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Harbour

• Harbour can be defined as a basin or
haven of navigable waters well protected
naturally or artificially from the action of
winds and waves. They are situated at
sea-shore or river estuary or lake or canal
connected to the sea.



Classification of Harbour

• There are many Classification of Harbours. let us 
discuss briefly about each one of them.

• CLASSIFICATION OF HABOUR DEPENDING UPON THE PROTECTION 
NEEDED

Natural Harbours or Natural Roadsteads
Inlet protected from storms and waves by natural

configuration of the land A deep navigable
channel with a protective natural bank or shoal to
seaward is a good example of a natural roadstead



• Semi-natural Harbour
Protected on sides by headlands and requires 

man-made protection only at the entrance
• Eg: Vishakapatanam
• Artificial Harbours Or Artificial Roadsteads
No natural facilities are available for the 

harbour,also known as man-made harbours.
An area protected from the effect of waves either 

by breakwaters.
• Eg: Madras harbour
Artificial roadsteads – created by constructing a 

breakwater or wall parallel to the coast or 
curvilinear from the coast



CLASSIFICATION OF HARBOUR 
DEPENDING UPON THE UTILITY

• Harbours of Refuge
All naval crafts small or big require refuge in an 

emergency
Modern big ships will require a lot of elbow room 

for turning and manoeuvring
Should provide commodious accommodation
• Requirements
Ready accessibility from the high seas
Safe and convenient anchorage against the sea.
Facilities for obtaining supplies and repairs



Continued
• Commercial Harbours
 Not situated on coasts of big rivers or even on island 

river coast
 Do not have any emergency demand
• Requirements
 Spacious accommodation of mercantile marine
 Ample quays space and facilities for transporting, 

loading and unloading cargo
 Storage sheds for cargo
 Good and quick repair facilities to avoid delay
 More sheltered conditions as loading and unloading 

could be done with advantage in calmer waters



• Fishery Harbours
Constantly open for departure and arrival of 

fishing ships.
Loading and unloading facilities & quick 

despatch facilities for the perishable fish 
catch.

Refrigerated stores with ample storing space 
for preserving the catch.



• Military Harbour
Should accommodate the naval vessels.
 They serve as supply depots also.
Bombay and Cochin harbours have naval 

bases.



• Marina Harbours
Marina is a harbour providing facilities for fuel, 

food, showers, telephones etc. for small boat 
owners having temporary or permanent berths

• Classification
Large marinas – have 200 or more berths.
 Small marinas – have less than 100 berths.
• Facilities Provided
Resort Facilities
Yacht Club
Sport, Fishing Facilities
Marina Pubs



CLASSIFICATION OF HARBOUR 
DEPENDING UPON THE LOCATION

• (1) Canal Harbour
 Harbour located along canals for sea navigations.
 Dredging is negligible
• (2) Lake Harbour
 Harbour constructed along the shore of the lake.
 No tidal action
• (3) River Harbour
 Also known as Estuary harbour
 Harbour constructed along the banks of the river.
• (4) Sea Or Ocean Harbour
 Harbour located on the coast of the sea or an ocean.



Wind And Waves
• The ocean is never still. Whether observing from

the beach or a boat, we expect to see waves on
the horizon.

• Waves are created by energy passing through
water, causing it to move in a circular motion.
However, water does not actually travel in waves.

• Waves transmit energy, not water, across the
ocean and if not obstructed by anything, they
have the potential to travel across an entire
ocean basin.



• Waves are most commonly caused by wind.
• Wind-driven waves, or surface waves, are

created by the friction between wind and
surface water. As wind blows across the
surface of the ocean or a lake, the continual
disturbance creates a wave crest. These types
of waves are found globally across the open
ocean and along the coast.



• More potentially hazardous waves can be
caused by severe weather, like a hurricane.
The strong winds and pressure from this type
of severe storm causes storm surge, a series of
long waves that are created far from shore in
deeper water and intensify as they move
closer to land



• Other hazardous waves can be caused by
underwater disturbances that displace large
amounts of water quickly such as
earthquakes, landslides, or volcanic eruptions.
These very long waves are called tsunamis.

• Storm surge and tsunamis are not the types of
waves you imagine crashing down on the
shore. These waves roll upon the shore like a
massive sea level rise and can reach far
distances inland.



Tidal Waves

• The gravitational pull of the sun and moon on
the earth also causes waves. These waves
are tides or, in other words, tidal waves. It is a
common misconception that a tidal wave is
also a tsunami. The causes of tsunamis are not
related to tide information at all but can occur
in any tidal state.



Three different types of wind 
waves develop over time

• Capillary waves, or ripples, dominated by 
surface tension effects.

• Gravity waves, dominated by gravitational and 
inertial forces. Seas, raised locally by the wind.

• Swell







• Sea' is a description of the wind waves raised 
by the wind in the immediate neighbourhood 
of the place of observation at the time of 
observation. 

• 'Swell' is a description of the ocean waves 
that are not raised by the local wind.



Causes of Swell

• Waves located on the ocean's surface are
commonly caused by wind transferring its
energy to the water, and big waves, or swells,
can travel over long distances. A wave's size
depends on wind speed, wind duration, and
the area over which the wind is blowing (the
fetch).

































What causes swell at sea?

• Waves located on the ocean's surface are
commonly caused by wind transferring its
energy to the water, and big waves, or swells,
can travel over long distances. A wave's size
depends on wind speed, wind duration, and
the area over which the wind is blowing (the
fetch).



How is sea swell measured?

• It's measured from the trough (very lowest
point) to peak (very highest point) of each
wave. Generally speaking the larger
the swell the larger the waves it'll create.



What's the difference between waves, 
seas and swell?

• Waves are generated by wind moving over
water; they indicate the speed of the wind in
that area. Swell are waves (usually with
smooth tops) that have moved beyond the
area where they were generated.



What is a good swell period?

• Swell period is a measure of that acquired
momentum and it determines how far
a swell will be able to travel in the open
ocean. Short-period swell, (11 seconds or less)
will usually decay within a few hundred miles,
while long-period swell, (above 14 seconds), is
capable of far greater journeys.



What is a big swell?

• Swells are collections of waves produced by
storm winds raging hundreds of miles out to
sea, rather than the product of local winds
along beaches. They are formed by a
combination of factors and are coveted by
surfers looking to catch a big wave



What is a good swell?

• Swell period is the time passed between two
waves. ... A wave period above 8 seconds is
average, above 11 seconds is good, above 14
seconds is great (at this point the waves has
definitely traveled long enough to not be
affected at all by the storm that created them,
they are pure ground swell).



What are two types of waves?

• Waves come in two kinds, longitudinal and
transverse. Transverse waves are like those
on water, with the surface going up and
down, and longitudinal waves are like of those
of sound, consisting of alternating
compressions and rarefactions in a medium.



What are the types of waves?

• Usually, waves are around us, it can be sound
waves, radio waves, water waves, sine waves,
cosine waves, string waves, slinky waves etc.
These are created through disturbance.



What do you call a group of waves?

• Often, when several waves are travelling
along a medium as shown above, the
continuous group of
waves is called a wave train.



What are 3 causes of waves?

• Waves are dependent on three major factors –
wind speed, wind time and wind distance.

• What is a very large wave called?
• tsunami. noun. a very large wave or series

of waves caused when something such as an
earthquake moves a large quantity of water in
the sea.





• Waves generated locally by wind are known as 
sea. It consists of waves of many different wave 
heights and periods as shown in the time series in 
Fig. 2.3. These waves propagate more or less in 
the wind direction.

• Waves are formed by a crossing pattern of two
wave trains propagating at a small angle away
from the wind direction as shown in Fig. 2.4.
Local peaks in the water level occur where the
two wave trains add and lower water levels exist
where they subtract, resulting in the irregular
wave pattern of Fig. 2.3 at any particular location.









• Waves, generated some distance away are
called swell. The difference between sea and
swell is shown in Fig. 2.5.



Wave Table



Wave Table







Equation [10] expresses wave energy per unit surface 
area, or energy density E, in joules/m*. It is made up 
of half potential energy and half kinetic energy. 

Equation 11 gives wave power, P, arriving at any 
location. Its units are wattslm of wavecrest. 

Equation. [2] indicates that longer period waves travel
faster than shorter period waves. A real wave train, as in
Fig. 2.3, contains many different wave periods, and
therefore it would stretch out (disperse) as it traveled.
The longest waves would lead and run further and
further ahead with time and distance, while the shortest
waves would lag further behind. Hence Eq. [2] is called
the dispersion equation.



Equation [2] also means that away from their
immediate, generating area, waves of roughly the
same period tend to travel together. From basic
physics we know that waves of almost the same
period interfere to form beats or wave groups. The
theoretical expression for the interference pattern of
waves of almost the same period is shown in Fig.
2.10.







Eqs. [14], [I51 and [I61 are expressions derived from 
other theories, often used as simple extensions of 
small amplitude theory. According to higher order 
theory, the particle orbits of Fig. 2.9 are not closed. 
There is a small net movement of the water

particles in the direction of wave propagation called 
Mass Transport. The mass transport velocity at the 
bottom, UB, which is important for calculating 
sediment transport, is given in Eq. [14]. Three wave 
breaking criteria are given in Eq. [15].  There is a limit 
to the steepness of the wave. In shallow water, this 
reduces to a



limit of the ratio (H/d), known as the breaking index.

Solitary wave theory defines this limit as 0.78, a value

supported by experimental observation. Finally,

although the wave crest and trough are equidistant

(H/2) from the still water level in small amplitude

wave theory, higher order wave theory estimates that

the wave crests are higher and the wave troughs

become shallower than in small amplitude theory (Fig.

2.11). This creates a difference between mean wave

level midway between crest and trough and still

water level, as given by Eq [ 16].



Wave table











Calculation by Computer











Wave Measurement

• In order to understand the coastal
environment, probably the most important
parameter to determine is the wave climate -
the waves that are present at a location

over the long term (years) and over the short
term (storms and individual waves).

The measurement of such waves is the topic of
this section.



Wave measurements can be made with different
types of recorders kept either at the sea surface or
over and below it. The airborne devices include
the satellite based sensing of the surface using a
radar altimeter. The floating recorders could be
either of electrical resistance gauges, ship borne
pressure sensors or wave rider buoys. The
submerged category involves the pressure gauges
and the echo sounders. Out of all above types the
wave rider buoy (Fig. 1.9) is most commonly
employed in routine wave data collection.





• It is in the form of a spherical buoy that is kept floating
on the sea surface. It undergoes accelerations in
accordance with the wave motion. The vertical
accelerations are continuously recorded by an
accelerometer located inside the buoy. These are
further integrated twice electronically to obtain
records of the sea surface elevations which in turn are
sent to a shore based receiving station. Commonly, a
20-minuterecord collected once in every 3 hours, as a
true statistical sample during the period, is practiced
to optimize the data collection.



• Forecasting of waves for operational or design
purpose needs to be made by measuring and
analyzing the actual wave observations at a given
location.

• But considering the difficulties and costs involved
in getting large scale wave data, many times, the
readily available wind information is gathered
and then converted into corresponding wave
information although this procedure is less
accurate than the actual wave analysis.



• The wind information required to forecast the
waves can be obtained by making direct
observations at the specific ocean site or at a
nearby land site. The latter observations
require projection to the actual location by
applying some overland observation
corrections. Wind speed and its direction can
be observed at regular intervals and hourly
wind vectors can be recorded.



• Alternatively use of synoptic surface weather
maps can also be made to extract the wind
information. These maps may give Geostrophic
or free air speed, which is defined as the one
undisturbed by effects of the boundary layer
prevalent at the interface of air and sea. Instead
of this speed, which may exist at a very large
height from the sea surface, the wind prediction

formulae incorporate the wind speed value at a
standard height of 10 m above the mean sea level
(U10) which can be obtained by multiplying the
geostrophic speed by a varying correction factor.



This value of U10 so deduced needs further
corrections as below before it can be used as input
in the wave prediction formulae.



• (ii) Correction for the difference in air and sea 
temperature: 
This difference affects the boundary layer. The

correction factor can be substantial - varying from 1.21
for a temperature difference of -20 degrees to about
0.78 for the temperature difference of +20 degrees.

• (iii) Correction for shortness of observations duration: 
Since the wind is observed for a very
short duration of say 2 minutes at a time, its stable
value over duration of an hour or so is required to be
calculated. Empirical curves are available to obtain the
corrections (i), (ii) and (iii) above. (SPM, 1984).



• (iv) Correction to account for the non-linear 
relation between the measured wind speed

• and its stress on the seawater: This correction 
is given by,







• If we have a collection of pairs of individual wave
heights and wave periods (or zero cross periods,
meaning thereby that the crests should necessarily
cross the mean zeroth line. (Fig 1.10), then an
average height of the highest one third of all the
waves (like H1, H2, H3...of Fig 1.10) would give the
significant height. (Hs) while an average of all wave
periods (like T1, T2, T3...of Fig 1.10) would yield
significant wave periods (Ts). These definitions are
empirical in origin.





Wave Direction
• If a single sensor is placed to measure waves, the

record resembles Fig. 2.3. It gives information of
water level fluctuations with respect to time, but
it gives no idea of the direction in which the
waves were traveling when the recording was
made. Such a wave record is simply the sum total
of all wave components arriving from all
directions. If the direction of approach of the
various components must be known, more
sensors need to be placed and the record of each
sensor needs to be related to the others.





• It is easy to visualize that for the array of sensors in Fig.
2.15, long crested waves traveling from the North,
(Direction N) would give identical records on all
sensors.

• The records of C and D would be exactly in phase while
the records of A and B would lead C and D in time.
Conversely, long crested waves traveling from the west,
(Direction W) would again give identical records on all
four sensors. Those on A and B would be exactly in
phase while C would lead and D would lag behind

A and B. Thus from inspection of the records and
comparison of phase differences between them, the
direction of wave travel may be obtained.



• Even if the direction of travel were such that 
none of the records occur at the same time, a 
little arithmetic can determine wave direction. 
The intuitive method of comparison of separate 
wave recordings, as described above, may be 
generalized using cross-correlation techniques 
to produce estimates of wave direction.



• Since waves are normally not long-crested, the 
wave recordings should be taken as closely 
together as possible to ensure that all 
measurements are of the same short-crested 
wave. One common technique actually uses 
one pressure sensor and two orthogonally 
mounted current meters, placed at the same 
location and close enough to the surface to 
obtain strong signals.



• Using equations such as in Table 2.2, q can be 
computed from p, u and v, where v is the 
velocity measured in the y direction. Cross-
correlation of the three signals then makes it 
possible to calculate wave direction from 
these three simultaneous measurements. 



• Remote sensing with radar or air and satellite
photography can also be used to determine
wave direction. When wave direction is not
measured, it is generally inferred from the
wind direction, as described in Ch. 5, in
combination with refraction, diffraction and
reflection patterns of the waves, described in
Ch. 7. This is a rather inaccurate business, but
often it is the only source of directional
information.






