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FOREWORD (U) E

:

41)] In 1969 the Maury Center for Ocean Sciences issued a publica- 2
tion entitled "Mediterranean Sea Environmental Atlas for ITASS (O)". + -

It was stated in thz Forewora tc this document that the presentation ot
the environrmental and acoustic cata was tailored solely to support a

specific equipment system. Furtherrore, the Atlas was considered as an ;
interin document anticipating that it would be updated in -he future.

)
\
*)
o

ppear ot errerimr:]

¢i)] Since 1969, nmany new acoustic and oceanographic —easure=ents
have been m=ade in the Mediterranean Sea. The Long Range Acoustic
Propagation Project (LRAPP) itself participated in or sponsored three
such efforts (IMP, IOMEDEX, and TASSRAP/DECKPLATE). These measurements
have contributed significanily to our knowledge and understanding of
sound transzissior and ambient noise in the Mediterrarean. This fact,
coupled with the continued operatirszl interest there, makes the
issuance of an up-date to the Ati: - 7orthwhile.

TR

w) In order to serve the variety of differeat needs of the ]
operating Fleet as well as those of the scientific and planning com- 4
munity, while at the same time providing voluzmes which are coanvenient
to use and easy to handle, the Atlas up-date will be issued as four i
separate companion reports, namely: "Mediterranean ASR Biblicgraphy -
,Volume I", MC Report 101 (Unclassified); "Mediterranean ASW Bibliography -
Voluze II (U)", MC Report 102 (Secret); "Mediterranean Environcental
Acoustic Data Catalog (U}, MC Report 103 (Confidential); and
"Mediterranean Environmantal Acoustic Sdzmary (U)", MC keport 104
(Secret). These four volumes cover the meny different aspec£§'5§
environ=ental acouscics and include information reflecting the totai
oceanographic discipline as it supports the study of antisub=arine
warfare. The information they coatain was drawn fro= a2 broad spectrum

of sources that originated in this country and elsewhere.

/‘ 7. Zéw;ez

J.B. Hersey
. T i ’ ’ Deputy Assistant Oceanographer
for Ocean Science
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) The irherent corplexities involved in sound propagation in the
ocean medium have made it necessary to use modeling as the basis for
developing our understanding of this process and for evaluating the per—
forzance of underwater acoustic sensor systems. During the past several
years we have made coantinuing progress in icproving the accuracy and
efficiency of these models. Such progress necessicates that, frem -ixme

to tine, the information that is available feor the varisus ccean regions
be recozpiled in order to insure the continued adequacy of the basic input
para—eters to these models at their present state of development. The
present report ccastirutes such a reco=pilation for the Mediterranean Sea.
This specific areaz was chosen in order to support the Mediterranean ASK

Progran, conducted by LRAPP in 1974,

sl ST TON YV At

®) The environcental acoustic data su—mary was derived from naterizl
supplied by a2 large nucher of pecple. The environmental and sound velocitv
structure data and referesnces were co—piled by the Undersea Surveiliance
Oceanographic Center of the U.S. ¥aval Oceanogravhic OIlice. The overall
coordinator of this 2ffert was CDR ¥.B. Matthews. The principal investi-
gator for souna wv2locity, temperatura, szlinity ané water masses was

Mr. Don r. Feamner, with assistance ircz ¥essrs. Paul J. Bucca, William J.
Cronin, Jr., Terry L. Kelley and ¥illia= C. Lippert. OQcean fronts and
internal waves was compiled by Mr. Alvin Fisher, sez anmc swell by

Mr. Richard H. Holcorde, tides and currents by Mr. Theodora Frontenac,
bathymetry and province charts by Mr. Reuben J. Busch, pd;ysicgraphy by

Yr. Robert X. Bergantino, geophysics and sediments by M:. Patrizk T. Tay.or.
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@) Volume scattering was compilec by Mr. Richard H. Love and
¥r. Wayme E£. Renshaw, false targzets and bioluminescence 3
Leaplevr, botlo= reverberatioan by Mr. Jounathan M. Berkson, bc
Robert E. Christensen. Ms Joznne V. Lackie and Mr. Dougias Xolx pre-
ustrations {or the temperature, szlinity ané scundé velocity
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: {T> The data on acbient noise were cocpiled and suzmarized by

3 Dr. Killiam M. Carey, MR, Tnc. The data on propagation loss were co—piled
by Dr. Carey and sur—arized by Qr. August F. Hittenborn, Tracsar, Inc. Ship-
cing distributions were supplied dy Dr. Lou P. Solgomon, PSI aad Mr. Paul
wWollf, Ocean Data Systems, Inc. The prcject was under the direction of
iICDR T.J. McCloskey, Long Range Acoustic Propagation Project. The cveral:
coordinator for tae preparation of this dccument was Mr. Jimy T. Jottwald,
Tracor, Inc., with assistance fro= Dr. Sugust F. ¥irtenbomn: and Mr. A.X.

Glennon, Tracor, Inc.
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VEDITERRANEAN EXVIROMMENTAL ACOUSTIC SIDMARY (U)

1.0(9) INTRODUCTION (U)

(U This report contains a compilation of environmental and
acoastic data for the Mediterranean Sea. Environnmental topics covered,
beth in text and graphically, include marinme climatology, physical
oceanography, geology and geophysics, biology, and shipping distributions.
The acoustic data inciude the sound veiocity structure, propagation loss-
data, and ambient ncise data. Variable envirormmentzl and acoustic data
are presernted on a monthly or seascral basis.

U) Many of the more common basins, seas,and local bays and gulfs
of the Mediterranean Sea referred to in the text are identified in
.- figure 1.0-1.

(1)) For ASW purposes, the uitimate result of a data compilation
such as is contained in this report is to develsp subdivisions within
an operating area, here the Mediterranmean Sea, which are acoustically
hooogeneous to within certain bounds. The extent to which this can

be achieved deterniaes the nuxber of different subdivisions which must
be considered for sonar performance predictio:r and evaluation. Figure
1.0-2 shows the prediction areas in the Mediterranean as presently used
by Fleet Xumerical Weather Central (FXi) for producing operational pre-
dictions. This chart is based on KAVOTEAX? Chart NAS p 2401. In prin-
ciple, each area is intended to have, within prescribed limits, a2 uniforz
depth, uniform botton reflection properties and uniforn water column
properties. The extent to which this has been achieved to date will be
discussed further below.

Q1)) It should be noted that, in a volume of this nature, the data
must te suc—arized over relatively large areas and over relatively long
periods of tirme. Thus, the user cannot expect that eavironmental observa-
tions at a specific time and location will necessarily be exactly as shown
herein for that location during the corresponding month. He should expect,
however, that continuing observations over a period of a roanth weuld pro-
duce data siniiar to the data presanted here for the corresponding oonth.
Thus, although this volume is expected to be a useful aid in understanding
the general performance of Fleet sonars in the Mediterranean, it must be
recognized that any performance estimate based on this data =ust be
tempered by consideration of the differences between the mean or repre-
sentative data given here and the actual conditions that prevail in the
operational environment.
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2.0(1) MEDITERRANEAN SEA ENVIRONMERT (UD
U) This section describes the environmental factors that establish
and influence the propagation of sound in the MMediterranean Sea. These
factors are discussed in the folilowing sequence:

e Marine Climatology (2.1)

e Physical Oceanography (2.2}

e Geology/Geephysics (2.3)

o 3Biology (2.4)

e Shipping Distribution (Z.5)
(U) The discussion in this section is criented toward the

occurrance and distribution of the factors. Their influence upon
underwater sound is reflected in section 3.0.

P
==

2.1(W) Marine Climatologv (U)

(‘l AW,

(3 The data cn mavine climate and waves are derived from svnop:ic
metesrological obsaivations made from ships, including, in particuiar,
veluntary observations f£ros merchantmen along primary shipping lanes.
These observations are accumulated and combined into climatological
data fiias at nationzl repositories.

Iy

NN 42

(u) The follewing discussion of the Mediterranean clircate is
based on the seasonal specification of the World Meteorological
Orgenization, i.e., four-month winter and summer seascns (Decercber
through March and June tiirough Septewber), separated by two-month
spring and auturm transitional seasors. For many of the parameters,
however, graphic presentations of the data wili be by the month.

Weatyy

(EANI TR

2.1.1(U) Pressure (U). Throughout the vear, the warm Azores high is
the dominant cliz=atic control in the Mediterranmean. In winter, the
coid Siberian higl and, in summer, the thermal (monsoon) lows of
northern Africz and southwestern Asia provide secondary controls of
the Mediterranean climate.

E: ; (U) In winter, a trough of low pressure, oriented alcng the

¥ =z ! axis of the sea but favoring the northern coastal regions, generally

=3 = separates the two hLighs and constitutes a secondary tracl for Nerth

z 2 Atlantic migratory storms. As exenplified by the region of the Ligurian
=2 Sea, most lews develop in the Mediterranean oz secondaries on trailing

cold fronts. However, other lows enter the Mediterranean either across
southwestern France from the Bay of Riscay or through the Strait of
Gibraltar.
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{v) By surmer, the intensified Azores high has moved northeast-
ward, the Siberian high has disappeared, ard shallow monsoon lows have
formed cver the Sahara and Arab:an deserts. The Azores high now extends
tc the longitude of the Grecian peninsula and isobars are oriented
generally aorth-south. As a cons=quence, the resulting pressure gradients
cause a stable flow of air from the northwest in the Aegean and eastern
Mediterranean Seas.

v The transitional seasons portend the seasons to follow, with
autumn (October and Mcovember) znd spiing (‘pril and May) resembling
winter and summer, respectivszly.

2.1.2{(¥) Winds (U). Figures 2.1.2-1 through 2.1.2-6 present wind data
showing the =month’y percentage frequencies of wind speeds less than
Beaufort Force 3 (<10 knots) and greater than Beaufort Force 8 (>34 Imots)
and three wind 1-ses showing the percentage distribution of wind direction
for the three relatively open water areas in the Algerian, Ionian and
Tyrrhenian Basins. The vectors in the wind roses show the direction from
which the winds blow.

{U) In wiater, the convergent and variable winds associated with
the relatively frequent lows are the strongest of the year. In February,
2 representative winter month, winds of gale force (equal to or greater
thap Beaufort Force 8), occur with frequencies exceeding five percent
between France and Sardinia, between Sicily and Tunisia, and around
Greece to Crete and Turkey. In the inner Gulf of Lion, gales occur 30
percent or more of the time.

() In summer, winds arz in gemeral lightest but most constant,
under the influence of the stable pressure gradients between the Azores
high and desert lows. Storm activity, hence gale occurrence, is at a
yearly low during summer.

2.1.3(U) Air Temperature (U). The climate of the Mediterramean is
characterized by relatively nild wiaters and hot sucmers.

) Isolines of mean surface air tempevratures are shown by the
month in figures 2.1.3-1 and 2.1.3-2. January and Fetruary are generally
the coolest months. Mean air temperatures in February range from about
48°F (8.9°C) in the north Aegean and Adriatic Seas to about 60°F (15.6°C)
off the coasts of Libya and Egypt. A high wind chill may sometimes be
experienced in the northern gulfs and seas that are subject to the winter
nistral and bora. Diurnal temperature variations are likewise greater
in these regions during the winter months.

€1)) July and August are usually the hottest wonths. Mean tempera-
tures in August range from 72°F (22.2°C) in the Gulf of Lisn to 82°F
(27.8°C) east of Cyprus. Temperature contrasts are minimal, especially
in the Adriatic and Aegean Seas. High temperatures are possible along
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the Nerth Zfrican coast, when the hot, desert wind (sirocco) is blowing
offshore. Under such conditions, a raximum temperature of 118°F
(47.8°C) has been recorded at Tunisian coastal points in July and August.

2.1.4(U¥) Cloudiness and Precipitation (U). The maximun frequency of
cloudiness and precipitation occurs during winter, in association with
the numerous low pressure systems. In January, the average total cloud
anounts exceed five-tenths over the greater part cf the Mediterranean
Sea, and drizzle ari light rain occur from five to 15 percent of the
tize. In su——er, cloudé cover averages less than three-tenths, and
rainfall is rare. Figures 2.1.4-1 and 2.1.4-2 show regions of average
cloud cover <0.2 by the month. Figures 2.1./-3 and 2.1.4-4 show regions
of average cloud cover >0.8 by the conth. Tigure 2.1.4-5 shows the
percentage of climatological observations by the ronth which include
precipitation.

2.1.5(Y) Visibility (U). Atcosoheric visibility generaliy exceeds

five nzutical nmiles throughout the Mediterranean but may occasionzlly be
restricted by fog, haze, dust, or vain. Warm temperatures usually
innibit the occurrence of advection fog, s> that visibilities are infre—
quently less than one-half nautical nmiie, except in the extreme north,
during winter. Figures 2.1.5-1 and 2.1.2-2 show percentage of occurrence
of visibility less than five nautical niles.

YRV IR

(U) Precipitation is the principal cause of reduced visibiiity
in the north Aegean and Adriatic Seas during winter and early spring;
however, sea fog may forn over these cooler waters uhen wvarn, moist
southerly air moves in. Thus, in the extreze north of the two seas,
there is a five percent probability that visibility will be less than
one-half nautical nile in December znd March.

(U) Restricted visibility, dee ma2inly to haze and fog, is least
frequent in su——mer. During July and August, the likelihcz.d that
visibility will be less than five nautical miles exceeds five perczent
only in the northwestern gulfs and in the south«est part of the area
(Strait of Gibraltar and Alboran Sea). In the sanme regions, visibility
is less than one-half nautical nile zbout one percent of the tirce.
Dust, haze, and even sand are the principal restrictions to visibility
along the coasts of Morocco znd slgeria.

1§

2.1.6(8) Waves (UG). ¥aves usually consist of seaz and swell ipternixed,
where sea denotes those wa.2s being raised or sustained by the existing
wind, and swell refers to waves that ®ave moved away from the generating
area and are therefore decaying. Seas, also known as wind waves or
wind seas, are short, sharp, and irregular waves; swells are long,
s=cother, and regular.
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2.1.6.1(C) Sea (ii). Since seas btrcadly reflect the divection and
strersth of the geaerating wind, they form the basis for methods, such

as the Beaufort Wind Scale, for estircating wind speeds. The converse
estimation of wave characteristics fror wind conditions has long interested
wave thecreticians and fcrecasters. Tnese specialists have developed
various graphs, tables, and formulas to represent the relationships.

Table 2.1.6-1, based on a cocbinzrion of several theoretical and empirical
principies of wind wsve generaticn, is 2 recent example. It shculd be
noted, howevar, that the tabulated values are to be used with csuticn,
since fully developed seas are believed o be relatively infrequent,
particelarly at the higher wind speeds.

®) Figures 2.1.6-1 through 2.1.6-6 show isolines of the curmula-
tive percentage Ireguency of occurrence of sea heights equai to and
igher than five, eight, and 12 feet on a2 ronthly basis.

®) Seas are roughest in winter, the season oi strongest winds
associated with maxirun cvclonic activity. Im February, seas five
feet and higher occur abeut 40 percent of the time throuvgh the spine
of the Mediterrazean. Such seas extend from the Gulf oF Lies {with
maximm frequezcy of 50 perceat), tarough the Strait of zicily and
north of the Guif of Sirte to the Dodecanese Islandc sué the zoast of
Turkey. High seas {equal to and higher than 12 feet} occur morez thaan
ten percent of the tize thrcugh the sace watevs.

¢1)) Sea hzights are lowest in suxx=er, when wind forres and stor=
activity reach a minimum. The average {requency of rough and higher
seas (equa2l to and higher than five fea2:) is gbout ten percent, except
in Aegean waters where, because of :iTung etesian winds, they average
20 percent. The freguency of aigh sezs {equal to ov higher theon 12
feet) ex-eeds five percent only in the Gulf of Lig=,

.

2.1.6.2(6) Swell (U).

of seas. 1In winter, the
to 12 feat) and high swel
deep basins of the Mediterr hat are opan to long wind fetches;
such heights are rare im su Isolires of the cumulative frecuency

of occurreace of swell heig reater thar 12 feet are
hown ' figures 2.1.6-7 an:

sell is similar to that
¢ moderate swell (six
found in the large and

"t e
1t N e )

*Fully developed seas are these vhich have achisved tho cazi=m
height to which waves can te genersted bv a given wind “orce blowing
over sufiicient fetch. The f21ch ir taznze cver the s2a suriacs
across which the wind blows in ess«en “e sade diraction.
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Figure 2.1.6-3. Cuculative Pe-centage Frequency of Occulreace
of Sea Heights Exceeding 5, 8 and 12 feet for the
2 Months of May and June
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2.1.6.3(U) Extreme Wave Heights (U). The highest seas to be en-
countered in the Mediterranean occur off the coasts of Spain and
France during winter. In this region, seas occasionally exceed 20
feet and may even attain 40 feer. These severe seas are caused by the
strong winds {aistral, tramontana) gererated by deep extratropical
cyclones located in north Italian waters.

Yo g
piva LT R R ALY

.
G

2.1.6.4(U) Storm Surges (U). During extended periods of strong winds,
storz surges, particularly severe when associated with high tides, may
occur along shall-w coastal regicns that are open to long fetches. A
rare combination of events of this kind occurred in November 1966 when
a surge of six ind one-half fect was meaczured in Venice during a pro-
longed southeast gale,
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2.1,6.5(8) Tides (U). Tides in the Mediterranean are slight but are of
some significance in straits and bays during periods of greatest tidal
variation. Tidal ranges exceed two feet -only in the Strait of Gibraltar
(6 feet} and the Gulf of Gabes (5 feet).
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2.2(0) Physical 2zeavography (U)

2.2.1(U) Temperzture, Salinity, and Water Masses (U). The Mediterranean —

Sea can be typified by a three-layer water column, ezch layer of which
contains a distinct water mass. The near-surface layer contains low-
salinity Atlantic water that enters the Mediterranean through the Strait
of Gibraltar and is circulated througaout the Mediterrsnean by the pre-
vailing surface currents {Lacombe and Tchernia, 1972). This water mass
can be found as far east as the coast of Isrzel and ti:e Aegean Sea '
{Oren, 1971). The near-surface layer is extremely variable in terms of
both temperature and salinity, a1 is subiect to marked seasonal changes
caused by surface insolation and evaporation during cummer, and by sur-
face cooling and convective mixing during winter.

) At depths between avout 202 and 1000 meters, most of the .
¥editerranean Sea is occupiad by warm, high-saiinity Levantine !
Intercediate Watar (LIW). This water mass is formed in the eastern

Mediterranean by vertical thermohalire convection ef high-salinity

surface waters. According to Wust (1961), the regions east and west

of Rhodes are primarvy sources of LIW during winter. Lesser amounts cof -
LI¥W also are formd in the Levantine Basin during summer. During both

seascis, a core of this high-salinity water mass flows west through the

Ionzuz Sea (at zbout 23° to 35°N) and then through the Strait of Sicily
into the western Mediterranean. LIW is foimd throughout the Tyrrhenian

fea and Algerian Basin, and flows 2s a weli-defined boundary current

along tae Algerian continent2l slope before exiting from the Mediterrznean
Sea thrcugh the Strait of Gibraltar This LI¥ current is generally bocih
stronger and less varizble during v :er. 1In the Strait of Gibraltar,
outflowing LIW forms a distinct .ndercurrent below a deptl. of 275 meters
that reaches velocities 2s hizh as 100 cm/sec (Wust, 1961). A considerable
degree of terporal and spatial variability in temperature and salinity
occurs in the intermediate layer throughout the Mediterranean Sea, but not
nearly as nuch as occurs ir the near-surface layer.

() Below Jdepths of 800 to 1000 meters, several basins of the
Mediterranean Sea are occupied by distinct bettom water nmasses that
display very little tewmporal and spatial variability within a2 given
basin. Generally, separate bottor water masses are recognized in the
western Mediterranean Sea (Alboran Kasin, Algerian Basin, and Tyrrhenian

Basin), Adriatic Sea, eastern Mz3i{terra..ean Sea (Jonian Basin and ..

Levantine Basin), and Sea cf Cvete. The temperatures and salinities of
these four water masses increase to the east, being lovest in the
western Mediterranean and highest in the Sea of Crete. Westem
Mediterranean bcttos water is formed at the northern end of the Algerian
Basin (Ligurian Sea) by deer comvective mixing during winter (MEDOC
Group, 1970). Adriatic Sez Bottom Water is formed in a sinilar fashion
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in the northern Adriatic Sea and flows out of the Straits of Otranto
into the Ionian Basin where it mixes with resident higher salinity
water to form Eastern Mediterramean Bottom Water (Poliack, 1951).

Some Eastern Mediterranean Bottom Kater also is forred by a flow of
deep waters from the north acrcss the sills on either side of Crete
(Miller, 19723). Sea of Crete Bottom Water is formed in situ by con-
vective mixing during winter. BHowever, its extremely high temperature
and saiinity probably are largely a function of isolation from the
remainder of the eastern Mediterrarvearn. Although bottom currents have
not beer observed in most of the Mediterranean, there is no evidence
of stagnancy in any of the major Mediteiranean basins, including the
Sea of Crete (Milier, 1972a).

(G Figure 2.2.1-1 shows the T-S indices ui major Mediterranean
water masses for summer and winter. This figure is a generalized
composite of 12 typical T-S diagrams; their locations are shown in
figure 2.2.1-2, No attempt has been made to characterize Atlantic
Water in figure 2.2.1-1 due tc its extreme variability during both
seasons. However, the figure does show the marked difference petween
near-surface conditions in the western and eastern Mediterranean during
both seasons. Geumerally speaxing, the concentrations of ummixed LIW
(after Wust, 1561) are greater than 55Z in the eastern Mediterramean
and less than 457 in the western Meaiterramean. This is a result of
intensive mixing of the LIW core during its passage across the Strait
of Sicily. As demonstrated by Wust, LIW concentrations are slightly
higher during winter tham duringz surmmer. Figure 2.2.1-1 also
illustrates the tersperature and salinity differences between the four
malior detton water masses found in the Mediterranean Sea.

(1)} The Alboran Sea (figure 2.2.1-3) displays the minimum winter
and surmer sea surface temperatures and salinities encountered on any
of the Mediterranean T-5/scund velocity diagrans. This is due to the
large concentration of Atlantic Water in this region. Because of its
near-surface location, Atlantic Water is not denoced on the sound
velocity profiles in figure 2.2.1-3 or any subsequent figere in this
series. It is, however, indicated on the T-S diagrams in figures
2.2.3-3 through 2.2.1-14. The concentrations of unmixed LIW in the
Alboran Sea are the minima encountered in the Mediterranean (between
10Z and 137).

®) The southern Algerian Basin (figure 2.2.1-4) shows distinctly
higher tenperatuves and salinities during both seasons than those

found in either the Alboran Sea (figure 2.2.1-3) or the northern
Algerian PRasin (figere 2.2.1-5). The former difference is due to
diminished effects of tihe Atlantic Water flow and more interse surmer
insolation, the latter ti & latitudinal effect. Similarly, the
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Sound Velocity Comparisons
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' concentration of LIW is greater in the southern Algerian Basin (25-302)
thar in either the Alboran Sea {10-15X) or the northern Algerian Basin

. (15-20Z2) due to the preferential flow of LIW along the Algerian con-
tinental slope.

()] During both surmmer and winter, sea surface temperatures and
salinities in the Tyrrhenian Sea {(figure 2.2.1-6) are similar to those
found in the northern Algerian Basin (figure 2.2.1-5). However, coa-
centrations of unmixed LIW are higher in the Tyrrhenian Sea than any-
where else in the western Mediterranean (about 457 unmixed LIW). This
indicates that a substantial part of the LIW flow leaving the Strait of
Sicily is deflected north into the Tyrrhenian Sea. According to Miller
. (1972b), LIW flows out of the Tyrrhenian Sea south of the island of

Sardina.

1)) The summer and winter T-S/sound velocity diagraus for the

Strait of Sicily (figure 2.2.1-7) lie northwest of the average position

of the Malta Front, and therefore more closely resemble western

Mediterranean conditions. This front separates the cooler, less saline

near-surface waters of the western Mediterranean from the warmer, more

; saline waters of the castern Mediterranean and has been extensively
described in the region south of Sicily by Johanmessen. et al. (1971)
and Briscoe, et al. (1972). During both seasons, approxirately 552
unmixed LIW is found in the Strait of Sicily.

v) In the Adriatic Basin (figure 2.2.1-8), the presence of both
Atlantic Water and LIW (unmixed concentrations of 45-50%) is apparent
during both seasons. At the bottom of the Adriatic Basin (about 1200
meters depth), the temperatures and salinities during surmer and winter
— are considerably less than those found south of the Strait of Otranto
in the northern Ionian Sea (figure 2.2.1-9). Ttis is in agreement with
a flow of botton water out of the Adriatic Sea into the Ionian Sea.
Both Atlantic Water and LIK are clearly evident in the northern Ionian
Sea, as are the evaporative effects of sumner insolation. Unmixed LIW
concentratioas shown in the northern Ionian Sea (about 65%) are greater
than those found in either the Adriatic Sea (figure 2.2.1-8) or in the
T southern Ionian Sea (figure 2.2.1-10). BHowever, even greater unnixed
LIW concentratfons (70-75X) would be expected in the central Ionian
Sea (33° to 35°N) along the preferential flowpath of this high-salinity
water mass. Intensive summer evaporation is obvious in the upper 30
meters in the southern Ionian Sea. However, during both winter and
summer the sea surface salinities shown in figure 2.2.1-10 are the
lowest encountered in the eastern Mediterranean. This is due to 2 strong
flow of Atlantic Water in the Gulf of Sidra and just off the Libyan con-
tirental shelf (Lacombs and Tcheraia, 1972).
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)] In the Aegean Sea (figure 2.2.1-11), anear-surface temperatures
and salinities during winter are typical of those found throughout the
eastern Mediterranmean. However, during summer, near-surface salinities
are frequently less than 38.0°Ioo due to low-salinity water that enters
the Aegean Sea through the Dardanelles from the Black Sea. HNevertheless,
Atlantic Water is found in the Aegean Sea during both seasons. The
existence of LIW in tlI2 Aegean Sea is uncertain. However, Wust (1961},
does show LIW in the eastern Aegean Sea during both seascns at a depth

of about 100 meters. Farther south in the Sea of Crete (Zigure 2.2.1-12),
LIW is definitely present during winter and surmer in unmixed concentra-
tions of greater than 85%Z. Near-surface temperatures and salinities im
the Sea of Crete are higher than those in either the Aegean Sea /figure
2.2.1-11) or in the westerp Levantine Basin (figure 2.2.1-13) during
both seasons. As previously noted, Sea of Crete Bottom Water has
extremely high temperztures and salinities. The temperature and salinity
minima found at a depth of about 800--1000 meters in figure z.2.1-12
roughly correspond with sill depths between the Sea of Crete and the
Levantine Basin. This substantiates geographic isclation as one factor
in the formation of anomalous Sea of Crete Bottom Water.
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(1)) In the western Levantine Basin (figure 2.2.1-13), sea surfaca
temperatures and salinities are typical for the eastern Mediterranean,
and LIW is present in unmixed concentrations of 80-85Z during both
seasons. In the eastern Levantine Basin (figure 2.2.1-14), sea surface
temperatures and saiinities for both seasons are the maxima encountered
anywhere in the Mediterramezan. However, the Atlantic Water salinity
minimm is still a pronounced feature. During summer, the LIW salinity
maximum has unmixed concentrations of nearly 100Z. During winter, the
near-surface salinity is greater than that at the LIW core. This indi-
cates that this high-salinity water mass is formed in the eastern
Levantine Basin curing winter.
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(U))] In sumpary; two predominznt water masses are circulated
throughout the Mediterranean Sea at near-surface and intermediate
depths. The near-surface water mass (Atlantic Water) enters the
Mediterranean througn the Strait of Gibraltar, gzererally flows fron

) west to east, ané becomes warmer ard more salire during its residence
o - in the Mediterranean. Conversely, the intermediatz water mass (LIW)
flows generally to the west after its formation by convective mixing

in the Levantine Basin, and becomes cooler and less saline tefore leaving '
the Mediterranear through the Strait of Gibraltar. However, below about

100 meters depth, both temperature znd salinity are extremely constant

=k : and vary only between major physiographic basins. The effects of this
three-level ocean on sound velocity structures are discussed ir section

3.1.1.
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2.2.2(U) Surface Currents (U). Surface currents throughout the
Mediterranean are determined principally by the prevailing winds and
surface evaporation. Their mean direction and speed are shown in
figures 2.2.2-1 and 2.2.2-2 Ly the rconth.

¢1)] Throughout the year surface water from the Atlantic Ocean
moves through the Strait of Gibraltar into the western Mediterranean
and is driven generally in a counter-clockwise direction by the pre-
vailing northwesterly winds. Southerly wirds that occur for varying
periods in winter interrupt this counter-clockwise flow. When the wind
from any one quarter has beea strong and continuous, drift currents are
set up. During gales, current speeds of 4 to 5 knots may occur. ¥inds
fron the east can retard, or fror the west can augment the inflow of
Atlantic surface water, depending on their duration and force. Wiad
driver currents can affect water rasses down to 100 feet but ax-
negligible below this depth; however, wind drift usually is we: wuse
wind speeds in this area range from Beaufort Force 0 to 3. Str . sinds

from the west in su=mer and the east in winter can develop appreciable
cross—cuirents.

)] Rapid evaporaticn c¢f surface water in the western Mediterranean,
particularly in the northern part of the Balearic and Ligurian Seas,
produces surface water of high salinity vhich sinks and is replaced by
less saline Atlantic surface water that flows east through the Strai:f of
Gibraltar. The salt balance between the Mediterranean and the Atlantic
is maintained by a bottor counter-current of high salinity that flows

out cf the Mediterranean through the Strait of Gibraltar. Mixing occurs
S5z2tween the surface and bottom currents forning a tramsition zone which
has strong vertical —ovements and weak, variable currents.

{U) Strong tidal currents superirposed on the surface and subsurface
currents reduce the inflow when they set from the Mediterranean into the

Atlantic Ocean, and increase the inflow when they set fror the Atlantic
into the Mediterrznean.

()] The most persistent part of the prevailing surface current in
the western basin flows east between Gibraltar and Tumisia where about

50 to 65 percent of 211 current observations show a set between northeast
and southeast, and of these most show s set dus east. Transient westerly
sets are caused by easterly gales. The rost variable currents (in
direction) occur in the cemtral parts of the basins. There is a westerly
return current along the north slope.

(1)) The surface current sets southeastward intc the eastern
Mediterranean through the Strait of Sicily at speeds ranging from 0.2
to 1.0 knot. 1In the Malta chamnel the current is influenced by the
wind but gemerally sets east-southeast at 1.2 knots. Along the south
coast of Sicily the southeast setting current is weak except when
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accelerated by west to northwes* winds. During strong southerly winds
a northwest setting current m~.y occur along the south coast of Sicily
and during gales it may attain a speed of 2.9 knots. The counter-
ciockwise circulation of the eastern Mediterranean deflects the 0.1

to 1.0 knot southeast setting currents off Tunisia and Libya toward
the coast. Except for a counter current in the Gulf of Sirte, the
surface currents set eastward along the coast of eastern Libya and
into the Levantine Basin at speeds of 0.4 to 0.8 knot.

) In the Levantine Basin the surface currents set east at 0.4
to 1.0 knot paralleiing the coast of Egypt. However, off the coast of
Libya and Egypt this current may set westward for brief periods under
the influence of strong southern winds that occur most frequently in
winter. The surface current parallels the coast around the Levantine
Basin at speeds of 0.4 to 1.0 knot off Israel and Lebanon, 1.0 to 1.5
knots tetween Syria and Cyprus and 0.4 to 1.0 knot off Turkey and
between Crete and Turkey into the Aegean Sea. Part of this current
veers south to southeasterly around the west tip of Cyprus at speeds
of 0.2 to 0.6 knot and completes the counter-clockwise movement of the
Levantine Basin. North of Crete a portion of the southward flowing
Aegean current divides. One branch sets eastward at speeds of 0.2 to
0.7 knot, part rejoining the northward currents in the Dodecanese and
part passing arcund the easte.-~ tip of Crete and setting westward
south of the island. The other branch veers westwar< at speeds of 0.2
to 0.7 knot between the coast of CGreece and Crete and continues north-
westward along the west coas >f Grez=ce toward the Ionian Sea.

¢1)) The surface current <shich enters the Ionian Sea from the
Aegean Sea also divides. One branch flows northward along the westerm
coast of Greece at speeds of 0.2 to 0.6 knot and joins the coumter-
clockwise circulation of the Adriatic Sea. The other branch veers
southwestward and joins the southeast flowing curreats in the Ionian

Sea.

¢)) This branch completes the ccunter-clockwise circulation of
the eastern Mediterranean Sea. The prevailing circulation pattern of

the eastern Mediterranean Sea does not exist as a sieady flow. Currents

are weak and variable and their degree of variability cannot be pre-
dicted.

2.2.3(U) Ocean Fronts (U). Ocean fronts are boundaries between different

water masses. Fronts may vary in degree from the extreme changes in

physical properties observed across the north wall of the Gulf Stream to

the alrmost negligible physical change observed across transient, near-

surface fronts that are produced by convergence in otherwise homogeneous

areas. Typically, the surf.ce change across a front consists of an
exaggerated horizontal temperature and salinity gradient, plus a shift

in surface circulation. Major fronts may exhibit temperature gradients
of up to 12°C over a distance of 10 kilometers. No fromts of this nature
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occur in the Mediterranean Sea. Even with minor fronts, however, the
thernohaline structuvre may be complex. Other frontal characteristics
include considerable horizoatal change in temperature and salinity with
corresponding density variation, rapid change in sonic layer depth, and
the presence of nultiple sound channels.

() During ssveral cruises covering many of the basins or smaller

seas throughout the Mediterramean, a number of thermal fronts or frontal
zones have been encountered. In the eastern Mediterranean, 20 frontal

zone crossings have been recorded at various locations (Levine and White,
1972). At some of these locations the frontal zone had no surface
manifestation, but the front was onservable in the seasonal thermocline.

One study (Katz, 1972) indicates a frontal zone in the western Mediterranean,
at the entrance to the strait southwest of Sardinia. There is also evi-
dence of a frontal crossing northwest of Sicily, at the entrance to the
Tyrrhenian Sea. The positions of documented frontal crossings in the
Mediterranean are shown in figure 2.2.3-1. 1t is quite possible that
additional fromts in the Mediterranean may be identified in the future, .
because fronts are possible wherever differing water masses interact i
as well as wherever shallow sills are located. In theory, fronts should
be found in the Mediterranean wherever the relatively cold, fresh surface
water of North Atlantic origim comes into contact with the warmer, more
saline water inherent fo the Mediterranean.

¢1)) From a practical point of view, only the Maltese front, extend-
ing northeastward from the Island of Malta toward the Icnian Sea, is of
significance to ASW operations. Documented positions of the Maltese
front for winter, spring, and sucmar are shown in figure 2.2.3-2
(references 1-8). Seasonal variations in frontal location occur as the
front migrates eastward from the shallow water of the continental shelf
in spring, to deeper water in su—mer. By winter it is located within

the Ionian Sea, in water deeper than 1,500 fathcems. Frontal migration

is most likely the result of th> influence of large scale meteorological
processes (Johannessen et al., 1571). Meandering, i.e., wave-like
perturbation of the front, was aiso observed during several investigations
fron multiple closely spaced crossings of the front (references 2, 5, 7).

) Temperature differenzes across the front normally range from
1.0° to 1.5°C, with greater differences occasionally observad. Figures
2.2.3-3 and 2.2.3-4 are typical examples of temperature profiles on i
both sides of the front during spring and summer. 1In spring, surface

heating 2f the cold water overlying the continental slope =ay cause sur-

face temperature to the west of the front to be greater than in the

norzally warm water to the east. This trend is reversed by summer,

and surface temperature to the east of the front once again becomes

warzer. During sum—mer, the depth to the top of the seasonal thermocline :
was observed to be greater in the cold water west of the froant than in ‘
the waro water east of the front (Anderson et ai., 1972). The seasonsal :
theroocline extended to a depth of 150 me:zers in the cold water during
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Meandering of Maltese Fro=nt
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Temperature Differences

Across the Maltese Front, Summer

Terperature Differences

Across the Maltese Front, Spring

SUMMER

SPRING
7

UNCLASSIFIED

P
,/ WEST OF FRONT

S “ e *
\ : ¢
8 - . —
I 2 Ng E R
ww i ...m 7.lf/. Y g A== = P
i £ s o 2 S @
. ¥ o & % &
B :» w . 3 o
8 ﬁ ﬂ B V. ]
=~ % 8§ 8 § 8 8.4 8 8 8 - % 8 8 & 58 8§88
) (W) HLd30 (W) H1d30
L%,

.
LR
o B N G

-
P

Foe e

7o,

I

P

.

PRPSSEp. .
[ . . ‘ ¢ - ¢

T R

E s
,4-,
L ——— o [P —
.
oV
i
A T N T N LT Pevry v q ™ <
QU (LW Y iy kel an .. 23 Lty by LRV E gy " o . "
& At A3 ¢ 4 S HBREGE S s L Y T | FALLS ] AUNPL 4L et ALE gl TR vy fe B 208 s S AH
. .., b ’ WA T REWAA oA !y.,.i.ai.,ﬁ.; b RN Al .,:.,:..v. w02y GRS K et Dl
. .

.

e o T R LA cu gk N R e e rorgandid o IO

\ NI Ve X m.. ¥ e L, ' ) 1 SRRl Ny T BT LATL OY s PR JOUY) .
B2 ¢ _u g _.@ Ll AN ,‘L\.J. 7 VAR RGN &nu Ay f ,v* ¥ o,. [ LR
\ ) H . 4




. KJ .
PR Y2 - ~&*.‘¢C;. "."mv 7%1,;;9}'::’”. e el _— , ra LI ® . S . B . R . S . N -
s D IR R R B T e S P P R R S e e et i e O A S A ’ .
R A R S e B R o R R B T B onts NI, P

UNCLASSIFIED :

summer and to only 100 meters in the warm water. A well defined
temperature inversion (sound channel) has been observed at the base of .
the thermocline in the warm water (Shonting and Nacini, 1971).

e gt A e (e P
R VA o AR -
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da

(w The salinity of the water of Atlantic origin observed west

of the Maltese front is less than that of the water of Levantine origin
observed to the east of the front (Molcard, 1972). Tyvpical examples of
salinity profiles on both sides of the front are shown in figures 2.2.3-5
and 2.2.3-6 for spring and summer. A salinity difference across the
front on the order of 0.6°foo occurs in summer because of evaporation
caused by the increased snlar heating.
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> ¢ Typical exampies cf sound speed prcfiles on either side of
the froant are shown in figures 2.2.3-7 and 2.2.3-8 for spring and -

summer.

"

ST T I G AR LN Ty

A B monar
o 1 TR SRR LS s
Y

{,.

Bl

AT

TANE TN

@it

eor
Iy

53
ket

JURHIORT:

y

LAV

WOl A R et e D

i

fiitaeor ity b
crmmn i -

1

T .

.
o

¥y
/it

60

UNCLASSIFIED -

c 4

i Y

AN

o
H O]
b

- . - - »

SR R o . S - - _ _ - s

ey e A b ey T o e ot ot s A
TR ot B S e N A B N e e ey S e e T et
= NI A i N ey o A S AL N R P P




[y

NI T AP ML A BT IR P NN T YL T Ty SN A LI AT F 7 e .

HATELS L Y oty ARy P IO R AR YR DT e SINSASIRATI NS B LR K TP BT O AR A 7 A s SR w, . - )

.fv . mea i 3 A (& TRV MR PO ST R W SV AR ORI RA 2 2R P A A Do LT SURFIRL A S WAL LD ” n_‘.,mﬁéﬂa..mé.u ..f
7 ™ st ; ks t g B AT

L S -

.
Y
TR RN

x J‘;':..., 5
36-37N

36-37N

TELSY

Tt

=N
9
106
200
300
200
500
660
700
800
900
1009
0
100
200
300
200
300
600
700
800
900
1000

e

S Ty

330
-l
|

\(EAST GF FRONT

390
1
-
——— EAST OF FRONT

N
Salinity Diffevences
Salinity Differences

.m v
¢ 0 2 m )
L o h o Y
- [TH m R m H.n
Y= £ E G
g 0 g / 2 e / 3 a4
2 M h‘.. 8 % 6M
¥ O g g
‘m N i r\ m s .g © C .
. £ AM-E S8 R i85
e | rd 7“ .s..w % )] 1.
~ - ~N a9
.W g§ o ¥ gl 8 e 3 o &
i s B e ¢ ° * B3 |
7 & { z @ '
B z = Z & €
! 3 : i
4 3 y

" = ® 8 % 8 8 8 8 5 § 8 = % 8 8 8§ £ 5 8 § § &

o
45 ~ ~ m ~ o~ o~ m il
5 :
3 (W) Hid30 (W) K430 , ,
‘ £
»w‘~ \ﬂ
) .
¥ i 2
o : .
vy ;
p b Al
3 :
B
e i
- ,
3 | '
%
; | il
9 4. ;
Ty
v ]
i I
uM m s
\: _ - !
. \
| —_ —i . - ' -l . . 1
% At A ST BB Samar ba e e .- . - o XRAAcana w v e w .~ - - - T oy
« B ’
» 3 ’
'
. RS [ESSERS pVIUR———.
i
-
s
A
X ) a1 0 DIBAIET . qlibury £ b B30 1y gt AL 0 AN A a8 1y ¢
! ’ NS QP RIRTEITLY n.c by 7 FAHARAGER AL (MY, ALi et S ertiix g ] . o Rep e o a
i fi/nb oA toaiin FERTLEN AN, YA, T RIRRT I SLPYE o NS ﬂ .4 KA N .,:.!.., e VO AN AV A Zallrat it 4 bt B ol
- -.—
4 ’-
[ . N

A . AP . » . -
BTy 3O G AT it S N et i0 s cae ety 13 g A AN 0 L, G A e b APty st 2y O3 o 4 00 b 03t bR B L Ak g !
SARLEAC I LA (e A RRASRAI IS U A A U ;..,..Ez..a, A iR ,«..“.?._ :




- . - =

L T S o
P T ST AN AR LI e e 5 A

UNCLASSIFIED

36 27N

23 Zh SOUND VELOCI?Y (FT/SEC)
= 3

B = 3
A Z 1920 4560 4980 5660 5020 5020 5069 =
-2 2 0 —o =

|
I
]
8
Yeh

. - 2 " : s
K. .~ 3 (/L——vr:sr OF FRGNT e
100 ! | 200 g
EE = : i 1 =2
Z 3 -'\ s
< - $
= ‘ ; 139 \ 300 E
.) [ -~
ekl N -
A 200 ; <00 2

= = z i \——— £4S7 OF FRONT g
- M= = 230} s z
2 = 20 i \ 200 S
75 E = F]
'_; . 3 = 390t \ £00 -Sg

> e a3
e - =4

. - i ::"
4 23 350 . 700 2
= s ' H %
v A.

G- 4 200 800
: & 51‘—
2 &9 : \

AW
-~
g
da
<
o1
.
g

NV
.
{l
§

oy

.

§
‘ Figure 2.2.3-7. Sound Velocity Differences
Across the #altese Fromt, Spring
= % N
E SOUND VELOCITY {F1/SEC)

2920 2360 4580 5000 5020 5620 5060

P
URREIY

=5 3 50
i // {

100 ;
\____——EAST CF FROI!™
\

(0 0 s e g P A T Pt Ty X PR AN £ A T T U T P RV AR D SRS e

|
H
ol ! ;
A 3 150 ! ; oy
] A i h
= ;s $ H
S 220 \ : - 25
Eoe 2 = X‘\/Y\EST OF FRONT ; i
2 = 20 ' I 4 50,
E 3 = \ : 5 :
= 54 = 300 \ : : 137
gy - & \ ; '
=1 : 330 : : sre,
3 X i
B ] i ! 54
. ¥
2‘ so ! g
\ | i
" 1
= A 31767,
~3

bevan t

Figure 2.2.3-8. Sound Velocity Differences
Across :he Maltese Front, Summer

62
UNCLASSIFIED B

e e
e Y - - = _—
s N e NS RE wEaw  E  o
fyors y SN R R S i Poo oY ¢ W o
> < RN e e T PR SRR e L Y 2 I BNt e b i’ T o L T el S e 4 4




Ty w e de R i A e g B i W e 2 Sy oo . " . ' L
-~ e R - R e e o e L I D e Rl o L o e e NS S o S S R -
A 4 e e R B e e T S R R e, R R O s R s R o T 2 S

UNCLASSIFIED

REFERENCZES

1 Woods, J.D. and Watson, N.R. 1370. Measurement of thzrmocline
fronts from the air. Underwater Science and Technology, June,

p. 90

2, Johannessen, 0.M., de Strobel, F. and Gehin, C. 1971. Observations
of an oceanic frontal system east of Malta in May 1971 (MAY FROST),
SACLANTCEN, Technical Memorandum No. 169, NATO UNTLASSIFIED

3. Molcard, R. MILOCMED 1968: X drogue erperiment in the Ionian Sea
Part II: a4 study of large scale diffucion, SACLANTCEY, Technical
Memorandéum No. 182, October 1672, NATO UNCLASSIFIED

"2 ik e bt e Eae ther o e ANy

4. 3riscoe, M.G., Johannessen, C.M. and Vincenzi, 3. 1972. The
Maltese oceanic front: A surface description by ship and aircraft,
SACLANT Confidentiai Proc. No. 7, SACLANT ASW Res. Cen., p. 153,
La Spezia

e fAV e vrectrdaE s At

bk s itie 2

5. Levine, E.R. and %White, W.B. 1972. Thermal frontal zcaes in the
Eastern Mediterranean Sea. J. Geophys. Res., 77, p. 1081

6. Ozturgut, E, 1572, The theoreticzl effect of an ocearic front on
acoustic propagaticn, LACLARTCEN, Technical Report No 213, NATO
CONSIDENTIAL

RERGRLYIAN A aFarad R

5
55
a2
pa
<
£
']

7. Anderson, R.W., Fisher, A., Jr. and Hanssen, G.L. Analysis of :
airborne radiation thermometer ind bathythermograph observatioas
in the Ionian Sea during summer 1972. NAVOCEANO Technical Wote
7700-9-73

e

e ivitiag s

8. CGilcrest, R.A. 1973. Thermal survey of the Ionian Sea fronmt,
spring 1972, Survey Report 6150-1-73, U.S. Naval Oceancgraphic
Office, washinrgton, D.C.

9. Shonting, D.H. and Nacini, E. 1971. A summary of ocearographic
data obtained in deep water in the Strait of Sicily in May 1970.
{MILOCMED Surv ,0), SACLANTCEN Techrical Memorandum No. 168 I

.
& Gewtrin. DRk at

‘
TR X
"

“ax

3 10. Katz, E.J. 1972. The Levantire intermediate water between the
= Strait of Sicily and the Strait of Gibraltar. Deep Sea kes., 19, .
£ . p. 507
3 | ‘

] :
§

2

63

ve- ¥

UNCLASSIFi<D E

_ - 2

|

- ‘! S — -2 . g S b s W e v e e - - e - N fi
S S S s Sttt N e e <5 E




R g fad
A it e R R e S e A o T o SR s e At T ST o L )
Buin ¢ s AL T e e R O S S R R B R R L e S e R U R B R P R P R R

AN

UNCLASSIFIED .

;
.
|
|
f
t
|
L

! 2.2.5(0) Internal Waves (U). Internal waves, as defined in reference 10,

‘ are subsurface waves found between layers of different density or within
layers where vertical density gradients are present. They can exist in
any stratified fluid and carn be caused by flow over an irrsgular bottom,
atmospheric disturba—ces, tidal forces, and shear flow. 1In deep water, |
the height of internal waves may be several hundred feet; hcowever, in the :
nain thermocline they are normally 20-50 feet high. They hsve ar ampli- -
tude at all depths except at the bottom, where it is zero, and at the *
free surface, where it is reglizibly small. The distribution of ampli-
tude over depth is influenced by the demsity distribution, since less S
energy is required to displace a wezk density boundary than a strong oOne. 2
Because of the large vertical and horizontal displacement of particles,
internal waves are important factors in water mixing and transport. Imn
the Mediterranean Sea, internal waves would be expected to be particularly T
prominent where ielatively low density water of Atlantic origin overrides L
denser water of Levantine origin and where surface water is separated ;
from subsurface water by a seasonal thermocline.

PR

{
|
23 (0) A number of studies ha/e been made for the Strait of Gibraltar ‘
where internal waves are generated by water of Atlantic origin flowing o
(i.e., horizontal shear) over markedly different water of Levantine :
origin (references 1-5). The onset of an approaching internal wave is
indicated by a deepening of isotherms. This is followed by a train 1
(group) of oscillations of varying amplitudes that eventually decay.
After the passage of the wave group, the isotherms return to their :
original depth (references 4, 5). The maxirum wave amplitudes in trains ‘
that have been observed vary from 23 to 75 meters (references 1, 4, 5). |
The observed periods of individual waves vary from 18 wminutes near the
beginning of a wave group to about eight minutes in the decaying taii. ;
Group periods vary from 1.6 to 3.5 hours. Bands of ripples sesparated by i
snootk water have been observed to nove eastward at the surface and it is ]
postulated that they represent the surface manifestation of the intexr- i
action between Atlantic and Levantine water (reference 1). The ripple 1
bands may be discernible on surface radar (references 1, 4). Oscillation :

of the deep scattering layer may occur in period with the internal waves
(reference 1). v

) Reports of internal waves in other Mediterranesan areas are
peager. One would normally expect to encounter internal waves where two
water masses are in oroximity, such a- in the Strait of Sicily, but
available observatic 3 failed to record their presence (reference 6). T
However, iaternal wi.es with chara~teristics similar tc thosc reported in
the Strai. of Gibraltar have been od»served in the Ionisa Sea (r- ferences
7, 8).

——

)] Intermai waves may have considerable effect on sound propagation
(referanca 97. Where the depth of the thermocline varies sinusoidally,

: ap in-layer source will produce areas of high sound intensity below the :
thermocline sim:ltaneously with wave crests. In the case where the source
is near the surface, passaze of an iInternal wave causes both disappearance
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‘ of the surface duct and variations of the shadow zcone .reference 2).
¥here the source is deep, inscnification of the surfac= areaz may be

affected significantly. ?
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2.3(0) Geology and Geophysics (U)

2.3.1(G) Bathymetry (U). Th2 bathymetry of the Mediterraneau Sea is

shown in figure 2.3.1-1* by means of 160 fathom contours tha. are based

on an assumed velocity of sound in sea water of 4800 ft/sec. However, a

nomograr {figure 2.3.1-2) provides separate depth correcticns in four

regions of the Mediterranmean for variations of vertical scund velocity .
froz the assuced values. The following is z brief suzmmary of the bathy-

petric fearures.

s

[ YT Y TR TOR P RPN

(U) The floor of the Strait of Gibrzitar is a siil dividing the
Mediterranean Sez fro= the Atlantic Geean, with z limiting depth of approx-
imately 175 fathons. ThLe bottom relief is extrermely rugged. Im the Alboram
Sea there is no break to distinguish between the coantinental shelf and the
siope. The basin fioor lies at about 700 fathom=s, and a maximum depth of
about 8B40 fathoms occurs at the eastern enc of the basin, where it narrows

5
M

i
M
-
»
3
H
.

=3 to a submarine valley that descends inte the deeper Balearic Basin. é
= ) The fioor of the Balearic Basin is fiat to =mildly sicping aad g
< lies at depths of 1400 to 15300 fathoz=s. The contimental shelf is narrow b
=2 = to nonexistent around post of the basin. The maximum depth ofi the basin i
= exceeds 1409 fathoms. :
2 E ) Tne floor of the Tyrrhenian Basin is irregular, but in soze ;
?‘ 3 places at depths of 1890 fathorms or more it is relatively flat. Numerous

peaks and knolis rire from tie basin f£loor and siopes. The Tyrrhenian
= Basin is scnarated froz the lonian Basin by 2 sill with a depthk of slightly
b= - = less than 20( fathoms in the Strait- of Sicily and has depths of less than

~ Seahdy
b

1

o

E . 50 fathons in the Strait of Messina.
B ) o
b 3 (V) The conrinental stelf reaches 2 m ximtnm width of about 30) am

1hgiids

east of Tunisia. There are northwest-soucheast trendiang troughs on the
continental shelf between 3icily and Tunisia where depths are about 700
to 860 fathoms.

3

IR

‘pl ,-‘-‘ ‘A.IV ".“
St 2

A,

(G) The Adriatic Sea lies mostly on the continental shelf. The ‘
floor of the Adriatic Basin is 600 to 700 fathoms deep and has little :

B E: <
- = local relief. The maxicum depth of 763 fathoms is in the Strait eof Otranto
= k= adjacenrt to the sill which separates the Adriatic from the Ionian Basirc.
% = Liniting depths on the sill are approxicately 450 fathoms.
‘ 3 -2 *Figure 2.3.1-1 is inserted in the emvelope bound at the back of this
3 § volusze.
.:’ . s : ‘ 3
o B 3
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() The floor of the Ionian Basin has considerable local relief
consisting of seamounts, and many large and small elevations, depreseioms,

and valleys.

PRPRTPIPRECAN Ty 3 1120

) ¥ost cf the Levaantipe Basin floor is mildly undulating with
several relatively flat regicns. Several deep depressions lie off Turkey
and Rhodes tlree of which exceed 2000 fathoms.

CHE BN a2

2.3.2{U) Physiography (U). The physiography of the Mediterranean may

be lcgically divided into western and eastern regicns. The westemn

region, west of Sicily, consists of contiaental margins descending to

abyssal plains formed by turbidity flows. The eastern region is much

mere complex struciurally and physiographically, ia many respects “eing

typical of the usual oceanic divisions. 4An exampie cf this is a serles
) of basins paralleling and abutting the Mediterranean Ridge. Tectonic
activity in this region bas repeatedly deformed abyssal piains of the
past simiiar to those which occur in the western Mediterranean. There
are, however, marny spall abyssal plains in the deepest parts. Host are
a few miies across.
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) A recently revised physiographic province chart is showm in
figure 2.3.2-1*, & ghysiographic relief chart is shown in figure Z.3.2-2%,

T YN

ter

2.3.3(0} @®Rotrtor-Sedicents (U). A great nucber of bottom samples have
been csllected from the Mediterranearn Sez using a variety of collecting
techniques {(cores, grabs, dredges). Descriptions of these sarples range
considerably in sophistication; some descriptions entail detailed
laboratory examination while others represent a single wvord in a chizs
iog. A recent suczary of Mediterraunean sedimerntation has been given in
"The Mediterranean Sea — A Natural Sedimentatiom Laboratory”™ edited by
D.J. Stanmley and published by Dowdeun, Gutchinson and koss, Inc., 1972.
Tnese éaca, of varyving credibility. were plotted, evaluated, and ulti-
mately used to cozmpile the sedizent map presented as figure 2.3.3-1%,
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o erres
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*) Two broad physiogrzphic divisions were used to chcracterize :
the Mediterraznean: shelf and other shallow water areas, and the deep ;
sea, Based on several thousand cbservations, four sediment tynes are
represented on the sheif: (1} gravel, pebbles and shells; (2} send -
silt; (3) sand - silt aixed with silty clays; and {4) silty clays.
Ordinarily, the 200 meter contour was used to define the seaward limit
- of the shelf. 1n several regions, however, this contour was ignored

3 when the deeper water sediments had cbvious similaricies with the
adjacent shelf sediments.
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e ©) In the deep areas cf the Mediterranean, roughly 100 ncn- j
23 uniformly distributed piston cores were used to describe the sediment i§
-3 patterns. The predominant surface sediment type is a fine-gvained @

silty clay consisting predominzntly of tecrigenous clay or diogenous
carbonate, or both. The silt fraction, usually dispersed irregulariy
through the clays, consists of oceanic plankton shells, continental
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*These figures zre imserted i the envelope bouné at the back of this
voluse. 69
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aireral grains (quartz, feldspar, mica, etc.), and volcanic ash. The
very small dispersed sand fraction contaired oceanic plankton shells.

(T) In certain greas, these surface layers of silty clay are
underlair by well-stratified sands and silts consisting of volcanic
ash and/or mineral g-ainsg (quarte, feldspar, etc.). Because the
acoustic performance cf a low frequency system is sensitive to such
layers, their distributicn is reflected in the sediment map. 1In the
provinces indicated, these layers generszlly lie a few meters deep in
the sediment, and oftea iust below the surface.

2.3.5(0) Subbottem Structure {G). The subbottom structure in oceanic
areas is obtained from the selsmic refraction method (for a suzmary
see: The Sea, Yol. 3, pp. 20-48, Edited bty M. Hill). There were only
six published references available, undoubtedly due tc the difficulty
in obtaining thece data. These pubifications are represesnted by numbers
on figure 2.3.4-1, corresponding to the reference iist.

W,

ALY

1)) ¥o effort was made to obtain unpublished data froa either
researcn ianstitutions or petroleus companies. Only reversed profile
refraction data were used, thus avoiding any ambiguous results. Some
of these data were presented as single points while others were given
by the refraction lines. For the latter, the structure beneath the
profile is shown at the mid-point of the profile.
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(v} These reiraction data have been presented in the following
format.

Wa PR L 1

prn,

3 Reference Rumber
2.38 W.D. Water Depth in Kilometers

1.80%
-— 0.12

S 2.15 r
> 2 / — 0.45 L
'i i "' Seismic 3.27 Layer Thickness in Kilorceters
Grimary)  —

wave velocity 1.2
in kilcmeters/ ¥ 5.73

second \ 2.80
7.75

‘ * Represents an assured velocity
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*Figure 2.3.4-1a has been inserted in the envelope bound at the back of this
voluxe.
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®) The numbers above the data on the several maps refer to a
.onsecutive listing of refraction stations. This listing was prepared
and is retained by the U.S. Naval Oceanographic Office, Code 6120, and
contains all information pertinent to the original data. The stations
are also described in the references as follows:

e
£

e
XU N
e
..

‘ Stations Reference 2
* 1-5 Ewing, M. and ‘g
E Ewing, J. (1959) E:
= 6-1 Michno (1963) '§
13-19 Gaskell, T.F., et al., (1959) %
20-46 Fahiquist, D.A. and Z
Hersey, J.B. (1969)
47 Leenhardt, 0. (1969)
48-49 Wong, H.K., et al., (1970)

REFERENCES

1. Ewing, M. and Swing, J. 1939. Seismic refraction measurements in
the Atlantic Ocean Basins, in the HMediterranean Sea, on the Mid-
Atlantic Ridge, aré in the Norwegian Sea. Bull. G.S.A., Vol. 70,

P. 291

2 Michno i963. Seismic investigations of sediments of the Tyrrhenian
and Ionian Seas. Okearologiia, Vol. 3, p. 833

3. Gasxell, T.P., Bill, M., and Swailow, J.C. 19539. Seismic measure-
mepts =ade by H.M.S. CHAILENGER in the Atlantic, Pacific, and
Indian Ocezns and in the Mediterranean Sea, 1850-1533. Philosoph-
ical Transactions of the Royal 3ocieoty, Vol. 251, Series A.988,

P. 23

4 Fahlquist, D.A. and Rersey, J.B. 1969. Seismic refraction measure-
ments in the Western Mediterranean Sea. Bull. de 1'Institut
Oceanogriphigue, Vol. 67, No. 1386
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2.4(0) Biological Factors (U)

o sarsen. rads 2ehafle

Piater

2.4.1(U) Marine Animal Targets (U). Potential submarine-like sonar con-
tacts in the Mediterranean include several types of cetaceans (whales and
porpoises) and certain schooling fishes. Sperm whales are widely
distributed in the Mediterranean, occurring throughout the year. They
are most common in the western basin. Fin whales enter the western

part of the Mediterranean Sea in autumm, some individuals remaining

until sprirg. Characteristics of whales and other large animals
occurring in this area are presented in table 2.4.1-I. The seasonal

o ]y
VAR T XY
(

PLANL LRI s AN Ul O

A

3 . - distribution of marine mammals is showa in figures 2.4.1-1 through H
: 2.4.1-4. ;
[ . =

prs i

} - (V) Large fishes, such as tuna, may produce strong sonar echoes.

g

! Smaller fishes that occur in large dense schools also constitute good
acoustic targets. The principal schooling fishes in this area are
menmbers of the sardine, anchovy, mackerel, and jack families. The

oA
2
EiSM badiohte SO r

s
< —
(oo s

29 combination of a fish school and accompanyinz predators, such as tuna
: or porpoises, may present a confusing target to the sonarman.
- ()] In general, schooling fishes are most abundant in coastal :

waters where they fezd and spawn. Large schools of sardines and
mackerel appear off the coasts of Spain and Algeria in spring and move :
eastward to the waters of Tunisia and Italv by early summer. Concen-
trations of spawning sardines occur during autumm and winter off the
coasts of France and Yugoslavia. Sardines are abundant during autumn
in the far eastern part of the Mediterramean. Mackerel and sardines
nigrate from the Aegean Sea into the Sea of Marmara during early summer.
Many of the mackerel continue into the Black Sea, becoming abundant

in the northern part during sumrer. Large schools of anchovies occupy
the Sea of Azov during spring and summer but depart through Kerchenskiy
Proliv in early autum. Figure 2.5.1-5 shows the distribution, relative i
abundance, and months of greatest abundance of schooling fishes in the 4
area. "o

SR et o

sanrapsiornin srkeoars e

© Fishes large emough to produce individual echoes include the
bluefin tuna (thunnus thynnus), and the ocean sunfish (mola mola).
The tuna schools migrate eastward from Gibraltar to the Ionian Sea in i
spring and return to the western basin of the Mediterranean Sea in
sumper. The bluefin tuna attains a length of 7 to 10 feet in these :
waters. The ocean sunfish has been reported from the western Mediterran-
ean Sea and the Adriatic Sea. This oddly shaped fish, nearly circular
‘ in side view, occasionally is encountered in snall groups up to about
12 individuals basking in the sun at the sea surface. Large specimens
may reach a length of 8 to 10 feet.
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Figure 2.4.1-1. Distribution of Marine Mammals, Winter
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2.4.2(U) Soniferous Marine Animsls (U)

2.4.2.1(C) Msmmals (U). Whales and porpoises are capable of emitting

a variety of sounds. The baleen (whalebone) whales produce tonmes that
are relatively low-pitched, from about 15 to 8,000 Hz. The ultrasonic
ciicks of some porpoises may exceed 200 kHz. The acoustic characteristics
>t cetaceans occurring in this area are summarized in table 2.54.2-I.

2.4.2.2(0) Fish (G). Many of the common fishes of this region are

known to be sound producers; othars are considered capable of sound

production because of their close relationship to North Atlantic species
that are kcown to be soniferous. The principal frequeacies of most fish -
sounds in this region 1lie between 50 and 800 Hz. An exception is the 3
triggerfish, which produces a metallic scratching sound with considerable -
energy in the 2,400 to 4,800 Hz band. Characteristics of representative .
soniferous fishes are presented in table 2.4.2-II. b

i

VREH TS TR ALY

‘]

2 E ey %

) Sound-producing fishes are conceat ated in coastal waters and
are more abundant in certain partially enclosed bodies of water such as
the Gulf of Lion, Gulf of Gabes, and the Aegean and Black Seas.

Py ANy A g

1)) In winter, tnere is an offshore movement to deeper water;
fish noise is greatest along the African coast and minimal in the
northern part of the Mediterranesan Sea and {n the Black Sea. Zroaker
and gurnard noise increases in the northern part of the area in spring
and continues at a high level until early auvtumn.

NNITY

W) The seasonal distribution and abundance of the principal soni- )
fercus fishes are shown in figures 2.4.2-1 through 2.4.2-4. 2

-rne

2.4.2.3(U) Crustaceans (U). The snapping or pistol shrimp is a small :
crustacean that individually produces a loud snapping sound, but inm a '
large colony prodiices a coatinuous crackling noise. IShrims noise ranges
in frequency fror less than 1 kHz to 50 kHz, with principai .omponents
betwesn 2 and 20 XMz, Shrimp crackie dominates water ncise above 2 kHz
and exerts a strong masking effect on signals. A: 1600 Bz, noise over
shrirp beds can reach levels equivalent to sea stste 4. In regfons
where the characteristics of shrimp noise have tcer: studied, no signifi-
caat seasonal variations have been noted. However, slight diurasl varia-
tions have been reported, the nighttime level b%eing somewhat aigher than
the daytime level.

o
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% ) Another soniferous crustacean of this area is the spiny lobster
or langouste. This animal cakes a vasping or rat:tliag scund by rubbing

] its long antennae aga.nst a ridged area of its shell. Frequencies ringe
from 40 Hz to about 9 khkz, with zreatest inrensities at &00 Hz, 5T¢ Hez,
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TABLE 2.4.2-1.

MEGITERRANEAN CETACEANS

ACOUSTIC CHARACTERISTICS OF
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- Frequency Priacipal Tre- Source level 3:
Species Racge (Ez) gquencies (BEz) {d8//1:Pa} Description of Sound %
3
Fin Wpale 1% -~ 345 20 170 - 180 Pure tone pulses of abour 1 2
. sec duration repeated at a rate §
of several per minute 3
&
fei tvhale 20 - 2090 40 55 - &0 Sporadic ocans 0.5 2o 2.5 sec 2
in duraticn 3
¥iake Whale 60 - 139 €0 - 120 160 - 163 Sounds of 0.2 to 6.3 sec, g
2 sveeping dowmward io frequency E
= Euzpback 200 ~ 8000 202 - 1600 154 - 172 Varierr of griats, —oams and K
= thale sustained tones that a2y rise or 3
= fall ia freguency g
> ) Sper= thale 200 - 32,005 3000 - S000 165.5 - 175.3 Pcwerful clicks exzfrred at rates §
= : varying frea 1/sec ,E
= Pilor imale 1000 - 8900 2000 ~ 4300 na Squeals and whistles, narrowband :
& or sweeping up cr down several z
& k&= 3
- 4
A 800C ~ 20,000 5000 na Short, broadband pulses of a few
= msec duration at rates of 10- i
"3 S0/sec i
A Sortlenose 3000 - 16,000 3000 - 5000 ra whistles and ckirps of 115-350 :
& thale 7000 -~ 9000 zsec, single frequency or sweeps E
2 12,000 - 14,090 through various frequeacies ¥
k> 505 - 26,000 §000 ~ 12,000 veak Clicks of 2-17 =sec at rates wp
e to §2/sec h
*'j_ False Xiiler 3000 ~ 12,000 4000 ~ 5000 na Xarrowband whistles of D.5-1.0 sec
= Waale :
: H Bottlecose 2000 ~ 20,000 7000 - 15,000 na Various vhistles of 1 sec or :
z Porpoise iess "
s 2 100 ~ 200,000 30,000 - 60,000 70 Clicks of 50-2506 =sec at rates :
b = of 40-500/sec ;
g = Co=pn 2000 ~ 40,000 8000 - 16,000 na Various vhisvles of 1 sec of .
3 p Dolphin 2000 - 32,009 less
£ . 10C ~ 156,000 140 Clitks of 50~250 m=sec at rates %
% 3 of 5-250/sec )
3 Earbor
‘} Perpoise 1C00 ~ 20,000 i0d0 - 3000 25 - 30 Clicks of 0.5-5.0 =sec at rates :
Ex T7 to 1050/sec resulting in
E . =odulated vhistles
<
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TABLE 2.4.2-1II. BIOACOUSTIC CBARACTERISTICS OF FISH
Abundance Freguency Peak
Distribution Raage Peak Erergy Pressure
Fish Eabitat (B2) at {(Ez}  (dB reliPa)  Description of Sound
Troakers Present throughout 30 to 6300 3G to 1200 126 1 neter Drux sounds, moans, ang
=cst of the area. peak point grumbling preduvced by
Comnon in vaters at 400 species in area. Mos:
less than 45 fathozs sound produced durirg
deep. Usually evening hours and breed-
spawns in late Spring ing periods.
(April through June); -
prefers smootk or
soft bottosms.
Gurnards Present =ainly in 50 to 1700 400 126 1 meter Clucking, double drum
deep waters of tte sounds produced by -
area; usually near species in area. Most
soooth or sandy sound produced doring
bottozs. periods of danger and '
breeding. .
Grents Present *c comnon 100 to 1600 200 107 1 meter Rasping, amplified by
in water depths less air bladders.
than 25 fatkoms
cccur near smaooth
bottons ané near
reefs.
Tnadfishes  Comxon, ususally in 50 to 800 60; 240 to 146 1 meter loud boar-whistle blast
shailow waters 140 to 380 300; 1a0 or honk preceeded by a .
inhabliting sand and to 350 gruat or growl. Maxi-
oud bottozs among == noise during spavn-
weeds. Often seex ing period which usually
shelter under rocks cccur Juring Decemder.
or debris.
Daz=sel- Cosx=tn throughout 50 to 1590 below 302 116 1 nmerer (licks, rasps, and
' fistes year in shallow dnaming. M3t sound
vare.s of area; produced duriny dreed-
ustaliy in rough ing.
botzom hatirats; '
sometines in
<%ools.
¥ercinglire Coxzon ia dost of 0 zo 2000; 800; 10 20 15 &8 Veering roises; chirp-
{ishap erez throughout 1200 to 2000 to above azhieax ing sorzds produvced by
vear, with greatest 50C0 3590 sea noise sardines in area. Sooe
atundance during species aiss produce
Narch through veak intercsl sgzuseiks
Szptesber. Pe- a2 rnodes.
iag:c schools.
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TABLE 2.4.2-II. BIGACOUSTIC CHARACTERISTICS OF FISH (Continued)

sbindance Freguency Peak
Distribution Pange Peak Energy Pressure
Fish Habizat (Bz) at (Bz) (a3 rel'.:l’a) Description of Sound
Macherels, Pelagic schooling fishes 3 to 4006 talow 2GID 106 1 meter Thumps, pops, crackles
Jacks, of sixzilar size. First as the school turns;
bonitos two tYpes 2OSt COmMOT also produce weak
internal rasps.

in arer during March
through Septexber.
Bonizo present all
year, with =ost abmad-
snce during April
through June.

Rk S

S

Buiswntes st WU A LA A R b b

e,

Fervr b NG ONY
.

l. Tunas Pelagic schools 450 to 5000 350 2o 700 25 above X.ocks produced as
sigraze throug: the 1550 > 220D sversge sea schoolis suir or turn.
uaoise

area frox west to esst
during April through
Jmne, froe east to
west during Septemder
through Sovenber.

- '
st ¥
SRR

']

20 to 220 Under 180 Not available Ueak clicks, thunps,

= Bluefistes TFound In large con-
N centrations near and koocks.
o3 the ccast duang
<3 Jazary through
e Jze.
& Grovpers Occur mostly azong 0 zc 40O Below 150 127 1 veter ASreaze, knocks, booms.
rock and corsl Qccasicnal single,
borio=s ne2r stste ~22zt, z=d 6-beaz, but
usTally S-bext bursts of
cornd when disturbed.
Eack of the five "drux
beats™ consiszts of five ,
sound pzlees witk: rapidly j
érepping pitch. SE
Triggerfish Slcggish fish of 75 to S6CG0 7OV 2¢ 1800 126 1 xeter tallic scratching; iﬁ
reef or rocky regioms, 2495 to rosxing ané dremeing =
sozerizes living among 4509 depend- somds. =
weeds. Seascoal 23z o =z
flccteation is i species &
significane. §
Eake Strong swinaers of 80 to 575 300 Fot avatlabls CZingle veak knock: hoots; g
211 wvater jevels fren raps. 3
bottoa to surface =
cccurizg frec tide ;
&

lize to depths of 200

AN A
a1 172

fatho=s or sore. Xost

abmdiant in shoal vatess =

i duriag July tarough 2
; Septezder vhen spawn- §
1' ing; secerzl moverment =
: to ceeper water ia :x:‘
Jovezher and Dacesder %
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and 2.5 to 4.7 kHz. Spinv lobsters tend to increase their production
of sound when gathered together in groups. Thus, the combined output
of many lobsters may result in a significant increase ia the overall
ambient noise level in certain localities.

v) The characteristics of snapping shrimp and spiny lobsters are
presented in table 2.4.2-I1I. The characteristics of squids, which are
also noise-producers, a~2 also presented in this table.

0) Figure 2.4.2-5 shows the distribution of snapping shrimp in
the Mediterranean, based on literature records and limiting environ-
mental factors. Published reports indicate that snapping shrimp are
abundant off the coasts of Aigeria, Italy, and Yugoslavia. Favorable
habitats, characterized by rocky or coral bottom in depths between 5
and 30 fathoms, exist around most of the Mediterrarean islands, along
muck of the North African coast, and off the western Black Sea coast.

¢1)) The spinv lobster also frequents rocky cr coral bottoms, but
its depth limit is greater than that of the snapping shrimp. Specimens

have been taken from more than 100 fathoms in the Mediterranean,
along the coasts of France and Yugoslavia, about the Greek islands,

and along the rocky parts of tne African coast.

1030 s s Lot w Ao o A Dy IR LM R 30 b R A e S 1T B B ﬁk)fﬂ"yéﬁjm}m@ﬁ

2.4.3(U) Bioluminescence (U). Bioluminescence, usually referred to .-
as phosphorescence by mariners, has been observed throughout most of

the Mediterranean. Under the proper environmental conditions, micro-

scopic and larger protozoans, crustaceans, and jellyfishes responsibie ..
for bicluminescence increase in abundance to such an extent that the
light they emit gives the sea a luminous appearance. Bioluminescence
may be weak and evident only at the tops of breaking waves, or it may
be bright and long lastiag, resulting in displays that are observable
for great distarces. The latter type of bioluminescence usually is
seen in warmer waters and has been termed "sea fire" or "milky sea”. :

rorran

———
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2 b oo

(4)) The characteristics of a luminous display depend primarily :
on the kinds of organisms present, taeir size, and their relative P
abundance. Most colors of the visible spectrum have been seen in )
3 > displays at one time or amother, but yellow, white, or shades of blue :
= : are seen most frequently. Displays are classified according to three X

basic types:

e

Al

%ﬁ 5 e Sheet Type - a diffuse, shimmering light, often
39 L : making the sea surface appear milky. This type
3 = of display usually is produced by masses of tiny,

light-enitting organisms called dinoilagellates.
; Displays may cover large areas of the sea surface,
= at times causing a uniform glow from horizon to
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TABLE 2.4.2-I1I (U)
BIOACOUSTIC CHARACTERISTICS OF INVERTEBRATES (U)
- adundance Freguency
Distriduticn Range Pazk Energy  Peax Pressure
- LN .. - M
Inverzebrates faditat (iiz) a2t (¥2) (32 re;:Pa) Description of Sound
- Snapping Present in the area Below 000 4000 to SOGO 155 at one Continuous crackling
< Shrizp vhere hadbizat con- o above zeter (single noises over beds sioc-
b ditens are favoradle. 15,000 snap) ilar to frying fat.
- Prefer coral or Shrizp crackies doxm—
- . rocky dotier cffer— inate water noise
> ing conceaiment. above 2000 Hz. Xoise
3 Usually at depths level slightly higher
X3 iess than 39 Zathozs. at night with peak
= B} just before sunrise
. 2nd after sumsec
S Spiny Co—on, widely 40 o €00 (rattle) 97 at omne Slow, lcw-pitched
= Lobsrer distrituted. Lsualiy 12,200 830; 2500 to =—eter ratties, sharp rasp
= infabit rough £700 (rasp) cr creakring noise.
B tottozs suckh as reefs ¥ost scund production
& to depths of 100 at night.
B fathoxns, but =ainly
> in zuch stailoswer warer.
s Squid Occur in deeper off~ 0 to 45C0 1000 tc 2000 108 at one Ezit popping and
3 shore waters curing zeter squirting sounds as
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the day andéd migrate to
challover near-shore
waters at night.
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t horizon, or they may appear as irregular patches
or wide ribbons of light ia an otherwise dark sea.

AR

- e Spark Type - innumerable flickering pinpoints of
light, particularly conspicuous in the wake of a
ship, along the hull lime, or in agitated waters.

. Crustaceans, such as copepods and euphausiids,
cause this type of display. They luminesce in
respounse to external stimuli, such as objects
moving through the water or the action of the

o wind on the surface of the sea.
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Glowing-Ball Type - appearing as distinct and
separate flashes or blobs of light of various
diameters, commonly having a disc or globular
shape, and originating either at or below the
surface of the sea. The organisms responsible
for this type of display include jellyiishes,
ctenophores, and tunicates. Glowing-ball dis-
plays are more common in warm waters and are
- much more varied in appearance and color than

the other types.
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- (1)) Bioluminescent displays frequently consist of a combination
of two basic types; occasionally, all three types may be seen at the

same time.

(UL “f‘.‘, Gk

(0) In addition to the three basic types of bioluminescence,
certain other displays have been reported, such as expanding or con-
tracting patches of light, wheels of light rotating on or just below

- the surface of the sea ("phosphorescent wheels") and large niiky
bubbles that seem to rise to the surface and burst. Innumerable
variations of the above phenomena have been observed. The puzzling
phenomenon of "phosphorescent wheeis" has not been noted in this area.
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(U)] All marine organisms responsible for light displays are
planktonic, i.e., they drift passively with the ocean currents. The
abundance and distribution of these organisms in a specific region
depend upon the various environmental factors that affect the organisms

! as they are carried into or through a region.

¥
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(0) Large concentrations of bioluminescent organisms (and thus

) bioluminescence displays) occur more frequently in coastal waters of
.. the Mediterranean, including those of the various islands, than in the

) cpen sea. Marine organisms responsible for displays are abundant in
e the westerr Mediterranean and gradually become less abundant tcward
the eascern part of the sea. However, the noith and central parts of the
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Adriatic are exceptions, because they contain a much richer concentra-
tion of bioluminescent organisms than do other parts of tne Mediterranean. :
Also bioluminescent forms are much more abundant in the Sea of Marmara,
the 3lack Sea, #nd the Sea of Azov than in the Mediterranean, with the
. exception of the north and centrzl Adriatic.
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) Figures 2.4.3-1 through 2.4.3-4 present the seasoual distri- .-
bution and abundance of luminescent organisms based upon recorded data i
and estimates. Orgaunisms capable of producing bioluminescence are

least abundant during winter (Janvary through March). However, con- . i
centrations of jellyfishes and euphausiids in the Gulf of Coriath meke :
this bedy of water rhe most likely site of zlowing-ball and spark-type -
luminescence during this season.

(V) In cpring (April through June) an increase in plankton in- i
creases the potential for sheet-type luminescence. High concentrations

of jeilyfishe: are responsible for extensive areas of glowing-ball type --
luminescence oif the western Italian coast and the Gulf of Corimth. 1

1)) Maximum bioluminescence potential exists during summer (July
through September). Plankton organisms capable of spark-type luminescence ‘ :
probably are concentrated at depths of 30.5 to 182.9 meters (100 to 602 . .
feet).

0) DPuring autum (October through Decermber) the summer abundance

of bioiuminescent organisms may continue somewhat throughout =xst of

the area. However, the nurber of organisms and frequency of displays -
is expected to decrease as the season progresses.

®) Subrmarine moverent can be detected if bow wzves ané wakes
become bioluminescent. The wake is particularly noticezdie, agpearing

as a long luminescent streak or band in a dark sea. Periscepe wakes

and torpedo tracks also may appear luminesceat. Figure 2.4.3-5 incdicates
bioluminescent wake lengths and initial brightest distances for different MR
types of biolivminescence versus ship «<nd ordnance speed. Submerged sub-— .
marines have been visually observed to depths of over 8C reters (263
feet) when outlined by bicluminescence. Starlight scopes or electrenic ..
inage intensifiers increase tuhe depth of observation. Deptiis to which
bioluminescence can be observed are listed in table Z.4.3-T. The values -
presented in figure 2.4.3~-5 and table 2.4.3-1 are based un theoretical
computations.
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TABLE 2.4.3-I(C). MAXIMUM DEPTH IN METERS (FEET) AT
WHICH BIOLUMINESCENTLY ILL'GHIRATEDaSUMARIKE
MAY BE DETECTED FROM CVERHEAD™ (U)

Coaszal Mater* Oceanic Kater®*

Unaided Starlight Unatcded Starlight
Light Conditions Eye Scope Eye Scope
bark Day 2.3 (.63 2.8 (9.2) 5 (16.4) S A16.4)
Twilight 10.0 (32.8) 13.5 {a4.2 21 (68.9) 28 (91.9)
Deep Twilight 16.8 (54.7) 24.0 (72.2 35 (114.8) 50 (164.0)
Tull Moon 24.0 (78.7) 35.0 (114.8) 51 (167.3) 73 (233.%)
Quarter Moon 31.5 (103.2) 42.8 (140.4) €5 (213.3) 83 (292.0)
Starlight 36.0 (118.1) 49.8 (163.4) 75 (246.1) 103 (337.9)
Overcast Night 39.3 (129.0) 57.0 (187.0) 82 (269) 121 {397.0)

a Adapted from R.E. Brown, NRL Report 1065, June 2, 1970, Preli=inary Anziysis of the Detecticn
of Objects by Bioluxinescence, Table 3, p. 16

* Secchi disc visible to a depth of about 16 meters (53 feert)

*% Secchi disc visible to a depth of about 34 =eters (112 feet)
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" 2.5(C)  Shipping Density (U) '..

- wm Shipping in tho Mediterranean is extramely heavy as compared ié

! to most other parts >f the world, with the possible exception of certain
: coastlines. It is estimated that on any given day there are over 1000
i ships of over 1,00L tons displacement underway. This count does not

; include large numbers of smailer commercial and recreational boats,

’ which could be of significance in tercs of noise production near the
French and Italian coasts. This shipping is spread throughout the
M=diterranean, but has its greatest concentration on the shipping lane
; fronm Gibraltar, aiong the Algeriarn coast, through the Strait of Sicily
Cos- and on to the eastern Mediterranean. Historically, and perhaps in the
; future, the shio density on the shipping lane depeads on whether or not
the Suez Canal is open. The lane from Gibraltar to Svez is about 1800
riles long and is estimated to contain 330 ships with the canal ope..
and about 150 ships with it closed. Of the order of 100 to 120 ships
per day pass through tne Strait of Gibraltar which, on an evenly spaced
basis, is one every 12 to 15 minutes.

¥
\

- ""SI“""
N

i 3?’.(‘

34

T VR L

. .
g Wit
ETAL TR K v
4 .

h

CONFIDENTIAL

B =3 | R
25 L3 ;
=S .; &) As a result of all this traffic, the noise level in the
5 2 . Mediterrznean is significantly higher at the lew frequencies (1000 Ez
K - . and below) than almost anywhere else in the oceans. Furthermors, the i
\ H i;, bulk of the ship traffic is sufficiently local that, since most distances -
- H B o between ports are very short, it can change significantly over a very fg
i = 4 = ‘. short period of time. Some general characteristics of shipping in the g
= 3 Mediterranean, including noise data, are given in table 2.5-1. !gg
- 24 . 5%
= ; : LB
e , ©) TABLE 2.5-1 (U) i
£ P .- H -
ZN GENERAL STATISTICS OX SHIPPING IN THE g
E = L MEDITERRANEAN SEA (KELLER AND WEINSTEIN, 1971) (U©) f%
= 3 . 5
“2‘ = Total Number of Ships in the Mediterranean, 1070 ]§
E 3 1 June 1967 L
= 13 ' Average Number of Transits through Gibraltar, 157 ships/day g
e (1963-1965) 5
] e
r; 3 Average Ships Tornage (Gibraltar) 5050 tons '%
ii 2 Average Ships Length (Gibraltar) 500 ft. %
: = k]
- E Average Draft (Gibraltar) 28 ft. 3
: Average Drart (Lloyd's Register) 16 fr. %
5
Average Ship Speed (Gibraltar) 15 knots 2
Average Spectral Noise Level of a 1% knot %
Ship of 500 fr. Length at 80 Hz 157 d8//1uPa € 1 yd ?
325 Hz 150 dB//1uPa € 1 yd E-
1000 Hz 137 dB//1uPa € 1 yd %
%
\'E::
: 3
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«©) Although it is evident that shipping is rmore dense in the
Mediterranean than in most other ocean areas, no reliable data on
Mediterranean shipping density are available. A wmajor effort was

made in 1967 to obtain a complete picture of all ship pusitions in the
Mediterranean on a single date, to coincide with a NATO worldwide
analysis of shipping. W¥hile this effort was successful, the subsequent
closing of the Suez Canal has caused modifications to the traffic
patterns and shipping density in the Mediterranean.

® The estimated number of ships in each one-degree square,
obtained from the 1267 effort, is shown in figure 2.5-1, adapted from
Keller and Weinstein (1971). No data are presented in the figure for
the Adriatic and Aegea: basins. Other blank areas indicate absence of

shipping at the time of the observation.

1(») No comparable effort has been made since the closing of the
Suez Canal. Keller and Weinstein (1971) have estimated the shipping
density for a day in June 1968, to reflect the change created by the
blocking of Suez. Data regarding the number of ships transiting the
Suez Canal were applied to the 1967 observations to arrive at this
1968 estimate. The estimated density with the canal blocked is shown

in figure 2.5-2.

{D) The shipping data presently used in the Fleet ASR prediction models
(with the 3uez Canal closed) are based on the NATO study, as well as on data
froz the World Meteorological Organization (WMO) and fron Automated Marine
International (AMI). These data are presented in iigures 2.5-3 through
2.5-8 by the month (Wolff, 1974). The figures show, for a particular month,
the average number of ships that would be expected in each one-degree square,
if a series of "snapshots" of the Mediterranean were taken during the month
in question. Note the increase in the average shipping density over the
1967 data. This is reflected in an increase in measured ambient noise dur-

ing this pariod (cf section 3.3.2).

(0) Except for the track, described earlier, from Gibraltar to the

eastern Mediterranean, shipping in the Mediterranean does not follow ,
well-defined, narrow lanes {Solomon, 1974). In the wes-ern part, between

Gibraltar and Sicily, traffic flows both in the north-south and east-west

directions, and the sh_pping distribution outside the southern track is

relatively random. East of Sicily, the east-west traffic follows two

broad and poorly-defined tracks. These are a northern rcute, leading toward

the Aegean and Turkey, and a southern route, leading toward Alexandria and

the Levantine coast.
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i N 3.0(c) MEDITERRANEAN SEA ACOUSTICS (H)
(m This section describes the acoustic characteristics of the
Mediterranean. The influence of the environmental factors of section
S ( 2.0 upon the acoustics is discussed where applicable. The major topics
addressed in this section consist of the following:

g T e Sound velocity structure (3.1)

e Sound transmission (3.2)

e Ambient noise {(3.3)

3};‘ k- . For ready reference, the terms used in the aiscussion are defined in
% 5 table 3.0-1 and figure 3.0-1.

e brdaats,

3.1(C) Sound Velocity Structure (U,

\

|

|

‘ = (0) In the following sub-sections, the generalized sound velocity
[ i} stiucture of the Mediterranmean Sea is described in terms of representa-
( %

DAY Y EEPHEL TR ST

tive sound velocity profiles for Mediterranean ASW prediction areas;
= sound velocity cross-sections; average a real contours of the depth of
- 3 the deep sound channel (DSC) axis, the axial velocity and critical depth;
’ regions of depth excess and depth difference; and average a real contours
of sonic layer depth (SLD). These quantities are defined in table 3.i-I. i
Because of a delay in seeing effacts of the weather on the velocity
structure in Decembar and June, the four standard seasons of winter
(January through March), spring (April through June), summer (July through
> September) and autumn (October through December) were used in these
: analyses as contrasted to the definition of seasons in section 2. However,
T due to the high variat:lity during the transition seasons (spring and
' ) autumm) most of these analyses are depicted only for the two extreme
Z seasons of winter and summer. The data base used in all analyses was
the Acoustic Environmental Support Detachment (AESD) data bank, which
includes Nansen cast, salinity-terperature-depth (STD) arnd sound velocity/
salinity-temperature-depth (SV/SID) data processed by the National
Oceanographic Data Center (NODC) as of September, 1972. These data were
.- supplemented by additional data of several types that are listed in the
LRAPP Mediterranean Data Catalog {Tracor, 1974).
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©) All sound velocities used in the above analyses are based on
) the eguaticn of Wilson (1960), although it is not the most accurate
equation for Mediterranean Sea sound velocity calculations. According
to Anderson (1971), sound velocities darived from Wilson's equation are
i E consistently higher than measured sound velocities in the Mediterranean
Sea, particularly at depths greater than 1000 m. In this same paper,
Anderson has developed a second-degree polynomial equation that more
accurately represents measured sound velocities in the Maditerranean
(referred to as the NUC equation in following discussions). Table 3.1i-1
! compares values calculated using the WRilson and NUC equations in the four
major fediterranean basins.
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TABLE 3.0-1 (U)
GLOSSARY (U)

Sound velocity profile - The variation of sound velocity with depth.

Surface layer - This is the layer of water just below the sea surface

in which the velocity of sound is susceptible to changes produced by .
heating, cooling and wave action (wind). It may contain a layer of

isothermal water that is formed by convection and wind action. In this

case, there is a positive sound velocity gradient due to pressure.

Under prolonged calm and sunny conditions, this mixed layer disappears

and is replaced with water in which the temperature decreases with -
depth. In this case, the sound velocity gradient is negative.

TP P TTII ML 1.5 .
st Al ke oo o olfhC R0 8 WYl ,M‘&L;S’mimh;x\'u’ki}y N

Fasdnavr e

m
Ak

TRV PR

Seasonal thermocline — This is the layer of water beneath the surface Tl

layer in which the temperature, and hence the sound velocity, decreases i
with depth but varies with the seasons.

PR VIR VA P PARY

Main thermocline -~ This is the layer of water beneath the seasonal ther- ;

mocline in which the temperature, and hence the sound velocity, decreases 4
with depth but is affected only slightly by seasonal changes. ¢

Deep isothermal layer — This is the layer of water beneath the main

thermocline and extending to the bottom which has a nearly constant :
temperature (13°C) and in which the velocity of sound increases with L
depth due to the pressure effect. Imn winter in certain regions, the :
isothermal layer can exteand all the way to the surface.

Sound chamnel axis - Between the negative velocity gradient of the main --
thermocline and the positive gradient of the deep isothermal laver, a

velocity minimum exists. Sound traveling above or below this velncity

miniruz tends to be bent toward it by refraction, so that it becomes

trapped in a channel, called the deep sound channel, and the location

of the veleoc:ty minimum is called the axis of the sound channel.

Critical depth — This is the depth at which the sound velocity in the
deep isothermal layer (deep positive gradient) becomes egual to the
near surface sound velocity.

Depth excess — Depth excess is the difference between the bottca depth
and critical depth when the bottom is deeper than the critical depth.

Depth difference -~ Depth difference is the difference between critical
depch and bottom depth when the bottom is shoaler than critical depth.

106 a8
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T Surface layer depth - This is the depth of the surface layer (depth to
the seasonal thermocline) and exists only when the sound velocity
gradient is positive in the surface layer.

—————- e - 3 N W el A o

‘ Surface ’uct - For a positive gradient in the surface layer, sound

Do traveling in the layer is beat upwards toward the surface velocity
minfmum ana tends to become trapped in the surface layer, thus forming
a duct or channel.

' ] Convergence zoane - For a source in the surface layer and a velocity
o structure as shown in figure 3.0-1, the ray, labeled (1) and called

the split ray, is par:ially trapped in the surface duct and partially

refracted by the deep positive gradient back to the surface. This ray

becomes horizontal at the critical depth and is called the limiting

ray. Rays with slightly steeper depression angles are also refracted

back to the surface and intercept it at closer ranges. As the depression

L angle increases further, the corresponding rays intercept the surface
at increasing ranges, thus resweeping the area insonified by the rays with
smaller depression angles. This phenomenon of focusing is called a con-
vergence 2one. For some depression angle, a ray will become grazing to the
bottom. A full coavergence zone is formed only when the bettom is deep
enough for the bottom grazing ray to intercept the surface at or beyond

the split ray, 1.

Caustic — When representing sound propagation in terms of rays, a surface
that defines the envelope formed by the intersections cf adjacent rars

is called a caustic. At a caustic, a focusing of the rays occurs,
bringing together all the rays emitted within some solid angle from the
source, and creating an abnormally high intensity. Ray theory is inade-
quate for calculating the intensity at a caustic, because ray theory
predicts an infinite energy density when the cross-section ¢~ 1 ray
bundle becomes zero. A convergence zone is 2 caustic that c.curs at or

near the surface.

3 RSR - This is a propagation path involving refraction at depth and a
= 2 surface reflection.
;5_ E ) RR - This is a propagation path formed by pure refraction, with no surface
g E or bottom interaction.
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Figure 3.0-1. Sound Transmission ¥odes
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TABLE 3.1-I (C)

COMPARISON OF WILSON AND NUC SCUND VELOCITIES
FOR MAJOR MEDITERRANEAN BASINS (U)

ALGERIAN BASIN TYRRHENTAN BASIN
Depth Wilson NUC Difference Bepth Wilson NUC Difference
@) (m/<s=2c) (m) (m/sec)
1000 1521.5 1520.6 Q.9 1000 1523.1 1521.9 1.2
1500 1529.9 1528.8 1.1 1500 1530.8 1529.6 1.2
2000 1538.5 1537.2 1.3 2000 153%.0 1537.7 1.3
250C 1347.1 1545.8 1.3 2500 1547.5 1546.0 1.5
JONIAN BASIN LEVANTINE BASIN
Depth Wilson NUC Difference Depth Wilson NUC Difference
(m) (m/sec) (m) (m/sec)
1000 1524.3 1523.4 0.9 1000 1524.2 1523.1 1.1
1500 1532.5 1531.4 1.1 1500 1532.4 1531.3 1.1
2000 1540.9 1539.6 1.3 2000 1540.9 1i539.6 1.3
2500 1549.4 1547.9 1.5 2500 1549.6 1548.1 1.5
3000 1558.1 1556.3 1.8 3000 1558.3 1556.7 1.6
4000 1575.7 1573.6 2.1 4000 1576.1 1574.4 1.7
NOTES:

e Sound velocities in m/sec
e Wilson values from AESD 5° square averages

e NOC values taken from Anderson (1971)
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€) Despite the inadequacies of Wilson's equation, this squation
I: the basis for all of the sound velocity profiles contained in the
AESD data bank, and was thereiore retaimed. Supplemental measured
sound velocity data (such as that from exercises and programs like MGS, .
IMP, IOMED, TASSRAP and DECKPLATE) were used only to a maximum depth of

500 n. Bevond 500 m depth, temporal and spatial sound velocity vari- -
ability generally masks differences between cazlculated and measured

sound velocities. One of the principal problems in using the Wilsomn

rather than the XUC equation occurs in the cslculation of critical depths. .
Critical deptns based on deep sound velocity gradients ca.culated from o
Wilson's equation can be up to 100 m shoaler than those based on the NUC -- i
equation or measured gradients. This maximum error generally falls E
within the standard deviation of average critical depths for both winter T
and summer (see section 3.1.4). However, since Wilson's equation gives L
erroneous deep sound velocity gradients, use of this equation might lead

to significant errors in acoustic propagation loss calculatioms. :

FIve

&) As previously discussed in section 2.3.1, two major water

masses are circulated throughout the Mediterranean Sea; Atlantic Water .
in the near-surface layers and LIW at depths between about 200 and '
1000 ». The characteristics of these two circulation patterns lead to

ruch higher temperatures and salinities in the eastern Mediterranean

Sea. Figure 3.1.1 shows the spatial variability of sound velocity between

major Mediterranean basircs during the extreme seasons of summer and

winter, basad on selected sound velocity profiles presented in section

2.2.1. The higher sound velocities during both seasons in the Ionian

Sea, Levantine Basin, and Sea of Crete are a direct recult of higher

temperatures and salinities found east of the Strait of Sicily. The

three distinct deep sound velocity gradients shown in figure 3.1-1 in

the western Mediterranean, eastern Mediterranean, and Sea of Crete

correspond to the discrete bottom water masses encountered in these same

regions (see figure 2.2.1-1). 1In addition, the deep sound velccity

gradient in the Tyrrhenian Sea is distinct from that ir the Algerian

Bas!a due to the somewhat higher temperatures and salinities encountered

ip the Tyrrhenian Basin.

(U) Atlantic Water does not markedly affect sound velocity structures
in most of the Mediterranean, since it is imbedded in the seasonal
thermocline duriang summer, and is markedly modified by surface cooling
during winter. However, in the regicn just east of the Strait of Gibraltar,
Atlantic Water is responsible for the formation of a deep sound channel :
(DSC) during winter. This feature generally is not found in the western
Maditerranean Sea during winter due to extrenme surface cooling effects
(see further discussion in sections 3.1.2 and 3.1.3). In additionm,
Atlantic water can cause the formation of secondary sound channels above
the DSC axis, particularly in the western Mediterranean and in regions of
strong Atlantic Water flow.
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= ) LIW has 2 somewhat greater effect on sound veiocity structures, ) E
particularly in the Levantine Basin and Sea cf Crete (see figures %
2.2,1-12, -13, and -14). In these regions the DSC axis, when present, . :

occurs either at or immediately below the depth of the LIW high-salinity
core. In these cases, high-salinity LIW can indvee the formation of

secondary sound channels above the depth of the DSC axis (see figure

2,2,1-14). Throughout the remainder of the Mediterrarean, LIW can cause
the DSC axis. However, throughout the western Mediterranean and the .
northern parts of the eastern Mediterranean Sea, the depth of the DSC ;
axis generally corresponds to the maximum depth of summer warming and is

independent of LIW effects. .

3.1.1(C) Sound Velocity Profiles for ASW Prediction Areas (U). Figure [
1.0-1 shows the location of Mediterracean ASW prediction areas amd is

directly based on NAVOCEANO Chart NA8 p. 2401. This chart depicts -
various physiographic areas and assigns ctc thex bottom loss categories, }
mean depths and mean deeps. However, the ASW prediction areas cutlined

in figure 1.0-1 are not based on any sound velocity analyses, but rather .
only on generalized patterns of sea surface temperature. Figure 3.1.1-1

shows the locations of regions with distinct representative sound velocity --
profiles. The boundaries of these rcgions have been drawn to agree with
those showa in figure 1.0-1, with the following general excepticns: many !
of the ASW prediction areas have beer broken into two or three separate i
sound velocity regions (e.g., area 173 has been split into regions 173A,

173B, and 173C); three sound velocity regions have been formed by com- --
bining two ASW prediction areas each (i.e., 140-141, 152-153, and 154-155);

and the northernmost sections of ASW prediction areas 142, 144, and 14€

have been -ombined to form a sound velocity region typical for the Ligurian }
Sea (i.e., region 144C}. Represeatative seasonal sound velocity profiles )
for each of the regions shown in figure 3.2.1-1 are presented as figures

Al-]1 through Al1-59 in Appendix 1. In many of these regions, sound velocity
profiles were not available for ome or more seasons. All sound velocity

profiles have been extended either to the mean deep bottom depth {as given

S S TN TR T vy L2 X v A fe A

a1-1 through Al-59) are "representative” or “oodel” profiles for

Mediterrznean Sea two-degree squaras as selecteé 5y the AESD sound speed

profile ratriaval system (Audet and Vega, 1974). Therefore, these profile.

are more or less tvpical of seasonal oceanographic conditions in given two-

degree squares. Since two—-degree squares cnly roughly approximate .
Mediterranean ASW prediction areas, and since the boundaries of these :

v

5 on NAVOCEANO Chart NA8 p 2401) or to an appropriate regional bottom depth.
3 In either case, bottcm depths were corrected using the tables of Matthews
3 (1939).

= © Most of the sound velocity profiles showm in Appendix 1 (figures
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Figure 3.1.1-1(C).
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arzas (figure 1.C-1) were purposefully maintained to the maximum

dagree possible in circumscribing the regions depicted in figure
35.1.1-1, a seasonal profile in any given sourd velocity region may rot
differ markedly from a profile for the same season in an immediately
adjacent region. However, the overall annual variation in sound
velocity within a given region (i.e., the composite of the four seasonal
profiles) is always significantly different from that observed in

adjacent regions.

3.1.2(C) Sound Velocity Cross-sections (U), Pigure 3.1.2-1 shows the
locations of five pairs of sound velocity cross—-sections constructed

to represent conditions during the extreme seasons of winter and summer,
Plus a single summer cross-section along the major axis of the Strait

of Sicily. These 11 cross-secticns are shown in figures 3.1.2-2 through
3.1.2-12. Each cross-section consists of a series of sound velocity
profiles plotted at their position of observatior, plus a generalized
profile of bottom topography. The depth of the DSC sxis and the critical
depth are identified on each cross-section. The values of axial depth,
sound velocity at the DSC axis, and critical depth shosm in the cross-
sections may differ from those given in sections 3.1.3 and 3.1.4, since
the latter represent average values. Many of the sound velocity pro~
files have been extended below the maximum depth of observation using
nearby historical deep sound velocity gradiente. Since there is a
horizontal offset between the bottomof each sound velocity profile and
its position of observation, many profiles extend into the apparent
bottc.. Most profiles have been extrapolated to the actual corrected
bottom depth at the position of observatiosn.

() Figures 3.1.2-2 and 3.1.2-3 show the vertical sound velocity
structure for winter and summer 2long a line extending from the Strait

of Gibraltar across the southern Algerian Basin and through the Strait

of Sardinia into the Tyrrhenian Sea. In response to intensive surface
cooiing during winter (figure 3.1.2-2), positive sound velocity gradieats
are found throughout most of the southern Algerian Basin and Tyrrhenian

Sea. This creates a situation where the bottom does not limit sound
propagation (i.e., where the entire water cclumn responds like a suirface
duct). Exceptions to this situation are found in two regions: between

the Strait of Gibraltar and ap:ut 3°W, and between about G° and 5°E.

However in both regions, depth excess is adequate for convergence zone
propagation. During summer {figure 3.1.2-3), a continuous DSC axis is

found throughout the western Mediterracean. The depth of the DSC axis
varies between abcut 50 and 200 m, and is generally shoaler in the Tyrrhenian
Sea. The sound velocity at the DSC axis varies between 1507 and 1509 m/sec,
and is generally less in the Alboran Sea. Critical depth along this cross-
section varies between about 1150 and 1850 m and is greatest at abtout 5°E.
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Hcwaver, depth excess probably is adequate for convergence zoie trans-
missigu throughout mest of the scuthern Algerian and Tyrrhen’an Basi-s
during summer. Somic layers occur only sporadically during summer im

the western Mediterranean and doc not permit reliable surface duct pro-
pagation. During summer, spuricus secondary sound channels above the

depth of the DSC axis are encountered throughout muchk of the southern

Algerian Basin. These features are caused by inflowing Atlantic Water
and may be locally significant in detecting a shallow target.

{c) Figures 3.1.2-4 and 3.1.2-5 depict winter and surmer sound
velocity cross-sections along 6°E between Algeria and southern France.
During winter (figure 3.1.2-4), pocsitive sound velccity gradients are
found along this entire cross—section, creating a situation where ttre
sound channel is at the surface and the bottom does not limit sound
propagation. During summer (figure 3.1.2-53), surface insolation creates
a DSC at about 100 n depth. Sound velocities at the DSC axis vary from
about 1509 mfsec in the south to less than 1507 n/sec at the northern
end of “he Aigerian Basin. Critical depth shoals to the north and
allows a—ple dc-th excess for convergence zone propagation. During sumrer,
7 suriace duct s absent over most of this track.

(B tdigure 3.1.2~-6 shows a suz=er sound velocity cross-—section
along the mainr axis of the Strait of Sicily that extends fron the

co “aern tip of Sardinia into the Ionian Sea. Sound velocity structures
in tae Strait of Sicily are extremely variable due to intensive mixing

in ke nezr-surface layer arnd to a pronounced northwest setting flow

of LIW at inter=ediate depths. At a2 range of about 350 nm fron the
southern iip of Sardinia, surface scund velocities increase to greater
rhan 1540 wm/sec. This range vay demark the position of the Malta Front.
Both the sound velocity at the DSC axis and the axial Jepth are less along
the first 300 o= of figure 3.1.2-6 {i.e., nortuwest of the suspected
position of the Malta Front). This front separates the cooler, less
szlire waters of the western Mediterranrcaa from the warmer, more saline
waters of the Ionian Sea. The shzllow topography of the Strait of Sicily
precluges convergence zcue transnission during summer. Surface ducts

are extremelv sporadic during suszcr in the Strait cof Sicily, eliminating
this —ode of _-ound propagation.

©) Figures 3.1.2-7 and 3.1.2-8 depict winter and suser sound
velocity cvoss-sections alcag 34°% in the eastern Mediterranean Sea.

During wiater (figure 3.1.7-7), -o persistent DSC axis exists along 34°N.
In the Gulf of Gabes, betweea absut 19° and 23°E, ani again between about
28° and 32°E, positive sound velocity gradients extend from the sea surface
to the botiton creating a situation where the entire water colum acts like
a surface duct and tettom topography does no: limit sound propagation.
Bowev.r, transieut DSC structures night occur during any given winter

{see Iigures 3.1.3-1 through 3.1.3-3, below), depending on wind and
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West-East Sound Velocity Cross-section
July—-September

in Eastern Mediterranear (34°N) for Summer,

Figure 3.1.2-8.
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weather conditions. Water depth is more than adequate for RSR propaga-
tion throughout most oi the eastern Mediterranean during wiater. During
summer (figure 3.1.2-8), a DSC axis is found at depths that vary between
about 100 m in the Gulf of Gabes to about 500 m in the eastern Levantine
Basin. The sound velocity at the DSC axis increases to the east from
less than 1515 m/sec in the Gulf of Gabes io about 1519 m/sec near
Eratosthenes Tablemount. In the Ionian Sez (Sicilian Basin), depth
excess is adequate for convergence zone propzgzation during summer.
However, the shoaler botton topography of the Levantine Basin limits
depth excess to generally less than 1000 m. An extremely shallow sonic
layer (less than 20 m deep) can be found in the eastern Mzditerramnean
during surmer. However, this feature is too sporadic aud ili defined
to produce a relizble surface duct. During summer, secondary sound
channels above the depth of the DSC axds are found east of about 30°E.
These cheanels could permit short-range detecticn of 2 target at the
depth of the channel.

©) Figures 3.1.2-9 and 3.1.2-10 present wint2r and surmer sound
velocity cross-sections along 19°E that extend norch from the Gulf of
Sidra across the Strait of Otranto into ihe Adriatic Sea. During winter
(figure 3.1.2-9), DSC structures are present only in the Gulf of Sidra
and the Strait of Otranto. Thne Izimer are caused by warmer near-surface
conditions off the Libyan coast. and the latter by mixing. Over the
rezainder of the cross-section, surface coolinz causes seri-permanent
positive sound velocity gradients that extend from the sea surface to
the beotton. During sur—er (figure 3.1.2-10), a DSC is fovnd at depths
that vary from about 250 n in the south to about 50 n in the Adriatic
Sea. Sound velocities at the DSC axis generally decrease to the north
from about 1514 m/sec in the Gulf of Sidra to about 1511 n/sec in the

traits of Otranto. However, north of about 4G°fi, the sound velocity
at the DSC axis is less than 1509 m/sec due to the lecwer temperatures
and salinities in the Adriatic Sea. Over the Sicilian Basin, depth
excess is adequate fer convergence zone propagation during surmer. In
addition, a shailow, sporadic sonic layer is present throughout most of
the Ioniam Sea that could permit some surface duct propagation.

{C) Figures 3.1.2-11 and 3.1.2-i2 illustrate the verticel sound
velocity structure along 29°t in the Levantine Basin during winter and
suroer. During winter (figure 3.1.2-11), positive sound velocity gra-
dierts « .cur over the crest of thc Hediterranean Ridge. Such features
ars not apparent in the average DSC statistics for winter (figures
3.3.3-1 and 3.1.3-2, below), indicating that they c=ay be transient in
nature. Surface duct and RSR propagation are ensured along 29°E during
winter. During summer (figure 3.1.2-12), the depth of the DSC axis
generally shoals between the coast of Egypt and the crest of the
Mediterraneaz Ridge, but then deepens to about 350 m over the Rhodes
Basin. The sound velocity at the DSC axis approaches a maxirum of
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1518 n/sec at about 33°N, probably in responc= tec the prusence of a

core of high salinity LIW. C2pth excess ic adequats for the formation
of convergence zones along 29° E during summer. «n ill-defined surface
duct is present along most of this track, Dut is not strong enough for

reliable propagation.

AFies o

iy Al (i oo

()

© The sound velocity cross-sections shown in figures 3.1.2-2
through 3.1.2-12 portray generalized vertical structures only for the
two extreme seasons of winter and sumer. During the transition seasomns
of spring and autumn, the upper 500 n of the water colummn is subject to
short-period changes associated with rapid warming and cocling. Similar
short—period changes could also occur durirg winter and summer in some
regions, causing significant changes in acoustic propagation conditionms.
For this reason, the propagation patterns presented in these figures
should be considered representative only for the areas depicted. In
addition, many of the sound velocity structures in the Mediterranean o
are sensitive to the near-surface environment, and can be drastically !

altered by anomalous weather conditioms.
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3.1.3(0) Deep Sound Channel Axis (G). In the Mediterranean Sea, the p
depth and sound velocity of the DSC axis vary with season (Fenner, 1968) -
in response to surface cooling and insolation. However, during the .
transition seasons of spring and autumn, average values of toth para-

peters have relatively large standard deviations. Therefore, presenta—- - --
tions of average DSC axial depth and sound velocity are shown for only

the two extreme seasons of winter and summer, along with their respective )

standard deviations (figures 3.1.3-1 througn 3.1.3-8). During spring .
and autumn, the average depth of the DSC axis generally lies midway

between the average values for winter and summer (Fenner, 1968).
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® Figures 3.1.3-1 and 3.1.3-2 display the average depth of the
DSC axis and its standard deviation during winter. Figures 3.1.2-3 and
3.1.3-4 present similar ctatistics fcr the sound velocity at the DSC
axis. 4s previously noted, no DSC is evident in rost cf the western
Mediterranean and in the northern portions of the eastern Mediterranean
during winter. 1In these regions, surface cooling, induced by strong
northwesterly winds, destroys the seasonal thermocline present during
spring, sur—er, and auturn. This in turn causes the formation of an
essentially positive sound velocity gradient that extends from the ocean
surface to the ocean bottom. However, localized warming can cause the
formation of transient winter DSC structures, particilarly during the
month of January. A DSC is present throughout winter in thke Alboran

) Sea and in an isolated region off the 2astern Algeriac coast, probably
i due to the effects of relatively warm Atlantic Water near the surface.

In the southern portions of the eastern Mediterrameazn, (i.e., the southern :
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Ionian Sea, the Levantine Basin, and the southeastern Aegean Sea), a
DSC also is present throughout winter. However, such a structure car
be destroyed by extreme near-surface mixing. Examples of the absence
of a DSC in the southern Ionian Sea and Levantine Basin were given in
figures 3.1.2-7, 3.1.2-9, and 3.1.2-11.

e ) Juring winter, the average deptii of tlie DSC axis generally
increases to the east from less than 50 m ia the region near Mzlta to

- a depth of greater then 400 m at the eastern end of the Mediterranean.

. However, average DSC axial depths greater than 400 m also are found in i
isolated pockets off the Libyan coast, east of Rhodes, 2nd in the
southeastern Aegean Sea. The average sound velocity at the DSC axis
varies from less than 1512 to greater than 3517 n/sec in 2 manner similar
to that observed for averaze axial depth. The isopleth patterns of both
parameters suggest a general flow to the east emanating from the region
between Rhodes and Cyprus. According to Wue: (1961), high-salinity LIW
is formed in this same region during winter. The average DSC axial
depth during winter displays standard deviatiors that vary from greater
thar 150 m to less -han 50 m, but generally lie tetween 50 and 100 m
over most of the Levantine 8asin. Standard deviations in the average
sound velocity at che DSC axis vary from greater than 1.5 to less than
0.5 m/sec, but geuerally lie betweea 0.5 and 1.0 m/sec over most of the
Levantine Basirn.

()] Figures 3.1.3-5 and 3.1.3-6 show the average depth of the
DSC axis and its staundard deviation for srmer. 1Zgures 3.1.3-7 and
3.1.3-8 present similar statistics for tt2 sound velocity at the DSC axis.
During sucmer, a DSC is present tnroughout the Mediterranean except in
the Gulf of Gabes and in the northern half of the Adriatic Sea. Both
these regions are too shallow for the formation of a DSC during summer.
The average depth of the DSC axis generally increases to the ezst from
less than 100 x along the southern coast of Framce to greater than 400 m
off the coast of Israel. However, the average depth of the DSC aris also
is less than 100 m ip the northwestern Aegean Sea. This anomaly may be
related to low-salinity water flowing out of the Black Sea thrcgh the
Dardanelles. The average sound velocity at the DSC axis also increases
to the east from less than 1567 m/sec north of the Balearic Islands to
greater than 1517 m/sec at the eastern end of the Mediterranean Sea.
However, in the Aegean Sea, average vaiues of less than 1512 r/sec are
found off tk2 coast of Greece while average values of more than 1518 a/szc
are found off the coast of Turkey, creating a strong northwest to southeast
gradient. 2nother strong g-adient occurs across the Strait of Sicily,
where the average sound velocity at the DSC axis changes by about 6 m/sec
over a distance of about 150 nm. This gradient is caused both by the
Malta Front and by mixing of LIW at intermediate depths, Isopleth patterns
‘ of the average depth and sound velocity at the DSC axis suggest a flow
from the Levantine Basin through the Strait of Sicily intc the southern

3 ) Algerian Basin similar to the pattern followed by high-salinity LIW.
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(o Surmer standard deviations in the average depth of the DSC

axis generally lie between 50 and 100 m, and are somewhat less in the

Algerian Basin. Standard deviations in the average axial sound velocity

are much greater than theose of average DSC axial depth, and vary from -
more than 7.0 m/sec irn the eastern Aegean Sea to less thzam 0.5 mfsec in

both the Gulf of Sidra and most of the western Mediterramear. Since

axial sound velocities are more sensitive to water masses than are axial .
depths, the large standard deviations apparert in the axial sound

velocities probably reflect either water mass movemcnts or actual changes

in water mass types.

3.1.4(U) Critical Depth {U). By definition, critical depth is based on
both the maximm sound velocity in the near-surface layer and the deep
sovad velocity gradiemt. Since sound velocities in the rear-surface
layer are subject to extreme temporal variability (diurmal, monthly,

and seasonal), critical depths also show significant temporal varisbility
and associated large standaré deviatiors. Figures 3.7 .4-1 through
3.1.4-5 show annual criticai depth curves complete with monthly standard
deviations for the Alboram Sea, central Algerian Basin, Tyrrhenian Sea,
central Ionian Sea, and central Levantine Basin, respectively. Except
fcr the Albormn Sea, these curves show a near-normal édistributica of
average critical depth with time, but also show significant monthly
standard deviations. The near-normal distributioLs of average critical
depth versuvs time probably are caused by the regularity of the zanual
heating-cooling cycie in major Mediterranean basins. Near-normal data
distributions are parti~ularly evident in the central Algerian Basin
(figure 3.1.4-2) and the ceatral Iounian Sea (figure 3.1.4-4). Both of
these regions are relstively fa- from the infiuence of a land mass.

In the landlocked Aiboran Sea, however (figure 3.1.4-1), average critical
depths observed during May are less than those during Aoril, and average
critical depths during September appear to be less thar those for Cctober.
This is a reversal of the trends usually observed durimg spring and autumn.
In all five regions, average critical depths and their standard devia-
tions are quite variable during the transition seasons of spring and
auvtuon. In addition, existing oceanographic data have poor terporal

and spatial distributions curing the two transition seasons. Therefore,
contour charts of average critical depth were constructed only for the
extreme seasons of winter and sumeer.

®) Figures 3.1.4-6 and 3.1.4~7 depict the average critical depth

and its standard deviation for winter. 1In the hatched regicms in -
these two figures, there is no DSC structure and critical depth is at

the surface. Figures 3.1.4-8 and 3.1.4-9 show the same parameters for
summer. Since both critical depth and the bottom are highly variable in
the Mediterranean, the various isopletbs in figures 3.1.4~6 through 3.1.4-9
are shown in regions where the bottor ic shoaler tham critical depth
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(i.e., regions of depth difference) as well as in depth excess regioms.
Depth difference and depth excess regions for winter and summer are
identified in figures 3.1.4-10 and 3.1.4-11 respectively.* .-

(0) During winter (figure 3.1.4-6), surface cooling produces
semi-permanent positive sound velocity gradie..ts throughout most of the
western Mediterranean and in nortnerr portions of the eastern
Mediterranean. In these regions, critical depth is at the sea surface
and propagation is not bottom limited. BHowever, warmer near-surface
conditions in the southern Ionian Sea., Levantine Basin, and southeastern
Aegean Sea lead to the formation of a DSC and result in average critical
depths that vary from less than 400 n south of Peloponmesus to greater
than 700 n at the eastern end of the Mediterranean Sea. An isolated
region with average critical depths greater than 700 m also occurs off
the Turkish coast in the southeastern Aegean Sea. In the Alboran Sea
and in an isolated pocket off the coast of eastern Algeria, relatively ‘
warm Atlan:tic Water leads to a DSC structure and average critical depths ) :
between 3606 and 400 n during winter. Standard deviations in average .
critical depth during wirnter (figure 3.1.4-7) vary between only about

100 and 200 n in the Levantine Basin, but between about 50 and 350 m in

the southern Ionian Sea. In the Alboran Sea, standaré deviations are

about 100 m». The large variation in standard deviations in the southern

Ionian Sea is partially caused by the Malta Front, but also is a result

of rapid changes in near-surface cooling throughout this region (also

see figure 3.1.4-5).

amers Uadh s Manttn seawrer M ok st NS G

w During surcer (figure 3.1.4-8), critical depths vary from less
than 1500 = in the Gulf of Lion to greater than 2300 m in the region
east of Cyprus. Critical depths less th: 1 1600 m are found in the
northern ends of the Algerian Basin and adriatic Ses and in the north-
eastern part of the Aegean Sea off the Dardanelles. Critical depths
greater than 2000 n are found in the Gulf of Gabes, Gulf of Sidra, off the
Libyan coast, and throughout most of the eastern Levantine Basin. In the
Alboran Sea, critical depths are somewhat greater than 1600 m. Standarc
deviations in average suzmer critical depth (figure 3.1.54-9) vary from
generally less than 100 n in the eastern lLevantine Basir to greater than
350 = in the western Alboran Sea. Regions with standard deviations greater
than 250 n occur in the Ligurian Sea, the Tyrrhenian Sea, and the north-
western Aegean Sea. Cenerally, standard deviations in average sum=cr crit-
ical depth are greater in the western thsa in the eastern Mediterranean Sea. .
This is due partially to oore uniform surface inmsolation in the eastern
¥editerranean. The extrermely high standard deviations in the western
Alboran Sea {greater than 350 m) probably are caused by local variability

i in surface insolation ané fluctuations in the Atlantic Water inflow

' (alsc see figure 3.1.54-1). However, standard deviations in summer average

n memmeenbet .

*These figures are inserted in the envelope bound at the back of this
voluxe.
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critical depth also reflect the ronthly distribution of data. Generally
speaking, regions with high percentages of August (nid-summer) data have
lower standard deviations than regions with preponderant percentages of
July and/or September data. 1In the western Mediterranean Sea, a high
percentage of the historical observations were collected during the
month of July, whereas in the eastern Mediterrauean Sea, a majority were
collected during August.

3.1.5(C) Depth Excess and Depth Difference (U). Figures 3.1.4-10 and
3.1.4-11 depict regions shoaler and deeper than average critical depth

for winter and sumoer, respectively. Reglons shoaler than average critical
depth are regions of depth difference. Regions where the ocean bottom
exceeds critical depth are regions of depth excess. As a general rule,
rore than 400 m of depth excess are reguired for reliable convergence

zone propagation fron a near—surface source. Somewhat rore depth excess
ray be required for meaningful long-range RSR propagation.

{C) During winter (figure 3.1.4-10), the majority of the Mediterranean
Sea has greater than 1000 o of depth excess. Exceptions are found in the
Alboran Sea, in the Strait of Sicily, and along the continental margin

in the eastern Mediterranean Sea. However, in most of the western
Mediterranean and northern rortions of the eastern Mediterraneam (i.e.,
northern Ionian Sea, Adriatic Sea, and most of the Aegean Sea) a positive
sound velocity gradient occurs between surface and bottom, permitting
vninterrupted RSR propagaticn with little botton interaction.

) During surmer (figure 3.1.4-11), warmer near-svrface conditions
result in considerable regions of depth difference throughout the
Mediterranean Sea. These regions include the Alboran Sea, the Balearic
Plateau, the Strait of Sardiniz, much of the Tyrrhenian Sea, the Strait
of Sicily, the entire Adriatic and Aegean Seas, portions of the northern
Ionian Sea, most of the eastern Levantine Basin, and a substantizal
portion of the Mediterranean Ridge between about 22° and 25°E. 1In these
areas, convergence zone propagation is severely limited or interrupted
by the botton.

) Elsewhere in the Mediterranean, however, large regions with

400 to 1000 m of depth excess occur in the Algerian Basir, Tyrrhenian

Sea, Ionian Sea, and western Levantine Basin. During su=mer, RSR prcpa-
gztion between the major basins of the Mediterranean generally is impeded
by regicns of shallow topography. Withir the four major deep water basins,
however, RSR propagaticn can be used reliably everywhere.

3.1.6(U) Sonic Layer Depth (U). Sonlc Laver Depth (SLD) in the Mediterranean
Sea is a function of surface heating, which tends to reduce the SLD, and
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vertical mixing die te¢ surface cooling and/or wave actiou, which drives
the SLD deeper. In winter surface cooling and strong nortkwesterly
winds (tramontana, bora, mistral) destroy the seasonal thermocline,
thereby forming an essentially isothermal and ischaline layer to the
sea floor. Absence of a near surface sonic maximum (SLD) during this
period creates a situation where the entrire water colummn acts as a
surface duct.

o The advent of surface heating coupled with decreasing winds
ir ".g permits the seasonal thermocline to reform. As surface
he increases, a sound speed minimum occurs at the base of the

rew. .ormed thermocline, thus causing an in-layer sound channel which
persists tntil overwhelmed in the autum as the thermocline deepens.
Continued surface heating causes surface sound speed values to increase
rapidly until they become greater than values at the 300 m level. The
transition from deep to shallow SLT normally occurs between mid-April and
mid-May. SLD remains at or near the surface until winter cooling and
increasing winds eliminate the seasonal thermocline.

1)) Seasonal SLD charts are shown in figures 3.1.6-1 through 3.1.6-4,
as cormputed fror expendable bathythermograph (XBT) data averaged over
one-degree rectangles. The winter chart (figure 3.1.6-1) shows the effect
of cool, dry winds from contineatal Europe. Water temperature exceeds
air temperature by as much as 10°C, causing the near surface lsyer to be
dense and unstable (Lacombe and Tehernia, 1971). Thus vertical mixing
occurs, forming a deep, homogeneous surface layer with SLD deeper thaa

3C0 m in the northern part of the Western Mediterranean and in the
Adriatic Sea. Relatively shallow SLD occurs in the southern half of the
Strait of Gibraltar owing te the influx of Atlantic waters. Presence of a
meridional atmospheric pressure gradient over the eastern Mediterranean
directs water of Atlantic origin northward toward the Adriatic Sea rather
than toward the Levantine Basin (Oren, 1971). The resultant shift in
circulation combined with relatively mild weather (reduced convéctive

and wind mixing) results in SLD deepening to only moderate depths in the
Levantine Basin.

) The effect of increased surface heating, decreased winds, and

river runoff is evident in the SLD analysis for spring (figure 3.1.6-2).

Shallow layer depths are found in shallow areas, where Atlantic water

mcves eastward along the African coast, and in the Levantine Basin. :
Deep layer depths persist where Mediterranean Deep Water was manufactured

during the previous winter, but even here the trend toward summer con—

ditions is shown by the variability of the analysis.

(U)) By summer, the atmospheric pra2ssure system has become zonal

(east—west) and Atlantic water is once again transported into the —
Levantine Basin (Oren, 1971). SLD rarely exceeds 30 meters throughout

the eztire area (figure 3.1.6-3). The tendency for transient surface

warming (afternoon effect) during periods of maximum insolatior is well

established.
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' ) Increased surface cooling and wind miaing erode the thermo—
cline during autummn. Although SLD generally ranges from 20 to 50
meters (figure 3.1.6-4), local vaviation will occur because of variance
in meteorological conditioms.

)] The annual march of SLD in the Western Mediterranean, Ionian
Sea, and Levantine Basin ic shown in figures 3.1.6-5 through 3.1.6-7.
Mean monthly SLD is indicated by the «~2id line, 95 perc-nt limits by
the broken iines. Number of observations, frequency of zero SLD, and
frequency of SLD at or greater than 300 m is given below each figure.
Despite minor differences in the data, several factors are evident:

a. Maximum SLD occurs in February or Marclh and minimum SLD
in June or July.

b. Variability is greatest in April and least in June or
. July.

c. Zero SLD occurs most frequently in May but never exceeds
40 percent of the observationms.

d. The frequency of SLD at or greater than 300 meters is
greater than 75 percent in the western Mediterramean
during winter in contrast to less than 50 percent in the
Levantine Basin.
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3.2(B) Sound Transmission (U)

3.2.1(U) General (U). In considering the transmission of sound from a
source to a receiver, one is interested primarily in the paths over which
the sound travels and the propagation less over these paths. Propagation
loss is a measure ¢f the cnange in sc-xmd level as a function of range
from the source. It is usually expressed in dB relative to the source
level at 1 yd. Propagation loss is the combined effect of losses pro-
duced by attenuation (conversion of sound energy into heat), by reflec-
tions from the surface and bcttom, by scatterirg fron inhomogenieties

in the water medium, and by spreading.

U)) The interpre:ation of a prepagation loss m2asurement is a
complex process of combining sound levels arriving at a field point over
all ihysically possible paths from the souice %o that point. These paths
can be corbinations of reflections from the 3urface and bottom with re-
fracted trajectories in between, i.e. they fiaci:xde a variety of propaga-
tion modes. The nature of the refracted traiectories depends on the com-
plex sound velocity structure discussed in section 3.1. It is, therefore,
not generallr possible to assess proragztion loss without the benefit of
automated mcdels.

1)) A stbject of continuing Interest is the coabination of propa-
gation loss data and modeling resalts to develop ground rules for inter-
preting eavircamental parameters that can be measured by the operational
Tleet. These rules can then be ised in situ to modify computer gererated
predictions whenever the envirourent deviatas irom the historical or
synoptic environmental dz2ia used in the predictions suoplied to Fleet

units. This prccess, howaver, becomes manually unmacageabie rather quickiy,
and even the handling of the sirpler situations has not beer developed te

a high degree.

(1)) In this section, sound transmission in tue Mediterranean Sea
is characterized as far as the nurber, consistency, and extent of the
peasurepents 2llow. Section 3.2Z.2 contains a suzmary of attenuation
zeasurenents, for which the results obviocusly apply to any propagatioa
mode. Section 3.2.3 contains a discussion of the present undarstanding
of the bottom reflection process and the —anner in which its effects
2re surmarized. In section 3.2.4, volume scattering and bottom back-
scatterine effects are summarized. Tn section 3.2.5, the varizbility of
surface duct (and cross-layer) propzgatioun is dascribed. Im section
3.2.6, a few surrary resuits of convergerc.. zone propagatiorn are given.
And fipally, im section 3.2.7, lcng range low frequaency propagation
loss wmeasuremects are sur=arized.
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3.2.2(U) Attenuation (U). The attenuation of sound in sea water has
been investigated extenmsiiely, both theoretically and experimentally.
A surmary of the measurements for the Mediterranean Sea (Leroy, 1967)
is showm in figure 3.2.2-1. The curve in the figure ¢ n be expressed
empirically as

0.155f fz

2
Q= ——— 4 0.006£

£ 2+f2
T

wvhere a is the attenuation in dB/km, f is the frequency in kHz and
fr = 1.7 KBz,
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3.2.3(C) Botton Reflection Loss (U)

T e e S Baa

3.2.3.1(0) Introduction (U). Bottom reflection loss is definzd as the
residual propagation loss after sprealing and absorption losses have
been accounted for, when a sound signal travels irom sourca to receiver
via a botton reflected path. The reflection angle is called the grazing
angle. Evidently, knowledge of the magnitude of the bottonm reflaction
loss as a function of grazing angle for any given geographic location

is of wvital importance in the prediction or evaluation of sonar per-
formance for those acoustic sensors which may erploy a botton bounce
rode of operation.

3.2.3.2(0) Development of Stzadard Bottom Reflection Loss Curves (U:.
The extensive variability which has been observed in botton reflectior
loss versus grazing angle at various geographic locations and the
natural assumption that the magnitude of the “Hotton reflection loss must
be heavily dependent on the quality of the bo:ton has led to attemple to
correlate bottom reflection loss characteristics with the associated
physiographic provinces. To this end, the bottom reflection loss versus
grazing angle curves from more than 1300 acoustic stations of MGS and
ASW/GSW surveys in diverse ocean areas were aaalyzed by NAVOCEANO and
correlated with their corresponding physiographic province, initially
for a frequency cf 3.5 kHz, 100 Hz bandwidth, but later extended to
also include 1/3 octase band resuits at frequencies of 0.01, 0.05, 1.0,
2.0 and 3.5 kHz. The data for these analyses were extracted fronm
broadband recordings of SUS signals recorded on a2 shallow hydrophone.
Grazing angles ranged between 3 and 9G degrees.

(C) Thz end result of this effort produced a grouping of the data
into 9 distinct categories of botton reflection loss versus grazing
angle, each of which was fitted with a2 fourth degree polynozial using
0.1 degree averaging of the grazing angle. These curves are shown in
figure 3.2.3-1. These nine curves have since been designated as the
Navy Interin Standard Bottoz Loss Curves for the Frequency Range 1.0 to
3.3 kHz. The results of these analyses are reported in Reference 3
{(Christensen, Frank and Kaufrman. 1974).

) The nuceric designator of each of these nine curves is zlso
the numeric designator to be used for labeling the corresponding botton
loss provinze for which the curve represents the zverage bottom= loss
characteristics. The curves are therefore comoonly referred to as
"Bottos Loss Province Curves".

Cnmods s mon

(C) For frequencies below 1.0 kHz, FNWC developed the Botton Loss
Curve (0.5 kHz), and the Bottom Loss Curve (0.1 kHz), shown in figure
3.2.3-2. These curves are currently the Xavy Standard for these fre-
quencies. The results are based on the 1963 MGS stations anéd were
reported in 1970 by Bassett and Wolff (reference 2). The numeric

(e
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b designators of these curves, like those of figure 3.2.3-1, also correspond
to those of the Bottom Loss Province to be associated with it, except
that Bottom Loss Provinces 4 through 9 are all characterized by the fifth

classification curve of figure 3.2.3-2.

A TS G

L There is evidence, based on Fleet experience, that observed
- bottonm reflection losses may be less than those which are given by
figure 3.2.3-2. Additional analyses at these lower frequencies are now

being carried out by NAVOCEANO.

3

- 3.2.3.3(C) Development of the Bottom Loss Province Chart (U). For the

i Mediterranean area, bottom reflection loss measurements have been reported

' for more than 125 sites since 1960. The locations of these sites are
shown in figure 3.2.3-3. A description of the various measurements is
given in the Data Catalog (MC Report 103, 1974). These data were used in
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the development or validation of the nine bottom reflection loss curves
iscussed in the previous section and then in the production of the Bottom
Loss Province Chart for North Atlantic Region 8, vhich includes the

Mediterranean Sea.

1)) All of the stations comprising the MGS aad ASW/USW data base
were plotted (identified by their assigned bottom loss classification
designator) on the appropriate Standard Navy Ocean Area Chart. This
chart was overlaid by = physiographic province chart developed for the
same area and contours were drawn, maintaining a judicious awareness of
the physiographic province boundaries to delineate areas having the same
botton less classification. Physiographic provinces containing group-
ings of stations representing different bottom loss classifications

were contoured to show the areal distribution within the province of
each different classification. Likewise, physiographic province boundaries
were overridden vhen z continuum of stations having the same bottom loss
classification spanmed the boundary between adjacent provinces. The
resulting bottom loss province chart for the Mediterranean is shown in
figure 3.2.3-4. This chart was a primary input in the development of
the Standard ASW Prediction Area .hart (figure 1.0-1, p. 3) which is
shown in figure 3.2.3~3 in color.

3.2.3.4(0) Use of the Standard Bottom Reflection Loss Curves and Bottom |
Reflection Loss Province Charts (U). Data have been reported by Chapman ‘
znd Keil (8) and Hanrahan (7) in 1971 from which a table can be conmstructed
which correlates botton loss province category with a qualitative evalua-

tion of the observed performance of the AN/SQS-26 (AXR and CX) sonar for

both the search and track modes in the Mediterranean Sea and the Atlantic

? and Pacific Oceans. The results are given in table 3.2.3-I. Note that

the performance in the MzZliterranean is one category better than for the

same province in the Atiantic and Pacific. This is due primarily to the

fact that the Mediterramean is shallower and hence there is less trans-

mission loss along the propagation path.
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TABLE 3.2.3-1I (V)

CONrIDENTIAL

EXPECTED BOTTOM BOUNCE PERFORMANCE OF THE AN/SQS-26
(AXR AND CX) SONARS (CHAPMAN & KIEL, 1971; HANRAMAN, 1971) (U)

Bottom Loss

R
FEEIOPPR . ¥

PRrET N

PREVIPRTTIRIER

‘%» . Mediterranean Atlantic and Pacific
. Province
: Category Search Mode Track Mode Search Mode  Track Mode N
|
i = 1l Excellent Excellent Excellent Excellent
- 2 Excellent Excellent Good Excellent -
2 3 Good Excellent Fair Good
;f 4 Fair Good Marginal Fair
E2 5 Marginal Fair Unusabie Marginal
N 6 Unusable Marginal Unusable Unusable
ez
; 7-9 Unusable Unusable Lnusable Unusable
£ © The Navy Interinm Standard Bottom Loss Curves for 1.0 to 3.5 kEz
(figure 3.2.3-1) have been incorporated into the Fast Asymptotic Coherent
Transmission (FACT) model and are used for computing SHARPS II and ASRAPS
II1 outputs above 1.0 kHz. They are also erploved by NAVOCEANO in the
classification of acoustic stations collected by on-going survevs, with the
results being incorporated into updates of the Bottom Loss Province Charts.
As wentioned above and shown in figure 3.2.3-4, the Bottom Loss Province
Charts are a pricary ipput to the development of the Standard ASW Pre-
diction Charts.
©) it should be borne in nind that both the Botton loss Province

Charts and the ASW Prediction Charts were developed for the specific
frequency range 1.0 to 3.5 kBz. When fregueancies below this range are
being considered, both bottom loss province toundaries and classificatioans
tend to degrade. Efforts are currently underway at NAVOCEANO to investi-
gate the feasibility of developing Bottom Loss Province Charts for these

; lower freguencies.
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3.2.4(C) Reverberation in the Mediterranean Sea (U)

3.2.4.1(U) Volume Scattering (U). There arz two measures of volume

reverberation. One is the scattering strength S_ of the cubic yard of water

in decibels. The second is the scattering strength S, of a column of
water extending from the water surface to the bottom and having a cross-
section of one square yard. S, is also in decibels.

(U)) Volume reverbevation is primarily - biological phenomenon
which varies from day to night and from season to season, as well as
with geographic location, sonar frequency, and depth. In order to
examine variations with time, location, and frequency, the depth
variations are eliminated by using the columm strength, Sc.- In the
Mediterranean, Sc‘s at any given location and time are similar for fre-
quercies from 6 kHz to 10 kHz and from 12 kHz to 20 kBz. Thus, table
3.2.4-1 gives values 6f S, for summer, day and night, and winter, day
and night, for 3.5, 5, 6 to 10, and 12 to 20 kHz. Measurements have not
been made in each province. Rather, values for provinces with no data
have been predicted from the values in adjacent provinces on the basis
of oceanographic information. Provinces for which no values are given
are in relatively shallow water where no measurements have beer made.
Winter has been considered to be fiom November through March and summer
from May through September.

(o) ¥hea knowledge of the depth dependent characteristics of volume
scattecring is required, S, values must be utilized. Few measurements of
S, have been made in the Mediterranean. Table 3.2.4-II gives scattering
layer depths and the maximum S_ in the layer for almost every known
measurement. Values cannot be predicted accurately in provinces other
than those in which measurements have been made.

3.2.4.2(C) Bottom Backscatter (U). The location of 44 bottem back-
scattering stations for the Mediterranean Sea at a frequency of 3.5 kHz
and having grazing angles 30° to 65° are shown in figure 3.2.4-i. The
3.5 kHz bottom backscattering data were grouped into four groups {A, B,
C, and D) having similar backscattering strength versus grazing angle
characteristics. Table 3.2.4-11I shous the mean values (dB) and standard
deviations (dB) for 5° intervals for each of the four groups and for all
44 stations. 1In addition, fourth order polynomial fit values (dB) at

5° increments and the standard deviation (dB) are given. These data are
shown also in figure 3.2.4-2.

) The chart (figure 3.2.4-1) shows the backscattering group of
each statior. Since the data are highly variable in gsome areas, the
following prediction procedure is recommended:

a. For locations near a station or in an area having
similar scattering characteristics (A-B, B-C, or
C-D), choose the appropriate group - Mean value.
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K2 TABLE 3.2.4-1I (SER) (C). SCATTERING STRENGTH SC’ IN dB $
3 FOR THE MEDITERRANEAN ASW PREDICTION AREAS (U) )
- ;
3 rovizee 3 3%a, M5 50 s o%hE et e 6B ime 1230 ser 5 Eoiec ;
137 -80 .51 52 -4 -55 -51 .0 25
133 .80 29 -4 45 -50 .53 .52 5
13¢ .55 -57 -45 -58 -s9 -z . .52
120 -69 s -4 .43 -50 .50 e -45
1a1 -65 -4 =9 45 -50 56 -50 .45
122 -s3 .57 58 -50 -50 .52 .53 %9
143 -50 15 -43 -4 -50 .5 -50 23
124 -3 -57 =45 -50 -s3 .52 e -z
145 -ss -57 -%5 .50 -5 -5z -53 e
146 -5 -57 43 -50 -5t -52 -53 e
147 - - - - - - - -
143 -85 .57 .53 23 -5t .51 -59 e
149 - - - - - - . -
150 -65 -57 -5¢ 45 -5 -5t -5¢ 2
151 - - - - - -
152 -85 -57 .54 18 -5s -5t -so -85
153 -85 -57 -5t i3 -se -3 .50 25
155 - - - - - - . -
156 -65 .57 .54 ez -se -1 -6 -2z
157 - - - - - . - -
155 -€5 -s7 54 .13 54 -1 56 15
15¢ - - - - - . -
€0 - - - - - - - -
161 -61 -s7 -s3 -4 -50 -52 -3 -zs
162 -85 -53 -s5 22 -s5 -3 -3 23
163 6% -55 .34 24 -53 -52 -2 -49
100 €2 -s3 -51 -1 -50 52 i3 s
165 &5 15 -5 -a1 -3 -25 -us Lo
188 .55 -ss -5 13 -52 .53 -s2 23
167 -£6 .13 .58 e .54 .22 52 58
163 -8t -39 -55 -3 -4 -s2 -5 -50
169 - - - - - - - -
155 - - . - N - - -
17 -3 -s? -s5 .13 -s3 -5t -52 -56
172 88 -s7 -ss 43 -5 .5t -1 -56
173 -85 .57 -53 45 .57 51 -s1 -s0
i34 -3e .57 -53 43 .<, -58 -5z .55
17S s .57 83 - -7 -£0 -5 55
‘ 175 74 -57 -62 25 .57 -30 .51 -sd
173 7% -s? -53 - .53 -8 3 -30
i 178 7% .57 .52 -4 57 -£0 -5t .50
173 .34 -$7 .53 -8 .57 -60 .51 55
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TABLE 3.2.4~31II{C}. 3.3 xHz BOTTUM BACKSCATIERING
STREXGTIH IN 45 VERSUS GRAZIXG ANGLE (U)

3.5 x32=z 30TTORY RATISTATISSINS STIENSTZ IS €3 TE3STS GIAZISS amni (B).

1 s

1
s

&,

T oee

5

e

Vonww»
¢
%
ﬁa
[

D {£i2) =13
A3l polnzs
[e.7 21

All poic-cs
£iz) o=d.7

%
%
)
-{%

' ’
xR
n

-43.8 -33.8 -3z

4.7 -3z % -23.4 -23.s

X -] = z X : = b4 -2 X -] X -3 X 2 b 4 3
A TSI I S STl i 1T 5305109 2.8 521 397 9.3 1 431153
{-20.2 D238 214 -21.5 -26.3 -2%.3 -25.7 -38.3
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3.2.5(0) Surfsce Channel Propagation (U). Sonic layer depth was dis-

cussed in section 3.1.6. Fron figure 3.1.6-3 it can be seen that during ‘
surmer the average layer depth varies between 10 and 20 meters, with a o
probability of having no layer at ail of zpproximately 20X in the western
Mediterranean and 10 to 132 in the Ionian Sea and Levantine Sea. The

l1ayer is therefore “oc thin and unstable for reiiable surface channel

propagation. This situation begins to izprove in autumm but, as can be

- - seen from figure 3.1.6-4, layer depths rermain gemerally less than 5D =m.

_ In winter, figure 3.1.6-1. laver depths ranging from 100 m in the southern

2 143 watars to coopletely isothevmal water in the northern western Mediterramean

can be fornd and surface duct propagaricn is at its maxirum reliability.

Thie condition deteriorates i1 the spring and, because of surface warming,

negative gradients often exist. The maximum probability for zere layer -
depth exists in May, at 36X in the western Mediterranean, 35X in the

Ionian Sea and 392 in the Levantine Sea.
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(G The existence of the strong negative gradient in the surmmer
rakes cross-layer detection marginal for frequencies in the kHz regiom.
This situation again improves in winter, when the cross-layer situvation
does not arise in a practiczl sense.
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(0) Propagation loss in the surface duct and for the cross—layer .
case has been discussed extensively elsewhere (see e.z. Reynold. 1960).

For this reason, as weil as because of its high variability, it will mot

be discussed here.
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3.2.6(U) Coavergence Zone Propagation (U). From its definition (table

3.0-1I) it is evident that reliable convergence zone prcpagation depeands -
p on the water depih being sufficient to ensure that depth excess reguire-
S . ments are met. This has been discussed in sections 3.1.4 and 3.i.5 and
¥ is sum=marized in figures 3.1.4-10 and 3.1.4~11 {in the jacket). When
convergence occurs, there are several quantities associated with it that '
are of interest. -
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(T) The zcone start range at the surface is deter—ined by the :
suriace water tecperature (Leabiger, 1672), as shcwn in table 3.2.6-1. i
In the spring startiang ramges vary between 10 ard 33 kyd, vhile in s'mmer

it they vary between 30 and 45 kyd through most of the Mediterranean. The -
> range decr=ases with depth at approxirmately 6§ yds/ft above the thermociine
¥ and 2 yds/ft below the thermocline (XKaufman and Avenfeld, 196%). =

4
b

Lt g
L

{G) Propagacion loss is about 80 4B to the first zome aand 105 to
110 dB to the second. This loss increases by about 10 éB from the surface
to just below the thermoclinpe.
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3.2.6-I(@U).
Temp
58°F
59
60
65
70
73
89
85
- N

AS A FUNCTION OF SURFACE TEMPERATURE (U)
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3.2.7(C) Long Range Low Frequency Propagation (U). From the discussion
in sectior 3.1.3, it is evident that the deep sound channel is very
shallow in the Mediterranean as compared to the open ocean, where it is
usually found at 2000 to 4000 meters depth. This accessfbility of the
DSC axis with such sensors as towed arrays nakes it of extreme practical
irportance to ASW im the Mediterranean Sea. Additiorally, because the
charnel axis is so shaliow (at the surface in much of the western
Mpditerranean ir winter) low frequercy propagation shoild show little
seascnal variation. For a source at the suzmer DSC axis depth, there
will be RR type propagation, while for a source at the same depth in
winter, there will be RSR t¥pe propagation.

(9] A siguificant nucher of long range low frequency propagation
loss measurenents have bean made in the Mediterranean siace 1967 (Hays

and Murphy, 1969), (¥arshall, 1973), (Martin aud Kcenigs. 1973), (MC
Report 015, 1973}, (Schumacher, et al., 1971), (McCloskey and Gottwald,
1972) and (Weston and Horrigan, 1964). The locations of the receivers for
these measurements zre shown in figure 3.2.7-1. Interest has been
largely centered around a shallow {(noninai 50' depth) and a deep (nominal
300" depth) target witn the receiver near tha DSC axis. TFor sumer
conditions this corresponds roughly to the target being abave the channel
(or in the surface layer) or in the sound channei.

(9] Again, it is difficult fo summarize these measurexents without
applying a significant nodeling effort. It is of interest, however, to
observe their general consistency. A collection of the ceasured data is
presented in figure 3.2.7-2 for the deep source and in figure 3.2.7-3

for the shallow source. The plotted data are cozposed of thz data cbtained
by Eayes (1969), IOMEDEX (Marshall, 1973), (Martin and Xcenigs, 1973) and
(MC Report 015, 1973), TASSRAP (McCloskey and Gottwald, 1972 and Schumacher
(1671). The points were measured at freguencies ranging froz 33 to 130 Hz,
in all four major basins, during fall and surmer, for receiver depths
ranging freo 110 to 615 meters, and for both SUS znd CW sources. The
lower short~dash line in each figure corresponds to inverse scuare (20 x
log (range)) propagation loss. The upper long-dash line in figure 3.2.7-2
represents {arbitrarily) propagatica loss given by 33 + i0 log (range).

) The upper long-dash line in figure 3.2.7-3 represents {(arbitrarily)
a propagation loss 6 dB higher than in figure 3.2.7-2 (or 39 + 10 log
{(range)). Inasauch as the water mediurm is dynaxic or constantiy changing,
it is significant that the tctal spread of all of the measure=snts is
coparable to the spread often encounterej “n a siagle oeasuxereat as a

function of tange.
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3.3(v) Ambient Noise (U)

)] Ambient noise is the background noise in the water observed
with a sensor, not including any self-noise which may be caused by the
sensor itself. The basic properties of ambient noise are usually
described by the following:

e Spectrum Level - This is the omnidirectional sound
pressure level per unit bandwidth. The spectrum
level is expressed in dB relative to one micro Pascal
(one micro newton per square meter), although many
reports are still in use which express the spectrum
level relative to one microbar (one dyne per square
ceprtimeter). Conversion from the latter to the
former adds 100 dB.

e Directionality - This property refers to the directicnal
characteristics at a given depth and location. Vertical
and horizontal properties may be of interest. It is
expressed in dB rel=tive to a u Pascalf/Hzl/?/steradian.

e Depth Dependence — This property is the change in
omnidirectional spectrum level as a function of
depth at a given location and time.

e Ambient Noise Statistics - These statistics may be
either spectrum level or instantaneous value statistics.
Spectrum level statistics describe the fluctuations,
for a given averaging time, relative to the mean squar2
pressure. Instantanecus value statistics describe the
fluctuation of the pressure amplitude.

3.3.1(U) Sources of Ambient Noite (G). Ambient noise is prcduced from

a number of causes, although there is a predominant cause ia various
parts of the frequency spectrum of interest here. Noise in the region
from 10 to 500 Hz is produced by shipping and distant storms, with
shipping normally predominating. Noise in the region from 1 to 30 kHz

is caused predominately at the sea surface and is highly correlated to
wind speed (the well-known Knudsen curves). For frequencies above 30 kHz
the ambient noise is believed to be dominated by the thermal noise of the
molecules in the sea. The levels associated with these causes in the open
ocean are shown in figure 3.3.i-1 as a function of frequency (Weaz, 1962),
for later comparison to levels in the Mediterranean.

$1)) In addition to the above, there are two noise sources classified
as intermittent in nature. These are the effects of marine life and rain-
fall. Sounds produced by biological sources have been described in section
2.4 above. The effect of rainfall is shewn ia figure 3.3.1-2.
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3.3.2(C) Measurements in the Mediterranecan Sea (U). Ambient noise has
been measured in the Mediterranean Sea at the locations indicated in
figure 2.3.2-1., The parameters describing these measurements and repre-
sentative data describing the results are listed in table 3.3.2-I.

—

{ '.»-o-q’

{C) Results typical of the Mediterranean are shown in figure 3.3.2-2.
The data were obtained in the Ionian Basin during November 1971 (MC Report

No. 015, 1973) as part of the IOMEDEX exercise. The median, 10tk and 90th
perceantile curves of the ommidirectional ambient noise spectrum levels at i

149 meters depth are shown on the Wenz curves. The figure illustrates i
the strong infiuence of the heavy shipping in the Mediterranean on the

spectrum levels below 400 H». Below 200 Hz the median noise level is H
10 to 15 dB above what Wenz refers to as usual deep water traffic noise. g
At frequencies above 1000 Hz, the ommidirec*ional levels correspond to
a wind force of 5 or less. The mean wind speed during the measurement
period was 12 knots, corresponding to winéd force 4.

C) An 11lustration of the correlatfon of ambient noise with wind
speed is shown in figure 3.3.72-3 (Martin and Perrone, 1973). The cor-
relation is low between 20 and 200 Hz, increases rapidly between 200 and i
1000 dz and then levels off above 1000 Hz. The correlation is generally
highest for the sahallower hydrophones.

(%) Yo significant dependence of the noise levels on depth and
season are displayed by any of the data. This is consistent with the

fact that propagition loss is rot expected to vary with season. A summary
of noise measuremerts in the major basinc of the Mediterranean is snown

in figure 3.3.2-4, acapted from reference 64 (Irick and Bradley, 1970).

, (C) A cormparison of measurements made in 19¢3 (White and Horton,

¢ ) 1968) ancé later nmeasurements (MC Report No. 007, 1472 and MC Report Xo.
015, 1972) shows that for frequencies of 200 £z ar2 above the same leveis
we "e measured, while for frequencies below 200 Hz the levels have increased
3 to 4 3dB. This increase is artributable tc an incirease in shipping
density during that serice

{3 Ro direct reasurements cf horizontal directionality are available -

a2t this time. However, the correlation of the low freguency noise to

shipping cleariy indicates that the directionaiity of low frequency neise

wiil be related to the locations of the shipping ard will be dominated by

torizontel moise maxizma in the direction cf the closest sources relative
; to the raceiver.

r

N Rt

{€) Fartical directionaliry has also not been measured directly.

Tha high correlation of the noise to wind speed for the higher frequeacies

(figure 3.3.Z-3) indicates that tha roise is local ir origin. Tne vertical

arrival structure is therefore determined bv the local velocity structure. -
! Low frequeancy ncise frowm distant sources, on the other hand, would be

expected to arrive within a few degrees of horizontal.

—— b
N

PSSR

176

CONFIDENTIAL

#mm—f




3
24
2,
%
»

L

=3 4
5
. b
N =
N .
e X
3 R
23
-
3
= 4
i
&
o ey
b= -
e a
i ,,
@‘ b
& [z
x =3
&‘: . e
= 9
3 >
i :
o ‘b o
e =
£ -
o 2
It = 5
-y g
z E
-3
> 7oy
=3 =
7= ks
23 :
4
> A
£ -
E=
5 3
s <3
< 3
2] N
i =3
.. 3
=
oy 2
= ¢

A

t
APV x

¥ A
3 23
1%
=7

2 o

AN

Lo

s fr T, e

——

y

i
=
i
i

.

Pl
4
|

PRSP

!
¢
3
N

,

oY

TR o] SRR AR} TR e SR RN S R TR T S P s MO A SR e St

CONFIDENTIAL

This page is UNCLASSIFIED

Figure 3.3.2-1.
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TABLE 3.3.2-I(C).
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NOISE SPECTRA WITH ENVIRONMENTAL

AND TEST CONDITIONS (U)
SPECTRUM LEVEL dB re Pa/Hz) Location
Refe cence 20 nz | 50 He [ 100 wz | 200 Mz { 500 Bz | 1600 Hz | 2000 Hz Basin Latitude | Longitude
Locask 76 68 65 62 - - fyrchentan]| 400N 1%
(1960) 82 8 75 b - - - Tyrrhenian| 40°N 15%
Avasc 82 83 80 70 60 - - T{rrhenlun 40°10°K 12958'¢E
(1968) 90 92 BS 4 65 - - Algerian 39010°'8 | 06230°E

93 93 85 75 67 - - Tonian 36%0'0 | 17%0'F

2 93 87 76 3] - - Tonian 36010°K 17035°E

8% 86 79 67 60 - - Levantine | 33°%0'x | 25°10'E
Herscy 85 87 79 68 59 - - Levantine 3% 23
(199) 92 % 88 18 65 - - fonisn 16030'! 17°JO'E

90 92 87 77 - - - Algerian 39.10°K 06,20°E

81 -3 80 10 60 - - Tyrrhenian | 40730°R 13°40°E
Havs & - 100 89 80 70 50 s7 Algero- 38°17'8 | 03%53'E
turphv - 91 88 18 10 61 60 Provencal | |
(1959) ' 94 9 82 78 8 67

- 100 { 90| - 80 ;o 60 57

- 96 86 17 0 60 35

- 95 90 82 77 68 85 ls:lv'n 03°53'E

- 100 88 82 70 60 52 40°33's | 0795)'E

- 90 83 7% 63 5 48

- a7 83 78 68 60 57

- 103 93 87 7% 66 b

- 89 87 80 68 63 63

- 91 88 82 i3 67 67

- 98 a8 81 70 60 s

- 88 83 75 63 b2 34 Algero- ° °

- 87 4 79 69 62 61 Provencal | 40333'n | 07033'E

- lgg :5 ‘8]; ;8 :g % Tyrrhenian] 397535'% 10700'E

- 3

- 8l 81 73 75 86 o4

- 107 96 92 76 66 0

- 86 a2 75 68 62 59

- R] a2 78 1% 68 63

- 106 93 91 73 87 61

- 90 8) 7% oE 62 9

- 90 8% #9 % 67 o6

- 165 97 8 74 86 62 ]

- A8 as 7% 10 63 [.3]

- 90 29 s? 7 70 69 Tyrrhenian] 39V3s'x | 10%0'E
white 4 92 | 92 | s 75 3 39 &8 Algero- [ 41230'x | os7sa'e
Hortan 50 89 83 75 (23 1] “ Provencal | 41 Y0'R 0t 33'E
£19%3) 93 92 8% in 67 61 5 41%9%0°'x | 06939t

93 92 ; 19 68 50 33 41%%'x | 0e®sare

95 97 82 75 66 61 81 «0%a'n | oefus'r

91 98 8y 7% 67 &2 3) oS | oelas'e

92 90 87 77 69 61 32 Algero- 40%38'x | 062usE

91 93 89 7% 89 62 Provencel | 40°38'x | 06%%"

az 85 82 78 20 0 32 Tyrehentan] M010'x | 12%13°k

74 89 76 7 62 37 82 nentan| 39°%10'x | 122132

81 81 79 3 62 3 &2 Tyrrhentan| 39010°'x | 12013k

82 ['S) 80 0 6% &0 ) Tyrehenian| 39%12'x | 12013

90 30 23 7 2 64 39 Tonian nos'x | 19%3e

G5 L3 Al 10 76 LEd &h

a 1. ] L3} 1% 5% 63 LY 4

1 8y 89 32 70 a7 .0

a .8 L3 73 .9 a4 be3

*9 €3 8) ™ ¥ oY 1 »21s | 1v%me

5] 92 LTS I .8 3¢ [¥] MNasy T332

o a3 an a2 12 'S Iy * S BN
? LT 91 Y] 7 10 &) 39 1Ourx | 9%
ar ¥ a3 7 9 M 0 "oarw 3y

«? e 8 7 P 1 & 0% ITme

L} s 80 12 an L5 1 e 17

%9 ay 1 s 'Y 2 i as%00"% | MR

% "y wy ” & %] 1) tomlam a%isE § 17wk
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TABLE 3.3.2-1(C).
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AND TEST CONDITIONS (Continued) (U)

NOISE SPECTRA WITH ENVIRONMENTAL

CONFIDENTIAL

F
Channel
Water Hydrophone | Layer Axis ship
Tioe of Date Depth Depth Depth Depth Ses | %
Bay (2) ] Measured | (neters) (neters) (oecers) | (weters) | State | (Mt) Notes
var, Jul-Oct | 913-2928 183 ]
var, Jul-Oct 215-2928 113 2
Var, 6/12/68 72 29 [ ] 16 ]
Var. 6716768 2748 29 [ ] 92 ]
Var. 6720/68 294 29 [ ] 1) ;
Var, 6/22/68 »n 29 1] nm
Var. | 6/26/68 2196 29 (1] 153 2-3
var. t7€3 19.7 |Semmery
Var, 6768 2.7 lpresent
Var. 6768 . 3.2
Var. 6/68 5.4
BLLH 1/9/68 29562 107 (4] 161
6630 7/9/68 1
0400 7/9768 30%
0500 7110768 107
0%99 77106/6% 137
0500 7710/¢08 2362 300% 101
G909 1713/68 366 92 [ 22/
Y00 123
0960 225
1000 9
1600 183
1600 275
1199 b 24
1100 \ 133
1160 1713763 30 213 67?7
1230 14768 1ABR L 24 110
1230 183
12 b3 24
1160 L 34
1150 183
$350 292
1400 2
1200 18
1569 29
143D 124
1410 189
1530 1714169 1484 m o 310
1105 1271768 %4 217 49 ) 2-3
100 12717638 0% 2?2 4« 23
1800 12/1/68 %% 7 (1) 23
1859 1271762 2654 L 24 4% 2-3
1500 1212708 264 n b1 J-4
1430 1272768 M7 2 34 ]
1860 12/2/88 2567 ” Yot
1400 12/2/68 2047 2 ]
3950 13750/788 e b 24 4
6%09 11718709 3144 » l 2
0200 LIV ARVLYS 13en m 2
025 | R TA NI LY p3L1Y 2 b2 ?
0260 [ AFARZ{Y ] 0 27 b1 ] &%
G100 ” &9
1100 N [ 2% Y
1160 ”2 4-9
1 ro0 n &)
§ 780 18792749 L2 &Y
Y 11420708 17 2
9I00 B1750408 L /] b3 ) Y
1800 1K S B4 ] I & b} &
1000 I FEP B E(T ] 80 ) »n L
0400 YY) [ 1%} b 23 [T ¥
Dy Widrsse bR L7} 48 ¥
[ b [ REZ VLY ] [ d5) & [ ?
[ 3] (R FZ RVAL ] s -« o8 1% ?
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TABLE 3.3.2-I(C). NOISE SPECTRA WITH ENVIRONMENTAL
AND TEST CONDITIONS (Continued) (U)

SPECTRUM LEVEL dB re uPaIHz" Location

Reference 20 Uz | 50 Hz | 100 Hz | 200 He | 500 Hz ; 1000 Kz | 2000 Hz Basin Latitude | Longitude
White & 88 91 83 73 67 63 57 Ionian 40%0'y | 17%36'E
Horton 95 95 90 82 75 67 58 Ionian
(1969) 1 es } 82 76 | €9 63 58 50 Levantine
(Continued) 80 82 79 72 66 63 58

87 84 83 73 64 59 55

79 80 80 72 62 57 52

85 87 87 78 66 60 57 °

77 77 78 70 63 59 53 Levantine | 40°00'N | 17°36'E
Sanders - 84 78 70 60 51 45 Tonian :u.gso'u 17927'E
Associates - 85 82 75 65 60 46 Ionian 36050'N 17°27'E
(1969) - 81 75 72 66 61 60 Ionian 36950'N | 17927'€

- 80 76 72 65 61 60 lonian 3.950'N | 17%927'E

82 85 77 70 2; gz 62 Levantine | 32°59'N | 26953°'E

- 81 77 70 60

- 74 71 68 62 59 55

- 83 77 73 68 63 60

- 81 80 72 69 65 61

- 80 75 71 61 50 41 Levantine | 32°50'N 26°53'E
pale g1 86 82 7% 71 69 66 Tyrrhenian | 40910'N 12020'E
(1969) 81 86 a2 76 72 70 67 40910'N | 12020'E

79 87 80 74 70 67 62 40910'N | 12020'E

87 a7 82 77 73 70 66 40%10'n | 12%20'E

87 90 84 77 71 69 65 40°05'N 12908'E

83 87 84 78 70 67 61

81 88 83 78 69 b 57

86 88 83 77 70 64 57

82 85 80 75 67 62 56

82 87 82 75 68 62 54

79 86 83 77 69 63 56 °

84 87 83 78 70 65 58 Tyrrhenian| 40%05'N | 12008'E

93 98 89 81 73 65 56 Algero- 38°20'n | 02°30'E

99 105 93 83 75 68 59 Provencal

92 98 91 81 73 66 59

93 98 92 79 70 65 57

92 98 90 81 72 64 56

97 103 9% 83 73 68 - 38%20'N | 02930'E

93 98 90 77 74 69 65 41°20' | 05%S'E

93 100 90 79 74 70 63

96 107 90 79 75 70 67

96 104 88 78 74 70 66

92 102 88 78 73 67 62 Algero-

95 110 ) 80 75 71 67 Provencal | 41°20'n | 05%S'E

91 95 90 80 73 65 56 Ionian 35955'n | 18°30'E

92 97 92 a2 74 65 55

96 99 9% 82 78 73 63

96 99 93 82 77 71 63

96 98 93 82 76 72 65

93 98 92 81 77 70 63

96 99 93 82 77 74 64

95 96 90 79 76 71 60

96 98 94 82 76 71 65

95 96 92 82 77 70 62

96 96 90 81 73 68 61

93 95 90 80 74 67 60

93 96 91 82 78 69 62

95 | 100 93 82 77 70 62

9 101 93 83 78 70 61

94 99 92 81 75 69 61 {

94 100 92 81 76 69 61

95 99 92 82 77 70 61 Tonian 3505s'N | 18330'E

80 a7 84 73 69 66 63 Levantine | 33°%7'N [ 27°17'E

80 85 80 73 69 66 63

80 88 85 76 72 70 65

83 82 79 73 68 64 59

81 90 82 75 71 67 62 Levantine | 33%7'n | 27°17'E

*25 Hz
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TABLE 3.3.2-I(C).
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AND TEST CONDITIONS (Continued) (U)

NOISE SPECTRA WITH ENVIRONMENTAL

CONFIDENTIAL

Sound
Channel
WVater Hydrophone | lLayer Axis Ship
Time of Dave Depth Depth Depth Depth Ses | Speed

Day {(Z) | Messured | (meters) (meters) (meters) | (meters) |Stete | (kt) Notes

0100 11/28/68 915 27 1 153 2

0100 11/28/68 915 92 61 2

1300 11/14/68 915 27 52 3

1300 11/14/68 915 92 52 3

1300 11/15/68 3294 27 37 3

1300 11/15/68 3294 92 37 3

1900 11/15/68 | 3294 27 37 3

1900 11/15/68 3294 92 37 153 3

0254 11/20/68 31 49 2

0254 11/20/68 92 49 2

0751 11/23/68 31 49 4

0751 11/23/68 92 49 4

1253 11/14/68 3 52 3

92 3

31 3

92 3

31 3

1253 11/14/68 92 52 3

1600 4/14/69 3670 92 3

2045 4/14/69 31 3

2045 4/14/69 92 3

2045 4/14/69 92 3

0307 4/16/69 31 2

0307 k)3 2

0747 31 2

92 2

31 2

92 2

31 2

0247 4/16/69 3670 92 2

1620 4/20/69 2654 3l 1-1

92 1-1

31 1-1

92 1-1

\ | 31 1-1

1620 4/20/69 2654 92 1-1

0450 4/22/69 2562 31 2-1

0450 31 2-1

0630 31 2-1

0630 31 2-1

0630 92 2-1

0630 4/22/69 2562 k) 2-1

0325 4/23/69 3976 31 1-1

0325 31 1-1

G145 i1 1-1

92 1-1

31 1.1

92 1-1

31 1-1

0745 4/23/69 92 1-1

1810 4/26/69 31 1

92 1

J 31 1

92 1

1810 92 1

2000 31 1

92 1

{ 31 1

92 1

2000 4/24/69 3976 92 1.

0535 4/17/69 2745 31 1

0535 BT 92 1

0535 31 1

0535 92 1

0910 4/17/69 2745 E) 1
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TABLE 3.3.2-I(C). NOISE SPECTRA WITH ENVIRONMENTAL
AND TEST CONDITIONS (Continued) (U)

SPECTRUM LEVEL dB re uPa/Hz} Location
Reference 20 Hz | 50 Wz { 17 Hx | 200 Hz | 500 Kz |1(¢00 He | 2000 Hz Basin Latftude | Longitude
Dale a2 87 1 75 71 69 64 Levantine | 33%7'n | 27°%17'E
(1969) 80 90 82 7% 69 65 62
(Continued) 82 a6 80 73 67 [}] 61
81 88 82 75 70 67 62 o
84 86 80 73 67 66 61 33%07'n | 27517
84 88 8l 73 67 60 56 32°55'N | 27%7°E
83 90 83 75 68 62 58
86 87 81 73 66 58 55
83 86 79 71 65 59 56
89 88 81 7% 66 60 56
83 88 82 73 66 61 57
83 89 82 73 68 63 59
80 89 80 71 66 61 58 o
85 92 82 7 69 64 60 Levantine | 32055'n | 27207'E
9% 99 9% 82 76 73 67 st. of 36204'N | 04500'w
93 99 93 82 77 73 1 Gibralear | 36%04'n | 04°%00'w
93 96 92 81 75 72 67 St. of 36204'N | 04200'W
95 96 93 81 75 73 68 Gibraltar | 36%4'N | 04%00'w
Gerrebout & - - 91 85 75 70 65 st. of 36504°'N | 05017'W
Leroy (1968) - - 102 92 85 80 75 Gibraltar | 36%4'N | 05°217'W
Sanders 90 92 8s 74 - - - Algero- N/A N/A
Associates 92 93 84 75 67 60 55 Provenzal
(1970) 94 96 90 79 72 65 58 Algero-
94 102 90 79 73 68 61 Provencal
81 84 78 69 59 - - Tyrrhenian
83 84 81 74 68 61 49 Tyrrhenian
83 a8 82 77 69 62 60 Tyrrhenian
83 84 86 77 67 66 54 Tyrrhenian
93 95 88 77 65 - - Ionian
74 96 90 84 72 65 - Ionian
- 98 89 81 73 66 - Ionian
- 99 92 82 75 70 - lonian
84 86 79 68 58 - - Levantine
80 82 80 76 66 62 57 Levantine
- 80 79 70 64 60 58 Levan:iine
- 88 82 74 68 64 60 Levantine N/A N/A
Morey mLy |l 97.4 | 88.3 75.6 | 60.6 | s0.3 44,3 Ionian 35%5'n | 18%30'E
Macphee 7.3 4.8 5 4 ?
(1970)
Baxter - 93 89 76 - - - Balearic | 40°30'N | 06%5'E
Lincoln - 99 85 73 - - -
(1971) - 96 90 78 - - -
- 92 91 76 - - .
- 96 88 77 - - - 40%30'N | 06%5'E
- 98 88 77 - - - 37066'N | 06215'E
- 97 90 77 - - - 370646'N | 06015'E
- 98 84 73 - - - Balearic 37046'N | 06215'E
- 96 85 75 - - - Straits of | 37021'N | 11528'E
- 97 85 75 - - - Sicily 37221 11928'E
- 99 92 88 - - - Ionian 36202'N | 16955'E
- 92 B8 86 - - - 36%2'n | 16955'E
- 98 93 75 - - . 35%41'N 17952’
- 92 91 75 - - - 35041'N | 17952'E
- 91 89. 76 - - - 359N 17952'E
- 98 88 77 - - - 35%35'N | 17%57°E
- 97 87 76 - - - 35335'N 17057'E
- 96 85 75 - - - lonian 35235'N 17357'E
- 93 83 78 - - - Tyrrhenian| 40 00'N 13_02'E
- 93 as 75 - - - Tyrrhenian | 40%0°'n | 13%2'E
Murphy, 88 96 92 80 - - Tonian 36500'N 17500'E
ct al’ 87 92 85 76 - - Tonian 36200'N 17%00'E
(1971) 87 92 85 75 - - Balearic | 40%0'N | 06°30'E
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TABLE 3.3.2-I(C).

- CONFIDENTIAL

AND TEST CONDITIONS (Continued) (U)

NOISE SPECTRA WITH ENVIRONMENTAL

l H Sound
H Channel
Water Hydrophone | Layer Axis Ship
} Time of Date Depth Depth Depth Depth Sea Speed
Day (7Y ] Meosured | (meters) {meters) (meters) | (meters) | State | (kt) Rotes
0310 4/17/69 2745 92 1
1 31 1
i 92 1
31 3
0910 4/17/69 92 1
1553 4/19/69 31 -1
92 -1
31 -1
31 -1
1553 92 -1
1710 31 -1
1710 3l -1
1710 | i -1
1710 4/19/69 2745 92 -1
2000 %/20/63 1373 31 -2
2000 4/20/69 1373 92 2-2
2000 4/20/69 1373 31 2-2
2000 4/20/69 1373 92 2-2
Var Var. 1336 1.281 1-4
Var var. 1336 1.281 1-4
N/A Summer N/A 31 R/A N/A N/A Seasonal
Fall Summary
Winter Based on
Spring Arase,
Summer Dale, and
Fall White
Winter
Spring
Summer
Fall
Winter
Spring
Summer
Fall
Winter
NIA spring N/A i1 N/A N/A N/A
var 1/27- 3.8125 | | 1530. 0-1 110
1739770 o spectra
median
value
0400 1/14/70 18 115 0 0
0400 92 [} [+
0400 18 0 1
0400 92 0 1
1900 7/14/70 458 115 4] 1
41 0200 7/18/70 18 12 175-229 3 5
0200 7/18/70 92 12 175-229 3 5
0200 7/14/70 458 12 175-229 3 b]
1500 7/20/70 18 18-54 91 3 1
1500 7/20,70 92 18-54 9l 3 1
1340 7/24/70 18 100 2 2
1340 7/24/70 92 100 2 2
0600 7/26/70 18 30 2 [
0600 7/26/70 92 30 2 &
0600 7/26/10 458 50 2 4
1400 7/26/70 18 50 2 t
1400 7/26/70 92 50 2 []
1400 1/26/70 458 50 2 &
2100 7/28/70 18 90 1 1
2100 7/28/70 92 90 1 1
Daily 1/26/70 18 1
1 Aug | 7/24/70 92 1
7/14/70 18 8
(1-13)
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TABLE 3.3.2-I(C).

CONFIDENTIAL

AND TEST CONDITIOMNS (Continued) (U)

NOISE SPECTRA WITH ENVIRONMENTAL

SPECTRUM LEVEL dB re .Pa/Hz® Location
Reference 20 Hz }50 Hz | 190 Hz | 200 Hz { 500 Hz | 1000 Hz | 2000 Hx Basin Latitude Longitude
Murphy, 92 91 86 76 . - - Balearic 40240'N 06°930'E
et al. 94 94 48 77 - - - Balearic 40240'N 06°30'E
(1971) 81 B3 79 69 - - - Tyrrhenian| 37°15'N 11°25'E
91 93 82 72 - - - Tyrchentan] 37°15'N | 11%25°'E
86 96 49 77 - - - lonian 36200 N 17930'€
89 a3 86 75 - - - lonian 36200°N 17930'E
89 93 87 76 - - - lonian 36°00°'N 17°30'E
weigle, y? 98 91 80 13 61 - Ionian 38.5°N . 40%
wate (1971) o
97 98 90 80 72 50 - 38.5°N 40%€
97 98 90 a0 7 60 - 38.5%% 40°%
97 98 90 77 70 60 - 38.5°N 40%
- - 8s 81 75 69 - 37.6°N 02°E
98 99 93 81 73 65 61
99 101 93 81 73 65 59
99 101 93 81 72 62 55
99 101 93 81 71 61 55 A o
99 101 93 81 69 60 55 37.628 02%
- - 88 82 75 70 65 37.5%N 0.5°E
99 100 92 82 75 70 66
99 100 92 81 75 70 65
53 100 92 82 75 70 65
99 161 92 82 73 68 64 . o
99 101 92 82 73 68 64 37.5% o.gus
- - 80 79 73 70 64 36.5°N 01
96 98 91 82 73 69 64 -
98 |} 99.51 95 B2 78 70 65
98 99.5{ 95 85 75 7 69
100 101 92 82 72 70 5
101 102 92 80 72 68 63 36,5°N 01%
- - 88 81 78 70 - 367y 04°W
98 97 91 81 74 71 65 36N 04
98 98 91 81 70 61 56 360N 04%
98 98 91 80 67 59 55 lonian 36°N 04°%
Frisch & 98 9 92 82 7% 5 Ionian 36319.6'N 17914,3'¢
Johnson 95 94 92 82 74 67.5 62.5 36019.6'N1 17014, 3'E
(1972) 93 95.5] 90 79 71 65 5 35028.7'N] 17031,9'E
93 95.5] 90 79 71 65 61 35028, 7'N| 17231.9'E
90 92 88 78 71 68 62.5 35028'N 17230.9'E
90 92 89 | .79 7 68 5 35028'N 17°30.9'E
90 | 92.5| 86.5 71.5 73.7 | 66.2 55.5 34012.9'N| 17529.8'E
87.5 | 92.5| 86.5 75 75 66.2 63.3 34212,9'N| 17929.8'E
93.7 | 94.5| 86,3 75 69.3 63 61 3352.3¢ 17°933,3'
80.75] 94.5] B6.3 75 66.8 | 63,75 | 61.3 3302.3'N | 17933.3'E
9 90 87 76.5 | 64.5 | 58.3 53.3 3303.1°N | 17932.8'E
90 90 87 80 64.5 60 56 3323.1'N | 17932,8'F
91.5| 92 87 76.3 67 62 54 3302.6'N | 17028.5'E
91.5 92 87 78.5 70 64,3 60 3322,4'N | 17°28.5'E
92.5 | 92.5| 86.5 73.3 | 67.5 ] 61.3 59 33%2.4'8 | 170285 E
87.5 | 87 87 75 61.5 53 36011'N 17522,2'N
9 9 90 78 70 66.5 55 346520,2'Nf i:029.4'%
91.8 96 89 77.5 | 69.5 $6.8 35023.7'N| 17232.7'E
91.8 | 92.3] 88.8 78.8 71.3 65 61.3 35023.9'N{ 17%24.4'E
93.8 | 93.0 80 71.3 | 63.5 59.3 35023.3'N| 17931.7'E
93.8 | 9%.3] 88 80 71.3 | 63.5 59.3 35023.3'N| 17931.7'E
93.5 | 97.3] 9.3 | 84.3 73 61.3 59 36019.3'Nf 17%8.8'E
91.8 | 96.51 94.8 83 72 68.5 60 36220.6'N] 17011.8°E
93.8 | 98.8| 94.8 82 7% 68.5% 58.% 36020.6'N[ 17011.8'E
96.5 | 96 | 91.8 82 73.5 | 66.3 56,3 36019.1'N¢ 17012.9'E
95 | 95,8] 93,3 | 83.3 73.5 | 66.3 61.8 36019. 18] 17012.9'E
91 94 89 79 7 61 54 36220.6'N| 17911.8'E
90 95 89 79 7 65 57 3620.6'N| 17511.8'E
90 97 89 79 69 65 58 Ionian 36%24.4'N| 17°17.8'E
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TABLE 3.3.2-I(C).

NOISE SPECTRA WITH ENVIRONMENTAL
AND TEST CONDITIONS (Continued) (U)

CONFIDENTIAL

' Sound
Channel
Water Hydrophone | Layer Axis Ship
Time of Date Depth Depth Depth Depth Ses Speed
Day (2)| Messured | (meters) (meters) (ueteu). (nuters) | State | (kt) Notes
Dally | 7/14/70 92 } 8
1 Aug | 7/14/70 458 . (1-13)
1/20/70 18 2
7/20/70 92 (1-3)
7/26/70 18 7
Daily | 7/26/70 92 4-9)
1 Aug | 7/26/70 458
1600- | 11/16- 2617 488 12-15
0200 11/17/70
1600- | 11/16« 2617 1068 12-15
0200 11/17/70
1600~ | 11/16- 2617 1732 12-15
0200 11/17/70
1600- | 11/16- 2617 2321 12-15
0200 11/17/70
2200- | 11/17- 2681 k)3 8-12
0600 11/18/70 271
586
1144
2200- | 11/17- 1923
0600 11/18/70 2681 2477 8-12
2200~ | 11/18- 2599 18 20-22
0700 11/19/70 284
* ‘ 528
1156
2200- | 11/18- 1769
0700 11/19/70 2599 2053 20-22
2200- 11/20- 2489 31 15-20
0600 11/21/70 168
461
915
2200- { 11/20-. : 1412 !
0600 11/21/70 2489 2028 15-20
1100~ 11/22/70 1354 31 4
1300 11/22/710 1354 543 4
1100- 11/22/70 1354 857 4
1300 11/22/70 1354 961 4
1716 1/7/711 ~ 3909 1110 ~0/70 ~100/300 1 Include
1716 11/7/71 178 1 Spectra
0200 11/9/71 1150 1
0200 11/9/71 188 1
1100 11/9/71 540
1100 11/9/71 ~3909 130
0958 11/10/71 | ~2268 1400
0958 11/10/71 115 1
0154 11/11/71 1130
0154 11/11/71 1550
1039 11/11/71 1200
1039 11/11/71 280
1757 11/11/71 1100
1757 11/11/71 582
2059 11/11/71 1 247 i
0842 11/12/71 790 ?
1554 11/12/71 | ~ 2268 720
0841 11/13/71 | ~ 3909 230 2
1334 11/13/71 2200 2
2057 11/13/71 1100 1
2057 11/13/71 56 1
12438 11/14/71 93
1445 11/14/71 2200
1445 11714771 650
2351 11/14/71 1120
2351 11/14/771 270
| e i
0121 1/1 N 1 Py
o1zt 11/18/71 3909 2520 ~0/70 [~1007300 s;:::sn
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TABLE 3.3.2-I(C).

NOISE SPECTRA WITH ENVIRONMENTAL
AND TEST CONDITIONS (Continued) (U)

SPECTRUM LEVEL dB re .Pa/Hz¥ Location

Reference 20 Hz | 50 Mz | 100 tiz ] 200 Hz | 500 Hz } 1000 Hz | 2000 Hz Basin Latitude [ Longitude
Frisch & 91 95 90 79 70 62 57 lonian 36219'N 17313':
Johnson g1 95 Y0 19 H ] 49 36019'N 17713¢E
(1972) 92 97 90 79 72 68 61 36%57*N 17923
(Contirued) 8Y Y2 89 18 7 65 60 35953 17°16'E

88 89 89 75 b 74 59 35953x 17°16'E

89 91 88 82 74 72 b3 38935.3'n | 18%7.7'E

89 91 88 81 73 69 59 lonian 38°35.3'N{ 18°7.7'E
Marshall 85 108 83 4 - - - lontun 38%0°'N 12212°€
(1971) 86 108 85 74 - - - 17212'E

90 93 89 79 - - - 18%0'E

8 91 86 7" - - -

86 90 S 77 - - -

85 8e 82 7% - - . 1

84 8 82 73 - - - lonian 38%40'N 18%0'E
Martin 88 9 91 77.5 70 64 57 fonian 36°18'N 17%12'e
Perrone 88 % 91 71.5 70 64 57
(1973) 88 96 91 77.5 70 66 60

88 96 91 77.5. 71 68 63

88 96 91 77.5 72 68 6h

88 96 91 77.5 | .13 69 64

88 96 91 {775 73 70 65

90 96 92 77 71 65 60

90 96 92 77 71 65 60

90 97 92 78 72 66 61

90 97 92 79 73 68 63 1

90 98 92 80 74 70 65

90 98 92 B0 74 71 67 36°18'N 17%12'E

20 91 86 75 69 61 55 34°15'N 17930'E

90 91 84 72 68 61 55 34°15'N 17930'€

- 91 85 74 70 64 60 34°15'n 17°30'E

- 91 85 74 70 62 55 Tonian 34°15°N 17°30'E
Gaul, 93 100 92 81 - - - Ionian 36030'N 17030'E
et al. 99 90 86 77 - - - 38930'N 18%40'E
(1972) 92.5] 98.5 91 79 - - - 36°30'N 17°30'E

92,51 99.5 90 81 - - -

87 93 86 76 - - -

- 92 85 74 - - -

88 98 90 79 - - -

86 95 88 77.5 - - -

845.5| 92.5 86 76 - - - Tonian 36°30'N 1:°%30'E
MC 015 87,2 92 88.4 | :75.6 67.6 | 61.6 52.4 36718'N 17%12'
(1973) 89,6 94.41 89.6 77.2 69,6 65.6 58 36318'N 17912'E

92.8] 98,41 93.6 79.2 73.2 69.6 62.8 36°18'N 17°12'E
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AND TEST CONDITIONS (Continued) (U)

NOISE SPECTRA WITH ENVIRONMENTAL

CONFIDENTIAL

Sound
Channel
Water Hydrophone Layer Axis Ship
Time of Daze Depth Depth Depth Depth Sea |Speed
Day (Z) | Measured |(meters) (meters) (met2ys) | (meters) |State | (kt) Notes
0610 11/18/71 | ~3909 300 0770 ~100/300] & Include
0610 11/18/71 1320 | / ; Spectra
2050 11/18/71 55
0123 | 11719/71 ! 180 ‘ 2
o123 1171977 | ~ 3909 23130 2
1323 11/22/71 | ~ 2433 366 2 Include
1323 11/22/7 1 ~2433 1270 0/70 ~100/300 2 Spectra
Cont 11/6- 2433 2135 67 100 Medan
11/14/71 3119
11/8- 137
11/16/71 613
! 1116 67 100
11/8- 2377 ~67 ~100
Cont. 11/16/71 2213 2652 67 100 Med{an
Cont. 11/6- . 630 82, 149 50 120 3.7 Divided
11/15/71 ’ 320, 472 8-12 by W,s
i ‘l |- 613 13«17 §{ Group
18-22
23-27
11/6~ 28-32
11/15/71 2630 613 120 33-37
11/7- 3320 113,180 100 8-12
11/22/71 350, 503 13-17
643 18-22
23-27 | Divided
11/7- 28-32 | by W.S.
11/22/71 3320 643 100 33-37 | Croup
11/18/71 3080 31 280 12 Include
92 280 2 Spectra
122 ' 280 12
Cont. 11/18/71 3080 1464 50 280 12
11/11/71 150 Typical
1n/11/71 137 Data From
11/9- 82 lomedex
11/14/71 150 Mean
11/9- 613 Values
11/14/71 3123
11/17- 113 Mean
11/24/71 180 Spectras
11/17- 644
11/24/71
11/6- Median
11/15/71 Values
11/6-
11/15/71
Detsiled
Spectra
Available
1n lomedex
Dats
Librar
Throug
LRAPP
187




CONFIDENTIAL

TABLE 3.3.2-I(C). NOISE SPECTRA WITH ENVIRONMENTAL
AND TEST CONDITIONS (Continued) (U)

CPECTRUM LEVEL ¢B re wPa/Hzd Location
ederinee ) 29 He S0 iz 109 iz 200 Hz 500 Uz 10006 Hz 2000 Hz Basin | Latitude |Longitude
McCloskey, Y3,8/92.9 199, 1/90.3 | 89, 2/88. 3| "n.2/75.4 - - - lonian § 36°25.5'n| 17%28.7'E
et al. 94.4/94.8 | 98,5/96.2 [ Ry, 4/B8. 5% | 75.7/75.0
(1972) -/ - - - -

95.8/95.0 ] 99.8/97.6 64, Y/8Y.2] 77.3/76.3
95.0/94.1199.0/95.5 | B4.5/8%. 7| 77.9/76.9
92.1/92.6 § 96,8/94.,9 [ 82, 4/B2.0| 75,9/73.2
91.4/91.4195.5/95.5 | #y.1/88.9] 76.9/76.5
92.5/97.4 1 95.4795.4 | 89,4789 .3 | Tu.3/75.9
93.5793.3 | 96.,4796.7 | 84.5785.4 ] 77.5778. 1
92,3/92.4 1 95.0/95.7 [83.9/85.1| 78.1/78.9
90.9/90.8 1 93.7/94,2 [82.7/84,7] 76.3/76.8
92.4/92.4 ] 96.8/95.2 ]190.2/89.6) 76.3/76.4
93.6/9%,0 ] 94.7/96.1 | 90.6/90.1[ 76.0/76.2
9%.0/9%.8-1 97,4/95.8 186.1/85.2| 77.4/77.9
93,7/93.8]97.6/95.0 [ 86.3/B5,6| 79.8/79.1 '
92.2/92.1195.3/93.1 [ 83.4/84.1] 75.8/76.8
2.9/95.9}99.1/99.2 ] 90.4/86.9) 77.9/75.5
93.8/91.8 | 99.1/93.9 190.9/87.5] 77.8/75.1
94.7/92.5199.6/94.7 186.2/82.5} 78.9/76.1
95.0/92.0 } 94,.8/94.0 | 86.5/82.4| 80.1/77.3
92.2/90.7 }97.0/92.6 ;84.1/80.8| 77.2/75.3
92,.7/89.8 198,2/93,/ | 88.8/88,8] 76.1/75.9
94.2/90.7 § 99.4/93.7 [89.7/89.5| 76.0/75.7
94.9/91.9 | 100.3/94,9;84.6/85.2] 77.2/17.6
93,.8/91.1498,8/94,1 184,5/85.4 | 78.3/79.1
92.1/90 96,9/93,2 | 82,6/84.3] 75.5/76.9
90.7,/90.5}193.6/99.0 | 88.9/87.8] 75.6/77.0
91.5/92.2193,5/94,7 | 89.6/89.2| 75.4/77.3
91.5/91.9 | 93,0/94.5 [ B4.6/84.0] 77.5/79.1
90.0/90.5 | 91.4/92.8 183.2/82.7} 75.0/74.6
91.2/90.1]198,1/96.7 |89.1/88,1) 77.1/76.6
92.8/91.6 | 98.9/97.0 | 90.4/89.3| 78.1/76.9
92,4/91.8 [ 98.2/97.4 185.3/84.7| 79.8/79.3
91.0/90.1{96.4/95.9 }1064.0/83,11} 77.4/76.5
92.9/89.9197.6/95.4 188.9/88.6] 77.4/76.1
94.4/91.2 ]| 98.0/95.5 | 84.9/84,5| 79.7/78.0
92.3/89.3196,0/93,4 §83,3/83,1| 76.8/75.2
92.1/91.2 | 96.0/94.0 ]90.2/88.1| 72.4/75.5
93,4/92.3196.3/94.1 {86.1/83.7 | 80.3/77.6
91.,6/90.4 | 94.2/91.9 [ B4.5/82,3| 77.1/74.5
93,1/92.8 | 98.1/96.1 }90.3/88,4 | 77.8/77.6
94.7/91.8 ] 98.6/94.5 | B6.6/B4.3] 81.1/79.0
92,5/90.5 | 96.4/92.9 {B4,7/82.9] 72.5/76.0
89.0/- 93,4/~ 81,5/~ 76.8/- ° °
86,8/~ 92,0/~ 79.2/- 73.2/- - - - Tonian | 36925,5'Nf 17728.7'E
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TABLE 3.3.2-I(C). NOISE SPECTRA WITH ENVIRONMENTAL
AND TEST CONDITIONS (Continued) (U)

Sound
Channel
Water Hydrophone | Layer Axis Ship
Time of Date Depth Depth Depth Depth Sea Speed

Day Messured | (meters) (meters) (meters) | (meters) | State (kt) Notes

(0-1200)/} 8/26/72 3340 301 ' 29-33 ~144 Avg 10 sec Data

(1200- 333 Rlnse Samples

2400) 944 0-1 Averlged
1556 for 1

2167 Hours (O~

8/26/72 2779 ~ 144 1200)

8/27/72 30l ~ 164 (12-2400)

8/27/72 2779 ~ 164
8/28/72 301 ~168

8/28/72 2779 '~168
8/29/72 301 ~156

8/29/72 2779 ~156
8/30/72 301 ~ 144

8/30/72 2779 ~144
8/31/72 301 ~120

8/31/72 2779
9/1/72 301

9/1/72 2779
9/2/72 301

[y
b 4
w
-3

9/2/72 3340 2779
9/3/72 3431 301 ~120
333 140

L

9/3/72 2779
9/4/72 301

9/4/72 2779 140
9/5/72 301 128

(0-1200)/ 1556
(1200-
2400) 9/5/72 3431 2779 29-33 128
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APPENDIX 1

© This appendix contains, in figures A-1 through A-59, repre-
sentative seasonal sound velocity profiles for each of the ASW prediction
areas sihown in figure 3.1.1-1. As discussed in section 3.1.1, in many

of these regions, sound velocity profiles were not available for one or
©=ore s2asons. aAll sound velocity profiles have been extended either to
the nezn deep bottom depth (as given cn NAVOCEANO Chart NA8 p 2401) or

to an appropriate regional bottom depth. In either case, bottom depths
a2re corrected using the tables of Mathews (1939).

H ©) Most of the sound velocity profiies given in this appendix
: are "representative” or "model" profiles for Mediterranmean Sea two-

) degree sgquares as selected by the AESD sound speed profile retrieval
Eod system (Audet and Vega, 1974). Therefore, these profiles are more or
: less typical of seasonal oceanographic conditions in given two-degree

. squares. Since two-degree squares only roughly approximate Mediter-

i ranean ASW prediction areas, and since the boundaries uf these areas
(figure 1.0-1) ware purposefully maintained to the rmawImum extent
possible in circumscribing the regions depicted in figure 3.1.1-1,

a seasonal profile in any given sound velocity regicn may not differ

- markedly fron a profile for the same season in an immeliately adjacent
region. Hewever, the overall annual variation in souac velocitv within
a given region, i.e., the composite of the four seasonal profiles, is
always significantly different from that observed in adjacent regiors.
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DEPARTMENT OF THE NAVY

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

IN REPLY REFER TO:

5510/1

Ser 3210A/011/06

31 Jan 06
MEMORANDUM FOR DISTRIBUTION LIST

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

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

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

2. The LRAPP documents listed in enclosure (1) have been downgraded to

UNCLASSIFIED and have been approved for public release. These documents should
be remarked as follows:

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

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

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

NI =8
BRIAN LINK
By direction



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

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
NAVSEA
NAVAIR
NUWC
SAIC
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