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ABSTRACT
The work models the wave motion over a step in the seabed
and the wave motion over a submerged rectangular channel in the
seabed, such as the shipping channel at the approach to Ramsgate
harbour. In both cases the wave will consist of standing and
progressive components.
Existing theories for the mass transport velocities are
employed to discuss the possible bottom currents and to surmise the
implications of such currents on the bottom topography.
The limitations of the model are discussed.
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INTRODUCTION
THE GENERAL AREA OF INTEREST AND THE BACKGROUND TO THE PRESENT
WORK
Key to Photographs
PLATE a. A view looking down along the North Breakwater from the
vantage point of a light beacon on the end of the East Pier which
is perhaps some 8m above sea level (see map). The position of the
dredged channel is shown clearly by the swash created by the
incomming ferry depicted in plate b (which was taken at some
instant between the two main photographs of this plate).
PLATE b. The reason for the channel. A cross channel ferry on its
return from Dunkerque. Viewed in conjunction with Plate a, the
reader may gain an appreciation of the size of the pieces of stone
used in the construction of the Breakwater.
PLATE c. Looking South from Ramsgate Sands, within the vicinity of
the Royal Victoria pavilion (see map), the bow of the East Pier is
in the foreground with the North Breakwater behind. More distant
still can be seen the red, port marker of the South Breakwater.
PLATE d. A composite picture taken from the elevation of the Royal
Parade(see map). Unslip the top—most photograph from under the
staple and open out. To the far left is the promenade along the
Royal Parade. Second from left is a view of the old or Royal
Harbour. The centre picture shows the entrance to the new harbour
The cars in the foreground are all new Volkswagen, shipped over
from Germany. Viewed in conjunction with the map, the reader may
gain an appreciation of the scale of the construction of the new
harbour. To the right, parked on the new reclaimed land section,
various container lorries await transportation across the English
Channel.
PLATE e. The Inner Harbour which forms a marina for all manner of
small craft. Above the arches to the left is the promenade of the
Royal Parade from which the above composite picture was taken.
PLATE f. Under plate e. is a composite picture of the entrance to
the new harbour taken from the end of the West Pier (see the
lighthouse with the red domed top in the above composite picture
and the map). In the centre picture can be seen a marker buoy which
marks the edge of the dredged turning circle within the new
harbour.
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PLATE g. A view from the East Pier looking out from the old or
Royal Harbour with the West Pier to the right and the East Pier to
the left (both of which can be seen in plate d. and the map). The
south breakwater can be seen in the distance just below the
horizon.
PLATE h. Looking into the Royal Harbour from the East Pier (notice
the lifeboat common to both this picture and plate g. above). The
Royal Victoria pavillion on Ramsgate sands is to the far right of
the photograph.

The History and Construction of the Old and New Harbours at Ramsgate

The old (or Royal) harbour at Ramsgate is built around a
natural embayment, i.e. the inner harbour, which has been a haven
for ships for centuries. Ships approaching from the south could
dock here before the final leg of their journey to the port of
London.
The construction of the old harbour about the natural
embayment began in 1703 in response to a gale at that time in which
several vessels were lost. Storms in 1747 led to further
improvements being made to the construction. The old harbour
contained a dock which was used by lord Nelson for his warships.
The conception of the
1978 when a Swedish shipping
Council (TDC) with a proposal
serving north—eastern Europe as

new harbour at Ramsgate dates from
company approached Thanet District
to provide facilities for shipping
a rival to the port of Dover.

The new harbour is constructed of loose rocks of various
snapes and sizes with an average volume of perhaps 2m3. These rocks
being imported from Sweden. The chalk floor of the new has been
dredged to form a turning circle for ships and an approach channel
from the east to the new harbour has also been carved out from the
chalk of the sea bed. The total cost of the dedging to TDC is of
the order of £170,000.
The chalk material taken during dredging has been layed
in a rock enclosure in a rock enclosure to form a piece of
reclaimed land to the west of the new harbour. Some 600 to 700
thousand tonnes of sand from the beach to the north—east of the old
harbour has been taken to cap the chalk of the reclaimed section.
Transportation of these materials being by open barge.
The construction of the new harbour has not been without
its problems. To quote from the British Maritime Technology Ltd.
proposal to TDC to undertake a programme of investigation aimed at
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maximising the use of the approach channel:
“The Ramsgate approach channel is subject to considerable wave
actions which induce a vertical movement of the ships in the
channel with the consequential fear of the ship striking the
channel bottom. The channel is also subject to considerable cross
currents due to the alignement of the channel to the coastal tidal
stream with a consequent fear of grounding at the side of the
channel.”
Prior to the construction of the new harbour currents
running parallel to the coast in a south—westerly direction would
take sand from the Ramsgate beach and deposit it to the south of
the old harbour. At other times easterly currents, running
clockwise around Pegwell bay, would act on such sand deposits and
effectively return the sand to the beach area and so maintain a
geological status quo. Since the construction of the new harbour
such sand is deposited to the south of the South Breakwater and
subsequent action by easterly currents drive this sand out to sea
and it is therefore lost to the coast.
Due to the nature of the new harbour walls i.e. loose
large rocks, the construction is pervious to sand being washed by
the south—westerly currents. This has led to the formation of
deposits of sand within the North Breakwater of the new harbour at
the mouth of the old harbour which effectively obstructs the
entrance to the old harbour.
This action of the seas on Ramsgates sands together with
the removal of some 40% of the original mass for the capping of the
reclaimed land has led to a considerable diminishing of the beach
area. It could be said, with the benefit of hindsight, that the
removal of this sand for construction purposes should have been
ill—advised. Indeed it was originally proposed to use material from
the North Goodwin sands, a sand bar located some 8 miles east of
the Ramsgate area, but the scheme involving transportation of this
material by open barges would not have been cost effective. Prior
to the construction of the new harbour the beach was a tourist
attraction and the removal of the beach has led to a decline in the
number of tourists to the area and an associated decline in the
local tourist trade.
The Isle of Thanet is essentially a peninsula and as such
is very vunerable to storms from the North sea. Comparison of a
survey done in 1795 with more recent surveys shows that a dike,
composed of large flint pebbles, to the east of Ramsgate has been
moved landward some considerable distance from its original
position, adjacent to a quern, by the action of storms at sea. The
removal of the beach mass has left the eastern arm of the old
harbour vulnerable to storm action and superficial damage to it has
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been sustained, indeed the loose, large rocks of the new harbour
are not infrequently moved from their intended positions by storm
action.
The last full survey of the area was undertaken by the
Ministry of Defence in 1986. At the time of writing no new survey
has been carried out subsequent to the severe storm of October 1987.
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PLATE a. Photograph of the New Harbour Mouth
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PLATE b. Photograph of Sallyline Cross-Channel Ferry

PLATE c. Photograph taken from Ramsgate Sands, Looking South
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PLATE d. Composite Photograph of Panoramic View of Ramsgate Area including the
old and new Harbours
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PLATE e. Composite Photograph of the
New Harbour Mouth.
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PLATE f. Photograph of Ramsgate Inner Harbour.
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PLATE g. Photograph taken looking out of the Old Harbour.

PLATE h. Photograph taken looking back into the Old Harbour.
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INTRODUCTION TO THE MATHEMATICAL SECTIONS
The work begins with the derivation of the Euler equation of
motion in section 1. This is used to determine a Bernoulli Equation
applied to the water surface. An expression for the velocity
potential φ is found that satisfies the Laplace equation of the
form div(grad φ)) = 0. The velocity potential is combined with the
Bernoulli equation to yield an expression for the wave velocity c.
Section 2 takes the expression for the phase velocity and
develops a Newton—Raphson relationship which is employed in a
computer program to determine numerical values for the wave number
k, for given values of the water depth h and wave period T. The
results of this work are presented in the form of graphs.
Section 3 uses the expression for the velocity potential φ
derived in section 1, to determine the form of the reflection
coefficient R for waves incident normally upon a submerged step
boundary and finds that, at the base of the step, the wave will be
in the form of standing and progressive wave components.
Section 4 develops the work of section 3 for fluid incident
normally across a submerged channel and obtains
expressions relating the amplitudes of certain transmitted and
reflected components to the amplitude of the primary incident wave.
Section 5 employs two equations from the work of Carter et.
al. [6]. The first concerns the waveform within an area where both
incident and reflected waves are present. It is used, with the
results of section 4, to determine the form of the reflection
coefficient within the submerged channel and the phase angle
between the incident and reflected waves. The second concerns the
mass transport current within such an area and is used to present a
diagram depicting the mass transport across the width of the
submerged channel.
Having found the form of the reflection coefficient to be a
relationship between the two wave numbers, k2 and k1, pertaining to
within the channel and immediately outside it respectively, we are
then in a position to adapt the computer program of section 2 for
the purpose of generating numerical values of the reflection
coefficient R. The results are presented in the form of a graph.
The discussion deals with the possible bedforms that the
bottom topography will take, as a result of the mass transport
current that was determined in section 5. We also discuss the
findings of other workers and how they might relate to the present
work. The limitations of the present work are discussed and
suggestions are made for the directions that future studies might
take.

SECTION 1

20
FOUNDATIONS

FIGURE 1.1 This defines the wave parameters.
We take the mean surface to be y = 0, and the depth to the
seabed to be at y = —h. η represents the wave function and
p the pressure due to some head of water of density ρ acted
on by gravity g.
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FIGURE 1.2 This represents a lump or parcel of fluid moving
relative to a set of cartesian axes at a velocity U. The
forces due to the pressure p and the body force F are
resolved into the x—direction as is the momentum due to the
velocity U.

SECTION 1
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FOUNDATIONS

EULERS EQUATION OF NOTION
Consider a small lump or parcel of fluid (figure 1.2),
moving through a body of fluid with velocity U. The parcel will
have a volume τ and a surface S. An element of the surface dS will
have a unit normal n̂ . The parcel will be made up of volume elements
dτ.
The body of water surrounding the parcel of fluid will
exert a pressure p on the surface element dS acting in the
direction n̂ . Resolving the force due to this pressure in, say, the
x—direction yields
− p nˆ .i dS

(1.1)

where i is the unit normal applicable to the x—direction.
The volume element dτ will be acted on by a body force F,
in the general case, this will be any imposed force on the system
due to gravity, coriolis force, electromagnetic force etc. The body
force F is defined as a force per unit mass. If the fluid is of
constant density p then we may resolve the absolute force due to F
in the x—direction
ρ F.i dτ .

(1.2)

The net result of the above two forces is a function of the
motion of the fluid parcel and is defined as the particle rate of
change of momentum. Integrating (1.1) over the entire surface S and
integrating (1.2) over the entire volume τ we obtain, that the rate
of change of x—momentum is equal to the sum of the x—forces, hence

Expression (1.3) represents the magnitudes of forces,
acting in the x—direction, so far discussed. The corresponding
vector representation is simply
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If we now carry out a similar analysis for the y and z—directions
we obtain

and

Here j is the unit normal applicable to the y—direction and k the
unit normal applicable to the z—direction of our three coordinate
cartesian axis (figure 1.2).
The sum of the expressions (1.4)—(1.6) will be an
equation relating the vector forces acting in the direction of the
velocity U. If we now write U.i = u and iU.i = iu, similarly
jU.j = jv and kU.k = kw then we may write
U = (iu + jv + kw).
Applying a similar process to the vectors n̂ and F we obtain

We now find the sum of (1.4) – (1.6) to be

Which further reduces to
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By the divergence theorem

on setting A = pa where a is a constant vector, it can be shown
that

Considering (1.10) we may rewrite (1.8)

If the fluid is incompressible so that the density remains constant

By considering the rate of change of velocity of a particle with
respect to time and displacement it can be shown that the operator

hence (1.12) becomes

It can also be shown that, in cartesians

If the body force F is conservative we may write
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F = grad Ω.

(1.16)

Using the results of (1.15) and (1.16) in (1.14) we obtain the
Euler equation of motion

THE WAVE FUNCTION η, THE VELOCITY POTENTIAL φ AND THE PRESSURE p
We consider the fluid velocity U to be of the form of an
asymptotic power series

For a small amplitude wave approximation we will consider the first
term only where ε is a small parameter which is representative of
the maximum anticipated wave slope.
We consider that the wave amplitude η will be dependent
upon the direction of propagation of the wave x and upon the time
t. To a first approximation we consider η to be sinusoidal hence

The body force term Ω in the Euler equation of motion will be
due, essentially, to gravity g acting on the fluid particle and
will act in the vertical direction y hence
Ω = gy

(1.20)

The total pressure Pt acting on a fluid particle at a
depth y from the mean surface will be due to the mass of the head
of water above the particle and to the atmospheric pressure pa
acting on the water surface hence
Pt = ρg(η-y) + pa.
(1.21)
We consider that our pressure p will be the difference between the
total pressure Pt and the atmospheric pressure Pa hence
p = ρg(η-y).

(1.22)

Thus p will contain the body force given in (1.20).
If the fluid motion is irrotational such that curl U = 0
and by taking the fluid to be incompressible we may say that
div U = 0, then we can take a velocity potential φ such that
U = grad φ and obtain div(grad φ) = 0 hence
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∇2φ = 0.

(1.23)

Thus φ is harmonic and we consider that φ is dependent on the wave
motion hence
φ = Re φ(xy) exp i(ωt—kx).
(1.24)
By considering (1.22) and (1.24) and by U = grad φ we may
rewrite the Euler equation of motion (1.17)

where the term U2 is small and of second order and can thus be
ignored. On integrating (1.25) we obtain a Bernoulli equation

By considering (1.22) on the surface y = 0 we rewrite (1.26) thus

THE WAVE PHASE VELOCITY c
On the surface of the water y = η. If we set M = y-η then
M = 0 is the equation of the wave surface. We now consider the
particle time derivative of N. By employing (1.13) we may write

where we write

hence
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The terms u∂η/∂x and v∂η/∂y are second order and are also small.
Hence to a small amplitude, first order approximation

Differentiating (1.27) and employing (1.33) we obtain

then it follows that

where real parts are implied. Thus, removing the time factor
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(there is no velocity normal to the sea bed at the sea bed, figure
1.1).

We now look for solutions of ∇2φ = 0 satisfying these
conditions. We look for sinusoidal variations in x and set
Φ = Φ0(y)cos kx. We obtain

which is satisfied by Φ 0 = A cosh k(y+h) + B sinh k(y+h). From
Φy = 0 on y = -h we obtain
Φ0 = A cosh k(y+h)

(1.41)

φ = Re A cosh k(y+h) exp i(ωt—kx)

(1.42)

hence

From (1.38) for the surface condition y = 0 we obtain

Employing (1.41) in (1.43) we obtain

The wave number k = 2π/λ = ω/c where λ is the wave length and c the
phase velocity of the wave hence

In deep water h → ∞ hence tanh kh → 1, and we find
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We thus have an estimate of the speed of deep water waves. In
shallow water h is small thus tanh kh ≈ kh and we find

Here we have an approximation of the speed of shallow water waves.

SECTION 2

30
THE WAVE NUMBER k

In section 1 expression (1.44) we found the relationship

where k is the wave number, g is the acceleration due to gravity, h
is the water depth and ω = 2π/T where T is the period of the wave.
For a given period T, ω2 will remain constant for a decreasing
depth of water h. On rewriting (2.1) as
ω2 = kg tanh (kh)

(2.2)

we see that, for tanh (kh) < 1, as h decreases then k increases. As
k = 2π/λ, where λ is the wavelength, then the waves have a smaller
wavelength in shallow water.
We now require to determine k for a given values of T and
h. To achieve this we employ the Newton—Raphson technique that
states

where f(k(n)) is a function that equates to zero when k(n) is the
true value of k and therefore k is the root of such a function. The
relationship (2.3) functions by inserting an approximation to k
into the RHS as k(1), the LHS then yields a closer approximation to
the true value of k given as k(2), k(2) is then inserted into a the
RHS yielding yet a closer approximation k(3) on the LHS, and so on.
In this way successive iterations bring us increasingly closer to
the true value of k. For our purposes

from which we find

On employing (2.4) and (2.5) in (2.3) we obtain
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which simplifies to

By writing the sinh and cosh terms in exponential form we
may employ (2.7) in a computer program to determine k. Thus

The computer program will function by installing (2.8) in a loop
arrangement whereby successive iterations of k(n+1) are reinserted
into the equation until, on comparing k(n+1) with k(n) they are
sufficiently similar to leave the loop and be printed along side
the corresponding values of T and h (see the accompanying computer
listing, appendix 2). The loop itself is installed in another loop
which inserts increasing values of the water depth h into the
program. This loop in turn is installed in a further loop which
inserts increasing values of the wave period T into the program. In
this way we are able to acquire tables of the wave number k as a
function of the water depth h for a number of wave periods T.
On multiplying the top and bottom of the RHS of (2.8) through by
exp—(2k(n)h) we obtain
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This was necessary to enable computation to proceed without
overflow i.e. for 2kh > 230 then exp(2kh) > 9E99. As h → ∞ we see
that

and so k approaches an asymptote. For small T, ω2/g is large and we
see from the accompanying computer printout that for say T = 1, k
approaches the asymptote, ω2/g, at a mere 1.5 meters depth. The
physical interpretation of this is that waves of small period are
also physically small,
having small wavelengths and small
amplitudes (on considering the small parameter ε of section 1 which
is representative of the maximum anticipated wave slope and hence
the ratio of the wave amplitude to the wavelength), termed
“capillary” waves, and so will not ‘feel” the bottom at relatively
small water depths h compared with waves of larger period and hence
larger wavelengths and amplitudes.
The results of this computer investigation into the wave
number k are plotted as graphs 2.1 — 2.6 accompanying this section.
Graph 2.7 displays the variation of the asymptote, ω2/g, as a
function of the wave period T.
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SECTION 3

THE STEP BOUNDARY

FIGURE 3.1 This represents a step in the seabed. The
incident wave motion is assumed to be normal to the step
and moving in the x—direction. φI, φR and φT represent the
velocity potentials of, respectively, the incident wave,
the reflected wave and the transmitted wave.

THE COEFFICIENTS OF REFLECTION AND TRANSMISSION
In section 1, (1.42) we found the velocity potential to be
of the form

We now consider a step in the sea bed where the base of the step
will be at a depth h1 from the mean surface of the water (y = 0)
and the top of the step at a depth h2 (figure 3.1). Then we will
have three velocity potentials namely, an incident velocity
potential φI, a transmitted velocity potential φT and a reflected
velocity potential φR. Respectively, we may write these thus
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where subscripts 1 and 2 refer to regions 1 and 2 respectively
(figure 3.1). Terms involving -k refer to waves moving in the
forward direction, left to right, whilst terms involving +k refer
to reflected waves, moving right to left.
The amount of fluid entering from the left and crossing
the boundary at x = 0 must be equal to the amount of fluid moving
off, from the boundary, to the right. This flux of matter across
the boundary is the same for whatever representation we are using.
We could choose to consider that the momentum of the fluid across
the boundary is conserved in which case we would need to consider
that some of the incident momentum would be lost at the step and
such an approach to the problem is deserving of further
investigation. However, we choose to consider the conservation of
the mass flux across the boundary by summing the velocities in the
two regions at x = 0. Mathematically, we represent this situation
thus,

which has the limitation that u1 ≠ 0 between h1 and h2, i.e. the
fluid does not come to rest as it meets the step. Considering that
we may write a velocity U = grad φ then in the x—direction, for
region 1

from which we obtain
u1 = -ik1(C–A) cosh k1 (y+h1) exp i(ωt).
Also, for the x—direction in region 2

from which we obtain

(3.6)

u2 = -ik2B cosh k2
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(y+h2) exp i(ωt).

(3.7)

Employing (3.6) and (3.7) in (3.5) and omitting the common time
factor we obtain
(C–A) sinh k1h1 = -B sinh k2h2
and, on setting sinh k1h1 = S1 and sinh k2h2 = S2

The wave amplitude η will be continuous across the
boundary x = 0 as also will be its first derivative with respect to
time. From expression (1.33) of section 1 we obtained ηt = φy at y =
0 hence

solving(3.9) and omitting the common time factor we obtain
(A+C) k1 sinh k1h1 = B k2 sinh k2h2
which we write thus

From (3.8) and (3.10) we may find the transmission coefficient

and the reflection coefficient
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STANDING AND PROGRESSIVE WAVES AT THE STEP
Again employing (1.33) from section 1 (ηt = φy at y = 0)
we may determine the form of the wave in region 1 at the base of
the step. From (1.20) of section 1

we obtain

ηt = iωη
and put

from which we find

We rewrite (3.13) as

(where S1 is defined as above)
Taking the real parts of (3.14) we obtain

in which the first term on the RHS represents a pure standing wave
and the second a pure progressive wave.
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THE SUBMERGED CHANNEL

SECTION 4

FIGURE 4.1 This represents the submerged channel cut in the seabed
similar to the shipping channel at the approach to Ramsgate
harbour. The incident wave motion is assumed to be normal to the
length of the channel (running into the paper) in the x—direction.
The terms “u” in the diagram represent various incident, reflected
and transmitted wave velocities (see text).
In this section we will determine expressions relating the
amplitudes of the various reflected and transmitted velocities,
depicted in figure 4.1, with that of the primary incident velocity
U1.
We consider that the seabed will be at a depth h1 from the
mean water surface (y = 0) and the bottom of the channel to be at a
depth h2. The width of the channel we shall designate as a. In a
similar manner to section 3, the step boundary, we again employ the
relationship determined in section 1, expression (1.42)
φ =

Re {A cosh k(y + h) exp i(ωt — kx)}

giving the velocity potential of the water incident from left to
right. If the incident velocity is u1, comming from x = —∞, then at
the near side of the channel it will give rise to a transmitted
component u2. At the far side of the channel u2 will give rise to a
reflected component u3 and also a transmitted component u4. As u3 is
moving from right to left then it will give rise to a transmitted
component u5 at the near side of the channel (figure 4.1). The
velocity potentials of these components, u1, u2, u3, u4 and u5, will
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each have a different amplitude and the values of the wave number k
and the water depth h will differ in the three regions (figure
4.1). We write the velocity potentials thus,
for the fluid travelling left to right
φ1 = A cosh k1(y + h1) exp i(ωt — k1x)
φ2 = B cosh k2(y + h2) exp i(ωt — k2x)
φ4 = A cosh k1(y + h1) exp i(ωt — k1x)

(4.1a)
(4.1b)
(4.1c)

and for fluids reflected from surfaces travelling right to left
φ3 = A cosh k2(y + h2) exp i(ωt — k2x)
φ5 = A cosh k1(y + h1) exp i(ωt — k1x)

(4.1d)
(4.1e)

where real parts are assumed.

We must satisfy the condition concerning the conservation of
the mass flux across the near side of’ the channel, i.e. at x = 0
the amount of fluid entering from the right, in region 1, must be
equal to the amount of fluid moving off to the left in region 2.
Mathematically we write this thus

Using the velocity potentials given in (4.1) and considering (4.3)
we may determine (4.2)

We must also satisfy the condition concerning the conservation of
the mass flux across the far side of the channel at, x = a

from which, on considering (4.1) and (4.3), we obtain
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The wave amplitude η will be continuous across the boundary
at x = 0 as also will be itsfirst derivative with respect to time.
From expression (1.33) of section 1 we obtained ηt = φy at y = 0
hence,

Employing the expressions in (4.1) we solve (4.6)

The wave amplitude η will also be continuous across the boundary at
x = a as also will be its first derivative w.r.t. time hence,

from which we obtain

We now consider
omit terms common to
of manipulation, we
obtain the following

expressions (4.4), (4.6), (4.7) and (4.8). We
both sides of these expressions and, for ease
write sinh k1h1 = S1 and sinh k2h2 S2. We then
expressions
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We are now in a position to find the transmission
coefficients, B/A (at x = 0) and D/A (at x = a), and also the
reflection coefficients, E/A (at x = 0) and C/A (at x = a), where A
is the incident amplitude. We achieve this by manipulating
expressions (4.9) to (4.12). However, to maintain continuity in the
text, this manipulation is carried out in appendix 4. We obtain

Here equation numbers are those obtained in appendix 4.
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SECTION 5

THE MASS TRANSPORT WITHIN THE SUBMERGED CHANNEL

THE DERIVATION OF THE REFLECTION COEFFICIENT R.
A thorough investigation of aspects of
reflection
of
progressive and standing waves both within and outside the bottom
(Stokes) boundary layer has been undertaken by Carter et, al [6].
In this work, Carter et. al. describe the wave surface displacement
by the equation

to represent the incident and reflected wave system (given as
equation 19 in [6]) where R is the reflection coefficient, a the
amplitude, k the wave number, σ the angular frequency and θ the
phase difference between the incident and reflected waves. After
much deliberation, it is considered by the present author that.
(5.1) is the result of a typing error and indeed ought to read

where Re indicates that the real part be taken.

For the purposes of the present work, we choose to rewrite
(6.2) in terms of the variables that we have become familiar with

where α is the incident wave amplitude.

From (1.33) we obtained ηt = φy on y = 0. Given η in
(1.19), for the submerged channel of section 4 this becomes

Using the expressions given in (4.1) we obtain
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where we define S2 sinh(k2h2), as in previous sections.

If we look again at (5.3) we see that the expression
pertains to a wave incident from right to left. In the submerged
channel itself (figure 4.1) we can see that u2 will be the incident
velocity, from left to right, and that u3 will be the reflected
velocity, from right to left, reflected from the far side of the
channel (RHS). To account for this we simply rearrange the terms of
(5.3) to read

We now rearrange (5.4) into a similar form and equate coefficients

From which we obtain

If, for convenience, we were to make the incident wave amplitude a
a real number then, from (5.7), we may write
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We observe that the coefficient B, which is in general complex,
requires to have an argument of π/2.

By considering (4.15) giving B/A and (4.16) giving C/A we
may determine that

where themodulus and argument must correspond i.e.

As k = 2π/λ where λ is the wave length and a is the channel width
(figure 4.1) then θ is a dimensionless number.

THE MASS TRANSPORT VELOCITY
We refer again to the work by Carter et. al [6] and employ the
equation describing the mass transport velocity normal to the
length of the submerged channel i.e. across the channel in the
direction of x, figure 4.1

(given as equation (21a) in [6]). Here τ = (h—y)/δ, h—y being the
distance from the seabed and δ the thickness of the Stokes boundary
layer. δ = (2ν/ω)1/2 where ν is the kinematic water viscosity. Hence
τ is a dimensionless variable.

51
As we are primarily interested in the standing and
progressive wave motion of the water, we will consider the mass
transport velocity within the main body of water, some distance
from the bottom Stokes boundary layer. Here τ → ∞ and (5.12)
reduces to

where the subscript 2 refers to the situation within the submerged
channel, region 2 figure 4.1. We observe that the RHS of the mass
transport
velocity
equation
(5.13)
describes,
firstly,
a
progressive wave and, secondly, a sinusoidal standing wave which is
a function of the distance x across the width of the channel.

AN INVESTIGATION INTO THE NUMERICAL VALUE OF R
From (5.13) we see that the proportions of the mass
transport velocity being progressive and standing waves will depend
on the numerical value of R. To take the two extreme cases, when
R = 1, i.e. there is total reflection, then we will have a pure
standing wave. On the other hand, if R = 0, representing total
transmission, then we will have a purely progressive wave.
Given that we can compute values of the wave number k for
given values of the water depth h and wave period T (section 2)
and, that we now know

then we may also compute the numerical values of R.
From [7] Holmes presents a bivariate histogram relating
significant wave height to zero crossing period (after Draper,
1963) (figure 1.3 on the third page of this work). This diagram
suggests to us that the periods of sea waves that we need consider
in the present work will be of the order of 7,8 and 9 seconds. The
submerged channel at the approach to Ramsgate harbour (see the map
of Ramsgate harbour on page 11) has been dredged to a depth of 6.5
metres, hence we take h2 = 6.5, assumed to be at mid—tide. The
seabed depth, at the sides of the channel (regions 1 and 3 figure
4.1), is between 2.5 and 5.5 metres, hence we take values of h1 to
be in the range 2.5 to 5.5.
The

results

of

computing

values

of

R

for

the

above
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parameters are given in appendix 3. We have also investigated the
occurence of silting in the channel where h2 will be reduced from
6.5. We have taken h2 at 5.5 and 4.5. Graph 5.1 shows the results of
this investigation. It is clear from graph 5.1 that R is largest
for the largest difference between h1 and h2 i.e. in physical terms,
the deeper the dredged channel then the greater will be the
standing wave component of the mass transport velocity um .
Interestingly, the reflection coefficient R is also dependent upon
the wave period T.
We can depict the variation in the mass tranport velocity
um with the differing R values, as a function of the distance
across the width of the channel, x, and this is done in figure 5.1
where, for convenience, we have taken the value of the coefficient
(k 2 ωα 2 )/ (4S22 ) to be unity i.e. we have normalised expression (5.13).
We have taken the value of k2 to be 0.1055 corresponding to a wave
period of T = 8 seconds and a channel depth of h2 = 6.5 metres
(section 2). The channel width, a, we have taken to be 84 metres
(obtained from the map of Ramsgate harbour page 11). Hence
θ = 2k2a = 17.724 rad.
The diagram shows clearly that when the reflection
coefficient R is large, or close to unity, then the sinusoidal
standing wave component of the mass transpert velocity
um
predominates and, conversely, when R is small then the progressive
wave component of u m will predominate.
In general there will be a threshold value of um , β (say),
where the mass transport velocity will interact with the loose
sediment of the seabed i.e. in those regions for which um > β loose
sediment will be swept up by the fast moving current and erosion
will occur. On the other hand, in those regions for which um < β
the slower moving current will give up its suspended sediment and
deposition will occur. To illustrate this point we refer to figure
5.1 where, as an example, we have set β = ±3. In practice, the
threshold velocity for the uptake of sedimentary particles will be
greater than that for the release of such particles due to the
inertia of and cohesian between, these particles.
In the region of x between I and II where u m > β the
current will be sufficiently strong to collect sediment from the
seabed, thus erosion will occur. In the region of x between II and
III were um < β the current is reduced leading to deposition of the
suspended sediment. This process will continue across the width of
the channel from x = 0 to a, i.e. between III and IV erosion,
between IV and V deposition, between V and VI erosion etc.
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THE REFLECTION COEFFICIENT IN REGION 1 OF THE SUBMERGED CHANNEL
We conclude this section with a look at the situation
regarding the reflection coefficient in region 1 (figure 4.1). We
again employ the relationship ηt = φy y = 0 and use the velocity
potentials of and φ1 and φ5, corresponding to the velocities u1 and
u5, given in (4.1). Hence

To avoid confusion with the situation in region 2 we will call the
reflection coefficient, here, ℜ, the phase difference θ and the
incident amplitude γ. Considering these new parameters we equate
coefficients of (5.14) with those of (5.5) and obtain

We note that E/A is given in (4.22). We now require to manipulate
(4.22) into modulus and argument form. We obtain

hence
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Given (5.15) we are able to find the order of magnitude of
ℜ. If we take mid—range values for the seabed depth h1 = 3.5 (say)
and the wave period T = 8 (say) and that the dredged channel depth
is h2 = 6.5 then, from section 2, we obtain k1 = 0.1391 and k2 =
0.1066 thus yielding
ℜ = 0.074.
The physical interpretation of this small value is that there is
very little amplitude remaining in the reflected wave of region 1.
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DISCUSSION
MASS TRANSPORT REVERSAL AND BEDFORMS
Carter et. al [6] describe a reversal of the mass
transport velocity u m , for small τ, in those regions for which
(2kx + θ) ≈ nπ + π/2 (sin {2kx+θ} ≈ ±1), regions I to II, III to IV
and V to VI etc figure 5.1. If we were to plot the normalised form
of um (i.e. dividing through by the constant term of equation 5.12)
as a function of τ for the reflection coefficient R = 0.8 (say) and
n = 6 (x ~ 12.8 region I to II fig 5.1) then we obtain a graph as
given in figure D.1 which shows that for τ < 0.5 (say), u m is
positive where as figure 5.1 (for τ → ∞) shows that for x ~ 12.8,
u m is negative for R ~ 0.8. By considering figure D.1 we see that
the extent of reversal of the mass transport current u m will depend
on the value of R. To obtain the threshold value of R for which
reversal takes place we differentiate (5.12) with respect to τ and
equate this to zero.

For sin(2kx + θ) = 1 we obtain
R2 + 2R – 1 = 0

or

R = 0.414.

(R = 0 to 1)

Therefore for R > 0.414 (and small τ) reversal takes place in
regions I to II, III to IV and V to VI etc. figure 5.1, and for R <
0.414 this reversal will not take place.
Carter et. al state that when the sand particles on the
seabed are significantly smaller than the Stokes layer thickness
then the net sand transport should be mainly in the same direction
as the mass transport within the layer . The sand particles in and
around Ramsgate are very fine, perhaps less than 0.5 mm across. The
thickness of the Stokes layer is given by

For a mean value value of wave period we have ω = 2π/8 sec-1, a
reasonable estimate of the kinematic water viscosity is ν = 1
cm2/sec, hence δ ~ 1.6 cm, i.e. the sand particles will be
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significantly smaller than the Stokes layer thickness. The heavier
sand particles on the bottom would move, as bedload, in the
direction of the reverse current within the Stokes layer, whilst
the lighter suspended particles, above the layer, would be moved in
the opposite direction by the forward flowing current within the
main body of the fluid (for a smooth flat bed, Longuét—Higgins [11]
give the height at which reversal takes place to be 0.936 ). This
would lead to sandbar formations across the width of the submerged
channel similar to those depicted in figure D.2. This is explained
as follows: Where bottom currents converge the heavier particles
within the Stokes layer will be brought together and so we might
reasonably believe that a sand bar will form at this position,
across the width of the channel. On the other hand where bottom
currents diverge the heavier particles within the layer will be
eroded i.e. pushed aside and hence their substance will contribute
to the formation of the sand bars. The lighter, suspended sediments
will be moved by the cyclic currents set up by the opposing current
motions i.e. at x ~ l0m (figure D.2a) the cycle will be
anticlockwise, at x ~ 30m the cycle will be clockwise etc. The
movement of this suspended sediment would tend to “fill in” the
eroded portions described above. Carter et. al state that the net
transport will be within the bottom layer and so the fine particles
will contribute little to the bedform.
To support this idea, we refer to the work of Heathershaw
et. al [12] who cite the following examples from various papers:
Noda (1969) found that vinyl pellets moving on a smooth bed
accumulated beneath the nodes of a standing wave (i.e. regions II
to III, IV to V etc, figure 5.1) and that in the upper, or outer,
layer, immediately above, dye moved in the opposite direction.
Sleath (1974, 1976) has shown that both standing and progressive
wave motion over a rippled bed give rise to residual circulation
cells in which the fluid near the bed is transported toward the
ripple crests.
For very fine sand (~ 0.08mm) moving in suspension, Nielson (1979)
observed upwardly convected clouds of grains above the bar crests
and attributed this motion to the mass transport current being of
the form that the present author describes above.
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Scott (1954) observed the tendency for courser grains to be found
on the crests of the bars and for finer grains to be found in the
troughs, between the bars.
However, having considered this interesting phenomenon we
realise, section 5, that our maximum value of R is in the region of
0.2, graph 5.1, and so with R < 0.414 no such reversal will take
place and the current direction within the Stokes layer will be the
same as that within the main body of water. Figure D.3 depicts the
possible bedform for this situation and this is explained as
follows: In those regions where the current is fastest (shown by
the arrows of figure D.3a) erosion will occur and the sand
particles will be moved along the bottom. In the regions between
the arrows, where the current becomes slow and drops below some
threshold speed, needed to interact with the sand particles,
deposition will occur.
Heathershaw et. al. have investigated a similar situation
with reflection from submerged sandbars (in a laboratory tank)
preceded, on the upwave side i.e. the LBS for a wave incident from
left to right, by a region of smooth flat bed. They used the
reflection coeficient R = 0.34. They suggest accumulation of
material, on the flat bed, might be expected to occur at positions
on the bed with the smallest velocity amplitudes, i.e. at the
nodes, and erosion at the positions with greatest velocity
amplitudes, the antinodes. Therefore this work appears to support
our theory for the smaller reflection coeficient.

THE EXTENT OF INTERACTION OF THE MASS TRANSPORT CURRENT WITH THE
MATERIAL OF THE SEABED
To determine the extent to which the mass transport velocity
u m interacts with the bottom sediment we would require some further
mathematical techniques. Ackers et, al. [10] suggest an equation to
determine a dimensionless sediment transport rate for fine grain
(fg) sand that is not sensitive to bedform and applies equally well
to plain, rippled and duned configurations:

where D =
viscosity,
gravity, d
and νfg is

grain size, p = water density, ν = kinematic water
V = mean velocity of flow, g = acceleration due to
= water depth, s = the specific gravity of the sediment
the shear viscosity. Table 1 of this work suggests a
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value of νfg/V of the order of 0.1 and we take s = 1.16, ν = 1
cm2/sec, ρ = 1 g/cm3, D = 0.4 mm (say) and g = 9.8 m/sec2, this
yields a value of Gfg ~ 17. However, varying the grain size D from
0.4 mm and the relative density parameter s from 1.16 (both
parameters for which we have no empirical data) alters this value
of the sediment transport rate Gfg quite considerably. (The readers
attention is drawn to the units which may be employed in equation
D.3 and the present author is unable to find any way in which Gfg
could be a dimensionless variable).

Ackers et. al. point out that very small grains exhibit
cohesive properties and, for such grains, the laws of erosion and
deposition are more complex and so the above equation would no
longer apply. It is suggested that this is only the case for grain
sizes less than 0.04 mm and it is believed, by the present author,
that the mean grain size of the sand around Ramsgate is somewhat
larger than this. However, even though the work of Ackers et. al is
of interest to us in the present work, and could reasonably be
employed to further the work, we would require to obtain quite
accurate empirical data on grain size, shear and flow velocities
and sediment density in order to make proper use of it.

Heathershaw et. al. [12] refer to a work by Komar and
Miller (1975), which is unknown to the present author, that
provides a formula which gives the threshold velocity for the mass
transport current to move sand of a given grain size. As an
example, Heathershaw et. al use the formula to determine that the
threshold velocity of 0.235mm grains will be ~ 11.5 cm/sec or for a
normalised mass transport velocity, such as the present work deals
with (dividing through by the constant term of equations 5.12 &
5.13), this is equivalent to 0.89. It is not known whether or not
this equation takes into account the material of which the sand
grains are composed i.e. carbonate grains will be significantly
less dense than those of, say, quartz and would presumably have a
lower threshold velocity for a given grain size. If the present
work were to be continued then this paper by Komar and Miller would
certainly warrant further investigation.
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ABSOLUTE WATER DEPTH AND
REFLECTION COEFFICIENT

THE

EFFECT

OF

ITS

VARIATION

ON

THE

We will now investigate the effect of the absolute water
depth on the value of the reflection coefficient R. If we take the
channel depth to be h2 = 6.5 meters from the free surface and the
seabed depth h1 = 3.5 meters from the free surface then h2 — h1 = 3.
For an average order of wave period T = 8 seconds we obtain, graph
5.1, R = 0.137. However, varying h1 and h2 to say h2 = 12.5 and h1 =
9.5, still with h2 — h1 = 3, we obtain, for the same wave period, R
= 0.051. Considering graphs 2.1 to 2.6, showing the asymptotic
values of k as h → ∞, we see that k maps to a constant value and
so R = (k 1 − k 2 )/ (k 1 + k 2 ) → 0 i.e. the surface wave no longer interacts
with the distant seabed. Going the other way and putting h2 = 3,5
and h1 = 0.5, also with h2 — h1 = 3, we obtain R = 0.4386. Hence R
is dependent on the absolute depths as well as the difference in
the channel and seabed depths. Therefore for a shallow channel and
shallow seabed depth, where R > 0.414, we would realise the bed
formation of figure D.2 and for intermediate depths, such as those
with which we have been working, we might realise the bed formation
of figure D.3 but for a deep channel and a deep water depth, R
would be so small that we would effectively have completely
progressive waves and hence the channel bottom would be flat.
Clearly a situation may arise such that R > 0.414 at low tide and R
< 0.414 at high tide and such a transformation would probably yield
interesting results on the bedform i.e. we may have a bedform
combining the types depicted in figures D.2 and D.3.

THE EFFECT OF VARYING THE WAVE PERIOD ON THE REFLECTION COEFFICIENT
We have stated, section 5, that in general the wave
periods will be in the range 7, 8 and 9 seconds. We will now
investigate the effect on the reflection coefficient R by
considering wave periods outside of this limited range. For h2 =
6.5, h1 = 3.5 and T = 8 we obtained R = 0.137 (graph 5.1). For the
same depth values and T = 50 seconds we obtain R = 0.153 i.e. there
is a slight increase. From equation 2.9 we see that as T → ∞ then
ω = 2π/T → 0 and so k(n+1), of this Newton—Raphson formula,
approaches
some
value
independent
of
T
and
hence
(
)
(
)
i.e.
an
asymptote.
For
the
same
water
R = k 1 − k 2 / k 1 + k 2 → constant
depths and for T = 1 second we obtain that R ~ 0. This is explained
as follows: If we consider graphs 2.1 and 2.2 then we see that the
wave number k approaches an asymptote for quite moderate water
depths. In particular for T = 2 (say) then graph 2.2 shows that for
both h1 = 3.8 and h2 = 6.8, k is essentially the same value. Hence
R = (k 1 − k 2 )/ (k 1 + k 2 ) ≈ 0 . If we were to plot R against T, for some
constant depth values, we would observe that R passes through the
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origin and approaches an asymptote. This means
have waves of very small period crossing the
then, with negligible reflection coeficient, we
have totally progressive waves and hence the
would be flat. However, such a scenario with T
unlikely with sea waves in moderate depths.

that if we could
submerged channel
would effectively
bottom topography
~ 1 is extremely

STABILITY OF BEDFORM
We have stated that as the water depth h increases then
the wave number k = 2π/λ decreases. Hence the wavelength λ
increases. The reverse is also the case, for decreasing h we have
decreasing λ. For a sinusoidal bedform such as that of figure D.3
we have that the wavelength of the bedform is equivalent to ½λ i.e.
the bar crests coincide with the nodes and the troughs with the
antinodes of a partially standing waveform (see also figure 5.1).
In a region of small tidal variation the water depth h
will be fairly constant. If h is constant then the wavelength λ, of
the incident wave, will also be constant. We might expect that this
situation would promote bar growth and hence the bedform would be
stable. Conversely, in a region of large tidal variation we might
expect the wavelength λ to vary and hence the above situation, with
the bedform wavelength equal to ½λ, would no longer be the case.
Hence regions of high mass transport velocity may coincide with bar
crests and lead to their destruction i.e. we might expect to find a
flat bedform.
Another phenomenon affecting the stability of bedforms is
the attenuation of the wave amplitude, and hence the mass transport
velocity, by the bedform itself. For a wave incident, on a sandbar,
left to right the mass transport current is slowed by the sandbar
and hence any bedload carried by the current will be deposited on
the LHS. As the current breaches the crest of the sandbar it is
assisted by the velocity above the crest and consequently speeds up
a little. Hence the RHS of the sandbar becomes eroded. Therefore
the sandbars will be steeper on the RHS (analogous to this would be
the sand dunes of a desert where this is clearly the case). The
outcome of this situation might be that the bars migrate to the
left i.e. in the up—wave direction. Such migration however is
unlikely within the submerged channel itself where the position of
the bars is governed by the phase angle θ which in turn is governed
by the channel width a. The situations described in the last two
paragraphs are dealt with in greater detail by Heathershaw et. al.
On a sloping beach the wave amplitude is attenuated by
both the bedform and the beach slope. Also, as the water depth h
decreases, shoreward, then the wavelength λ will also decrease.
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Therfore we might expect to find large sandbars out to sea and
gradually smaller sandbars as we move landward and this is indeed
the case. This situation is discussed more fully by Carter et. al
[6]. Heathershaw et. al. point out that dredging in the area of
large sandbars may lead to the waves incident upon a coast not
being sufficiently attenuated and suggest that such a practice
could lead to erosion of the coastal area. At Ramsgate sand from
the beach area was removed for the purpose of the construction of a
reclaimed land area (see the section outlining the background to
the present work). Subsequent to the removal of this sand a further
deminishing of the beach mass has occured by the action of the sea.
It is suggested by the present author that the above situation may
be a contributing factor.

FURTHER POINTS WORTHY OF MENTION
The present work has been involved with the bottom
topography of the submerged channel at Ramsgate along with the
associated mass transport currents. We have not dealt with the
degree of silting which might take place within the channel due to
such cross currents and such a study would contribute to the
expansion of the present work i.e. we would need to know the
quantity of loose, or erodible, material within the channel.
In our calculations to determine the reflection coeficient
R we have taken the sides of the submerged channel to be vertical.
Of course this is not the case and they in fact have a slope of
1:2. Therefore our reflection coeficients might well differ from
those values already obtained and this situation could be pursued
further.
We have taken our wave to be incident normally to the
submerged channel. This is an unlikely scenario and investigation
involving differing angles could be undertaken.
Having discussed the possibilities of the bedform within
the channel due to the action of the sea it is as well to remember
that the channel was cut to facilitate the movement of shipping and
the effect of such shipping on the bottom topography could also
form a piece of study. The ships move, as much as possible, within
the centre of the channel (see the section on the background
details) and the propellers of such ships may cause currents that
disperse the sediment at the centre of the channel to the sides of
the channel and may possibly drive the sediment out of the channel
altogether.
To facillitate all of the above suggested further work one
would find detailed accoustic soundings, of the Ramsgate submerged
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channel area, quite invaluable.

CONCLUSION
Although we appear to have found the form that the mass
transport current takes within the submerged channel we have made a
large number of simplifying assumptions in the work leading up to
its derivation. In a way we have gone about the work in a “back to
front” manner. It would have been more proper to physically model
the bottom topography of a submerged rectangular channel within a
laboratory tank and then created a mathematical model to explain
the resulting bedform.
However, in such an investigation as this, the amount of
work that one can achieve, like the time available and the working
knowledge of the author, is finite and empirical data, whether
obtained from laboratory experiments or from accoustic soundings of
the existing channel at Ramsgate, would draw much on the financial
resources of the mathematics department.
Therefore, in conclusion, we feel that, working within the
resources available, we have been able to contribute, albeit in
some small way, to the knowledge of the phenomenon investigated.
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APPENDIX 2 THE COMPUTER PROGRAM DESCRIBED IN SECTION 2 THAT
GENERATES, BY THE NEWTON—RAPHSON METHOD, VALUES OF THE WAVE NUMBER
k FOR GIVEN VALUES OF THE WATER DEPTH h AND THE WAVE PERIOD T. A
SAMPLE OUTPUT IS ATTACHED

CLS
y=0
g = 9.8l
REM “This program uses the Newton-Raphson method to determine k”
REM “such that w ^2 = gk tanh(kh) . where w is the angular”
REM “frequency. g the acceleration due to gravity. h the water”
REM “depth and k < the wave number”
FOR t = 1 TO 25
w = 2*PI/t
PRINT
PRINT “
Period T = ”:t;” Depth h
Wave No. k”
PRINT
FOR h = 0.5 TO 10 STEP 0.5
l=y
k = 0.1
10 s = 0.5*(EXP(2*h*k)-EXP(-2*h*k))
:REM sinh (kh)
c = (0.5*(EXP(h*k)+EXP(-h*k) ) )^2
:REM (Cosh (kh))^2
y = (k-( ( (k*s-2*(w^2)/g*c)/(2*h*k+s) ) ) )
:REM Newton-Raphson routine
IF (INT(y*1e7))=(INT(k*1e7)) THEN GOTO 20
REM comparison of k(n) with k(n+1)
k=y
GOTO 10
20 PRINT TAB(22); h ; TAB(29); (INT(y*1e4))*1e-4
IF (INT(y*1e3)) = (INT(l*1e3)) GOTO 30
NEXT h
30 PRINT TAB(11) ”w’2/g = TAB(29); (INT((W^2)/g*1e4))*1e4;TAB(40)”(Asymptote)”
NEXT t
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Period T = 1

Depth h
0.5
1
1.5
2

w^2/q
Period T = 2

=
Depth

w^2/g
Depth h
0.5
1
1.5
2
2.5
3
3.5
4
4.5
5
5.5
6
6.5
7
7.5
w^2/g
Period T = 4

4.1528
4.0268
4.0243
4.0243
4.0243

(Asymptote)

Wave No. k
0.5
1
1.5
2
2.5
3
3.5
4
4.5

Period T = 3

Wave No. k

Depth h
0.5
1
1.5
2
2.5
3
3.5
4
4.5
5
5.5
6
6.5
7
7.5
8

1.5489
1.2047
1.0864
1.0382
1.0185
1.0107
1.0078
1.0067
1.0063
1.006

(Asymptote)

Wave No. k
0.9823
0.7227
0.6149
0.5557
0.5192
0.4953
0.4794
0.4686
0.4614
0.4565
0.4532
0.4511
0.4497
0.4488
0.4482
0.4471
Wave No. k
0.7244
0.5235
0.437
0.3872
0.3544
0.3313
0.3142
0.3011
0.291
0.283
0.2766
0.2716
0.2675
0.2642
0.2616
0.2595

(Asymptote)
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APPENDIX 3 THE COMPUTER PROGRAM DESCRIBED IN SECTI0N 5 THAT
GENERATES VALUES OF THEREFLECTION COEFFICIENT R = (k1 — K7)/(k4 + K7),
BY THE USE OF THE NEWTON—RAPHSON METHOD TO DETERMINE VALUES OF
THE WAVE NUMBER k AS IN THE PROGRAM OF APPENDIX 2, WITH ACCOMPANYING
GENERATED DATA.

CLS
y = 0
g = 9.81
FOR d = 4.5 TO 6.5
:REM Acceleration of Gravity
FOR t = 7 to 9
:REM Channel depth h(2)
w = 2*PI/t
h = d
GOSUB 30
x = y
PRINT
PRINT TAB(25) Period T = ” ;t
PRINT “Seabed Depth h(1) Reflection Coefficient R channel depth
h(2) = “ ;d
FOR h = 2.5 to 5.5 STEP 0.2
:REM Seabed depth h(1)
GOSUB 30
r = (y—x)/(y+x)
:REM Reflection Coefficient R
PRINT TABB(13) ;h; TAB(31);(INT(r*1e4))*1e-4
NEXT h
NEXT t
NEXT d
END
30 k = 0.1
:REM Newton—Raphson subroutine
10 s=0.5*(EXP(2*h*k)+EXP(-2*h*k))
c=(0.5*(EXP(h*k)+EXP(h*k)))^2
y= (k—((k*s—2*(w^2)/g*c)/(2*h*k+s)))
IF (INT(y*1e7))=(INT(k*1e7)) THEN GOTO 20
k = y
GOTO 10
20 RETURN
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Period T= 7
Seabed Depth h(1) Reflection coefficient R channel depth h(2)= 4.5
2.50
2.70
2.90
3.10
3.30
3.50
3.70
3.90
4.10
4.30
4.50
4.70
4.90
5.10
5.30
5.50

0.1317
0.1141
0.0979
0.0828
0.0687
0.0554
0.0430
0.0313
0.0203
0.0098
0.0000
-0.0095
-0.0184
-0.0269
-0.0350
-0.0428

Period T= 8
Seabed Depth h(1) Reflection coefficient R channel depth h(2)= 4.5
2.50
2.70
2.90
3.10
3.30
3.50
3.70
3.90
4.10
4.30
4.50
4.70
4.90
5.10
5.30
5.50

0.1351
0.1173
0.1007
0.0852
0.0708
0.0572
0.0445
0.0324
0.0210
0.0102
0.0000
-0.0098
-0.0191
-0.0280
-0.0365
-0.0446

Period T= 9
Seabed Depth h(1) Reflection coefficient R channel depth h(2)= 4.5
2.50
2.70
2.90
3.10
3.30
3.50
3.70
3.90
4.10
4.30
4.50
4.70
4.90
5.10
5.30
5.50

0.1375
0.1194
0.1026
0.0869
0.0722
0.0584
0.0454
0.0331
0.0215
0.0105
0.0000
-0.0101
-0.0196
-0.0287
-0.0375
-0.0458
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Period T= 7
Seabed Depth h(1) Reflection coefficient R channel depth h(2)= 5.5
2.50
2.70
2.90
3.10
3.30
3.50
3.70
3.90
4.10
4.30
4.50
4.70
4.90
5.10
5.30
5.51

0.1734
0.1561
0.14
0.1251
0.1111
0.098
0.0856
0.074
0.063
0.0526
0.0427
0.0333
0.0244
0.0159
0.0077
0

Period T= 8
Seabed Depth h(1) Reflection coefficient R channel depth h(2)= 5.5
2.50
2.70
2.90
3.10
3.30
3.50
3.70
3.90
4.10
4.30
4.50
4.70
4.90
5.10
5.30
5.50

0.1786
0.161
0.1446
0.1293
0.115
0.1015
0.0888
0.0769
0.0655
0.0548
0.0445
0.0348
0.0255
0.0166
0.0081
0

Period T= 9
Seabed Depth h(1) Reflection coefficient R channel depth h(2)= 5.5
2.50
2.70
2.90
3.10
3.30
3.50
3.70
3.90
4.10
4.30
4.50
4.70
4.90
5.10
5.30
5.51

0.1821
0.1643
0.1477
0.1322
0.1176
0.1039
0.091
0.0788
0.0672
0.0562
0.0457
0.0358
0.0262
0.0171
0.0083
0
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Period T= 7
Seabed Depth h(1) Reflection coefficient R channel depth h(2)= 6.5
2.50
2.70
2.90
3.10
3.30
3.50
3.70
3.90
4.10
4.30
4.50
4.70
4.90
5.10
5.30
5.52

0.2065
0.1894
0.1735
0.1586
0.1448
0.1318
0.1195
0.108
0.097
0.0867
0.0768
0.0675
0.0586
0.0501
0.042
0.0342

Period T= 8
Seabed Depth h(1) Reflection coefficient R channel depth h(2)= 6.5
2.50
2.70
2.90
3.10
3.30
3.50
3.70
3.90
4.10
4.30
4.50
4.70
4.90
5.10
5.30
5.50

0.2134
0.196
0.1798
0.1647
0.1505
0.1371
0.1246
0.1127
0.1014
0.0907
0.0805
0.0708
0.0615
0.0527
0.0442
0.0361

Period T= 9
Seabed Depth h(1) Reflection coefficient R channel depth h(2)= 6.5
2.50
2.70
2.90
3.10
3.30
3.50
3.70
3.90
4.10
4.30
4.50
4.70
4.90
5.10
5.30
5.52

0.218
0.2004
0.184
0.1687
0.1543
0.1407
0.1279
0.1158
0.1043
0.0934
0.083
0.073
0.0635
0.0544
0.0457
0.0373
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APPENDIX 5 FIELD TRIPS TO THE RAMSGATE ENVIRONS
6th OCTOBER 1987.

Data was collected by three main instruments namely:
Transponder, records position. Side—scan, maps the sea bed and a
simple sample collecting device.
TRANSPONDER
This consists of two shore—based radio
positioned 1) on a pier in the main harbour, 2) in
Gardens some distance north of 1) on the coast near
addition there is 3) a ship board receiver linked to a

transmitters
the Memorial
Ramsgate. In
computer.

This arrangement, of two transmitters and one receiver,
allows us to determine our position within a few meters by
triangulation methods, Each of the transmitters sends a signal to
the shipboard computer telling it the distance between it and the
ship. In this way we are able to calculate the position of the
ship, relative to say a map grid reference, very accurately.
Accuracy depends on how precise is our knowledge of the distance
between the two shore—based components and the relative heights of
all three components. The computer records meters to the nearest
tenth.
SIDE-SCAN
This consists of a torpedo shaped, electronic device
which is towed behind the boat, at a distance of about thirty
meters (so that the boats engine does not interfere with its
action) by a length of reinforced cable by which it corresponds to
a ship—board chart recorder.
Along each side of the Side—scan ‘torpedo’ is a Sonar
type instrument that both sends out pulses and receives the pulses
echoed from the sea bed. The chart recorder ‘maps’ the sea bed, in
the vicinity of the torpedo, in the form of light and shade
corresponding to shallow and deep water and including several
shades of grey. We are not able to determine absolute depth with
this insrument in the same way as say an echo sounder that sends
and receives pulses vertically to the sea bed. Using the Side—scan
in conjunction with the Transponder, we are able to determine the
shape of the sea bed for any given map grid reference.
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SAMPLER
The third instrument employed was a pair of jaws made of
stainless—steel that were set open against the force of a fairly
powerful spring. This arrangement was lowered into the water to the
sea bed, on a length of light steel hauser, and triggered shut by a
weight that was let fall down the length of the hauser.
In this way we were able to ‘bite’ out samples of the
sea bed. In particular we were able to roughly determine how the
sand around the harbour had shifted due to tides and currents.
In addition to the instruments mentioned above the boat
carried two other instruments that we, as students, were not
formaly introduced to. These were 1) some form of echo sounding
device that was interfaced to a ship—board chart recorder. This
gave, what appeared to be, an over emphasised picture of the sea
bed directly below the boat. It is not known whether this insrument
takes into account the heavy swell that was present at the time of
the tests. 2) A Radar device that gave position of sand banks and
underwater obstacles at some given radius around the boat.
This field trip was arranged in conjunction with another
college with the author being the sole student from the City of
London Polytechnic. Consequently, and unfortunately for the author,
all the data collected was taken away by the other college, which,
incidentally owned the equipment.

2nd. MAY 1988.
This field trip consisted of a personal visit to the
Ramsgate area for the purpose of taking the photographs presented
in the oppening section.
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