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FOREWORD 

This handbook on Mediterranean Ports was 
developed as part of an ongoing effort at the Naval 
Environmental Prediction Research Facility to create 
products for direct application to Fleet operations. 
The research was conducted in response 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. B. SALINAS 
Commander, U.S. Navy 
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PORT INDEX 

The following is a tentative prioritized list 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 a& dictated by 
circumstances and periodic review. 

1988 NO, PORT 1990 PORT 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

GAETA, ITALY 
NAPLES, ITALY 
CATANIA, ITALY 
AUGUSTA BAY, ITALY 
CAGLIARI, ITALY 
LA MADDALENA, ITALY 
MARSEILLE, FRANCE 
TOULON, FRANCE 
VILLEFRANCHE, FRANCE 
MALAGA, SPAIN 
NICE, FRANCE 
CANNES, FRANCE 

13 MONACO 
14 ASHDOD, ISRAEL 
15 HAIFA, ISRAEL 

BARCELONA, SPAIN 
PALMA, SPAIN 
IBIZA, SPAIN 
POLLENSA BAY, SPAIN 
VALENCIA, SPAIN 
CARTAGENA, SPAIN 
GENOA, ITALY 
LIVORNO, ITALY 
SAN REMO, ITALY 
LA SPEZIA, ITALY 
VENICE, ITALY 
TRIESTE, ITALY 

198 9       PORT 

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

1991 

1992 

BENIDORM, SPAIN 
ROTA, SPAIN 
TANGIER, MOROCCO 
PORT SAID, EGYPT 
ALEXANDRIA, EGYPT 
ALGIERS, ALGERIA 
TUNIS, TUNISIA 
GULF HAMMAMET, TUNISIA 
GULF OF GABES, TUNISIA 
SOUDA BAY, CRETE 

PORT 

PIRAEUS, GREECE 
KALAMATA, GREECE 
THESSALONIKI, GREECE 
CORFU, GREECE 
KITHIRA, GREECE 
VALETTA, MALTA 
LARNACA, CYPRUS 

PORT 

ANTALYA, TURKEY 
ISKENDERUN, TURKEY 
IZMIR, TURKEY 
ISTANBUL, TURKEY 
GOLCUK, TURKEY 
GULF OF SOLLUM 

XV 



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. Also, hazardous sea state 
conditions are created, posing a danger for small boats 
ferrying personnel to and from port. At the same time, 
adjacent areas may be relatively calm. A glance at 
current weather charts may not always reveal the causes 
for these local effects which vary drastically from point 
to point. 

Because of the irregular coast line and numerous 
islands in the Mediterranean, swell can be refracted 
around such barriers and come 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 local 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 Mediterranean harbors. 

Section 2, the captain's summary, is an abbreviated 

version of section 3, the general information section 

intended for staff planners and meteorologists. Dnce 

section 3 has been read, it is not necessary to read 

section 2. 

1.1.1   Objectives 

The basic objective 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. 

1.1.2   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. 
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E. Port/harbor visits were made by NEPRF 

personnel; considerable information was 

obtained through interviews with local 

pilots, tug masters, etc; and local reference 

material was obtained (S,ee section 3 

references). 

F. The cumulative information was reviewed, 

combined, and condensed for harbor studies. 

1.1.3   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 OOD'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 

i"cli«=ators 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. 
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1.2.     CONTENTS DF SPECIFIC HARBOR STUDIES 

This handbook speci-fically 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 o-f 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. 
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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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2.    CAPTAIN'S SUMMARY 

Augusta Bay Harbor is located on the east coast 

of Sicily, (Figure 2-1) in the northwestern portion o-f 

the Bay of Augusta. The adjacent terrain is largely 

mountainous, sloping upward to over 984 -ft (300 m) within 

10 mi of the coast. 

Figure 2-1.  Parts o-f Italy, Sicily, and Sardinia. 



The Bay of Augusta (Figure 2-2) is exposed to 

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

Strong o-f-fshore westerly winds a-ffect the Bay during 

winter and spring. 

Figure 2-2.  Bay of Augusta 



The Port of Augusta (Figure 2-3) consists of 

three separate basins that comprise the Rada di Augusta 

(Augusta Bay): Porto Hegarese, Porto Xifonio, and Seno 

del Priolo. Porto Megarese, having approximate 

dimensions of 4.4 n mi (S km) north—south, and 2.2 n mi 

(4 km) east-west is the largest of the three, and the 

port of primary interest. Porto Xifonio and Seno del 

Priolo are restricted to vessels of shallow draft. Porto 

Xifonio, while the shallowest of the three, provides the 

maximum protection from winds. 

Porto Megarese is bordered on the west and north 

by the island of Sicily. The east and south boundaries 

^rB protected by the island of Isoletto di Augusta and by 

three long breakwaters which are constructed on a chain 

of shoals which extend southward frorrt Isoletto di 

Augusta. Porto Megarese is a spacious and deep harbor 

providing anchorage for 25-28 vessels and can accommodate 

ships as large as ^ery Large Crude Carriers (VLCC). The 

largest vessels of the U.S. F'-Javy routinely entering the 

inner harbor are LHA's. The anchorage is limited to the 

central and southern portions of the harbor as the 

northern part is too shallow. The bottom is mud, sand, 

and seaweed and affords good holding except durirsg heavy 

weather. Several groundings have resulted from high 

winds and the slick bottom mud which tends to ball up 

around anchor flukes and reduce their holding 

character!sti cs- 

Two anchorage areas have been selected for 

Augusta Bay (Figure 2-3). Point 1 is just outside the 

primary entrance to Porto Megarese between the northern 

and central breakwaters. Point 2 is approximately 1 n mi 

south-southeast of the primary entrance and is typically 

used by carriers. 
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Currents in Augusta Bay are driven by the tides 

and wind, and can be significant when the wind is from 

the northeast. Generally, a south set o-f about 1 kt is 

observed 5,000 yds (2.5 n mi) from the breakwater, and a 

north set of about 2 kt about 2,000 yds <1 n mi) from the 

breakwater (U.S. Navy, 1983). Local authorities state 

that a clockwise current of about 1 kt is observed inside 

the breakwater in Porto Megarese. 

According to U.S. Navy (1983), "fresh west- 

southwesterly winds produce a heavy sea, and may be 

dangerous to vessels in the roadstead." Westerly winds 

sometimes gust to 65 kt, and can last for 2 to 3 days in 

March, resulting in problems for ships anchored in mid- 

harbor. During winter and early spring, boating is 

frequently cancelled frofft anchorage positions in the 

inner and outer harbors due to westerly winds. 

Anchorage can be obtained anywhere in Porto 

Megarese in depths of 54-90 ft (9-15 fathoms). The 

bottom is mostly good holding ground of mud, sand, and 

seaweed (Hydrographic Department, 1963). Porto Vifonio 

and Seno del Priolo Are shallow and not considered to be 

safe havens for large vessels during heavy weather. 

Specific hazardous environmental conditions, 

vessel situations, and suggested precautionary/evasion 

action scenarios Ar& summarized in Table 2-1. Hazards 

for both inner harbor and outer harbor are   addressed. 



TABLE 2-1.  Summary o-f hazardous environmental conditions for the Port of Augusta, Italy. 

HAZARDOUS   CONDITION INDICATORS   OF   POTENTIAL   HAZARD 
VESSEL   LOCATION/ 

SITUATION   AFFECTED 
EFFECT   -   PRECAUTIONARY/EVASIVE   ACTIONS 

1.    w_i nc 
1         i.    Easterly winus * Strong winOs troni NE 

fTir^ough "^.    Hay be called Gregaie, 
Levsnte,  or bcirocco. 
* Strongest and most frequent in 

winter. 
* Can protlijcB "iea/sHeil to 23-26 ft 

'7-8 I)  in outer harbor. 
* flay be accompanied ov tnunderstorms 

if caused bv  trjnsient  low south ot 
Siciiy, 

Advance narnina. 
* ""Transient  Ion pressure svsteiii south of 

Sicily. 
»     Building high pressure over Europe 

coincident witn development of lo« o'/er 
(Jorth Africa or  Ionian Sea. 

* Scirocco event nay be preceded by cumulus 
clouds building and remaininq over Mount 
Etna Khen air Mow is from St. 

Dijrati_&i 
* Transient lot* pressure systea south ot 

Sicily can lause winds to last for !-2 days. 
* Building high over Europe with low over 

North hfnca or Ionian bea can produce winds 
Ustmg 5 dfys. 

»     f/;;rcccc events can last 2 weeks. 

(1)  (inchored 
- inner harbor 
- outer harbor 

!3)  Arriving/departing harbor 

(4) Small_boat aperjtions 

THE PQfiT Of flUGUETfi OFFEF'3 NC FtiOTECHQN FPfOM HIWD. 

lai Anch^or^may dra^^ir. st'ong winds. 
* Hud tends lo ball up'around anchor flukes and decrease holding characterise;is. 
* Best te depart harbor if high wind situatio:^ is forecast. 
* If refflaifling at anchor ^nd strong winds are forecast, use ot  two ancnors is 

recoflirtiended. 

ih) SiEjlUfaft, 
«     r>;tra securino precautions required. 

(a) Wino mav force shjji oft  ics .Toonng 
* TTciorifig lines sh'buT? oe doubled, 
* Tug assistance may be necessary in strong event. 
»     If nested, vessels f«ay ^hift dependino on wind direction. 

{at  Strong Hinds may prevent/hauler  ship io/ement  in/out of  harbcf. 
* F'flol Toat ffiey ndl:' le'ave harB"or m stronj E^v «ino7sea, 

(a; Bcatinq may be restricted, 
»     omair boat operations may be cancelled/restricted in higfi wind situaticn. 

b.    Westeriv ^w-cs - Strong winds froe SW 
Oirough Jra.   'Hay be called Libeccio, 
Pcnente, or Maestrale. 
* Strongest in March  (usually 

18th/I9th), 
* Sustained speeds of 35 kte or hicher 

with gusts to 65 kts not uncorinon. 

ildv^nce warning 
*     Strong low pressure systeo developiient north 

of Sicily. 

Dijration 
»     May last 2-3 days in March, 

\\i anchored 
- inner harbor 
- outer harbor 

i2) Moored - inner harbor 

(3) rirrivin_a/departing_harbor 

i4) Ssiall boat operations 

lai finchor may drag  m strong winds, 
'     I'onente 'M) winds in March are worst tor ships in inner narbor anchoraos. 
* Mud tends to ^all up around anchor Kukes and decrease holding characteristics. 
* fest to depart harbor if high wind situation is forecast. 
♦■     If remaining at anchor and strong winds are forecast, use of two ancnors is 

rt*comiiienoi?d. 

ib) Sfflill Lr?ft 
* E-^tra securing precautions required, 

ia) Wind may force ship off its moonnq 
»■    "Hoorinq ITnes slioinT'be "ffoublefl, 
* Tug assistance siay be necessary in strong event. 
^      If nested,  vessels may shift depending on wind O:rection. 

la) Ship moveffent in/out cf harbor mey be hatpered/restricted 

:a) Soatinc nay be restricted. 
* Sflail Toal operations may be cancelled/restricted ii- high wind situation. 

c-    ^ea.bieeje - Cjymai on-shore wind reaching 
maximuiii velocity m raid-afternoon. 
»   Most coitiTion in sunder,  but nay occur on 

Harm days m spring and autumn. 
* Comnonly observed oetween  1030L and 

ISOOL, reacfiing raaxiiuB velocities about 
1530L. 

* Normal velocity range is 10-20 kts but 
strong event can exceed 27 kts. 

tfdvance warning 
»     Routinely observed in suniaer and on warm 

late spring and early autumn days. 

Duration 
*     Typically observed between 1030L and 180i)L. 

\l) Anchored - inner harbor 

(2) Anchored - outer harbor 

i3) Moored - inner harbor 

(4) Arriying/djfiar^ting harbor 

(5) Sna 1 l.Joat_ operatj_ons 

(a) No siQnificant problems, 

(a) No significant problens. 

!a) No significant problens. 

iai i/essel control nay be aHected at slow SOA. 

fat Snail boating nav be haraoered or curtailed m a stronq event, 
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TABLE 2-1.  (Continued) 

HAZARDOUS CONDITION 

tilJltlLsea/swU - Naves resulting (roi 
Easterly mnifs Jiscussed in I,a aHove plus 
swell generatei) by Etesian winds over Aenean 
Sea during slimier fflaxinum occurrence in 
August) and propagated westward to Sicily. 

»   Strong Sregale can produce 23-26 ft 
(7-6 ml seas in outer harbor. 

*   Swell from Etesian winds may reach 
fl-12 ft I2.5-J.5 a) in outer harbor. 

»   seas rarely exceed 2-3 ft in inner 
harbor, 

Ihunder5ior« - May occur independent of or 
imbedciedin extensive rain area, and in 
association with passing frontal systems, 

* Commonly occurs in autumn/early winter 
as part nl larger rain area. Nay last 
more or iess continuously for 24 t\r^. 

f   Bay occur with passing frontal systems. 
* Nay be accompanied by strong winds, 

'j:-ffiiiil.ccionS - Although uncommon, tropical 
cyclones have been observed in the 
Mediterranean basin. 

* ^'ost !ii:ely in late summer/ autumn,but 
ffiay occur in any season. 

* Storm track is difficult to forecast 
accuratelv. Manners nust give wide 
berth to forecast track. 

* Oaeage can be caused by winds and/or 
high water caused by storm surge. 

INDICATORS OF POTENTIAL HAZARD 

lidyance warning 
>    tasterlv loving system south of Sicily. 
»     uevelopinq high over Europe and low 

over H.    Africa, 
• Scirocco event may be preceded hv cumulus 

couds building over and remaining over 
«ount Etna when air ilo» is frou SE. 

« Swell frO). Etesian winds can be expected 
when 5u«mer monsoon established. Sainum 
occurrence is in August, 

• Swell «av be anticipated at Augusta Bay 4-1 
hours after strong Etesian winds commence 
over Aegean Sea. 

Duratii 

Haves generated by local wind lonlvl will 
dloinish rapidly with decrease in wind. 
Swell waves diminish slowly after winds 
at source subside, with heights and 
periods decreasing over time. 

VESSEL LOCATION/ 
SITUATION AFFECTED 

advance warfun£ 
*     Rain forecast in autumn or early winter due 

to low pressure system passing south of 

Strong frontal passage during autumn, 
winter, or spring. 

Duration 
Can last for 24 hours when associated with 
transient low south of Sicilv in late autunn 
or early winter. 

Advance yajice warning 
f    TfgTi.thin clouds in cyclonically spirallinn 

bands, gradualIv thicfening. 
»     Long period swell from southern semicircle 

with no other reasonable explanation. 

t1) Anchored - inner harbor 

'•^^ Anchored - outer harbor 

io) Moored - inner harbor 

'^' ^CQ'iJj/dEBartlnjJtarbor 

15) SaaU__boat og^eratj^ns 

EFFECT - PRECAUTIONARY/EVASIVE ACTIONS 

- inner harbor 
- outer harbor 

(2) Mooreij-_ in^ner harbor 

|3) ArriyXnt/departino harbor 

'^' SjaU_boat_operati_ons 

'^' y '.y.?_Sfi?ct _in..JJ!ner_harbor. 

la) Vessels «ay have to depart anchorije. 

I   iS ^T^^ """may cause significant pitching at anchor. 

p?esentK"""' ""' '""" '"" '"'" "'*"'"' °' co.bination of waves and wind (if 

* bteulilLl'.'™"!!''' ^';''l ?' «f""'f,"' SKhoraoes at Palermo or Bull of Lastellammare on N coast of Sicilv will avoid swefi 
t   Steaming Close to U coast of Italian Peninsula will avoid swell, 

la) (J£_5H;nifleant problems. 

• LliBited maneuvering room available. 
< Harbor pilot availability may be impacted if swell  is accompanied bv strong winds, 

'*' ''^'''i^.K^J'itr ffisratijnsjiaLbe^X-estricted/cancelled. 
!   s"if 5" ' "' ("■event snalnSIfs-tHm'saTely coming alongside. 
< Small  boating .ay be cancelled if swell  is accMpanieS by strong winds. 

''' Anchored - inner _harbqr 

i?) A_nchor_ed^^_outer_h_3Tbor 

:3) t!oored_^_jnneMi^rbor 

4) fiLrLying/dejarlHigJiarbor 

.5) Sffljalj_bo^ jiperations 

ia) Psisible_strongj«nd5/5gualls/li_5htnino 5trile=. 
«   f'ersonniT^iiirrEellin'WancTi'oFTFagqinn, 
* secure loose gear, 
<   hinimize personnel exposure on weather declis. 

's' Possible strong wHids/s£ualIs^Xphtning strikes 
'   HaoringTlnes~5Fourtne monitored' cTosely. 
* Secure loose gear. 
* Minimize personnel exposure on weather decfrs. 

la) fo5£ib|e strong_«Hid{/_sguall!£liah_tninq strifes 
* iihip maneuvering mavTo afrecTe^ 
f   Visibility nay be restricted. 
* Secu'e loose gear. 
t   Minimiie personnel exposure on weather decSs. 

'^' ^OialLIJO^t ofieratMinE should be restricted. 
t   ¥r5rgu5f57sguaTTs may'fiazard sialrbojts ana occunanf 
»   Lightning strikes are possible. 

'■" Vessels should out to 5e^a_riilj_vaje_.fm-. 

"' ^lHd5_itol.djut_to_5ea_a_ndjvadc_slor». '      ■ 

!a) '^sse!_s_shoddjut_to, sea and_eyjde^tjrm. ■     '       -      . 

laj VesseXs 5hould_put to sea and_evade_slorft. -■ 
*   [Fat sea, sTayat'^sea anT ev3je5C"or«. 
<    it departing harbor, plan to leave early to avoid effects ot stort. 

la) Cancel sma^ll boat 0{ieration_s. 



Table 2-2 provides the height ratio and direction 

ai shallow water waves to expect at points 1 and 2 

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

known. 

The Augusta Bay Point 2 conditions are found by 

entering Table 2-2 with the forecast or known deep water 

wave direction and period. The height is determined by 

multiplying the example deep water wave height (8 ft) by 

the ratio of shallow to deep height (.6). 

Example; Use of Table 2-2 for ftuqusta Bay Point 2. 

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

8 feet, 12 seconds, from ISO". 

The expected wave condition at Augusta Bay Point 2 
as determined from Table 2-2: 

4-5 feet, 12 seconds, from 165". 

NOTE: Wave periods are a conservative property 

and remain constant when waves move from deep to shallow 

water, but speed, height, and steepness change. 
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Table 2—2. Shallow water wave directions and relative height 
conditions versus deep water period and direction (see Figure 
2-3 -for location o-f points). 

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

AUGUSTA BAY POINT 1 
Period _..< sec2. 
Deep Water 
Direction 
360' 

030° 

060' 

090' 

120' 

150' 

180' 

S 10 12    14 16 
Shallow Water 
Direction and Height Ratio  
020°   025'=   030°  040°  050°  050' 
.3     .3     .4    .3    .3    .3 

045°   060°   040°  045°  050°  060' 
.3     .3     .6    .5    .8    .7 

060°   060°   060°  060°  065'^  065' 
.9 .9 S 

090°   090°   085°  085°  085°  085' 
m   7 m   7 .S -S .O .O 

120' 
.8 

135' 
.6 

165' 
.6 

115°   110°  110°  105°  100' 
.7 7 

140' 
.6 

160' 
. 3 

120°  130°  120°  110' 
.6    .6    .5    .5 

155°  140°  130°  115' 

AUBUSTA BAY POINT 
Period (sec) 
Deep Water 
Direction 

8 10 14    16 
Shallow Water 
Direction and Height Ratio 

560° 

030' 

060* 

090' 

120' 

150' 

100' 

005° 
.4 

030° 
1.0 

060° 
1.0 

090° 
1.0 

120° 
1.0 

150° 
.9 

180° 
.6 

010* 
.6 

030' 
.9 

060' 
1.0 

090* 
1-0 

120* 
.9 

150' 
.9 

175' 
.5 

015° 020° 030° 030° 
.7 .8 .5 .4 

030° 035° 045° 055° 
.8 .7 .6 .5 

060° 060° 065° 065° 
.9 .9 .9 .9 

090°  090°  090°  090' 
.8 

120°  120°  ii: 
.9 a 

.8 

115' 
.7 

150° 145° 145° 140' 
.9 .8 .8 .8 

170° 165° 160° 150* 
.6 .6 .6 .6 
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The local wind generated wave conditions -for the 

anchorage area identified as point 2 (Figure 2-3) are 

given in Table 2-3. All heights refer to the significant 

wave height (average of the highest 1/3 waves). Enter 

the local wind speed and direction in this table to 

obtain the minimum duration in hours required to develop 

the indicated fetch limited sea height and period. The 

time to reach fetch limited height is based on an initial 

flat ocean. When starting from a pre-existing wave 

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

Table 2-3. Augusta Bay near point 2. Local wind waves for 
fetch limited conditions related to point 2 (based on J0N5WAP 
model). 

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

Di recti on 
and\ 

Fetch  \ 
Len gt h \ 

1 (n mi ) 
I ( 

I 3 n mi 
I  

t 

I s 
I 5 n mi 

Local Wind 
Speed (kt) 

18       24 

.2   ft 

ft 

<2 ft 

2/; 

3U 36 

2-3/3-4 

1 

! 
i    2-3/3         i 

1            1 
1 
1 

3/3- 
1 

-4 
j 

3-4/4         ; 
H                             t 
X                            I 

1 

Ex amp1e: 
To the SW (225'') there is about a 3 n mi 

fetch (Figure 2-3). Given a SW wind at 30 kt, 
the sea will have reached 2 feet with a period of 
3 seconds within 1 hour . Wind waves will not grow 
beyond this condition unless the wind speed 
increases or the direction changes to one over a 
longer fetch length. If the wind waves s^re 
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. 
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Combined Wave heights are obtained by -finding the 

square root o-f the sum of the squares of the swell and 

wind wave heights. 

Example;  Swell 10 -ft, wind wave 5 -ft. 

^10== + 5= =-J 100 + 25 =-y/l25 ^ 11.2 -ft 

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. 

Climatoloqical factors of shallow water waves, as 

described by percent occurrence, average duration, and 

period of maximum energy <period at which the most energy 

is focused for a given height), are given in Table 2-4. 

See Appendix A for discussion of wave spectrum and energy 

distribution. These data are provided by season for two 

ranges of heights: greater than 3.3 and greater than 6.6 

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

2-14 



Table 2-4. Shallow water climatology a= determined from deep 
water wave propagation. Percent occurrence, average duration or 
persistence, and wave period of maximum energy for wave height 
ranges of greater than 3.3 feet and greater than 6.6 feet by 
climatological season. 

AU3USTA POINT 1: WINTER SPRINB SUMMER AUTUMN ! 
!   >3.3 feet NOV-APR MAY JUN-SEP OCT  ! 

1 Occurrence       (X) !   30 I    29 !   e !   20   ! 

! Average Duration (hrs) 14 1     17 1   11 16   1 

! Period Max Energy(sec) 10 10 10 8   ! 

1   >6.6 feet NOV-APR MAY JUN-SEP OCT  ! 

! Occurrence       (7.) 13 10 2 5 

1 Average Duration (hrs) 14 11 B B   ! 

! Period Max Energy(sec) 12 11 10 10   ! 

AUGUSTA POINT 2: WINTER SPRINB SUMMER AUTUMN ! 
!   >3.3 feet NOV-APR MAY JUN-SEP OCT  ! 

! Occurrence       (X) 29 22 9 15   \ 

! Average Duration (hrs) 13 11 15 14   ! 

! Period Max Energy(sec) 10 10 10 10   : 

!   >6.6 feet NOV-APR MAY JUN-SEP OCT  ! 

1 Occurrence       (7.) 12 9 2 6   1 

I Average Duration (hrs) 10 14 11 7   I 

! Period Max Energy(sec) 12 11 10 12   ! 
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SEASONAL SUMMARY OF HAZARDOUS WEATHER CONDITIONS 

WINTER (November thru February): 

♦ Strong east or east-northeast winds (Bregale). 
♦ Strong southeast winds (Scirocco). 
♦ Westerly winds (Poniente) with gusts to 65 kt. 
» Gregale and Scirocco can cause high waves at 

anchorage. 

♦ Thunderstorms occur with frontal passages and can 
last for 24 hours bringing heavy rain and hail. 

SPRING (March thru May): 

» Early spring similar to winter, especially for 

Poniente. 

♦ Thunderstorms occur less but still a threat. 
♦ Sea breeze occurs occasionally, rarely disrupts 

boating. 

SUMMER (June thru September): 

♦ Sea breeze daily occurrence, peaking at 1530L, 
occasionally postponing boating operations. 

♦ Etesian wind over eastern Mediterranean can bring 
12 ft (4 m) swell to anchorage areas. 

AUTUMN (October): 

♦ Short transition season with winter weather 
returning by end of month. 

NOTE: For more detailed information on hazardous weather 

conditions see previous Summary Table in this section and 

Hazardous Weather Summary in Section 3. 
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■:>. GENERAL INFORMATION 

This section expands on the material in th« 

Captain's Summary. Figures and Tables a.re repeated with 

a continuation of numbering. Paragraph 3.5 provides « 

general discussion of hazards and Table 3-4 provides a 

summary o-f hazards and actions by season. 

Geographic location 

The Port of Augusta is located at 37°13'N 15°14'E 

on the east coast o-f the Italian island of Sicily <Figure 

3-1). 

Figure 3-1.  Ports of Italy, Sicily, and Sardinia. 
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The Bay ai Augusta (Figure 3-2) is exposed to 

open ocears winds and waves -from the eastern semi-circi e. 

Strong o-f-fshore westerly winds affect the Bay during 

winter and spring. 

Figure 3-2.  Bay of Augusta 



The  Port o-f Augusta -facilities are   situated in 

three of the basins that comprise Rada di Augusta 

(Augusta Bay): Porto Megarese, Porto Xifonio, and Seno 

del Prioio (Figure 3-3). Porto Megarese, a natural 

harbor having approximate dimensions of 4.4 n mi (8 km) 

north-south, and 2.2 n mi (4 km) east-west, is the 

largest o-f the three and the port of primary interest. 

The island of Sicily forms its western and northern 

boundaries, and its eastern and southern boundaries are 

comprised of Isoletto di Augusta, an elongated island on 

which the municipality of Augusta is located, and three 

extensive breakwaters: Diga settentrionale (northern 

levee), Diga centrale (central levee), and Diga 

fTieridi onale (southern levee). The primary entrance to 

Porto Megarese passes between the northern and central 

breakwaters, with a width of 1,200 ft (366 m), and 

channel dep'hh of 42 ft (13 m) or greater. 

Porto  Megarese  is  a  spacious  and deep harbor 

which can accomodate ships as large as 250,000  DWT.  The 

Fleet Directory for Augusta,  Sicily,  Italy published by 

the U.S. Navy (1983), states that anchorage is available 

inside the breakwaters in the "central zone", with water 

depths not less than 73.5 ft (22.4 m). LHA's are the 

largest vessels of the U.S. Navy routinely entering the 

inner harbor. Shallow water depths in the northern part 

of the harbor restrict its use. Porto Xifonio and Seno 

del Prioio offer protected anchorages to small vessels 

only. ■ .., ■ i 

The terrain of Sicily adjacent to Augusta Bay  is 

largely  mountainous.  Elevations within 10 mi of Augusta 

Bay range from sea level along the coast sloping upward 

to  over 984 ft (300 m),  with one peak reaching 1,870 ft 

(570  m).  Mt.   Etna,  a  10,902  ft  (3,323  m) active 

volcano, is the highest point on Sicily and is located 

about 35 n mi north-northwest of the port. 



Figure  3-3.      Port   of   Augusta 



Qualitative Evaluation of the Port of Augusta 

The Port of Augusta is fairly well protected from 

hazardous seas by its periphery of breakwaters. Heavy 

seas, which may reach 23-26 ft (7-8 m) in height in the 

outer harbor, break rather heavily over the breakwaters 

but only slight seas result in the inner harbor. Caution 

is necessary when approaching the harbor in bad weather 

because of the breaking seas (Hydrographic Department, 

1963). At times, the harbor pilots will not leave the 

inner harbor because of high winds and heavy seas outside 

the harbor entrance. Local harbor authorities advise 

that when high northeast to southeast winds are forecast, 

it is best to leave the port and head for open sea. 

According to U.S. Navy (1983), "fresh west- 

southwesterly winds produce a heavy sea, and may be 

dangerous to vessels in the roadstead." Westerly winds 

sometimes gust to 65 kt, and can last for 2 to 3 days in 

March, resulting in problems for ships anchored m mid- 

^!arbor . During winter and early spring, boating is 

frequ.ei>tly cancelled from anchorage positions in the 

inner and outer harbors due to westerly winds. 

Anchorage can be obtained anywhere in Porto 

riegarese m depths of 54-90 ft (9-15 fathoms). The 

bottom is mostly good holding ground of mud, sand, and 

s~>aweed (Hydrographi c Department, 1963). Porto Xifonio 

and Seno del Priolo are shallow and not considered to be 

safe havens for large vessels during heavy weather. 

Currents and Tides 

Currents ars driven by the tides and wind, and 

can be signi-ficant when the wind is from the northeast. 

Generally, a south set of about 1 kt is observed 5,000 

yds (2.5 n mi) from the breakwater, and a north set cf 

about  2  kt about 2,000 yds (1 n ma) from the breakwater 
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(U.S. Navy, 1983). Harbor pilots say that a clockwise 

current o+ about 1 kt is observed inside the breakwater 

at Porto Megarese. 

3- 4    Visibility 

Reduced visibility is rarely a problem at Augusta 

Bay.  Morning haze and fog create the poorest conditions, 

but dissipate rapidly during mornirig hours. 

Hazardous Conditions 

Although relatively protected from hazardous sea 

conditions, the Port of Augusta is vulnerable to the 

ef+ects of high winds. A seasonal summary of the various 

known envxroni-nental hazards that may be encountered in 

t^ts> Port of Augusta follows. 

A.  jointer (November through February) 

Strong winds from the eastern quadrant (northeast 

through southeast) can cause significant problems in 

Augusta Bay. Although the inner harbor is protected from 

the full impact of the sea generated by the winds, the 

force of the wind can adversely impact small boating 

operations in the inner harbor. The wind can cause ships 

in the anchorages to drag anchor, while the combined 

effects of wind and sea can impact the ability of harbor 

pilots to leave port to meet incoining vessels. Expe- 

rienced mariners advise that when strong winds from the 

east quadrant are forecast for Augusta Bay, it is best to 

leave the port and head for open sea. A primary cause of 

such wind during the winter is the "Bregale". It occurs 

with high pressure over central Europe or the Balkans and 

low pressure over the Ionian Sea or Tunisia/Libya and may 

continue for up to 5 days. It can also occur with the 

passage of a depression to the south or southeast, when 

it lasts only a day or two. Gregale winds can be 

reinforced by flow through the Strait of Messina. 

Strong southeasterly winds can be caused by a 

"Scirocco".  A  low  pressure  center  over  North Africa 



bringB east to southeast winds to Augusta Bay, accom- 

panied by law stratus and fog. A Scirocco event will 

bring hat and muggy weather to the area and may last up 

to 2 weeks, with one recorded occurrence persisting for 

one month. 

Strong winds from the western quadrant , locally 

known as "Ponente" and resulting from a low pressure 

system north of the area, can be a problem for ships 

anchored in the inner harbor due to anchor dragging. 

Boating is frequently cancelled from anchorage positions 

in the inner and outer harbors. Westerly winds with 

gusts to 65 kt have been observed at Augusta Bay. 

Heavy rain with low cloud ceilings can occur at 

Augusta Bay when a low pressure system passes south of 

Sicily. Thunderstorms, commonly associated with the 

aforementioned low passages in early winter when SST's 

are still warm but air temperatures may be cool, may be 

constant -for 24 hours. Thunderstorms may also occur with 

passing frontal systems. 

P-  Spring (March through Mayj^ 

Early spring environmental conditions are similar 

to those of winter. Winds and seas from the northeast 

through southeast continue to affect harbor operations at 

Augusta Bay. Strong westerly winds, known as Ponente, 

with gusts to 65 kt arB most prevalent in March, and have 

been known to last for 2-3 days. Ponente winds cause 

significant problems in the harbor due to anchor 

draggi ng. 

Although most common during summer, sea breezes 

start to appear in late spring. A strong event can reach 

25 kt, which may affect boating in the harbor. 

Rain is common when low pressure systems pass 

south of Sicily, but because of cooler SST's, associated 

thunderstorm activity is not as evident as in early 

winter. 

Although not as common as during the winter, 

Scirocco conditions are occasionally observed during 

spring, primarily early in the season. A Scirocco event 

may bring strong east to southeast winds  accompanied  by 
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low  stratus  and -^og to Augusta Bay.  Sciroccos may last 

up to two weeks and bring hot and muggy  weather  to  the 

C. Summer <June through September) 

The summer season in eastern Sicily has the least 

hazardous weather of the year. The track o-f strong 

extratropical storms has moved northward and poses little 

tiireat to Augusta Bay. Sea breezes are daily 

occurrences, usually commencing about 1030L, reaching 

maximum strength o-f about 15 kt by 1530L, and diminishing 

by IBOOL. A strong event may reach 25 kt. A high 

pressure cell aloft can suppress the sea breeze -flow; the 

sea breeze usually overcomes the resistance but is not as 

strong as usual. 

The prevailing northern winds over the eastern 

Mediterranean and Aegean Seas during the summer 

(basically a monsconal -flow associated with a deep low 

pressure area which -forms over northwest India) is called 

the "E'tesian." Once established, it can generate a 8-12 

ft (2.5-3.5 m) westerly moving swell which will reach the 

east coas-t of Sicily in 4-8 hours. The ma>;imum 

occurrence of Etesian winds and resultant swell is in 

August. Due to the protective b-reakwaters around the 

inner harbor, the impact of the swell is limited to the 

outer harbor of Augus'ta Bay. 

D. Aut uMl iOj^.t 9.b er)_ 

The autumn season is short, with the typical 

season usually spanning about one month — October. The 

daily occurrence of the sea breeze is interrupted as 

temperatures, begin to moderate. Extratropi cal systems 

begin to transit Europe as the storm track moves 

southward in advance of the winter season. 

The threat of strong winds from the eastern 

quadrant caused by a Gregale or Scirocco, as discussed in 

section A above, increases as the autumn season 

progresses. Strong westerly winds, also addressed in 

section A above, become more common as e;<tratropical 

systems transit the water-s north of Sicily. 



Heavy rain with low cloud ceilings can occur at 

Augusta Bay when a i ow pressure system passes south o-f 

Sicily. Thunderstorms, commonly associated with the 

aforementioned low passages in late autumn when SBT's Are 

still warm but air temperatures may be cool, may be 

constant for 24 hours. Thunderstorms may also occur with 

passing frontal systems late in the season. 

E.  Tropical Storm Season 

Storms having tropical cyclone characteristics 

with fully developed eyes have been observed on at least 

three occasions in the Mediterranean basin: 23-26 

September 1969, 22-28 January 1982, and 26-30 September 

1983. On the latter occasion the storm moved northwest 

from the Suif of Gabes (on the southeast coast of 

Tunisia), through the Strait of Sicily, along the east 

coast of Sardinia, and into the Buif of Genoa. Winds of 

lOO kt were observed near the eye while Cagiiari, 

Sardinia reported sustained winds of 60 kt. The 

potential for a storm of this type to strike Augusta Bay 

is real and the meteorologist must be aware of the 

possibi1i ty. 

3.6    Harbor Protection 

The Port of Augusta offers little protection from 

wind but the inner harbor, as detailed below, provides 

good protection from significant wave action. 

3.6. 1  Wind ar=d Weather 

The Port of Augusta is unprotected from the full 

force of wind from northeast clockwise through south- 

southeast. From south-southeast clockwise through 

northeast, the topography of Sicily affords only rather 

limited protection; the highest point of the terrain 

within 20 mi of the port is 3,655 ft (1,114 m), with most 

elevations considerably less- 
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Wa'/es ' ■ - 

Ths harbor of Porto Megarese is afforded 

excel ief'.t protection from waves that have been generated 

in the open sea by the configuration of Isolotto di 

Augusta and the three breakwaters which form the east and 

southeast limits of the inner harbor. While waves from 

the east or southeast may break over the top of the 

breakwaters, the impact on inner harbor operations is 

rninimal. Limited wave energy can enter the inner harbor 

through the main entrance between Diga settentrionale and 

Diga centrale, but due to the relatively narrow entrance 

the effects are   minimal on the inner harbor operations. 

The outer harbor is exposed to the full force of 

waves emanating from northeast through south-southeast 

and it will be advisable to sortie under high wind/wave 

cand i t i ons. 

Table 3--1 provides the shallow water wave 

conditions at the two designated points when deep water 

swell enters the Bay of Augusta. 

J Example: Use of Table 3-1. 

I        For a deep water wave condition of: 

6 feet, 12 seconds, from 120° 

The approximate shallow water wave conditions are: 

Point 1;   4 feet, 12 seconds, from 110° 
Point 2:   5-6 feet, 12 seconds, from 120° 
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Table 3-1. Shallow water wave directions and relative height 
conditians versus deep water period and direction (see Figure 
3-3 -for location o-f paints), 

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

AUGUSTA BAY POINT 1 
Peri od (sec) 
Deep Water 
Directi on  
"360° 

030' 

060' 

090" 

120° 

150" 

180' 

8 10 i: 14 16 
Shallow Water 
Direction and Height Ratio 
020' 
. 3 

045" 
. 3 

060' 
.9 

090' 
.9 

120'^ 
.8 

135' 
.6 

165' 
.6 

060° 
. 3 

060° 
.9 

090° 
.9 

115° 
.7 

140° 
.6 

160° 

030°  040° 050° 050' 
.4    .3 .3 .3 

045° 050° 060' 
.5 .8 .7 

040' 
.6 

060' 
.8 

.8 

110' 
.7 

155' 

060°  065°  065' 
.6    .5    .6 

085' 
.8 

110' 
.6 

120°  130' 
.6    .6 

140' 
.5 

085' 
.6 

105' 
. 7 

130' 
.5 

085' 
.6 

100' 
. 6 

120°  110' 
.5    .5 

115' 

AUGUSTA BAY POINT 2: 
1  Period (sec) 6 8 10    12 14 16  ! 
!  Deep Water Shall ow Water 
!  Direction Di rec tion and Height Rat Lo 
!   360'= 005° 010° 015°  020° 030° 030° ! 

!    .4 .6 .7    .8 .5 .4   ! 

!   030° 1    030° 030° 030°  035° 045° 055° 1 
1,0 .9 .8    .7 .6 .5   i 

!   060° 060° 060° 060°  060° 065° 065 ° ! 
1.0 1.0 .9    .9 .9 .9   ! 

1   090° 090° 090° 090°  090° 090° 090° 1 
1,0 1.0 .9    .9 .8 .8   ! 

!   120° 120° 120° 120°  120° 115° 115° ; 
1.0 .9 .9    .9 .8 .7   ! 

!    150° 150° 150° 150°  145° 145° 140° i 
.9 .9 .9    .8 .8 .8   1 

!   180° 180° 175° 170°  165° 160° 150° 1 
.6 .5 .6    .6 .6 .6   ! 
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Situation speci-fic shallow water wave conditions 

resulting -from deep water wave propagation are given in 

Table 3-1 while the seasonal climatology of wave con- 

ditions in the harbor resulting from the propagation of 

deep water waves into the harbor are given in Table 3-2. 

1+ the actual or forecast deep water wave conditions a.re 

known, the expected conditions at the two specified 

harbor areas can be determined from Table 3-1. The mean 

duration of the condition, based on the shallow water 

wave heights, can be obtained from Table 3-2. 

Interpretation of the information from Tables 3-1 

B.nd 3-2 provide guidance on the local wave conditions 

expected tomorrow at the various harbor points. The 

duration values are mean values for the specified height 

range and      season.  Knowledge  of  the  CLsrxent^ _synopjt^ic^ 

i?-'at_tern and__ forecast/ex pec ted  duration shou_ld_be_used 

when available. 

Ex amp 1 e i Use of Tables 3_~ l__.fL0cL_3~2. 

The forecast for wave conditions tomorrow (winter case) 
outside the harbor jire: 

9 feet, 12 seconds, from 090° 

Expected shallow water conditions and djjratiqn: 

Point 2 
height 
period 
di recti on 
duration 

P°i.nt__J._ 
7 feet 
12 seconds 
from 085° 
14 hours 

8 feet 
12 seconds 
from 090^ 
10 hours 

Possible applications to small boat operations 

■^rfs; select! en of the tending ships anchorage point 

and/or areas of small boat work. The condition duration 

information provides insight as to how long be-fore a 

change can be expected- The local wave direction 

information couid he of use in selecting anchorage 

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

AUGUSTA POINT 1: WINTER SPRING SUMMER AUTUMN 
1   >3.3 feet NDV-APR MAY JUN-SEP OCT 

! Occurrence       ('/.) 

1 Average Duration <hrs) 

! Period Max Energy(sec) 
1 

1   30 

!   14 

10 

!    29 

!     17 

10 

a 

11 

10 

!   20 

16 

8 

!   >6.6 feet NOV-APR MAY JUN-SEP OCT 
J 

! Occurrence       (%) 

! Average Duration (hrs) 

! Period Max Energy(sec) 

13 

14 

12 

10 

11 

11 

2 

8 

10 

5 

8 

10 

AUGUSTA POINT 2: WINTER SPRING SUMMER AUTUMN 
!   >3.3 feet NDV-APR MAY JUN-SEP OCT 

I Occurrence       (X) 

i Average Duration (hrs) 

! Period Max Energy(sec) 

29 

13 

10 

22 

11 

10 

9 

15 

10 

15 

14 

10 

!   >6.6 feet NOV-APR MAY JUN-SEP OCT 

I Occurrence       (7.) 

! Average Duration (hrs) 

[ Period Max Energy(sec) 

12 

10 

12 

9 

14 

11 

2 

11 

10 

6 

7 

12 
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Local wind wave conditicnE are provided in Table 

Z-Z ^or Augusta Bay paint 2, The speci-fied nFetch lengths 

Bre spsci-t^ i cal 1 y for point 2. The time to reach the 

fetch linsited height assumes.-, an initial ^ 1 at ocean.  With 

a   p r! --+■ e;;i'sring   wave   naign ihe   tirnes   ane   shof^'' 

Tab I e near  DO'; Local win.a waves tor 
■retch j. irriited conditions related to point 2 <based  en  JONSWAP 
model), 

LL9.rjTiii1^J_  height (feet) / period (sec o r • o a) 
time (i'uurs) to reach -fetch limited height 

uirection 
and\ 

Local Wirsd 
Speed (kt) 

P^ pi -^; (^ H    \ 

..i:.e.ncith _\ 1^8_ 
i (n mi ) 

! SW 
n mi 

; S 
i 13 n mi 

■ft 

-ft 

2 -ft 

<2 ft 

;.U 

2/: 
1 

36 

1 

2-3/3 

42 

-3/3 
1 

Z-:/3 
1 

Example:  _„_Smal 1 boat wave faj;;:ecca^^^    (based on the 
assumption that swell is not a limiting condition). 

Forecast for Tomorrow: 
Wi nd 

Ti^me 

prior to 0700 LST 

0700 to 1200 

1200 to 1500 

1500 to 2000 

2000 to 2200 

(Forecast) 

light and variable 

SW  a-10 kt 

BW  22-26 kt 

SW  28-32 kt 

SW  14-18 kt 

Waves 
(Table 3-3) 

< 1 ft 

< 2 ft 

< 2 ft 

2 ft at 3 sec 
by 1600 

< 2 ft 

Interpretation: Assuming that the limiting factor is 
waves greater than 2 feet, small boat operations would 
be marginal by 1300 and remain so until after 2000. 
Safe conditions would exist by 2100.  
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Combined wave heights are computed by -finding the 

square root of the sum o-f the squares of the wind wave 

SiOd swell heights. For example, if the wind waves were 

3 ft and the swell S ft the combined height would be 

about B.5 ft. 

Y 3-- + 8= =J9   +      64 =-773 8.' 

Note that the increased height is relatively small. Even 

if the two wave types were of equal height the combined 

heights are only 1.4 times the equal height. In cases 

where one or the other heights Are twice that of the 

other, the combined height will only increase over the 

larger of the two by 1.12 times (10 ft swell and 5 ft 

wind wave combined results in 11.2 ft height). 

6.3  Wave data uses and considerations 

Local wind waves build up quite rapidly and also 

decrease rapidly when winds subside. The period and 

therefore length of wind waves is generally short rela- 

tive to the period and length of waves propagated into 

the harbor (see Appendix A), The shorter period and 

length 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 

become quite complex and confused. Under such condi- 

tions, when more than one source of waves is influencing 

a location, tending or joint operations can be hazardous 

even if the individual wave train heights 3.re 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 joint operations of different length vessels. 



•5• 7    Protective and Mitigating Measures 

3.7.1 Moving to new anchorage 

According to local authorities, when strong 

northeast to southeast winds sre -forecast -for Augusta 

Bay, it is wise to depart the anchorage and move 

northward through the Strait o-f Messina and anchor along 

the north coast at Sicily near Messina, at Palermo or in 

the Gul-f D-f Cast ell ammare. 

3.7.2 5or t i g/retr,ai n in port. 

Experienced mariners advise leaving the anchorage 

and heading for open sea when strong winds -from northeast 

cloc:kwi55e through southeast 3.re forecast. If this course 

of action is chosen, moving northward through the Strait 

of Messina to the protected waters north of the coasts of 

Sicily or the Italian Peninsula could afford some 

protection from high wind and waves. 

Likewise, if strong winds from the west quadrant 

— especially from the northwest — are forecast, it is 

wise to leave the inner harbor anchorage and head for 

open sea. 

If a decision is made to stay in port, 

precautions should be taken. If at anchor, two or more 

anchors should be deployed to minimize anchor dragging in 

the soft mud bottom. If alongside a pier, lines should 

be doubled, particularly if the forecast winds will blow 

perpendicular to the ship's axis and tend to force the 

vessel off its mooring. Small boats should be firmly 

secured.  Routine operations may be curtailed. 
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3. B    Local Indicators o-f Hazardous Weather Conditions 

The environmental conditions which pose the 

greatest threat to harbor operations at Augusta Bay are 

strong winds and high waves from the east quadrant, and 

strong winds -from the west quadrant. 

Easterly Wind/Waves - Since strong winds from the 

east quadrant are caused by a steep north-south pressure 

gradient, one indicator o-f a potential Bregale event 

would be the -forecast of a synoptic situation which 

includes a building high to the north while a low 

pressure center is forecast to intensify over the Ionian 

Sea or the North African region of Tunisia/Libya, or 

transit eastward south of Sicily. A persistent strong 

wind condition caused by a stationary or slow-moving 

situation may last for up to 5 days. Winds caused by a 

transient low pressure system will normally last for 

about 1-2 days. High waves will persist for about 24 

hours after the generating winds diminish. 

Etesian winds in the eastern Mediterranean or 

Aegean Seas can produce 8-12 ft (2.5-3.5 m) westerly 

moving swell that will reach the east coast of Sicily in 

4-8 hours.  Maximum occurrence is in August. 

Strong winds and hot, muggy weather accompanying 

a Scirocco are often preceded by cumuli form clouds 

forming and staying over Mt. Etna <35 n mi north- 

northwest of the Port) during southeasterly flow 

conditions over eastern Sicily. 

Westerly Wind - A strong or intensifying low 

pressure system transiting the area north of Sicily would 

likely produce strong westerly winds at Augusta Bay. 

Transient lows should be monitored closely, especially 

during late winter and early spring since the probability 

of strong Ponente winds is greatest in the month of 

March. 
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TABLE 3-4.  Potential problem situations at Port of Augusta - ALL SEASONS 

VESSEL 
LDCATIDN/51TLIATI ON 

I.   Anchored - inner harbor 

ulinter 
Spring 
SiiPiffler 
Autumn 

Winter 
Strong Spring 

Rare Siimer 
Hut'jmn 

Frontal  Winter 
Spring 

Orograpfiic Sumcier 
Hutumn 

Winter 
Spring 
Siimner 
i^'-ituran 

Lste Spring 

Sar'.v Hutuin 

PCrrENTIAL   HAZARD 

a.    EjtEter^iv^wind/sea - Can tie caused by 
''GregaTe'' or "'''Scfrocco".    Hay produce 23-26 ft 
i7-a fli,'  seas in outer harbor]    Strongest m 
rtinter,  unhliely in Eufimer.    ''Etesian Ninds 
over Hqeanen or eastern MecJitErranean Sea can 
cause 3-!2 H  (2.5 - 3.5 S' swell oft eastern 
Sicily, waxiMuffl occurrence in August. 

^'    ^.t^'^^lly. ^^^- " Strong winds f'-cm southwest 
through rGrlHwes"t caused by low pressure north 
ct 3i:i!y.    Ccsn produce gusts to 65 kts m 
Port,    -1^1!i(Bum frequency m March, when events 
can last 7-Z day?. 

c. 'f^ifiderstorjis - fussible with passing 
fronral sysfeitis, and in the ^ollowir<c cold air. 
Hssociated wind gusts and squalls to'be 
expected.   Host codimon iate autunn early winter 
with transient low centers passing south or 
Sicily.    Orographicfliiy induced in suimer, 

d. Trop!c_al  cvclone - Uncciiimon  in the 
MedUerr^i.nean out when occurring,  would have a 
manmum probability ot occurrence in late 
sufnmer or parlv futuiBn.    Two of  the three 
stores recorded sine? 1''6? have occurred in 
September, mth inaniiufn winds ct 100 Kts an one 
occasion.    High wind;/ seas/stori surge 
possible. 

f.    Se2_breeze - 'Jncosiion until  lete spring, 
K^?- ^ail/ war:*ing o- iand sass :s sufficient 
tc tri^gnr b'^B^g.    Coifl^r^ly occ;:rs Satweer 
:03('L ^;id .'?((■-.,  iiti: flevinufi ve'ocities af :!- 

EFFECT - PRECAUTIONARY/EVASIVE ACTIONS 

a. !he inner harbor, Porto Hegarese, is exposed to tne brunt of :-iinQS from the 
east quadrant, but is protected, by areakwaters ha^ significant ocean waves. 
Vessels are advised to leave the port for open sea it niqh winds irora the east 
guadr:3nt ?re forecast.     Shelter can be found north of the Strait ot Messina 
off the north coast cf Sicily cr t*!S west coast of Italy.    Protected anchcraqe 
Bay be fo'.;nd at. Paleraic, or ^he Bulf ct Castellaramare on iicilv s riortti coast. 
Vessels reiTi^inmg at anchor at jiugusta should use i anchors and be aware ot 
possible arichar draqomg.    Small craft should b° "oH  Eon^rp- 

b. Due to the possibility cf dragging anchors, vessels ire advisei to leave 
the pet for open sea if strong westerly winds are forecast,    staying along 
and close to Sicily's east coast will provide protection from ssas generated by 
the h-ester;/ winds.    Vessels j'emaming at anchor should use 2 anchors aid be 
aware C-T possible anchor dragging due to bottom characteristics,    Small craft 
"^hoeiri be well secured. 

c. Thunderstorms can pose several problems to mariners, but the most 
significant are iightnirg strike; ano strong, gusty winds,      Since littie ca'i 
be done to avoid lightning strikes, vessels are lifnited to preventing damage by 
high wind,    nil loose gear shocitJ be secured,    Siiiali boat coeratiors snoula be 
curtailed,    Personnel e:<pos(jre c'; weatherdecks should be minimizeo. 

d. Becaus? o+  the jotential  for  destractior, (nanr.prs should mVe every effnrt 
to 3void being placed in the track of a tropical cyclone.    Vessels should a-jK 
to s&ri and t^ke evasive action ?.t tne first indication that a tropical cvclone 
2iy strike ijr pass -.lose by '^.igu^ta :av. 

Poatipg I ■-'.'taileo du'"ina a strong event. 

ADVANCE   INDICATORS   AND   OTHER    INFORMATION 

ABOUT   POTENTIAL   HAZARD 

fl,    Strong winds with an easterly component result when a ouilding hign 
;iressure eel; over centra; Eurooe coincides wi tn an intensifying low pressure 
iystea ever North A-rica or the Ionian Sea tiate dutunin, winten'. and eariv 
spring).    Easterly winds assoaated with a Scirocco event are otten precedeo DV 
cuaulitcm clouds suying over the sirnait ot .'iount ttna 'oj n mi north- 
northwest of Hugusta fcavj.    kirino summer ir\ "Etes::,':   Lver the Aegear- Sea will 
cause easteriv i»e!l at ALnir:^ Hi^ 4-& hours at^er aeneration. 

■-■.    high Kinjs «i(h i westerly component result when ^ low pressure svstefl: 
?Dves eastward north of Sicily.    Transient extratropicai   lows snould be 
isanitGreo closely to detect any strong pressure gradients which ,Tiay affect the 
Hugiista Bav area,    ^lav be called Libeccio, Ponente, or flaestrale. 

L,    Thunderstcr-ffl activity can be ejipected wnen a transient low pressure svsten 
moves eastward south of Sicily.      Thunderstorm activity occurs with passioo 
cold/occluded frontal systems ini ir^ the cold, unstable air following tne 
tront,    Thunderstoritif are orographiLally irduced in summsr mth onshore tlow. 

d,    Mor.itnr retellite iissqes and synoptic reports for esrlv detection of a 
developing tropical ryclone.    Approaching tropical cyclone'siav cie iTidicated :v 
'ugh, thin c'ouds :n cyrlonically spiralling, gradually thickening bands or bv 
une:'piain?d  lof-.q-pHriod nwell  -rom the southern semici'-cle. 

e.    tj-pected aiterncon sea breeze froa late spring through early autumn with 
war* tenperdtures.    w high aloft can suppress the'sea breeie .aecnanisi. 
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TABLE 3-4. (Continued) 

LOCAT1 ON/S17 UA7IGN 

"'^"£!:_?C .7 outer harOor 

Winter 
Spring 
Buener 
Hutumn 

Winter 
s'.rong Bp.'ing 

fvare Suinmer 

FrorUl  Winter 
bpnnq 

■jrogriiphic biminer 
Autuim 

Winter 
:pring 
Stiiiimer 
Aiituirn 

Lflte Spring 
Summer 

[arly Aiitunin 

PUrtNlIAL HAZARD 

a.    Ef'-^^C'J mnd/^ssa - '-an t? causstf ov 
"Greuele^ or   'Scirocca".    M^y produce Z'5-2t H 
*/-& m/ &ea5 in ojter tiarDor,    Strongest in 
winter, tiniii;ely v,\ euraraer.    'Etesian winds 
over fjqesnefi or eastern Mediterranean b^e csn 
cause e-12 ft  (2.5 - .5.5 m)  swell  oif eastern 
5Kily, saKiiiiLiii occurrence ir fiuqusf;. 

2.   i»^esterlv_wi,v:l - Stfor.g ninds frem southwest 
thr'jugf.'ncrfliwesl caused by low pressure nortfi 
of Sicily.    Tap. oroduce g^'sts ;o'65 kts in 
Per'.    !^a);i(i!mii freanency in March, ulien events 
car last 2-3 days, 

C'    ''^iMtSL^tor.l'i " PcssiOle with passing 
rronfal sysUffiE, and in t^ie tollowmg ccid air. 
HsEccitted wind gjsts ond squalls to be 
e::pec'-ed.    Host comwon late auturan early wif.ter 
i>\\\\ transient Ion centers passing south CT 

Siciiy.    Orogrdpfiicalir mdifced m sutumer, 

d, TropicoX'-Vci_one - Ijncofflraon in the 
Mediterranejn'TLit wfi'en occurring, woiild have a 
(TiaKifflufli probatiility of occurrence in !ate 
sudimer or eariv futuinn.    Two of the three 
slorfls recorded since h'S^ have occurred \\\ 
SepteiTiber, i'.'ith ma);ii!iu(i! winds of 100 kts on one 
occasior:,    High winds/ seas/storm surge 
possible, 

e. Sea breere - Unccffliaof! urtii late spring, 
i!ien dfllTy ytariaing of land mass is sufficient 
tc trigger Sjreezs.    Coiriinonly occurs between 
r)30L and 19001, with (tianmuir; '/elccities o^ 15- 
25 kts by 1530L. 

PRECAUTIONARY/EVASIVE ACTIONS 

a. txiike the reUtively protected waters ct the inner harbor, the ouier harbor 
is ei-'CDse<: not oniv to the eftects ot wind, but also waves. Vessels are 
advised to leave the ancnoraqe tor oper. sea if strong easterly winds-se^s are 
forecdst. Vessels cen usually find s^ieUer bv moving north through the Strait 
of ?jes5ir,a and staymq in tne lee ot the coastlir^es ot the Itaiian Peninsula sr 
-Torth^rn ?icily. f'^gtected dnchorage inay ae tound at Falerino or in the gulf of 
Cas(t?llein.iiare on Sicily's north coast. 

fc.    Due to the possibility of dragging anchors, vessels are a^ivised to leave 
:he po.-t for open sea if strong westerly winds are forecast.    Staving ai:i;-iD 
Sicily's east coast will provide prctectio-') ^r^-^ Beas generated by the wesU'lv 
winds.    VesseiS remaining at anchor s'lould use 2 anchors and be awa^e of ' 
p35si;ile enc^iar draggirg,    I'^^^W craft should bs well secured, 

c. ThundersturiKs can pose severa; probiefliE to mariners, but the eest 
s:gnificd^Tt c^re li^hini^g strides and strong, gusty winds.     Since little can 
5e done tc avoiti lightning strikes, vessels are hinited to preventing damage bv 
high «ind.    Ai. loose ge^r should be secured.    Sfliali boat operations should be' 
curtailed.    Personnel exposure on weatherdects should be sinipizei:!. 

d, fcecause of tf:e pciential for destruction, manners should mai-:e every efrort 
to avoid being placed in the traci. Of a tropical cyclone.    -Vessels should put 
to sea aid tase evasive action at the first inoication that a trcoical cycione 
mey strike or pass close by Augusta &a/. 

ioatirig may be curtailed during a strong event. 

ADVANCE INDICAIORS AND OTHER INFORMATION 
ABOLH ROTENflAL HAZARD 

a. bxrc^Q Kir,;'; uirfi ar; esEterjy ccmpcnent rssult wTen a Ouilfling hign 
pressure ceil ovar cer;fra! Europe cei'-^cide'; with an jntensityirc lew pressur? 
systew ove.' No'Tfi fitnca or the loni?n 5ea Mate auuen, winter! ano early 
spring;.    Easterly winds associatee «.'itt; a Stirocco event are often preceded by 
;:oiiiul ;fota .■.U:uds staying over the suiRflit o-* Mount Etna 135 n mi north- 
northwest of August's bay).    During suiiner an "Etesnn" over the neaean :ea will 
cause easterly swell at ^ugusta Bav 4-c ftoMrs after Generation, 

b, K:gn winds with a westerly crinponent result when a low pressure syste™ 
Slopes eas'ward norch af Sicilv.    Transient e;;tratropicaI lews snould be 
monitored clos?!'/ to delect -iny strong pressure gradients which isav affect the 
SijguBta Say are--),    May be called LiSeccio, Pcnente,  or Maestrale. 

:,    Thiinderstcriii activity can bfc eiipected when a transient lo'« presijre svsteu: 
!!iove5 eastward south of Sicily.     Tri lender storm sctivity c-ccurs Kith passi.ig 
coid/Dccli'ded frontal  systeB? and ir  th? :old, unstable fli" following '.^e 
'ront.    Ihuriderstorms are orographies! ly indcied ir siiSiner with onshore flow. 

d.    Monitor satellite inacee ar^d synoptic reports for early detection c* a 
developing tropical cyclone,    fiaproschinq tropical cvclone'mav he indicated Cv 
h^g^, ihin clouds  in cyclciicahy ^piraUing, gradually thickening Eiirds -i^r by 
L.ne:;p: ?;r-.f>d  ■■^ng-pfricd snei!  \r'::^ the southfn semicircle. 

e.    E^jpecfed s^tfrnoon sea oreeie fron; late spring through early at-'tumr with 
warn temper^.tures,    t "^.igh aloft c?n suppress t^^e sea breeje aecianism. 

3-21 



TABLE 3-4.   (Continued) 

VKSSEL 
LOCATION/SITUATION 

^?°Cfi^_UA').?r_(tiC.b or 

Minter 
Spring 
Suiaer 
Aattuin 

Winter 
Strong Spring 

Rare Sommer 

rronta]  Winter 
Spring 

Orcaraphic SuMer 

Winter 
Spring 
SuAner 
Hutuen 

La e Scr no 
DUmser 

Et- y wl nri 

PaiEIMTIAL   HAZARD 

',■    Vi*:f[lljiini/ifi - Can be ciuseo bv 
breqale   or   'SHrocco",    «if oroduce 2.V2i> ft 

I'-B •/ sejs in outer hiroor.    Strongest in 
"inter, nnliiely in timer.    "Etesian .mils 
o'/er Hoeanen or eastern Hedilerrjneao Sea can 
a„5e5-12tt 12.5-3.5,) s«eil off eastern 

3icny, maximum occurrence in August. 

J;    '*?5t_5r]y Hind - Strong ninds frot southwest 
throiig!rnor»sT caused by lo« pressure north 
of biciiy.    Lan p'odcce gusts to 45 its in 
Psrt.    JaruM frenuency in Narcb, ulien events 
can last i~3 days. 

;■    l<™^iarm " Possible »ith passing 
fronfiriySte.s, and in the follo»i„, cofj jj^ 
Associateo »ind gusts and sgualis to be 
Bnpecteo.    Kcst co.mn late autum early winter 
Mth transient low centers passing soufh of 
blcUy.    Orographicaily induced in sunrer, 

2'.,'ri>PLyLi;*£i9"e - Uncoimn in the 
Mediterranean tuTwhen occurring, nould have a 
•aiii«u« prcga!ii!it» of occurrence in late 
suraer or earl;/ auiuiin.    Two of the three 
Etoms recorded since 1M9 have occurred m 
bep!e,iiber, Nith sai;i.u» winds of lOd kts on one 
occasion,   high winds/ seas/stors surge 
possible. ' 

'■    Sp^JfAeif - I'ncoiinion until late spring 
*En daily »arsin.g of land aass is tuffici'n' 

-if:   J   ';;■;'-■ "--^ «a<«u,> vsio:iti-s of  '3- ^J ' .s c< ..:3GL. 

EFFECT   -   PRECAUTIONARY/EVASIVE   ACTIC 

a.    All jooring lines should be doubled, especially if the forecas' wim 

s i'o™off TlTl"' 5° "' f"^ °' '^' '""' *«J "™l5      J        orce -he ship off Its moring.    secure loose gear.    Curtail s.all boat operations 

b. fl.l (ooring lines should tie doubled, especially if 
direction is perpendicular to the axis of the vessel ai 
the snip oft its ■goring.    Secure loose gear.    Curtail 

the forecast wind 
and would tend to torce 

tail small ooat operations 

Thunderstoi lor«5 can pose several problems to ■ariner=, but the nest 
significant are lightning strikes and strong, gustv „n s rce" ttle can 

rJrLTlli    S f ''"■ ''""'"' "" "-'■""''■    S"il boat operations snoulfbe curtailed.    Personnel etposure on .eatherdeclis should he .ini«:ed. 

t:ecause of  the potential 

■„ ^«'^„S';"? '''"'' ''■• "" '"" "* ' '"P'"' trl°"=- ""sels should put .0 sea = d tate evasive action at the tirs': indication that a tropical cvc one 
nay striSc or pass close by Augusta Say. 

tn =„r.< k ■'    ',' ':'■■■;:• ;°'' ■'"truction, jariners should lake everv effort 
!' ^J";"? P'^"'' ''■• ""^ '"""K of a tropical cyclone.  

Soating say be cu.-tailed during a strong event. 

ADVANCE INDICATORS AND OTHER INFORMATION 
ABOUT POTENTIAL HAZARD 

t,.t:.''rl'} n""^ "'"■' '" f"'^'''y component result when a building niah 

b.    High winds with a westerly co«ponent result when ' low ores^nre svste. 

^^t^l^f^ ".f j;^??edt£^Lf^"Sj:n?^n;1le^J;^L"' ^^"^' '"' 

? n        h n     '?""' -■"''« "'■" '" "= "'"' ""='"1='^ a     follow nr'n^' 
front.    Ibunderstor.s are orographicaily induced in scwr with onshore flow. 

"n^;i.:^;edt^2!p^?iirls:ir!;L'?h;i!;;s;rr:?:?!i;ci2:'""'"'-" 

-'''^^'^^■'^-^^^^i^i^^^^t^^r:!^^ 



TABLE   3-4. (Continued) 

VESSEL 

LQCATION/SITUATION 

Spring 

riutuffld 

Winter 
Strong Spring 

l^dre SuBBer 
*iutuBn 

Fronlji Winter 
Sprino 

Orograohic 5M«er 
rtutufln 

Winter 
Spring 
Sufimer 
tlulumn 

L5te Spring 
Sus!,i;r 

POrEIMTIAL   HAZARD 

?■    =?Jlt!lll "'nd/sea - Can 6e ciusei bv 
sregaie   or^i"rc:co",    Hay prcdpce i3-24 ft 

I/-B t' seas in outer harbor.    Strongest in 
mnter, mliteiy in suuer.    "Etesisn sinds 
over ftgcanen or eastern Sediterranean Sea can 
ji'Jse a-i; (t ;;.5 - 1.5 «) snell oH sastern 
sici;/, fflaui^uj! occurrence in nugust. 

f;   ""Ic!! "ifif - Strong winds <ro« soutftnest 
.nrjuga northBesi caused oy IOH pressiire north 
c( 31C1U,    Can produce gusts to 65 its in 
-■ort.    NaxiitM froquencv ir narc^| »ten events 
can last 2-3 days, 

'■    'llSlMetstoxiH - Possible mth passing 
frontal sysfiBs, and in the (olloning cold air. 
ussocialed wind gusts mii squalls to Be 
expected.   Most co«mn late autuBn ear> winter 
with transient low centers passino south of 
aiciiy.    Orcgraphically induced iii sueier. 

d.    'ropKal^ cyclone - UncosBon in the 
nediterrmean Tufwiien occurring, would have a 
BanuuB probability of occurrence in late 
sumer or early autuBn.    Two of the three 
storjs recorded since H69 have occurred in 
SepteBlieri with BaiiBus winds of 100 I's on one 
occasion.    High winds/ scas/storB surge 
possitile. 

^i   i|i,^ClliR - ilncoBBon until late spring, 
sneri daily wariing of land Bass is sufficien' 
to trigger breeze.    CaMonly occurs between 
IOJOL and I800L. with aa<i«u« velcciti-s "' |s- 
25 Ms by 15301, 

EFFECT - PRECAUTIONARY/EVASIVE ACTIONS 

'S'ssel s approaching Augusta 6av shoidd ' 
sccurring or are f;'eca5t for the harbo 

the 
- ,, _in at sea i' strong 

--..;... I '\j"' ■" '"r"' "" ^"- "'^rbor. Vessels scheduled ^o lea 
.aroor bhouid arrange to depart prior to the onset of  strong winns'   H1 

erfects of^iiilld!" ''""'■     ' '""'""" '"""="'- °""''' '•'' >'"^'" «"' '» ""f 

b.    Vessels approaching iuousta say should re.ain at sea if strono wnds ar= 

?a   ^^InM^" '°"^f''>^ the harbor,    vessels schedu ed"        a      he 
.1a,bor should a-range to depart prior to the onset ot strong winds. 

s'onlficart'I?"? nh'?„?r'' f'T" "["H"' '° ""''""'' ""' "= ■»=' s.gniticaiit art lightning strikes and strong, gusty winds.     Since little ran 
llrj   ° ^J^l'S"'"'^? 5t"kE5, vessels arl liiite   b pr   e   ,n      ,a e by 

a '    ■   f ;s™f f '"■■ "'™"' "' ''"''"■   S«" '''»' 0 era "   's b ' ■-urta,.ed.    fersonnel exposure on weatherdects should be BiniBued. 

«y'"nJe S? p.:r?i:Li:'^-;,rL;:-' '"--^-n that a tropi^ariJcKL 

Schedule arrival/departure during early Borning to a void afternoon winos. 

ADVANCE INDICATORS AND OTHER INFORMATION 
ABOUT POTENTIAL HAZARD 

a.    Strong winds with an easterl 
pressure cell over central 

terlv coiipcnent result when a buiidinq hign 
^-lo,, „ -, u„;n; ..■■■•■-■ -f'^'Pf ""tides with an intensifving low pre=su' 
s,= e. o.er North B.rici or the Ionian Sea (late ;ituM, w   ' 
fling/,    Fasterly winjs -ssociated with a Scirocco even- 

ti-   .   „; 1   ' ^''h'"? "T -"^ ™*''' "• »«' Etna 13' tnwest of i^ugusta Bay       ^- — 

any 

'^■"''      '^'' ' "•■'<"/ "'<■/  "It 5UMU ot nount htna 135 n ni north- 

cause easterly swell afAugu^Sa'SllTJoSJsll^^Jlen^^IEiSjf "='™ ''' 

S™--^,i^-- '^Jfl^l^l^HS^^^^-^'^"'- - ^«- 
cr Maestraie. 

s"ea = tL!r'd°'?r.t;''')'?-'? "' '?'"/' z""™ ' *^»"='^"t "°" P""^'-e ^vste« 
■ ,l;fa''.?°';':,"!..?l^-!l'-_, Thunderstor. actlvltv occurs with passirj 

fioves ea  
r/^H/.-i/'-!r,/lQa ;.nn/,t" -:-"-/■ , /,■"■>"/:> 3^v.'i «> dttiviLv occucs With pa^si 
;.„■ ?™t ?"**' "''™^ »"* ""' tti= "U, unstable air following fe 
■■ont.    Tunderst™ are orograpMcal Iv induced in suBBer with onshore -low. 

d.    flonitpr satelJite nagss and synoptic reporls tor ear'v det»r»ir/i ,( ■ 

sns::?i?s;ps;si„-;;?-:caffr5?ibfi^;h?isn[i;S-'?^^ 
o^mpm^-r^  laag-ppnod swell  tnjm Us soutfiern Eeaicifcle ' ' 

sning t^nn^ 

ea bree:e irm ;ate spnnq through earlv autumn Nitfi 
fiigri aiort can suppress the sea breeze nechflniEw. 



TABLE 3-4-   (Continued) 

VESSEL 
LOCATION/SITUATION 

Small boat operations 

Winter 
Spring 
iuflaer 
Autumn 

Winter 
Strong Spring 

Rare Sumner 
Autuin 

Frontal Winter 
Spring 

Orographic Sunnier 
ftutusfi 

Winter 
Spring 
SufKner 
flutUin 

Late Spring 
SuiBiser 

Early Autunn 

POTENTIAL HAZARD EFFECT - PRECAUTIONARY/EVASIVE ACTIONS 

a-   Easterly "'"ti/sea - Can be caused b^ 
'Gregale" or "ScirocTo",   Hay produce 2J-26 ft 
(7-8 fn.' seas in outer harbor.   Strongest in 
winter, unlikely in suimner.    ''Etesian winds 
over Ageanen or eastern Mediterranean Sea can 
cause S-I2 ft (2.5 - 5.5 m) SKell off eastern 
Sicily, naKiffluii occurrence in August. 

ti.   Hesterly wind - Strong winds from southHest 
through northMesf caused by low pressure north 
of Sicily.   Can produce gusts to i5 Us in 
Port,   Ha)(JBUin frequency in March, when events 
can last 2-3 days. 

c. Thunderstorms - Possible nith passina 
tr on fir systems, and in the follomnq cold air. 
Associated wind gusts and squalls to be 
expected.   Host coitmon late aututn early mnter 
with transient low centers passing south of 
Sicily.   Drographically induced in suiter. 

d. Tropical cyclone - Uncofiaon in the 
Hediterranean cut w~hen occurring, would have a 
ffianitiuiD probability of occurrence in late 
sunnier or early autumn.   Two of the three 
storms recorded since 1969 have occurred in 
Septeisber, with mauium winds of tOO kts on one 
occasion.   High winds/ seas/storm surge 
possible. 

e. Sea bree;e - lincofflflon until late spring, 
when"?aiTy^Mareing of land mass is sufficient 
to trigger breeze.   Commonly occurs between 
1030L and 180OL, with maxifsum velocities of 15- 
25 kts by 15301. 

a.    Sffiall boat operations should be curtailed if winds increase to dangerous 
velocities. 

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

c.    Sfflall boats should be operated with extrene caution, and secured at the 
fust indication of lightning or strong winds. 

d.   All small boat operations should cease at the approach of the tropical 
cyclone.    Sinili craft should be hoisted out of the water and secured on deck 
or, in the case of bhore-Dased boats, well above the high tide line. 

e.   Sffiall boat operations should he curtailed if winds increase to oangerous 
velocities. 

ADVANCE INDICATORS AND OTHER INFORMATION 
ABOUT POTENTIAL HAZARD 

a. Strong winds with an easterly component result when a buildinq high 
pressure cell over central Europe coincides with an intensifying low pressure 
system over North Africa or the Ionian Sea (late autumn, winter, and early 
spring).    Easterly winds associated with a Scirocco event are often preceded by 
cumuhfori clouds staying over the summit of Hount Etna (35 n mi north- 
northwest of Augusta Bay!,    During sunmer an "Etesian" over the Aegean Sea will 
cause easterly swell at Augusta Bay 4-8 hours after generation. 

b. High winds with a westerly conponent result when a low pressure system 
moves eastward north of Sicily.   Transient extratropical lows should be 
monitored closely to detect any strong pressure gradients which nay affect the 
Augusta Bay area.   May be called Libeccio, Ponente, or flaestrale. 

c. Thunderstorm activity can be expected when a transient low pressure system 
moves eastward south of Sicily.     Thunderstonn activity occurs with passing 
cold/occluded (rental systems and in the cold, unstable air following the 
front.    Thunderstorms are orographically induced in summer with onshore flow. 

d. Monitor satellite images and synoptic reports for early detection ot a 
developing tropical cyclone.   Approaching tropical cyclone lay be indicated by 
high, thin clouds in cyclonicaliy spiralling, gradually thickening bands or by 
unexplained long-period swell from the southern semicircle. 

e,   Evpected afternoon sea breeze from late spring through early autumn with 
wrtrm temperatures.   A high aloft can suppress the sea breeze raechanisii. 
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APPENDIX A 

General Purpose Qceanoqraphic Information 

This section provides general information on wave 

forecasting and wave climatology as used in this study. 

The forecasting material is not harbor specific. The 

material in paragraphs A.1 and A.2 was extracted from 

H.O. Pub. No. 603, Practical Methods for Observing and 

Forecasting Ocean Waves (Pierson, Neumann, and James, 

1955). 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 JONSWAP 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, 1986), 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.O. 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 limited, there is little residual wave action 

following periods of locally light/calm winds and the sea 

surface is nearly flat. A local wind developed wave 

growth is therefore slower than wave growth in the open 

ocean where some residual wave action is generally always 
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present. This slower wave development is a built in bias 

in the formulation o-f the JONSWAP model which is based on 

data collected in an enclosed sea. 

A. 1    De-f i ni ti ons 

Waves, that are being generated by local winds are 

called ^SEfV'.  Waves that have traveled out o-F the gener- 

ating Brea      are  known  as "SUIELL".  Seas sre   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 its fetches 

and open sea expanses Bire   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 FREQUENCY is 

the reciprocal of the period (f = 1/T) therefore  as  the 

period  increases  the frequency decreases.  Waves result 

from the transfer of energy from  the  wind  to  the  sea 

surface.  The  area over which the wind blows is known as 

the FETCH, and the length of time that the wind has blown 

is the DURATION.  The characteristics of  waves  (height, 

length,  and period) depend on the duration,  fetch,  and 

velocity of the wind.  There is a  continuous  generation 

of  small short waves from the time the wind starts until 

it stops.  With continual transfer  of  energy  from  the 

wind  to  the  sea  surface the waves grow with the older 

waves leading the growth and spreading the energy over  a 

greater  range  of  frequencies.  Throughout  the  growth 

cycle a SPECTRUh of ocean waves is being developed. 
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Wave Spectrum 

Wave characteristics a.re best described by means 

o-f their range o-f frequencies and directions or their 

spectrum and the shape of the spectrum. I-f the spectrum 

of the waves covers a wide range of frequencies and 

directions (known as short-crested conditions), SEA 

conditions prevail. If the spectrum covers a narrow 

range of frequencies and directions (long crested 

conditions), SWELL conditions prevail. The wave spectrum 

depends on the duration of the wind, length of the fetch, 

and on the wind velocity. At a given wind speed and a 

given state of wave development, each spectrum has a band 

of frequencies where most of the total energy is 

concentrated. As the wind speed increases the range of 

significant frequencies extends more and more toward 

lower frequencies (longer periods). The frequency of 

maximum energy is given in equation 1.1 where v is the 

wind speed in knots. 

f,r,-,x = 2.476 (1,1) 

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 longest waves are 

relatively low and extremely flat, and therefore also 

masked by the high energy frequencies. The result is 

that 5'/. of the upper frequencies and 37. of the lower 

frequencies  can  be  cut-off  and  only  the   remaining 
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•frequencies are considered as the "significant part o-f 

the wave spectrum". The resulting range o-f 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 equation (1.2). 

T = 0.285V (1.2) 

Where v is wind speed in knots and T is period in 

seconds. The approximate average wave length in a fully 

arisen sea is given by equation (1.3), 

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 

can also be expressed as; 

L = .67"L" (1.4) 

where "L" = 5.12T=,  the wave length for the classic sine 

wave. 

A.3    Fully Arisen Sea Conditions 

For each wind speed there are minimum fetch (n 

mi) and duration (hr) values required for a fully arisen 

sea to exist. Table A-1 lists minimum fetch and duration 

values for selected wind speeds, values of significant 

wave (average of the highest 1/3 waves) period and 

height, and wave length of the average wave during 

developing and fully arisen seas. The minimum duration 

time assumes a start from a flat sea.  When pre-existing 
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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 Arisen Deep Water Sea Cond-itions 
on the JONSWAP Model. 

Based 

1 Wind Minimum Sig Wave (Hl/3) 
1 Speed Fetch/Duration F'erio d/H ei ght 
1 (kt) (n mi ) (hrs) (sec ) (ft) 

1   10 28 / 4 4 / O -^ 
!    15 55 / 6 6 / 4 
!   20 110 / 8 8 / 8 
1   25 160 / 11 9 / 12 
;  30 210 / 13 11 / 16 
!   35 310 / 15 13 / 22 
1   40 410 / 17 15 / 30 

Wave Length (ft) ^ •=^ 
Developing/Ful1y 

/Ari sen 
L X (.5) /L X (.67) 

41 / 55 
92 / 123 
164 / 220 
208 / 278 
310 / 415 
433 / 580 
576 / 772 

NOTES: 

^   Depths throughout fetch and travel zone must be greater 
than  1/2  the  wave  length,  otherwise  shoaling  and 
refraction    take    place    and   the   deep 
characteristics of waves are   modified. 

water 

^ For the classic 
5.12  times  the 
waves develop an 
then  propagate 
wave lengths app 
Therefore the wa 
than  those  of 
less than  the 
factor  of  .5 
reflect this rel 

sine wave the wave length (L) equals 
period (T) squared (L = 5.12T=). As 

d mature to fully developed waves and 
out of the fetch area as swell their 

roach the classic sine wave length, 
ve lengths of developing waves are less 
fully developed waves which in turn are 
length of the resulting swell. The 
(developing) and .67 (fully developed) 
ationship. 
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A. 4    hiave 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 harbors the fetch lengths will be short and 

therefore the growth of local wind waves will be fetch 

limited. This implies that there are locally determined 

upper limits of wave height and period for each wind 

velocity. Significant changes in speed or direction will 

result in generation of a new wave group with a new set 

of height and period limits. Once a fetch limited sea 

reaches its upper limits no further growth will occur 

unless the wind speed increases. 

Table A—2 provides upper limits 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 locally generated wind 
waves, then the Table can be used to 
determine the wind waves that will combine 
with the swell. Shallow water swell 
conditions are influenced by local bathymetry 
(refraction  and  shoaling)   and   will   be 
addressed in each specific harbor study. 

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

A-6 



Table A-2. Fetch Limited Wind Wave Conditions and Time 
Required to Reach These Limits (Based on JONSWAP Model). 
Enter the table with wind speed and -fetch length to de- 
termine the significant wave height and period, and time 
duration needed for wind waves to reach these limiting 
•factors. All o-f 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) 

1 Fetch \  Wind Speed 
1 Length \    18 

(kt) 
24      ! 30    1 36 42 

I (n mi > 

!   10 2/3-4 
1-2 

3/3-4 3-4/4 4/4-5 
1-2 

5/5 
1-2 

!   20 3/4-5 
2-3 

4/4-5 
3 

5/5 
3 

6/5-6 
3-4 

7/5-6 
3 

!   30 3-4/5 
3 

5/5-6 
4 

6/6 
3-4 

7/6 
3-4 

8/6-7 
3 

!   40 4-5/5-6 
4-5 

5/6 
4 

6-7/6-7 
4 

8/7 
4 

9-10/7-8 
!     3-4 

!  100 5/6-7^ 
!    5-6 

9/8 
1     8 

11/9 
!       7 

13/9 
7 

! 15-16/9-10 
!       7 

^  18 kt winds are not -fetch limited over a 100 n mi -fetch. 

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

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. 

If the condition lasts beyond 3 hours the sea 

will not grow beyond that developed at the end 

of about 3 hours unless there is an increase in 

wind speed or a change in the direction that 

results in a longer fetch. 
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A.5    Wave Climatology 

The wave climatology used in these harbor studies 

is based on 11 years of Mediterranean SDWM output. The 

MED-SOWM is discussed in Volume II of the U.S. Naval 

Oceanography Command Numerical Environmental Products 

Manual (1986). A d^ep water MED-SOWM grid point was 

selected as representative of the deep water wave 

conditions outside each harbor. The deep water waves 

were then propagated into the shallow water areas. Using 

linear wave theory.and wave refraction computations the 

shallow water climatology was derived from the modified 

deep water wave conditions. This climatology does not 

include the local wind generated seas. This omission, by 

design, is accounted for by removing all wave data for 

periods less than 6 seconds in the climatology. These 

shorter period waves are typically dominated by locally 

generated wind waves. 

A.6    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 e>;tracted from available 

charts and digitized far computer use. Figure A-1 is a 

sample plot o-f 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 5 or 

6 periods (at 2 second intervals) of concern for each 

area of study. This results in 15 to 24 plots per 

area/harbor. To reduce this to a manageable format for 

quick reference, specific 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 <Naplem harbor) as used in this 
project.  For plotting purposes only, contours arm  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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