1

SEDIMENT CIRCULATION
IN .
MIXED GRAVEL AND SHINGLE BAYHEAD BEACHES
ON THE SOUTH EAST DORSET COAST

Carolyn Heeps, B.Sc. (Hons).

* % ¥ ¥ *
Thesis submitted to the Council for National Academic Awards

for the degree of Doctor of Philosophy

%+ % % ¥ *

Sponsored by the Dorset Institute of Higher Education,
Department of Tourism and Field Sciences.

In Collaboration with the University of Wales,
Institute of Science and Technology, Cardiff,

Department of Maritime Studies. April, 1986.




DORSET INSTITUTE' 0

{
HIGHER ESUCATION -
LIBRARY
SEDIMENT CIRCULATION N MIXED GRAVEE—AND—SHINGLE BAYHEAD

BEACHES ON THE SOUTH EAST DORSET COAST

Carolyn Heeps

ABSTRACT

£ 14 4

This thesis investigates and attempts to clarifly the morphological
characteristics, processes and sedimentology of five local mixed
gravel and shingle beaches. A conceptual framework of process-
response has been adopted which considers energy inputs, sediment

transport and coastal morphology, under conditions of limited
sediment supply and a "closed cell"™ situation.

Onshore field investigations using conventional methods of surface
sediment sampling, together with beach profiling, platform and
cliff measurements provided quantitative data with respect to
contemporary sediment inputs, sediment characteristics and trans-
port. Extensive and intensive measurements of beach sections

described spatial and temporal morphological and volumetric change
and revealed a neutral sediment budget at the scale of 12-14 months.
The beaches are in equilibrium with prevailing and dominant south

westerly wave regimes; prolonged periods of south easterly wave
climates influence the foci of wave energy and cause significant
littoral drift and exposure of the chalk platform.

The offshore data used were derived from available sources and

supplemented by fieldwork by the author. Investigations in the
nearshore zone by side-scan sonar and echosounder revealed the
morphological and sedimentological nature of the seafloor along
the northern shore of Weymouth Bay. Sediment distribution and

bedforms suggested preferred sediment transport paths. Within

each bay sediment sampling by grab and/or divers elucidated the
nature of each sediment cell. The distinct differences of textural
composition and the presence of natural offshore barriers to

sediment movement highlighted the sedimentological/morphological
containment of each bayhead unit.

Theoretical considerations and field data have helped to gain a
better understanding of the relationship between cliff, beach,
platform and nearshore processes and illustrate that selected
embayments along the northern shore of Weymouth Bay are morpho-

logically contained sediment cells sharing the same hydrodynamic
systemn. g
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CHAPTER 1

PROCESS - RESPONSE MODELS AND APPROACHES TO COASTAL
GEOMORPHOLOGY

Most coastal researchers have attempted to relate nearshore
processes with foreshore responses in order to gain better
understanding of coastal behaviour  for purposes of coastal
zone management. In an attempt to structure such
relationships in the search for "generalizing principles, it
is a useful philosophical device to recognise models - actual

or conceptual frameworks to which observations are referred
as an aid to identification and as a basis for prediction®,

(Krumbein and Sloss, 1963). Thus, a conceptual model is the

abstraction of key factors to represent relationships within
a system, That system involves :=-

(i) interaction of a large number of variables, and
(ii) simultaneous variation of all or most of the variables.

The structuring of a conceptual model is only a beginning,
where factors are recognised or inferred relevant to the
problem, Despite the problems of applying statistics to

coastal geomorphology, especially sampling restrictions and
the multiplicity of variables in even the simplest

situations, most problems are answerable to quantitative
analysis. With the collection of more data and

quantification of all the relevant characteristics of the
model they may be incorporated into a single equation for
accurate description and prediction in a deterministic model.

Despite the wealth of literature and research into

beach/nearshore processes, observational data is still a main
consideration but is gradually being supplemented by
quantitative data. A fully deterministic beach process -

response model is still an eventuality, (although significant
developments are being made with regard to predicting profile
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response by the Hydraulics Research Station, e.g. Price,
Tomlinson and Willis, 1972; Brampton and Motyka, 1985). The
main problem in the development of a universal model (whether
conceptual or deterministic) is the relative isolation of

research into separate subject areas (e.g. shallow coastal
water hydraulics, nearshore circulation, littoral zone

sedimentology and cliff stability). Leonard (1981).
highlighted the multi-interdisciplinary nature of coastal

zone processes by the inclusion of his article, "The Moving
Seacoast" in the journal, "Perspectives in Computing®,
thereby adding computer-aided analysis to the broad spectrum
of disciplines involved. Unfortunately there has been little

concern for the overlap of research interests despite the
necessity to consider a total coastal environment from

continental shelf waters through the intertidal zone to the
hinterland. It is also pertinent to note the lack of
quantitative field data under storm conditions and as a
result, inferences have to be made based on theoretical
conclusions and laboratory controlled experiments.

Krumbein (1964) provided much of the groundwork for the

concept of beach process-response by advocating a "Conceptual
Beach Model®, The model was based on the simplified

identifications of a set of complex relationships. The key
factors were divided into two elements (Figure 1)

(i) process elements
(ii) response elements

The response elements include two main items :

(i) geometry of the beach deposit

(1ii) properties of beach materials controlled by the kinds
of material originally available at the beach site or
brought in by currents and tides., Krumbein (1964)
recognhised a feedback process where close relations
occur among the process-elements, in that geometry of

the beach site, as expressed by nearshore bottom slope,
influences the pattern of energy distribution on the
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shore. The feedback loop is a vital link in the model
(Figures 1, 2 and 3).

The conceptual model does not take into account several
factors including swash zone dynamics, rates of erosion,
quantities of shore drift, but stressed that the model
provides information and a base for a more formal

quantitative treatment of data to be developed.

Whitten, (1964), considering process-response models in
geology used Krumbein's (1964) beach model to illustrate the
objectives and relevance of such model developments, He
made it clear that the process model includes overall
regional controlling factors and local factors peculiar to
the particular population studies; any complete analysis
involves separation of these two groups. A response model
produced by the simultaneous effect of several factors (some

of which maybe response elements) raises important questions
in the evaluation of the relative effects played by each of
the contributing factors. The importance of the beach

profile in influencing beach process-response relationships

led Sonu and Van Beek (1971) to propose a beach profile
transition model based upon data collected from the study of

nearly 300 beach profiles. The derived model function took
into account beach width, sediment storage and surface

configuration, in an attempt to predict the development of
successive beach profile changes on the premise that the
initial profile stage and configuration was known.

The inter-relation of hydraulic and energy characteristics
across the swash zone and the initial morphology and
structure of the beach surface recognised by Krumbein's
(1964) model has been fundamental to the development of beach
facies models., Bluck's (1967) facies model was based on the
selective sorting of beach pebbles according to particle
shape and sphericity. Problems inherent in this first
attempt to recognise zonational behaviour of pebbles across
the swash zone were highlighted by Orford. (1978), who
provided a modified version of Bluck's (1967) initial model,
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by using profile configuration as a discriminant between
differing deposition environments he was able to observe the
re-arrangement of sediments in relation to beach morphology.
Orford, (1978), asserted that sorting processes could operate

in both onshore and offshore directions under different
littoral conditions. He also recognised that sediment

differentiation was taking place on two scales; a dally basis
and a long term genesis associated with gradual evolution.

One of the major aims of developing a conceptual beach
process-response model is to gain some understanding of the
mechanisms of processes at work. Observations on bayhead
beaches along the south-east Dorset coast allowed
modifications to be made to the basic conceptual beach model
so that it could be applied to an idealised bayhead beach.
The model considers energy inputs, sediment transport

processes and coastal morphology under conditions of limited
sediment supply and an inferred closed-cell environment. An
attempt is made, in the following text, to identify and

elucidate the key factors affecting morphological change in
such environments.

In any such study the selection of an appropriate timescale
is an important factor; some purpose may require selection of
one set of timescales rather than another; Carr, (1980),

considered the relation of short term change to longer term
trends in determining coastal change by raising the question
of the validity of experimental field techniques of limited
duration. He states, (p.75), "Longterm records have the
effect of averaging the changes that have occurred over the
corresponding timespan. They may well include the effects of
extreme events but are not explicit in so doing. " Thus they
represent the sum but not the range of conditions that have
been experienced and may partially reflect factors and
circumstances that have been superseded ... short term
records and experiments may show a new or recent trend at
variance with earlier conditions and thus be valid and

significant." It must be remembered that the coastal
geomorphologist has to work under considerable temporal
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restrictions but at the same time short term observations
have an important role to play in the search for a more
satisfactory spectrum of observations. In addition to the
choice of an appropriate timescale in the investigation of
coastal zone form and processes the actual spatial scale of
the study must be decided upon. Hayes et al, (1973)
discussed the issue of spatial scale and classified coastal
studies into three categories dependent upon the scale and
detail of the study :

1, reconnaissance of a large section of the coast.

2 studies at the intermediate level which involve somnme
systematic process measurements.,

3. detailed time series studies of a small area, e.g.

beach cusps.

The authors suggested that the overall analysis of coastal

forms and littoral processes should be a consequence of data
obtained from studies at each of the three scales. The

collection of data at all three scales enables comparisons of
processes and forms in regions characterised by different
environmental parameters to be made. The data obtained from
such a hierarchical development is necessary for model

development, from the conceptual through to the deterministic
stage. The model making procedure 1is such that

reconnaissance studies are necessary to provide the basic
framework of the model by defining the key elements. The use
of individual projects, whether at the intermediate level or
at the detailed scale, ensure that the data can be used to
provide answers related to the problem under investigation,
in addition to providing the continuum of relationships
between the key elements. The ultimate objective is the
derivation of a deterministic, predictive model that can be
applied to any similar situation and considers
process/response in the offshore and onshore zone.
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CHAPTER 2

INTRODUCTION

Compartmental type beaches with distinct headlands separating
predominantly mixed gravel and single foreshores are a major
feature of the south-east Dorset coast, although previous

work in the area has concentrated on the unique feature,
Chesil Beach, (Carr 1969, 1971, 1974, 1982),

This study aimed to further the investigation into the
morphological characteristics, processes and sediments of

local mixed gravel and shingle bayhead beaches by identifying

the range of physical processes contributing to the process
of sediment circulation with respect to a "elosed cell™

hypothesis. The underlying theme was the study of the
interaction between the atmosphere, lithosphere and

hydrosphere. The 1investigation had a number of objectives :

1 Local importance : The south east Dorset coast is a
valuable resource to the tourism and recreation

industry as well as a popular area for geological field
studies. However, no quantitative research has been

applied to the coastal sediment system, only brief
qualitative statements being made by Arkell (1947).

2. Wider Objectives :

(i) to ldentify the processes responsible for the

transport of sediment within the coastal zone
(from cliff top to nearshore).

(i1) to organise processes into a conceptual beach

model of sediment transport in self-contained
cells,

(iii) to determine the sedimentological and
morphological nature of potentially
self-contained sediment cells thereby gaining a

better understanding of processes at work in the
context of a process-response model.

6.



(iv)

to develop field techniques suited to the

gathering of relevant data for the needs of the
research objectives.

RESEARCH PROGRAMME

A suite of five fringing, mixed beaches was chosen for study

(Figure 4)

VT = W N -
o

Ringstead

Durdle Door - Bat's Head
Man O'War

Mupe

Worbarrow

The beaches were selected because they embody a set of common
features, yet each may be described as morphologically

distinct :

(1)

(ii)

(iii)

(iv)

(v)

Compartments : Each beach may be described as a
discrete morphological unit because they are

terminated by distinct boundaries; with the
exception of Ringstead Bay (which is bounded by a

-headland to the east and an offshore ledge to the

west) the beaches are bounded by major headlands.
Beach material : Each beach is predominantly
silica, (>99%), with some chalk despite great
lithological variation along the coastline.
Sediment sizes : Each beach is made up of
sediment grades ranging from fine sand to
boulders.

Sediment input : Each beach has a potential chalk
and flint input.

Hydrography : All the beaches lie on the northern
edge of the shallow plateau that extends from
Weymouth to St., Albans Head,

Each morphological unit is part of the same integrated System
sharing the same tidal regime, the same wind and wave regime
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and, consequently, the same potential energy input. The
general aspect of the coastline 1s south-west, its generally
straight trend reflected by the 5m., 10m. and 15m.

bathymetric contours. Each of the bay units is semi-circular
or oval 1in shape.

The research programme was approached on two levels :

(i) pilot study
(ii) main study

The objectives were interactive and wide ranging and the
results are an attenpt to provide a starting point for the

quantification of hydrodynamically powered, morphologically
contained units.



CHAPTER 3

PHYSICAL BACKGROUND

Geomorphology and geology of the south-east Dorset coast.

" The coastal zone between Bran Point and Worbarrow Tout

displays great variety in lithology and structure. The coast
from White Nothe to Worbarrow Tout forms the southern
boundary of the physiographically distinct Isle of Purbeck,
Lithologically the Isle of Purbeck consists of Upper Jurassic
strata, (Kimmeridge Clay, Portland Sand and Stone, and
Purbeck Limestone), and cretaceous strata, (Wealden Clays,
Lower Greensand, Gault, Upper Greensand and Chalk). Steers
(1964), stated : "In Purbeck we find some of the best and

most interesting c¢liff scenery, not only on the south coast

but also in England and Wales. In few places is the relation
- between structure, rock type and erosion so well seen."

The northern boundary of Purbeck is formed by the narrow, but
distinct chalk hog's back of the Purbeck Hills that swings
inland from the coast at Lulworth towards the Foreland of

Swanage. Although Ringstead Bay lies just west of this
region, it is included in the study area because of its close

proximity to the active chalk cliffs of White Nothe., It also
provides for a useful comparison, as, unlike the beaches that

extend from White Nothe to Worbarrow it is not backed by
chalk, but by low, mobile clay cliffs.

The geology of this area is well-documented; pioneering work
by Strahan (1898), followed by a comprehensive study by
Arkell (1947), remains the standard texts referred to. Other

accounts by Davies (1956), House (1958) and Perkins (1977),
provide useful, quick reference guides.



The coast is divided into a number of discrete units for ease
of description :

1. Ringstead Bay (Bran Point to White Nothe), Figure 5,
Plate 1.

A shallow bay, orientated south-west (183°) and

backed by Upper Jurassic 'waxy clay! cliffs that form a
low, wide terrace of mobile material behind a
pronounced mixed gravel and shingle beach ridge.
Ringstead Coral beds (Jurassic), form the foreshore for
some distance around the bay and can be found exposed
along the backshore of the beach and as an ironstone in
the upper part of the cliff (Strahan, 1898). Harder
Corallian Beds form the Ringstead Ledges, a succession
of reefs that are exposed at low tide and form the
western boundary to the bay unit. These Ledges are

part of the elongated, flat, Ringstead Anticline which
runs parallel to the cliffs and passes a little way

inland, (Arkell 1947). Travelling eastward the low,

clay cliffs .give way to the impressive chalk headland
of White Nothe. Kimmeridge Clay rises from the beach

but is mostly obscured by landslips of Chalk and

Greensand due to a fault running just west of Holworth
House. A conplete section of Portland Beds in the

eastern corner of Ringstead Bay mark the last episode
of marine Jurassic; Purbeck and Portland Beds are
planed off and directly overlain by Gault.

The chalk cliffs forming the headland of White Nothe
rise to 150m. with Lower, Middle and Upper Chalk zones
represented. Hard Chert beds form a prominent ledge at
sea level, whilst above, the cliff consist of
alternations of smooth chalk and marl with layers of
flint (Strahan 1898). ' The form of the cliff is
doninated by large rotational slumps in the Chalk and
Greensand that have slipped over the unstable
Kimmeridge Clay. The inter-tidal zone is strewn with

10.




large boulders and chalk fragments forming an extensive
apron around the headland and up to 10m. beyond L.A.T.

2 White Nothe to Man O'War Cove

This section of the coast is structurally dominated by
the Purbeck Fold. Vertical chalk cliffs rise up to
100m along this section, the beds being almost
horizontal at first but an easterly dip appears,
steepening towards Middle Bottom, which marks a
syncline in the Purbeck Fold. The foresyncline of the
middle limb of the fold forms the headland of Bat's
Head, and the western boundary of a gravel beach that
extends eastwards to Durdle Door (Figure 6, Plate 2).
The bay is wide, shallow, orientated to the south west
(1850) and backed for most of its length by .vertical

chalk cliffs. Bat's Head is hard chalk that has been
penetrated to form a small cave - Bat's Hole. The
chalk is severely crushed and sheared due to tectonic

pressure, whilst movement in a westerly direction has
inverted the chalk between Bat's Head and the deep
recess at the centre of the bay known as Scratchy
Bottom. The recess marks a dry pass in the surrounding
chalkland; on the eastern side of the recess the beds

are inverted, having been tilted through more than
90° to dip seaward 75° (Davies, 1956).

Durdle Cove is dominated by a southerly dipping slide
plane that cuts across the vertical chalk zones.

Marine erosion has taken advantage of the plane of
weakness by carving out a series of small caves, the
roof of each cave has pushed northward relative to the
floor. Durdle Door, a natural arch cut in Portland
stone protects the cove, the Portland stone itself
protecting the Purbeck, Wealden and Greensand Beds that

form the narrow col linking Durdle Door Cove to Man
O'War Cove to the east.
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The shingle ridge is at its steepest at the apex of the
cove where it 1s fully exposed to the dominant and
prevailing waves. The beach is at its narrovest
towards Bat's Head and the underlying chalk platform is
often exposed after storm events; a notch defines the
cliff-platform junction. A discontinuous offshore reef
(Portland Stone) runs across the bay from Durdle Door
and extends westwards beyond Bat's Head. Isolated

sections of the reef stand above the water as "“the
Bull, the Blind Cow and the Calf™",

Man O'War Cove (Figure 7, Plate 3) lies to the east of
the promontory. The small, semi-circular bay,
orientated 162° is sheltered from the dominant and
prevailing winds and waves and is also protected by the
reef of Portland Stone (Man O'War Rocks) that run
across the entrance of the bay. The cliffs at the back
of the bay are exposed Purbeck and Wealden Beds, the
latter towards the centre of the cove have slipped and
slumped. The eastern boundary of the bay is marked by
high chalk cliffs of Man O'War Head, separating Man
O'War Cove from St., Oswald's Bay. At the point intense

crushing has taken place in the Middle Chalk, resulting
in inverted bedding that dips 120° (Davies, 1956).

The steep shingle ridge is often marked by large cusps,
especially between mid and low water. Their form is

best appreciated from the cliff top where the complex
wave refraction patterns, a consequence of the
filtering effect of Man O'War Rocks, can be seen.

Mupe and Worbarrow Bay

"These two bays, with Arish Mell, constitute a wide
bight with chalk at the back, Wealden Beds forming most

of the sides and Purbeck Beds and Portland Stone at the
points." (Davies, 1956).
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Mupe Bay (Figure 8, Plate 4) to the west, faces
south-east (147°). The cliffs forming the back of
Mupe Bay display an excellent section from the Wealden

Beds down to Portland Stone. The Mupe Rocks and
Ledges, some with a Lower Purbeck capping provide a

natural breakwater at the western boundary of the bay.
They too are remnants of the discontinuous Portlandian
ridge that can be traced above water from Mupe Rocks 1in
the east to the Cow and the Calf off Bat's Head.
Acoustic surveys have revealed that this natural
barrier also extends across Worbarrow Bay as a
submerged reef of varying dimensions. The Wealden Beds
of Mupe Bay have slipped and slumped in the western
half of the bay and are, in parts, densely vegetated.
Eastwards, the junction of the Lower Greensand and

Wealden Beds 1is concealed by a mass of chalk talus that
has fallen from the vertical chalk cliffs that rise to
form Bindon Hill. The debris also covers the
relatively thin succession of Gault and Upper
Greensand.,

The eastern section of the bay is backed by very steep
cliffs of Cockpit Head; Black Rock provides the eastern

boundary of the bay. The beach presents a steep, but
narrow shingle ridge to the south-east. The coarsest

sediment grades are found at the apex of the bay along
a section fully exposed to south-easterly gales.

High chalk cliffs, dipping steeply north extend beyond
a small headland to Arish Mell. Arish Mell is a dry
pass through the chalk ridge; a small stream enters the
bay behind a shingle ridge. The beach is out of bounds
-to the general public-and therefore remains undisturbed
by human interference. To the west of the pocket beach
the intertidal zone is strewn with large chalk boulders
up to 4m. long. -

Worbarrow (Figure 9, Plate 5), is a more open bay
facing south-west (206°). It is bounded to the

west by a shear chalk cliff that runs from Cover Hole
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to Cow Corner. The chalk cliffs here are the western
exposure of the sinuous ridge that runs inland across
the Isle of Purbeck. Scree slopes mask the cliff face

and rock falls litter the storm beach above the high
water mark. Towards Worbarrow Tout, the eastern

boundary to the bay, Wealden clay cliffs back the
shingle beach. As in the clay c¢liffs of Mupe landslips
and mudslides dominate the lower cliff sections; after

prolonged rainfall tongues of mobile clay move onto the
beach only to be removed by storm waves. The most
exposed sections of the beach present a high storm
ridge to prevailing and dominant south westerly winds
and waves, whilst to the east the beach form is planar,

with little berm development, and finer sediment
grades.

Worbarrow Tout provides a natural eastern boundary to
the beach and main study area. The Tout itself 1is
mainly Middle Purbeck strata and is separated by a
narrow neck of land from the main mass of Gad Cliff
that runs eastwards towards St. Alban's Head. The Tout
presents a vertical face to the sea with a northerly

dip slope falling to the neck that lies above Pondfield
Cove.

THE OFFSHORE GEOLOGY OF WEYMOUTH BAY (Figure 10)

A most comprehensive geological map constructed by Donovan
and Stride in the early 1960s illustrated the submerged
geology and relief between the Isle of Portland and Durlston
Head and southwards to the junction of the Jurassic and
Cretaceous rocks. The map was drawn up from data recorded by
A.S.D,1.C, equipment. The relief data was supplemented with
samples obtained by free swimming divers and a gravity

corer, The divers also examined areas close inshore that
were not readily accessible to the acoustic equipment. A map
summarising the main geological features of Weymouth Bay is
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reproduced along with a summary of the main geological
features examined by Donovan and Stride (1961).

The Isle of Purbeck Anticline lies 'en echelon' to the east
and south of the Weymouth Anticline. On land the overturned
northern limb extends from Swanage westwards until a point

between Bat's Head and White Nothe, whereupon 1t passes out
to sea (Arkell 1947). Donovan and Stride (1961) show that
the submerged part of the structure 1s an elongated
asymmetrical dome bounded on the south by the Shambles
syncline. The outermost ridge on the northern side of the
Lulworth Banks is presumed to be Sandsfoot Grits (Kimmeridge
- Upper Jurassic) and within it, .samples show that a large
area is occupied by Osmington Oolite. The inner ridge 1is
Bencliff Grits and the hollow in the middle is floored by
Nothe Clay (Corallian mudstones, Upper Jurassics). The lower

boundary of the Kimmeridge Clay around the Lulworth Bank is
placed just beyond the outermost ridge of the Corallian
Rocks. East of the Lulworth Banks remnants of roughly
concentric outcrops within the Kimmeridge Clay mark the
position of a dome. The eastern part of the Purbeck
Anticline has two subsidiary crests passing through Broad
Bench and Chapman's Pool, divided by a shallow syncline.

The Isle of Portland is a fragment of the Shambles Syncline
which plunges south-easterly. East of the Shambles an
outcrop of Portland Beds is marked by a belt of 30m soundings
(Admiralty Chart 2610). The Shambles itself is a bank of
sand, shingle and shell, the accumulation a consequence of
tidal stirring (Pingree, 1978). Two prominent ridges lie at
its eastern end, one Portland Stone, the other Portland

Sand. West of Portland Bill a deep hole has been eroded in
the Upper Kimmeridge Clay, whilst immediately to the west
stands a shoal of stone banks found in the middle part of the
Kimmeridge Clay. To the south of the Bill a belt of ridges
lies to the east of a featureless outcrop of Portland Sand,

whilst Purbeck beds are inferred south east of the Bill
(Donovan and Stride, 1961). f
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The westward overstep of the Upper Cretaceous rocks along the
Dorset coast is well documented. At Swanage there appears to
be complete conformity throughout the Upper Jurassic and
Cretaceous and this continues westward to Worbarrow Bay
(Arkell, 1947). However, at Lulworth, Strahan (1895)
recorded "a strong line of erosion", whilst Arkell (1947)
suggested possible "angular discordance®, North of Durdle,
Lees and Tait (1946) proved Gault resting on Lower Purbeck
Beds, an indication of unconformity. West of Durdle Door the
coast is formed of vertical overturned chalk whilst the Calf
marks the westernmost offshore reef of Portland Stone. There
is no evidence of Portland Stone beyond 60m west of the

Calf.

Donovan and Stride's (1961) survey located the southern limb
of the Purbeck Anticline which is shown to be strongly
asymmetrical. The survey also showed that the western end of

the Purbeck Anticline passes into the Weymouth Anticline not
as a single anticlinal crest but as a series of major folds

with a north-~westerly trend. The Burning Cliff Fault west of
White Nothe 1is considered to be part of a system of tear

faults which must occur where one monocline is replaced ‘'en
echelon' by another.

DENUDATION CHRONOLOGY -~ REGIONAL PERSPECTIVES

RELIEF AND STRUCTURE

Like much of Southern Britain the structure of Dorset has
developed upon Mesozoic and Cainozoic sediments mantled Dby
superficial deposits. South Dorset (Isle of Purbeck and the
Weymouth Lowland), is only a small area of the much more
geologically complex region, the Hampshire Basin. Many of
the structures seen in South Dorset are due to the most
recent tectonic-events (Alpine Orogeny), but the general
relief of the area may be understood in terms of the .
interaction of subaerial denudation on the macrostructure and
lithology (Jones -1981).. The area is also part of the
Southern Fold Belt that.may be traced from the Isle of
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Portland through the Isle of Purbeck to the Isle of Wight.
The folding is seen as a number of short, parallel anticlines
forming narrow hog's back ridges such as the Purbeck Hills
(Lees 1952). Phillips (1964). even considered the Purbeck
Fold to be located above yet another fault, the tightly
crumpled Jurassic rocks exposed on the Lulworth coastal
stretch being the product of gravity tectonics and not drag
as originally postulated by Arkell (1933).

Arkell (1947), noted that intra-Cretaceous movements were
important in southern Dorset resulting in intense folding and
faulting between the deposition of the Wealden Beds and Gault
in ‘the Weymouth area. Thus the Ringstead (Arkell. 1947). and
Weymouth folds (House. 1961). are considered to originate
from this time. Both Phillips (1964) and Drummond (1970).
provide evidence for the initiation of the Purbeck Fold
during Mesozoic times; the whole area appears to have
suffered pulsed tectonism with activity possibly reaching a

peak in the late 0Oligocene, early Miocene. More recently it
has become apparent that the accordant chalk summits,

previously attributed to marine erosion, are most probably
subaerially modified marine surface, the area having

experienced frequent transgressions and tectonic disturbances
(Jones, 1981).

In fact, the greater part of the landscape is a product of
Quaternary denudation, an oscillating sea level is considered
to have been the most important influence upon landform
development, particularly the Flandrian transgression. This
transgression resulted in both the separation of Britain from

the main continental mass (by 8600 BP) and the creation of
the existing coastal physiography.

COASTAL DEVELOPMENT

The south-east Dorset coast is considered to be a classic
example of marine action acting upon rocks of unequal
resistance., Fluctuating sea levels caused the periodic
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exposure of extensive tracts of sea floor. For example,
during the Devensian the sea almost certainly abandoned the
whole of the English Channel with a fall in sea level of at

least 100m, The temporarily emergent channel floor was

drained westwards by an enlarged Seine-Solent river (Jones,
1981).

The retreat of the Devensian ice sheets resulted in a marked

marine transgression with a sea level rise greater than 100m
in the last 14000 years. U45m of this rise occurred during
the Flandrian transgressian (Akeroyd, 1972), there being an
early rapid rise with the sea advancing up the Channel and
through the Dover Strait. A direct consequence of this was
the final separation of the mainland from the continent.
Coastline retreat continued to be rapid resulting in steep
active clifflines and extensive shore platforms. The
literature dealing with the South Dorset coast emphasises

that the bays owe their development to the breaching of the

Portland Stone and subsequent erosion of the Purbeck and
Wealden Beds.

St. John Burton (1937), accounted for bay development by
using Lulworth Cove as an example. He suggested that marine

erosion was not the sole process for the development of
either Lulworth Cove or Worbarrow Bay. He implicated that a

confluence drainage system was responsible for the initial
erosion that allowed for further penetration by marine
erosion, Bury (1936), also considered anomalous river
pastures in the Isle of Purbeck in connection with bay
development, especially Worbarrow Bay. The stream that flows
southward from East Lulworth to Arish Mell is opposite the
direction of dip. Bury (1936) did not regard this stream as
a direct consequence of the Miocene disturbances but that it
originated under conditions independent of the Miocene

folds. He also considered the narrow col that separates

Worbarrow Tout from the surrounding upland to mark the floor
of an old. river valley.
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Tyneham Brook enters VWorbarrow bay a little to the north. It
rises in Tyneham and flows down a steep sided valley bordered
by a broad, flat floor of a more mature valley. Evidently,
'recent'! rejuvenation has taken place and the stream has
adjusted the bottom of its valley to a new level caused by a
change in sea level. Bury (1936), provided evidence for the
connection between Tyneham Brook and Pondfield Cove. He
suggested that the Pondfield stream, after receiving the

waters of Tyneham Brook flowed southwards and that present
geography resulted from the capture of this combined stream,
just at the elbow, owing to the advance of the sea in
Worbarrow Bay. Linton (1932), had already suggested that the
hills on either side of Arish Mell were submerged under a
Pliocene sea, and on re-emergence the slightest inequality of
the sea bottom might determine in which direction the new
streams would flow. The connection between drainage and a

changing sea level may also have aided the development of the
Durdle Door - Bat's Head bay with evidence provided by dry
passes at Scratchy Bottom and at a point on the eastern side
of the Bat's Head-promontory.

Present day coastal configuration suggests that either cliff
retreat in the past must have been a great deal more rapid or
that the sea has re-occupied and re-fashioned previously
developed marine features. However, not all of the chalk

that has been removed from above the present sea floor was
denuded during the Holocene (Figure 11). Large volumes of
sediment must have been removed by marine erosion,
particularly over the last 5000 years. It is during this
time that the breaching of the Frome-~Solent valley between
Purbeck and the Needles occurred, separating the Isle of
Wight from the mainland (Everard, 1954),

The Flandrian Transgression is considered accountable for the
formation of depositional features around the South coast.
Erosion has provided the mobile sediments that could be moved
by waves and currents to form major shingle structures such
as Chesil Beach and Hurst Castle Spit. It is reasonable to
assume that the smaller fringing gravel and shingle beaches
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around the coast have originated from the same source, given
that present day cliff erosion rates are not substantial
enough to have formed these features.
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HYDROGRAPHY

Admiralty Chart 2610 describes the areal extent of the

shallow plateau of Weymouth Bay. Geographically it is
bounded on two sides by land; the northern boundary extends

as an almost straight coastline between Weymouth in the West
and St. Albans Head in the east, whilst the Isle of Portland
provides the western boundary. The bathymetric character of
bay is largely controlled by geology; to the south and east a
geological boundary may be used to delineate the area (Figure
12). This natural boundary takes the form of a ledge that
runs from a point due south of Portland Bill extending
north-eastwards to St. Alban's Head and is marked on the
chart by a 30m. contour (Donovan and Stride, 1969). The
ledge itself is of resistant Portland Beds whilst the bay
area to the north is floored by softer Kimmeridge Clay
(containing resistant stone bands), and the area to the south
is floored by Purbeck and Wealden Beds. Donovan and Stride

mapped the area during 1959-1960. They were particularly
interested in the occurrence of apparently Y"closed basins®

which were located along the strike of Upper Kimmeridge Clay
on the northern side of the Portland ridge. These basins

correspond to the strongest tidal streams in the area and the
authors attributed their development to erosion by those
streams, especially during times when the sea was shallower.

The relatively flat expanse of the central area of the bay

enhances the change in relief presented by the Shambles Bank,
Adamant Shoal and Lulworth Banks. The Shambles Bank and

Adamant Shoal are contemporary surficial sediment features

formed by tidal stirring (Pingree, 1978). The Shambles Bank
to the south east of Portland Bill has been well documented

by Pingree (1978) and is a more significant relief feature
than the much smaller Adamant Shoal that lies to the
northeast. Directly north of Adamant lies a series of rocky
outcrops that make up the morphologically distinet Lulworth

Banks, a geological feature that presents the remains of the
eroded Purbeck Anticline.
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Moving shoreward the 15m. bathymetric contour reflects the
apparent straightness and south-west aspect of the coastline,
while the 10m. and 5m. contours highlight the small

semi-circular and oval embayments and coves that indent the
Isle of Purbeck coastline.
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CHAPTER 4

COASTAL SEDIMENT TRANSPORT

Sediment motion in relation to fluld dynamics is a complex
area of study best left to physiecists and mathematicians, but
cannot be ignored by the coastal geomorphologist. The
understanding of water induced sediment movement is
increasing; equations developed under laboratory conditions
to describe such thresholds of movement are becoming
increasingly modified in order to quantify and predict real
world situations. A brief review of theoretical and natural

observations of nearshore water motions and induced sediment
movement 1s presented.

Basically, there are two types of induced water motion, both
effect sediment transport :

1. current induced water motion - regular motion.

2. wave induced water motion - irregular motion.

Both may be superimposed upon each other although one type of
motion will dominate. Thus both processes need to be

recognised and understood in order to assess potential
sediment transport.

There are a number of fundamental papers on wave generation -
Franklin et al (1774), Jeffreys (1925), Sverdrup and Munk
(1947). Theories have become increasingly complicated and
although there is still no definitive physical insight into
wave generation, characteristics can be estimated
sufficiently accurately to be of practical value. In deep
water the profile of ocean swell 1s very nearly sinusoidal
with long, low crests (d > 0.5 Lo, where d = depth, Lo =
wavelength), the water "particles following nearly orbital
paths. As they enter "shallow water they undergo a

transformation. The water particle orbits flatten out, the
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wave becomes trochoidal with flatter troughs and more peaked
crests, resulting in a mass transport of water shoreward.
Shallow water waves may be defined as those that are
travelling in water depth less than half the wavelength,

(d € 0.5 Lo) velocity and length progressively decrease and
the height increases, only wave period remains constant.

Shoaling will not occur uniformly along a wave front; as wave
speed decreases the wave front bends as a result of the

variations in celerity along the front. The combination of

shoaling and wave front bending is known as refraction and
the wave crests tend to become parallel to the bathymetry.
The interaction of the water wave and seabed topography may
modify both the seabed (if the orbital velocities near the
bed are sufficient to cause sediment motion), and the waves
(possibly causing a proportion of the energy of an incident
wave to be reflected). Wave steepness also varies in

shoaling waves. The steepness temporarily drops slightly
below 1ts deep water value as the waves pass through
intermediate water depths and then rapidly increases. The
steepness increases until a point is reached where the waves
become unstable and break, Particles no longer move quickly

enough to complete their respective orbits and the crest
collapses.

Putnam and Johnson (1949) have shown that the dissipation of
energy by bottom friction and/or percolation can bring about

a significant loss of wave energy with a possible reduction
of wave height, particularly for high waves of long period
which are propagated into a shallow region of vefy gentle
bottom slope. Long waves effectively "feel" bottom sooner

than short period waves and consequently are subject to
frictional dissipation over a greater distance.

Davies (1980), made a study of the interactions between
surface water waves and ripples and dunes on the seabed. He
concluded that a transmitted wave may experience a small

phase shift, even 1in cases of zero reflection. Examples are
presented which indicate that relatively few bottom

undulations may give rise to a very substantial reflected
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wave. However, it 1is also the dynamic interaction between
detrital particles and moving fluids that give depositional
landscapes. In turn, the nature of detrital sediments

depends on the properties of the environments in which they
form.

BASIC PRINCIPLES OF THE INITIATION OF SEDIMENT MOVEMENT UNDER
FLUID MOTION

A number of fundamental references detail theoretical
analysis of the initiation of sediment movement - Bagnold
(1966), Graf (1971), Yalin (1972), Allen (1973, 3rd ed.).
Basically, when a fluid and a solid are in relative motion a
velocity gradient is set up at right angles to the direction
of flow. Shear stress at the solid surface opposes the
motion of the fluid past the solid (or vice versa). There
Wwill also be shear stresses where the velocity gradient
exists. As the velocity gradient diminishes in magnitude
with decreasing distance from the bed, the shear stresses
also diminish in the same direction. The region of velocity
gradient is called the boundary layer of the flow.

Reynolds (1965) recognised two types of fluid flow - laminar
and turbulent. As a result of his investigations he

developed a scale of Reynold's numbers based on the fact that
fluid near the bed will impart momentum to solid particles

and is, therefore, best described as the relationship between
inertial and viscous forces in fluid motion.

Therefore : Re _ lInertial force

N Viscous force

Drag occurs when a fluid and a solid body are in relative
motion and describes the forces which oppose the motion and

enforce equilibrium, There are three types of drag which can
be described inkterms of the Reynold's number :

viscous - surface - form -
. (increasing Reynold's number)
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SEDIMENT ENTRAINMENT

Experiments show that as the velocity of fluid flow over a
bed of sediment is increased there comes a stage where the

intensity of the applied force is large enough to cause
sediment to moved from the bed into the flow. This is termed
the "threshold of movement" and can be further specified in
terms of a value of the boundary shear stress - the critical
boundary shear stress. The value of the critical boundary
shear stress depends on whether the bed sediment is
cohesionless or cohesive. It is obvious that if a fluid
stream can entrain sediment from a bed then it can also carry

it along for some distance., Sediment particles are therefore
set in motion when the critical shear stress at the bed is
exceeded., FPFactors governing sediment motion include grain
diameter (d), relative density of grains (ps) and water (p),
the kinematic viscosity of water (v) and the shear stress the
water exerts on the bed. The calculation of sediment
transport can be carried out in two ways (Table 1) :

1« The velocity profile method based on boundary layer
measurements.
2. Quadratic Stress Law

The prediction of grain movement is based upon Shield's
(1936) diagram. He produced an empirically derived curve
showing the threshold of movement of quartz density
s0lids expressed in terms of grain diameter and the
dimensionless threshold stress criterion. Using this
curve a further curve can be generated relating critical
shear stress to grain diameter for quartz clasts in water

(Figure 13).

Shields used the dimensionless entrainment number O,

which is roughly the ratio of the bed mean tractive forece
divided by the immersed weight of the sediment particle,
(Hammond, 1982), (Table 2). Unfortunately there are no
satisfactory measurements in the tidal environment which
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could be used to verify the Shield's curve at high grain
Reynold's number, >1000, (Heathershaw and Hammond,
1982). The Shield's curve does not calculate the
transport rate of a particle but this is covered Dy
Bagnold's Bedload Transport Rate (1963), which relates
the mass transport of sediment as bedload to the power
expended by water moving over the sediment/water
boundary, (Table 2). The use of Bagnold's equation
requires direct measurement of near bottom currents.
Problems in the use of the equation are related to
evaluation of the coefficient k and w. Inman et al
(1966) used the shear velocity U¥ instead of mean
velocity w U*3p. Whereas Bagnold (1963) assumed k to

be relatively constant, Kachel and Sternberg (1971).

suggested k varied as a function of excess boundary shear
stress.

It must be stressed that the above equations have been
developed from flume based experiments and although
observed data from river measurement correlates well with
those predicted in the laboratory there have been few
attempts to compare them in the sea. This is largely due
to the difficulty of making sediment transport
measurements in the sea and of obtalining contemporaneous
hydraulic data, (Heathershaw, 1980). Sediment transport
equations for use in the sea under oscillatory tidal
currents and surface wave motions are still in the very

early stages of development and this must be taken into

account when discussing or inferring sediment movement in
coastal waters.
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Sediment transport in the offshore zone can be divided
into three types according to two major processes :

1. unidirectional currents alone.

2. wave action.

3. unidirectional currents superimposed on wave
action.

SEDIMENT TRANSPORT DUE TO CURRENTS

Much attention has been paid to the attempt to explain the
processes responsible for eroding, transporting and depositng
sand in the offshore zone (continental shelf areas). Bed
forms such as sand patches, sand ribbons, sand ripples and
sand waves are often found longitudinal or transverse to peak
currents. They reveal preferred sand transport directions
which show a relationship with tidal currents in some areas

and non-tidal currents in others. Although tidal currents
are bi-directional, rectilinear or rotary they develop

essentially uni-directional transport paths. Reading (1975)
suggests a number of reasons :

(1) tidal current ebb and flood velocities are usually
unequal iIn maximum strength and duration.

(ii) ebb and flood currents may follow mutually exclusive
transport paths.

(iii) the lag effect associated with a rotating tide delays
the entrainment of sediment.

(iv) a single tidal current may be enhanced by other
currents such as wind driven currents.

Measurements of tidal streams show that bottom currents are

often considerably stronger than those only a few feet abovye
the bed (Carruthers, 1962). Stronger velocities on the

bottom are particularly important if the bed is cohesionless
28.



and mobile, as it may change configuration with changing
steam direction., Bed forms may not only indicate direction
of transport but also velocities (for example, sand wave

assymetry may reverse with the tide), and amounts of sediment
available for transport.
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SEDIMENT TRANSPORT DUE TO WAVES

Waves are an important agent of sediment transport, by waves
alone and also by waves with superimposed unidirectional
currents. It is generally believed that in shallow water
waves alone can produce onshore movement of sediment because
of the assymetry of their orbital notions; in shallow water
the wave crests are sharp and separated by long flat

troughs. The orbital motion under the crest is of high speed
but low duration, where as the offshore return flow under the
troughs is of lower speed but longer duration. Some grain
sizes may be of sufficient size that they are transported
only by stronger orbital motion and are not moved at all by
the return offshore flow., Each crest passage would shift the
grain onshore and it would progressively 'hop! towards shore
with no intervening offshore motion. A finer grain might be
moved both during the onshore motion and offshore flow, but
would only shift offshore a small distance during the return

orbit since most of the current of the return orbit is not
sufficient to move the grain. Presuming there is no

unidirectional current superimposed on the system the waves
may selectively drive pebbles and cobbles towards the beach

but not produce a shoreward transport of the fines. Bagnold
(1940) showed, in a wave tank study, that the bigger the
particle the more pronounced is the onshore creep.

If the bottom is sloping offshore there would be a gravity
component acting on the grains that might oppose the onshore
shift. A balance could be achieved between the two forces
for a certain grain size so that the grain size would be at a
null point and would move back and forth in equilibrium but
with no net transport. This situation is known as the "null
point hypothesis" and is well documented in literature
concerning coastal processes (e.g. Komar 1976; King 1972, 2nd
ed.). The null point is an unstable equilibrium, for a
particular grain at null point would, in slightly deeper
water, move offshore and in slightly shallower water would
move onshore. However, according to the model all grains
coarser than this critical equilibrium size would have g
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stronger offshore component because of gravity and would tend
to shift offshore while the finer grains would move onshore.
Thus there is slight conflict within the hypothesis.

Komar (1976) concluded that because the hypothesis does not
consider unidirectional currents, even those induced by
waves, and because .it probably over-rates the importance of
the offshore gravity component acting on the grains, the null
point hypothesis does not present a valid model for sediment
transport or equilibrium non-transport under wave notion.

Bagnold (1963). developed a model of sediment transport
produced by coupling of wave action with superimposed linear
currents. According to the model the stress exerted by the
wave motion supports and suspends sediment above the bottom
but without causing a net transport since the wave orbits are
closed. Superinposed on this to and fro motion is any
unidirectional current that produces a net transport of the
sediment, the direction of the transport being the same as
the current. Komar and Miller (1975) were able to compare
the threshold of sediment motion under waves with: the
threshold under unidirectional steady currents. The
oscillatory threshold data was found to fit the curve given
by Shields (1936) for unidirectional threshold with about the
same degree of scatter. Therefore, Shields' threshold curve
could be used for oscillatory water motions as well as for
unidirectional flow. They derived curves for orbital
velocity under waves for thresholds of sediment motion as
well as water depths to which sediment can be set in motion
by surface waves of a given period. However, they stress
that under shoaling wave conditions care must be taken when
using the equations for deriving curves.
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Nearshore currents may cause an intermittent flushing of the

nearshore water column and may be wave induced . Such
systems may take the form of @

(i) a cell circulation system of rip currents and
associated longshore currents.

(1i) longshore currents produced by an oblique wave approach
to the shoreline.

It is well-documented that when waves approach a straight
coastline at an oblique angle a longshore current is
established flowing parallel to the coastline in the
nearshore zone and may account for a net transport of
material along the shore. Cell circulation depends mainly on
the variations in wave height along the shore. Such
variations may be a result of wave refraction which may
concentrate wave rays in one area causing high waves and at
the same time spread rays in another area of the beach to
produce low waves. Thus cell configuration is directly
influenced by offshore topography. Shepard and Inman (1950,
1951) noted, however, that circulation cells are not in all
cases a product of refraction. Bowen and Inman (1969) have
shown theoretically and experimentally that the ordinary
incident swell waves may generate standing waves on the beach
that have the same period as incoming waves. Interaction of
incoming and edge waves produces alternatively high and low
breakers along the shoreline and therefore gives rise to a

regular pattern of circulation cells with evenly spaced rip
currents.
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WEYMOUTH BAY WAVE CLIMATE

Two components are basically responsible for the spectrum of
surface waves arriving at any location :

(1) locally generated seas.

(ii) longer period swell waves refracting into the area
which may originate far outside the area of interest.

Fetch and duration characteristics are succinctly described
by Heathershaw, Carr and King (1980, p.1) :

"The range of heights present in a locally generated sea will
be a function of the wind speed, fetch and duration. 1If

either fetch or duration are limited then the sea will not

reach a fully developed state .... it is not sufficient to

consider the geometric fetch alone as being a true measure of
the wind's effectiveness in generating a sea. This is

because the wind transfers energy to the sea over a range of
angles up to 45° on either side of the direction in which
it is blowing and thus open ocean fetches are a measure of

the wave energy arriving at a point from a similar range of
angles 45° on either side of the wind. In effect this
assumes a fetch of infinite width whereas on an irregular

coastline, or in estuaries, rivers and lakes, the fetch width
may limit contributions from the full range of angles. Under

these conditions wave height prediction 1s normally carried

out in terms of an effective fetch which, usually is less
than geometric fetch."

For Weymouth Bay, the effective fetch characteristics are
calculated for a point in Worbarrow Bay. This bay was chosen
due to its open exposure, as opposed to bays further west
which are partially protected by Portland Bill. Effective
fetch was calculated using the method given by the Coastal
Engineering Research Center (Shore Protection Manual, volume
1, 1973). The effective fetch (X eff), characteristics are
shown in Figure 14, and were calculated using measured
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geometric fetches (XL), and for angles out to H5°, in steps
of 5o on both sides of the assumed wind direction.
Effective fetch bearings were taken in the same way. The

spectrum of geometric fetches measured were contained within
and including 116°(T) and 266°(T), this being the range

of angles occluded by land. The results are shown in
Table 3.

Effective fetch characteristics were calculated in o:der to

predict and hindcast wave heights at Worbarrow using the
method developed by Darbyshire and Draper (1963) and
reproduced in Figure 15. Wave hindcasting has been employed
in this study as a surrogate for direct wave measurement.
Table 4 provides predicted wave heights at Worbarrow Bay for
a 5.0ms'1, 10.0ms'1, ‘|5+...0m$-1 and 20.0ms'1, wind

blowing for variable duration. It must be noted that values
extrapolated for bearings 116° to 136° are fetch limited,

resulting in similar wave heights irrespective of wind speed
and duration.

LOCAL WIND CLIMATE

Long term records (> 10 years) indicate that prevailing and
dominant winds are south west (Brachi, Collins and Roberts,

1978). However, data extracted from detailed meteorological
records Kept by H.M.S. Osprey, Royal Naval Base, Portland,
for the duration of this study (September 1982 to September
1984) show that the prevailing and dominant winds were
westerly (Figure 16). Wind strengths over the winter periods
were largely in excess of Beaufort force 4, but gale force
winds were most common during early autumn and spring. The
northern shore of Weymouth Bay being orientated south to
south westerly is exposed to the strongest prevailing winds.
However much of the shore west of Lulworth is partially

protected from the full force of, Atlantic swell by Portland
Bill.
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Wave action can be severe along this stretch of coastline and
is undoubtedly a major influence on its geomorphology. Wave
action is more responsible for the movement of sediment 1in
the nearshore zone than transport by currents. The effect of
storm swell can be seen in the offshore gravel ripples, their
long ridges at right angles to prevailing and storm waves,
(Brachi, Collins and Roberts, 1978). Waves tend to be of a
plunging nature due to the steep break of slope that is
characteristic below the low water mark. Breaking wave
heights up to 4m., with swash lengths up to 25m. are not
uncommon during severe storm conditions.

WAVE REFRACTION IN WEYMOUTH BAY

Wave refraction is a consequence of wave crests aligning with
the bathymetric contours and is dependent on the relation of
water depth to wavelength. Refraction is important for
several reasons (Shore Protection Manual, volume 1, 1977) :

1. Refraction, coupled with shoaling, determines the wave
height in any particular water depth for a given set of
incident deepwater wave conditions, that is, wave height,
period and direction of propagation in deep water.
Refraction therefore has significant influence on the wave
height and distribution of wave energy along a coast.

2. The change of wave direction of different parts of the
wave results in convergence or divergence of wave energy.

3. Refraction contributes to the alteration of bottom
topography by its effects on the erosion and deposition of
beach sediments; Munk and Traylor (1947) indicated the
possible inter-relationships between refraction, wave
energy distribution along a -shore and the erosion and
deposition of beach materials.

#ti_

Refraction analysis is-based on several assumptions:
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(1) Wave energy between wave rays or orthogonals
remains constant.

(1i) Direction of wave advance is perpendicular to the

wave crest, that is, in the direction of the
orthogonals.

(iii) Speed of a wave of given period at a particular

location depends only on the depth at that
location.,

(iv) Changes in bottom topography are gradual.

(v) Waves are of constant period.

(vi) Effects of currents, winds and reflections fromn

beaches and underwater topographic variations are
considered negligible.

Refraction diagrams for Weymouth Bay were constructed, by
hand, using the orthogonal method prescribed in the Shore
Protection Manual (volume 1, 1977). The range of wave
periods and wave directions investigated was determined by
observations during the pilot study, hindcasting and
historical records relating to wave direction. Prevailing
and dominant south westerly wave trains, often with origins
in the South Atlantic reach Weymouth Bay with a 10 second
period. Wave trains from the south east have a
characteristic 5 second period under a restricted fetch.
Mixed wave trains are common, particularly when the wind
direction swings from a westerly to easterly sector; locally
generated waves from the south east are superimposed on
decaying swell from the south west. Due to its limited fetch
a south easterly sea rapidly decays if the wind climate backs
to either the south west or the northerly sectors. Few wave
refraction techniques are able to account for such mixed wave

trains because of the unpredictable attenuation and/or
intensification of wave energy.
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Wave refraction diagrams for Weymouth Bay are illustrated in
Figures 17, 18, and 19).

1. Wave Trains Approaching from the South West

Figure 17 illustrates the calculated refraction of a south
westerly wave train with a 10 second period. The effect
of the Shambles Bank is particularly pronounced; much of
the wave energy entering the western section of the bay 1is
attenuated by the Bank which also causes marked refraction
and divergence of the waves to the north. South westerly
waves that do not cross the Shambles Bank continue on
their heading towards the east of the bay. The south
western extent of St. Albans Ledge causes some refraction
but the bathymetry close inshore (15m. - 5m. contours) has
the greatest effect, refracting the incoming waves to such
a degree that they are normal to the shore before
breaking. The diagram illustrates a tendency for wave
rays to converge at a point just south of Worbarrow Bay
suggesting a complex interaction of energy in that area
and is reflected by a concentration of wave energy along
the western sections of the beach. Figure 18 shows an
expanded section of the Worbarrow-Mupe embayment; incoming

wave trains appear to be little affected by the submerged
offshore barrier and reach both beaches normal to the

shore, Under such conditions little lateral movement of
beach material is expected, an onshore/offshore exchange
of material will be the dominant process. Returning to
Figure 17, a concentration of wave energy is apparent
along Gad Cliff that runs eastward from Worbarrow Tout and
is therefore just beyond the limits of the main study
area. The-overall impression gained is that wave energy
is most concentrated towards the eastern and western
limits of the study area, whilst the central section
(Bat's Head to Lulworth) is sheltered by the effects of
the Shambles Bank. C
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2. Wave Trains Approaching from the South East

Wave regimes approaching from the south east are not
uncommon but are generally short-lived due to a limited
fetch. Five second period waves typify a south easterly
sea but are often superimposed upon a prevailing south
westerly swell. Waves approaching from the south east
undergo little refraction until they reach the 10.0m
bathymetric contour, (Figure 19); despite refraction close
inshore the waves reach the shoreline at an oblique angle,
providing conditions capable of causing a lateral drift of
beach material. Their presence may be short-lived but
their effect is often pronounced causing longshore
transport to the west. Mixed wave trains, with a south

easterly and south westerly component may produce
significant counter-drifts of foreshore sediment.

TIDAL REGIME

The tidal regime in the study area is complex, having a
double tidal wave which results 1n a characteristic
asymmetric tidal curve. George (1983). provides an
explanation for the phenomenon by analysis of the effects of
a degenerate amphidrome that exists in the English Channel.
The channel co-o0oscillates with tide in the Celtic and North
Seas so as to produce an antinode at each end and a node in
the middle. The Earth's rotation converts this mode into an
amphidromic system and by tidal propagation the amphidrone is
displaced to the north. 1Instead of an area with no
semi-diurnal tide there is an area stretching from Portland
to the Isle of Wight in which the mean spring range is

{2.0m. The reduced semi-diurnal amplitude causes the quarter
diurnal and higher species of the tide to become more
important. George (1983). carried out tidal predictions of
the tide height at hourly intervals during the whole of 1983
for 6 ports (Portland, Swanage, Poole entrance, Bournemouth,
Nab Tower and Cherbourg). He found that on 10 occasions
during the year (with extreme neap tides), the calculated
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position was in the sea between Portland and Swanage. The
axis of amphidromic movement has been shown to reach the sea
in the vicinity of Lulworth Cove. When the amphidrome

becomes real the tide will contain virtually no semi-~diurnal
component.,

Published tidal data for the study area refers to the main
port of Portland; tidal data for Portland is in turn referred
to Devonport, (Admiralty Tide Tables, volume 1, 1982, 1983,
1984). High water at Portland occurs about one hour later
than at Devonport and is followed by a first low water after
4.5 hours and a second 4 hours later still (these intervals
may vary slightly between spring and neap tides).

The Tidal Stream Atlas "Approaches to Portland" (Admiralty
Publication No.257, 1973) shows the direction and magnitude
of tidal streams for each hour of a tidal cycle., It is

apparent that at almost all phases of the tide there is a
southerly drift along the east coast of Portland and that

soon after the drift past the Bill has set eastwards a large
eddy develops around the Shambles. Along the central section
of the survey area the main tidal currents flow parallel to
the coast in an easterly direction on the flood, veering to
westerly on the ebb, Generally, there tends to be a
shoreward drift that is a consequence of the Shambles eddy.
The anti-clockwise drift within Weymouth Bay results in a
mixing of water from mid channel off Portland Bill. During
neap tides flooding and ebbing occur at a maximum speed of
between 1.7 and 3.1 knots. In general, the tide ebbs
slightly faster than 1t floods and this results in a residual
east to west flow along the coast. Close inshore the
currents are modified by coastal topography,

The United Kingdom Atomic Energy Authority carried out an
extensive study of tidal currents in 1956 (Exercise

Mermaid). The study was necessary due to the proposed siting
of an effluent discharge pipeline (from the Winfrith Heath
Research Establishment) through Worbarrow Bay. One of the
main objectives of the exercise was to supplement Admiralty
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data on tidal streams to the east of Arish Mell Gap. They
also studied bathymetry and sediments in order to define
obstacles which might be encountered in laying such a

pipeline. From the survey the following inference was made
(Exercise Mermaid, 1958, p.4) :

"As there is a large left-handed eddy to the east of Portland
Bill and centred near the Shambles, by analogy a right-handed

eddy might be expected to the west of St. Alban's Head. If
this is so, there should be a neutral line separating these
eddies and approaching the shore somewhere between these

headlands. Evidence implies that the neutral line should
meet the shore close to Arish Mell, say at Worbarrow Tout."

The report concluded that a complicated secondary eddy

existed In the vicinity of the Kimmeridge Ledges (east of
Worbarrow).
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SEDIMENT TRANSPORT PATTERNS IN WEYMOUTH BAY

Sediment movement in the nearshore depths is the critical

factor to the closed cell hypothesis, so an attempt was made
to examine the offshore morphology and sedimentological
characteristics in order to identify or infer possible

sediment transport paths. An area stretching from Bran Point
to Worbarrow Tout, and seaward to a point approximately U4kms
offshore was delineated for further study. Morphologically
it was necessary to identify possible barriers to free
sediment movement, not only from the deeper water offshore to
the intermediate depths closer inshore, but also in the bays

themselves, where the potential movement of large amounts of

sediment may be critical to beach development and
modification.

Detailed study of the seabed morphology in the selected area

was made by dimensional computer graphic representation of
extrapolated bathymetric data (Admiralty Chart 2610). The

computer program, written by Ringrose (U.W.I.S.T., Cardiff,
1984) for use on a BBC Model B microcomputer was still in its

early development stage and Weymouth Bay was used as one of
the test sites.

A bathymetric grid using a rectangular xy matrix was
established over the area of interest (x axis aligned

parallel to the shoreline, y axis normal to the shoreline).
The grid was physically produced by overlaying the chart with
a suitable grid, in this case 0.5cms by 0.5cms, and noting
the depth values at grid line Iintersections. The Admiralty
Chart 2610 with depth soundings in fathoms was used because
it detalls more soundings than the equivalent metric chart;
each sounding was converted into feet. Due to the detailed
coverage of grid lines it was necessary to interpolate some
data points. For each grid line intersection three values
were obtained; X and y values denoted the position on the
horizontal and vertical axes whilst the third value (2z)
recorded the depth. Due to the limitations of disc space and
the computer program the study was divided into 24 t'tiles!,
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each with a maximum of 156 depth values, each tile being
executed individually. By triangulation each x, y and z
value was plotted in relation to the others. Azimuth and

elevation valves were selected to highlight the importance of
selected morphological features. The printed ‘tiles' were

then pasted together to provide a complete mosaic of seabed |

morphology within a selected area of Weymouth Bay, (Figure
20). |

Using the bathymetric imagery or mosaic several hydrographic
zones were considered :

1. Deep water zone : a generally flat or gently undulating
seabed with depths >15m. The southern edge of the study
area is dominated by the morphologically and

geographically defined Lulworth Banks that rise up to 3m.
above the surrounding seabed.

2. Intermediate zone : The 10m. and 15m. bathymetric contours

provide the boundaries to this zone, characterised by 1ts
narrow width and steep gradients.

3., Outer inshore zone : Bounded by the 5m. and 10m.

bathymetric contours this zone is characterised by a

terrace=like feature that falls away sharply to the
10m.contour.

4, Inshore/breaker zone : Bounded by the chart datum and the
5m. contour this zone is characteristically the most
dynamic zone in which waves shoal, break and dissipate
their energy. Morphologically this zone displays a
step-like feature below the point of lowest astronomical

tide which gives way abruptly at the base to the gently
sloping 5.0m terrace.

Admiralty Chart 2610 presents, to a limited extent, an
indication of the quality of the bottom which can be used to

give an overall 'feel'! for the sedimentary environment.
Close inspection reveals that much of the area is covered by
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a thin veneer of fine sands, shell (whole and broken), gravel
and shingle. Due to tidal stirring (Pingree, 1978) large
accumulations of broken shell and sand have been concentrated

into tidal banks to the east of Portland Bill. The Shambles
Bank (south east of Portland Bill) is the larger of the two

tidal banks found in Weymouth Bay, the Adamant Shoal (to the
north east of Portland) being only a relatively minor
feature. The high percentage of shell fragments in the area
was confirmed by Langhorne, Heathershaw and Read (1982). 1In
a study of the physical processes governing the movement of
gravel on the seabed a preliminary assessment of the seabed
was made in Weymouth Bay with a view to research site
selection for a more detailed study. The survey was carried
out around the Adamant Shoal; sonar records gave a very high
acoustic return indicative of gravel but bottom samples
showed that the high return was given by shell material. No
gravel samples were obtained and it was concluded that if

gravel exists in the area surveyved it lies beneath the
surfacq sands and shell screened from the flow.

1. Deep Water Zone :

The central section of the bay towards the Lulworth Banks
is dominated by fine sand and shell; shingle and gravel
deposits tend towards the shore but are sparsely
distributed around bare rock outcrops such as the Lulworth
Banks. Fine clays and muds are to be found off areas

where clay cliffs dominate the shoreline (e.g. within
Weymouth embayment).

Side scan sonar records (supplied by Waverley Electronics
of Weymouth) of a track across the Lulworth Banks from a
point approximately 1.06kms off Bat's Head to a point
1.6kms seaward of White Nothe show that the seabed is
densely covered by ripple features. High reflectivity
suggests that the material is shelly sands and gravels
like those found further south. Few patches of flatbed

sands or gravels exist, those that do, tend to lie in
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troughs separated by the rock outcrops that form the
Lulworth Banks. The ripples are not of uniform size;
ripples with wavelengths in the order of 1.5m are
interspersed with ripples <1.0m wavelength. The ripples
tend to run over the lower rock ridges and their extent
does not appear to be disrupted by the nature of the
bedrock. The track was run during spring tidal conditions
preceded by one week of southerly winds, Beaufort force
1-3. Meteorological conditions and previous observations
suggest that a long, low swell with a 10 second period
prevailed at the time of the survey. Using the equation

0.78 x (p)2 (May, 1973) waves with a ten second period
require a depth of 78.0m before they begin to 'feel’
bottom, that is, a point is reached shoreward of which
interaction with the bottom causes a significant drain of
energy from the wave. The energy lost from the wave to

the bottom is used in the generation of heat and in the
transport of bottom sediments. Waves of this type will,

therefore, be feeling bottom and capable of moving
sediment as they enter Weymouth Bay.

Flemming and Stride (1967) defined three main facies along

converging sediment transport paths in the English Channel
between the Lizard and Start Point. Strongest tidal
currents in the area being >1 knot are capable of

transporting most of the sand grades present although they
are too weak to move gravel unaided. Spring tidal

currents throughout Weymouth Bay are often in excess of 1
knot, even at locations near the shore and over the
Lulworth Banks. OSuch currents are assumed to be capable

of transporting the sand, shell and fine gravel material
that covers much of the area, whilst the effect of wave

action on the floor will produce the extensive areas of
ripples. Sediment movement and morphological features in
the deeper waters of Weymouth Bay therefore appear to be
dominated by wave motion aided by peak tidal currents.
Hodographs constructed by UKAEA (1958) for standard points
of tidal stream measurements indicate that there is a net
shoreward drift in addition to the oscillatory tidal
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movement parallel to the shore, the shoreward drift béing
a consequence of the tidal stirring around the Shambles.
Long waves can be expected to cause the finer sands and

shells to ripple and bring about an increased influence on
coarser materials as water depth decreases.

Theoretically, under the action of waves alone sand

transport should occur up to depths where the limiting
conditions under which sand ripples develop cease to

apply, (sand of grain size 0.5mm in depth of 36.0m should
ripple and conmerce to move when waves 122.0m long raise
their height to >2.0m - Jolliffe, 1978).

In a broad context there is evidence to suggest that there
is a progressive decrease in average grain size in the
direction of net sediment transport. In the North Sea for
example, sediment streams tend to head from medium and

coarse sand to areas of silt and clay (Stride, 1963).
Davies (1980) also used particle size (and sand wave
assymetry) to infer sediment transport in the Bristol

Channel and discovered a progressive fining towards a
deposit axis. Further work by Parker (1982). in the

Severn Estuary also used the distribution and assymetry of

sand banks, ribbons and dune bedforms to postulate an
eastward transport of sand.

Intermediate Zone :

Unlike the irregular bathymetry of Weymouth Bay in depths
>15m., the landward contours are largely a reflection of
coastline configuration. Processes within this zone are
also dominated by tidal currents and wave action. The
increasing effect of shoaling waves in decreasing water
depths towards the shore raises fundamental questions

pertaining to the relationships between littoral zone and
of fshore sediment transport. It has already been noted

that, in general, sediments in Weymouth Bay coarsen
towards the shoreline; wave and current motions are
capable of mobilising fine sediment in the deepest waters
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of the bay but the potential movement of shingle grades 1is
not readily discernible by sonograph and surface current
data. King (1959). provided evidence for strong tidal
currents necessary for substantial movement of shingle at
depth, and that moderate waves can move shingle in depths
of about 6.0m. The Hydraulics Research Station derived
limiting depths of shingle transport under laboratory
conditions (Russell, 1960). Using a wind-wave flume they
indicated that waves equivalent to a height of 2.5m and a
period of 8 seconds moved 25.5mm pebbles (=4 @) down to
8.0my, 51.0mm (-5.0 @) down to 4.0m and 76.0mm (-6.0

@) only in the breaker zone, although if these pebbles

lay on a hard, horizontal bottom the larger grade pebbles
would have moved to 11.0m. Further work by Rance and
Warren (1968), in a pulsating water tunnel at H.R.S.

resulted in a working diagram giving the wave conditions

necessary to move a particle of a given size moving fron
its initial position to some new position (Figure 21).
They showed that a 10 second wave in 20.0m water depth

would move 20.0mm (-4.0 8) shingle, if the wave height
measured 3.5m; with an 8 second wave 3m high, fine shingle
of 6.5mm (-2.0 @) would be on the threshold of movement

in 20.0m of water. There have been a number of field
investigations using radio-active, fluorescent and

paint-coated pebbles. 1In 1956 Steers and Smith devised an
experiment at Scolt Head, Norfolk, to measure the movement

of shingle over the sea floor and to determine whether the
offshore material is supplied to local beaches. The

experiment was also designed to test the suitability of
radio-active marking for such experiments. In short, the
experiment indicated that pebbles did move over the sea
floor in depths of 3-4 fathoms. Crickmore et al (1972)
devised an experiment to obtain quantitative data on the
movement of shingle under wave action in depths of 10-20m
by tracking radio-active marked material, Seeding of
tracer material in depths of 9.0 to 18.0m was ecarried out
by divers and detection was carried out using a towed
vehicle. The experiment showed:-an increase in bed
mobllity with a decrease in depth and that there was
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evidence of landward movement of shingle inshore of the
12m. bathymetric contour. Radioactive methods of marking
shingle for offshore tracer experiments have proved to be

successful but fluorescent tracers are more suited to the
finer grades despite difficulties of seeding (dispersion

within the water column), and retrieval (by ultraviolet
light or grease-coated cards; Jolliffe, 1963).

The "intermediate zone" of the study area forms much of

the area that was surveyed by the author, using side-scan
sonar in 1984 (Chapter 5).  Briefly, running parallel to
the shore the topographical detail of the seabed is one of

gentle undulations with areas of exposed bedrock. Like
southern Weymouth Bay surficial sediments are
predominantly fine gravels, shell and sand. Areas
dominated by fine gravels and shelly material tend to be
rippled with flat bed sands between. Boulder fields are
restricted in extent and appear to be associated with

actively eroding cliffs that plunge directly into the sea
without a beach apron (e.g. between Durdle Door and
Lulworth Cove). Much of the central section of Worbarrow

Bay lies within the intermediate zone classification,

Within this zone lies the distinct morphological feature
presented by the Portland Stone "barrier" that can be
traced from Worbarrow Tout to Mupe Rocks. Towards the

centre of the bay the barrier stands up to 8.'m above the
surrounding sea bed. Towards the eastern and western

margins of the bay the height of the barrier decreases to
5.°m but retains its morphology; a vertical landward side

and a more gently sloping lee slope made up of a number of
parallel ridges.

The ridges act as sediment traps whilst on either side of
the barrier lie extensive areas of fine gravels and
shell. Not only does the barrier restrict mobility of
surficial sediments but must affect the attenuation of
incoming wave trains. The fine gravels and shelly sand

contain little shingle (Hamworthy Sub-Aqua Club, personal
communication 1984). The nature of substrate may affect
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the potential mobility of any shingle on the surface.
Jolliffe (1978) notes that shingle is most mobile over
"clean" rock, less over other shingle and through weed,
and least across sand/silt deposits. Local divers have
observed evidence of scour on the landward, bottom edge of
the Portland Stone barrier suggesting that there 1is:
mobility of fine abrasive materials close to the barrier,

Considerations of tidal currents and wave motion suggest

that the sand/shell/gravel ripples are wave controlled and
therefore have a tendency to move shoreward. There 1is no
evidence to suggest that this fine material cannot be
transported over the ridge into the bay even where the
barrier is highest. Tidal currents are not strong enough,
however, to reverse the situation and exchange sediment
from inside the barrier to outside. Even at its lowest

points the exchange: of material over the barrier will be
restricted.

3. Outer Inshore Zone

Within this zone there is widespread coarsening of

sediment size compared to the deep/intermediate zones.
Dense weed growth occurs throughout the late spring and
summer months, but-is halted by the first storms of autumn
when vast amounts are torn up and washed up on the
beaches, where it may alter permeability and percolation
of water through the beach., The importance of weed growth
over shingle beds is debatable. The phenomena of weed
rafting is often treated with great scepticism but is not

a new discovery, (Johnson 1919). A number of papers have
appeared on the subject, but as yet the process has not
been universally accepted as an important one in the

process of shingle transport. Beach sampling on Ringstead
and Worbarrow beaches has confirmed that shingle is

transported onshore by Kelp rafting. Significant
transport rates by rafting have been recorded (Jolliffe

and Wallace 1973; Jolliffe, 1976, 1977). Jolliffe 1is an
enthusiastic supporter of the process and provides
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evidence to suggest that the bulk of some cocastal shingle
deposits have originated in this way (1977), including the
beaches of Weymouth Bay. The presence of weed rafted

gravel and pebbles along the south east Dorset coast has
been noted, especially following periods of storm

activity, but there has not been enough quantitative
evidence to suggest that significant volumes of beach
material have come to rest in the littoral zone by this

process. That is not to say that the process must be
ignored or dismissed as whimsical as it indeed raises

interesting new implications for the concept of sediment
circulation.

Within this zone the effect of tidal currents 1is
negligible with a corresponding increase in the effect of
changing wave motions. The approaching wave crests which

are not originally parallel with the coastline are slowly
refracted over the shelving topography. Observations of
wave approach suggest that waves reach the beach with a
small angle of incidence having been orientated parallel

to the offshore bathymetry. Wilkinson (1980) warns that
care must be taken when estimating this angle visually

because it will always be strongly biased towards the most
visible frequency rather than the most energetic., The
effects of shoaling and refraction can be estimated by

linear wave theory. The propagation of surface waves into
shallower water may be analysed by consideration of the
wave energy between vertical planes which are orthogonal
to the wave crests and which intersect with the surface to

produce wave rays. Energy is assumed to be transmitted
between these planes, it does not travel along wave crests
or cross wave rays, (Heathershaw et al, 1980).

A theoretical study of wave induced energy flow and
reflection of incident wave energy over seabed topography
by Davies (1980) enabled the velocity field to be
calculated beneath surface waves progressing over a
rippled bed structure. Although a number of limited
assumptions wWere placed on the theory they did not prevent
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use of the theory over wide and practically important
ranges of both surface wave and seabed parameters. The
theory predicts an enhancement of the orbital velocity
amplitude above each ripple crest and reduction above each
trough. It also predicts a steepening of the surface wave
crests and a lengthening and flattening of the troughs.

It was found that the interaction of progressing incident
surface waves and undulations on the bed gave rise to the

new waves whose wave numbers are the sum and difference of
those of the incident wave (k) and the bed (1).
Theoretical consideration of the relationships of these
parameters indicate that reflection of incident wave

energy may tend to gradually reduce the wave height of an

incoming swell wave and thereby reduce its potential for
erosion at the seabed.
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INSHORE/BREAKER ZONE

As a wave progresses into shallow water the various changes
become more pronounced until at some critical point the wave
breaks. The critical limit of instability has been expressed

by the wave steepness H = 0.147 = 1 (Pethick, 1984).

L 1
In very shallow water Airy wave theory does not adequately
predict wave movement and Solitary wave theory is often used

to express the celerity of the wave at the crest and trough.
Breaking is initiated by steepening of the free surface at
the crest. Speed at the crest exceeds that of the
intervening troughs, waves become asymmetrical leading to
instability and the wave breaking. The crest pitches forward
and forms a jet. A vortex is formed as the jet closes with:
the surface and penetrates into the body of the flow. As the

vortex progresses forward and downward bubbles are entrained
and turbulence generated (Thornton, 1975). Experiments by
Thornton (1979) measured the kinematics of various types of
breaking wave. Results showed that most of the kinetic

energy 1s coherent with the surface and that breaking occurs
when the transfer of energy to higher frequencies is not fast
enough to balance the increase in the energy density of the

waves during shoaling. The important factor is the water
depth relative to wave height at the break point;

Galvin (1972) proposed a critical ratio between depth and
wave height to be a constant 0.78 although recent work by
Tucker et al.(1983) produced lower values around 0.5,
reaching a maximum of 1.3 . Galvin (1965, 1972) proposed a
breaker coefficient which incorporated the dependence of the

break point upon the beach slope and wave characteristics.
The breaker coefficient (Bo) has been used to describe the

form of the breaking wave. Four basic types of breaking wave
form are generally recognised: surging, collapsing, plunging
and spilling. Flat low waves are assoclated with surging
breakers whilst high, short waves often form spilling waves.
Webber and Bullock (1970) attribute a long swell with a

steepness of < 1/200 and an offshore wind conducive to the
formation of plunging breakers.
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The run-up of waves on a sloping beach face 1is the

culmination of a process that begins offshore; each stage of
wave motion is influenced by the preceding stage. The extent
and nature of the run up is very dependent on the mode of

breaking and by reflection and gravitational backwash of the
preceding wave (Webber and Bullock, 1970). Theories have

developed and experimental data is available concerning the
run up of waves on beaches (eg Schiffman, 1965; Kemp 1970;
Svensden et al, 1978; Thornton, 1979; Caldwell, 1983).
Schiffman (1966) made the first attempts to measure energy in
the swash-surf zone by electro-mechanical means. By using a
dynamometer he was able to measure bottom velocities within
the intertidal zone. His results of velocity and grain size
distribution indicate three distinct zones inside of the
breaker zone; a surf zone and a swash zone divided by a zone
of transition. The transition zone corresponds to the area
where the backwash reaches its maximum velocity. It is an

area of turbulence due to the interference of backwash with
the uprushing surf. Single energy regimes exist on either
side of the transition zone. Kirk (1971) developed the

instrumentation first used by Schiffman (1965) to study

energy of the swash zone on shingle beaches as well as sample
sediment moving in the water columns. More recently,
Caldwell, Williams and Roberts (1982) provided new

instrumentation to replace the dynamometer. They used force
transducers rather than dynamometers; the amount of

displacement applied to a central rod was measured

electronically from the resulting change in capacitance
between a number of electrodes.,

Kemp (1960) also noted that the general character of swash
and backwash describe two separate parts of a flow cycle but
did not attempt to produce energy values for these flow
conditions., Instead, he described a relationship between the
duration of onshore water movement caused by a single wave
(run-up) and wave period. The derived ratio (of run up

duration to wave period) he called the "phase difference"

- P = £.
T
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On the basis of this ratio he classified wave beach
relationships into three categories :

(i) surge (surging waves)
(ii) transition (plunging waves)
(iii) surf (spilling waves)

The breaker type transition from surging to plunging using
this ratio stands at 0.5 and 1.0 for plunging to spilling.
Huntley and Bowen (1975) made observations on a steep beach
under small plunging breakers (0.3m) and found that the
uprush and backwash velocities were of similar magnitude,
They also observed the interference of backwash on many
beaches; backwash has an important influence upon the manner

in which succeeding waves break. High backwash velocities
tend to promote plunging breakers by a “tripping" action.

Mixing of water in the surf zone is not only associated with
breaking waves. Wave induced currents in the surf zone also
provides an effective advective mechanism that transports not
only water alongshore and offshore but also plays an
important part in longshore movement of material.

Wave-induced current systems may be subdivided into :

(i) cell circulation of rip currents and associated
longshore current.

(ii) 1longshore currents produced by an oblique wave approach
to the shoreline.

Much of the theoretical work on longshore currents has been
carried out by Putnam, Munk and Traylor (1949) and

Longuet-Higgins (1956, 1970) and aimed to consider velocity
values. Sonu, McClay and McArthur (1966) assessed the

validity of seven analytical formulas in addition to linear
and non-linear multiple regression schemes by using field
data. The data indicated that longshore currents are 3
velocity field consisting of a multitude of velocity vectors,

the basic pattern of which varied according to the regimes of
wave - topography interaction in the surf zone. Sonu and

523,



Russell (1966) stressed the need to recognise topography as a
responding variable as well as a process variable in the
physical scheme of longshore currents. Under natural

conditions the nearshore topography participates in the
longshore current mechanism as a dynamic variable, not only

redistributing the breaker influx but also undergoing
displacements and transformation due to waves and currents.

It was originally thought that wave refraction over an
irregular bottom provided an energy gradient for longshore
currents to flow from areas of highest breakers to lowest
breakers where the waters flow seaward through the breaker
zone as rip currents (Inman et al, 1971). The movement of
longshore and rip currents forms a nearshore circulation

cell. Each cell has the dimension of surf zone width and

spacing between rip currents. Thus the cells produce a
continuous interchange of water.
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CHAPTER 5

SIDEWAYS-LOOKING SONAR

DEVELOPMENT

Modern sonars are the present day equivalents of A.S.D.I.C.
(Antisubmarine Detection Investigation Committee, 1919)

equipment. The basic task ef ASDIC was to search and locate
underwater objects by acoustic methods, for purposes of

defence and attack during war time. The period 1945-1965 was
one of great innovation in the electronics industry and the
military implications and potential of ASDIC were

recognised. From these developments sophisticated modern
SONAR (Sound, Navigation and Range) systems have evolved.
However, the capability of acoustic imagery by sonar devices
is not confined to military use; in particular side-~scan

sonar 1s increasingly used for mapping sea floor morphology
and sedimentology.

PRINCIPLES

Any sonar system depends on the propagation of sound in water
and the properties of sound waves., Acoustic signals are the

only feasible method of transmitting information through the
water column beyond a few metres, and electro-acoustic

transducers are the only practical solution for sensing

underwater sounds as well as producing them. Thus sonar

transducers can act as transmitters and receivers and the

sidescan sonar relies on this principle. Acoustic energy is
transmitted as a focused, conical beam. The transducers emit

short pulses of acoustic energy at regular intervals and
listen for echoes between the pulses. The period between

pulses is governed by two-way travel time - the time it takes
for sound waves to reach the target and be returned to the

transducer. This is known as backscatter because sound waves
are scattered by an object in their path, the sonar detects
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those thrown back at it. The detected echoes of a
transmitted pulse are recorded and presented on a sonograph.
On a side-scan sonar the transducer is tilted to give a

conical beam with a very narrow horizontal direction (1.5 -
3.0%) and a wide vertical plane (50-60°) (Figure 22).
This allows the transducer to emit lobes of energy to its

port and starboard side. Side-scan sonar is usually towed

behind the vessel giving the system portability and also
reducing background noise caused by the vessel. The

transducer unit ("fish") is linked to a recording unit and
printer.

The vessel underway provides scanning in the direction
parallel to the track providing a continuous ship record. It
is the strength of the returned echoes that provides
information about the seafloor. The effects of the changing

angle of incidence of the sound rays dominate the variations

in reflection or backscatter. Both morphology and texture of

the seabed will influence backscattering strength (Figure
22) .

SHADOW FORMATION

If the object width is greater than the width of the received
beam then it is possible for some of the seabed to be

obscured, the area will be displayed as an acoustic shadow,
there being no backscatter from this area. For example, a

pronounced rock outcrop or large boulder will obscure the
seabed behind it from transmitted beams. In practical terms

this results in a light patch (no reflectivity) on the
sonograph.

MORPHOLOGY AND SEDIMENT TEXTURE

Features such as rock ridges will be picked up by the sonar

beam due to the change 1in angle of incidence. Rock outcrops

with steep faces presented towards the sonar will scatter

sound energy back to the receiver very strongly, the lee

slope being 1In a shadow zone. However, the shape of the sea
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floor is not always the main factor in determining the

appearance of the sonograph. Sediment texture and forms may

influence the image by reflecting acoustic energy in
different degrees :

(i) Rocky floor - an irregular rocky outcrop has good

reflective properties. A high percentage of acoustic

beam is returned by upstanding ridges to give a
definite trace.

(14) A flat sandy floor will have a reflection coefficient
less than for rock and often give a specular, light

coloured trace on the sonograph.
(iii) Mud and fluid clays may reflect energy into the
