than
80% of the time in all bottom-1limited
regions except over the Faeroe-lceland
Ridge., Here, acoustic propagation was
confined to less reliable bottom bounce
paths.

(C) Oceanographic conditions along the
1E-3B track (West European Basin) were
quite variable owing to disparate inter-
mediate water masses at opposite ends
of the track. Surface sound velocities
varied from about 1513 m/sec at point
1E to about 1489 m/sec at point 3B. A
continous USC occurred along the first
270 nm of the track, but disappeared
crossing the North Atlantic Current.
The depth of the DSC varied between
1500 m at point 1E to less than 100 m
at point 3B. Deep axial velocities
varied from 1493 and 1476 m/sec between
these same points. Since the DSC was
uninterrupted, it probably was the most
effective propagation path between
points 1E and 3B, Depth excess was
greater than 400 m along the entire
track, and allowed for unimpeded
convergence zone propagation from a
near-surface source. However, the
region of intense mixing associated
with the North Atlantic Curren: prob-
ably had adverse effects on acoustic
propagation in the region between
ACODAC 1C and ACODAC 2C.

(C) Sound velocity structures along the
2L-2K track were quite complex, since
the track crossed the North Atlantic
Current several times and also crossed
the intense mixing zone due west of
Porcupin: Bank, Surface sound veloci-
ties varied from about 1516 m/sec at
point 2L to about 1502 m/sec at point
2FA. A USC occurred near point 2L,
around point 2C, and over the Rockall
Trough. In all three regions, the USC
was extremely wel! developed
("strengths" greater than 6 m/sec), and
probably acted as a supplementary sound
transmission path for sources within
the upper channel. Along the entire
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track, the depth and sound velocity at
the DSC axis were quite erratic, vary-
ing from 700 to 1700 m and from 1485 to
1496 m/sec, respectively. Maximum
values for both parameters occurred
near point 2K at the base of the
Scotland continental shelf., Over most
of the track, the DSC was uninterrupted
and probably acted as the most effec—
tive sound propagation path. Over the
Rockall Trough, depth excess was not
adequte for convergence zone formation
considering a near-surface source.
Here, sound propagation was confined to
USC and bottom bounce paths. All modes
of acoustic propagation probably were
degraded by the intense mixing that
occurred due west of Porcupine Bank
(between the ACODAC 2C and 2D sites).

(C) Except over Rockall Trough, the
2BB-3AB track was bottom-limited by the
shallow topography of the Rockall
Plateau. The Rockall Plateau extended
above the DSC axis and even into the
USC. However, a well developed USC
("strengths" greater than 4 m/sec)
occurred over most of the track.
USC apparent!y acted as a reliable
acoustic path as indicated by the rela-
tively low propagation losses observed
by ANB 28B for the KINGSPORT CW tow
{event 13a}., This is significant,
since Rockall Bank was onlty 400 m below
the surface at mid-range. OSC propaga-
tion was possible only over the deeper
parts of Rockall Trough.

This

(C) Oceanographic conditions along the
3F-322 track were more complex and
variable than those along any other
SQUARE DEAL baseline due to the wide
variety of surface and intermediate
water masses. Surface sound velocities
varied between 1508 m/sec at point 3F
and 1482 m/sec at point 3ZZ, but were
between 1495 and 1498 m/sec along most
of the track. A USC occurred over most
of Maury Trough, and was well-developed
("strengths" of 3-5 m/sec) between
points 3D and 3Z. Inr the Maury Trough,
the USC probably acted as a supplemen-
tary sound propagation path for sources
focated there. Both the depth and sound
velocity at the DSC were extremely
variable and erratic along the entire
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tracks Deep axial depth varied between
about 130 and 1150 m and deep axial
velocity varied between about 1489 and
1457 m/sec. Southwest of point 3Z, the
Faeroe-lceland Ridge extended into the
DSC and the DSC axis coincided with the
near-bottom NSOW core. However, over
most of the track, the DSC was uninter-
rupted and probably acted as the most
refiable acoustic path. Depth excess
was greater than 400 m over much of the
track, and was adequate for convergence
zone formation for a near-surface source.
However, the shallow topography of the
Faeroe—lceland Ridge and the intense
Polar Front precluded significant sound
transmission between points 3D and 3ZZ.
In addition, all modes of propagation
probably were dagraded by the oceano-
graphic mixing associated with the
Irminger Current between the ACCDAC 1C
and 3D sites.

(C) Near point 3D, sound velocity
structures were extremely complex
throughout the water column. Near-
bottom variability may bave caused the
extreme fluctuations In ambient noise
intensity observed at ACODAC 3D. The
unusually high ambient noise levels
recorded by the bottom hydrephone at
ACODAC 3D might be explained by turbid-~
ity and strong bottom currents that
have been associated with NSOW boluses
in Maury Trough (Cherkis et al., 1973).

(U) Sound velocity variations along the
3F-3Z2 track were more extreme than
those found along any other SQUARE DEAL
baseline. Sound velocities varied by
about 26 m/sec at the surface, 34 m/sec
at 500 m, 26 m/sec at 1000 m, and

21 m/sec at 1500 m. Mvch of this varia-
tion was caused by the intense Polar
Front that lay just northeast of point
32 during phase 1l of the exercise.
Along the southern fianks of the Faeroe-
lceland Ridge (southwest of point 3Z),
the depth of the DSC axis decreased

from 1150 to 320 m {gradient of about
8.8 m/am) and deep axial velocity
decreased from 1484.6 to 1456,.8 m/sec
{gradient of about 0.3 m/sec/im}.

Across the Polar Front itself the

soynd velocity at the DSC axis

decreased by 13.2 m/sec over a distance

of 36 nm (gradient of nearly

0.4 m/sec/nm), nearly double that found
south of Davis Strait during the
NORLANT-72 Exercise (Fenner and Bucca,
1974). In this came region, NSOW
caused a variation in deep axial
velocity of 10.8 m/sec over a period of
less than four days (point 3Z time-
series station). These dramatic varia-
tions at the DSC axis indicate that
sound velocity structures along the
crest of the Faerce-lceland Ridge are
more complex and variable than those
found during any pirevious LRAPP
exzrcise,
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Appendix A: Temperature-Salinity-Sound Velocity Relations
at Selected SQUARE DEAL Reference Points (U)

(U) This appendix contains temperature,
salinity, and sound velocity profiles
along with T-S diagrams for 13 selected
SQUARE DEAL reference points, tncluding
the two occupations of the Porcupine
Bank time-series station. Locations of
the various reference points are shown
in Figure 6. All data used in construc-
ting Figures 49-61 were collected

during the exercise.,

(U) At point 1C (Fig. 49), Labrador Sea
Water (LSW) was the predominant water
mass throughout the water column. This
water mass caused a shallow, low veloc-
ity deep sound channel (DSC) just above
the depth of the salinity minimum for
the upper LSW lobe. The lower LSW lobe
(1600 m) did not appreciably affect the
positive velocity gradient below the
DSC axis.

(U) At point 1E (Fig. 50), the inter-
play of various water masses created a
bichannel sound velocity profile, where
the upper sound channe! (USC) was
separated from the DSC by an intermediate-
depth sound velocity maximum that coin-
cided with the Mediterranean Intermediate
Water (MIW) salinity maximum. The USC
axis occyrred at the maximum depth of
summer warming, and various secondary

T-S maxima in the MIW core caused sound
velocity perturbations above the DSC
axis. The DSC axis at point 1E was von-
siderably deeper and of higher velocity
than that at paint 1C, due to the
prescnce of MIW. The 56% unmixed MIW
concentration at point 1E was the

highest found at any SQUARE DEAL
reference point. The single lobe of LSW
at about 1760 m was too diluted by mixing
and occurred too deep in the water column
to affect sound velocity structures at
point 1E,

(U) At points 2C, 2D, 2F, and 2L (Figs.

$1, 52, 53, and 54, respectively), the
overall sound velocity structure was

7%

LT SO WP RE

quite similar to that at point 1E with
one notable exception: the interme-
diate sound velocity maximum lay at
depths well above those of the MIW
salinity maximum. At these sites, the
intermediate sound velocity maximum
apparently corresponded to the maximum
depth of winter cooling and roughly
coincided with the bottom of the North
Atlantic Current, This situation
applied throughout much of the SQUARE
DEAL area. At points 2D and 2F

(Figs. 52 and 53), the USC was
particularly well-deveioped, and the
sound velocity at the intermediate
maximum was more than 6 mfsec greater
than that at the USC axis. In
addition, Norwegian Sea Overflow Water
({NSOW) was present at point 2F just
above the bottom. This water mass
emanated from the north across the
Wyvi!le-Thomson Ridge (Eliet and
Roberts, 1973) and caused lower sound
velocities in the near-bottom layer
throughout Rockal! Trough.

{U) At point 38 (Fig. 55), LSW was the
predominant water mass, and the sound
velocity structure was similar to that
at point 1C (Fig. 49), However, both
LSW lobes at point 3B lay higher in the
water column duec to the proximity of
the Reykjanes Ridge., The lower LSW
iobe cauced a deflection in the sound
velocity profile at about 10GO m depth.
Both MIW and NSOW were present at point
38, but neither water mass affected the
positive sound velocity gradient below
the DSC axis.

(U) At point 3D (Fig. 56), the sound
velocity profile was basically iso-~
velocity between about 100 and 1000 m,
The sound velocity at the USC axis was
less than that at the DSC axis, and the
intermediate maximum [zy only 100 m
above deep axial depth, This type of
sound velocity prefile was common
throughout northern Maury Trough aad

CCNFIDENTIAL

ientieaininasiininltad s iirie i ik

A s



CONFIDENTIAL

DEPTH (MX100)

SOUND VELOCITY({M/SEC)

1440 1450 1460 1470 1480 1490 I500 (510 1520
TEMPERATURE (*C)
-4 -2 ) 2 4 8 10 12
o 4 1 L ] ! .
| CET— R ahiini
- i - C — SALINITY { %ee}
IDEEP SOUND 344 35H 354
T TCHANNEL AXIS (T o T 14 —r—7T1 = ]
— l ! _ P | ? aa
. i :) PY¥R, XY
| ~ -
-l e L
1 3 % "P ’90
© 12T Sz,
- — « L <oz r YR
[
[~ =1 - - 400 Y_«eocc
w <200
- C— I‘ . - L L weo
- I - o L__L_J..._L_J__
; \‘ CRITICAL
20+ a * CEPTH SOURCE: KANE SV/STD 65
L | { 54°54°'N,28%48'W
: l‘ 8 SEP 1973
: _ / | R
; ' ;
I N | \ j
- : I S‘J—\ -
: | wsseQ) \
30 T{*C) st AFS(% o ]
- . CORRECTED _
; BOTTOM DEPTH
34 l | R | 1 1l 1 1
340 M2 344 346 348 350 332 354 356

SALINITY (%)

LEGEND C:DEPTH OF LABRADOR SEA W2ATER (LSW)
SALINITY MINIMUM

CONFIDENTIAL
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{U) Figure 52. Temperature-Salinity-Sound Velocity Profiles and 1-5 Diagram at Point 2F
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{U) Figure 54. Tempaerature-Salinity-Sound Velocity Profiles and T-§ Diagram at Point 2L
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(U) Figure 55. Temperature-Salinity-Sound Velucity Profiles and T-S Diagram ot Point 38
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(U) Figure 56. Temperature-Salinity-Sound Velocity Profiles and T-§ Diagram at Point 3D
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was caused by mixing of MIW with North
Atlantic Central Water carried by the
Irminger Current, Two LSW lobes occur-
red at point 3D, both below the DSC
axis. In the near-bottom layer, very
cold, low salinity NSOW descending into
the Maury Trough from the north caused
a smal] sound channe!l just above the
bottom. Throughout the Maury Trough,
NSOW caused a weakening of the near-
bottom positive velocity gradient and
resulted in lower sound velocities than
those found in either Rockall T-ough or
the West European Basin. Similar near-
bottom sound velocity structures have
been observed west of the Reykjanes
Ridge in the lrminger Sea by Guthrie
(1964).

(U) At point 3F (Fig. 57), the sound
velocity structure was somewhat dif-
ferent from that found throughout most
of the exercise area. Although LSW was
present at point 3F, it did not result
in as shallow or low velocity a DSC
axis as would be expected for a
location west of the Mid-Atlantic
Ridge. This was due to both the
presence of MIW and the proximity of
point 3F to the North Atlantic Current
(Figs 6).

(U) Figure 58 demonstrates oceanogra-
phic conditions ajiong the crest of the
Faeroe lceland Ridge, and is typical of
conditions farther west at point 3Z,
Here, the minimum sound velocity in the
water column occurred at the bottom and
coincided with the depth of the NSOW
core. Along the southern flanks of the
Faeroe-lceland Ridge (i.e., between
points 3D and 32), ‘thc 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 tower than those at the
same depth south of the Faeroe-lceland
Ridge. This large difference indicates
that points 3D and 3ZZ were separated
by an intense frontal zone (Polar
Front) that extend~d to depths greater
than 1000 m. During SQUARE DEAL, point
3Z lay just south of the meandering
Polar Front (Fig. 6).

80

(U} Two temperature-salinity-sound
velocity comparisons are presented for
the Porcupine Bank time-series station,
one for phase | (Fig. 60) and one for
phase |l (Fige. 61). The phase |
station was occupled about 9 days prior
to the phase Il station. Both figures
show the presence of MIW at depths
between 750 and 800 m and LSW at depths
between 1600 and 1750 m. However, the
weak USC present during phase | was
repiaced by intense sound velocity
perturbations during phase !l. |In
addition, the DSC axis was nearly 200 m
deeper in the water column during phase
I than during phase {l. Such variabil-
ity was caused by internal waves, the
passage of MIW boluses, and the migra-
tion of a LSW cell into the region west
of Porcupine Bank between phases | and
Il. Tihe T-S diagram in Figure 61 shows
several T-S perturbations between
depths of about 400 and 1000 m that
were caused by mixing between MIW and
the upper LSW lobe. Such mixing would
be expected throughout the southern
part of Rockall Trough.
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{U) Figure 57. Temperature-Sulinity-Sound Velocity Profiles and T-S Diagram at Point 3F
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(V) Figure 58. Temperature-Salinity-Sound Velocity Profiles and 1.5 Diogrom on Faeroe-lceland Ridge Near Point 32
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(U) Figure 59. Temperature-Solinity-Sound Velocity Profiles and 1-5 Diagrom at Point 322

. CONFIDENTIAL




CONFIDENTIAL

SOUND VELOCITY {M/SEC)
1460 1470 1480 1480 1500 I510 1520 K330 1540
TEMPERATURE (*C}

o 2 4 6 e 10 12 14 16
0 } — L # 3
UPPER SOUND ___ > | oo
~  CHANNEL AXIS P ; LA SALINITY (%)
| _ s 346 350 354 358
— - INTERMEDIATE == _§ - 7 ¢ * w1 VT T
MAXIMUM e rat B ]
- e 8 T |
S Y Ty e — - b
' H -— o,
i . |5 7
10 |- ; . ; ! 4 ¢ ;_w -
- . DEEP_SOUND =~ .
g b - ST onaNNEL AXis . . - W L e
- / ! ! o) ey ) 99
: O 4 &oF  nEE
o | S g 5,00
xr b ‘p- . - s L. A.“:;_ A —
E ¢y ¢y —C ; 3 I
w - ! —t W — ’“004 -
¢ N e B e
0 0 A : B Bk %4 7]
- ' | * : - - 107 . 4
. \ MAXIMUM DEPTH 1P % Miwar a
a R -\ OF OBSERVATION  — ol—L
o s 4
- * CRITICAL DEPTH < SQURCE: SARDS SV/STD 20
L. ) . . SV .CORRECTED . 53°00 N, I5°20'W
(M/SEC)\ _BOTTON DEPTM i1 AUG 1973
30 Lt 1 1
344 346 343 380 352 354 356 358 360

SALINITY (*%e)
LEGEND A* DEPTH OF MEDITERRANEAN INTERMEDIATE
WATER (MIW) SALINITY MAXIMUM

B+ BOTTOM OF NORTh ATLANYIC CENTRAL
WATER (NACW) LAYER

C=0EPTH OF LABRADOR SEA WATER (LSW)
SALINITY MINIMUM

NOTE ALL SALINITIES CORRECTED BY SUBTRACTING
Ol %

UNCLASSIFIED

(U} Figure 60. Temparature-Salinity-Sound Velocity Profiles and 1-5 Diagram O Porcupine Bonk (Phose 1)
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(U} Figure 81. Temparature-Salini y-“cund Velocity Profiles and 1.5 Diagram Off Porcupine Bank {Phase 1)
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Appendix B: Data Identification Tables (U)

SV/STD

REFERENCE OR SV DATE TIME LAT LONG
POINT OBSERVATION {1973} (GMT)  Phase  (ON) (oW)
TA/T1AA Wit 5 Aug 2231 ! 540491 250211
AR B8 12 Aug 2045 f 54054 24057

1C KN S 4 Aug 1300 ! 54054 280531
KN 65 8 Sep 0316 it 54054 28048

1€ SO 1 1 Aug 1530 1 460181 140511
KN 32 18 Aug 0900 [} 49034 14032

2A[2AA AR 10 16 Aug 1040 It 56009 13058!
AR 17 26 Aug 0850 1 56%49 13059¢

28A/288 AR 9 14 Aug 1330 1 54916 13012
SO 34 17 Aug 1029 11 53056 12956

AR 16 25 Aug 1600 1l 54018 13003

¢l zCA SO 5 3 Aug 1000 I 51020 19039
wl 39 22 Aug 2100 it 51247 19008

22 $D 30 16 aug 0050 [ 55011 13032
3D S0(u) 23 Aug 2310 b 55914 13028

2FAL3Q8 AR 1) 22 Aug 1710 [} $603a¢" 10945
LY 16 29 Aug 0430 bl $6°31 10014

Wi 43 31 Avg 2014 1t 5604y 116G

JA/IAA LY & 26 Aug 1808 it s$9007! 13235
KN 57 4 S2p 0618 [RE] $9007¢ 18937

AR TiRAE) i$ Sep 1300 . 59207 PRC0E!

1a% KN $8 4 Sep 1511 1El 60923’ 19°0s?
SO Y8 10 Sep ag32 1R 8Go2T! 19308

IF Wl 4 £ Aug 1781 I $1908" 33018
AN 29 9 Sep 3339 11t $19¢%° 3193

3 AR 18 1 aep 1510 11! 83911 1ot
AR 2T{u} 1} Sep 0848 11} 63714 NS

382 5D 39 $ Sep 084} 111 e40281 o
W S{RALY} 18 Sep 2247 - 64°28" 7947

Porcypine D 17 I Ayg Fg0d t LI%8E 15214
Zank A LAY M Aeg 1529 1 $3%0 154932

NOTES . {0} ndicaten ypaast, all other Jdata from Jdowncaviv.

® (RAL')} indicates data from the Ridge Acsusiics Erergive.

CONFIDENTIAL

(U] Toble 2. identrxgton of Temporal Sound Velocty Compo::son Davo
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e s ot e .,

DATE TIME LAT LONG
PROFILE OBSERVATION (1973) {GMT) (ON) {oW)
1 AR XBT 1 5 Aug 2030 540551 29003! - -
2 AR XBT 2 6 Aug 0415 540551 28941 '
3 AR XBT 3 6 Aug 0800 540541 28037
4 AR SVD 1{0J) 6 Aug 1342 540521 280371
5 AR XBT $§ 6 Aug 2000 54051 28027!
6 AR SVD 2{D) 7 Aug 0035 540481 28018! ‘
7 AR XBT 6 7 Aug 0300 54046 28015! -
8 AR XBT 7 7 Aug 9800 54045 28009!
9 AR SVD 3(D) 7 Aug 1445 54041 28029
10 AR XBT 9 7 Aug 2000 54949 28926
1N AR SVD 4(D) 8 Aug 0050 54054 28042}
12 AR XBT 11 8 Aug 0400 54053 28940
13 AR SVD 5(D) 8 Aug 1232 540511 28936
14 KP XBT 32 9 Aug 0400 540573 29008
15 KP XBT 34 9 Aug 0800 54053 28024!
16 KN SV/STD 5(D) S Aug 133. 54053 28053!
[ 17 KN XBT 51 9 Aug 161Q 54053 280521
.
NOTES: ® All SVD and SV/STD times are means of tetal elapsed cast time.
¢ (D) indicates downcast.
® Nominal position of Point 1C is 54052'N, 28049'Ww,
CONFIDENTIAL
| 5 (V) Tcble 3. ldentificotion of Dala Used in Phose | Time-Series Study ot Point 1C
DATE TIME LAT LONG
PROFILE OBSERVATION (1973) {GMT) C{ON) [ W)
4 1 W1 SV/sTD 38(D) 22 Aug 1038 51012t 20000 4
2 OL XBY 9 22 Ayg 1500 s1014 20000 i
3 oL XBY 10 22 Aug 1800 5103%! 1993%!
4 KP XBT 133 22 Aug 2000 51940 1904 ¢!
] KP XBT 134 22 Avg 2200 ste 19028
* 3 CH XBT 29 23 Aug 0230 510411 200!
7 CH SVICTD 14({D) 23 Aug 0530 519311 2¢°09!
8 CH SV CTD 14(U) 23 Aug 0656 51934 20989
9 4 XBT 30 22 Aug 0900 §L032¢ 20708
10 CH XBT 23 Aug 16Q0 51923 19042
1" CH SV/CID 16(D) 24 Aug 0740 $1¢26¢ 19033
-

-

NOTES: & Af) SVISTD and SV/CYD times are means of total elapsed Cast time.
¢ {U) indicates upcast, (D) inrdicates down.ast.
® Neninal position of Point 2C is S1P30'N, 15635'Ww,
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SANDS DATE TIME LAT LONG
PROFILE __ OBSERVATION (1973} (GMT) (°N) ow)
1 SV/STD 41(D) 22 Aug 0415 55011'  13030!
2 SV/STD 41(U) 22 Aug 0545 550111 13030"
2 SV/STD 42(D) 22 Aug 0900 550141 139311
4 SV/STD 42(U) 22 Aug 1030 550141 1303711
5 SV/STD 43(D) 22 Aug 1402 550141 130341
6 SV/STD 43(U) 22 Aug 1547 550141 130341
7 SV/STD 44(D) 22 Aug 1856 55016! 13036
8 XBT 102 22 Aug 2055 55016'  13035!
9 SV/STD 45(D) 22 Aug 2351 55013'  13034!
10 SV/STD 45(U) 23 Aug 0013 55013t 130341
1 SV/STD 46(D) 23 Aug 0422 550141 130341
12 SV/STD 46(U) 23 Aug 0557 55014% 130341
13 SV/STD 47(D) 23 Avg 0970 550151 130331
14 SV/STD 47(U) 23 Aug 1015 550151 130331
15 SV/STD 48(D} 23 Aug 1355 559120 13032
16 SV/STD 48(U) 23 Aug 1519 550120 130321
17 $Y/STG 49(D) 23 Aug 1843 550131 1392¢¢
18 SV/STD 49(Li) 23 Aug 2006 550131 130291
19 SV/STD 50(D) 23 Avg 2242 55914t 13028"
20 SV/STD 50(U) 23 Aug 2337 550141 13228"

NOTES: ® Afl SV/STD times are means of tctal 2lapsed cast tims,
® (U) indicates upcast, (D) indicates downcast,
¢ Nominal position of Point 2D is 55013'N, 13033'w,
CONFIDENTIAL
(U} Tabls 5. Identification of Dato Used in Phase i Time-Series Study at Point 2D

DATE TIME LAT LONG

PROFILE  OBSERVATION (1973) (GMT) (ON) ( Ow)
1 AR XBT 32 22 Aug 1720 56938' 10044
2 AR SVD 11(U) 22 Aug 1534 56038¢ 100451
3 AR SVD 12(D) 23 Aug 0700 560351  10045!
4 AR SVD 13(D) 23 Aeg 1830 560381 10945!
5 OL XBT 23 23 Aug 2200 56926 11908
6 oL XBY 24 24 Aug 0000 §6946% 10927
7 AR S\D 14(D) 24 Aug 0640 S60381  10945!
8 KP XBT 156 24 Aug 1600 $60341  10054"
9 AR SVD 15(D) 24 Aug 1836 $6938% 10943

NOTES: ® All 5VO times ara means of totai elapsed cast time,
$ {U) indicates upcast, (D) indicates downiast.
* Nominal position of Point 2FA is $6938'N, 10045'w

CONFIDENTIAL
(U) Tobie & tdentiticatror of Dasc Uted in Phase Il Tuve-Series Siudy nt Poin 2FA
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DATE TIME LAT LONG
PROFILE __ OBSERVATION 1973) (GMT)  (°N) (oW)
1 AR XBT 53 7 Sep 1200 630135!  11059!
2 AR SVD 18(Dj 7 3ep 1547 63011 120211
3 AR SVD 18(U) 7 Sep 1707 630111 120211
4 SD XBT 147 7 Sep 1957 63010' 110561
5 SD SV/STD 74(D) 7 sep 2133 63004! 12018!
6 AR SVD 19(D) 8 Sep 0032 630111  12015!
7 AR SVD 20(D) 9 Sep 0415 63016} 12018!
8 AR XBT 54A 9 Sep 0505 63017t 12018!
9 KP XBT 265 9 Sep 1200 63°10'  12000!
10 AR SVD 21(U) 9 Sep 1250 63°19' 120251
1 AR XBT 55§ 9 Sep 1555 630141 120321
12 AR XBT 57 9 Sep 2105 63021 120111
13 AR SVD 22(D) N Sep 6040 63¢16! 120211
14 AR XBT 60 10 Sep  081C 63016! 12018"
15 AR SVD 23(D) 10 Sep 1216 630171 12016!
16 AR XBT 61 10 "ep 605 63916 12020
17 Ak XBT 62 10 Sep 2000 63016 120211
18 AR SVD 24(D) 11 Sep 0022 63016! 12019!
19 AR XBT 63 11 Sep 0115 63016: 120191
20 AR XBT 64 11 Sep D400 63015! 12018¢

NOTES: @® All SWD and SV/STD times are mecaus of total elapsed cas: tims,
9 (U) indicates upcast, (D) indi.a:es downcast.
® Nominal position of Point 3Z is 630%0'N, '2010'W

CONFIGENTIAL
(U) Table 7. Identification of Data Us ad 1 Phesa it Time-Series Study at Peint 37
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SANDS SV/STD DATE TIME LAT LONG
PROFILE OBSERVAT ION (1973) (GMT) (°N) 1 0w)
1 61(D) 5 Sep 2047 64927 70411
2 61(U) 5 Sep 2158 64026 7041
3 62(D) 5 Sep 2317 64926 " 7040
4 62(U) 6 Sep 0025 64926 7040"
5 63 (D) 6 Sep 0132 64926 7040
6 63(U) 6 Sep 0311 64926 70411
7 64 (D) 6 Sep 0508 64925 Y
8 64(U) 6 Sep 0641 6490251 7944
9 65(D) 6 Sep 0810 64931 70361
10 65(U) 6 Sep 0941 640311 70351
1 66 (D) 6 Sep 1104 649281 7040"
12 66 (U) 6 Sep 1209 640281 7040
13 67(D) 6 Sep 1305 64928 70391
14 67(U} 6 Sep 1414 640281 79391
15 68 (D) 6 Sep 1527 64027 7039"
16 68(U) 6 Sep 1633 64°27" 7039!
17 69 (D) 6 Sep 1739 64927" 10391
18 69{U) 6 Sep 1844 640271 70271
19 70(D) 6 Sep 1942 64027 70371
20 70(U) 6 Sep 2041 64028 70381
21 7{0) 6 Sep 2152 64928 7038!
22 7H{W) 6 Sep 2310 64038 70381

NOTES: ¢ All SV/STD times are means of total elapsed cast time.
% {U) indicates upcast, (D) indicates downcast.
¢ Nominal position of Point 3ZZ is 640928'N, 7040w,

CONFIDENTIAL

{U) Yable 8. identitication ¢i Saw. L3zd in Prose Il Tima.Sasios Study ot Point 322
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SANDS DATE TIME LAT LONG

PROFILE  OBSERVATION (1973) (GMT) (ON) { °w)
1 SV/STD 17(D) 10 Aug 1045 52058! 150341
2 SV/STD 17(U) 10 Aug 1215 52058 150341
3 XBT 43 10 Aug 1325 520581 15034
4 SV/STD 18(D) 10 Aug 1505 520581 15034
5 SV/STD 19(D) 10 Aug 2222 520591 15019
6 SV/STD 19(U) 10 Aug 2355 520591 15020!
7 SV/STD 20(D) 11 Aug 0320 53000 15020!
8 SV/STD 20(U) 11 Aug 0430 53000" 1507 -
9 SV/STD 21(D) 11 Aug 0729 53002 15023
10 SV/STD 21(U) 11 Aug 0911 53002 15023
n SV/STD 22(D) 11 Aug 1151 53002! 15020
12 SV/STD 22(U) 11 Aug 1313 53002! 15920!
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! 150311

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

CONFIDENTIAL
(U) Table 9. identification of Data Used in hase | Porcupine Bank Time-Series Study

KANE DATE TIME LAT LONG
PROFILE OBSERVAT ION (1273) (GMT) {ON) {OW)
1 SV/STD 37(D) 20 Aug 0934 53%00! 15930
2 SV/STD 37 (U) 29 Aug 1115 53000 150311
3 SV/STD 38(D) 20 Aug 1326 53000 15031
4 SV/STD 38 (U) 30 Aug 14350 53000° 15033
5 SV/STD 39 (D) 20 Aug 1643 53000 15033
6 SV/{STD 39 (u) 20 Aug 1823 53902! 15934
7 SV/STD 40 (D) 20 Aug 2026 5301 15028
8 XBT 128 20 Aug 2140 53%00! 15930!
9 SV/STD 40 (U) 20 Aug 2222 5301 15029
10 SV/STD 41 (B) M Aug 00453 53%02' 15027
11 XB8T 129 21 Aug 0128 53903 15028
12 SV/STD 41 (U) 21 Aug 0222 $3%2" 15029¢
13 SV/STD 42 (D) 21 Aug 0522 $3°03" 15029
14 X87 130 21 Aug 0613 53002 150291
15 SV/STD 42 (U) 21 Aug 0706 $3%04! 15932¢
16 SV/STD 43 (D) 21 Aug 1026 s$30011 15429
17 SV/STD 45 (U) 21 Aug 1270 53902 150231
18 SV/STD 44 (D) 21 Aug 1459 53°%00! 15030°
19 SV/ISID 44 {U) 11 Auyg 160 53%02¢ 15032
NOVES SV/STD times ate means of total elapsed cast tim:,

® Al
® (U) indicates upcasrt, (D) indicates downcast.

CONFICENTIAL
{U, Toble 10. identificahon of Daio Usesd in Phose tl Porcupine Bank Tine. Series Srudy
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DATE TIME LAT LONG
PROF ILE OBSERVATION (1273) (GMT) {ON) ~ (SW)
1 SD SV/S1D 1 T Aug 1530 49018 14051
2 SD XBT 3 1 Aug 2335 49033 " 150321
3 SD SV/STD 2 2 Aug 0255 49047 16001
4 Wl XBT § 2 Aug 1100 4905711 16911
5 SD XBT 5§ 2 Aug 0912 50014 16945
6 $I/SV S 3 2 Aug 1205 50022 17016
7 SD XBT 9 2 Aug 1815 50040 170491
8 SD SV/STD -« 2 Aug 2145 50056 180231
9 Wi XBT 10 2 Aux 2100 51908 18946
10 SD XEBT 11 3 Aug 0345 51018 189591
11 Wi XBT 11 2 Aug 2300 51021 19020
12 SD SV/STD 5 3 Aug 1000 51028 19039
13 Wi XBT 13 3 Aug 0100 51035 19053
14 SD XBT 13 3 Aug 1555 510431 20030
15 Wi XBT 14 3 Aug 0300 51048 20026
16 SD SV/STD 6 3 Aug 2130 51056 20035
17 Wl XBT 15 3 Aug 0500 52002 20058
18 KN XBT 11 2 Aug 1800 52012 21004!
19 W! XBT 16 3 Aug 0705 52017 21029
20 SD SV/STD 7 4 Aug 1355 52024 21056
21 SD XBT 17 4 Aug 1934 52036 22022
22 KN SV/STD 1 2 Aug 2302 52042 22036
23 SD Sv/STD 8 4 Aug 2350 320541 22058
24 KN XBT 14 3 Aug 0436 52058 23016
25 Wi XBT 20 3 Aug 1500 53006 23033
26 KN SV/S.D 2 3 Aug 0800 53016 24002!
27 KN XBT 17 3 Aug 1345 530311 24048
28 Wi XBT 23 3 Aug 2100 53041 25010
} KN SV/STD 3 3 Aug 1729 53050 25035:¢
30 ‘KN XBT 19 3 Aug 2303 54006 26922!
k3 Wi XBT 26 4 Aug 0300 54016 26°52!
32 KN SV/STD 4 4 Aug 0247 540231 270120
33 Wl XBT 27 4 Aug 0500 54027 27027
34 KN XBT 21 4 Aug 0815 54737 27059
35 wi XBT 29 4 Aug 0300 54949 28936
36 XN SV/STD § 4 Aug 1300 54954 28953
37 Wt XBT 33 4 Aug 1100 54058 290071
38 KN XBT 26 4 Aug 1908 §5¢08! 29930
39 KN SV/STD 6 4 Aug 2309 55016 30006
40 KN X3T 3% 5 Aug 0524 55026 30950"
41 XN SV/STD 7 5 swug 09zt 55038 31026
42 Wi XBY 40 5 Avg 0000 55047 31052¢
43 KN XBT 34 5 Aug 1517 550491 32006
44 KN SVI5TD 8 5 Aug 1832 55059 32047
F1 KN XBT 37 6 Aug  003C 560091 33028
NOTE: At} SV/S5TD oliservatiang are downcasts.
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DATE TIME LAT LONG
PROFILE OBSERVATION (1973) (GMT) (ON) _ (W)

1 Wi SV/STD 33 20 Aug 0715 48009 23057

2 Wl XBT 129 20 Aug 1325 48027! 23040!

3 Wl SV/STD 34 20 Aug 1740 48047 23016
4 Wi XBT 131 20 Aug 2300 49006 22052

5 Wl SV/STD 35 21 Aug 0355 490221 22026
6 OL XBT 4 22 Aug 0600 49035 22018¢

7 Wl XBT 133 21 Aug 1032 490438 22000

8 Wi SV/STD 36 21 Aug 1406 500011 21942
9 Wl XBT 135 21 Aug 1924 50023 21018!
10 OL XBT 7 22 Aug 1200 50029 210054
1 Wi SV/STD 37 22 Aug 0006 50037 20054
12 Wi XBT 139 22 Aug 0600 50055 20027
13 Wl SV/STD 38 22 Aug 1008 51012 20001!
14 CH XBT 31 23 Aug 1600 51023: 19042!
15 OL XBT 10 22 Aug 1800 51035! 190281
16 Wi SV/STD 39 22 Aug 2100 51047 19008
17 OL XBT 10A 22 Aug 2000 51058! 18055
18 Wi XBT 143 23 Aug 0315 52003! 18040
19 Wi SV/STD 40 23 Aug 0704 520251 1go18!
20 Wi XBT 145 23 Aug 1247 52044 17055
21 KP XBT 139 23 Aug 08eco 52050 17037¢
22 Wi SV/STD 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 53034! 16032
26 OL XBT 15 23 Aug 060u 53946 16010
27 KN SV/STD 46 22 Aug omm 54002 15043!
28 KP XBT 146 23 Aug 2000 54016 15015¢
29 oL XBT 17 23 Aug 10090 54026 14058
30 KN SV/STD 47 22 Aug 2110 54037 140370
n OL XBT 18 23 Aug 1200 54947 14020
32 KN XBT 143 23 Aug 0330 540541 14004
33 Ol. XBT 19 21 Aug 1400 55008 13043
34 KN SV/STD 48 23 Aug 0805 55012¢ 13028
35 LY SV/STG 2 25 Aug 0116 55930 13023
36 KP XBT 152 2. ae 0800 55038 12945
37 oL XBT N NN 1800 559%48! 12028
38 ObL XBT 22 23 Aug 2000 5667 11048
39 KP XBT 155 24 Aug 1400 56019 11024
40 KP XBT 156 24 ‘fug 2200 56234 10054
41 AR SVWD 1% 24 Aug 1810 56938 100451
42 oL X8T 24 24 Aug 0000 56046 10027
43 oL XB8T 25 24 Aug 0200 57206 9044
44 KP XBT 159 24 Aug 2200 57011 9034!
45 oL XBr 26 24 Aug 0400 57026 9002!
46 KP XBT 161 25 Aug 02C9 57036 8035
47 KP? XBT 162 25 Aug 0400 57045 8902!
48 KP XBT 164 25 Aug 0630 58904 7031

NOTE: ALl SV/SID and SVD observations are downcasts.
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DATE TIME LAT LONG
PROFILE OBSERVAT|ON (1973) (GMT) (°N) (W)
1 SD SV/STD 34 17 Aug 1939 53056 12956
2 KP XBT 84 19 Aug 0000 540111 13917
3 SD XBT 74 17 Aug 2345 54016 13030
4 KP XBT 85§ 19 Aug 0240 54025 13042¢
5 SD Sv/ST™ 35 18 Aug 1010 54039 14004!
6 SD XBT 77 18 Aug 1556 54056 14044!
7 SD SV/STD 36 18 Aug 2010 55012 150211
8 SD XBT 81 19 Aug 0230 55023 16°01!
9 KP XBT 92 19 Aug 1400 55042¢ 16022!
10 SD SV/STD 37 19 Aug 1015 550491 16936
11 KP XBT 93 19 Aug 1600 55055 16950
12 SD XBT 83 19 Aug 1415 56009 17019
13 SO SV/STD 38 19 Aug 2003 56024 17052!
14 KP XBT 97 19 Aug 2200 560331 18016
15 SD XBT 87 20 Aug 0205 56041 18033!
16 KP XBT 98 20 Aug 0000 56049 18049!
17 SO SY/STD 39 20 Aug 0505 56057! 190191
13 KP XBT 100 20 Aug 0400 57009 19043!
19 SD XBT 89 20 Aug 0500 57014 19056
20 KP X8T 101 20 Aug 0600 57021 20013
21 SD SV/STD 40 20 Aug 1410 5703! 20034
22 KP XBT 111 21 Aug 0200 57037 20058

NOTE: All SV/STD observations are downcasts.
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DATE TIME LAT LONG
PROFILE OBSERVATION (1973) (GMT) (ON) ( OW)

1 KN SV/STD 69 9 Sep 2333 510051 33032!

2 OL XBT 73 10 Sep 1900 51012 33028!¢

3 OL XBT 72 10 Sep 1800 510241 33014¢
4 KN XBT 202 9 Sep 1919 51036 33003!

5 OL XBT 70 10 Sep 1600 51044 32049!
6 KN SV/STD 68 9 Sep 1212 52003 32926

7 KN XBT 200 9 Sep 0820 52026 31059

8 OL XBT 65 10 Sep 1100 52046t 31038
9 KN SV/STD 67 9 Sep 0118 530011 31019
10 OL XBT 63 10 Sep 0900 53010 319008
1 OL XBT 62 10 Sep 0800 53022! 30052¢
12 KN XBT 197 8 Sep 2009 530291 30042
13 OL XBT 60 10 Sep 0600 53046 30021
14 KN SV/STD 66 8 Sep 1404 53056 30006
15 OL XBT 59 10 Sep 0400 54008! 290501
16 KN XBT 194 8 Sep 0940 540251 29030!
17 OL XBT 58 10 Sep 0200 54032 29018
18 KN SV/STD 65 8 Sep 0316 54054 28048
19 OL XBT 56 9 Sep 2200 55020! 2890161
20 KN SV/STD 64 7 Sep 1624 55042! 27034
21 OL XBT 54 g Sep 1800 56003 27007
22 KN XBT 188 7 Sep 1102 56909 26059
23 OL XBT 53 9 Sep 1600 569026 26029
24 KN SV/STD 63 7 Sep 0434 56032 26019
25 OL XBT 52 9 Sep 1400 56048" 25053
26 KN XBT 185 7 Sep 0024 56054 25044
27 Ol XBT 51 9 Sep 1200 57012 25016
28 KN SV/STD 62 6 Sep 1817 57020! 249059
29 Ol XBT S0 9 Sep 1000 57034 249038
30 KN XBY 183 6 Sep 1445 §7044:! 240191
n OL XBT 49 9 Sep 0800 §70s5! 23059
32 KN SV/STD 61 6 Sep 0913 589008 23036
i3 OL XBTY 48 9 Sep 0600 5§y 23019
34 OL XBT 47 9 Sep 0400 58042 22045
1s KN SV/STD 60 S Sep 1842 58954 22009
3¢ QL XBY 46 9 Sep 0200 §9900! 219591
37 KN XBT 175 5 Sep 1302 590191 21109
38 KN SV/STD 59 S Sen 0614 59940 20039
39 SD SVv/STD 80 10 Sep 1642 59050 200101
40 XN XBT 172 5 Sep 0028 60000 190541
41 SU XBY 165 10 Sep 1357 60910 190411
42 KN SV/STD 58 4 Sep 1811 60023 19905
43 SD XBT 162 9 Sep 2130 600391 18025
44 KP XBT 255 8 Sep 1600 60953 18900
45 SD SV/ST0 78 9 Sep 1619 60959 17949
46 KP XBT 25¢ 8 Sep 800 61007 17028
47 SO X&T 160 9 Sep 1333 610151 17908
48 oL XBT 39 8 Sep 1200 51020 16955
49 SD SV/STD 77 9 Sep 0839 61930 16030
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(Continued)
50 OL XBT 38 8 Sep 1000 61041 16007
51 SD XBT 157 8 Sep 2100 61049 15045
52 SD SV/STD 76 8 Sep 1615 62001 15008
53 SD XBT 152 8 Sep 1315 62017! 14026
54 KP XBT 262 9 Sep 0600 62030 13054
55 SD SV/STD 75 8 Sep 0841 62036 130431
56 SD XBT 149 8 Sep 0100 620451 13012¢
57 OL XBT 34 8 Sep 0200 620531 12049
58 KP XBT 264 9 Sep 1000 62057 120371
59 SD SV/STD 74 7 Sep 2123 63004 12018
60 SD XBY 147 7 Sep 1957 63009 11056
61 S> 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 9016!
64 KP XBT 272 11 Sep 0800 64007 8054
65 SD SV/STO N 6 Sep 2108 64028 7038!

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

ACODAC: Acoustic Data Capsule,
ANB: Ambient Noise Buoy.

Bottom bounce: An acoustic propagaiion
path where underwater sound is reflec-
ted of f the bottom one o- more times
before reaching the receive: or target.

CHURCH GABBRO: A LRAPP accoustic/envi-
ronmental exarcise in the Cayman Trough
and adjacent regions of the Caribbean
Sea during November-December 1972,

Convergence zone: A region where sound
rays arrive at the surface in succes-
sive intervals; an underwater sound
propagation path.

Critical depth: That depth where the
maximum sound velocity at the surface
or in the nsar-surface layar recurs;
bottom of the DSC.

QW: Continuous wave; a coniinuou:
underwater sound source,

Depth difference: The amount of sea
floor tepography that protrudes above
critical depth into the DSC (leads to
bottom limit«d coaditions).

Depth etcess: The depth interval
between critica! depth and the sexfloor
{necessary for convergence zone
formation}.

2SC: Deep sound chaanel, generally the
absoiute sound velocity minismom; an
underwater sound propagation path,

GMT: Greenwich Mean Time.
Intermediate sound velocity maximn:
The sound velocity inflection point

lying detween the depths of the USC and
DSC axes.

LRAPP: Long Range Acoustic Propagation
Project.
LSW: Labrador Sea water (low

salinity).

MABS: voored Acoustic Buoy System.
MIW: Mediterrancan latermediate Water

(high salinity).

NACHN: North Atlantic Central Water
(carried by the North Atlantic and
Irminger Currents).

NAVOCEANO: Naval Qccanographic Office,
NSTL Station, Mississippi.

NORDA: Naval Ocean Research and
Develonment Activity, NSTL Station,
MISSHSippi.

NORLANT-72: A LRAPP acoustic/envi-
environmental exercise in the western
Nerth Atlantic Ocean during July-
September 1972,

NSDW: Norwegian Sea Deep Water.
NSTL: National Space Technology

Ladoratories.

NSOW: Norwegian Sea Overflow Water
[near-bottom, low salinity),

RAE: Ridge Acoustics Exercise; a LRAPP
acoustic exercise over and narth of the
Faeroe-lce! :d Ridge during Seplember-
Qctober 1973,

Sigma~t: An abbreviated value of sea
water density.

Sonic layer depth: Depth ef near-
surfaze sound veloacity maxfimum (not
necessarily the same as thermal layer
depth).
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"Strength® 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 duct: 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.

S yCD: An oceanographic instrument
that measures sound velocity, salinity,
&nd temperature as a function of depsh.

T-5: Temperature-salinitv.

USC: Upper sound channc!, a2 sound
velocity minimum lying aocove the DSC
and separated from it by an
intermediate-depth sound velocity
maximum; an underwater sourd
propagation path.

WECO: Western Eleciric Company,
Winston-Salem, North Carolina.

XBT: Expendable bathythermographs; an
oceanographic instrunent that measures
temperature as a3 function of depth te
either 460 m (Sippican madel T-4
probe), 760 m (T-7 probe), or 1830 m
{1-5 probe),
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Faeroe-lceland Ridge, boluses of Norwegian Sea Overflow Water caused a 10,8 m/sec
variation et the DSC axis over less than 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 Bonk, 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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DEPARTMENT OF THE NAVY

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

IN REPLY AEFER TO:

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

MEMORANDUM FOR DISTRIBUTION LIST

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

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

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

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

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

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

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

ENSE R =&
BRIAN LINK
By direction
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DISTRIBUTION LIST:
NAVOCEANO (Code N121LC - Jaime Ratliff)
NRL Washington (Code 5596.3 — Mary Templeman)
PEO LMW Det San Diego (PMS 181)
DTIC-OCQ (Larry Downing)
ARL, U of Texas
Blue Sea Corporation (Dr.Roy Gaul)
ONR 32B (CAPT Paul Stewart)
ONR 3210A (Dr. Ellen Livingston)
APL, U of Washington
APL, Johns Hopkins University .
ARL, Penn State University
MPL of Scripps Institution of Oceanography
WHOI
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