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FOREWORD

This handbook an Medi terranean Parts 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 to 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.S8. Navy

iii



PORT INDEX

The following 1is 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 = e
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 = s
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




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 Sea 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
arcund such barriers and come from 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 propagate outward in advance of a storm
resulting in uncomfortable and sometimes dangerous
conditions, especially during tending, refueling and
boating operations.

This handbook addresses the various weather
conditions, their 1local cause and effect and suggests
some evasive action to be taken if 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 is designed to provide ship
captains with a ready reference on hazardous weather and
wave conditions in selected Hcditerrancap harbors.
Section 2, the captain‘s summary, is an abbreviated
version of section I, the general information section
intended for staff planners and meteornloqists. Once
section 3 has been read, it is not necessary to read

section 2.

Objectives

The basic abjective is to provide ship captains
with a concise reference of hazards to ship activities
that are caused by environmental conditions 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 forecasts.

Approach

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

A. A literature search for reference 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
persaonnel ; 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 for use as a quick reference by ship
captains, navigators, inport/at sea 00D’'s, and other
interested personnel. This sectiorf 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. local 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 information 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 both 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 50 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.
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CAPTAIN’S SUMMARY

The La Maddalena Island Group is centered near
41.2°N, @9.4°E off the northeast end of Sardinia. It is
about 210 n mi west of the Port of Gaeta, Italy (Figure
2-1).
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southeast of the center of the Strait of

The La Maddalena

Port Complex

is about 10 n mi

Bonifacio and 15

n mi {(direct 1line) northwest of the Gulf of Aranci
(Figure 2-2). Winds and resulting wave conditions are
strongly influenced by local effects ,and are not
representative of the open sea conditions.
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The port facilities of interest in this study in

the La Maddalena complex include the GSubmarine Tender

Mooring on the east coast of Isola Santo Stefano, the

Fleet Landing on Isola La Maddalena, and Palau City Fier

on the north coast of Sardinia (Figure 2-3).

It is important to note that according to local
mariners, THE PREVAILING WIND DIRECTION AT SEA CANNOT BE
ASSUMED TO REPRESENT THAT WHICH WILL BE ENCOUNTERED IN
THE LA MADDALENA ISLAND GROUP.

The submarine tender site is vulnerable to strong

northeasterly winds and seas which funnel through the
passage between Isola La Maddalena and Isola Caprera.
When winds are west or northwesterly (called ‘Ponente’)
the lee area, where the site is located, is subjected to
swirling winds with changeable direction at low levels.
This makes berthing and helicopter operations difficult,
if not unsafe.

The Falauw city pier is adversely affected by
northwesterly swell, gener-ated by Mistral /Fonente
conditions. Small boat operations to FPalau are curtailed
during a strong event due to the danger of smashing
against the pier structure. Commercial ferries from La
Maddalena to Falau may continue to operate; however, in
strong wind conditions they divert course through Radi di
Santo Stefano instead of sailing directly to Palau.

The Fleet Landing on Isola La Maddalena is well
protected from heavy wind and sea conditions. Anchorages
in nearby waters are limited due to the presence of
submarine cables, but the waters south of the town of La

Maddalena are said to offer an anchorage on a bottom with

good holding qualities. Volume II of the Mediterranean
Filot, states that anchorage in Rada di Santo Stefanco
"can be obtained by large vessels,; in depths of from 18
to 23 fathoms (32 m to 42 m), sand and weed, but the
holding ground is not good, and strong westerly winds
sometimes cause vessels to drag. The anchorage is secure

during northeasterly and southeasterly winds."” A number

Y
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of mooring buoys, for use by Italian naval vessels, are
positioned just east of the NATO pier. The NATO pier and
the submarine tender on Isnla Santo Stefano are protected
from winds from 190° to 330° (true). These sites are
most wvulnerable to northeasterly winds which funnel
through Paso della Moneta (Moneta Pass) between Isola La
Maddalena and Iscla Caprera. Winds +From all other
directions are diminished by the surrounding topography,
with westerly winds of 30 kt often being reduced to 8-
15 kt in the NATO pier area. Because of the configura-
tion of the surrounding area, wind directions sometime
vary greatly over a short distance. An example of the
variability in wind direction occurs when the Ensign and
Jack of the tender stand straight out, but in OPPOSITE
DIRECTIONS. U.S. Navy aircraft carriers and other large
vessels anchor southeast of Isola Caprera.

Three anchorage areas have been selected for
detailed wave analysis for La Maddalena (Figure 2-3).
Faint 1 is along the Fleet Landing to Palau route, just
west of Isola Santoc Stefano. Point 2 is spoutheast of
Isola Caprera where fleet vessels can anchor. Paoint 3 is
off the Palau City pier. There is no significant swell
energy propagated into the vicinity of the submarine
tender site.

Currents in Rada di Santo Stefano are generally
light, with the current off the NATO pier having a south-
easterly set. Persistent strong winds will enhance the
currents in the area. A strong Mistral can cause a 3.5
to 4 kt easterly Fflowing current in the Strait of
Bonifacio.

Specific hazardous environmental conditions,
vessel situations, and suggested precautionary/evasion
action scenarios are summarized in Table 2-1. Use of
this table can be made by entering with a known or
planned vessel location/situation or an observed indica-
tor of potential hazard and obtaining information on the
specific hazard and suggested precautionary/evasive

actions.



TABLE 2-1.

Summary of hazardous environmental conditions for the Port of La Maddalena, Italy.

HAZARDOUS CONDITION

INDICATORS OF POTENTIAL HAZARD

VESSEL LOCATION/
SITUATION AFFECTED

EFFECT - PRECAUTIONARY/EVASIVE ACTI ONS

(1) Submarine tender Med-ponred

1, Strong NE winds - Caused by st fdvance warnin {a) Waves may wash over subsarine hulls and enter open access hatches, A
. an winds ~ Caused by steep """F'“EFFBH_'%DM : ity i at N ier_on Isolz Santo ¥ Gubnarines should be nested in lee of tender tq Teduce wave o tec
pressure center forecast to aove through or intensify in the = cibsarines Tdlor
e e et et Lo e 1710 St 1 o B atrors e e B et et et e, | ¢ Clee sl atces ot reired 0 g
Genoa and SE across Trrrhenian Sea, * WW winds can veer to NE within 24 hours, S = S (b) Nested vessels may shift it exposed to full force of wind. )
# Most likely in late autumn, Durati ¥ Subarines should be nested in lee of tender to reduce wing effect,
. gi?s:zés‘t’ri:i;nesmygg; nd E#lqlsually about 24-36 hours after onset. + Mooring lines should be checked and doubled if shifting is evident,
early spring. (2) Aachored in Rada di Santo (a) Vessels at anchor,
* Uncommon 1a sunmer., Stefano, ¥ Iwo anchors may be reguxred.
+ Nove to lee of Isola Caprera to avoid warst of wind/naves,
{3) Arriving/desarting la (a) The prevailing wind at sea cannat be assuned to be representative of winds
MaddaTena TsTand aroup. f_é__!l____E_E5EELLEﬂEE_.lﬂ___E__E._E__E_Eﬂé__é_iﬂ_L____S reverse 1s aiso
rug.
¥ Vessels inbound to NATO pier should consider renaining at sea_until NE
winds subside,
(4) Small boat aperations. fa) Saall craft lag exgerience adverse operating conditions, but boats 50-ft or
Targer should be able to continge norad operations,
(3) Helicopter mperations at {a) Helicopter operations should be conducted with caution due to atmospheric
NATO pier. turbulence induced by strong winds fTowing over /around the surrounding
rugged isjand region.
2 Wl o (1) Subaarine tender MNed-moored {a) Reduced wind speeds in lee of Isola Santo Stefano
. o nwinds

Ponente_winds - Stron
occurrmﬁ when Histra? blows across
western flediterranean Sea to Strait of
Bonifacio,
¢ Strongest in winter and spring.
¥ Uncomson, but possible, in suamer,
¥ Strong event can ?enerate 15-20 ft
waves in Strait of Bonifacie and
8-10 ft waves at Palau city pier,
* Creates hazardous RODFing
conditions at NATO pier on Isola
Santo Stefano,
Creates turbulent atnusghere for
helicopter aperations at NATD pler
site.

-

Advance warnin
F Tark stratocuaulus clouds building along west coast of Corsica when La
Maddalens is clear grovides 24 hour narning.

t Failure of fishing boats to depart on schedule provides evidence of i
possible Ponente,

Duration
€ Generally 3-4 days, increasing in stregth the first few days, then
3radually dininishing,
* When a Wwind begins to veer tg N, the wind will normally caln locally
in approximately 6-10 hours,

at N ler on Jsola Sanfo
Stefano ~ submarines and/or

other vessels nested alongside.

(2) Anchored in Rada di Santo
Stefano,

{3} Anchored southeast of Isola

Caprera.

{4} Arriving/departing La
Haddalena Tsland aroup,

{5) Beall boat operations,

(&) Helicopter operatipns at
NATO pier,

(b} Wind direction is uncertain due to swirling winds in lee of island,

¥ Ensign and jack 8ay stand straight out ﬁﬂ UPPDSTTE DIRECTIONG.

t Mooring tender in Hed-noored gosition is diFficult. Seoke flares are
used to deteraine wind direction(s) during evolution,

{a} Vessel location in lee of 1sola Sante Stefino results in redeced wind
Speeds.
¥ ing

direction is uncertain due to snirling wings in lee of island.
+ Deploy two anchors if strong Ponente winds are forecast,

Anchorage position provides little rotection from Ponente winds.

¥ Consider ove to Gulf of Aranci on NE toast of Sardinia.

{2} The prevailing wind at sea cannot be assumed to be regresentative of winds
Ehat will be experienced in Fhe L3 Haddalena IsTand qroup, _The reverse is
also true:

¥ Wind conditions in the lee of island will likely vary considerably froa
those encountered in exposed areas between the 1slands,

+ Inhound vessels, consider renaining at sea until Ponente winds abate,

t Histral/Ponente winds can cause a 3 1/2-4 kt easterly current in the
strait of Bonifacio.

The H to MW Ponente winds will cause few probleas directly, but the wayes

generated by the winds hive & aajor uga:g.

{a} Helicopter operations should be conducted with caution due to atsospheric
Rurbilence 0diced by strony Wity rod Mith caution due to staospheric
¥

requent eddy aver helicopter Tanding area adjacent to NATO pier,

{a

{a

7




TABLE 2-1.

(Continued)

HAZARDOUS CONDITION

INDICATORS OF POTENTIAL HAZARD

VESSEL LOCATION/
- SITUATION AFFECTED

EFFECT — PRECAUTIONARY/EVASIVE ACTIONS

3, NH'ly waves - Caused by Mistral/Ponente
Wings,

*

+

8-10 ft waves at Palau city pier
disrupts scheduled boat runs
Suell.prngagates south of Isola
Spargi into the area west of [sola
Santo Stefano. Wind waves extend
beyond to the south of Stefano and
CaBrera causing probless for
subrarines and seall surface units
inbound to Rada di Santo Stefano.

Advance warntn
+ To be experted anytine a Nistral is uccurrin? in the western

Mediterranean Sea or a Ponente is forecast at La Maddalena
+ Swell can be expected at La Maddalena about 12-18 hours after a strong
Mistral begins in the Gulf of Lion,

Wave height
¥ lge nave height south of Isola Spargi and west of Isola Santo Stefana
will be roughly one-half that experienced in the Strait of Bonifacio,

Duration
* When the wind at La Maddalena starts to veer to the N, the waves wil
noraally caln locally in approxinately 6-10 hours

{1) Anchored southeast of Isola
Caprerd.

{2) Arriving/desarting La
MaddaTena Tsfand group.

(3) Small boat operations.

{a) Waves will develop south of Isola Caprera, .
¥ Vessels should consider moving to Gulf of Aranci on NE coast of Sardinia

if waves at the anchorage becose @ problea.

{a

Sea state varies greatly with location,

¥ Westerly winds o tor greater will produce 4-6 ft {1.2 to 1.6 a) or
higher waves in the passage from the Strait of Bonifacio, south of
Isola Spargi, and west of Isola Santo Stefano. Units passing E of Ispla
Caprera enroute to an approach froa the northwest to La Maddalena can be
aislead by the calm area in the lee of Caprera, only to be confronted by

large.uaves in the Strait of Bonifacio,

+ Sustained N¥ winds of 15 kt or greater treate waves in the
open area £ of Jsola Caprera of from 10-15 £t (3 to 4.5 a),

# A cale area sonetimes exists E of Capo d'Orso in lee of Caprera, This
tan be uisleadin? as to the existing sea state E of Caprera,

¢ When the wind calns, the local wave conditions in the roadstead abate
{;pidly Eutdrenain for an extended period of time in the approaches to

e roadstead.

Little impact on small boats except on runs to Palau city pier.

Bt 1% (2.5 Ta 3 n] waves make gocking at Falau dangerous due to
dan?er of spashing against the pier, .
¢ Seall boat runs to Palau may be curtailed in favor of larger commercia

ferry service froa La Maddalena.

{a

4, Tropical cyclones - Although uncommon,

ropical cyclones have been observed 1n
the Mediterranean basin.

¥

¥

Nost likely in late sunner/autumn
but ual occur in sny season.
Stora track is difficult to
forecast a:curitel(.

nust give wide her
track,

Mariners
h to forecast

Advance warnin
¥ High, (gin clouds in cyclonically spiralling bands, gradually
thickening,

] Lon?~perjod swell froa southern semicircle with no other rezsonable
explanation.

{1) Submarine tender Med-moored
at NATO pier on Isola Ganto
Stefano - subsarines and/or

other vessels nested alongside,

(2} Rachored in Rada di Santo
Stefano,

{3) Anchored southeast of Ispla
Caprera.

{4} Arriving/desarting La
Haddalena TsTand qroup.
(5} Small boat ogerations.

(6) Helicapter operations at
NATO pier,

(a) Vessels should put to sea and evade stora

{a) Vessels should put to sea and evade stora

{a) Vessels should put to sea and evade stora,

Inbound/outhound vessels should stay at sea/go to sea and
gvade storn,

¥TE at sea, stay at sea,
+ [f departing harbor, plan to leave early

{a} Cancel seall boat operations.
?__HETE('EEETT‘EFE?%'EGY‘E?‘Nater and secure on deck or, in the case of

shore-based boats, secure well above the high tide line,

{a) Operate helicopters with caution.
¥ Telay all unnecessary flights until winds abate.

{a




Table 2-2 provides the height ratio and direction

of shallow water waves to expect at points 1, 2, and 3

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

known.

The La Maddalena Point 2 conditions are found by
entering Table 2-2 with the forecast or known deep water
wave direction and period. The height is determined Ey

multiplying the deep water height (&6 ft) by the ratio of
shallow to deep height (.5).

Example: Use of Table 2-2 for La Maddalena
Point 2.

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

6 feet, 12 seconds, from 060°.

The expected wave condition at La Maddalena
Point 2 as determined from Table 2-2:

3 feet, 12 seconds, from 040°.

e mm e mw S mE R mm e mw we ma w
e e o e we me e me W e e e e

NOTE: Wave periods are a conservative property and

remain constant when waves move from deep tao
shallow water, but speed, height, and steepness

change.
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Table 2-2. S5Shallow water wave directions and relative height

conditions versus deep water period and direction (see Figure
2~3 for laocation of points).

FORMAT: Shallow Water Direction
Wave Height Ratia: {(Shallow Water/Deep Water)

-1 . 1 .2 o .2 .1

LA FMADDALENA POINT 1 (West of Isoclia Santo Stefano)

i Feriod (sec) , & s 10 12 i4 i6
i  Deep Water i Shallow Water i
: Directiocn ; Direction and Height Ratio i
: 24G° H 270° 255° 245°  2&63°  ZT70°  260° |
H H -1 -1 .1 .2 .2 « 2 1
H 270° H 270" 260° 2530° 260°  2&65° 270°
H } .S o < o & o o 0 22 . 2 '
H 300° : 273° 255° 250°  243°  240° 240° |
: H 4 -4 4 .3 -4 . i
i 330° ! 273° 275" 275 270°  26%°  2530° |
: ; -4 -4 - 3 0 0 1
LA MADDALENA POINT 2 (Southeast of Isola Caprera)l:

i Period (sec) i & 8 10 12 14 16 1
i Deep Water ' Shallow Water :
: Direction ] Direction and Height Ratio ;
i 360" i o10° Q10° Q10° 010° Q20° 020° |
H i 0 ) o & .3 4 o i
: 030° : Q30° Q40 ° Q45° Q25° 025° 043° |
: ; oS -3 ] .4 .4 o X i
: i H
H 0L0° i 0S0° Q50° Q40° $40° 0Q3I0° 0Z0° |
; ; 3 .2 -4 .o .4 .2 !
i 030° i 043° Q45*° 040°  0Q40° 0Q40° 040° |
H : -2 . 2 -3 o & o . 2 i
H 120° : Q45" 045° Q40°  040° Q040° Q40° |

{off Falau City pier):
[ = 10 12 14 ié
Shallow Water
Direction and Height Ratio

e

MADDALENA FOINT
Feriod (sec)
Deep Water
Direction

L 3

i ; :
: 24Q° i 340° F45° I55°  360° 360° Ql10° |
i : .1 .1 .1 .1 -1 .1 i
i 270° : 340° J45° I55° 3I60° 3I60° 010° |
: i .3 -3 .3 .3 -3 -1 :
! 300° i 340° 345° 355° 360° 360° 010° |
: i -4 -4 . 3 « 4 oS -3 i
: 330° i 335° 345° 350° 353° 3460° 010° |
i i -2 o2 -2 .2 oL . !




The local wind generated wave conditions For

selected areas are given in Table 2-3. All heights refer
to the significant wave height (average of the highest
1/5 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 flat ocean. When starting
from a pre-existing wave height, the time to fetch
limited height will be shorter.

There are at least three locations/situations in
the La Maddalena complex in which wind waves can create
hazardous conditions; submarines with open hatches along
side the tender, ferry/liberty boat transits between the
Fleet Landing and Palau, and at the anchorage site south
aof Isola Caprera. The significant wave height informa-—
tion for the three locations/situations are provided 1in
Table 2Z-3.

Individual wind waves of 2 ft at the submarine
tender site can be hazardous to tendered submarines with
open hatches. The 3% greatest wave heights are about 2.2

times the significant wave heights.



Table 2-3. La Maddalena. Local wind waves for fetch limited
conditions near the submarine tender site (3 n mi fetchl), along
the ferry route +from the Fleet Landing to Palau (13 n mi
fetch), and south of Isola Santo Stefano (5 n mi fetch) (based
on JONSWAF model) .

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

Direction Local Wind
and\ Speed (kt}

Fetch

Length by i8 24 30 6 42
P in mi) H H i i i ;
i NNE i <2 ft T L2 ft H 273 i 2/3 i 2-3/3 i
i 3 n mi H H 1 i } 1 } 1 )
i W V 2-3/4 V 3—-4/4 H 4/74-5 | S/5 H LD H
P 13 n omi 2 : 2-3 ) 2 ] 2 : 2 :
: i : : : H ;
P W L2 ft } 273 V 2-3/3-4 | I/3-4 |\ 3I-4/3-4
i S nomi ! i 1 ! i i i : 1

Example:

To the west-—northwest (300°) there is
about a 13 n mi fetch. Given a west—-northwest
wind at 24 kt, the sea will have reached 3I-4
feet with a period of 4 seconds within 2-3
hours. Wind waves will not grow beyond this
condition unless the wind speed increases or the
direction changes to one with a longer fetch
length. If the wind waves are superimposed on
deep water 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.




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 ft, wind wave 5 ft.

N
foors
"
w
&
[
fory
hJ

\/102 + 52 =1/100 + 25 £t

Note: Increase over larger height is small. If
both heights were equal, combined height would increase
by a factor of 1.4. If one is half of 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 feet and greater than
6.6 feet.



Table 2-4. 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
feet by climatological season.

LA MADDALENA FPOINT 1: i WINTER | SPRING ; SUMMER | AUTUMN i
i »3.3 feet i NOV-APR | MAY  JUN-S5EF] octT i
; Occurrence (%) ; 21 ; 12 ; 18 ; 18 ;
; Average Duration (hrs); 18 ; 14 ; 20 ; 187 ;
; Period Max Energy(sec); 10 ; 9 ; P-10 ; 1Q ;
; h.6 feet ; NOV-AFPR ; MAY ; JUN—SEP; oCcY ;
; Occurrence (%) ; 3 ; 1 ; 1 ; 2 ;
; Average Duration (hrs); 14 ; i8 ; 18 ; 21 ;
; Feriod Max Energy(sec); 12 ; 12 ; 12 ; 12 ;
LA MADDALENA POINT 2: ; WINTER ; SPﬁING ; SUMMER ; AUTUMN ;
i 3.3 feet i NOV-APR | MBY + JUN-GEF] ocT_ i
; Occurrence (7 ; 13 ; 2 ; 2 ; 4 ;
; Average Duration (hrs); 21 ; ) ; 8 ; 10 ;
; FPeriod Max Energy(sec); g ; P—-11 ; 2-1Q ; ?-10 ;
; >h.6 feet ; NOV-APR ; MAY ; JUN—SEP; OcT ;
; Uccurrence {7 ; 2 ; 1 ; <1 ; O ;
; Average Duration (hrs); 10 ; & ; & ; NA& ;
; Feriod Ma=n Energy(sec); 10-11 ; 10 ; 11 ; NA ;
LA MADDALENA POINT 3: ; WINTER ; SFRING ; SUMMER ; AUTUMN ;
: »3.3 feet i NOV-APR | MAY | JUN-SEP| acT
; Occurrence ()] ; 15 ; 7 ; 11 ; 14 ;
; Average Duration (hrs): ; 13 ; 15 ; 19 ;
; Feriod Max Energy(sec); 11 ; 1Q ; 10 ; 10-11 ;
; 6.6 feet ; NOV-AFR ; MAY ; JUN—SEP; OcT ;
; Occurrence (%4 ; 2 ; 1 E 1 ; 1 ;
; Average Duration (hrs); 13 ; 4 E 19 ;' 10 E
; Feriod Max Energy(sec); 12 ; 12 ; 12 E 12 E
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SEASONAL SUMMARY OF HAZARDOUS WEATHER CONDITIONS

NOTE: The prevailing wind direction at sea cannat be
assumed to represent that which will be encountered in
the La Maddalena Island group. The mooring ar berthing
of the submarine tender is difficult because aof the
uncertain wind direction and it has become comman
practice to use smoke flares to determine wind direction

during berthing operations.

WINTER (November thru February):

* Northeasterlies are funneled between islands
causing the above described problems at the NATO
pier.

* West to northwest winds (Poniente) can last 3 to &
days and generate 20 ft (&6 m) waves in Strait of

Bonifacio and 10 ft swell off Palau.

SPRING (March thru May):
# Both the strong northeasterlies and the Poniente

can occur but become less frequent in late spring.

SUMMER (June thru September):

* Relatively event free.

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

returning by month’‘s end.
NOTE: For more detailed information on hazardous weather

conditions see previous Summary Table in this section and

Hazardaous Weather Summary in Section 3.
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The La Maddalena Port Complex is about 10 n mi

southeast of the center of the Strait of Bonifacio and 13
n mi {direct 1line) northwest of the Gulf¥ of Aranci
(Figure 3-2). Winds and resulting wave conditions are
strongly influenced by local effects and are not

representative of the open sea conditions.
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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 hazards and Table 3-5 provides a

summary of hazards and actions by season.

Geographic Location

The La_Maddalena Island Group is centered near
41.2°N, 9.4°E off the northeast end of Sardinia. It is
about 210 n mi west of the Fort of Gaeta, Italy (Figure
F~1} .
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The U.S5. Navy complex collectively referred to as
"La Maddalena" is composed of various sites. A submarine
tender has an assigned mooring on the south side of the
NATO pier one-third of the way southward along the east
coast of Isola Santo Stefano (Figure 3-3). The tender is
usually "Med-moored," bow east, stern to the shore with
submarines on either side. There is also a fuel pier
near the northeast corner of Isola Santo Stefano which is
occasionally used by U.S. Navy ships (U.8. Naval
Oceanography Command Center, Rota, Spain, 198%5).

The Naval Supply Office (NAVSUPPO) La Maddalena
is located on Isola La Maddalena about 2,189 yds (2,000
m) north-northeast of the NATO pier on Isola Santo
Stefano. The Fleet Landing on Iscla La Maddalena is
located opposite the naortheast corner of Isola Chiesa
(U.5. MNaval Oceanography Command Center, Rota, Spain,
1985) .

An additional site of interest in this study 1is
the Falau city pier located on the north coast of
Sardinia. It is used by small boats making freguent runs
to/from the submarine tender at the NATO pier and the
Fleet fLanding on Isola La Maddalena.

Iseia La Maddalena is the largest of the islands
of the La Maddalena Archipelago. The topography of the
region is rugged, with towering granite masses, coves,
and gulfs common throughout. Because of the topography,
local effects dominate the region’'s weather and

conditions will vary significantly over short distances.

)
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fualitative Evaluation of the Facilities at La Maddalena

When the submarine tender is in its customary
Med-moored position, it is most vulnerable to
northeasterly winds which funnel through PFPasso della
Maoneta (Moneta Fass) between Isola La Maddalena and Isola
Caprera (Figure -3, The main weather situation
affecting vessels approaching the NATO pier is west or
northwest winds called "Ponente". Fonente winds usually
result from a "Mistral," with winds turning to westerly
through the Strait of BRonifacio (Figure 3-2). During a
strong Fonente, it is suggested that vessels anchor in
the Gulf of Aranci (near Olbia on the northeast coast of
Sardinia) and wait for subsiding conditions. The Gulf of
Aranci 1s well protected from northwesterly winds.

The Fleet Landing on La Maddalena is protected
from the effects of northerly winds by the topography of
Isogla La Maddalena, while the Palau city pier is
protected from southerly winds by the topography of
Sardinia.

Anchorages in nearby waters are limited due to
the presence of submarine cables, but the waters south of
the town of La Maddalena are said to offer an anchorage
on a bottom with good heolding qualities. Regarding
anchorage in Rada di Santo Stefano, Volume II of the

Mediterranean Pilot, states that "“Anchorage can be

obtained by 1large vessels, in depths of from 18 to 23
fathoms (3Zm to 42m), sand and weed, but the holding
ground is not good, and strong westerly winds sometimes
cause vessels to drag. The anchorage is secure during
northeasterly and southeasterly winds." A number of
mooring buoys, for use by Italian naval vessels, are
positioned Jjust east of the NATO pier. U.S. Navy air-
craft carriers and other large vessels anchor southeast

ot Isocla Caprera.

l'/'al
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Currents and Tides

Currents 1in Rada di Santo Stefanc are generally
weak, with the current between the NATO pier on Iscla
Santo Stefano and Iscla La Maddalena having a
southeasterly set. FPersistent strong winds do influence
currents in the area however. A strong Mistral can cause
a 3.3 ta 4 kt easterly flowing current in the Strait of
Bonifacio.

The tidal range in the region is slight, with a

spring rise of only about 15 inches.

Visibility

Visibility is generally good throughout the

region, with fog being recorded about once per year.

Hazardous Conditions

Although the U.8. Naval facilities on Isola
Santo GStefano, Isola La Maddalena and Sardinia are well
protected from some hazardous wind and wave conditions,
they are exposed to others. It is important to naote
that, according to local mariners, THE PREVAILING WIND
DIRECTION AT SEA CANNOT BE ASSUMED TO REPRESENT THAT
WHICH WILL BE ENCOUNTERED IN THE LA MADDALENA ISLAND

GROUF. The wmooring or berthing of the submarine tender

is difficult because of the uncertain wind direction. It
has become common practice to use smoke +flares during
berthing operations in order to determine wind direction.
A seasonal summary of the known environmental hazards
that may be encountered in the area follows.

A. Winter (November through February

The winter season brings cool temperatures,
frequent precipitation, and intermittently strong
prevailing northeasterly winds to the La Maddalena area.

A significant winter weather problem for the Med-

moored submarine tender and tended submarines near the

3-6




NATO pier on Isola Santo Stefano is caused by strong
northeasterly winds and seas funneled between Isola La
Maddalena and Iscla Caprera. Most often caused by the
develapment of a Genoa low moving southeasterly across
the Tyrrhenian Sea, the winds and resultant seas are
broadside to the tender, causing sea water to lap over
the hulls of exposed submarines and enter vpen access
hatches. Consequently, submarines tend to nest on the
south side of the tender in the lee of the tender ‘s huli.
Northeasterly winds do not significantly affect Palau or
La Maddalena.

Winter also brings west to narthwesterly
"Fonente" winds to the region. Fonente winds generally
last for 3-6 days, with increasing strength during the
first few days, then gradually diminishing. FPonente
winds can generate 15-20 ft (4.5 to & m) swell in the
Strait of Bonifacio, which translate to 8-10 ft (2.5 to 3
m) swell at FPalau. Submarines, which normally approach
the tender from the southeast, will not come in during a
FPonente event. Submarines and other vessels that will
not come in during Fonente conditions anchor in the Gulf
of Aranci and wait faor conditions to subside before
entering Rada di Santo Stefano. The Gulf of Aranci is
well protected from Fonente winds.

Fonente conditions alsoc adversely affect Navy
smail boats which normally make hourly runs from the
submarine tender to La Maddalena and from the submarine
tender to Palau city pier and return. Seas prevent off-
loading at FPalau because of the danger of crashing
against the pier. Normally, in Fonente conditions the
boats run only from the submarine tender ta/from the
Fleet Landing at La Maddalena where personnel can catch a
larger commercial ferry to Falau. In high wind
conditions the commercial ferry may divert from a direct
route to Palau and go around the east side of Isola Santo
Stefano to avoid the beam seas from the northwest. In

extreme wind conditions, the ferry may stop operation.

FPonente winds are hazardous ta helicopter

operations in the vicinity of the submarine tender. The

37



winds create a "swirling" effect, frequently resulting in
an eddy over the helicopter pad, which is located just
south of the tender on a dock structure.

The La Maddalena region is subject to wind gusts
to 30 kt in frontal passages.

The Scirocco, a south to southeasterly wind
originating over North Africa, wusually occurs during the
winter season in the warm sector of cyclones moving
across the area (Brody and Nestor, 1980). The impact of
Scirocco weather can vary from dust to heavy fog and
rain. Although fog is uncommon at La Maddalena, low
stratus and fog and restricted visibility are possible in
a strong Scirocco event. The rain is often red colored
due to dust and sand in the air.

Winter temperatures are moderate, with records of
Buardiavecchia {(on Isola La Maddalena, S18 ft (158 m)
above sea level) showing an extreme winter temperature
range of about 3J0°F (-1°0C) to 73°F (2F°C) during a S-vyear
period. While the temperatures do not appear cold by
many standards, wind c¢hill (temperature combined with
wind) can adversely affect personnel working on weather
decks without proper protection. Table 3-1 can be used
to determine wind chill for various temperature and wind

combinations.

[
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Table 3I-1. Wind Chill. The cooling power of the wind
expressed as "Eguivalent Chill Temperature" and the
danger of freezing exposed flesh (adapted from Miller and
Thompson, 17270).

Wind Speed Cooling Fower af Wind expressed as
"Equivalent Chill Temperature”
Knots MFH Temperature (°F)

Calm Calm S0 45 40 35 A0 25 20 153 19
Equivalent Chill Temperature

3-6 5 48 I 37 32 27 22 16 i1 &
7-10 10 40 34 28 22 16 10 4 -2 =9
1113 15 36 29 22 16 9 2 -5 -11 -18
16—-19 20 32 28 18 11 4 =3 =10 =17 =235
20-23 25 3G 23 16 8 ¢ -7 -15 22 29
24-28 30 28 21 13 & -2 -11 -18 -25 =33
29-32 35 27 19 11 4 -4 —-12 -20 =27 -35
35-36 40 26 18 1aq 2 =6 =13 -21 -29 -37

While precipitation in the form of rain/rain
showers is common during the winter season, snow is
wncommon, having occurred only once in a 15 year period.
Hail showers have been recorded at La Maddalena when
cloud tops were only 135,000 ft. Thunderstorms occcur only
about once per vyear.

B. Spring (March through Mavy)

In the west-central Mediterranean area, the
spring season 1is relatively 1long and 1is noted for
"periods of stormy weather, with Mistral conditions that
alternate with a number of false starts of settled

summer—type weather"” (Brody and Nestor, 1980). Strongest

early in the season, the Mistral brings "FPonente" winds
to La Maddalena (See winter season -~ previous
paragraphs).

Low pressure systems continue to develop and move
through the Gulf of Genoa and across the Tyrrhenian Sea,
bringing strong northeasterly winds to the La Maddalena
area and impacting the NATO pier/submarine tender on
Isola Santo Stefanc. The frequency of occurrence of such
storms diminishes as the season progresses, but
associated frontal passages can still cause wind gusts to

30 kt in the area.



Temperatures begin to warm, with the mean minimum
temperature increasing from about 48°F (9°C) in March ta
S7°F (14°0) in May. The mean maximum temperatures show a
similar trend, increasing from S7°F (14°C) to &7°F
(12°0C).

Frecipitation amounts decrease throughout the
season, but a sharp drop is not evident until June.
Thunderstorms cccur only about once per year.

Visibility restrictions are most common in Spring
when compared to other seasons. But observations at
Buardiavecchia (altitude 132 m) on Isola La Maddalena for
a S~year period show that visibility reduces to less than
200 m only about one day per year; in general early
morning houwr visibility is the most restricted.

C. Summer (June through September)

Summer is a season of warm, dry, and relatively
settled weather at La Maddalena. The upper—level
westerlies and the associated storm track have moved
northuward. Mistral conditions associated with cold
outbreaks are still common near the coast of southern
France {(Brody and Nestor, 1280), but the effect on La
Maddalena 1s greatly diminished from that experienced
during winter and early spring.

Frecipitation is at a minimum during June through
August, but shows a marked increase in September.
Thunderstorms are uncammon, occcurring about once per year
on average.

As 1is to be expected, temperatures are the
warmest of the year, with a mean minimum of about 6&8°F
(20°C) and mean maximum of 2°F (28°C) in August.
Temperatures start to decrease in September.

D. Autumn {(October)

The autumn season is short, as the transition
from a summer weather regime to winter is abrupt.
Mistral conditions cause Fonente winds to come early to

La Maddalena, and they can be expected by the end of the
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month. Autumn Fonentes are usuwally not as strong as
those of late winter or early spring (See winter, spring
sections).

Cyclogenesis increases in frequency as the season
pragresses, and low préssure systems transit eastward
north of Corsica and intensify in the Bulf of Genoa
befare moving southeastward across the Tyrrhenian Sea.
As a result, strong northeasterly winds which funnel
between Isola La Maddalena and Isola Caprera start to
impact operations at the NATO pier on Isocla Santo
Stefano. The La Maddalena region 1is subject to wind
gusts to 30 kt in frontal passages.

Temperatures decrease during October, with a mean
minimum temperature of about 61°F (146°C) and a mean
maximum temperature of about 70°F (21°0) for the month.

Precipitation fregquency and amounts increase as
the winter season approaches. Thunderstorms occur only
about once per year.

E. Tropical Storm Season

Starms having tropical cyclone characteristics
with fully developed eyes have been chserved on at least
three occasions in the Mediterranean basin: 23-26
September 126%, 22-2B January 1982, and 2630 September
1733. 0On the latter occasion the storm moved northwest
from the Gulf of Gabes (on the socutheast coast of

Tunisia), through the Straits of Sicily, along the esast

coast of Sardinia, and into the Gulf of Genoca. Winds of

100 kt were observed near the eye while Cagliari,
Sardinia reported winds of 60 kt. The effect at La
Maddalena was not reported, but 1t 1s 1likely that
northerly winds on the weaker left side of the storm
funneled between Isola La Maddalena and Isola Caprera and
could have created hazardous wind and wave conditions at
the NATO pier on Isocla Santo Stefano. The potential +or
future storms of this type to strike La Maddalena is real

and the meteoroiogist must be aware of the possibility.
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Harbor Frotection

While the La Maddalena complex is well protected
from some hazardous conditions, it is exposed to others.
The following sections address the various .conditions and

their effect on harbor operations.

Wind and Weather

The NATO pier and the submarine tender on Isola
Santo Stefano are protected from winds from 190° tao 330°
{(true). These sites are most vulnerable to northeasterly
winds which funnel through Paso della Moneta (Moneta
Pass) between Isocla La Maddalena and Isola Caprera.
Winds from all other directions are diminished by the
surrounding topography, with westerly winds of 30 ikt
often being reduced to B8-15 kt in the MATO pier area.
Because of the configuration of the surrounding area,
wind directions sometime vary greatly over a short dis-—
tance. One circumstance testifying to the variability in
wind direction occurs on the submarine tender, when the
Ensign and Jack of the ship have been known to stand
straight out, but in OPPOSITE DIRECTIONS (U.5. Navy,
1979 .

FPonente winds are hazardous to vessels at or ap-
proaching the NATQO pier, as the topography of Isola Santo
Stefano causes the strong westerly winds to swirl and
eddy. Berthing or mooring evolutions are particularly
dangerous when Fonente winds exist.

The Fleet Landing, located on the south side of
Isola La Maddalena, is well protected from northerly
winds and s=as by the topography of the island. It is
exposed to southerly winds.

The city pier at Falau, however, is protected by
the topography of Sardinia from winds southeast clockwise
to northwest, but is open and vulnerable to winds from

northwest through =ast.
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The La Maddalena area experiences few winds from

east through south.

Waves

While the submarine tender near the NATO pier on
Iscla Santo Stefano is affected primarily by wind, the
submarines it tends are affected mostly by seas. A
seemingly insignificant {(to most operations) wave motion
may cause water to enter the open access hatches of
submarines nested alongside the tender.

In a large sample the 3% highest wave heights are
at least 2.2 times the significant wave height. I+ =a
single 2 +ft wave at the tender site was the critical
factar, then the critical wind speed/significant wave
height values are about 13 kt/0.9 ft over a 3 n mi fetch.
These values have about a ?3% confidence factor, but
users should be aware that there remains a 3% chance of
exceeding 2 ft. Therefore, to retain a higher safety
factor, it would be prudent to expect an occasional 2 ft
wave anvytime the sustained wind exceeds about 10 kt for
an hour duration over a 3 n mi or more fetch. The tender
location is protected from significant wave action by the
surraunding islands and has a maximum fetch length of
about T n mi Ffrom the northeast. Fetch 1length 1is
considerably less in other directions.

The follawing wind wave forecast aids were
derived using the JONSWAF model and the specified
critical values. Individual wind waves aof 2 +ft at the
submarine tender site can be hazardous to tendered
subhmarines with open hatches. Based on a maximum fetch
of 3 n mi to the north—-northeast the following wind
speed, significant wave height and 5% highest wave height

are provided:



Wind Significant Wave 3% Highest

; Speed Height Wave Height ;
; 30 kt 2 ft 4.4 +t ;
; 16 kt 1 ft 2.2 ft ;
; 13 kt 0.2 ft 2.0 +t ;

The Fleet Landing on Isola La Maddalena is well
protected from seas from all directions except south (few
high winds from the south), and the fetch is limited to
about & mi in that direction, between Isola Caprera and
Isola Santo Stefano.

The city pier at Palau is well protected from
most directions, but is open and vulnerable to sea/swell
generated by Ponente winds. A strong event can cause 8-
10 ft (2.5 to I m) waves at the city pier, posing severe
hazards to small boat operaticns due to the danger of
smashing against the pier.

The transit route from the Fleet Landing and/or
La Maddalena to Falau is exposed to sea and swell +rom
the northwesterly sector. There is a limited sector of
exposed fetch to the west—northwest that extends to the
cpen sea of the western entrance to the Strait of
Honifacio. The distance from mid-channel to the exposed
sector of the route is about 13 n mi. The deep water
generated swell for point 1 (Table 3-2) indicates that as
much as B0% of the swell energy can reach this point for
specific swell conditions (300°/12 second deep water
swell). Table 3-4 shows that 4 to 6 ft wind waves will
be generated by 30-42 kt winds within about 2 hours.
Local sources indicate that westerly winds of 15 kt or
greater produce 4-6 ft (1.2 to 1.8 m) waves in the
passage from the Strait of Bonifacio, south of Iscla
Spargi, and south of Isola Santo Stefana. Units

approaching the northwest roadstead (west of Isola La




Maddalena) from the east can be misled by the calm area
in the 1lee of Caprera, only to be confronted by large
swells when entering the Strait of Bonifacio.

Northwesterly winds pose a different problem.
Sustained winds of 15 kt or greater create sea and swells
in the open area east of Caprera of 10-13 ft (3 to 4.5
m). The area in the vicinity of the tender reflects this
condition but does not adequately depict the conditions
in the open sea. Alsoc, when outbound through the eastern
exit south of Caprera, a calm area sometimes exists east
of Capo d 'Orso due to the topographical 1lee of Isola
Caprera. This can be misleading as to the sea state
existing on the eastern side of Caprera.

Situation specific shallow water wave conditions
resulting from deep water propagation are given in Table
3-2. I+ the actual or forecast deep water wave con-—
ditions are known, this table provides the means for
determining shallow water wave conditions at the three

designated points within the La Maddalena complex area.

Example: Use aof Table 3-2.

For a deep water wave condition of:

12 feet, 12 seconds, from 300°

The approximate shallow water wave conditions

e e me e e v e m et e e M e

i are:

i Point 1: 6 feet, 12 seconds, from 24%5°

i Foint 2: protected from westerly swell

H Foint 3: 4-5 feet, 12 seconds, fraoam 360°
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Table 3-2. Ghallow water wave directions and relative height
conditions versus deep water period and direction (see Figure
3~3 for location of the points). ‘

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

LA MADDALENA POINT 1 (West of Iscla Santo Stefano)-

H Feriod (sec) } & 8 10 12 14 16 ;
i Deep Water d Shallow Water i
i Direction : Ditrection and Height Ratio H
H 240° i 270° 255° 245° 265° 270° 260° |
H H .1 -1 el 2 2 -2 4
H 27Q° H 270° 260° 250°  260° 265° 270° 1}
H H .S .3 2 L ) 2 H
H 300° H 2735° 235° 250° 245° 240° 240°
H H -4 .4 .4 .5 .4 .3 }
: H |
H 3I30° H 275° 273° 275° 270° 265° 250° |
: : « 8 .4 i ES .3 ) - i
LA MADDALENA POINT 2 {(Southeast of Isola Capreral:

i Feriod (sec) i & 8 10 12 14 16 |
i Deep Water i Shallow Water '
H Direction H Direction and Height Ratio '
! 3I60° ! 010-° Q10° cl10°* GQ10® QZ0°® 020° |
{ H -3 b .3 L5 .4 .3 ]
: Q3Q° i Q30° Q40" 043° Q2Z5° 025° 045° }
H ! .3 .5 -5 .4 .4 R H
: 0&Q° H 050" 0350° 040° Q4Q° 03I0° O0ITD*
H i . .z s ) 3 .2 H
; QZ0° i Q45° Q45" Q40° Q40° 040° 040°
H i . 2 2 S 3 = e i
} 120° } 045° 045" 040° Q40° 040" Q40° |
H } .1 .1 .2 .2 .2 .1 .
LA MADDALENA POINT 3 (off Palau City pier):

i Period (sec) ; & a8 10 iz i4 16 |
\ Deep Water ! Shallow Water ;
H Direction i Direction and Height Ratio H
H 240° ! 340° Z45° 3I55° 360° 360° 010°
H i .1 . 1 -1 .1 -1 .1 :
i 270° H 340" 345° 353°%  3I60°  3F60° Q10°
; H .3 o 5 .3 . .3 . i H
: ! ;
} I00"° i 340° 3I45° IS5 3F60° 360° 010°
H i .4 .4 .3 -4 e ) i
; I30° H 335" 345° 350° 3535° 3I&0°  010° |
H ; vy . .2 -2 .2 oz H




The seasonal climatology of wave conditions in
the harbor resulting from the propagation of deep water
waves into the harbor are given in Table 3~3. This table
provides a means of estimating the duration of an
existing or forecast wave condition as determined from
Table 3-2.

The duration wvalues are mean values Ffor the
specified height range and season. Knowledge of the

current synoptic pattern and forecast/expected duration

should be used when available.

-

Examgie: Use of Tables 3-2 and 3-3.

The forecast for wave caonditions tomorrow {(winter
case) outside the harbor are:

7 feet, 8 seconds, from 300°

Expected shallow water conditions and duration:

Point 1 Point 2 Foint 3
height 4 feet Protected 4 feet
period 8 seconds from 8 seconds
directiaon from 255° 200° from 3435°
dutr-ation 18 hours swell 15 hours

Fossible applications toc small boat operations
are selection of the mother ship‘s anchorage point and/or
areas of small boat work. Duration information provides
insight as to how long befaore a change can be expected.
The 1local wave direction information could be of use in
selecting anchorage configuration and related small baoat

operations.



Table 3-3. GShallow 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
feet by climatological season.

LA MADDALENA FOINT 1: i WINTER | SFRING | SUMMER | AUTUMN |
i 3.3 feet i NGV-APR | MAY 1 JUN-SEF) acrt_ i
' ) ' : i q
; Occurrence (%) ; 21 ; 12 ; i8 ; i8 ;
: 1 1 1 ; !
; Average Duration (hrs); 18 ; 14 ; 20 ; ig ;
: ) ) 1 ) ;
; Feriod Max Energy(sec); 10 ; 4 ; ?-10 ; 10 ;
; h. 6 feet ; NOV-AFR ; MaY ; JUN*SEP; ocT ;
; Occurrence (%) ; 3 ; 1 ; 1 ; 2 ;
; Average Duration (hrs); 14 ; 18 ; 18 ; 21 ;
i 1 ' : ) :
; Feriod Max Energy(sec); 12 ; 12 ; 12 ; 12 ;
y : ; 1 ' ,
LA MADDALENA POINT 2: ; WINTER ; SFRING ; SUMMER ; AUTUMN ;
i 23.3 feet i NOV-AFR i MAY | JUN-SEFRI ocT
: : 1 : ! '
; Occurrence (%) ; 13 ; 2 ; 2 ; 4 ;
1 : , : : '
; Average Duration (hrs); 21 ; & ; a8 ; 10 :
: 1 ) ; , :
; Feriod Max Energy(sec); ) ; F—-11 ; 9-10 ; 9-1i0 ;
; 6.6 feet ; NOV-APR ; MAY ; JUN—SEP; ocT _;
; Occurrence (%) ; 2 % 1 { <1 g 8] %
; Average Duration (hrs); 10 ; 6 ; 6 ; NA ;
; Feriod Max Energy(sec); 10-11 ; 10 ; 11 ; NA ;
LA MADDALENA FOINT 3: ; WINTER ; SPRING ; SUMMER ; AUTUMN ;
; 3.5 feet i NOV-AFR_| MAY 1 JUN-SEF] gCct_ |
; Occurrence (%) ; 18 ; 7 % i1 % 14 E
; Average Duration (hrs); 15 { 13 { 13 { 19 %
; Period Max Energy(sec); 11 ; 10 ; 10 ; 10-11 ;
H i i i : !
; »b.6 feet ; NOV-AFPR ; MAY  JUN-SEF. ocT i
; i 1 1 : ;
; Occurrence (%) ; 2 ; 1 E 1 : 1 g
H ' ! i ' :
; Average Duration (hrs); 13 i g i 19 % 10 E
; Period Max Energy(sec); 12 ; 12 g 12 ;, 12 ;
} : } : : i
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Local wind wave conditions for selected areas of

the La Maddalena complex are given in Table 3-4. The
time to reach fetch limited height is based on an initial
flat ocean. The time will be shorter with a pre—existing

wWave.

Table 3-4. La Maddalena. Local wind waves for fetch
limited conditicns near the submarine tender site (3 n mi
fetch), along the ferry route from the Fleet Landing to Falau
(13 n mi Ffetch), and south of Isola Santo Stefanoc (5 n mi
fetch) (based on JONSWAFP model).

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

Direction Local Wind
and\ Speed (kt)

Fetch
Length N iB 24 30 36 42
1{n mi) i ' ! } i i
i NNE H <2 ft H <2 ft i 2/3 : 2/3 Vv 2-3/3 i
i 3 n omi | ! H 1 ; i i i :
v WNW i 2-3/4 1 3-4/4 H 4/4-5 | S/5 H &/3 !
v 13 o omi 2 : 2-3 i 2 i 2 H 2 i
W ; <2 £t H 273 i 2=-3/3-4 | I/3-4 | 3FZ~-4/3F-4 |
i S n mi ; i i } 1 H i 1 1 i

Example: Small boat wave forecasts (based on the
assumption that swell is not a limiting condition).

Forecast for Tomorrow:

e e M me e

Wind Waves
Time (Forecast?} (Table 3-4) H
Q700 to 1200 WNW B-10 kt <« 2 ft
1200 to 1500 WNW  22-26 kt 3~4 £t at 4 sec

by 1400-1500

1300 tao 2000 WNIW  34-~-38 Kkt 3 ft at I sec
by 1700
2000 to 2200 WNIW  22-2&4 kt 4 +t or less at

4 sec by 2100

Interpretation: Assuming that the limiting factor is
waves greater than 4 feet, small boat operations would
become marginal by 1400 and restricted from about 1&00
to 2100. Marginal conditions would exist until 2200,

M e e e w wa W me M e M My e mer W m whe e e e M e

W - e e e wre M e e mea M e e s wem i
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3.6.3

Combined wave heights are caomputed by finding the
square root of the sum of the squares of the wind wave
and swell heights. For example, if the wind waves were
3 ¥t and the swell 8 ft the combined height would be
about 8.5 ft.

VSZ + 8= =~J‘? + &4 =v73:§8-5

Note that the increased height is relatively small. Even

if the two wave types were of equal height the combined
height is only 1.4 times the common height. In cases
where one of the heights is twice that of the other, the
cambined height will only increase over the larger of the
two by .12 times (10 ft swell and IS Fft wind wave

combined results in 11.2 ft height).

Wave data uses and considerations

Local wind waves build up guite rapidiy and alsc
decrease rapidly when winds subside. The period and
therefore length of wind waves is generally short rala-
tive to the pericd and length of waves propsgated 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
water waves propagated into shallow water, the waves can
bhecome quite complex and confused. Under such condi-
tions, when more than one source of waves 1s inftluencing
a location, tending or joint operations can be hazardous
even 1if the individual wave train heights are not
significantly high. Vessels of various lengths may re-
spond in different motions to the different wave lengths
present. The information on wave periods, provided in
various tables, should be considered when forecasts are

made for Jjoint operations of various length vessels.




%

Protective and Mitigating Measures

Moving to a more protected location

NMortheasterly winds at the NATO pier are the most
bothersome and potentially dangerocus since the {flow is
perpendicular to the tender ‘s normal east/west Med-moored
configuration. Nevertheless, historically, such winds
have never forced the submarine tender to leave the NATO
pier. If such a sortie were advised, the bay area south-—
2ast of Point Fico (southwest part of Isola Caprera) is
considered to be a protected position for anchorage.
(NCTE: There may be restrictions to anchoring in this
areal. Another anchorage considered ta be well
protected, and one frequently used by vessels waiting for
Ponente conditions to abate before approaching the NATO
pier, is in the Gulf of Aranci located on the northeast

coast of Sardinia near Olbia.

Tending in lee of submarine tender's hull

The favored and recommended location for
submarines nested alongside the tender is on the south
side due to the vulnerability of the boats to the effects

of seas generated by northeasterly winds.

Local Indicators of Hazardous Weather Conditions

The two conditions which pose the greatest
hazards for operations in the La HMaddalena complex are
northeasterly winds and west to northwesterly Fonente
conditions created by Mistral winds blowing through the
Strait of Bonifacio.

Northeasterly Wind/Waves -~ Primarily a late

actumn, winter and early spring event, most northeasterly
winds at La Maddalena are caused by strong ot
intensifying extratropical low pressure systems moving

from the Gulf of Genoca ("Genoa lows") saoutheastward
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across the Tyrrhenian Sea. Wind directions during such
an event would typically start as westerly, veering to
northeasterly as the low moves southward. It should be
noted that a northwest wind can veer to northeast in 24
hours. BSince winter winds are generally northeasterly,
the only advance indication of increased wind velocities
may be a steepening of the prevailing pressure gradient.
The meteorologist must monitor synoptic reports carefully
and be alert for anomalous pressure tendencies which
could signal increased air flow. Northeasterly winds
normally last fcf 24 to 36 hours after onset.

Westerly (Fonente) Winds/Waves -~ Strongest in

winter and spring, Ponente winds result from a Mistral
with winds turning to westerly through the Strait of
Bonifacio. A precursor of a forthcoming Fonente is dark
stratocumulus clouds building over the west coast of
Corsica when clear conditions exist at La Maddalena.
Such conditions provide about a 24 hour advance warning
of Fonente winds. A Ponente may also be indicated
whenever fishing boats do not leave port on their normal
schedule.

When a westerly wind begins to veer to the north,
the wind and seas will normally calm in the roadstead in
approximately &6-10 hours.

General -~ When the wind calms, the wave
conditions in the roadstead abate rapidly but remain for
an extended period of time in the approaches to the

roadstead.




TABLE 3-5.

Potential problem situations at Port of La Maddalena — ALL SEASONS

VESSEL
LOCATION/SITUATION

FOTENTIAL HAZARD

EFFECT - PRECAUTIONARY/EVASIVE ACTIONS

ADVANCE INDICATORS AND OTHER INFORMATION
AEBOUT POTENTIAL HAZARD

1, Subrarine tender Med-moored
at N 1er on Isola Santo
Stefano - Submarines and/or
other veszels nested alongside,

Late Autuan
Hinter
Early Spring

Strunzest Late Winter
nd Earlz Spring

Weak Suaner

Autunn

Winter

Spring

A Sunner
Likely Autuan

a, Btrong northeasterly winds/seas -
Prevailing winter minds are y at La
Haddalena, but & steepened pressure ?radient
caused by transient low pressure systems moving
into/across the Tyrrhenian Sea results in
strong northeasterly flow being funneled
between Isola La Maddalema and Isola Caprera to
the location of the Med-aocored subaaripe tender
on east side of Isola Santo Stefanp, The
enhanced winds and resultant seas cause
dlfficultx at the tender, prinarily due to
waves washing over the low profile submarines
:ng En(erxng their hulls through open access
atches,

b, Ponente winds - A strang west to

northwest wind through the strait of Bonifacio
and La Maddelena area resulting from a Kistral,
Strongest in winter and spring, the Ponente
creates variable, swirling widds at the NATO
pler site, Ponente conditions make nesting
evolutions difficult due to uncertain wind
direction and variable wind speeds.

c. Tropical cyclone - Uncommon, especially
in winter, but at Teast one has been observed
in the Hediterranean in January. High winds
and waves possible,

2. Remzin at moorina. Tended vessels should be nested in lee of tender
Secure loose gear. Close all subaarine hatches that are not required to remain
open.

b, Remain at agoring. Double lines as necessary

. Because of the potential for destruction, sariners should make every effort
to avord heing placed in the path of a tropical cyclone. If at all possible
vessels should put to sea and take evasive action at the first indication that
a tropical cyclone may strike or pass close to La Maddalena

a. Most strong northeasterly winds at La Maddalena are caused by a strong or
intensifzin? low pressure systes noving fron the Gulf of Genna southeastward
across the fyrrhenian Sea, Wind directions during such an event would
typicall{ start as uesterlz, veerlng to northeasterly as the low noves
southeastward, It should be noted that northwesterly winds can veer to
northeasterly within 24 hours, Since winter winds are generally northeasterly
the only advance indication of increased wind velocities may be a steegeninq of
the pressure gradient. The meteorologist nust monitor synoptic reports
carefully and be alert for anosalous pressure tendencies which could signai
increased air flow. As a rule of thuab, strong northeasterly winds generally
last 24-36 hours fram onset,

b, Ponente winds result fros a Mistral, with winds turning to westerly through
the Strait of Bonifacio, A 24~hour advance warning of a fnrthcnnin$ Ponente is
provided when dark stratocumslus clouds build over the west coast of Corsica
nhen clear conditions exist at La Naddalena, A Panente may also be indicated
whenever fishing boats do not leave port on their normal schedule, # loral
forecasting rule states that when a westerly wind begins to veer to the north,
the wind will noreally caln in approximately 6 to 10 hours,

c. There is little advance indication of the foraation of a tropical cyclone
in the Mediterranean, Close monitoring of satellite images and synoptic
reports is necessarY for early detection of a developing tropical cyclone. An
apprnachin? tropical cyclone may be indicated by noting high, thin clouds in
cyclonically sgiralling{ gradua{ly thicken\n? bands, or unexplained iong-pericd

swell approaching from the southern semicircle.




TABLE 3-5, (Cantinued)

VESSEL
LOCATION/SITUATION

POTENTIAL HAZARD

EFFECT - PRECAUTIONARY/EVASIVE ACTIONS

ADVANCE INDICATORS AND OTHER INFORMATION
AROUT POTENTIAL HAZARD

2, Anchored in Rada di Santo
Stefand.

Late Autumn

Hinter
Early Spring

Stronzest Late Winter
nd Earl( Spring

Heak Sumaer

Autuan

Hinter
Sumper

Sprin
Likely Aﬂtumg

3, Btrong portheasterly winds/seas -
Prevailing winfer winds are NE Ty at La
Maddalena, but a steepened pressure

gradient causedAbl transient low pressure
systens aoving into/across the Tyrrhenian Sea
results in strong northeasterly flow being
funneled between Isola La Maddalena and lsola
Caprera to the anchorage in Rada di Santo
Stefano.

b, Ponente winds - A strong west to

narthwest Wind through the strait of Bonifacio
and La Naddelena area resulting trom a Nistral,
Strongest in winter and spring, the Fonente
creates variable, suirl:n2<uin&s at the NATD
pler site, Ponente condifions make nesting
evolutions difficult due to uncertain wind
direction and variable wind speeds.

¢, Tropical cyclone - Uncormon, especially
in winter, but at Teast one has been ohserved
in the Mediterranean in January. High winds
and waves possible,

3, Light to moderate winds {to 25 kt) should fuse minisal probless, but
vessels should deplay two anchors or consider eaving the ancharage if stran
winds are forecast. A more protected anchorage can be found southeast of Point
Fico (on Isola Caprera), Secure iogse gear. ‘Mininize personnel exposure on
weather decks.

b, Remain at anchorage, deploying two anchors if strong Ponente conditions are
forecast. Secure loose qear. Minimize personnel exposure on weather decks

¢. Because of the potential for destruction, mariners should sake every effort
to avoid bexng placed in the path of a tropical cyclone, 14 at all possible,
vessels should put to sea and take evasive action at the first indication that
a tropical cyclone aay strike or pass close to La Haddalena

3. Host strong northeasterly winds at La Maddalena are caused by a strong or
intensif in? low pressure systen noving from the Gulf of Genoa southeastmard
across the Tyrrhenian Sea, Wind directions during such an event would
typicall{ start as uester]g, veerlng to northeasterly as the low moves
southeastward, It should be noted that northwesterly winds can veer to
northeasterly within 24 hours, Since winter winds are generally northeasterly
the only advance indication of increased wind velocities may be a steapening of
the gressure gradient. The meteorologist must monitor synoptic rerurts
carefully and be alert for anomalous pressure tendencies which could signal
increased air flow. As a rule of thuab, strong northeasterly winds generally
tast 24-36 hours from onset

b, Ponente winds result fron a Mistral, with winds turning to westeriy through
the Strait of Bonifacio, @& 24-hour advance warning of a 6nrthcoming Ponente is
provided when dark stratocusulus clouds build over the west coast of Corsica
when clear conditions exist at La Maddalena, A Fonente nay alsp be indicated
whenever fishing boats do not leave part on their normal schedule, A local
forecasting rute states that when a westerly wind begins to veer to the north,
the wind will noraally calm in approximately & to 10 hours

¢, There is little advance indication of the fornation of a tropical cyclone
in the Nediterranean. Close monitoring of satellite images and synoptic
reports is ne:essarr for early detection of a developing trapical cyclone. An
approachxn? tropical cyclone nay be indicated by noting high, thin clouds in
cyclonically spiralling, gradually thickenin? bands, or unexplained long-period
swell approaching fron éhe southern sesicircle.

3. Anchored southeast of Isela

Lapréra,

Late Autumn
#inter
Early Spring

Strongest Late Minter
nd Early Spring
Weak Sumner

Autuap

Winter
Susner

Sprin
Likely Aﬁtumg

2. Strong northeasterly winds/waves - Some

grotecflon can be found fo the southeast of
sola Caprera from the high waves, For

protection from wands vessels aust move

westnard to south of Isola Cagrera

b, Ponente winds - Wind waves developing over
he fetch from near Palau to southeast n? Isola
Caprera can cause probless for submarines and
small craft inbound to Rada di Santo Stefano,
To escige strnnzest winds vessels should move
to the Sulf of Aranci on NE coast of Sardinia,

€. Tropical cyclone - Uncomaon, especially
in winter, but af Teast one has been observed
In the Mediterranean in January, High winds
and waves possible.

3, THE PREVAILING WIND AT SEA CANNOT BE ASSUMED 7O BE REPRESENTATIVE OF WINDS

THAT WILL BE EYPERTENCE] T RCARD_GRODF, itional protecfion
froa high waves can be found by noving westward toward Lapo D'0rsc or southeast~
ward to the Gulf of Aranci. Hoving westward will provide only linited pratection
fron strong winds, Strong northeast winds can result in anchor d(aggan
througheut "the area from southeast of lsoia Caprera to the Radz di Santo Stefanc.

b, Strong Ponente conditions make it advisable to depart the anchorage and
muvg to a mare protected location in the Gulf of Aranci on the northeast cosst
of Sardinia.

. Because of the potential for destruction, meriners should make every effort
to avoid beina placed in the path of a tropical cyclone, If at all possible
vessels shouid put to sea and take evasive action at the first indication that

a tropical cyclone may strike or pass clese to La Maddalena

2, Most strong northeasterly winds/waves in the La Maddalena area result from a
strang ar intensifying low pressure system moving from the Gulf of Benoa X
southesstward across the Tyrrhenian Sea, During such an event the direction
will start as northwest and veer to northeast as the low moves southeastward,
Note that northwest winds tlpical]y shift to northeast within 24 hours and that
the northeast flow will continue for 24-36 hours.

b, Ponente ninds result fros a Mistral, with winds turning to westerly through
the Strait of Bonifacio, A 24-hour advance warning of 2 (orthcnninﬁ Fonente s
provided when derk stratocusulus clouds build over the west coast o Corsica
when clear conditions exist at La Maddalena, # Panente may also be indicated
whenever fishing boats do not leave port on their normal schedule. # local
forecasting rule states that when a westerly wind begins to veer to the north,
the wind will normally caln in approxinately & to 10 hours

c. There is little advance indication of the formation of a tropical cyclone
in the Mediterranean, Close sonitoring of satellite images and synaptic
reparts is necessar{ for early detection of a developing trapical cyclene, An
approachin? tropical cyclone nA{ be indicated by noting high, thin cleuds in
cyclonically spiralling, gradually thx:kenin? tands, or unexplained leng-period
swell approaching fros the southern semicircie,




TABLE 3-S. (Continued)

VESSEL
LOBCATION/SITUATION

POTENTIAL HAZARD

EFFECT — PRECAUTIONARY/EVASIVE ACTIONS

ADVANCE INDICATORS AND QTHER INFORMATION
ABOUT POTENTIAL HAZARD

4, Arriving/degarting La
Haddalena Tsland groug.
Late Autunn

Winter
Early Spring

Stranzest Late Winter
nd Earll Spring
Heak Sumaer

Autuan

Late Autumn
3 ginger
arly Spring
Heaz Sunner

Winter
Sumner

Sprin
Likely Aﬂtung

4. 8trong northeasterly winds/seas -
Prevailing winter winds are NE'ly at La
Haddalena, but a steepened pressure

gradient caqsed_bl transient low pressure
systeas maving into/across the Tyrrhenian Sea
results in strong northeasterly flow being
funneled between Isola La Maddalena and Ispla
Caprera to the location of the NATD pier and
Med-noored submarine tender on the east side
of Isola Santo Stefano. The enhanced winds
and resultant seas nake mooring and nesting
operations difficult at the NA?D pier site,

b. Ponente winds - A strong west to
nortfinest wind Eﬁruush the strait of
Bunefacio and Lz Maddalena area resulting
fron a Mistral, Strongest in winter and
spring, the Ponente creates variable,
swirling winds at the NATO pier site.

Ponente conditions aake nooring difficult due
to uncertain wind direction,

c. Northwesterly swell - Mistral ang
associated Ponen¥e winds result in a
northwesterly swell which may reach 15-20 ft
4,5 to 6 m) in the Strait of Bonifatio, The
suell is B-10 ft (2.5 to 3 ) by the time it
reaches Palau, Wind waves will develop with
strong westerly flow over the fetch south of
Isola Santa Stefano and Isola Caprera making
it difficult for submarines, which noraally
approach Rada di Santo Stefano from the
southeast, to enter,

d. Tropical cyclone ~ Uncoanon, especially
in winter, but at Teast one has heen observed
in the HMediterranean in January. High winds
and waves possible,

3, [HE FREVAILING WIND AT SEA CANNDT BE ASSUMED TO BE REPRESENTATIVE OF WINDS
THAT i i « Inbound vessels
iafending to moor at the NATD pier or subaarine tender should remain at sea
until the strong northeasterly winds subside, Vessels intending to anchor in
Rada di Santo Stefano can proceed to the anchorage, deplorinq two anchors if
conditions warrant. A strong northeasterly wind may preclude anchoring until
winds abate. Outbound vessels will have to determine the advisability of
getting underway on an as-occurring basis,

?QATTHE PREVAILING WIND AT SEA CANNOT BE ASSUMED TO BE REPRESENTATIVE OF WINDS

. Due'to the
uncerfain wind direction at NATO pier Tocation and associated mooring/nesting
difficulties experienced during Fonente conditions, vessels are advised to
delay arrival/departure times until after the winds abate,

. Since nost vessels approach/depart Rada di Santo Stefano froa/to the
southeast, they will have to transit the exposed waters south of Isola
Caprera, Outhound vessels will have following seas and should BXpEFiEnce
nininal problems, Head seas will he encountered hr inconing vessels and mal be
a problen for subparines and sealler surface vessels, Remaining at sez in the
lee of Sardinia or anchoring in the Gulf of Aranci on the northeast coast of
Sardinia until the seas abafe should be considered,

d, Because of the potential for destruction, mariners should aake every effort
to avoid being placed in the path of a tropical cyclone., I at all passible
vessels should put to sea and take evasive action at the first indication that
a tropical cyclone nay strike or pass close to La Maddalena.

3. Most strong northeasterly winds at La Maddalena are caused by a strong or
intensifKin low pressure systen noving tron the Gulf of Genoa southeastward
across the ?yrrhenian Sea, Wind directions during such an eveat would
typicallr start as ues:erlz, veering to northeasterly as the low moves
southeastuard, It should be noted that northwesterly winds can veer to
nartheasterly within 24 hours, Since winter winds are generally northeasterly
the only advance indication of increased wind velocities may be a steepening of
the pressure gradient, The meteorologist must menitor synoptic re?urtg
carefully and be alert for anomalous pressure tendencies which could signal
incressed air flow. fs a rule of thund, strong northeasterly winds generally
Last 24-36 hours fram onset,

b, Ponente winds result from a Mistral, with winds turning to nesterly through
the Strait of Bonifacio, A 24-hour advance warning of a forth:onxn? Ponente is
provided when dark stratocumulus clouds build over the west coast o Corsica
when clear conditions exist at La Maddalena, A Panente may also be indicated
whenever fishing hoats do not leave port on their normal schedule, A loca
forecasting rule states that when a Westerly wind hegins to veer to the north,
the wind will noraally cale in approximately 6 to 10 hours.

¢, 5ea state varies qreatlz with lacation due to wind direction and
topography. Cale seas in the vicinity of the tender can be nisleading under
certain conditions to outhound units

(1) Mesterly winds of 15 kt or gqreater will produce 4-6 #t (1,2-1.6 &
or higher swells in the pesaage fron the Strait of Bonifacio, south of Isola
Spargi, and west of Isola Sanfo Stefano, Units agﬁroachinq ;rnm east of Isola
Cagrera for entrance to La Maddalena fram the northwest can be mislead by the
caln area in the lee of Caprera, only to be confronted by large waves in the
Strait of Bonifacio,

{2 Sustained northwesterly winds of 15 kt or greater create sea and
swells in the open area of Isola Caprera of from 10 to 15 ft (3 to 4.5 a), The
area in the vicinity of the tender reflects this sea condition but does not
adequatel¥ depict the sea conditions in the open areas, Furthersore, when
outbound through the eastern exit south of Caprera, a cala area sonelines
exists east of Cago d°Orso due to the topographical lee of Caprera, This can
be lisleadina a5 to the sea state existing on the east side of Caprera.

3) fhen the wind at La Maddalena begins to veer to the north, the seas
will nnrmalla caln in the roadstead in approximately & to 10 hours. o
hen the wind cales, the sea conditions in the roadstead abate
rapéd{y gut reaain for an extended period of time in the approaches to the
roadstead,

d. There is little advance indication of the formation of a tropical cyclone
in the Mediterranean. Close nonitoring of satellite images and synoptic
reports is necessarx for early detection of a developing tropical cyclone, An
apprna;hin? tropicai cyclone nar be indicated by noting high, thin clouds in
cyclenically spirallinqé gradually thi:kenin? bands, or unexplained long-period

swell approaching from the southern semicircle.




TABLE 3-5. (Continued)

VEBSEL
LOCATION/SITUATION

POTENTIAL HAZARD

EFFECT — PRECAUTIDNARY/EVASIVE ACTIONS

ADVANCE INDICATORS AND OTHER INFORMATION
ABOUT POTENTIAL HAZARD

5, Small boat operations,

Late Autumn
Hinter
Early Spring

Strunzest Late Winter
Earlz Spring

Weak Summer
Autuan

Late Autumn
. ginter
arly Sprin
Weal Summeg

Winter
Susper

Sprin
Likely Aﬂtuag

a. Strong northeasterly winds/seas -
Prevailing winter winds are NE'ly at La
Haddalena, but a steepened gressure

gradient caused'bz transient low pressure
systems moving into/across the I{rrhenian Sea
results in strong northeasterly flow betng
funneled between Isola La Maddalena and lsola
Caprera to the location of the NATD pier and
Hed-nnored submarine tender on past side of
Isola Santo Stefano, The enhanced winds and
resultant seas aske the ngeration of small
boats at the NATO pier site difficult,

b. Ponente winds - A strong West to
northwest wind (ﬁrough the Strait of
Bonitacio and La Maddalena area resulting
from a Histral. Strongest in winter and
spring, the Ponente creates variable,
swirling winds at the NATO pier site, making
skall boat operations difficult,

¢, Northwesterly swell - Mistral and
assaciated Ponente winds result in a
northnesterly swell which may reach 15-20 ft
{4.3 to 6 @) in the Strait of Basifacio, but
is reduced to 8-10 ft (2,5 to 3 a) by the
tine it reaches Palau, The swell creates
dangerous docking conditions for small hoats
at the Palau :itl pier. Heavy sea/swell
conditions enroute asy cause delay or
cancellation of routine boat runs between
Palau and La Maddalena, Small boat traffic
over routes south and west of lsola Santa
Stefano will be turtailed,

¢, Tropical cycione - Uncomnon, especially
in winter, Buf at Teast one has been cbserved
in the Mediterranean in January. High winds
and waves possible.

&, Strong northeasterly winds and seas will adversely impact routine small
craft operations in the vicinity of the NATO pier but 50 ft boat runs toréron
the F{eet Landing at La Maddalena and the Palau city pier norsally continue to
operate,

b, Small boat ogerations are only aininally affected by the Ponente winds
directly, buts the seas which nay acconpany thes can cause great difficulty

¢, The 50 £t boats which make the frequently scheduled runs to/fros La
Haddalena, subnarine tender, and Palau experience difficulty during docking at
the Palau city pier because the swell motion tends to smash the boats against
the pier. Normally, during Fonente conditions the sall Navy hoats operate
only between the submarine tender and the La Maddalena Fleet Landing (where
Wave 1npact is minisal}, and personnel take a larger cosmercial ferry to Palau,

d. All small boat ogerations should cease at the approach of the tropica
cyclone, Seall craft should be hoisted out of the water and secured on deck
ory in the case of shore-based boats, well above the high tide line,

3. Most strong northeasterly winds at La Maddalena are caused by a strong or
intensifzin? Tow pressire system noving froa the Gulf of Benoa southeastward
across the Tyrrhenian Sea, "Wind direcfions during such an event would
typicalll start as ues!erlg, veering to northeasterly as the low moves
southeastward, It should be noted that northwesterly winds can veer to
northeasterly within 24 hours, Since winter winds are generally northeasterly
the only advance indication of increased wind velocities may be a steepening of
the pressure gradient, The meteorologist aust monitor synoptic regort;
carefully and"be alert for anomalous pressure tendencies which could signal
increased air flow. As a rule of thuab, strong northeasterly winds qenerally
last 24-36 hours fros onset,

b, Panente winds result froa a Mistral, with winds turning to westerly through
the Strait of Bomifacio, A 24-hour advance warning of a furthconing Ponente {5
provided when dark stratocumulus clouds build over the west cpast o Corsica
when clear conditions exist at La Haddalena, A Ponente may also be indicated
whenever fishing boats do not leave port an their normal schedule, A local
forecasting rule states that when 2 westerly wind begins to veer to the north,
the wind will norsally calm in approxinately & to 10 hours,

c. MNorthwesterly swell results when Mistral winds blow across the western
Hediterranean Sea, If the wind cantinues through the Strait of Bonifacio
(Ponente wind! it will continue to reinforce the swell but once ?EﬂETitld, the
swell will grogagate throuEh the Strait regardless of the wind. The swell
which traveis through the [a Maddalena Island group is ruughl¥ one-half as high
as that experienced in the Strait. When the wind at La Madda ena starts to
veer to the north, the seas will normally cals in the roadstead in
agproximately 6 to {0 hours..

d. There is little advance indication of the foraation of a tropical cyclone
10 the Nediterranean. Close monitoring of satellite inages and synoptic
reports is necessarY for early detection of & developing tropical cyclone. An
apprnachinY tropical cyclone uay be indicated by noting high, thin clouds in
cyclomcally spxralling‘ gradually thickenin? bands, of unexplained long-period

swell approaching from the southern semicircle.




TABLE 3~5- {(Continued)

LOCATION/SITUATION

VESSEL

POTENTIAL HAZARD

EFFECT — PRECAUTIONARY/EVASIVE ACTIONS

ADVANCE INDICATORS AND OTHER INFORMATION
AROUT POTENTIAL HAZARD

6.

Stronx

elicopter operations at

Helicopter operations at
NATO pier,

Late Autumn
Winter
Early Spring

est Late Hinter
nd Earlz Spring
Weak Suamer
Autumn

Winter
Sunner

Sprin
Likely ﬂﬁtung

3. Strong_northeasterly winds/seas -
Prevailing winter winds are yat La
Naddalena, but a steepened gressure

gradient caused b¥ transient low pressure
systeas soving into/across Tyrrhenian Sea
results in strong northeasterly flow being
funneled between Isola La Maddalena and lsola
Caprera to the location of the NATD pier and
Med-maored submarine tender on the east side
of Isola Santo Stefano. The enhanced winds
flowing over the rugged island region can
treate dangerous low level turbulence

b. Panente winds - A strong nest to
nortfwest wind resulting from a Mistral, a
gap wind blowing across the Gulf of Lion and

he western Mediterranean Sea before reaching
the Strait of Bonifacio and La Maddalena,
Strongest in winter and spring, the Ponente
creates variable, 5n1rlxng winds at the
tender site, Ponente conditions make
helicopter operations hazardous because of an
eddy effect over the helicopter landing area
adjacent to the NATO pier.

t. JTropical cyclane - Unconmon, especiaily
in winter, but at Teast one has been observed
in the Mediterranean in Janvary, High winds
and waves possible.

a2, Helicopters should be operated with caution due to atsospheric turbulence
induced by strong winds flowing over/ around the surrounding rugged island
region,

b. The sest to northuesterlg Ponente winds create hazardous conditions for
helicopter operations near the NATD gier.. An eddy is frequently found over the
helicopter landing area adjacent to the pier, and sulrllng wind conditians are
the ruge during 2 Ponente, Helicopters should be operated with cautton

¢, All helicopter operations should cease prior to the onset of gale force
{234 kt) winds, and ghs helicopters firaly secured and protected.

a. Host strong northeasterly winds at La Maddalena are caused by a strong or
1ntensxf;1n? low gressure systes novin? trom the Bulf of Benoa southeastward
across the Tyrrhenian Sea, Wind directions during such an event would
typxcallt start as westerly, veering to northeasterly as the low moves
southeastward, It should be noted that northwesterly winds can veer to
northeasterly within 24 hours, Since winter winds are generally northeasterly
the only advance indication of increased wind velocities may be a steepening of
the pressure gradient, The meteorologist must aonitor synoptic reparts
carefully and be alert for anomalous pressure tendencies which could signal
incregsed air flon. As a rule of thuab, strong northeasterly winds qenerally
last 24-34 hours from onset

b, Ponente winds result fron a Mistral, with winds turming to westerly through
the Strait of Bonifacio, A 24-hour advasce warning of a fnrthculln? Ponente is
provided when dark stratocusulus clouds build over the west coast of Corsica
when clear conditions exist at La Maddalena, A Ponente may also be indicated
whenever fishing boats do not leave port on their normal schedule, A loca
forecasting rule states that when a westerly wind hegins to veer to the north,
the wind will normally calm in approxisately & to 10 hours,

t. There is little advance indication of the formation of a tropical cyclone
in the Mediterranean, Close monitoring of satellite inages and synoptic
reports is necessary fur‘earlt detection. An agproaching trupicar cyclone may
be indicated by noting high, thin clouds in cyclonically sgirallinq, gradually
thickening hands, or unexplained long-pericd swell approaching froa the
sauthern semicircle.
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PORT VISIT INFORMATION

JUNE 1985. NEPRF meteorologists R. Fett and R. Picard
met with .NOCC Rota meteorologist ABCS Pritchard and on-—
station shipboard personnel to obtain much of the

information included in this port evaluation.



APPENDIX A

General Furpose Oceanaqraphic 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 1in paragraphs A.1 and A.2 was extracted from
H.O0. Pub. No. 603, Practical Methods for Observing and
Forecasting Ocean Waves (Pierson, Neumann, and James,
1935). The information on fully arisen wave conditions
(A.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 JONSWAF 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, 1984), and
where waves are fetch limited and growing (Hasselmann, et
al., 1976). Enclosed sea, rapid onset/subsiding local
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.O0. 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. is 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



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

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
simple 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 that 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 FRERUENLCY 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 aover 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 acean waves is being developed.




N

Wave Spectrum

Wave characteristics are best described by means
of 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
caonditions prevail. If the spectrum covers a narrow
range of frequencies and directions (long crested
conditions), SWELL conditions prevail. The wave spectrum
depends con the duration of the wind, length of the fetch,
and aon 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. @&s the wind speed increases the range of
significant frequencies extends more and more toward
lower frequencies (longer periods). The <frequency of
maximum energy is given in equation 1.1 where v 1s the

wind speed in knots.

frmax = 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 observer 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 3S%Z of the wupper 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 for a given wind speed can be determined

from equaticon {(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 (1.3).

L = 3.41 T= (1.3

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

period in seconds.

The approximate average wave length of a fully arisen sea

tan alsoc be expressed as:

L =.67"L" (1.4)

where "L" = 5.1272, 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 1length 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 Aricsen Deep Water Sea Conditions Based
on the JONSWAF Model.

¢ Wind i Minimum i Sig Wave (H1/3) | Wave Length (ft)*-=|
! Speed | Fetch/Duration | Feriod/Height ! Developing/Fully H
i (ki) v (n mi) (hrs) i {(sec) {(ft) i /Arisen |
i i i L X (.9 /L X (L6701
d 10 | 28 7 4 i 4 / 2 i 41 / S5 i
i 15 25 7/ b i & 7/ 4 : 92 !/ 123 :
i 20 110 7/ 8 ] 8 7/ 8 : 164 / 220 ;
H 25 160 /7 11 i g 7/ 12 : 208 / 278 H
; 30 1 210 /7 13 : 11 7/ 16 } 310 / 415 i
i 33 1. 310 /7 18 : 13 7 22 i 433 / 580 1
: 40 i 410 / 17 1 15 /7 30 : 976 / 772 d
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 length (L) equals
9.12 times the period (T) squared (L = 3.12T=). 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 developed)
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. Generally
within harbaors the {fetch lengths will be short and
theretfore 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 in generation of a new wave group with a new set
of height and period limits. Once a fetch limited sea
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 for each combination of
fetch length and wind speed. Some possible uses of Table

A-2 information 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.

J) 6Given 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 Modeld.
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 limiting
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)
duration required (hours)

i Fetch \ Wind Speed (kt) i
! Length \ 18 i 24 : 30 : 36 ! 42 :
P (nomi) ' : : ] i
} 10 : 2/3-4 H 3I/3-4 | 3-4/4 : 4/4-5 | 5/5 '
: ' 1-2 1 = | 2 ] 1-2 : 1-2 :
i 20 : 3/4-5 i 4/4-5 ) S5/75 H 6/5-6 7/5-6 i
i : 2-3 ] 3 i 3 ! 3—-4 i 3 :
! 30 V. 3-4/95 | S5/5-6 &/6 : 7/6 ] 8/6-7 i
: ! 3 } 4 : 3-4 1 3-4 1 3 1
' 40 i 4-3/5-6 ! 5/6 ' 6&~7/6-7 | 8/7 ! ?-10/7-8B |
' ' 4-5 : 4 ' 4 i 4 : 3—-4 :
! 100 : 5/6-7* : /8 d 11/9 ! 13/9 1 15-16/9-10]
: : S-6 ' 8 ] 7 : 7 1 7 :
z 18 kt winds are not fetch limited over a 100 n mi fetch.

An exampl

e of expected wave conditions based on Table A-2 follows:
WIND FORECAST OR CONDITION

An offshore wind of about 24 kt with a fetch limit 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: If 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.
I+ 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-S0WM 1is discussed in Volume II of the U.S5. Naval

Oceanography Command Numerical Environmental Products

Manual (198&). A deep water MED-SOWM grid point was
selected as representative of the deep water wave
conditions cutside 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
periaods 1less 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, i.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 significant 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
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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 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 S 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 in 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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