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FOREWORD

This handbook on Medi terranean Ports was
developed as part of an ongoing effort at the Naval
Environmental Prediction Research Facility to create
products for direct application to Fleet operations.
The research was conducted in response tao Commander
Naval Oceanography Command (CNOC) requirements validated
by the Chief of Naval Operations (CNO).

As mentioned in the preface, the Mediterranean
region is unique in that several areas exist where local
winds can cause dangerous operating conditions. This
handbook will provide the ship‘s captain with assistance
in making decisions regarding the disposition of his
ship when heavy winds and seas are encountered or
forecast at various port locations.

Readers are urged to submit comments, suggestions
for changes, deletions and/or additions to NOCC, Rota
with a copy to the oceanographer, COMSIXTHFLT. They
will then be passed on to the Naval Environmental
Prediction Research Facility for review and
incorporation as appropriate. This document will be a
dynamic one, changing and improving as more and better
information is obtained.

M. G. SALINAS
Commander, U.5. Navy
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PORT INDEX

The following is a tentative prioritized 1list of
Mediterranean Ports to be evaluated during the five-year period
1988-92, with ports grouped by expected year of the port study’s
publication. This list is subject to change as dictated by
circumstances and periodic review.

1988 NO. PORT 1990 PORT
1 GAETA, ITALY BENIDORM, SPAIN
2 NAPLES, ITALY ROTA, SPAIN
3 CATANIA, ITALY TANGIER, MOROCCO
4 AUGUSTA BAY, ITALY PORT SAID, EGYPT
5 CAGLIARI, ITALY ALEXANDRIA, EGYPT
6 LA MADDALENA, ITALY ALGIERS, ALGERIA
7 MARSEILLE, FRANCE TUNIS, TUNISIA
8 TOULON, FRANCE GULF HAMMAMET, TUNISIA
9 VILLEFRANCHE, FRANCE GULF OF GABES, TUNISIA
10 MALAGA, SPAIN SOUDA BAY, CRETE
11 NICE, FRANCE
12 CANNES, FRANCE 1991 PORT
13 MONACO = el
14 ASHDOD, ISRAEL PIRAEUS, GREECE
15 HAIFA, ISRAEL KALAMATA, GREECE
BARCELONA, SPAIN THESSALONIKI, GREECE
PALMA, SPAIN CORFU, GREECE
IBIZA, SPAIN KITHIRA, GREECE
POLLENSA BAY, SPAIN VALETTA, MALTA
VALENCIA, SPAIN LARNACA, CYPRUS
CARTAGENA, SPAIN
GENOA, ITALY 1992 PORT
LIVORNO, ITALY = = eeeeeeee oo
SAN REMO, ITALY ANTALYA, TURKEY
LA SPEZIA, ITALY ISKENDERUN, TURKEY
VENICE, ITALY IZMIR, TURKEY
TRIESTE, ITALY ISTANBUL, TURKEY
GOLCUK, TURKEY
1989 PORT GULF OF SOLLUM

SPLIT, YUGOSLAVIA
DUBROVNIK, YUGOSLAVIA
TARANTO, ITALY
PALERMO, ITALY
MESSINA, ITALY
TAORMINA, ITALY

PORTO TORRES, ITALY

iv




PREFACE

Environmental phenomena such as strong winds,
high waves, restrictions to visibility and thunderstorms
can be hazardous to critical Fleet operations. The cause
and effect of several of these phenomena are unique to
the Mediterranean region and some prior knowledge of
their characteristics would be helpful to ship’'s
captains. The intent of this publication is to provide
guidance to the captains for assistance in decision
making.

The Mediterranean GSea region is an area where
complicated topographical features influence weather
patterns. Katabatic winds will flow through restricted
mountain gaps or valleys and, as a result of the venturi
effect, strengthen to storm intensity in a short period
of time. As these winds exit and flow over port regions
and coastal areas, anchored ships with large ‘sail areas’
may be blown aground. Alsa, hazardous sea state
conditions are created, posing a danger for small boats
ferrying personnel to and from port. At the same time,
adjacent areas may be relatively calm. A glance at
current weather charts may not always reveal the causes
for these local effects which vary drastically from point
to point.

Because of the irregular coast line and numerous
islands in the Mediterranean, swell can be refracted
around such barriers and come fraom directions which vary
greatly with the wind. Anchored ships may experience
winds and seas from one direction and swell from a

different direction. These conditions can be extremely
hazardous for tendered vessels., Moderate to heavy swell
may also praopagate outward in advance of a storm
resulting in uncomfortable and sometimes dangerocus

conditions, egspecially during tending, refueling and
boating operations.

This handbook addresses the various weather
conditions, their local cause and effect and suggests
some evasive action to be taken 1if necessary. Most of
the major ports in the Mediterranean will be covered in
the handbook. A priority list, established by the Sixth
Fleet, exists for the port studies conducted and this
list will be followed as closely as possible in terms of
scheduling publications.
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1.

GENERAL GUIDANCE

1.1

DESIGN

This handbook 1is designed to provide ship
captains with a ready reference on hazardous weather and
wave conditions in selected Mediterranean harbors.
Section 2, the captain’‘'s summary, is an’abbreviated
version of section I, the general information section
intended for staff planners and meteoroluqists. Once
section 3 has been read, it is not necessary to read

section 2.

Objectives

The basic objective is to provide ship captains
with a concise reference of hazards to ship activities
that are caused by environmental conditiens in various
Mediterranean harbors, and to offer suggestions for
precautionary and/or evasive actions. A secondary
objective is to provide adequate background information
on such hazards so that operational forecasters, or other
interested parties, can quickly gain the local knowledge

that is necessary to ensure high quality farecasts.

Approach

Information on harbor conditions and hazards was
accumulated in the following manner:

A. A literature search for reterence material
was performed.

B. Cruise reports were reviewed.

C. Navy personnel with current or previous area
experience were interviewed.

D. A preliminary report was developed which
included questions on various local con-

ditions in specific harbors.



1.1.3

E. Port/harbor visits were made by NEPRF
personnel ; considerable information was
obtained through interviews with local
Pilots, tug masters, etc; and local reference
material was obtained (See section 3
references).

F. The cumulative information was reviewed,

combined, and condensed for harbor studies.

Organization

The Handbook contains two sections for each
harbor. The first section summarizes harbor conditions
and is intended far use as a quick reference by ship
captains, navigators, inport/at sea 00D's, and other
interested personnel. This sectiod contains:

A. a brief narrative summary of environmental

hazards,

B. a table display of vessel location/situation,
potential environmental hazard, effect-pre-
cautionary/evasion actions, and advance
indicators of potential environmental
hazards,

C. 1local wind wave conditions, and

D. tables depicting the wave conditions result-
ing from propagation of deep water swell into
the harbor.

The swell propagation information includes percent
occurrence, average duration, and the period of maximum
wave energy within height ranges of greater than 3.3 feet
and greater than 6.6 feet. The details on the generation
of sea and swell infaormation are provided in Appendix A.
The second section contains additional details and
background information on seasonal hazardous conditions.
This section is directed to personnel who have a need for
additional insights on environmental hazards and related

weather events.




1.2.

CONTENTS OF SPECIFIC HARBOR STUDIES

This handbook specifically addresses potential
wind and wave related hazards to ships operating in
various Mediterranean ports utilized by the U.S. Navy.
It does not contain general purpose climatology and/or
comprehensive forecast rules for weather conditions of a

more benign nature.

The contents are intended for use in both pre-
visit planning and in situ problem solving by either
mariners or environmentalists. Potential hazards related
to baoth weather and waves are addressed. The
oceanographic information includes some rather unique
information relating to deep water swell propagating into

harbor shallow water areas.

Emphasis is placed on the hazards related to
wind, wind waves, and the propagation of deep water swell
into the harbor areas. Various vessel
locations/situations are considered, including moored,
nesting, anchored, arriving/departing, and small boat
operations. The potential problems and suggested pre-
cautionary/evasive actions for various combinations of
environmental threats and vessel location/situation are
provided. Local indicators of environmental hazards and
possible evasion techniques are summarized for various

scenarios.



CAUTIONARY NOTE: In September 1985 Hurricane Gloria raked
the Norfolk, VA area while several US Navy ships were
anchored on the muddy bottom of Chesapeake Bay. One
important fact was revealed during this incident: Most
all ships <frigate size and larger dragged anchor, some
more than others, in winds of over 30 knots. As winds and
waves increased, ships ‘fell into’ the wave troughs,
BROADSIDE TO THE WIND and become difficult or impossible
to control.

This was a rare instance in which several ships
of recent design were exposed to the same storm and much
effort was put into the documentation of lessons learned.
Chief among these was the suggestion to evade at sea
rather than remain anchored at port whenever winds of

such intensity were forecast.




2. CAPTAIN’'S SUMMARY

Augusta Bay Harbor is located on the east coast

of Sicily, (Figure 2-1) in the northwestern partion of
the Bay of Augusta. The adjacent terrain 1is largely

mountainous, slaoping upward to over %84 +t (300 m) within

10 mi of the coast.
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The Bay of Augusta (Figure 2-2) is exposed to

open ocean winds and waves from the eastern semi-circle. ‘

Strong offshore westerly winds affect the BRay during

winter and spring.
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The Fort of Augusta {(Figure 2-3) consists of

three cseparate basins that comprise the Rada di Augusta
{Augusta Bay)l: Forto Megarese, Forto Xifonio, and Seno
del Fricio. Forto Megarese, having approximate
dimensiaons of 4.4 n mi {8 km! north-scuth, and 2.2 n mi
4  km} gast-west is the largest of the three, and the
port af primary interest. Portoc Xifonio and Seno del
Friclo are restricted to vessels of shallow draft. Forto
Xifonio, while the shallowest of the three, provides the
maximum protection from winds.

Forto Megarese is bordered o the west and north
by the island of Sicily. The east and south boundaries
are protected by the island of Isoletto di Augusta and by
three long breakwaters which are constructed on a chain
aof shoals which extend southward +From Iscletio di
fugusta.  Forto Megarese 1is a spacious and deep harbor
praviding anchorage for 25-2ZB vessels and can accommodate
ships as iarge as Very Large Crude Carriers (VLCC). The
iargest vessels of the U.5. HNavy routinely entering the
inner harbor are LHA's. The anchorage is limited to the
central and southern portions of the harbor as the
northern part is too shallow. The bottom 15 mud, sand,
and seaweed and affords good holding except during heavy
weather. Several groundings have resulted +From high
winds and the slick bottom mud which tends to ball up
araund anchar flukes and reduce their holding
characteristics.

Two anchorage areas have been selected for
Augusta ERay (Figure 2-3). Point 1 is just outside the
primary entrance to Forto Megarese between the northern
and central breakwaters. Point 2 is approximately 1 n mi
south—southeast of the primary entrance and is typically

used by carriers.
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Currents in Augusta Bay are driven by the tides
and wind, and can be significant when the wind is from
the northeast. Generally, a south set of about 1 kt is
observed 5,000 yds (2.3 n mi) from the breakwater, and a
north set of about Z kt about 2,000 vds (i n mi) from the
breakwater {U.s. Nawvy, 1983). Local authorities state
that a clockwise current of about 1 kt is observed inside
the breakwater in Forto Megarese.

According to U.8. Navy {(1983), "fresh west-
southwesterly winds produce a heavy sea, and may be
dangerous to vessels in the roadstead." Westerly winds
sometimes gust to 65 kt, and can last for 2 to 3 days in
March, resulting in problems for ships anchored in mid—
harbor. Puring winter and early spring, boating 1is
frequently cancelled +From anchorage positions in  the
inner and outer harbors due to westerly winds.

Anchorage can be opbtained anywhere in FPorto
Megarese 1in  depths of S54-90 +t ($~-15 fathoms). The
bottom is mostly good holding ground of mud, sand, and
seaweed (Hydrographic Department, 1963). FPFPorto Yifoniao
and Senc del Friolo are shallow and not considered to be
sate havens for large vessels during heavy weather.

Specitic hazardous environmental conditions,
vessel situations, and suggested precautionary/evasian
action scenarios are summarized in Table 2-1. Harzards

tor both inner harbor and outer harbor are addressed.



TABLE 2-1.

Summary of hazardous environmental conditions for the Part of Augusta, Italy.

HAZARDOUS CONDITION

INDICATORS OF POTENTIAL HAZARD

VESSEL LOCATION/

SITUATION AFFECTED

EFFECT — PRECAUTIONARY/EVASIVE ACTIONS

a, Easterlv wings - itrun? winds from NE
fﬁrough S, Hay be called Gregale,

tevante, or Scirecca.

# Strongest and most frequent in
winter,

# Can produce sea/swell to 23-26 ft
{7-8 ai 1n outer harbor.

% May be accoepanied by trupderstoras
it caused by transient iow south of
Sicily.

Advance warning,

& s(ar}flent low pressure system south of
icily.

¥ Build{nq high ﬂressure ever Europe
coincident with developaent of low over
North Africa or lonian Sea.

# Scirocco event may be preceded by cumulus
clouds huilding and renarping over Hount
Etna when air tlow is from SE.

Duration
+ ransient low pressure systea south ot
Sicily can zause winds to last for 1-2 days.
* Bu1ldxn? high over Europe with low over
Narth hirica ar lonian Sea can produce winds
lasting & days.
¥ Scrrocco evente can last Z weeks,

(1) finchor ed
- 1nner harbor
- quter harbor

+2) Hoored - 1aner harbor

13} Arryving/departing harboc

t4) Spal! boat operations

i

THE FORT_OF AUBUSTA OFFEFS MO FROTECTLON FRON WINE.

‘*ﬂi@tﬂa?{x drag 10 strong w:nds,
+Hud Yends o ba]? ‘up around ancher flukes and decrease holding characteristics,
¢ Best te depart harbor 1f high wind situation is forecast.
+ 1f remaining at anchor and strong winds are forecast, use of two anchars 1g
recogmended,

Seatl crati
« Fxtra securing precautions required.

nd_eay force ship ofi 1ts nooring
¥ “Tooring (ines shouTd e doubled,
+ Tug assistance may be necessary in strong event.
¢ lf nested, vessels mav shift depending on wind direction.

Strong minds may prevent/hamper ship movesent infout of harbor,
¥ TFiTot boat say not Teava harbor 1a strong E7Tv windisea.

Baating nay be restricted, s . .
¥ Bmall boat operations may be cancelled/restricted in high wind situatien.

Hester |y winde - Stron? winds fron SH

fﬁ'uugf\ NA. " May be called Libeccio,

Fonente, or Maestrale.

¥ Stron?est in March {usually
18th/19th),

# Sustained speeds of 35 kts or higher
with gusts to &5 kts aot uncommon,

Advance warning
* rong low pressure systes developsent north
of Sicily.

Duration
o May last 2-3 days in March.

{1} #Anchored
= 1nner harbor
~ outer harbor

2

Hoored - 1nner harbor

[§]
€]

53
%
&
E
g
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&
B
o
15
i
ot
=
z
=2
g
g

Small boat operations

Anchor nay drag 1n strong winds,
+ Tonente (NW) winds in Farch are worst for ships in taner narber anchorage.
¥ Hud tends to ball up xround ancher fiukes and decrease holding characteristics.
#  fest to depart harbor i high wind situation 1s forecast.
¥ 1t rensining at anchor and strong winds are forecast, use of two anchors ic
recamaendad.

Small craft
¥ Extra securing precautions required.

Wind may torce ship off its rooring
#  Hooring lines should be doubled.
# Tug assistance may be necessary in strong event,
+  If nested, vessels may shift depending on wind direction,

i+ Ship movesert in/out cf harbor may be hampered/restricted

foating may be restricted,
¥ Saall Doat operalions aay te cancelled/restricted in nigh wind situation.

Sea breeze - Diurnal on-shore wind reaching

max1aun velocity 1n aid-afternoon,

* Most coemon in sunmer, but may occur on
warn days in sprmg and autumn,

= Comnonly observed between 1030L and
1800L, reaching maximus velocities about

t Nornal velacity range 1s 10-20 kts but
strong event can exceed 27 kts.

hdvance warntn
¥ Toutinely observed 1n sumser and an warm
late spring and early autumn days.

Duration
¥ Typically observed between 1030L and 1800L,

i1} Anchored - inner harbor
(2) Anchored - outer harbor

13} Hoored - 1nner harbor

t4) Arriving/departing harbor

(5) Small baat operations

No significant problens,
Yo_significant prablens.
No significant problems,
Yessel control may be affected at slow SOA.

Small boating may be haepered or curtailed in a strang event,

L
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TABLE 2-1.

(Continued)

g

HAZARDOUS CONDITION

INDICATORS OF POTENTIAL HAZARD

VESSEL LOCATION/
SITUATION AFFECTED

EFFECT - PRECAUTIONARY/EVASIVE ACTIONS

2. Easterly sea/swell - Haves resulting from
easterly winds discussed in l.a above plus
swell generated by Etesian winds over Regean
Sea during summer (paximum occurrence in
Pugust) and propagated westwird to Sicily.

* Strong Gregale can produce 23-26 ft
(7-8 m) seas in outer harbor,
# Swell from Etesian winds may reach
B-12 £t (2.5-3.5 a) 1n outer harbor.,
t Seas rarely exceed 2-3 ft 1n inner
harbar,

systea south of Sicily,
over Eorope and low

Kdvance warmn

+ Easieriy muvxng

¥ Developing hig
over N, Africa,

+ Scrrocco event may be preceded ty curulus
couds building over and remaining over
Nount Etma when air flow is from SE.

¥ Swell fron Etesian winds can be expected
when suamer mnonsoan established. Maximua
occurrence 15 1n August,

o Swell nal be anticigated at huausta Bay 4-8
hours after strony Etesian winds comaence
over flegean Sea

Duration
t Waves generated by local wind {only) will
dizinish raptdly ntth decrease in wind,

i
12)

finchored - inper harbor

Anchored - outer harbor

{3}
(4)

Haored - inner_harbor

Arriving/departing harbor

{a

{2

(a

{a

)

Little effect in 1nnec t

Vessels may have to depart anchorage,
+ Large swell waves nay cause significant gitchlnq at anchor,
* Anchortdraqginq hay result from swell notion, or cosbination of waves and wind {1f
resent;,
+ groceeding N through Strait of Messina to anchorages at Palermo or Gulf of
Castellammare on N coast of Steily will aveid sne?l.
t Steasing ciose to W coast of Italian Pentnsula will avoid swell,

No significant problens,

?well at_harbor entrance and in outer harbor nay pose hazards to vessels enfering or
eaving por

¢ Linited maneuvering rooa avaiiable,

* Harbor pilot availability nay be inpacted if swell is accompanied by strong winds,

t  Swell waves diminish slowly after winds boat operations {a) Guter harbor uperations may be restricted/cancelled, )
at sour:; subside, with ne{ghts and s ¥ Large sﬁgll may prevent seall hoats from safely cun;ng alungslde
periods decreasing over tiae. + Small boating may be cancelled 1 swell 15 acconpanied by strong winds

hoe
3. Thunderstors ~ May nccur independent of or fdvance warnin i1} Anchored la} Possidle stromg winds/s ualls/li$htnln strikes,
Tnbedded in extensive rain area, and 1p T ﬁaTﬁ_?g}ecast in autumn or early winter due - 1aner harbor + Fersonnal should ke alert for anchor dragging
association with passing fronta] systens, to low pressure cystem passing south of - outer harbar £ Secure loose gear
# Commonly occurs in autumn/earlz winter Sicily. ¥ t Hunimze personnel exposure on weather decks
as part of larger rain area. Hay last # Strong frontal passage during autuan, . . .
nore or less continuausly for 24 fre. winter, or spring, {2) Moored - inner harbor {a) Possible strong winds/squallsilightnin strikeg
¥ May occur with passing frontal systems. ¥ Haoring [Tnes should be manitored ¢ osely
# May be accompanied by strong winds, furatson ¥ Secure loote gear
TTF  Tan last for 24 hours when assoctated with £ Minimize personnel exposure on weather decks
traHSiTNt 10: Jouth of Sicily in late autum 3) Arriving/departing harb fa) Fossible strong winds/squalls/lightning stritec
or early winter, (3) #rriving/departing harbor Fe s < kec
i —— F 7Ship maneuvering nay be ajrected,
t Visibility may be restricted.
t Seryre lgose gear,
t Minimize personnel exposure on weather decks.
(4) Small boat_operations () Small boat operstions should be restricted.
U I i ing qusts/squalis may Razard saall baats and ocrupants,
£ Lightning strikes are possible,
4. Iropical cyclone - Although unconnon, tropical Advance warnin t1) fnchored - snner hargor {81 Vessele should put to ses and evade stora,
cycioneﬂave b2en observed 1n the ¥ THigh, ghm clouds 1n cyclonically spiralling - o
Hediterranean basin, bands, graduallr thickening, 12) fnchored - outer harbor fal Vescels should put to sea and evade stora.
# Most likely 1n late summers autuen, but ¥ Long period swell from soughern sealcircle
B3y OCCUP 1R any Season. with 0o cther reasanable explanation, 3) Moored - inner harbor fal Vessels should put to sea and evade storn.
+ Storp {ratk is difficult to torscast e B o Tothm
accurately,  Mariners nust give wide 4) frriving/departing harbor 18] Vessels shoul sea_and evade stora,
berth to forecast itrack. ; R 128 Darber ¥ 7T at séa, stay at sea and evade stora,
# Damage can be caused by winds and/or E It departing harbor, plan to leave early to avoid effects of stora,
high water ceused by slorn surge.
\at Lancel seall boat operations.

# Hoist GaalT traft out of water and secure on deck ory 1f o shore, well ahove high
tide line.




Table 2-2 provides the height ratio and direction

of shallow water waves to expect at points 1 and 2

(Figure 2-3) when the deep water wave conditions are

known.

The Augusta Bay Point 2 conditions are found by
entering Table 2-2 with the faorecast or known deep water
wave direction and periad. The height is determined by

multiplying the example deep water wave height (8 ft) by
the ratio of shallow to deep height (.6&).

Example: Use of Table 2-2 for Augusta Bay Point 2.

Deep water wave forecast as provided by a forecast
center or a reported/observed deep water wave
condition:

The expected wave caondition at Auqusta Bay Paint 2
as determined from Table 2-2:

¥
| 8 feet, 12 seconds, from 180°.
i 4-5 feet, 12 seconds, from 165°.

- e me e me e Em G we e mm mas e ==

NOTE: Wave periods are a conservative praoperty
and remain constant when waves move from deep to shallow

water, but speed, height, and steepness change.
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Table Z-2. Shallow water wave directions and relative height
conditions versus deep water period and direction (see Figure
2A-% far locstion of points). ‘

FORMAT: Shallow Water Direction
Wave Height Ratio: (Shallow Water/Deep Hater)

AUGUSTA BAY POINT 1:
_ Period isec)
Deep Water
Direction

& g 10 i2 i4 i&
Shallow Water
Direction and Height Ratio

1
H
5
¥

} F60° i 020° 025° D3Z0°  040°  050° 050°

: i oS oS -4 0D oS « 3 i
i Q3a"® i 045° Q&H0° 040°  045° 030° 060° |
; ; oD o -6 o & .8 0@ i
H Q60" i 060° 0&0° Q60°  0&60° 065" 065° |
} i -7 o .8 -5 o &) .6 :
i 030" i 020° Qga* 085 083° 085%° 085° |
i ; 0% 0% .8 .8 - .6 i
H 120" i 120° 115-° 110°  110° 103° 100° |
i i .8 od .7 b .7 b i
i 150° i 135° 140° 120°  130° 120° 110° |
i i .6 .6 .6 .6 -5 oS i
1 ' ]
3 L] ]
H 180° : '
i i i

165° 16Q° 1
3

ry LR

S°  140° 130° 115°
0 . .

]

AUGUSTA BAY POINT 2
Feriod (sec)
Deep Water
Direction

=) 8 10 12 14 16
Shallow Water
Direction and Height Ratio

: i :
: I60° i 005° 010° Q15* Q20° 030° 030° |
] i .4 .6 .7 -8 .2 <4 H
: Q30° ; 03Q-° 030" 030°  035° 0453° 055° |
i } 1.0 .2 .8 -7 .6 .3 i
} Q&0° i 060° 0&60° 060° 0607 065° Q65° |
} : 1.0 1.0 .7 .2 0% a® i
i 0g0° : 030" Q20° g20°  090° 0F0° 0F0° |
: i 1.0 1.0 7 7 .8 -8 i
| 120° ; 120° 120° 120°  120° 115° 115° |
H H i.0 .9 0% 9 .8 7 !
: 150° H 150° 150° 150° 1435° 143° 14Q° |
i H .9 -9 -9 .8 .8 .8 }
i 180-° : 180° 1757 170°  165° 160° 150° |
i : .6 o -6 -5 -5 -6 i




Table

The local wind generated wave conditions for the

anchorage area identified as point 2 (Figure 2-3) are
given in Table 2-3. All heights refer to the significant
wave height {(average of the highest 1/3 waves). Enter
the local wind speed and direction in this table to
obtain the minimum duration in hours required to develop
the indicated Fetch limited sea height and period. The
time to reach fetch limited height is based on an initial
tlat ocean. When starting from a pre-existing wave

height, the time to fetch limited height will be shorter.

2-3. Augusta Bay  near point 2. Local wind waves for

fetch limited conditions related to point 2 (based on JONSWAFP
model).

Format: height (feet) /period (seconds)
time (hours) to reach fetch limited height

Direction Local Wind
and Speed (ki)

Fetch X

Length A ig8 24 Z0 36 42
inmid) i 3 ; L ;
! H i ; } ; i
oI ; <2+t i <2+t ; BT H 2/3 i 2-3/3 H
3 on omi ! 5 ; i ; 1 ; i H
1 1 T ] I 1 t §
) i T A ¥ ) t
a 1 1 H 1 t
) [} § ¥ ¥ ) ¥
I8 i <2 £t ; 2/3 i 2-3/35-4 /34 | FZ-4/4 i
i S 0 omi H H 1 H i H 1 H
1 1 1 ] 1
1 ¥ ) ] ]

Pt

 Example:

Ta the 8W (225°) there is about a 3 n mi
fetch (Figure 2-3). Given a SW wind at 30 kt, !
the sea wiil have reached 2 feet with a period of
3 seconds within 1 hour . Wind waves will not grow

beyond this condition unless the wind speed
increases or the direction changes to one oaver a
longer fetch length. I+ the wind waves are

superimposed on deep waster swell, the combined
height may change in response to changing swell
conditions. Wind wave directions are assumed to
be the same as the wind direction.

2-13



Combined Wave heights are obtained by finding the

square root of the sum of the squares of the swell and ‘

wind wave heights.

Example: Swell 10 4t, wind wave 5 ft.

2

\/102 + 5% =\/1OO + 25 =\/125 ~11.2 ft

Note: Increase over largetr height is small. I+

both heights were equal, combined height would increase
by a factor of 1.4, I¥f one is hal+ ot the other, as in
the example, increase over the larger of the two is by a

factor of 1.12.

Climatological factors of shallow water waves, as

described by percent occurrence, average duration, and
period of maximum energy (period at which the most energy
is focused for a given height), are given in Table 2-4.
See Appendix A for discussion of wave spectrum and energy

distribution. These data are provided by season for two

ranges of heights: greater than 3.3 and greater than 6.6

feet for the two anchorage areas indicated on Figure 2-3.




Table Z—-4. Shallow water climatology as determined from deep
water wave propagsation. Fercent occcurrence, average duration or
persistence, and wave period of maximum energy for wave height
ranges of greater than 3.3 feet and greater than &.6 feet by
climatological season.

AUSUSTA POINT 1: v WINTER | SPRING | SUMMER | AUTUMN |
i 3.3 feet i NBV-APR | MAY 1 JUN-SEPR| DCT
; Occurrence (L) ; 30 ; 29 ; 8 ; 20 ;
; Average Duration {hrs); 14 ; 17 ; 11 3 ié ;
; Periaod Max Energy(sec); 10 ; 10 ; 10 ; 8 ;
EMA *h6.6 feet ; NOVY—-APR ; MAY ; JUN—SEF; acT ;
; Occurrence (%) ; 13 ; 13 ; 2 ; 5 ;
; Average Duration (hrs); 14 ; 11 ; =4 ; B8 ;
; FPeriod Max Energy{sec); 12 ; 11 ; 10 ; 10 ;
éﬁGUSTQ POINT 2: ; WINTER ; SPRING ; SUMMER ; AUTUMN ;
' 3.5 feet i NOV-APR MAY 1+ JUM-GEP | QcT
; Qocurrence (%) ; 29 ; 22 ; 9 ; 15 ;
; Average Duration (hrs); 13 ; 11 ; 135 ; 14 ;
; Feriocd Max Energy(sec); 10 ; 10 ; 10 ; 10 ;
E 6.6 teet ; NOV-APR ; MAaY ; JUN-SEP; gcT ;
; Occurrence (%) ; 12 ; 9 ; 2 ; & ;
; Average Duration (hrs); 10 ; 14 ; 11 ; 7 ;
; Period Max Energy(sec); 12 ; 11 ; 10 ; 12 ;




SEASONAL SUMMARY OF HAZARDOUS WEATHER CONDITIONS

WINTER (November thru February):

* Strong east or east-northeast winds {(Gregale}.

* Strong southeast winds (Scirocco).
* Westerly winds (Poniente) with gusts to 65 kt.
* Gregale and Scirocco can cause high waves at

anchorage.
* Thunderstorms occur with frontal passages and can

last for 24 hours bringing heavy rain and hail.

SPRING (March thru May):
* Early spring similar to winter, especially for
Poniente.
*# Thunderstorms occur less but still a threat.
* Sea breeze occurs occasionally, rarely disrupts

boating.

SUMMER (June thru September):

* Sea breeze daily occurrence, peaking at 1530L,

occasionally postponing boating aoperations.
* Etesian wind aover eastern Mediterranean can bring

12 ft (4 m) swell to anchaorage areas.

AUTUMN (October):
* Short transition season with winter weather

returning by end of month.

NOTE: For more detailed information on hazardous weather
conditions see previous Summary Table in this section and

Hazardous Weather Summary in Section 3.

2-16



REFERENCES

U. S. Navy, 1983: Fleet Directory for Augusta, Sicily,

Italy (FOUOQ).

2-17



GENERAL INFORMATION

This section expands on the material in the
Captain’s Summary. Figures and Tables are repeated with
a continuation of numbering. Paragraph 3.5 provides a
general discussion of harzards and Table 3-4 provides &

summary of hazards and actions by season.

3.1 Geogographic location
The Fort of Augusta is located at I7°13°N 1S5°14°E
on the east coast of the Italian island of Sicily (Figure
ESHE
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Figure 3-1. Ports of Italy, Sicily, and Sardinia.
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The BRay of Augusta (Figure I is exposed to

open ocean winds and waves from the eastern semi-circle. ’
Strong offshore westerly winds affect the Bay during

winter and spring.

ITALY

Strait of

i \4——,\

= 36"M

Mt Elna

CATANIA

SICILY

CATANIA mggi”

AUGUSTA

=377 it

NALUTICAL MILE SCALE
[} tlﬂ 0

s5oE 16°E
b - -

Figure 3-2. Bay of Augusta
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The Part of Augusta facilities are situated in

three of the basins that comprise Rada di Augusta
{Augusta Bayl: Forto Megarese, FPorto Xifoniao, and Seno
del Friepclo (Figure 3-3). Forto Megarese, a natural
harbor having approximate dimensions of 4.4 0 omi (8 km)
narth—south,; and 2.Z n mi (4 km) east-west, 1is the
iargest of the three and the port of primary interest.
The island of Sicily forms its western and northern
boundaries, and its eastern and southern boundaries are

comprised of Isoletto di Augusta, an eiongated island on

which the municipality of Augusta is located, and three

extensive breakwaters: Diga settentrionale (northern
leves) , Diga centrale (central levees), and Diga
meridionaie (southern levee)., The primary entrance to

Forto Megarese passes between the northern and central
breakwaters, with a width of 1,200 ¢t (366 m), and
channel depth of 42 ft (13 m) or greater.

Forto Megarese is a spacicus and deep harbor
which can accomodate ships as large as Z50,000 DWT. The

Fleet Directory {for Augusta, Sicily, Italy published by

the U.5. Navy (1983), states that anchorage is available
inside the breakwaters in the "central zone"”, with water
depths not less than 73.5 ft (22.4 m). LHA's are the
iargest vessels of the U.5. Navy routinely entering the
inner harbor. Shallow water depths in the northern part
of the harbor restrict its use. Forto Xifonie and Seno
del Friolo offer protected anchorages to small vessels
only.

The terrain of Sicily adjacent to Augusta BRay is
largely mountainous. Elevations within 10 mi of Augusta
Bay range from sea level along the coast sloping upward
to over 984 ft (300 mi, with one peak reaching 1,870 ft
(370 m). Mt. Etna, a 10,902 +t (3,323 m) active
volecano, 1is the highest point on Sicily and is located

about 35 n mi north-northwest of the port.

i
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fuaiitative Evaluation of the Port of Augusta

The Port of Augusta is fairly well protected From
hazardous seas by its periphery of breakwaters. Heavy
seas, which may reach 23-26 ft (7-8 m) in height in the
cuter harbor, break rather heavily over the breakwaters
but only slight seas result in the inner harbor. Caution
is necessary when approaching the harbor in bad weather
because of the breaking seas (Hydrographic Department,
1963). At times, the harbor pilots will not leave the
inner harbor because of high winds and heavy seas outside
the harbor entrance. Local harbor authorities advise
that when high northeast to southeast winds are forecast,
it is best to leave the port and head for open sea.

According to U.5. Navy (i983)y, ‘fresh west-
southwesterly winds produce a heavy sea, and may be
dangerous to vessels in the roadstead." Westerly winds
sometimes gust to 6% kt, and can last for 2 to 3 days in
March, resulting in problems for ships anchored in mid-
harbor. During winter and early spring, boating is
frequently cancelled from anchorage positions in  the
inner and outer harbors due to westerly winds.

Anchorage can be obtained anywhere 1n  Forto
Megarese in depths of 54-90 ft (9-15 fathoms). The
bottom is mostiy good holding ground of mud, sand, and
szaweed (Hydrographic Department, 12463). Porto Xifonio
and Seno del Friolo are shaliow and not considered to be

safe havens for large vessels during heavy weather.

Currents and Tides

Currents are driven by the tides and wind, and
can be significant when the wind is from the northeast.
Generally, a south set of about 1 kt is observed 5,000
vds (2.5 n mi) from the breakwater, and a north set of

about 2kt about 2,000 yds (1 n mi) from the breakwater
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{4.8. Navy, 1983). Harbor pilots say that a cliockwice
current of about 1 kt is cbserved inside the breabwater
at Portoc Megarese.
Visibility

Reduced visibility is rarely & probliem at Augusta
Hay. Morning haze and fog create the poaorest conditions,

but dissipate rapidly during morning hours.

Hazardous Conditions

Al though relatively protected from hazardous sea
conditions, the FPort of Augusta is vulnperable to the
efftects of bigh winds. A seasonal summary of the various
nown environmental hazards that may be encountered in
the Fort of Augusta follows.

A. MWinter (November through February)

Strong winds from the eastern quadrant (northeast
through southeast) carr cause significant problems in
fAugusta Bay. Although the inner harbor is protected from
the full impact of the sea generated by the winds, the
force of the wind can  adversely impact small boating
operaticns in the inner harbor. The wind can cause ships
in the anchorages to drag anchor, while the combined
pffects of wind and sea can impact the ability of harbor
nilots to leave port to meet incoming vessels. Expe-
rienced mariners advise that when strong winds from the
east quadrant are forecast for Augusta Bay, it is best to
leave the port and head for open sea. A primary cause of
such wind during the winter is the "GBregale™. It occurs
with high presswe over central Europe or the Balkans and
low pressure over the Ionian Sea or Tunisia/libya and may
continue For up to § days. It can also occur with the
passage of a depression to the south or southeast, when
it lasts only a day or tws. BGregale winds can be
reinforced by flow through the Strait of Messina.

Strong southeasterly winds can be caused by a

"Scirocco'”. A low pressure center over Narth Africa
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brings east to southeast winds to Augusta Bay, accom—
panied by low stratus and fog. A Scirocco event will
bring hot and muggy weather to the area and may last up
to 2 weeks, with one recorded occurrence persisting for
one month.

Strong winds from the western quadrant , locally
known as  "Ponente" and resulting from a low pressure
system north of the area, can be a problem for ships
anchored in the inner harbor due to anchor dragging.
Boating is frequently cancelled from anchorage positions
in the inner and outer harbors. Westerly winds with
gusts to 65 kt have bheen observed at Augusta Bay.

Heavy rain with low cloud ceilings can occur at
Augusta Bay when a low pressure system passes south of
Sicily. Thunderstorms, commonly assaciated with the
aforementioned low passages in early winter when SST's
are still warm but air temperatures may be cool, may be
constant for 24 hours. Thunderstorms may also occur with
passing frontal systems.

B, Spring (March thraough May)

Early spring environmental conditions are similar
to those of winter. Winds and seas +from the northeast
through southeast continue to affect harbor operaticons at
Augusta Bay. BStrong westerly winds, known as Fonente,
with gusts to 65 kt are most prevalent in March, and have
been known to last for 2-3 days. Ponente winds cause
significant problems in the harbor dus to anchor
dragging.

Although most common during summer, sea breezes
start to appear in late spring. A strong event can reach
25 kt, which may affect boating in the harbor.

Rain 1s common when low pressure systems pass
south of Sicily, but because of cooler 557 's, associated
thunderstorm activity is not as evident as in early
winter.

Although not as common as during the wintetr,
Scirocco conditions are occasionally observed during
spring, primarily early in the season. A Scirocco event

may bring strong east toc southeast winds accompanied by

3-7



low stratus and fog to Augusta Bay. Sciroccos may last
up to two weeks and bring hot and muggy weather to the
area.

e Summer (June through September)

The summer seascon in eastern Sicily has the least
hazardous weather of the vear. The track of strong
extratropical storms has moved northward and poses little
threat to Augusta Ray. Sea’ breezes are daily
accurrences, usually commencing about  1030L, reaching
maximum strength of about 15 kt by 1530L, and diminishing
by IBOQOL. A strong event may reach 25 kit. A high
pressure cell aloft can suppress the sea breeze flow: the
sea hresze usually overcomes the resistance but is not as
strong as usual.

The prevailing northern winds over the eastern
Mediterranssan and Aegean Seas during the summer
(basically a monsaonal flow associated with a deep low
prassure area which forme aver northwest India) is called

"

Once established, it can generate a 8-12

L (2.3-3.9 m) westerly moving swell which will reach the
east coast of Sicily in 4-8 bhours. The maxinum
accurrence of Etesian winds and resultant swell i1s  in
August. Due to the protective breakwaters around the
inner harbhor, the impact of the swell is limited to the
outer harbor of fuousta Hay.

™

T Autumn (October)

The auvtumn seaszon is  short, with the typical
season usually spanning about one month —-—  October. The
daily occurrence of the sea breere is interruptad as
temperatures begin to moderate. Extratropical systems
begin tn transit Euwrope as the storm track moves
cauthward in advance of the winter sesason.

The threat of strong winds from the eastern
quadrant cawvsed by a Gregale or SBcirocco, as discussed in
section & abave, ingreases as  the auvtumn season
mrogresses.  Strong westerly winds, also addressed in
section £  above, become more common as sxtratropical

zvztems tranzit the waters north of Sicily.
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Heavy rain with low cloud ceilings can occur at
Augusta Bay when a low pressure system passes south of
Sicily. Thunderstorms, commonly associated with the
aforemnentioned low passages in late autumn when S5T's are
still warm but air temperatures may beﬂcool, may be
caonstant for 24 hours. Thunderstorms may also occur with
passing frontal systems late in the season.

= Tropical Storm Season

Storms having tropical cyclone characteristics
wi th fully developed eyes have been observed on at least
three occasions in  the Mediterranean basin: 23-26
September 1962, 22-28 January 1782, and 26-30 September
183. 0On the latter occasion the storm moved northwest
from the Buif of Gabes (on the southeast coast of
Tunisial), through the Strait of Sicily, along the east
coast of Sardinia, and into the Gulf of Genoa. Winds of
100 kt were observed near the eye while Cagliari,
Sardinia reported sustained winds of &0 kt. The
potential for a storm of this type to strike Augusta Bay
is real and +the meteorcoliogist must be aware of the

possibility.

Harbar Protection

The Port of Augusta offers little protection from
wind but the inner harbor, as detailed below, provides

good protection from significant wave action.

Wind and Weather

The Port of Augusta is unprotected from the full
torce of wind Ffrom northeast clockwise through south-
southeast. From south—sputheast clockwise through
northeast, the topography of Sicily atfords only rather
limited protection; the highest point of the terrain
within 20 mi of the port i1s 3,683 ft (1,114 m), with most

elevations considerably less.
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The harbor of Forto Megarese is afforded
excellent protection from waves that have been generated
in the open sea by the configuration of Isolottoc di
Augusta and the three breakwaters which form the east and
southeast limits of the inner harbor. While waves from
the east or southeast may break over the top of the
breakwaters, the impact on  inngr harbor operations is
minimal. Limited wave energy can enter the inner harbor
through the main entrance between Diga settentrionale and
Diga centrale, but due to the relatively narrow entrance
the effects are minimal on the imner harbor operations.

The outer harbor is exposed to the full force of
waves emanating From northeast through south-southeast
and it will be advisable to sortie under high wind/wave
conditions.

Table Y 04 provides the shallow water wave
conditions at the two designated points when deep water

swell enters the Bay of Augusta.

lie: Use of Table 3-1.

For a deep water wave condition of:

& feet, 12 seconds, from 120°

The approximate shallow water wave conditions are:

Foint 1: 4 feet, 12 seconds, from 110°
i 22 5-6 feet, 12 seconds, ftrom 120°

T
a
[
3
+
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Tabhle 3-1. Shallow water wave directions and relative height
conditions versus deep water period and direction (see Figure
3-3 for location of points).

FORMAT: Shallow Water Direction
Wave Height Ratio: {Shallow Water/Deep Water)

AUBUSTA BAY FPOINT 1:
Feriod {(sec)
Deep Water
Direction

& g8 1<C 12 14 1&
Shallow Water :
Direction and Height Ratioc

: I60° i 020" 023° QZ0°  040° 030° G50°
i : A5 .S .4 oS -3 o0& ;
: 030° i Q45° 060° 040° Q43° 050°  Q&60°
i : .3 3 Y=} ohe) .8 -7 ;
! Qb60" i 060" 0&60° 060°  06H0° 065°  065°
i : . P .? .8 b 5 o i
! 0%0° ! Q70" QF0° 085 085° 088° 085° |
; | -7 .9 .8 .8 .6 .6 ;
! 120° } 120° 115° 110® 110° 105° 100° |
: : -8 .7 -7 e .7 -G i
H 150° i 135° 140° 120°  130°  120°  110° |
H i .6 ) -5 .6 -5 -5 ,
H 180° ! 165° 1460° 155° 140Q° 130° 115° |
! i - ) .2 .5 ] -3 i
AUBUSTA BAY POINT 2:

i Pericd (sec) i & 8 10 12 14 16 1
! Deep Water ; Shallaow Water i
i _Direction ; Direction and Height Ratio i
H 3560° ; Q05° 010" 013°  020° 0D3I0°* Q030" |
} : -4 «O .7 .8 .3 .4 :
i 030" i Q30° Q30° 030° 0O3I5° 043¢ 035° |
i : 1.0 .9 .B .7 b -5 ;
i Q&0° ! Q60° Q060° 060° 060° 065° 065° |
! ! 1.0 1.0 o Fa o o A7 :
: 0%0° i Q0" Q20° Q0°  0R0° 00° Q0° |
: : 1.0 1.0 .9 .9 .8 -8 H
i 120° i 120° 120° 120°  120° 115° 115° |
d ] 1.0 ) &% o '% .8 .7 :
i 130° ] 150° 150° 1530 1453° 145° 140° |
H ' 8 .9 .9 .8 .8 .8 i
; 180° ; 180° 175° 170° 165° 1&0° 1350° |
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Situation specific shallow water wave conditions
resulting from deep water wave propagation are given in
Table 3-1 while the seasonal climatology of wave con-
ditions in the harbor resulting from the propagation of
deep water waves into the harbor are given in Table 3I-2.
i+ the actual or forecast deep water wave conditions are
known, the expected conditions at the +two specified
harbor areas can be determined from Table 3~1. The mean
duration of the condition, based on the shallow water
wave heights,; can be obtained from Table 3I-2.

Interpretation of the infermation from Tables 3-1
and 3I~Z provide éuidance on the local wave conditions
expected tomorrow at the various harbor points. The
duration values are mean values for the specified helght

range and season. Knowledge of the current  synoptic

pattern and forecast/expected duration should be used

when available.

__Example: Use of Tables 3-1 and I-2.

The forecast for wave conditions tomorrow (winter case)
outside thz harbor are:

7 feet, 12 seconds, from 090°

Expected shallow water conditions and duration:

Point 1 Point 2
height 7 feet 8 feet
periad 2 secaonds iZ2 seconds
dirsction from QBS® from Q90°
duration 14 hours 10 hours

e s mes sm e emm e ek e e e e A e e

Fossible applications to small boat operations
are; selection of the tending =ships anchorage point
and/or argas of small hoat work. The condition duration
information provides insight as to how long bhefore a
change can he expected. The locai wave direction
information could be of use 1in selecting anchorage

configuration and related small boat operations.




Table 3-2. Shallow water climatology as determined from deep
water wave propagation. Percent occurrence, average duration or
persistence, and wave period of maximum energy for wave height
ranges of greater than 3.3 feet and greater than 6.6 feet by
climatological season.

AUGUSTA POINT 1: i WINTER | SPRING | SUMMER | AUTUMN |
; 3.3 feet i NOV-APR | MaY ¢ JUN-SEFI 0CcT f
E Occurrence (%) } 30 } 29 } 8 E 20 g
; Average Duration (hrs); 14 ; 17 ; 11 ; 16 ;
; Period Max Energy(sec); 10 ; 10 ; 10 ; 8 ;
; rh.6 feet ; NOV-APR ; MaY ; JUN~SEP; GcT ;
; Occurrence (%) ; 13 ; 10 ; 2 ; =] ;
; Average Duration (hrs); 14 ; 11 ; 8 1 8 ;
' ) ' ' y '
; Feriod Max Energy(sec); 12 ; 11 } 1Q ; 10 ;
AUGUSTA POINT 2: ; WINTER ; SFRING ; SUMMER ; AUTUMN ;
! F. 3 feet L NOV-APR | MAY 1 JUN-SEPR| 0cT ¢
; Dccurrence (%3 ; 29 ; 22 ; ? ; 15 ;
; Average Duration (hrs); 13 ; 11 ; 13 ; 14 ;
; Feriocd Max Energy(sec); 10 ; 10 ; 10 ; 10 ;
; 6.6 feet ; NOV-APR ; MaY ; JUN—SEP; 0CcT ;
; Oecurrence (%2 E 12 ; 9 ; 2 ; 6 ;
; Average Duration Chrs); 10 ; 14 ; 11 ; 7 ;
; FPeriod Max Energy(sec); 12 3 i1 ; i0 ; 12 ;




Local wind wave conditions are provided in Table

Z~3 Ffor Auguste Bay point Z. The specified fetch lengths
are specitically for point 2. The time *to reach the .
fetch iimited height assumes an initial fiat ocean. With

a pre-existing wave height, the times are cshorier.
Tabdie IT-I. Augusta Hay near peoint 2. Local wind waves for
fetch limited condi<ions related to point 2 (based on  JONSWAF
modeai ).

Format: height (feet)!/pericd (secords:?
time {(howrs) to reach fetch limited height .
Direction Local Hind
and’ Speed (ki)
Feltch X\

_tength N 8 24 30 ) 42

1l mi) i R o i H i }
i i 4 ¥ 1 ) 1
3 1] ¥ 1 3 t $
i SW w2 Ft 2 ft 2/3 ; 273 i 2373 ;
P30 omi H : H 1 | 1 i 1 i
] 1 1) % ! ¥ 1
+ ) 1 ] J A ]
1 1 1 H 2 1 1
) + ¥ t ] ] 1
HE = i 2 FE 0 <2 FE 273 i 2=3/3 ! 3/3 ;
VI3 nom1 i : i i 1 i 1 |
i ) 1 3 + 1] 1
1 — ) ¥ ) 3 ¥ 3
_Example:  Small boat wave forecasts (based on the

agsumphtion that swell is not a limiting condition’.

Forecast for Tomorrow:

; Wind Waves

i Time {Forecast) {Table -3

iV prior to 4700 LST light and variable < 1 4%

i Q700 to 1200 SW 8-10 kt < 2 ft

i 1200 to 1260 S 22-2486 kt < 2 ft

i 1300 to 2000 SW  28-32 kt 2 +t at 3 sec

by 14600

2000 to 2200 SW  14-i8 kt < 2 ft

Assuming that the limiting factor 1is
small boat operations would
until after 2Z000.

Interpretation:
waves greater than 2 feet,
be marginal by 1300 and remain so

Sate conditions would exist by 2100.

e e M M min mee we Me et e e e e mem e e mmes meem e e e mee e
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3.6.3

Combined wave heights are computed by finding the
square root of the sum of the squares of the wind wave
anct swell heights., For example, 1if the wind waves were
It and the swell 8 ft the combined height would be

about B.S ft.

x/-y.g + 8= =.¢c; + &4 =\/73—-’\\-8.5

Note that the increased height is relatively smalil. Even
if the two wave types were of equal height the combined
heights are only 1.4 times the egqual height. In cases
where one or the other heights are twice that of the
ather, the combined height will only increase over the
larger of the two by .12 times (10 ft swell and 5 ft

wind wave combined results in 11.2 4+t height).

Wave data uses and considerations

1

Local wind waves build up gquite rapidly and also
decrease rapidly when winds subside. The period and
therefore length of wind waves is generally short rela-
tive to the period and length of waves propagated into
the harbor (see Appendix A). The shorter period and
iength result in wind waves being characterized by choppy
conditions. When wind waves are superimposed on deep
wather waves propagated into shallow water, the waves can
become quite complex and confused. Under such condi-
tions, when more than one souwrce of waves is influencing
a location, tending or joint operations can be hazardous
even 1f the individual wave train heights are not
significantly high. Vessels of various lengths may re-
spond in different motions to the different wave 1lengths
present. The information on wave perigds, provided in
various tables, shoulid be considered when forecasts are

made for Jjoint operations of different length vessels.
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Frotective and Mitigating Measures

Moving to new anchorage

According to local authorities, when strong
northeast to southeast winds are forecast for Augusta
Bay, 1t 1is wise to depart the anchorage and move
northward through the Strait of Messina and anchor along
the north coast of Sicily near Messina, at Falermo or in

the Bul+t of Castellammare.

Sortie/remain in port.

Experienced mariners advise leaving the anchorage
and heading for open sesa when strong winds from northeast
clockwise through southeast are forecast. I¥ this course
of action is chosen, moving northward through the Strait
of Messina to the protected waters north of the coasts of
Sicily or the Italiarn Feninsula could afford some
protection from high wind and waves.

Likewise, i1f strong winds from the west gquadrant
-  especially from the northwest -- are forecast, it is
wise to leave the inner harbor anchorage and head for
Ccpen sea.

If & decision is made to stay in port,
precautions should be taken. i+ at anchor, two or more
anchors should be deployed to minimize anchor dragging in
the scoft mud bottom. I+ alongside a pier, lines should
be doubled, particulariy if the forecast winds will blow
perpendicular to the ship’'s axis and tend to force the
vessel off itse mooring.  Small boats should be firmly

secured, Routine operaticns may be curtailed.

o
§
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o




7

Local Indicators of Hazardous Weather Conditions

The environmental conditions which pose the
greatest threat to harbor operations at Augusta Bay are
strong winds and high waves from the east quadrant, and
strong winds from the west gquadrant.

Easterly Wind/Waves ~ Since strong winds from the

zast quadrant are caused by a steep north-south pressure
gradient, one indicator of a potential Gregale event
would be the forecast of a synoptic situation which
includes a building high to the north while a low
pressure center is forecast to intensify aver the Ionian
Sea or the North African region of Tunisia/lLibya, or
transit eastward south of S8icily. A persistent strong
wind condition caused‘ by a stationary or slow-moving
situation may last for up ta 5 days. Winds caused by a
transient low pressure system will normally last for
about 1-2 days. High waves will persist for about 24
hours after the generating winds diminish.

Etesian winds in the eastern Mediterranean or
Aegean Seas can produce B8-12 ft (2.5-3.5 m) westerly
maving swell that will reach the east coast of Sicily in
4-8 houwrs. Maximum occurrence is in August.

Strong winds and hot, muggy weather accompanying
& Scirocco are often preceded by cumuliform clouds
forming and staying over Mt. Etna (38 n mi north-
northwest of the Fort) during southeasterly flow
conditions over eastern Sicily.

Westerly Wind — A strong or idintensifying law

pressure system transiting the area north of Sicily would
likely produce strong westerly winds at Augusta Bay.
Transient lows should be monitored closely, especially
during late winter and early spring since the probability
of strong Fonente winds is greatest in the month of

March.
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TABLE 3-4.

Fotential problem situations at Port of Augusta - ALL SEASDONS

LOCATION/SITUATION

VESSEL

BEOTENTIAL HAZARD

EFFECT - FPRECAUTIONARY/EVASIVE ACTIONS

ADVANCE INDICATORS AND OTHER 1INFORMATION
ABOUT POTENTIAL HAZARD

f

finchored - 1nner_harbar.

Stron
Rarg

Frontal

drographic

Winter
Spring
Summer
Autuan

Winter
Spring
Susner
hutunn

Winter
Spring
Sumaer
Autumn

Hinter
apring
Sumner
wutuan

a, Easterly wind/cea - Can be caused b
“Gregale” or "Scirocco®, May produce 2%-26 ft
(7-8°ms seas 10 outer harbor, Stroengest in
winter, unlikely in sunmer. “Etesian winds
over Ageanen or eastern Mediterranean Sea can
cause 8-12 ft {2.5 - 3.3 mi swell off eastern
Sicily, maxisum occurrence tn August,

b, Westerly wind - Strong wiags trom southwest
through northwest caused by low pressure porth
of Siciiy. Can produce gusts to 45 kte in
Part. Maximus frequency 1a March, ahea events
can last 2-3 days,

¢, Thunderstorms ~ Fessible with passxn?
{ronfal systens, and in the following cold air,
Associated wind gusts and squalls to be
exgected. Host common late autumn early winter
with transient low centers passing south of
Sicily. Orographically tnduced in supmer,

d. Tropical cyclone - Unceamon tn the
tediterranean Dui when accurring, would have a
maximum probadility of occurrence in late
summer of early cutusn. Two of the three
storas recorded since 1909 have occurred ia
Saptember, with mazioum winds cf 10y kts on cne
cccasion. High winds/ seas/stora surge
pocsibie,

e, Sea breece - Uncomman uatil jate zprisg

whes 43 iy A3aing of 1and mase 15 suificient
oeoure Satueer

to trigger braere., Coza
100 bR A . 2
Ooy #1lh meximun veiorities of (3

end
o5 by 330U,

4, Ihe inner harbor, Porto Megarese, 15 exposed to the brunt of wings trom the
east quadrant, but is protectec by breakwaters froa significant ocean waves
Vessels are advised to leave the port for open ses ir nlgh winds trom the east
quadrant 2re forecast, Snelter can be found north of the Strait of Messina
off the north coast of Sicily or the west coast of Italy. Frotected anchcrage
say be found at Falermo, or the Bulf of Cactellasmere on Sicily's north coas
Vessels remaining at ancher at dugusta sheuld use 2 anchors and be aware o
possible anchor dragoing, Small craft should ta well cerirad

5. Due to the possidility of dragging anchors, vessels are advised to eave
the port for ager sea if strong westerly winds are forecast, Ftaying along

and ciose to Sizily’s east coast will provide protection from ceas gensrated by
the wsesterly winds, Vessels resaining at anchor should wse 2 anchers and be
aware cf possidle anchor dragging due'to bottem characteristics, Small cratt
shouid be well secured.

¢. Thunderstorms can pose several probless to mariners, but the most
significant are Tightaing strikes ang strong, gusty winds,  Since little can
be done to avoid lightning strikes, vecsels are linited to preventing ﬂamage by
bagh wind, &1l loose gear shouig be cecured, Small boat cperatiars snouid be
curtaijed, Personnzl erposure ca weathsedecks should be mininizeo.

¢, Because of the potential for destraction, mariners should nake every efénrt
to avord being placed in the track of & tresical cvclone, Vessels should EL'
to sea and tage evastve action at the first indication that a tropical cvclone
aay strike or pass Tiose by wugusta Zay

€. Boating aay be curtailed during a strang event.

& Strong winds with an easterly component result whes a outlding high
pressure ceii over ceatra; fyrope coincides mith an intensifying low pressure
systea over fiorth Africa or the Jontan Ses (iate autusn, sinter, and eariy
springi. Easterly winds assoiiated with a Scirocco event are orten precedes ov
cusuliforn clouds siaging over the sumart of Mount Etna t35 4 a nerth-
aorthuest of &ugusta bavi. During semmar an *Etecisza cyer the Regear Sea will
cause easterly sweil at fup

ta Ry 4-8 hours arter generation,

2. Figh wings with 2 westerly cooponent result whem a low pressure systew
aoves esstward north of Sicily, Transient extratropicai lows should be
aonitored closely to detect any strong pressure gradients which nay atfect the
sugusta Bav area. May be called Libeccio, Fonente, or Maestrale

<. Thunderstern activity can be expected wnen a transient low pressure systea
noves eastward south of Sicily. Tgundersturn activity occurs with passing
cold/accluded frontal systeas and in the cold, unstable air follewiag tne
troat, Thunderstorns ere orographically induced in summer with cashore low.

d. Morrtor cctellite 1nages and synoptic reports for early detection of a
developing tropical cy:ilone, ﬂgprcachln? tropical c¥clnne vay bte 1ndicated ov
migh, thin ciouds :n cyclomcally spiralling, gradually thickening bends or by
unevpiained lorg-pertod cwell trom Lhe seuthera semicircle.

e, Evpected atternoon sea breeze from late spring through early autums with
wara temperatures. « high eloft can cuppress the sea breere aecnanise.




TABLE 3-4. (Continued)

VESSEL e o ADVANCE INDICATORS AND OTHER INFORMATION
& - _ -
LOCATLON/S [ TUATION OTENTIAL HAZARD EFFECT PRECAUTIONARY/EVASIVE ACTIONS BEOUT FOTENTIAL HAZARD
20 outer harbor 3, Eesterly windssea - Lan be caussd oy 8. Uriike the reiatively protected waters ot the inmer harbor, the outer harbor & Strong winls with an easteriy Icmgoreat cesult wen 3 duilding high
LS “Gregale™ or "Scirocce”. May produce 23-7& ft 15 erposed not onlv to the eftects or wind, but :iso waves. Vesselc are Fresaure ceil over cemtral Europe cerctides with an 1otensitying low pressure
Hinter (7-B'n1 seas in cuter haroor. Stromgest tm advised to leave the ancaorage for gpen sea if strong easterly winds,sess are systee cver Nocth hirica or the onian Sea tlate autden, wrater, ard early
3pring winter, unlikely in suamer, “Etesian winde forecast, Vesseis can usually find chelter by moving north through the Strart sgring,. Easleriv winds associsted sith @ Scirocco event are often f'EC?dEd by
Sunner over Ageanen or pasterp Mediterranean bes cam of Messina and staying in tne lee of the coastlines ot the [taiian Peninsula or comuiifora cicuds staying over the summit of Hount Etna (35 n m norkh-
futuan cause 3-12 £t 62,5 - 1.5 n) swell oif eastern agrtharn 3icily. P'agected snchorage aay 2e tound at Palermg or in the gulif of aorthuest of wuqusta bayl. During suser an “Elesian” over the fegaan Sea wil
Sizily, narimum occurrence 1o fugust, Caslellamnare on Sicily’s north ceast, cause easterly swelii at wugusta k2v 4-C hours after ceneration
Hinter s, ¢ - Strang winds frea couthwest | b, Due %2 the pessibility of dragging anchors, vesseic are afviced to leave 2. High winds with a westerlv component result when 3 jom pressure systea
sirong Spring t T cavsed by low pressure nerth the port for open sea if strong westeriy winde are forecast, Staving alan saves easiward narth of Sicily. Transient erratropical lows snould be
Rare Summer ilv, Can sroduce qusts to 65 kbs in icily's esst voast will gravide pratection from seas generated by the uesgerlv nonierad clossly to delect any strong pressure gradients which agy atiect the
Autuen Maxigua frequency tn March, when events winds, Vessels reszining 2t anchor should use 2 anchore and e aware of ! fAugasta Bay area, May be called Lideccio, Ponente, or Maestrale
can last 2-3 days, prssivle enchar dragging, Ssall craft sheuld be well secured
Frortal Wiater c, Thunderstoras - Fossible with passin ¢, Thundersturss can pose several probieas to mariners, but the apst ¢ Thunderstorn sclivity cen be eipected when a transient low pressure sye
) Spring sronfal systems, "and 1n the rollowing cu?d air. signifrcant ere lightnilog strives and strong, gusty winds, Since little can soves eastward south of Sicrly.  Thunderstora activity eccurs witn passing
| Grographic Sunmer hsseciated ming qusts and squalls to be Ye done te avaid lightning strikes, vesseis are linmited to preventing damage by coldipcclvded frantal systeas and ir the cold, unstable ai- following the
Autumn srpected, flost comnon late autusn early wmincer high mind, Al. loose gear should be secvcred. Seall boat operationg shoulﬂ he front. Thunderstorms are orographically indeced ir sunmer with onchore flow
with transient low centers passing south or curtailed, Fersunnel exposure oa weatherdecks should e minipszes
Sicily. Oragraphically indured 1a suomer,
Winter ¢. Tropical cyclone - Uncommon in the d, Becavse of the pclential for destruction, mariners snould mare every efrort d. HMonitor satellite images and EY“OEtIC reperts for early detection ot a
| 3pring Mediterraneaa buf when occurring, would have a to aveid being placed 1n the traci of a troplcal cyzlons, vessels should put daveleping trapical cyclone, Approac 1"? tropical Ertlﬂn?_ﬂﬂ‘ be ndicated bv
Sunner naxinua probatility of occurrence in Jate £ sea and tare evasive action af the first inorcation that a trepical cyc?one high, thin siouds in cycleaically 5§l'il ing, grazuaily thickening bands or by
| Autusn sunoes oc early sutunn, Two of the three nay strike or pass close oy Augusta Kay, unexg. ained long-gericd ewell tros the southern semicircle
storss recorded since 1969 have occurred in
Septenber, with naximun winds of 10 kts an one
occasion, High winds/ seas/storm surge
nossible,
Late Spring e, Sea bresre - Uncommop until late sprieg, e, Boating mav de curtailed during a strong event, e, Expected acterncon sea breeze from |ate soring througn early sutuse with
Supner #hen daily warning of land mass is sufficient warn tespersturas. b high alobt can cuppress the cea breeze mecnanise.
farly Autuas to trigger breeze, Commonly occers betweer
1030L and 1B0GL, with eaximum velocitios of 15-
23 ks by 1530L.




TABLE 3-4. {(Continued)

LOCATION/SITUATION

VESSEL

FOTENTIAL HAZARD

EFFECT -~ FRECAUTIONARY /EVASTVE ACTIONS

ADVANCE INDICATORS AND OTHER INFORMATION
AROUT POTENTIAL HAZARD

3. Hoored = inner harbor

Str

Hinter
Spring
Summer
Autumn

Hinter
ong Spring

Rare Summer

fran

Oregrap

1

flutuan

tal Winter
_ Spring
hic Summer

Autumn

Hiater
Spring
Sumner
Autunn

Late Soring

Surner
iy hutemn

8, Easterly wind/ses - Can be causeq by
“bregale™ or “Scirocca". Hay produce 2i-Zp ft
i7-8ai seas in outer haroar. Strongest in
winter, unlikely in summer. *Etesian ninds
over naeanen or eastern Mediterranean Sea ran
cause d-12 ft (2,5 - 3.5 n) swell off eastern
Sicily, maximer occurrence in fugust.

b, Westerly wind - Stronq winds frop southaest
through northuest caused by lox pressure aorth
of Siily. Zan produce gusts to 45 kis in
Part, Marisea frequency in Harch, when events
can last 2-7 days

. Thunderstorms - Possible with passin
frontal systems, and in the follou?nq :u?d atr,
Asseciated wind guste and squalls to'be
exgected. Most common late autuan early winter
with transtent low centers pissing south gf
Sicily. Orographically induced in susper

d. Tropical cyclone - Uncorson in the
Medi terranean %u; when gccerring, wosld have 2
marimun prohabilxtz of occurrence 1n late

sunmer ar earlv autumn, Two of the thrae

storms recorded siace 1989 have scourred in
Septeaber, with mariaum winds of QG kts on one
occasien,  High winds/ seasistors surge
possible,

Uncomnon until late spring,

hep daily 0f land nass 15 syfiiciant
1o trigger et oooure detween
1A30L a5 1500, with garinga veigzities of 13-
25 rte by 13300,

&, Al mooring lines should be doubled, esgecially tf the forecast wing
directton is perpendicular to the axis 0f the vessel and would tend to force
the ship off its mooring, Secure loose gear. Curtail small boat operations

b, Al nooring lines should be doubled, esgecially if the forecast wing
direction is perpendicular to the axis of the vessel and would tend to rorce
the ship off its maoring. Secure loose gear. Curtail small ooat operations

¢, Thunderstorms can pose several probiens to mariners, but the mest
significant are lightning strikes and strong, gusty wiads, Since little can
be done to avo)d lighining strikes, vessels are limited to preventing uamage ny
nigh wind. All loose gear should be secured. Snail boat operations should be
curtailed. Personael exposure an weatherdecks should be miminized,

d. Because of the potential ror destruction, eariners should make everv effort
to avaid being placed in the track of a tropical cyclone, Vessels should Yut
to sea and taEe evasive action st the first indication tnat a tropical cvclene
aay strike or pass close by Auqusta Bay

e, Boating eay e curtailed during a strong event,

4, Btreng winds with an easterly comgonent result when a Dulldln? nigh
pressure cell gver central Europe coinctdes with an tntensifying low pressure
system over North Africs or the jonian Sea (late autuan, nih(ar. and garly
springi. Easterly winds associated with a Seirorco event are often preceded By
cussliforn clouds stagxng over the suemt of Nount Etna (35 o ni north-
northuest of Rugusta Bayi, During sumaer an "Etesian® over the Regean Sea will
cause easterly swell al Wugusta Ray 4-5 hours after generation.

ho High winds with a westerly component result when 2 low pressure slstem
aoves easiward north of Sicily, Trassieat extratropical lows should e
sonitcred closely to detect any strong pressure gradients which mav afiect the
Auqusta Bay area. May be called Libeccic, Ponenfe, or Maestrale

€. Thungerstare actlvltz can be enﬁected when & transient low pressure system
naves eastward south of 3icily,  Thunderstors ectivity occurs with passing
taldrocciuded frontal systems and 1n the cold, unstable air follosing the
front, Thunderstores are arographically trduceo 1n sumaer with onchore ¢fow

d, Foniter satellite 1a3ges angd synoﬁtx: reports tor early detecticn of a
develnping tropical cycione, Approac in? tropical cyclone M3y ue ing1gateq by
high, thir cloyds in cyclonically spiralfing, gradualiy thicxening pands or by
urexgpiained long-period swell from the southerq semcircle

e, Expecled sfternoon sea breece from late cpring through early sutuan with
¥ara teageratures, A high aloft can suppress the sea breere nechanics,

Lﬁ
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TABLE 3-4. (Conttnued)

VESSEL
LOCATION/SITUATION

FOTENTIAL HAZARD

EFFECT - PRECAUTIONARY/EVASIVE ACTIONS

ADVANCE INDICATORS AND OTHER INFORMATION
ABDUT FOTENTIAL HAZARD

4. krriving/departing narbor

Winter
Spring
Sunner
Autunn

Winter

Strong Spring
Rare Sumner
Autuan

Frontal Winter
Spring

Oragraphic Summsr
Autumn

Hinter
Spring
Sunmer
Autunn

Late Spriag
Sumazr
Zarly Autuan

4. Easterly wind/sea - Can be caused bv
*Bregale™ or "Scirozco®, May preduce 23-24
(7-8'n seas in outer harhor, Strongest in
winter, unlikely in sumser. ‘*Etesian #inds
over Ageanen or eacterr Mediterranear Sea can
cause §-10 ft {7 1.5 a) swell off casters
Sicily, saximue occurrence in Hugust,

k. Mests'1¥ f¢ - Strong winds from southwest
through reridwest caused 2y low pressure north
of Sicily. Car produce guets to 45 ktg ip
Naxigua frequency ir March, whan events
230 lact 2-3 days,

¢ Thunderstoras - Possible with a551nf
frontal cyctens, and 1n the following cald air,
hssociated wing guste and squalls to pe
expected, Most cammon late autumn eariy winter
with fransieat low centers pessing south of
dicily. Oregraphrcallv induced in susmer,

d. Tropical cyclone - Unconmon in the
Hed:terranean but whea accurring, would have a
naxiaum probability of occurrence in late
summer o early autumn, Two of the three
storas recorded since 1969 have occurred 1n
Septenber, with maxiaue winds of 100 kts an one
occasion.  High winds: seas/storn surge
possitie.

e, Sea oreere - Uncommon wntil late spring
when BTy waraing of iand fase is sufiiciant
to trigger breeze, [ommonly accurs betwees
1030 and 1800L, with naviaum velocities of {5-
25 kts by 15300

¢, Yessels epproachirg Au?usta Bay should regain at ses s+ sirong winds are
cecureing or are farecast ‘or the harbor, Vessel: scheduied ro tedve the
sarbor should arrange to depart prior tg the anset of strong wings, Al
vessels cheuld e alert for enhanced currents outside the harbor gue to the
effacts of wind,

b. Vessels approaching Au?usza Hay should rematn at sea 14 strong winds are
octurring or are forecast for the harbor., Vessels scheduled te leave the
harbor should arrange Lo depart prior to the onset of strong winds.

€. Trunderstaras can pose several prablens to mariners, but the most
significant are Lightning strikes and strong, gusty winds, Since little can
be done to avaid lightnirg strikes, vessels are limited to preventing damage by
high win¢, 411 lcose gear should be secured, Snall beat operations saguis be
curtaiied. Fersonnel exposure on weatherdecks should be atnimized

4. Hetause of the potential for destruction, mariners should make everr effort
to avoid bsing placed tn the track of a tropical cyclone. Vessels should gut
te sea end take evasive action at the firet rodicetion that a tropical cyvclons
3y strike or pess close by Augusta Bay.

e, Schedule arrivalideparture during early morning to avoid afternoon wings

4, Strong winds with &n easterly compenent result when 2 buiiging hign
pressure cell over central Furope coincides with an intensifying ?ou pressut2
systes over North Africs or the Tanian Sea (late sutuen, winter, and early
springl.  Fasterly winds nssociated with a SC1racCo event are oiten preceded ty
cunulifarn clovds staying over the suamit of Hount £tna (35 n 01 north-
sorthaest of Augusta bay’, buring sunmer an “Etesian” over the fegean Sea wii
cause easterly swell at Augusts Bav 4-5 hours after generation,

bo Righ winds with a westerly cosponent resalt when a low pressere systen
woves pastward nortd af Sicily, Trapsient ectratropical tows chould be
aanitored cleselv to detect any strong pressure gragrente which may affect the
Augusta Bav erea, Mav be called Libeccic, Fanente, or Maestraie,

€0 Thunderstors sctivity can be expected when a transient low pressure systes
aoves eastward soubh of gic:ly. Thunderstore activity occurs with passirs
cold/occivdad frontal systems and in the cold, unstable air follontag the
front,  Thenderstorps ars orographizally ieduced 1n summer with cnchire “low,

d. Moniter satalijte 1nages and synogt:c ceports ror early detection of
developing trapical cyzlone, Aeproa: zn? tropical c{clone may be indicated by
high, thin clnuds 1n cycloncally sniralling, gradue; ty thicsening bends or oy
ungiplaired tong-period swell teom tne seuthern searcircle,

e, Expected afternuon sea breere frop jate spring through early autumn with

®arm teaperatures. & high alofl can sunpress the sea breeze mechanien.




TABLE 3-4- (Continued)

VESSEL
LOCATION/SITUATION

FOTENTIAL HAZARD

EFFECT — PRECAUTIONARY/EVASIVE ACTIONS

ADVANCE INDICATORS AND OTHER INFORMATION
AROUT POTENTIAL HAZARD

5. Small boat operationg

Winter
Spring
Suamer
fAutuan

Winter

Strong Spring
Rare Summer
Autuan

Frontal Winter
Spring

Orographic Susmer
Autuan

Winter
Spring
Susmer
Autunn

Late Spring
Sumaer
Early Rutumn

a, Easterly wind/sea - Can be taused bg
*Bregale” or 'scirocce’, May produce 25-26 ft
(7-8 m) seas in outer harbor. Strongest in
winter, unlikely in sumser. “Etesian wminds
over Ageanen or eastern Mediterranean Sea can
cause 8—12 ft (2.5 - 3.9 n) swell off eastern
Sicily, maxinun otcurrence in August.

b, Westerly wind - Strong winds from southwest
through nur%ﬁuesf caused By low pressure north
of Sicily, Can produce gusts to &5 kis in
Port, Maxisum frequency in March, when events
can last 2-3 days.

¢, Thunderstorss - Possible with pa551n?
¢ronfal systems, and in the following cold air.
fssaciated wind gusts and squalls to be
exgected. Most common late autusn early winter
with transient low centers passing south of
Sicily. Orographically induced in suaaer,

d¢. Tropical cgclune - Uncoanan in the
Mediterranean but when occurring, would have a
paxinua prubabilit{ of occurrence in late
summer or early autuen. Two of the three
storms recorded since 1969 have occurred in
Septeaber, with maxisua winds of 100 kts on one
occasion, High winds/ seas/stora surge
pessible.

e, Sea bresze - Uncoagon until late spring,
when daily wareing of land mass is sufficient
to trigger breeze, Commonly occurs between
1030 and 1800L, with maxiaua velocities of 13-
25 ks by 1530L.

2, Semall boat operations should be curtailed if winds increase to dangerous
velacities,

b. Small boat operations should be curtailed if winds increase to dangerous
velocities.

. Small boats should be pperated with extreae caution, and secured at the
first tndication of lightning or strong winds,

d. ALl small boat ugerations should cease at the approach of the tropica
cyclone. Seall cratt should be hoisted out of the water and secured on deck
or, in the case of shore-based boats, well above the high tide fine

e. Small boat operations should be curtailed if winds increase to dangerous
velocitres.

a2, Strong winds with an easterly cosponent result when a bui]din? high
pressure cell over tentral Europe coincides with an intensif{inq oN pressure
system over North Africa or the lonian Sea (late autumn, winter, and early
spring}, Easterly winds associated with a Scirocco event are olten preceded by
cuaelifors clouds stagxn? over the summit of Mount Etna (35 n ai north-
northuest of Augusta Bay), During susmer an “Etesian” aver the fegean Sea will
cause easterly swell at Augusta Bay 4-8 hours after generation.

b. High winds with a westerly corponent result when a low pressure systen
noves eastward north of Sicily, Iransient extratropical lows should be
monitored closely to detect any strong pressure gradients which aay aftect the
Augusta Bay area. May be called Libeccio, Ponenfe, or Naestrale.

¢, Thunderstare activity can be exﬂected when a transient low pressure system
noves eastward south of Sicily.  Thunderstors activity occurs with passing
cold/occluded frontal systems and in the cold, unstable air faollowing the
front, Thunderstorms are orographically induced in summer with onshore flow.

d, Monitor satellite images and synogtxc reports for early detection ot a
develoglnq tropacal cyclone, Agproac in? tropical crclone nay be indicated by
high, thin clouds in cyclanically sglral

) 1ng, gradeaily thickening bands or by
unexplained long-period swell from

he southern semcircle.

e. Expected atternoon sea breeze from late spring through early autumn with
warm temperatures. B high aloft can suppress the sea breeze mechanisa.
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APPENDIX A

General Purpose Oceanocgraphic Information

This section provides general information on wave
forecasting and wave climatology as used in this study.
The forecasting material is not harbor specific. The
material in paragraphs A.1 and A.2 was extracted from
H.0. Pub. No. 603, Practical Methods for Observing and
Forecasting Ocean Waves (Pierson, Neumann, and James,
19533). The information on fully arisen wave conditions
(AR.3) and wave conditions within the fetch region (A.4)
is based on the JONSWAP model. This model was developed
from measurements of wind wave growth over the North Sea
in 1973, The JONSWAFP model is considered more
appropriate for an enclosed sea where residual wave
activity is minimal and the onset and end of locally
forced wind events occur rapidly (Thornton, 198&), and
where waves are fetch limited and growing (Hasselmann, et
al., 1976). Enclosed sea, rapid onset/subsiding 1local
winds, and fetch limited waves are more representative of
the Mediterranean waves and winds than the conditions of
the North Atlantic from which data was used for the
Pierson and Moskowitz (P-M) Spectra (Neumann and Pierson
1966). The P-M model refined the original spectra of
H.Q. 603, which over developed wave heights.

The primary difference in the results of the
JONSWAP and P—-M models is that it takes the JONSWAP model
longer to reach a given height or fully developed seas.
In part this reflects the different starting wave
conditions. Because the propagation of waves from
surrounding areas into semi-enclosed seas, bays, harbors,
etc. 1is limitéd, there 1is little residual wave action
following periods of locally light/calm winds and the sea
surface is nearly flat. A 1local wind developed wave
growth is therefore slower than wave growth in the open

ocean where some residual wave action is generally always



[y

present. This slower wave development is a built in bias
in the formulation of the JONSWAP model which is based an

data collected in an enclosed sea.

Definitions

Waves that are being generated by local winds are

called "SEAR". Waves that have traveled out of the gener-
ating area are known as "SWELL". Seas are chaotic in
period, height and direction while swell approaches a

csimple sine wave pattern as its distance from the gener-—
ating area increases. An in—between state exists for a
few hundred miles outside the generating area and is a
condition thet reflects parts of both of the above defi-
nitions. In the Mediterranean area, because i1ts fetches

and open sea expanses are limited, SEA or IN- BETWEEN

conditions will prevail. The "SIGNIFICANT WAVE HEIGHT"

is defined as the average value of the heights of the

one~third highest waves. PERIOD and WAVE LENGTH refer to

the time between passage of, and distances between, two
successive crests on the sea surface. The FREGUENLCY is
the reciprocal of the period (f = 1/T) therefore as the
period increases the frequency decreases. Waves result
from the transfer of energy from the wind to the sea
surface. The area over which the wind blows is known as
the FETCH, and the length of time that the wind has blown
is the DURATION. The characteristics of waves (height,
length, and period) depend on the duration, fetch, and
velocity of the wind. There is a continuous generation
of small short waves from the time the wind starts until
it stops. With continual transfer of energy from the
wind to the sea surface the waves grow with the older
waves leading the growth and spreading the energy over a
greater range of frequencies. Throughout the growth

cycle a SPECTRUM of ocean waves is being developed.




Wave Spectrum

Wave characteristice are best described by means
ot their range of frequencies and directions or their

spectrum and the shape of the spectrum. If the spectrum

of the waves covers a wide range of frequencies and

directions (known as short-crested conditions), SEA
conditions prevail. I+ the spectrum covers a narrow
range of frequencies and directions (long crested
conditions), SWELL conditions prevail. The wave spectrum

depends on the duration of the wind, length of the fetch,
and an the wind velocity. At a given wind speed and a
given state of wave development, each spectrum has a band
of frequencies where most of the total energy is
concentrated. As the wind speed increases the range of
significant frequencies extends more and more toward
lower frequencies (longer periods). The frequency of

maximum energy 1is given in equation 1.1 where v is the

wind speed in knots.

frmx = 2.476 (1.1)
v

The wave energy, being a function of height squared,
increases rapidly as the wind speed increases and the
maximum energy band shifts to lower frequencies. This
results in the new developing smaller waves (higher
frequencies) becoming less significant in the energy
spectrum as well as to the observer. As larger waves
develop an aobserver will pay less and less attention to
the small waves. At the low frequency (high period) end
the energy drops off rapidly, the 1longest waves are
relatively low and extremely flat, and therefore also
masked by the high energy frequencies. The result is
that 5% of the upper frequencies and 3% of the lower

frequencies can be cut-off and only the remaining



frequencies are considered as the "significant part of

the wave spectrum”". The resulting range of significant

frequencies or periods are used in defining a fully
arisen sea. For a fully arisen sea the approximate
average period +or a given wind speed can be determined

from equation {(1.2).

T = 0.285v (1.2)

Where v is wind speed in knots and T is period in
seconds. The approximate average wave length in a fully

arisen sea is given by equation (1.73).

L = 3.41 T= (1.3)

Where L 1is average wave length in feet and T is average

period in seconds.

The approximate average wave length of a fully arisen sea

can also be expressed as:

L

W-YAN S (1.4)

where "L" = 5.127=, the wave length for the classic sine

wave.

Fully Arisen Sea Conditions

For each wind speed there are minimum fetch (n
mi) and duration (hr) values required for a fully arisen
sea to exist. Table A-1 lists minimum fetch and duration
values for selected wind speeds, values of significant
wave (average of the highest 1/3 waves) period and
height, and wave length of the average wave during
developing and fully arisen seas. The minimum duration

time assumes a start from a flat sea. When pre—existing




lower waves exist the time to fetch limited height will
be shorter. Therefore the table duration time represents

the maximum duration required.

Table A-1. Fully Aricen Deep Water Sea Conditicons Based
on the JONSWAF Model.

i Wind i Minimum ! Sig Wave (H1/3) | Wave Length (ft)*-=}
i Speed | Fetch/Duration | Feriod/Height | Developing/Fully i
(kb)) i (n mi) (hrs) : (sec) (ft) ; /Arisen |
: : : L X (.5 /L X (L6710
i 10 28 / 4 } 4 / 2 ' 41 / 35 H
: 15 | 55 / b i & 7/ 4 H F2 / 123 g
i 20 4 110 / 8 i 8 7 8 : 164 / 220 :
i 25 1+ 160 7 11 i ? 7/ 2 ] 208 / 278 i
: 30 + 210 7/ 13 : 11 /7 16 i 310 / 415 !
: 3 1+ 310 s/ 15 ' 13 /7 22 i 33 / 380 :
} 40 1+ 410 / 17 : 15 7 30 : 376 / 772 ;
NOTES:

* Depths throughout fetch and travel zone must be greater

than 1/2 the wave 1length, otherwise shoaling and
refraction take place and the deep water
characteristics of waves are modified.

For the classic sine wave the wave 1length (L) equals
9.12 times the period (T) squared (L = 5.12T=). As
waves develop and mature to fully developed waves and
then propagate out of the fetch area as swell their
wave lengths approach the classic sine wave length.
Therefore the wave lengths of developing waves are less
than those of fully developed waves which in turn are
less than the 1length of the resulting swell. The

factor of .5 (developing) and .67 {(fully develaoped)
reflect this relationship.



Wave Conditions Within The Fetch Region

Waves produced by local winds are referred to as
SEA. In harbors the local sea or wind waves may create
hazardous conditions for certain operations. BGenerally
within harbors the fetch 1lengths will be short and
therefore the growth of local wind waves will be fetch
limited. This implies that there are locally determined
upper limits of wave height and period for each wind
velocity. Significant changes in speed or direction will
result 1in generation of a new wave group with a new set
of height and period limits. Once a fetch limited cea
reaches 1ts upper limits no further growth will occur

uniess the wind speed increases.

Table A-2 provides upper 1limits of period and
height for given wind speeds over some selected fetch
lengths. The duration in hours required to reach these
upper limits (assuming a start from calm and flat sea
conditions) is also provided +Ffor each combination of

fetch length and wind speed. Some possible uses of Table

A-2 informaticon are:

1) If the only waves in the area are locally
generated wind waves, the Table can be used
to forecast the upper limit of sea conditions
for combinations of given wind speeds and
fetch length.

2) If deep water swell is influencing the local
area in addition to 1locally generated wind
waves, then the Table can be used to
determine the wind waves that will combine
with the swell., Shallow water swell
conditions are influenced by local bathymetry
(refraction and shoaling) and will be
addressed in each specific harbor study.

3) Given a wind speed over a known fetch length
the maximum significant wave conditions and
time needed to reach this condition can be
determined.




Table A-2. Fetch Limited Wind Wave Conditions

and Time

Required to Reach These Limits (Based on JONSWAF Model).

Enter the table with wind speed and fetch length to de-
termine the significant wave height and period, and time
duration needed for wind waves to reach these 1limiting
factors. All of the fetch/speed combinations are fetch

limited except the 100 n mi fetch and 18 kt speed.

Format: height (feet)/period (seconds)

duraticn required (hours)

Fetch \ Wind Speed (kt)

i Length 18 i 24 : 30 g 36 i 42 :
i (n mi) | ! : i : :
: 10 i 2/3-4 | 3/3-4 | 3-4/4 i 4/4-35 | S/5 H
i : 1-2 i 2 i 2 i 1-2 i 1-2 i
; 20 ; 3/4-5 | 4/4-5 3/5 i 6/5-6 1 7/5-6 |
: i 2-3 i 3 ' 3 H 3-4 : 3 i
: 30 v 3-4/5 i 5/5-6 | b/6 i 7/6 i 8B/&6-7 |
i } 3 i 4 ] 3-4 : 3-4 : 3 i
: 40 i 4-5/5-6 | 576 : 6~7/6-7 | 8/7 i 9-10/7-8 |
i i 4-5 : 4 i 4 i 4 : 3-4 i
i 100 i 5/6-7* : 9/8 : 11/9 i 1379 i 15-16/9-101
: } S9-6 ] 8 i 7 i 7 i 7 ]

1

1B kt winds are not fetch limited over a 100 n mi fetch.

An example of expected wave conditions based on Table A-2 follows:

WIND FORECAST OR CONDITION

An offshore wind of about 24 kt with a fetch 1limit of 20

n mi (ship is 20 n mi from the coast) is forecast or has

been occurring.

SEA FORECAST OR CONDITION

From Table A-2: I+ the wind condition is forecast to

last, or has been occurring, for at least 3 hours:

Expect sea conditions of 4 feet at 4-5 second

period to develop or exist. If the condition

lasts less than 3 hours the seas will be lower.

If the condition lasts beyond 3 hours

the sea

will not grow beyond that developed at the end

of about 3 hours unless there is an increase in

wind speed or a change in the direction that

results in a longer fetch.
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Wave Climatology

The wave climatology used in these harbor studies
is based on 11 years of Mediterranean SOWM output. The
MED-SOWM is discussed in Volume 11 of the U.S5. Naval
Oceanography Command Numerical Environmental Products
Manual (1986). A deep water MED-SOWM grid point was

selected as representative of the deep water wave

conditions outside each harbor. The deep water waves
were then propagated into the shallow water areas. Using
linear wave theory. and wave refraction computations the
shallow water climatology was derived from the modified
deep water wave conditions. This climatology does not
include the local wind generated seas. This omission, by
design, 1s accounted for by removing all wave data for
periods less than 6 seconds in the climatology. These

shorter period waves are typically dominated by 1locally

generated wind waves.

Propagation of Deep Water Swell Into Shallow Water Areas

When deep water swell moves into shallow water
the wave patterns are modified, 1i.e., the wave heights

and directions typically change, but the wave period

remains constant. Several changes may take place in-

cluding shoaling as the wave feels the ocean bottom, re-
fraction as the wave crest adjusts to the bathymetry
pattern, changing so that the crest becomes more parallel
to the bathymetry contours, friction with the bottom
sediments, interaction with currents, and adjustments
caused by water temperature gradients. In this work,
only shoaling and refraction effects are considered.
Consideration of the other factors are beyond the
resources available for this study and, furthermore, they
are considered less sighificant in the harbors of this
study than the refraction and shoaling factors.

To determine the conditions of the deep water

waves in the shallow water areas the deep water

A-8




conditions were first obtained from the Navy 's
operational MED-SOWM wave model. The bathymetry for the
harbor/area of interest was extracted <from available
charts and digitized for computer use. Figure A-1 is a
sample plot of bathymetry as used in this project. A ray
path refraction/shoaling program was run 'for selected
combinations o©of deep water wave direction and period.
The selection was based on the near deep water wave
climatology and harbor exposure. Each study area
requires a number of ray path computations. Typically
there are 3 or 4 directions (at 30° increments) and 5 or
6 periods (at 2 second intervals) of concern for each
area of study. This results in 15 to 24 plots per
area/harbor. To reduce this to a manageable format for
quick reference, cspecific locations within each study
area were selected and the information was summarized and

is presented in the specific harbor studies 1in tabular

form.
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Figure A-1. Example plot of bathymetry (Naples harbor) as used in this
project. For plotting purposes only, contours are at 50 fathom
intervals from an initial 10 fathoms to 110 fathoms, and at 100 fathom
intervals thereafter. The larger size numbers identify specific
anchorage areas addressed in the harbor study.
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DEFENSE FOR RSCH & ENG E&LS
RM. 3D129, THE PENTAGON
WASHINGTON, DC 20505

COMMANDANT

DEFENSE LOGISTICS STUDIES
INFORMATION EXCHANGE

ARMY LOGISTICS MANAGEMENT
CENTER

FORT LEE, VA 23801

COMMANDING OFFICER
USCG RESTRACEN
YORKTOWN, VA 23690

FEDERAL COORD. FOR METEORO.
SERVS. & SUP. RSCH. (OFCM)
11426 ROCKVILLE PIKE

SUITE 300

ROCKVILLE, MD 20852

NOAA RSCH FACILITIES CENTER
P.0. BOX 520197
MIAMI, FL 33152

HEAD

OFFICE OF OCEANO. & LIMNOLOGY
SMITHSONTIAN INSTITUTION
WASHINGTON, DC 20560

SCIENCE APPLICATIONS
INTERNATIONAL CORP. (SAIC)

205 MONTECITO AVE.

MONTEREY, CA 93940

DIRECTOR

LIBRARY, TECH. INFO. CEN.
ARMY ENG. WATERWAYS STN.
VICKSBURG, MS 39180

CENTRAL INTELLIGENCE AGENCY
ATTN: OCR STANDARD DIST.
WASHINGTON, DC 20505

COMMANDANT
U.S. COAST GUARD
WASHINGTON, DC 20226

COMMANDING OFFICER
USCG RSCH & DEV. CENTER
GROTON, CT 06340

NATIONAL CLIMATIC CENTER
ATTN: L. PRESTON D542X2

FEDERAL BLDG. - LIBRARY

ASHEVILLE, NC 28801

DIRECTOR

ATLANTIC MARINE CENTER

COAST & GEODETIC SURVEY, NOAA
439 W. YORK ST.

NORFOLK, VA 23510

SCRIPPS INSTITUTION OF
OCEANOGRAPHY, LIBRARY
DOCUMENTS/REPORTS SECTION

LA JOLLA, CA 92037

OCEANROUTES, INC.
680 W. MAUDE AVE.
SUNNYVALE, CA 94086-3518

Dist-5

DIRECTOR (12)

DEFENSE TECH. INFORMATION
CENTER, CAMERON STATION

ALEXANDRIA, VA 22314

DIRECTOR, TECH. INFORMATION
DEFENSE ADV. RSCH PROJECTS
1400 WILSON BLVD.
ARLINGTON, VA 22209

CHIEF, MARINE SCI. SECTION
U.S. COAST GUARD ACADEMY
NEW LONDON, CT 06320

OCEANOGRAPHIC SERVICES DIV.
NOAA

6010 EXECUTIVE BLVD.
ROCKVILLE, MD 20852

DIRECTOR

NATIONAL OCEANO. DATA CENTER
E/0C23, NOAA

WASHINGTON, DC 20235

CHIEF, INTERNATIONAL AFFAIRS
NATIONAL WEATHER SERVICE
8060 13TH STREET

SILVER SPRING, MD 20910

WOODS HOLE OCEANO. INST.
DOCUMENT LIBRARY L0-206
WOODS HOLE, MA 02543

MR. W. G. SCHRAMM/WWW

WORLD METEOROLOGICAL
ORGANIZATION

CASE POSTALE #5, CH-1211

GENEVA, SWITZERLAND



DIRECTOR, INSTITUTE OF
PHYSICAL OCEANOGRAPHY

HARALDSGADE 6

2200 COPENHAGEN N.

DENMARK

MINISTRY OF DEFENCE
NAVY DEPARTMENT
ADMIRALTY RESEARCH LAB
TEDDINGTON, MIDDX
ENGLAND

METEOROLOGIE NATIONALE
SMM/DOCUMENTATION

2, AVENUE RAPP

75340 PARIS CEDEX 07
FRANCE

DIRECTION DE LA METEOROLOGIE
ATTN: J. DETTWILLER, MN/RE
77 RUE DE SEVRES

92106 BOULOGNE-BILLANCOURT
CEDEX, FRANCE

INSTITUT FUR MEERESKUNDE DER
UNIVERSITAT HAMBURG
HEIMHUDERSTRASSE 71

2000 HAMBURG 13

FEDERAL REPUBLIC OF GERMANY

CONSIGLIO NAZIONALE DELLE
RICERCHE

ISTITUTO TALASSOGRAFICO DI

TRIESTE, VIALE R. GESSI 2

34123 TRIESTE, ITALY

DIRECTOR OF NAVAL
OCEANO. & METEOROLOGY
MINISTRY OF DEFENCE
OLD WAR OFFICE BLDG.
LONDON, S.W.1l. ENGLAND

COMMANDER IN CHIEF FLEET
ATTN: STAFF METEOROLOGIST &

OCEANOGRAPHY OFFICER
NORTHWOOD, MIDDLESEX HA6 3HP
ENGLAND

SERVICE HYDROGRAPHIQUE ET
OCEANOGRAPHIQUE DE LA MARINE
ESTABLISSEMENT PRINCIPAL

RUE DU CHATELLIER, B.P. 426
29275 - BREST CEDEX, FRANCE

OZEANOGRAPHISCHE
FORSCHUNGSANTALT BUNDESWEHR
LORNSENSTRASSE 7, KIEL
FEDERAL REPUBLIC OF GERMANY

DIRECTOR, DEUTSCHES
HYDROGRAPHISCHES INSTITUT

TAUSCHSTELLE, POSTFACH 220
D2000 HAMBURG 4

FEDERAL REPUBLIC OF GERMANY

DIRECTOR, SACLANT ASW
RESEARCH CENTRE

VIALE SAN BARTOLOMEO, 400
[-19026 LA SPEZIA, ITALY

Dist-6

THE BRITISH LIBRARY

SCIENCE REFERENCE LIBRARY (A)
25 SOUTHAMPTON BLDGS.
CHANCERY LANE

LONDON WC2A 1AW

LIBRARY, INSTITUTE OF
OCEANOGRAPHIC SCIENCES

ATTN: DIRECTOR

WORMLEY, GODALMING

SURRY GU8 5UB, ENGLAND

METEOROLOGIE NATIONALE
1 QUAT BRANLY

75, PARIS (7)

FRANCE

INSTITUT FUR MEERESKUNDE
AN DER UNIVERSITAT KIEL
DUSTERNBROOKER WEG 20

23 KIEL

FEDERAL REPUBLIC OF GERMANY

ISTITUTO UNIVERSITARIO NAVALE ‘

FACILTA DI SCIENZE NAUTICHE
ISTITUTO DI METEOROLOGIA E
OCEANOGRAFIA, 80133 NAPOLI -
VIA AMM, ACTON, 38 ITALY
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5 6853 01078060 4




