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PREFACE

The aim of this thesis is to present an analysis of the variations
of beach and shoal forms, erosion, accretion and the movement of material,
as observed during the past three years at Spurn Head, Yorkshire, in
relation to conditions of winds, waves, and tidal streams, This invest-
igation of the processes in operation today, is of interest in itself, and
should throw light on the likely course of future events at Spurn. Further-
more, since similar processes have probably been in operation during the
whole period of the existance of a spit at the mouth of the Humber, it is
hoped that it will provide a useful contribution to the study of its

history and evolutione
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CHAPTER 1

The Structure of Spurn

As Smeaton, the 18th century engineer and lighthouse builder
said, "Spurn hangs like a rudder" from the coast of Holderness,
It forms a sand and shingle spit, three and a half miles long, which
projects south-eastwards from the south-east corner of the un-
dulating boulder clay plain of Holderness in the East Riding of
Yorkshire, into the mouth of the Humber estuary. (See Plate 1A
and the location map Figure l.1l.)e

The structure of the it will be described in detail,
with reference to photographs taken as part of the air survey carried
out on 3rd September, 1959, and Figure 1.2, The village of Kilnsea
(air photographs 9341 and 9339) was originally sited on a mound
of boulder clay, flanked to the north and west by low alluvial land.
Erosion of the cliffs on the east caused the loss of the medieval
core of the village about 1830, and ,7y .4 remains are a number
of scattered farms. An army battery site on the vantage point of the
boulder clay mound is endangered now by the breaching in 1954 of
the revetment, and the subsequent rapid retreat of the boulder clay

cliffs, South of Kilnsea, the Humber bank and the boulder clay



cliffs, which lose height rapidly, approach closer to each other,
Cultivated fields give way to dunes about a quarter of a mile south
of the village, and here the spit itself begins,

It may be divided into three sections: Kilnsea Warren,
which lies adjacent to Holderness; High Bents, the long, narrow,
central section; and South Spurn, which may be subdivided into
four parts, from north to south, the Chalk Bank Area, Spurn Warren,
the Lighthouse Zone, and the Battery Area.

Kilnsea Warren (air photographs 9378, 9444, 9446) consists of
a strip of low dunes about 800 feet wide opposite groyne XXV1l and
gradually narrowing to about 50 feet opposite groyne X1X. The low
boulder clay cliffs, at their maximum about 10 feet high, persist as
far south as groyne XX1V and are aligned as is the coact of Holderness,
in a north-west to south-east direction, The boulder clay beach
platform has been seen exposed as far south as groyne XX11, but once
the boulder clay cliffs give way to dunes, the spit begins to swing
southwards,

High Bents (air photographs 9409, 9410, 9411, 9412, 9413)
which forms the narrowest part of the spit, is nearly a mile in
length, and contains one of the two highest parts. Between groynes
XV1l and X1X the dunes rise to over 30 feet Q.D. with the highest
point 31 feet O.De¢ The width increases from 50 feet in the north
near groyne X1X, to 1000 feet between groynes X1 and X11, and the

spit swings round until in.the extreme south cf the section it is



aligned as is South “purn from north-east to south-west.

The spit broadens south of groyne XI and South Spurn varies
in width between 1,500 feet and 2,000 feet. (see air photographs
9413 ,9415,9416,9418,9419). The most northerly sub-section takes
its name from the Chalk Bank, a clearly visible feature, built in
1870 to strengthen the spit here, after the 1849 breach which widened
to 1,500 feet before being sealed in 1855, The low, marshy ground on
either side of the bank is drained by a well-developed channel, and
flanked on the east by sand dunes. At the northern end of Spurn
Warren, the next sub-section southwards, the dunes rise to 28 feet
O«De south of groyne X, but become lower towards groyne VIII, The
whole of Spurn Warren is composed of dunes, and those on the eact
side of the spit form a ridge. Within the Lighthouse Zone the dunes
rise to what was called the lisht-house hill, through which the road
was cut in World War II, Within the Battery Area the spit becomes
bulbous and terminates in the Tip. The straichtness of the seaward
gside of South Spurn, aligned north-east to south-west, contrasts with
the river side where the Battery Area and the Chalk Bank Area bulge
westwards, with many smaller indentations and promontories lying between.

Offshore Conditions

The Admiralty Survey by HeM.S. "Scott" between 12th September
and 11th November, 1959, and 4th May and lst November, 1960 gives an
up-to-date picture of off-shore conditions around Spurn Head, (See

Figure 3.1)



Two prominent banks lie off Spurn Head, the Binks, and 0ld
Den, The Bhnks is a crescent-sh#ped series of shingle banks curving
eastwards then north-eastwards away from the south-east corner of
South Spurn. The Inner Binks are linked to the spit by a narrow
heck which is uncovered at maximum spring tides. The highest and
broadest part lies only about 1,000 feet from the edge of the dunes on
the east side of the Battery Area, and reaches heights between 1
foot and 5 feet abo ve Chart Datum (= 9453 to =5.53 feet 0eDe)o Thus
with g tidal range varying between 3.4 and =3,1 feet 0.De at neap
tides, and 1l.4 and -12,1 feet O,D. at spring tides, this part of
the Inner Binks is exposed at most low waters except at maximum
neap tideses The height of the bank gradually decreases north-
eastwards, as it becomes narrower, The Middle Binks which continue
along the same line as the Inner Binks, rise at their highest to 2
feet CuDs (-8453 feet 0uDe)e The Outer Binks is the name given
to a series of small banks lying east of the extremity of the
Middle Binks,

0ld Den is a shingle bank lying approximately 1,000 feet west
of the Chalk Bank, and tapering away southwards. At its broad
northern end it curves eastwards towards the spit.

Off Kilnsea Warren and High Bents the isobaths on both the

Seaward and river sides run generally parallel to the spit. Fast



of South Spurn the isobaths curve eastwards round the Binks, and west
of South Spurn, North Channel penetrates northwards from the south-
west of the Battery Area. The isobaths are closely spaced south
of the Tip, Within 2,000 feet of the edge of the dunes, depths
of between 11 and 15 fathoms below Chart Datum (- 20,6 and -24.6
feet 0.D.) are reached in the centre of the main shipping channel
of the estuary. A marked hole lies immediately south of the
broadest part of the Inner Binks, South of the main channel lies
Bull Sand, with a branch of the channel penetrating south of it
Vegetation

Only a few very specialized plants can grow in the loose
sand at the top of the beach, but once they are established, they
change the sand quickly. The surface becomes stabilized and organic
matter accumulates by the decay of both plants and material left by
the tide, On most send dune systems when the sand is no longer
flooded by high tides, rain water quickly washes out the sodium
chloride and the P.H., value drops. As the sand gradually changes,
80 does the vegqtation. Usually this change can be traced clearly
from the foredunes, inland, but at Spurn the situation is complic-
ateds Only at the southern end of the Battery Area does the dune
system grow out normally, as fresh sand is stabilized by pioneer
8pecies. Along the seaward side of the spit, the dune edge is

pPeriodically eroded, and the river shore is colonized by a different,
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hore specialized succession of plantse The most mature vegetation,

therefore, is found in the centre of the spite

The Main Plant Communities of Spurn Head

The main pioneer grasses of the foredunes are Couch grass,
(Asropyron juncieforme), Marram grass (Ammophila arenaris) and Iyme
grass (Elymus arenarius). All have extensive rhizome systems, and
leaves with very hard, poipteq apices, which rol1l inwards when the
atmogphere is dry, but flatten out in humid weather, These features
enable them to survive in the loose dry sand at the top of the beach.

Couch grass can tolerate a certain amount of flooding by sea-
water, Its limp leaves reduce wind speed and cause sand which is
being moved to come to rest around the plant, and eventually a low
dune will be built upe The plant has little power to srow through
the new sand and the dunes it helps to form are rarely more than 4
feet high, Marram grass is the main dune builder on Spurn as on
most British sand dunes because its stiff tall leaves trap sand
efficiently and the plant grows upwards with the dunes by means
of a verticel rhizome system which can cause a rise of 1 foot per
year as well as a horizontal spread of about 36 square feete
Dunes built by Marram and Lyme gréss, which is similar, may coalesce

after 2 or 3 years growth to form a ridge,



When the sand ceases to move within the shelter of the
leaves snd the supply of fresh sand ceases, other plants become
established, e.gs Creeping Fescue (Festuca rubra), Groundsel
(Senecio vulgaris), Sea Bindweed (Calystegia soldanells) and Creep-
ing Thistle (Circium arvense).

The fact that a certain amount of sand is always being
blown across the spit, and there is a good deal of disturbance by
Dan magy explain why Marram grass survives, and although less vigor-
ous than on the foreshore, remains the wost common plant on the
whole spite In well trodden places and around rabbit warrens a
short turf, containing fixed dune species, can be found, During
winter and spring there is a plentiful supply of water even in the
surface layers of the sand, and one group of plants germinate in
September and grow until the following summer, These include Mouse
ear Chickweed (Cerastium semidecandrum), Dove's foot Cransbill
(Geranium molle), Storksbill (Erodium circutarium) and Scarlet
pimpernel (Anagallis arvensis)e The perennial and Piennial species
which must survive the summer generally have deep penetrating
roots, Sea holly (Eryngium maritimum) grows in an exposed and dry
Position at the narrowest part of High Bents, in a pebbly substate,
and has roots about 130 cms. longe Rest Harrow (Ononis repens) is

Very common and has tap roots over 150 cms. long.



In many parts of the spit there is a dense growth of Sea
buckthorn (HippophHe rhamnoides), a characteristic shrub of dunes
along the east coast of Englande

Around a creak which brings muddy water at high spring tides
on to the landwest of the Chalk Bank an interesting plant community
is found, The mud becomes intermingled with blown sand, but
€Vaporation of water at low tide leaving salt deposits, results
in conditions which cannot be tolerated by any of the plants mentioned
above, but which is highly suitable for the small shrub Sea Purslane
(Halimione portulacoides)s

On the river shore there is a new and rapidly growing
colony of Cord-grass (Spartina townsendii). A dense growth is
now found west of Kilnsea Warren, with new hummocks west of High
Bents, Cord-grass taps mud and silt in an analagous manner to the
sand trapping action of Marram grass. Its broad stiff leaves slow
down water currents and esllow the deposition of mud both on and
around the leaves. The trapped material is stabilized by a dense
rooting system just under the surface. Long tap roots hold the
plants firmmly in position. Each tussock spreads many feet each
Year by the growth of horizontal rhizomes just beneath the surface

of the mud, and new tussocks grow from seedlings and broken rhizome



Pleces, Also along the river shore is a narrow zone of Lyme and
Couch grass on the loose sand, but there are also a few typical
salt marsh plants amongst them,

The Beaches

Before considering the condition of the beaches in September
1959, as seen on the air photographs of 3rd September, certain general
factors must be considered.

Along the whole length of the seaward side of Spurn Head
groynes have been built., The first ones were constructed in the
1860's after the breaches in 1849, 16852 and 1856. It was hoped
that the groynes would help to protect the spit from attack from
the sea, and since then many more have been built., These are shown
in figure 1.2, In addition concrete revetments were built along the
east side of High Bents, near the lighthouse, and at Kilnsea.

IExcept for a new section at the narrowest part of High Bents, built
in 1958, most of the revetments were in poor condition in 1959

In order to protect the river side of the spit chalk rubble
wag dumped on the beaches from the northern end of High Bents to
the southern end of Spurn Warren., At the weakest points of the
dune bank along High Bents, Cave oolite was used to buil% artificial

Sections, Along the west side of the Battery Area a solid concrete

pProtecting wall was built to protect the ammy battery itself,
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A brief look at the beaches of Spurn Head shows that those
on the seaward side of the spit can usually be divided into two parts,
which will be termed the upper beach, and the lower beach. The
Upper beach is that part, adjacent to the dunes or cliffs, which
is usually built up into a convex form in section. It is composed
of sand and shingle with pebbles up to approximately 8 inches in
long diameter, which appear at the surface in proportions varying
in time and spaces At low water no surface water is present. The
lower beach extends from the bottom of the upper beach to low water
hark, This part is characterized by a more gentle, even, slope, and
uch is covered by surface water at low water. Sand ridges and low
Tises of varying sizes and shapes lie slightly above the general
level and are not covered by surface water at low water. The whole
is composed of sand alone with the exception of a few pebbles of
up/to 2 inches in long diameter, which may be present occasionally.
The division between upper and lower beach may be a sharp line or there
ma&’ﬁe a zone where one grades into the other,

The air photographs of September 3rd, 1959, were taken after
a long calm spell during which the beaches became well built up.
They will be considered in detail now as they set the scene for the
beriod of intensive work which followed. Those on the seaward side
Wwill be described first, working south from Kilnsea to the Tip,

followed by those on the river side working north from the Tip,



=1 =

A well developed upper beach was a marked feature of the area
north of Forl Godwin at Kilnsea., (See air photographs 9339, 9341, 9342,
9344), A large and almost continuous sand rise was present on the
lower beach. The upper beach was narrow, only opposite Fort Godwin,
and broadened immediately southwards to remain constant in width to
groyne XXV11ll, The crest of the beach (the crest of the convex form)
was clearly discernible on all the broad sections of the upper beach,
On the lower beach a series of generallymrallel ridges, aligned
South-west to north-east, were a feature. The way in which the
Tevetment at Fort Godwin has protected the cliffs against retreat,
and as a result, has caused that section to project seawards of the
€eneral line of the cliffs to the north and south is noteworthye
Where the northern section of the revetment has been breached,
Tapid retrest of the cliffs has taken place.

Between groynes XX and XXV11l (air photographs 9344, 9346)
a well developed upper beach was present giving way to a lower beach
on which but few sand rises were seen, lying oblique to the line
of the dune edge, from north-west to south-east, which waes at right
angles to those at Fort Godwin,

Between groynes XX and X1V (air photographs 9357, 9358)
almost no upper beach existed, but broad sand rises were vigible on

the lower beach. The southerly movement of material on the upper



beach was suggested by the fact that the only remnsnts of the upper
beach lay immediately north of the groynes in the angle they fomm with
the revetment. ILarge shingle was seen near groynes XV1l, XV1ll, and
X1X showing that all the sand had been stripped off to reveal the
basement of the beachs

The upper beach between groynes X1V and V11l (air photographs
9360, 9%62, 9364) was a broad clearly defined feature, with the crest
Visible along the whole length. Between groynes X1V and X11l, and
again opposite the Chalk Bank large sand rises occured on the lower
beach, Between them and to the South of the Chalk Bank lay concave
sand ridges of varying size aligned north-west to south-east at about
45° to the angle of approach of the waves., Large shingle lay near
8roynes X11 and X111, and opposite the southern end of the Chalk
Bank at the Juncture of upper and lower beaches., The extensive develop-
ment of foredune especially in the northern part of this section is
noteworthy,

Between groynes V111 and 1 (air photographs 9364, 9418) the
Seaward projection of the section protected by groynes 1V to V11l
and the revetment between them, caused the upper beach to become
narrower than further north, whilst the division between upper and
lower beaches remained in aligrment with the section northwards.

The beach crest was clearly visible., The lower beach, especially
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south of groyne V1 was characterized by the presence of marked elong-
ated ridges aligned south-west to north-east oblique to the dune
face,

South of groyne 1, (air photograph 9419) the beach broadened
to the south-east corner of the Tip where it reached its maximum
width as the neck of The Binks joined the beach, The beach narrowed
to the south-west corner of the Tip whence it widened to the lifeboat
house, Almost all the beach was upper beach with only a narrow taper-
ing lower beach south of groyne 1 and another narrow one south from
the south-west corner to the lifeboat houses A small sand bark
extended from the end of the jetty to the lifeboat slipway.

The Inner, Middle, and Olter Binks (a2ir photographs 9419,
9398, 9404, 9405, 9406) were clearly visible on this very low
®quinoxisl spring tide. The smoothness of the outer, couthern
edge of the Inmer Binks contrasted with irregularities of the other
two edges which joined to give an approximately triangular outline
to the bank, Well defined ridges covered the bank and in general
Were aligned south-east to north-west except on the southern side
near the neck where the alignment was north to south, All the
Tidges had steep slopes facing east or north-east and gentle slopes
facing west, or sonth-west., The Middle Binks were shown %o be a
less well-defingd bank, and being lower, projected above the surface

of the water only at two places. No pronounced features were visible
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on the gurface, The only evidence cf the Outer Binks was in a few
patches of breaking waves east of the Middle Binkse

From the lifeboat house to the long boom (air photographs
9418, 9416) only a very narrow upper beach existed reaching its
broadest development between the lifeboat cottages and the boom.,
The broad expanse of lower beach bore a distinctive series of elong-
ated sand ridges, concave southwards and generally symmetrical in
sections The boom interrupted this development slightly, but four
well-marked ridges lay north of it,

From north of the long boom to the northern end of South
Spurn on the river side of the spit (air photographs 9416,9415,9413)
a narrow upper beach, was present with a number of ridges on it near 5
the edge of the dunes, 1In the centre of this section the beach
broadened and a series of long sand ridges extended from the shore
into the area covered by estuarine mud which first appeared north
of the boom, Opposite the northern end of the Chalk Bank where the
channel draining the low marshy area west of the Chalk Bank winds
out into the river, the beach broadened and splayed out into a
series of ridges. This is the most northerly point on the river
side to which sand and fine shingle was carried in large quantities.
The bank of 01d Den (air photographs 9387, 9386, 9384) formed a
broad expanse of shingle exposed at low water., The highest part

lay on the west in an almost unbroken ridge. Iast of this lay a

series of drainage channels parallel to the shore, with a major



one culminating northwards in a delta formation., One channel led
away from the shore towards the southern end of the bank, and another
flowed westwards across the northern end,

Finally the river sides of High Bents and Kilnsea Warren are
considered, (air photographs 9412, 9411, 9410, 9409, 9378). Through=
out the whole section the beach, again an upper beach, was narrow.

The artificially dumped chalk rubble can be seen as far north as
opposite groyne XV1l, North of this, the beach widened slightly to
fill in an angle in the dune face, then continued as a narrow strip
flanking the dunes. Ridges of mud extended at right angles from the
beach in the south of the section, but a smooth expanse of mud
adjoined the beach elsewhere and was dissected only by a series of

fine parallel channels, In the mud, close to the beach in the northern
part the Cord-grass (Spartina townsendii) can be seens

Beach material

Mention has been made of the appearance of varying sizes
of pebbles on the upper beach on the seaward side of the spit, and
on the narrow beach on the river side. Sand, however, is present on
all parts of all the beachess In order to ascertain in general terms
the variation in coarseness, samples were taken and analyzed, As
all but five samples we£e taken on “lst December, 1961, they are strictly

comparable with each other, although it must be realized that the
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distribution of particle size varies with meteorological conditions,
and there may be a marked change from season to season, (It was
not possible to collect samples from the lower beach at Point E on
the seaward side on 2lst December, 1961, as none was present, owing
to the boulder clay beach platform being exposed throughout. A
complete set of five samples were taken on 5th April, 1962, when
sand was again present, on all parts of the beach).

The lines along which samples were taken were those along
which profiles were surveyed in the year's programme of observations
from April 1960 to April 1961, with the addition of: i. A line 500
feet east of the jetty, east of the lifeboat, house, ii. A line from
Point B Riverside, opposite Point B Seaside. iii. A line from Point
E Riverside, opposite Point E Seaside. ive A line through the
breached revetment at Kilnsea. The sand was teken from the top
six inches of the beach.,

An anlysis of the results obtained from sieving the samples
is shown graphically in figure l.3., and Table l.l. shows median grain
sizes. The samples were each dry sieved on an electric sieving machine
for 15 minutes through British Sandard Sieves sizes 8, 10, 30, 60,
90, 120, and 200,

Certain generalizations about grain size may be mades In
the upper beach zone the coarsest material is found at the crest,

that near the dunes being a little finer, but not as fine as at the
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Table l,.l.

Median Grain Sizes of Sand Samples

1

21st December 1961 Sth April, 1962

Point lMedian Size in Mns,  Point ; Median Size in Mms.
————————— = = - } > } 1 -
Point A | | Point E Seaside |
Al | 0,175 - ES1 | 0,175
A2 | 0,190 | Es2 | 0.215
A3 060 . ES3 | 0,240
- - — ! ES4 | 0,145
Point B Seagside | ' ES5 % 0.135
BS1 | 0.180 s —_—
BS2 : 0,165 ;
BSA | 0.135 | Key to Numbers Appended to Points
- B | 05125 | 1, Top of Upper Beach | or "Beach"
- | 2+ Crest of Upper Beach é where upper &
Polut G 0.160 3s Bottom of Upper Beach | lowe€ dixisione
g; 0'235 | 4e Middle of Lower Beach Sopom
L . 5. low Water Mark
C3 0,160
... 0% | Gcondition of Beach at East Point
Toias Elseaside E 00195 ' A. Smooth convex beach
222 ; 0°235 | BS. Upper grading imperceptibly into
o3 0'155 lower beach,
. ... A S Ce Upper grading imperceptibly into
Kil ; | Lower beach,
ns;i ; 04310 | ESe (21.12.61) Markedly convex upper
s ‘ 0.265 beachs (He4062) Upper grading
| 0'200 imperceptibly into lower beach.
KA | o K. Upper grading imperceptibly into
5 f e lower beach. Upper rebuilding
. after complete removal.
East of Lifeboat | 0,170 L. Smooth, slightly convex beach.
Ll . 00250 BR. Narrow upper and broad lower beach.
L2 | 510 I. Narrow smooth beath
.,WM.“E?.Nﬂ__w“_“HLW_ o oetY | ESe Narrow evenly-sloping beache
Point B Riverside
BR2 1 06205
BR4 j. 0.175
BR5 | 0.155
i SR .%,v.. S S—————)
Point I f
1 | 0,215 |
T2 i 00210 ?
e e e R L _‘V__...,}j

Point E Riverside|
ER2 *
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bottom of the upper beach.s The material of the lower beach is finer
than that of the upper beach, and there is no great variation between
the middle and lower parts of it. There is no marked grading in sed-
iment size along the seaward side of the spit, nor is there a marked
variation between the seaward side and the river side, if the beach
at the northern end of the latter is equated with the upper beach of
the former. It is noteworthy that the median grain size at the top of
the upper beach at Kilnsea was the same as that in the middle of the
beach at Point E on the riverside, on the day of the sampling, and
also that the highest percentage of material of less than 0,076 mms
diameter was found at low water mark at the point east of the lifeboat
house, followed by that at low water mark at Point B on the seaward side.
The ranges in median grain size within the different zones

across the beach were as follows:

1, The top of the upper beach 0160 = 0,310 mms
2. The crest of the upper beach 0,165 = 0,310 mms
3« The bottom of the upper beach 06155 = 0240 mms
Ae The middle of the lower beach 0.135 = 0.200 mms

5« The bottom of the lower beach 0125 = 0,270 mms



CHAPTER 2

A Year's Observations of Beach Change, April 1960 - April 1961

No detailed observations had been made on the beaches of Spurn
Head before this project was begun, and the only records available were
two sets of air photographs, one from the R.AsFe survey in 1946, and the
other from the survey carried out for the University of Hull, Department
of Geography in September, 1959, which give a picture of the beaches
on two specific days.

BEven the most cursory glances at the beaches, over a short
period of time, showé that they are changing, often markedly within
the space of only a few tides, or even one. The key to the understand-
ing of the development of the spit obviously lies in part in these day
to day changgs, and the cycles of which they may form & part.

The first problem was how to record these changes in the most
comprehensive and useful way, and three months of experimentation
preceeded the detailed programme which was begun in April 1960 and ran
for one yeare The profile of the beach was surveyed from datum posts
on the edge of the dunegon both seaward and river sides of the spite
Whilst this gave accurate measurements of vertical changes, it was
felt that a broader picture was required. Mapping of the beach mor-

phology, together with the recording of variations in beach material



was carried out on either side of the profile lines each time they were
surveyed. Thug a three dimensional record was obtained,

This method of recording observations was tried at nine points
round the spite. These were spaced at half mile intervals along the
seaward side, and three were placed on the riverside in positions which
avoided the sections which were strengthened by chalk rubble on the
beach. Two periods of low water were required for each complete survey.
After three months it was apparent that fewer points, if carefully
selected from the nine, would give almost as good a record of the
changes, which varied rather between different sections of the spit,
than between individual points, at any one time. Point A was selected
as representative of the Tip, Point C of the straight seaward side of
South Spurn and the southern part of High Bents, Point E of the north-
east facing seaward side of Kilnsea Warren and the northern part of
High Bents, and Point I of the only section of the riverside of the
spit where changes are clearly visible from week to week, and are not
masked by the presence of chalk rubble. In July, 1960, it was decided
to add Point B where the straight seaward side of the South Spurn
nears the Tip and where the presence of the Middle and Outer Binks
offshire might have effect. Thé position of these five Points is shown
in Figure 1.8, The heights of the datum levels used at each were as

follows, in relation to Ordnance Datum at Newlyn:-



Point A 17645 feet
Point B 15,28 feet
Point C 14033 feet
Point E 22453 feet
Point I 16,10 feet

The main advantage of having five as opposed to nine observation points
was that all could be surveyed during one low water period and there-
fore the records at each Point were strictly comparable with each
other Point at a given date.

Whilst change takes place day by day it is obviously impractical
to survey so frequently except under special circumstances when rapid
change is occuring, Fortnightly surveys, which were tried at first,
proved to be too far apart as frequently several different phases of
build up and erosion occured between surveys and the effects became
superimposed on each other, making the sequence of events difficult
to decipher. About a week was found to be a more reasonable interval
of time, During the main programme of observations therefore, surveys
were carried out at as near seven day intervals as possible., During the
winter months with short hours of daylight alternate intervals of ten and
five days were necessary to obtain a coincidence between a period of
low water and daylizht. Further irregularities were caused by bad
weather conditions when surveying was impossible. Every six weeks

the morphology of allhhe Spurn beaches was mappeds This was done



either the day before or the day after the main weekly observations
had been taken.

A simultaneous record of the elements causing or affecting
beach change was of vital importance to the analysis of the data
obtained by surveying the beaches.

The Coastguard Station at Spurn Head collects weather data for
the Meteorological Office and it was possible to obtain three-hourly
records of wind speed and direction throughout the period of observations.

No wave recorder is sited near Spurn and it was not possible
to insert one, therefore observations were made from the beach at the
time of each survey. Wave height at breaker point was obtained by
noting the difference in height between wave crest and trough at a
groyne, Wave period was calculated from the number of waves passing a
given point in three minutes. Wave direction was obtained by taking a
compass bearing along the wave crests and calculating direction of
approach from thise, Whether the waves were of a spilling or plunging
type was noted alsos.

The nearest tide gauge to Spurn is at Immingham, and access to
the records for the year was obtained, These were corrected for both
time and height for Spurn Head, according to the conversion table in
the Admiralty Tide Tables. Details of the predicted tides were obtained

from the Admiralty Tide Tables, for purposes of comparison.
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Tidal streams are of importance only around the Tip of Spurn
and they will be considered separately in Chapter 5.

In an attempt to show both beach change and the elements
causing and affecting this, a series of composite diagrams was devised
(see Pigure 2,1). The continuous wind and tide records are shown at
the bottom, and above these the beach and wave observations made on
dates indicated beneath the wind records. The amount of loss and gain <
of material was obtained by superimposing the set of beach profiles on
the previous week's, and to avoid difficulties of calculating amounts
when the vertical exaggeration had to be taken into account, they were
plotted in this forms The beach morphology maps Figure 2,2 are shown
in weekly sets together with a wind rose for the preceeding period,
which shows any marked trends which appeared in wind speed and direction,
Figure 2.3 consists of the sets of six-weekly beach feature plans of the
whole of the spit,

The remainder of this chapter is devoted to a description and
preliminary analysis of all the data collected from April, 1960, to
April 1961, Each set of observations will be considered separately,
and in the correct time sequence, A description of the wind conditions
since the last observations, details of the wave data obtained on the
day of observations, and a note of the position of the tides in the

tidal cycle will be given first, followed by a description of the
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beech conditions, Within this latter section a general assessment of
the type of change which has occured since the previous observations
will be made firsty then the beach morphology and finally the move-
ment of material will be discussed. Every six to eight weeks when a
complete morphological survey of the beach was made, a paragraph
describing the conditions then observed will be inserted.

It should be noted that deep water wave energfihas calculated
according to the formula:

E = 41 H, 212

pounds
where E is wave energy in foot-panels per foot of wave crest

per wave length

H , is deep water wave height

T 1is wave period
Wave steepness is Ho/Lo, where Lo is deep water wave length. The
observational data used for these calculations were taken at Point E,
unless otherwige indicated, when figures were not obtained there., Waves
from all the directions for which it was possible to draw wave athp-
ogonals (Figures 3.1, 3.2, 343, 3+4) are shown to be least refracted
when reaching Point E, in comparison with any other Point, and are
farthest from the Binks, which considerably modify waves passing over
them, The use of data from Point E is likely to produce the most

accurate results, therefore,
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13th April, 1960. ( See Figures 2,1 and 2,2)
WINDS. Winds were predominantly from S., S.W., and W., with nearly
half,* over 15 knots, from Tth to 12th April,
WAVES., Point A: T, 5 secse; Hb, 2 feet; plunging

Point D: T, 6 secse; Hb, 2 feet; spilling; from 160°

Deep water wave energy: 2,690 ft.-lbs. per ft. of wave crest

per wave (length)

Wave steepness: L0073

(Wave energy and steepness calculated from figures for Point D)
TIDES. The tidal range was increasing in height from maximum neaps on
6th April, towards maximum springs on 13th April. The pem. high water
and low water on 12th April were depressed by 1 foot when strong W.
and S,We. winds blew.
BEACH CONDITIONS, During the preceeding week the building up of the
beach was predominant.

A swash bar had formed around the south-east corner of the Tip
and also south from Point C, Swash bars were also a feature of the beach
about Point E but they were not continuous, only appearing south of

each groyne and dying out before reaching the next groyne. Where swash

swash bar had probably been smoothly incorporated. At Point I, the

was an even sloping beach,

= The proportion of winds over 15 knots refers only to those from the
predominant direction, not to the total number recorded from all directions.
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The top part®™ of the beach showed little change in profile
at all. Points since the end of March, 1960 except at Point C,*
where there was a losss At Points A, C, and I there had been a loss
of material from the bottom part of the beach except where the swash
bars had developed at Points A, and C, but at Point E there had been

a gain,

18th April, 1960

WINDS. Winds were predominantly from W., a2ll of which were over
15 knots, and from N., about a quarter of which exceeded 15 knotse
WAVES. Point D: T, Te5 secss; Hb, 1 foot; Plunging; from 90°,

Deep water wave energy: 467ft.=-lbse per ft., of wave crest
per wave length,

Wove steepness: o0016

(Wave energy and steepness calculated from figures for Point D)
TIDESes The tidal range was decreasing in height from maximum springs
on 13th April towards maximum neaps on 20th April,

BEACH CONDITIONS. The beaches continued to be built up slowlye.

For considering the movement of material, the profile is divided
transversely into two approximately equal sections, which will be
termed "top part", and "bottom part". These should not be confused with
the two morphological units, the "upper beach", and the "lower beach",

® At Point C from April to October, 1960 100 feet of dunes is included
in the top part of the profile, When movement of beach material is
considered this 100 feet will be disregarded. From October 1960 to
April 1961 the dunes were eroded and reduced to 40 feet from the datum.
This is taken into account then,



- BT =

The swash bars around the south-east corner of the Tip, and
in discontinuous form about Point E had not been disturbed since the
previous observations as the level of subsequent high waters had been
fallinge, About Point C, the swash bar which previously had existed
southwards, had extended north. An evenly sloping beach remained about
Point I,

There was a slight lowering of the top part of the beach, by
deflation probably, at Point A, but a gain at all other Points, at
the top, The bottom part of the beach at all Points showed a gain of

material.

25th April, 1960,
WINDS., Winds were predominantly from N., and NeE. with about a fifth
over 15 knotse. Lighter winds were recorded from all directionsa
WAVES, Point A: T, 5 secse;j Hb, 0.5 ft.; Spilling

Point D: T,7.5 secse; Hb, 2,5 fte; Spilling; from 100°

Deep water wave energys 8,760ft.-lbs. per ft. of wave crest
per wave length.

Wave steepness: 0068

(Wave energy and steepness calculated from figures for Point D).
TIDES, The tidal range was increasing from maximum neaps on 20th April,
towards maximum springs on 25th April.
BEACH CONDITIONSe The beaches were built up slightly more in the

preceeding period,
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The upper beach had a marked crest about Points A, C, and E.
The previously developed swash bars had been completely obliterated
on the high spring tides. The beach continued to have an even slope
about Point I,

The top parts of the beach at Points A, C, and E showed a
slight gain of material whilst there was no change at Point I. There

was a loss from the bottom part of the beach at allPointse

4th May, 1960.
WINDS. The winds were predominantly from N. and Ne.E., with about a
tenth over 15 knots.
WAVESe Point A: T, 3 secse.; Hb, 0.5 foot; Plunging
Point C: T, 8,5 secs.; Hb, 1 foot; Plunging
Point D: T, 845 secse; Hb, 1 foot; Plunging
Point E: T, 8¢5 secs.; Hb, 2 feet; Plunging
Point I: T, 2.5 secse; Hb, 0.5 foot; Spllling

Deep water wave energy: 3,585 ft.~lbse. per ft. of wave crest
per wave length.

Wave steepness: 40030
TIDESs The tidal range was decreasing from maximum springs on 25th
April to maximum neaps on 5th Maye
BEACH CONDITIONS. The building up of the beaches continued during this

period.
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Around the Tip and about Point C the beach had a double
crests The upper one was built on the preceeding spring tides and
since then had been left undisturbed by the tides which were decreasing
in range; the lower crest was formed subsequently. At Point E a single
crest was found in a lower position than that observed on 25th April and
therefore built subsequently. At Point I a smooth slope remained.

On the upper parts of the beach at Points A, C, and I the level
of the profile was raised, but at Point E it was lowered. The lower
parts of the beach at Points A and I showed a gain of material, whilst

Points C and E showed a losse

12th May, 1960,
(Observations between 1lth and 13th May, owing to rain and strong winds)
WINDS, The winds were predominantly E. and S.E., with a third over 15

knots,.

WAVES, Point C (1llth May): T, 5 secse.j Hb, 1,5 feet; Spilling; from 115°

Point E (13th May): T, 6.6 secs.; Hb, 3 feet; Spilling; from 900

Deep water wave energy: 8,650 ft.-lbs., per ft. of wave crest
per wave length,

Wave steepness: «0099
TIDES. The tidal range was increasing from maximum neaps on 5th May
to maximum springs on 13th May. Between 12th and 13th May the heights of
high and low waters were depressed up to 1.5 feet as strong S. and S.Wo

winds blews
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BEACH CONDITIONS. There was a slight lowering of the beach about most
Points,

Discontinuous crests had formed on the upper beach near Points A,
Cy and E; where they were missing the upper beach consisted of an even
slope from the edge of the dunes, except east of Point A where the beach
had been eroded. The edge of the erosion was marked by a two feet high
cliff in the beach, facing seawards. About Point I again the beach was
of an even slope. Near the junction of the upper and lower beaches, at
Point C, large pebbles (over 6 inches long diameter) which form the base
of the beach were exposed, and below these on the lower beach were elong-
ated dand rises. South of Point C these gave way to ridges of sand
‘aligned north-west to south-east and having steeper slopes to the south-
west suggesting a movement of material towards the Tip. The obliquity
of the ridges to the water's edge is probably due to the obliquity of
approach of the waves with only partial refraction.

There was & loss of material from the top part of the beach at
Points C, E, and I; and gain on the bottom part at Point C, and a loss
at Points E and I, (Strong winds made it impossible to survey the
profile at Point A).
COMPLETE BEACH SURVEY., 12th lMay, 1960 (See Figureg 2,3)

The beach on the seaward side of the sgpit may be divided into
three sections according to variation in form, First, from the Tip to

groyne XI the upper beach had a crested convex form, withthe exception
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of the section round the south-east of the Tip where the waves had eroded
the beach and left a 2 feet high cliff, The lower beach where it was
exposed from groyne 1 northwards was almost completely covered with sand
ridges and hummocks, with hollows and channels between them containing
waters These features were aligned obliquely to the beach, north-west to
south-east, Only a few larger sand rises existed,

Secondly, from groynes X1 to XV, the upper beach was narrower than
in the first section, being especially so immediately south of each groyne.
With one minor exception from groyne X1l north towards groyne X111, the
upper beach had an even slope, and the lower beach consisted of t§§ number
of large sand rises, with few small onese.

Thirdly, from groynes XV to XXV11ll, the upper beach was broader
and maintained an even width between groynes. It had an even slope except
between groynes XX11l and XXVl, The lower beach had well defined sand
rises on ity these decreased in size and number northwards.

On the riverside of the spit the beaches may similarly be divided
into three sections which, in contrast to the seaward side, do not change
during the year of observationss The most southerly section extends fromij.c
lifeboat house to the northern end of the Lighthouse Zone opposite groyne
V1ll, Here a narrow upper beach was being built up in part by two swash
bars. The lower beach was a broad expanse of sand, ripple marked and
built into a series of long ridges concave southwards towards low water
marke The middle section extends from opposite groyne V111l to opposite
groyne X1, The division into upper and lower beach is lost here as only

a narrow beach is flanked on its lower side by estuarine mud. The beach
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is featureless except in its extreme northern part where the channel
draining the low area round the Chalk Bank flows out parallel to the beach
on the gouthe About it a number of low ridges have been built. A series
of long tongues of sand project out into the estuarine mud from the beach
in the centre of the section. The third and most northerly section the
beach, flanked by mud, is only about 40 feet wide and shows small swash
bars only opposite groynes Xvlll and XX; elsewhere it consists of an

even slope from the edge of the dunes,

18th May, 1960 (see Pigures 2.1 and 2.2)
WINDSe Winds were predominantly from the N., E., S.E., and Ss From
the first three directions about half were over 15 knots, from the south
all were lighter.
WAVES, Point As - Hby 1 foot; Plunging
Point C: T, 5 secse; Hb, 2,5 feet; spilling; from 1300
Point D+ T, 5 secs.; Hb, 4 feet; Spilling and Plunging; from 95°
Point Es T, 5 secs.j Hb, 4 feet; Spilling; from 85°
Point I: T, 3 secse.; Hb, 1 foot; Spilling

Deep water wave energy: 14,050 ft.-=lbs. per ft. of wave crest per
wave length

Wave steepness: 0289
TIDES. The tidal range was decreasing from maximum springs on 13th lay
towards maximum neaps on 19th May.,

BEACH CONDITIONS., Building up processes were predominant on the beaches,
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Around the Tip and east of it, and south of Point C a swash bar
had developed. The cliff facing seawards, cut in the beach before 12th
May, remained up-beach of the swash bar, east of the Tip. A discontinuous
swash bar existed about Point E. Where it was missing a double crest to
the upper beach gave it a markedly convex profile, The lower beach about
Point C was characterized by elongated sand rises, seawards of an exposure
of large pebbles About Point E, on the lower beach, large pebbles forming
the base of the beach were visible in patches; elsewhere was a smooth
slope of sand with surface water. About Point I, two swash bars had
developed.

There was a loss of material from the top part of the beach at
Point I, and markedly so at Point C, but a gain at Point Es On the bottom
part of the beach there was a gain of material at Points C and I, but a
slight loss near low water mark-at Point Co (The profile surveyed at Point
% was too short to include the lower part of the beach).

A complete morphological survey of the beaches on the seaward side
of the spit was made on 18th May. Building up was a predominant process
throughout, on the upper beach, Discontinuous swash bars were much in
evidence alternating with crested sections of markedly convex profile,
Sand ridges and rises of assorted sizes were present on tie lower beach
south of groyne X1ll, 3Between groynes X11 and XV only one large sand rise
existed. North of groyne XV to groyne XXV11ll there were few, generally

small sand rises and several patches of large pebbless



- A

25th May, 1960
WINDS. Winds were predominantly from N. and N,E, with half over 15
knots, in the period from 18th to 21st May, but were predominantly from the
Se and Se'We between 22nd and 24th May with a fifth over 15 knotse
WAVESe. Point A: T, 4 secs.; Hb, 1 foot; Plunging
Point C: T, 10 secs; Hb, 2,5 feet; Spilling; from 105©
Point D: T, 10 secsej Hb, 3 feet; Spilling; from 100°
Point Es T, Te5 secse; Hb, 3 feet; Spilling; from 80°

Deep water wave energy: 8,760 ft.-lbs. per ft. of wave crest
per wave length,

Wave steepness: 0068
TIDES, The tidal range was increasing from maximum neaps on 19th May,
to maximum springs on 26th May. A tidal surge occured on 24th May in
connection with strong N. and N.E, winds, and raised the levels of the
pele low water and high water by 1 foot end 1.5 feet respectively,

BEACH CONDITIONS. There was an overall build up of the beaches,

A double crest to the beach west of Point A died out at the Tip
itselfs A remmant of the cliff in the beach and the subsequently built
swash bar east of the Tip had not been disturbed by the high spring tides.
Swash bars had been built also about Point C on the upper beach except
immediately south of groyne X111l where there was an even slopes Dis=-
continuous swash bars were found about Point E, south of each groyne,
and the beach was markedly cresteds The lower beach at Point C was again

characterized by a large sand rise north of groyne X1l and elongated,
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divided, sand rises southe. About Point E on the lower beach the boulder

clay beach platform with large pebbles embedded in it had begun to emerge.
There was an overall gain of material on the top parts of the

beach at all Points, and a loss from the bottom parts, except at Points

A and C, where there was a gain towards low water mark,

30th May, 1960,

WINDSe The winds were variable but predominantly N. with about half

over 15 knots.

WAVES, Point A: T, 3 secse.; Hb, 1 foot; Plunging
Point C: T, 6 secs.; Hb, le5 feet; Spilling; from 120°
Point D: T, 6 secs.; Hb, 2 feet; Plunging; from 90°
Point E: T, 6 secs.; Hb, le5 feet; Spilling; from 800
Point I: - Hb, 0.25 foot; Spilling

Deep water wave energys 2,690 ft.-lbs, per ft. of wave crest per
wave length.

Wave steepness: +0073.
TIDES. The range was decreasing from maximum springs on 26th May to
mgximum neaps on 3rd June,
BEACH CONDITIONS. There was no great change on the beaches during the
preceeding period, but a slight build-up occurred,
West of Point A, the beach retained its double crested form and
eagt the cliff with swash bar before it was still visible in part. About

Point C a swash bar had been built up south of groyne X1 and immediately
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north of groyne X11l, elsewhere the crest to the upper beach was etched
with beach cusps, except immediately south of groyne X111 where the upper
beach sloped smoothly from the cliffed dune edge., The lower beach north
of groyne X1l was mainly composed of one large sand rise, but south of
the groyne smaller rises were divided by water chammels. A markedly
convex beach was formed about Point E where a double crest was present
in parts. Between groynes XX11ll and XX1V the lower beach was bare of
sand, and the boulder clay beach platform with large pebbles in it was
exposede

There was an overall gain of material on the top part of the
beach at Points A, E, and I,but a loss at Point Cs There was gain on
the bottom part of the beach at Points A, C, and I, but a loss at Point

Ee

June 10th, 1960
WINDSe The winds were variable but predominantly from E, SeEe, Sey
SeWe, and We They were primarily from E, and S.E. until 5th June and
lighter than 15 knots. Between 5th June and 10th June they were pre-
dominantly from S, S.W., and W, with a third over 15 knots.
WAVES, Point A: b, 0.5 foot; Plunging

Point C: T, 4.5 secs.; Hby, 1 foot: Plunging

Point D: T, 5 secse; Hb, 1 foot; Plunging

Point E: T, 5 secse; Hb, 1 foot; Spilling
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Deep Water wave energy: 369 ft.-lbs, per ft. of wave crest per

wave length

Wave steepness: o0047
TIDES. The tides were increasing in range from maximum neaps on 3rd
June towards maximum springs on 12th June.

BEACH CONDITIONSs The building up of the beaches continued.

The double crested beach west of Point A retained its form,
and the cliff facing seawards, east of Point A, formed prior to the last
observations, remaineds A swash bar which had been previously built a
little lower down the beach had been extended northwards. Well developed
swash bars were a feature of the upper beach at all the other observation
Points, About Point C, their crests were etched by beach cusps. The
lower beach at Point C retained the same form as at the time of the
previous observations, Boulder clay containing large pebbles was still
exposed on the lower beach at Point E, although an elongated sand ridge
had formed near low water mark, south of the Point itself.

There had been a gain of material on the top part of the beach
at Points Cy E, and I, but a slight loss at A. There was an overall gain
of material on the bottom part of the beach at Points A and C, with a
slight loss near low water mark at C; at Point E a slight loss was counter

balanced by a slight gain; and there was a very slight loss at Point I,
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June 15th 1960,
WINDS, The winds were predominantly from W. with 1/3#é over 15 knots.
WAVES. Point A: T, 4 secs.; Hb, 0.5 foot; Plunging

Point C: - Hb, 1 foot; Spilling

Point D: T, 6,6 secso.; Hb, 1 foot; Plunging

Point E: ¥, 6 secs.; Hb, 1 foot; Spilling

Point I: Ty 2.5 secse; Hb, Osl foot; Spilling

Deep water wave energy: 447 ft.-lbs, per foot of wave crest
per wave length,

Wave steepness: o0030
TIDESe The tidal range was decreasing from maximum springs on 12th
June to maximum neaps on 19th June.

BEACH CONDITIONS. The building up of the beaches continued.

West of Point A the beach showed only a single crest. Eastwards,
the cliff facing seawards remained with the swash bar below ite. Discon-
tinuous swash bars were present about Points C and E, Where they were
absent a markedly convex profile existed, except immediately south of
groyne X111 sgain. The features on the lower beach were similar to those
at the previous time of observations, although the sand rises were more
extensive south of groyne X1l. A little boulder clay with large pebbles
was exposed about Point E on the lower beach., Elsewhere sand with sur-
face water was featureless, Two well defined swash bars had developed

about Point I,
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Material was added to the top part of the beach at Points A,
Cy and I and there was little change at Point E, There was an overall

gain of material on the bottom part of the beach at all Points.

23rd June, 1960
WINDS. Variable winds, lighter than 15 knots except at three observation
times were recorded. Winds from S.E., and W. were most frequent,
WAVESs Point A: T, 5 secs.; Hb, 1,5 feet; Plunging
Point C: T, 5 secse; Hb, 2 feet; Spilling
Point D: T, 5 secs.; Hb, 2,5 feet; Plunging; from 1150
Point Ez T, 5 secse; Hb, 2,5 feet; Spilling

Deep water wave energy: 6,400 ft.-1lbs per ft. of wave crest
per wave length

Wave steepness: 0195
TIDES, The tides were increasing in range from the maximum neaps on 19th
June towards maximum springs on 25th Juneeo
BEACH CONDITIONS, Building up continued during thig period.

West of Point A the beach had regained its double-crested fomm,
but this soon gave way to a single crest westwardse ZEastwards the small
cliff with swash bar before it remained. Discontinuous swash bars remained
south of Point C and about Point E on the upper beach. Beach cusps etched
the crests in parts. The lower beach at both Points C and E had changed
but little from their condition on 15th June. The steep southward facing

slopes to certain of the sand rises about Point C suggest a movement of
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material south along the spite The two well defined swash bars previously
developed about Point I remained.

There was little change in the profile of the top part of the
beach at Points A and C, but there was a gain at Point E, and a loss at
Point I, Material was lost from the bottom part of the beach at Point

A, E, and I, but there was an overall gain at Point C.

29th June, 1960

WINDS. Winds were predominantly N. with half over 15 knots.

WAVES., Point A: Hb, 3 feet; Plunging
Point C: T, 10 secse.; Hb, 4 feet; Spilling; from 110°
Point Dz T, 10 secs.; Hb, 4 feet, Spilling; from 110°
Point E: T, 10 secs.; Hb, 4 feet; Spilling; from 50°

Deep water wave energy: 21,700 fte~lbs. per ft. of wave crest
per wave length,

Wave steepness: 40045,
TIDES. Tides were decreasing in range from maximum springs on 25th June
to maximum neaps on 3rd July. A storm surge, association with strong N.7.,
and Ne winds on 28th and 29th June raised the heichts of low water and
high water about 1.5 feet above the predicted levels,
BEACH CONDITIONS. The powerful waves, coupled with a storm surge wrought
congiderable changes on the beaches.

All the features previously formed at Points A, C, and E were

obliterated as the whole beach from the edge of dunesdown to low water
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mark was swept over by the waves. The convex profile of the beach about
Point A and north of Point E was retained, but elsewhere about Point E
and at Point C the upper beach graded into the lower beach in one even
slopes On the lower beach at Point C there were hints of the sand rises,
and. the large pebbles near the junction of upper and lower beaches re-
maineds The boulder clay beach platform at E was buried, but some large
pebbleg continued to be exposed between groynes XX11l and XX1ll. Only
the beach about Point I showed little variation from 23rd June owing to
its sheltered position in the estuary.

There was a general loss of material from the beach at Points
Ay Cy and E, the maximum loss being near the middle of the besch, and
decreasing in amount both up and down the beach from there. At Point
E there were gains of material near the edge of the dure and near low
water mark, At Point I there were small gains of material at both top

and bottom parts of the beach,

Tth July, 196C (Observations began at this date at Point B)
WINDS, Winds predominated from N. and N.We until 1lst July, and about
half were over 15 knots. They were light and variable until 5th July
when they became predominantly W, with over three-quarters over 15 knots.
WAVES, Point A: T, 2.5 secs.; Hb, lo5 feet; FPlunging

Point B: T, Teb secse; Hb, 1 foot; Plunging

Point C: T, T.5 secse; @b, 1.5 feet; Plunging

Point D: T, 7.5 secse; Hb, 2,5 feet; Spilling; from 110°P
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Point B: T, Ted secs.y Hb, 2,5 feet; Plunging
Point I: T, 3 secse; Hb, 0.5 feet; Spilling

Deep water wave energy: 8,760 ft.-lbs. per ft. of wave crest
per wave length,

Wave steepness: 0068
TIDESo Tides were increasing in range from maximum neaps on 3rd July
towards maximum springs on 1lth July.
BFEACH CONDITIONS. After the period of intensive combing down of the
beaches, build up recommenceds

Swash bars were built up round Points A, B, C, and E, and where
they were missing the upper beach had a crest, aligned with the crest of
the swash bars, and suggesting that at those places they had been in-
corporated in the general curve of the profile. At Point B the lower
beach was in the form of hummocks of sand separated by deep, water-
filled hollows. The sand rises which had characterized the lower beach
at Point C prior to 29th June had reformed, the only difference being
that there were less divisions south of groyne Xll, At Point E the
lower beach consisted of a gently sloping expanse of sand with surface
water., At Point I only the upper of the two previous swash bars remainede

The removal of material from the beaches continued after 29th
June, before wind and wave conditions changed and build up recommenceds
The removal was particularly marked from the top perts of the beach at
Points C and E, and was only slight at Point A. Subsequently material

began to be pushed up the beach again, and a gain #s seen on the lower
was
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parts of the beach at Points A and B, and very slightly at Point C.
At Point I there was a loss of material from top and bottom parts of

the beachs

CQMPLETE BEACH SURVEY 8th July 1960 (see Figure 2.3)

The building up of the beaches was seen along the whole length of the
seaward side of the spit. Discontinuous swash bars were very muchpn
evidence and where they were missing the upper beach was crestedes South
of groyne X111, on the lower beach, large sand rises existed, but north
of this very few were presents On the river side discontinuous swash
bars were found between the southern end of the Lighthouse Zone and
opposite groyne Xl. Long narrow tongues of sand continued to project
outwards into the estuarine mud from the beach opposite the southern
end of the Chalk Bank. North of opposite groyne X1 the narrow beach
was featureless except oprosite groyne XV11l to XX where a swash bar was

built,

14th July, 1960 (see Fisures 2.1 and 2.2)
WINDS, Winds were variable, but predominantly from S, W, and N.W., of
which 1/3=4 were over 15 knotse
WAVES, Point A: - Hb, 0.25 foot; plunging
Point B: T, 6 secs.; Hb, 0.5 foot; Spilling

Point C: T, 5 secs.; Hb 1 foot; Spilling; from 1100
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Point D: T, 5 secs.; Hb, 1 foot; Spilling; from 110°
Point E: T, 5 secs.; Hb, 1 foot; Spilling
Point I: T, 3 secs.; Hb, 0.5 foot; Spilling

Deep water wave energy: 369 foot-lbs. per ft. of wave crest
per wave length,

Wave steepness: 0047
TIDES, Tides were decreasing in range from maximum springs on llth
July towards maximum neaps on 18th July,

BEACH CONDITIONS., The building up again of the beach, begun before Tth
July, continued up to 14th July.

West of Point A the beach had a markedly convex profile, From
slightly west of that Point to north of Point B a continuous swash bar
had been built; the same beach form was found on the upper beach about
Point E, About Point C, except immediately south of groyne X111, the
upper beach had a marked crest, and the lower beach displayed large, but
more broken sand rises than on Tth July. The lower beach at Point E
cshowed an even slope of sand with surface water, At Point I the swash
bar close to the dune edge remained.

The top and bottom parts of the beach at all points showed an

overall gain of material, except at Point I where there was no changes

20th July, 1960.

WINDS. Winds were predominantly from S., S.W.o, and W., with 1/6 over
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15 knots until 19th July. Then winds veere¢d~ to the north and became
over 15 knotse
WAVES. Point A: T, 245 sec.; Hb, 0.5 foot; Plunging
Point B: T, 6 secs.; Hb, 1 foot; Plunging
Point C: T, 6 secs.; Hb, 1 foot; Spilling and Plunging
Point D: T, 6 secs.; Hb, 1.5 feet; Spilling; from 105°
Point E: T, 6 secs.; Hb, 1,5 feet; Spilling

Deep water wave energy: 2,690 ft.-lbs. per ft. of wave crest
per wave length.

Wave steepness: 0073
TIDESe The range was increasing from maximum neaps on 18th July towards
maximum springs on 26th July.

BEACH CONDITIONS. The building up of the beach by the pushing of material
upwards continued.

At least one swash bar existed about all Points, There were a
pair from near Point A to north of Point B, with three in one section,
and two opposite Points E and I, The upper swash bars, where a series
existed, represented the building action of the waves when the high
water mark was higher than with these neap tides. Off the south-west
of the Tip material was removed, as evidenced by a low cliff facing
seawards. The lower beach at Point C again had large discontinuous sand
rises on it, and the large pebbles at the junction of upper and lower
beach were being partially buried by sande, The lower beach at Point E

remained featurelesse



There was a general building up of the beach in the top and
middle sections except at Point C, and a slight lowering of the bottom
section as material was taken from there and pushed up the beach., Only
at Point I was there a gain on the bottom part. The profile at Point
C suggests that material was removed after 14th July, but before 20th

it was being replaced as a swash bar was being built up.

31st July, 1960,
WINDS. Winds were variable, but predominating from S, S.W., and W,
with about 1/6 over 15 knots,
WAVES, ©Pointg A: T, 4 secs.; Hb, 0.5 foot; Plunging
Point B: T, 3 secse; Hb, 0.5 foot; Plunging
Point C: T, 3 secse; Hb, 1,0 foot; Spilling
Point Es T, 3.5 secs.; Hb, 1.5 feet; Spilling

Deep water wave energy: 1,536 ft.-lbs per ft. of wave crest
per wave length,

Wave steepness: 0279
TIDES. Tides were decreasing in range from maximum springs on 26th July
towards maximum neaps on 2nd Auguste
BEACH CONDITIONS. The building up of the beach continued, and the upper
beach as a result became more convex in profile,

A marked swash bar had been built on the spring tides all around
the Tip, and from east of it to north of Point B three swash bars were

preserved. The fact that the highest one up the beach, was nearer the
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dunes than the highest observed on 20th July indicated that this later
series were formed on the spring tides from 26th July onwards. About
Point C, south of groyne X1l swash bars formed a feature of the upper
beach as was the case at Point X, and Point I, where two were well defined.
South of groyne X111 the upper beach had reverted to its even slope. The
lower beach at Point C showed a similar form to the previous observations.
Burial of the large pebbles by sand continued.

There was a gain of material on the top part of the beach at all
Pointse A loss of material immediately below the maximum gain in the
swash bar, occurred at Points A and B, with a gain towards low water mark,
There was a gain on the bottom part of the beach at Point C, loss at Point

I, and no change at Point K,

5th August, 1960

WINDS., Winds were very variable and almost all under 15 knots.

WAVES. Point A: T, Te5 secs.; Hb, 0.5 foot; Plunging
Point B: T, 7.5 secs.} Hb, 1 foot; Spilling; from 110°
Point C: T, 7.5 secs.; BHb, 2 feet; Spilling; from 115°
Point D: T, 8 secs.; Hb, 2.5 feet; Spilling; from 105°
Point E: T, 7.5 secse; Hb, 2,5 feet; Spilling; from 850

Deep water wave energy: 8,760 ft.-lbs. per ft. of wave crest
per wave length,

Wave steepness: L,0068
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TIDES, The range was increasing from maximum neaps on 2nd August to
maximum springs on 9th August,
BEACH CONDITIONS. The building up processes continued generally.

The three swash bars which previously extended from east of
Point A to north of Point B had coalesced into one which was continuous
with the one extending west of A. This coalescence probably was caused
by the rising high water levels, pushing the lower swash bars up the beach,
into the higher ones., Conditions showed little change about Points C
end E én the upper beach, except that the beach south of groyne X111 had
taken on a convex form again and the swash bars at Point E were slightly
higher up the beach than on 31st Augzgi. The lower beach at Point C
consisted of a larger, continuous sand rise towards low water mark, with
divided ones up-beach of it. A little of the boulder clay beach platform
was exposed on the lower beach north of Point E, otherwise the lower beach
consisted of an even slope of sand and small pebbles. At Point I the two
swash bhars remained.

There was a gain of material on the top part of the beach at
Points A, B, and E, but a loss at Points C and I. The lower beach at

Points A and B showed a gain, but there was a loss at Points C, E and I.

10th August 1960,
WINDS. Winds were variable and under 15 knots, but predominantly from N.E.

WAVESe Point A: T, 3 secs.; Hb, 0.5 foot; Plunging



Point B: T, 6 secse; Hb, 0.5 foot; Spilling
Point C: - Hb, 0«5 foot; Spilling
Point D: T, 6 secse; Hb, 0.5 foot; Spilling; from 120°
Point E: - Hby 0s5 foot; Spilling

Deep water wave energy; 447 fte~lbs. per ft. of wave crest per
wave length

Wave steepness: #0030
TIDES, The range was decreasing from maximum springs on 9th August,
BEACH CONDITIONS. The beaches continued to be built up. The upper beach
showed little variation in form from the previous observations. A con-
tinuous swash bar was built around the Tip to north of Point B, and about
Points C and E on the upper beach. A pair of swash bars remained at
Point I, At Point B the lower beach was composed of crescent=-shaped
sand hummockse The lower beach at Point C consisted of a larger con-
tinuoug sand rise than on 5th August and this was divided by channels
containing water only south of groyne X1 to any great extent, The boulder
cley platform seen at Point E on the lower beach previously was buried
againe, Large pebbles however were exposed immedistely north of groyne
ZX11l, and usually these are held in the boulder clay.

The top part of the beach at Ay E and I showed an overall gain
of material, but there was a slight loss at Points B and Ce There was
a general loss from the lower parts at Points A and B, but a gain at

Points C, E and I.
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18th August, 1960.
WINDSe Winds were predominantly from N. until 12th August with over
% over 15 knots. Between 12th and 17th August winds were predominantly
from We, and N.W. with & over 15 knots,
WAVES. Point A: - Hby 0e5 foot; Plunging
Point B:s Ty Teb secse; Hb, 1 foot; Plunging
Point C: T, 6 secse; Hb, 1 foot; Plunging; from 1300
Point D: T, 6 secse; Hb, 1.5 feet; Spilling & Plunging
Point BE: T, 6 secse; Hb, 1,5 feet; Spilling

Deep water wave energy: 24690 fto-lbs. per ft. of wave crest
per wave length,

Wave steepness: 0073
TIDES., The range was increasing from maximum neaps on 16th August

towards maximum springs on 24th Auguste
BEACH CONDITIONS. Material continued to be pushed up the beach,

A swash bar was left around the Tip and patchily about B by
the previcus spring tidesy but elsewhere they had gently rounded the
upper beach, into a convex profile, With the neap tides the lower beach
was exposed 2t low water only at Point Ce. There was only a relatively
small gand rise visible in comparison with 10th Auguste The swash bar
in the middle of the beach remained at Point I. The top was completely
covered by vegetation then,

At the top of the beach at all Points material was added, and this

appeared to have been removed from the bottom part of the beach where
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there was loss from all Points, excent Point I, where no change took

place,

27th August, 1960,
WINDS. Winds were predominantly from the S., and S.Vl. and mainly under
15 knotse
WAVES, Point A: - Hb, 0.5 foot; Plunging
Point B: T, 6 secs.; Hb, 0.5 foot; Spilling; from 140°
Point C: T, To5 secse; Hb, 0.5 foot; Spilling
Point E: - Hb, 0.5 foots; Spilling

Deep water wave energy: 467 ft.-lbs. per ft. of wave crest
per wave length

Deep water wave steepness: ,0016

(Wave energy and steepness calculated from figures from Point C)
TIDES o The range was decreasing from maximum springs on 24th August
towards maximum neaps on 31lst August,

BRACH CONDITIONS. The building up of the beach continued.

The high spring tides had built a swash bar from slightly west
of Point A to north of Point B, and a second one lower down the beach
around the Tipe. Discontinuous swash bars were found about Point E, and
the continuous one in the middle of the beach about Point I remained. At
Point C the upper beach had a marked crest showing where the swash bar,

of which there is a hint on the profile itself, had been sbsorbed into
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the smooth slopes The lower beach showed again a large sand rise divided
by a number of channels. The area where large pebbles were visible was
much diminished. At Point E the lower beach had sand rises only round the
ends of the groynese

There was a gain of material on the top part of the beach at
all Pointse On the lower parts at Points A and E there was gain, but
loss at Points B and C, except for a slight gain near the low water mark

at the latter; there was no change at Point I.

COMPLETE BEACH SURVEY. 28th August, 1960 ( see Figure 2.3)

The builf up form of the beaches was shown along the whole of the seaward
side of the spite From the Tip to groyne 1X and between groynes X1V

and XXV11l almost continuous swash bars were built and in the inter-
vening section the upper beach was crested, giving a convex profiles
Large sand rises were seen on the lower beach everywhere south of groyne
XX1, with fewer, smaller ones north of this point,

On the riverside, swash bars were built on the western side of
the Lighthouse Zone, and onposite the middle of Spurn Warren to opposite
groyne X1, The broad expanse of ripple-marked sand with long curved sand
ridges continged to form the lower beach opposite the Lighthouse Zone,
and the tongues of sand projecting from the beach opposite the southern
end of the Chalk Bank remained. The only feature interrupting the even

slope to the beach west of High Bents and Kilnsea VWlarren was again a
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swash bar built south from opposite groyne XX, and terminating opposite

groyne X1X.

3rd September 1960, (see Figures 2.1 and 2.2)
WINDSes Winds were variable, but predominantly from S., and S.W., with
almost all recordings under 15 knots,
WAVESe  Point A: - Hb, 0.5 foot; Plunging

Point B: T,7.5 secs.; Hb, 1 foot; Spilling; from 120°

Point C: T, 845 secse; Hb, 1 foot; Spilling & Plunging; from 1200

Point D: T, 10 secs.; Hb, 145 feet; Spilling

Point E: T, 10 secs.; Hb, 1.5 feet; Plunging; from 90°

Deep water wave energy: 35,700 fte-lbs per ft. of wave cresteper
wave length.

Wave steepnesss o0019
TIDES. The range was incressing from maximum neaps on 31st August towards
mgximum springs on Tth September,
BEACH CONDITIONS., Continued build up in parts was counter-balanced by
slight erosion of the upper beach at others.

The previously built swash bars remained around the Tip, but
on the eastern side there was slight erosion, the edge of which was marked
by a low cliff feature. Discontinuous swash bars remained south of Point
B and about Point E, and where they were missing, including the area

about Point C, the upper beach had a marked crest. About groyne X1l
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the beach and the edge of the dunes were slightly cliffed. About Point
I the beach retained an unbroken swash bar. The lower beach about Point
C once again consisted of large sand rises, Large pebbles were seen
only immediately south of groyne X1l1, About Point E the lower beach
was featureless, except that some large pebbles became visible north
of groyne XX11ll.

The top part of the beach at Points A and C showed a loss of
material, but there was a gain at all the others. There was a gain of
material on¢ the lower beach at all Points except Point B where there

was a slight losse

7th September, 1960,
WINDS. Winds were predominantly from W., NeW., and N., with & over
15 knots.
WAVES. Point A: - Hb, 0425 foot; Plunging
Point B: T, 6 secse; Hb, 0.5 foot; Spilling; from 130°
Point C3 T, 6 secse; Hb, 0.5 foot; Spilling; from 115°
Point D: T, 6 secse.; Hb, 1 foot; Spilling
Point Es T, 6 secse; Hb, 1 foot; Spilling

Deep water wave energy:s 447 fte.-lbs. per foot of wave crest
per wave length

Wave steepness: .0030

TIDESe Maximum spring tides occurred on 7th September,



- 55 -

BEACH CONDITIONS. There was no great change from 3rd September,

The occurrence of maximum spring tides, permitted access to
the Binks at low water as the neck was exposed. In the region of the
neck three sets of ridges and troughs were exposed. On the south side
the ridges were aligned north-east to south-west with a steeper slope
to the south-east, on the north side the alignment was north to south,
with the steeper slope eastwards, and on the beach north of the neck was
a set of ridges aligned north-west to south-east with the steeper slope
facing north-east. There was a well-developed swash bar around the Tip.
Elsewhere apart from about Point I, swash bars were discontinuous but the
cregst of the upper beach was clearly visible. The lower beach at Point
C again showed large sand rises, and large pebbles were exposed again
around the end of groyne Xl. At Point E large pebbles were exposed on
the lower beach near groyne XX1ll, and a series of crescent shaped sand
rises had formed between that groyne and groyne XX11l, elsewhere an even
slope of sand with surface water existed.

There was generally a slight build up of the top part of the
beach near high water mark, but a general loss of material below this

down to near low water marke

21st September, 1960,
WINDSe The winds were predominantly from S, with 1/5 over 15 knots

until 19th September. On 19th the wind swung to N, and continued to
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blow strongly from this direction until 2lst Séptember, half the

recordings being over 15 knotse

WAVESe Point A: - Hby 1 foot; Plunging
Point B: T, 10 secse; Hb, 5 feet; S8pilling; from 110°
Point C: T, 10 secs.; Hb, 4 feet; Spilling; from 110°
Point D: T, 10 secs.; Hb, 5 feet; Spilling; from 100°
Point E: T, 12 secs.; Hb, 5 feet; Spilling; from 80°

Deep water wave energy: 46,300 ft. lbs. per ft. of wave crest
per wave length

Wave steepness: 0038
TIDES. The range was increasing from maximum neaps on l4th September
towards maximum springs on 22nd September. Strong S. winds on 1l4th
September caused a lowering of the p.ms high water and p.m. low water
by 1le5 feet and 1 foot respectively below the predicted levels. The
strong northerly winds caused a slight tidal surge on 20th September
when pem. low water was lfoot above the predicted level.
BEACH CONDITIONS, The powerful waves associated with strong northerly
winds wrought considerable changes on the beaches, especially as they
occurred on gpring tides.

Only discontinuous swash bars existed around Point A and to
the east of it and south of Point B. A crest to the upper beach existed
continuously only about Point B, elsewhere it was patchy, and even slopes

from the dune edge to the junction of the upper and lower beaches existed
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in parts near Points E and Ce At Point I the upper beach was markedly
narrowed as the lower beach had thrust a tongue into it, the lower beach
had only a few sand rises to break its even slope, and no large pebbles
were exposed. Large sand rises existed on the lower beach about Point C,
but their form had been changed considerably by the powerful waves. At
Point I the beach had an even slope from the dunesto the edge of the mud
of the estuarye.

There was a general gain of material at the top part of the brach
at all Points, except Point E, where there was a considerable loss. There
was a gain on the bottom part of the beach at all Points except Point C,

where a slight gain was counter balanced by a slicht loss.

27th September, 1960
WINDS, Winds were variable and under 15 knots after 21st September, when
they were N.W. with over half over 15 knots. From 25th to 27th winds were
from N., N.E. and E.
WAVES, Point A: T, 4 secse; Hb, 1 foot; Plunging
Point B: T, 8,5 secs.; Hb, 1.5 feet; Spilling; from 100°
Point C; T, 10 secs.; Hb, 2 feet; Spilling; from 110°
Point D: T, 8,5 secs.; Hb, 3 feet; Spilling; from 105°
Point E: T, 8.5 secse; Hb, 3 feet; Spilling; from 80°

Deep water wave energy: 9,580 ft. = lbs. per ft. of wave crest
per wave length

Wave steepness: 0049
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TIDES. Tides were decreasing in range from maximum springs on 22nd

September towards maximum neaps on 29th September.

BEACH CONDITIONS, The beach which had been so well tnilt up hefore 7
September continued to be combed down sljvhtly durine this veriod,

Very little building of swash bars took place, the only note-
worthy one being near Point I. A crest to the beach existed in a contine
uous form only round the Tip, elsewhere on the upper beach it was dise
continuous. Immediately north of Point C the dune face was cliifed to
4 feet. The features on the lower beach showed but little change since
2lst September. At Point E on the lower beach the only featureswere two
small sand rises at the end of groyne XX11ll,.

There was a loss of material from the top part of the beach at
all Points except A, where an overall gain occurred; there was also loss

from the lower part at Points B, € and I, but a gain at Points A and E,

Tth October, 1960,
WINDSe Winds were predominantly from E. and S.E. with over 2/3 over
15 knots.
WAVES. Point A: T, 4 secs.3 Hb, 1 foot; Plunging
Point B: T, 8.5 secs.; Hb, 2 feet; Plunging
Point C: T, 845 secs.s Hb, 1 foot; Spilling; from 110°
Point D: T, 845 secse; Hb, 1 foot; Spilling; from 110°

Point B: T, 845 secso; Hb, 1 foot; Spilling; from 80°
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Deep water wave energy: 473 fte.-lbs. per ft. of wave crest
per wave length,

Wave steepness: L0011
TIDES. Tides were decreasing in range from maximum springs on 5th
October towards maximum neaps on 1l4th QOctober.
BEACH CONDITIONS. The break up of the stable beach forms continued at
an increased ratee

Building up of the beach in the form of a swash bar took place
only round the Tip and east of it, and about Point I. A crest to the
upper beach existed only about Point E. There was considerable dis-
ruption to the beach forms about both Points C a:d E. Especially
north of Point C itself the division between upper and lower beach
changed considerably, and what had been separate sand rises on the lower
beach, were attached to the upper beach to formm a part of it and all the
large pebbles were burieds Almost continuously along this section the
edge of the dunes was cliffed to between 1 foot and % feet. At Point E
the division between upper and lower beach was hard to determine. North
of groyne XX1V the division was clearest, although the upper part of the
lower beach consisted of sand and small and medium pebbles, and the bottom
part was covered in sand with surface water. South of groyne XX1V the
division between upper and lower beach could have been in either of two
divisions, where the solid line or the dashed and dotted line ig shown.

Pebbles had been combed down the beach to the low water mark opposite
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Point E itself,s A few sand rises occurred south of groyne XX11l on the
lower beach,

There was a slight gain of material on the top part of the beach
at all Points except C, where there was a marked loss, but a gain immed-
iately below its There was a loss from the lower beach at Points A and

Cy & gain at Points B and E, and no change at Point I,

12th October, 1960,
WINDS. Winds were predominantly east until 9th October, with 1/5 over
15 knots. From 9th to 12th October the winds predominated from the N.W.
to N. with 5/6 over 15 knots.
WAVESe Point A. - Hby 1 foot; Plunging
Point Bs T, 10 secs.; Hb, 7 feet; Spilling; from 100°
Point C: T, 10 secso.; Hb, 7 feet; Spilling; from 100°
Point D: T, 10 secs.j Hb, 7 feet; Spilling; from 120°
Point E: T, 10 secs.; Hb, 7 feet; Spilling; from 60Q°

Deep water wave energys 100,500 fte-lbs. per ft. of wave crest
per wave lengthe

Wave steepness: 40097
TIDESes Tides were decreasing in range from maximum springs on 5th October
to maximum neaps on 1l4th October. The strong north and N.W. winds caused
a prolonged tidal surge fromloth to 13th October with high waters up to

1 foot, and lower waters up to 2.5 feet, above the predicted levels,
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BEACH CONDITIONS. Despite the fact that this tidal surge occurred at
neap tides, the large waves with a powerful swash covered most of the

beaches at high water and combed material downwards.

Vvt 1o

Only immediately round Point A and south of Point T were small

swash bars built, where there was protection from the lone and hich

waves from the north and north-west. HElsewhere the beach was smoothed
over from dune edge to low water mark, and a crest was left only about
Point E on the upper beache.  There was increased cliffing of the dune
face about Point C. No features were formed on the small part of the
lower beach which was visible about Point C and at Point E. At the
latter Point, as on the Tth October, the lower beach was composed of
sand and shingle with surface water, rather than sand alone as had been
the case previously,.

There was a slight overall loss from the top part of the beach
at all Points, except Point I where there was no change; but a greater
loss occurred from the bottom part, where the wave%had a more powerful

effect, except at Point A where there was a gain.

21st October, 1960
WINDS. From the 12th to 14th October winds were predominantly from N.W,
with %-over 15 knotse. For the remainder of the period winds from N.E.,

E, and S.E., and S. predominated with nearly half over 15 knots.
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WAVES. Point A: - Hb, 0.5 foot; PFlunging
Point B: T, Te5 secse; Hb, 1 foot; Spilling; from 105°
Point C: T, Te5 secse.; Hb, 3 feet; Spilling; from 110°
Point D: T, Te5 secse; Hb, 3 feet; Spilling; from 120°
Point B: T, T.5 secs.; Hb, 3 feet; Spilling; from 90°

Deep water wave energys 46,300 fte-lbs. per ft. of wave crest
per wave length

Wave steepness: 20038
TIDES. Tides were decreasing from maximum neaps on l4th October towards
maximum springs on 22nd October,
BIEACH CONDITIONS. The beaches underwent considerable changes in the
period following 12th Octobers

Around the Tip to south of Point B, near groyne II1 a swash bar
was built up, as also happened about Point I. About Point C an especially
noteworthy change had occurred. From midway between groynes X111 and X11
to Point C itself the upper and lower beaches ceased to exist as separate
entities, and a smooth slope from the then more cliffed dune face to low
water mark took their place, and showed little variation in beach
materiales About Point E two examples of a beach form, which is seen
usually only after stormy conditions, had developed. The feature is a
tongue of material which usually composes the upper beach, namely sand
with a high proportion of pebbles of assorted sizes, which juts out into

the lower beach southwards at a low angle. After several tides the
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feature is pushed dunewards and becomes absorbed into the upper beach.
It seems most probable that this is one form in which a mass of material
is moved laterally along the spit.

There was a marked loss of material from the top part of the
beach especially at Point C, but also at Points B and E; and a gain
at Points A and I. On the lower part of the beach at Point A, after
a loss in the middle section, there was a gain, as also occurred at
Points E and I, (The storm surge on the day of the previous observations
permitted only short profiles to be surveyed, so that it was not possible
to compare the lower parts of the profiles surveyed at Points B, C and E

on 21gt October, with those on 12th October).

COMPLETE BEACH SURVEY. 22nd October, 1960, (see Figure 2.3)

After the destructive action of the powerful waves drives by
strong N.W. and N, winds from 9th to 14th October, build up was resumed.
Along the seaward side of the spit, there had been only slight and dis-
continuous development of swash bars except from Point A to groyne IlI.
At most other places a crest had been formed high up thgﬁggzzi. It is
noteworthy, that whereas, previously the upper beach between groynes
X11 and XV had been narrower than the beaches to the north and south,
on 22nd October the width between groynes X1l and XV equalled that to
the north, and south of groyne X11 the true upper beach had been

removed and only a flat featureless expanse of sand remained from the
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dune edge to low water marke. In other words the low section of beach
had moved southwards. The long tongues of sand and pebbles jutting out
from the upper beach at a low angle immediately north of groynes XX1l
and XXV have been commented upon in the preceeding section on Beach
Conditionse A similar feature was seen north of groyne X1l and it was
this which built the narrow upper beach outwards. On the lower beach
south of groyne X1 many small irregulmrsand rises were seen. Between
groynes X111 and XX1 large sand rises existed on the lower beach, but
north of this the lower beach was featureless with only one exceptions
On the riverside swash bars were again built up west of the
Lighthouse Zone, discontinuously west of the Chalk Bank Area, and
opposite groynes XV11ll to X1X. Elsewhere the beach possessed an even
slopes A surface layer of mud had been deposited on the lower beach
west of the Lighthouse %one, but sand ridges protruded through it
towards low water mark, The long projections of sand remaiﬁ“%est of

the south end of the Chalk Bank.

26th October, 1960 (see Figures 2.1 and 2.2)
WINDS. Winds were predominantly from E., S.E., and S. with about
1/7 over 15 knotse
WAVES, Point A: T, 6 secse; Hb, 0.5 foot; Plunging
Point C: - Hb, 2 feety Spilling
Point D: T, 8.5 secse; Hb, 3 feet; Spilling; from 120°

Point E: T, 7.5 secse.; Hb, 3 feet; Spilling; from 850
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Deep water wave energy: 8,760 ft.-1lbs. per ft. of wave crest
per wave length,

Wave steepness: 0068
TIDESe The tidal range was decreasing from maximum springs on 22nd
October towards maximum neaps on 28th October.
BEACH CONDITIONS. Under the less stormy conditions the beach forms
became more stabilized.

The swash bar previously built around the Tip remained near
Point A, although it was obliterated north-eastwards from the Tip,
where the beach showed a convex form with a marked crest. The swash
bar about Point I remained and new discontinuous ones had formed about
Point E, where upper and lower beach were once again well defined. About
Point C the broad expanse of sand with only a few pebbles, sloping evenly
from the dunes to low water mark remaineds Sand with surface water
appeared only on the lowest parts There was increased erosion of the
dune face immediately south of groyne Xll.

There was a loss of material from the top part of the beach at
Points A, Cy and I but a gain at Point E, followed by a loss in the
middle part. There was a gain on the bottom part of the beach at Points
Cy E and I, but a loss from Point A. ( Torrential rain and bad light

stopped observations being made at Point B)
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4th November, 1960,
WINDS., Winds were variable, but predominantly E. with under half over
15 knots, between 26th and 29th October., From 30th October to 4th
November winds were predominantly from the S. and S.W. with over half
over 15 knotse
WAVES., Point A: - Hb, 1 foot; Plunging

Point B: T, 6.6 secse; Hb, 1 foot; Spilling

Point C: T, 6 secse; Hb, 1.5 feet; Spilling

Point D: T, 6.6 secs.; Hb, 2 feet; Spilling

Point E: T, 6.6 secse; Hb, 2 feet; Spilling

Deep water wave energy: 2,790 fte.=lbs per ft. of wave crest
per wave length

Wave steepness: 0056
TIDES,. The range was increasing from maximum neaps on 28th October, to
maximum springs on 4th November. On 2nd November low water was 2.5 feet
below the predicted level, and the a.m. high water was 1.5 feet, and the
pem, high water was 2 feet belows This coincided with strong south and
south-west winds, which reached 30 knots at their strongeste.
BEACH CONDITIONS. The beach continued to develop a more stabilized, built
up form,

The swash bar development around the Tip was disrupted by the
strong onshore winds which caused some erosion there. About Point B

however the beach had a well-rounded form with a crest to the upper beachs
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Discontinuocus swash bars were seen at Points E and I. At the former,
the lower beach was featureless except for a low sand rise at the end
of groyne XX11l, The smooth evenly sloping expanse of sand about Point
C remained, although it was possible to distinguish again the upper and
lower beaches north of groyne X1l and south of groyne Xl.. The high
spring tides gave the waves ampleg opportunity to cut the cliff in the
face of dunes, even further back.

There was a loss of material from the top part of the beach at
Points A and I, and a'gain at Points C and E, From the bottom part of the
beach there was a loss at all Points except Point C, which showed a slight

gaine

9th November, 1960,
WINDSe Winds were predominantly from N.W., and N, with a quarter over
15 knots,
WAVES., Point A: - Hb, 0.5 foot; Plunging
Point B: T, 10 secse; Hb, 0.5 foot; Plunging
Point C: T, 10 secss; Hb, 0.5 foot; Spilling; from 125°
Point D: T, Te5 secse.; Hb, 1 foot; Spilling and Plunging; from 115°
Point E: T, 8¢5 secse; Hb, 1 foot; Spilling

Deep water wave energys 475 fte=lbs per ft. of wave crest per
wave length

Wave steepness: o001l
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TIDESe The range was decreasing from maximum springs on 4th November
to maximum neaps on 12th November. A tidal surge on 5th and 6th November
raised the high waters between 1 foot and 1.5 feet above the predicted
levelse
BEACH CONDITIONS. There was again slight building up of the beachess
At all Points except C there was a clear crest to the beach
although swash bars were to be found only west of Point A and south of
Point I. The conditions at Point C were gimilar to those on 4th November,
although it was again impossible to distinguish upper and lower beaches
north of groyne X1lle. The lower beach at Point E was again featurelesss
There was a gain of material on the top part of the beach at
all Points except Point C where there was a loss, and there was an
overall gain on the bottom part of the beach at all Points except Point

E, where there was a losse

18th November, 1960.
WINDS. Winds were almost entirely from S., and S.W. with about half over
15 knotse
WAVES, Point A: = Hb, 0.5 foot; Plunging
Point B: T, 6.6 secse.; Hb, 1.5 feet; Plunging; from 125°
Point C: T, 6.6 secse; Hb, 0s5 foot; Spilling
Point D: T, 6.6 secs.; Hb, 3 feet; Spilling; from 11Q°

Point Es T, 6.6 secs.; Hb, 1 foot; Plunging
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Point I: T, 3.5 secse.; Hb, 025 foot; Plunging

Deep water wave energy: 447 ft.-lbs per foot of wave crest
per wave length

Wave steepness: 0022
TIDISe The tides were increasing in range from maximum neaps on 12th
November towards maximum springs on20th November.
BEACH CONDITIONS. The preceeding period was again one of building up
of the beaches.

Almost continuous swash bars were built at all Points except
Point C where conditions were almost identical to those existing
previously, on 9th November., The lower beach about Point E had only two
small sand rises around the ends of groynes XX111l and XX1V,.

The top part of the beach gained material at all Points except
Point Ay where a slight gain was counter-balanced by a slight losa.
There was a loss from the bottom part of the beach at Points, A, C, and

E, a slight gain at Point B, and no change at Point I,

23rd November, 1960
WINDS. Winds were varisble and almost all under 15 knots, but with a
predominance from S, and We
WAVES. Point Bs+ T, Te5 secs.; Hb, 2 feet; Spilling; from 120°
Point C: Ty Te5 secse; Hb, 2 feet; Spilling
Point D: T, Te5 secse; Hb, 2 feet; Spilling; from 100°

Point E: T, Te5 secs.; Hb, 2 feet; Plunging
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Deep water wave energy: 3,325 fte-lbs. per ft. of wave crest
per wave length,

Wave steepness: <0042,
TIDES. The tidal range was decreasing from maximum springs on 20th

November towards maximum neaps 27th November,

BEACH CONDITIONS. (It was impossible to survey profiles dne to he2VY Tain)e

The building up of the beach continued, with swash bars around all Points
except Point C where the evenly sloping beach from dunes to lower water
mark continued to exist. There was a broader strip of sand with surface
water towards low water mark than on 18th November, and the upper ang
lower beaches were distinguishable north of groyne X1l, The lower beach

about Point C show®little change,

30th November, 1960,
WINDS. Winds were predominantly from W.,, S.We, and S with under a
third over 15 knotse
WAVES. Point A: - Hb, 1 foot; Plunging
Point B: T, 10 secse; Hb, 1 foot; Spilling
Point C: T, 8,5 secse; Hb, 1 foot; Spilling; from 120°
Point D: T, 10 secse; Hb, 1 foot; Spilling; from 110°
Point Es T, 10 secse; Hb, 1 foot; Spilling

Depp water wave energys 656 ft.-lbs per ft. of wave crest per
wave length

Wave steepness: 0008
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TIDES. The tides were increasing in range from maximum neaps on 27th
November towards maximum springs on 3rd December.
BEACH CONDITIONS. The beaches were further built up in this period,.
Swash bars were built around the Tip, at Point I, and on the
upper beach at Point E, there being no change on the lower beach there.
About Point B, anfeven slope from dunes to low water mark existed as at
Point C, but there was a marked variation in angle of slope as can be
seen on the profiles.
Since 18th November there had been a gain in material at the top
of the bgyeh at all Points, and also on the bottom part of the beach at

Points Ay B and C, but there was loss from Points E and I,

7th December, 1960

WINDS. Winds were predominantly from W., S., and S.W, with 3/5 over

15 knots,

WAVES,. Point A: - Hb, 1 foot; Plunging
Point B: T, 8,5 secse; Hb, 2,5 feet; Spilling; from 115°
Point C: T, 10 secs.; Hb, 3 feet; Spilling; from 110°
Point D: T, 845 secse; Hb, 3.5 feet; Spilling; from 11lo°
Point E: T, 6.6 secse; Hb, 3.5 feet; Spilling; from 80°

Deep water wave energy: 184300 fte=lbs. per ft. of wave crest
per wave length,

Wave steepness: 40144
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TIDES. The range was decreasing from maximum springs on 3rd December
towards maximum neaps on 12th December.
BEACH CONDITIONS. A slow building up process continued.

The form of the beaches was similar to that on 30th November,
but the swash bar around the Tip had been obliterated by the spring
tides, although a crest was markeds At Point I also, the swash bar no
longer existed as a continuous feature and there & smooth, even slope
had taken its place, except about the profile line, where a small swash
bar remained.

There was a loss of material from the top part of the beach at
Points A and B, but a gain at Points C,E, and I. Loss from the lower part
of the beach occurred at Points B, C, and E, there was a gain at Point I,

and loss and gain cancelled each other out at Point A.

17th December, 1960.
WINDSe. Winds were variable, but predominantly from E., and N.E., with

a third over 15 knots.

WAVES®  Point A: - Hb, 0.5 foot; Plunging
" Point Bs - Hb, 0.5 foot; Spilling
Point Cs3 - Hby 045 foot; Plunging

Point D3 Tyde5 secse; Hb, 0.5 foot; Plunging

Point E: - Hb, 0.5 foot; Plunging



Deep water wave energy: 321 ft.-lbs. per ft. of wave crest
per wave length

Wave steepnesss 0086

(Wave energy and steepness calculated from figures from Point D)
TIDES. The range was increasing from maximum neaps on 12th December
towards maximum springs on 20th December,
BEACH CONDITIONS, Again building-up processes predominateds

There had been a period of erosion early in the period and
probably associated with the strong winds from between E. and N. which
blew from 9th to 1lth December. The cliffing of the beach south of
Point C and north of Point E gives evidence for this. After 1llth
December when winds became more variable building-up of the beach recomm=-
enced. A continuous swash bar was built from Point A to north of Point
B, and discontinuous ones were built about Points E and I. The form
of the beach about Point C showed little variation from 7th December apart
from the fact that the top part had been erodedes A smgll feature similar
to those described about Point E on 21lst October had formed south of
groyne X11ll, In this case the tongue of sand and pebbles lay in juxta=-
position with the upper beach which would rapidly absorb it. The lower
beach at Point E was completely featureless,

There was a slight increase in material on the top part of the
profile, at all Points except Points B and I where there was slight loss.

The gain would be associated with mainly quiet weather conditions and
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spring tides, from 7th to 9th December, There was a loss from the

middle part of the beach at all Points except C and I, where there was

a smaligain and no change respectively. The loss represents the effect

of the strong E.to NeEe winds between 9th and 11th December with neap

tidese

A powerful swash to the waves would affect a larger proportion

of the beach than would normally be the case with neap tides. As the

tidal range began to increase after 12th December and light variable

winds blew, build up began again as is shown in the gain of material on

the bottom part of the beach at Points A, C, and E. There was a slight

loss at Points B, and I

22nd December,

WINDS.

and N.E.’ With

WAVES,.

TIDES,.

1960

After 17th December, winds were predominantly from Ne, NeWe,

Point A:
Point B:
Point C:
Point Ds

Point E:

Ty 8o5 secses
Ty Be5 secses
Ty Bab secse;

T’ 895 SeCSe §

Deep water wave energy:
per wave length

Wave steepness: 00073

over half over 15 knots,

Hby 0.5 foot; Plunging

Hb, 1 foot; Spilling; frém 110°
Hb, 3 feet; Spilling; from 120°
Hb, 3 feet; Spilling; from 110°
Hb, 4 feet; Spilling and Plunging;

21,550 fte=1lbs per ft. of wave crest

Tides were decreasing in range from maximum springs on 20th

from 80P
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December towards maximum neaps on 27th December. There was a slight
tidal surge on 20th December when a.m. and p.m. low waters were raised
1 foot above the predicted levels, and a.m. high water 0.5 foot aboves.
BEACH CONDITIONS. Destructive action was of paramount importance on the
beachese

The powerful waves combed material down the beach to give a
smooth and almost even slope from the dune edge to low water mark about
all Points. All the beach features built during the preceeding weeks
were comvletely obliterateds About Point C the edge of the dunes was
further cut back to give a sheer 12 feet high cliff from the top of the
dune crest to the beach.s North of Point E a tongue of sand and pebbles
jutted out from the upper beach at a low angle, as was seen there on
2lst October. The lower beach at Point E remaingdfeatureless except for
a small sand rise at the end of groyne XX1ll.

There was a marked loss of material from the top part of the
beach at all Points, and also a loss from the bottom part of the beach
at Points A, B, and T, there was however a considerable gain at Point

Cy and a small gain at Point HE.

CQUPLETE BEACH SURVEY 2lst December, 1960 (see Figure 2.3)
The powerful waves driven by strong Ne.W., No, and Ne.L, winds
had combed material down the beaches throughout the whole length of the

seaward side of the spite. The upper beach was slightly crested near the
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edge of the dunes in a few places, but generally an even slope existed.
The narrow width of the upper beach between groynes XV1l and XX is
worthy of note. Many small irregulmror crescent-shaped sand rises were
seen on the lower beach about groyne X and between groynes XV and XV11l.
An uncommon formation, consisting of a large sand rise with hollows
containing water scattered irregularly in it, existed between groynes
XV11ll and XX, Elsewhere, however, the lower beach was generally
featureless, and consisted of an even slope of sand with surface waters
On the riverside the upper beach west of the Lighthouse Zone
and the beach north of that were generally featureless. Only a very
small swash bar existed opposite groynes XV1ll and X1X. The long
ridges of sand on the lower beach west of the Lighthouse Zone and those
projecting from opposite the southern end of the Chalk Bank into the

estuarine mud, remained.

1lst Jamuery, 1961 (see Figures 2.1 and 2.2)
WINDSe Winds were predominantly from S., and S.W. under half of which

were over 15 knots,

WAVES. Point A: - Hb, 1 foot; Plunging
Point B: - Hb, 0s5 foot; Spilling
Point CB - Hb, 0.5 foot; Spilling

Point D¢ Ty 5 secse.; Hb, 1 foot; Plunging

Point B: T, 5 secss; Hb, 1 foot; Spilling
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Deep water wave energy: 369 ft.-lbs. per ft. of wave crest per
wave lengthe

Wave steepness: 0047
TIDES. The tides were increasing in range from maximum nesps on 27th
December towards maximum springs on 4th January. On 30th December both
the a.m. high water and the a.m. low water were 2 feet below the predicted
level, This coincided with strong southerly winds.
BEACH CONDITIONS., Building up processes recommenced in this periode

Swash bars developed only around the Tip and in a discontinuous
form about Point E, Elsewhere, apart from about Point I and south of
Point C where an even slope remained, the upper beach had developed a
marked crest again. The general form of the beach about Point C remained
the same with upper and lower sections being inseparable, except north
of groyne X11 and sotith of groyne Xl. The lower beach was exposed about
Point B and low sand rises were a feature of it. The lower beach about
Point E showed a slight change from 22nd December, where the tongue of
sand and pebbles were then, now was only a patch of sand and pebbles with
surface water, the bulk of the material having been absorbed into the
upper beach,

There was a gain of material on the top part of the beach at
all Points, and a loss from the bottom part at Points A, B, and C, but a

gain at Points E and I,
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14th January, 1961,
WINDS, Winds were predominantly from S.y SeWWey Wey N.Wey, and Ne, with
over a third over 15 knots.
WAVES. Point A: - Hb, 075 foot; Plunging

Point B: T, 7.5 secs.; Hb, 1,5 feet; Spilling; from 115°

Point C: T, Te5 secse; Hb, 1 foot; Spilling

Point D: - Hb, 1.5 feet; Spilling

Point EP T, 6 secs.; Hb, 1.5 feet; Spilling

Deep water wave energy: 2,690 ft.—lbs. per ft. of wave crest

per wave length

Wave steepnesss 20073
TIDES, The tidal range was increasing from maximum neaps on 1lth
January towards maximum springs on 19th January. The a.m. high water
and the a.me. low water on 12th January were 1.5 feet and 2 feet below
the predicted level, respectively, This coincided with S. to S.We winds
over 10 knots,.
BEACH CONDITIONS. There was no great change in the form of the beaches
during this fortnight,

There was little evidence of build up in the form of swash bars,
but a crest to the beach existed in patches. Smooth and
relatively even slopes existed from the dunes to low water mark about
Points By, C and I, and immediately about Point E., North of groyne X1l

it was again impossible to distinguish the upper from the lower beach,
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On the lower beach about Point E, a series of elongated sand rises had
been formed,

There was a small gain of material on the top part of the beach
at Points A and C, but a loss at Points E and I and no change at Point
B. There was an overall gain of material on the bottom part at Points A,

B, and I, but loss from Points C, and E.

19th January, 1961,
WINDS. Winds were predominantly from E. and S. with 2/5 over 15 knots,
WAVESs  Points A: = Hb, 1 foot; Plunging
Point B: T, 5.5 secs.j Hb, 2 feet; Spilling; from 120°
Point C: - Hb, 2 feet; 8Spilling
Point D: T, 6.6 secs.; Hb, 3 feet; Spilling; from 100°
Point E: T, 6.6 secs.; Hb, 3 feet; Spilling; from 90°

Deep water wave energy: 8,650 ft.=lbs. per ft. of wave crest
per wave length

Wave steepness: 40099
TIDES, Maximum spring tides occurred on 19th January. Between 17th
and 19th January both high and low waters were up to 2 feet below the
predicted heights. This coincided with S. winds over 10 knotse
BEACH CONDITIONS. 8light building up of the beaches took placee

Swash bars were built east of Point A, and about Points E and
I. Around Point B, from groyne I to groyne V the beach was cut into

however, and also immediately north of groyne X1l, north of Point C.



A smooth evenly sloping beach remained about Point C mainly with little
change from the previous observations. The lower beach at Point E had
again become fegtureless except for a small rise round the end of groyne
XX111,.

There was a gain of material on the top part of the beach at all
Points except Point B where there was a loss, and also a gain on the

bottom parts at Points B, C, and E but loss from Points A and I,

29th January, 1961
WINDS. Winds were predominantly from E. and S. with half over 15 knots,
WAVES. Point A: T, 3.5 secs.; Hb, 3 feet; Plunging

Point B: - Hb, 1 foot; Spilling

Point D: - Hb, 2,5 feet; Spilling

Point E: T, 5 secse; Hb, 2,5 feet; Spilling

Deep water wave energys 6,400 fte=lbs. per ft. of wave crest
per wave length

Wave steepnesss 0L95
TIDES. The tidal range was increasing from maximum neaps on 25th January
towards maximum springs on 4th February, High and low waters on 27th
January and after noon on 26th January were up to 3 feet below predicted
heights. This was again coincident with strong southerly winds.
BEACH CONDITIONS. Building up of the beaches was predominant during this

periode



Series of swash bars were built up around Point A, especially
castwards, and about Point E. The upper ones represented build-up on
the preceding springs, and the lower omes build-up on the neap tides.

A continuous swash bar had formed about Point I. West of Point A, a 3
foot cliff éé%g; evidence of erosion near low water mark, Evidence of
the previou%down—cutting of the beach south of Point B, remained in the
form of a concave slope to the top part of the upper beach. About Point
C the beach continued to retain the samme form as previously. It is
noteworthy that about Point E the upper beach had been extended out to
low water mark southof groyne XX1V as the build up proceeded.

There was a gain of material on the top part of the beach at
all Points except Point A where there was a losse Loss from the bottom

part of the beach occurred a2t Points A, C, and I, and from the middle

gsection at Point E. There was a gain on the bottom part at Points B and Es

4th February, 1961
WINDS., Winds were predominantly from S.W., Wy, and NeW. with half over
15 knotse
WAVES, Point As - b, 2 feet; Plunging
Point B: T, 10 secs.; Hb, 2 feet; Spilling; from 110°
Point C: T, 8,5 secse; Hb, 2 feet; Plunging; from 130°
Point D: Ty 8.5 secse; Hb, 2,5 feet; Plunging

Point E: T, 8,5 secs.; Hb, 2 feet; Plunging; from 80°



Deep water wave energy: 3,585 ft.-1lbs, per ft. of wave crest
per wave length

Wave steepness: 0030
TIDES. Maximum springs occurred on 4th Februarye.

BEACH CONDITIONS. A slow build up of the beach continued during this
period.

The high spring tides had obliterated most of the swash bars
seen on 29th January, except for those highest up the beach about Point
Ey and for a short section south-east of Point A. Elsewhere, except
at Points C and I the beach was generally comvex in profile, with a crest
clearly defineds At Point I a smooth even slope was seen, as existed
again about Point C, although a low bar interrupted the evenness near
low water mark south of groyne X1l. South of groyne X111 where upper and
lower beach were separate features, two sand rises had formmed on the lower
beach, yas was seen on the lower beach about Point L.

A slight loss of material from the top part of the beach
occurred at Points A, B, and I, but there was a gain at Points ¢ and E.
There was a loss from the bottom part of the beach at Points B, C, and

E, but gain at Points A and T.

COMPLETE BEACH SURVEY. 3rd February, 1961 (Figure 2.3)
Most of the beach along the seaward side of the spit showed a
gently rounded upper part with short discontinuous swash bars in places,

but more commonly with only a crest line, Both swash bars and crests were
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high up the beach near the edge of the dunes as they were formed on the
spring tifes. The upper beach remained narrower between groynes XV1l and
%X, than t+o the north and south. A bar was being joined to the lower
part of the upper beach from south of groyne X to groyne X11l, The lower
beach was not exposed south of groyne X11l, but north of that it contained
generally large sand rises.

Almost all the beach on the riverside was of an even slope from
the edge of the dunes seawards, except where a small swash bar had been
built opposite groynes XV11l to XX. The sand ridges on the lower beach
west of the Lighthouse Zone, and those projecting west further north

remained.

13th February, 1961 (see Figures 2,1 and 2.2)
WINDS. Winds were predominantly from S.W. and W. all under 15 knotse.
WAVES., Point A: - Hb, 1.5 feet; Flunging
Point B: T, 8¢5 secse; Hb, 0.5 foot; Spilling; from 120°
Point C: T, 8¢5 secse; Hb, 1 foot; Spilling
Point D: - Hb, 1.5 feet; Spilling and Plunging
Point E: T, 5.5 secse; Hb, 2 feet; Plunging

Deep water wave energy: 24610 ft.-lbs. per ft. of wave crest
per wave length,

Wave steepness: 0090
TIDCS. The tidal range was increasing from mémimum neaps on 10th

February towards maximum springs on 17th February., The a.me high water
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on Tth, end the p.me. high and low waters on 9th February were all 2 feet
above the predicted levels, and coincided with strong westerly and south-
westerly winds.

BEACH CONDITIONS,  The building up of the beaches continueda.

About all Points, including Point C, discontinuous swash bars
were built up, and where they were missing a crest to the beach existeds
Only west of Point A was there evidence of erosion in the form of a 2 to
3 feet high cliff in the beach facing seawards. The lower beach was not
defingble as a separate unit from the upper becach south of groyne ¥X11,
but north of that where the two were separable an exposure of large
pebbles marked the junction. On the lower beach there was a large
sand rise. A series of elongated sand rises existed on the lower beach
about Point E, and north of groyne XX1lls About Point E also large
pebbleswere exposed near the junction of the upper and lower beaches,
indicating that in this part the boulder clay beach platform lay close to
the surface.

There was a gain of material at the top part of the beach at
all Points except Point I where there was a slight loss, and an overall

loss from the bottom part at all Pointse

20th February, 1961

WINDS. Winds were predominantly from S. and S.W. and under L5 knots,
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WAVES. Point A: - Hb, 0¢5 foot; Plunging
Point B: - Hb, 0.5 foot; Spilling
Point C: - Hb, 0.5 foot; Spilling

Point D: T, 646 secse; Hb, 1 foot; Spilling
Point B: T, 4 secse; Hby, 1 foot; Plunging

Deep water wave energy; 321 ft.-lbs per ft. of wave crest per
wave length

Wave steepness: 0086
TID! 'S, The range was decreasing from maximum springs on 17th February,
towards maximum neaps on 24th February.
BEACH CONDITIONS. There were no marked changes on the beaches during
this spell.

Irregularities in the profiles which had existed on 13th February
were smoothed over to give even slopes in most places. Discontinuous
swash bars were seen, however about Points &, I and I. Near the neck
to the Binks which was exposed a series of large hummocks and hollows
had formede The lower beach existed as a separate entity near Point C,
south from near groyne X1, where crescent-shaped sand rises had formed,
and north of groyne X1l where a large sand rise was seen again. Large
pebbles were exposed extensively at the junction of upper and lower beaches,
from groynes X11 to X111, Elongated sand rises existed as on 13th February,
on the lower beach about Point E, north of groyne XX111l.

There was a slight gain on the top part of the beaches at all



Points except Point A, where no overall change occurred and loss from the

bottom part at Points B, C, and I, but gains at Points A and E,

27th February, 1961,
WINDS, Winds were predominantly from E., S.E., and S. with about a
quarter over 15 knotse.
WAVES.  Point A: - Hby 1 foot; Plunging
Point B: T, 4 secse; Hb, 0«5 foot: Plunging
Point C: - Hb,y 1 foot; Spilling
Point D: - b, 1.5 feet; Spilling
Point E: T, 6 secs.; Hb, 1,5 feet; Spilling
Point Is T, 2.5 secse; Hb, 0s5 foot; Spilling

Deep water wave energy; 2,690 fte.-lbs. per ft. of wave
crest per wave length

Wave steepness: L0073
TIDES. The ranse was increasing from maximum neaps on 24th February
towards maximum springs on 4th March.
BEACH CONDITIONS., There was little change again in this period.

On the whole the beaches showed a convex form to the top part
of the profile. Except about Point B and south of Point C itself where
there was an even slope to the beach, discontinuous swash bars or a crest
had been formede On these neap tides little of the lower beach at Points
C and E was exposed. There was little change from what could be seen

at Point C, but about Point E the large sand rises seen on 20th February
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had disappeared and two small ones and a mound of pebbles were all that
broke up the even slope of sand with surface water.

There wag a small gain of material on the top part of the beach
at Pointe A, and B, a loss at Point C and E, and no change at Point I,
At Points A and B on the bottom part of the beach there was a slight gain,
but loss in the middle part; +this was reversed at Point E. There was a

loss from the bottom part at Points C and I,

8th March, 1961,
WINDS. Winds were predominantly from S., S«W.ey, W., NsW., with about a
sixth over 15 knots,
WAVES, Point A: - Hb, 0s25 feet; Plunging
Point B: T, 6 secse; Hb, 1 foot; Spilling, from 120°
Point C: T, 6.6 secse; Hb, 1 foot; Plunging; from 120°
Point D: T, 10 secse; Hb, 1 foot; Spilling
Point B: T, 10 secse.; Hb, 1 foot; FPlunging

Deep water wave energy: 656 fte-1lbs. per ft. of wave crest
per wave length

Weve steepness: 0008
TIDES. Tides were decreasing in range from maximum springs on 4th
March towarde maximum neaps on 12th March.
BEACH CONDITICNSs This was a period of slow building up of the beaches,
Discontinuous swash bars existed south-east of Point A and about Points

Cy E, and I, At most places where they were absent there was a marked
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crest to the beach. At Point C, the top part of the beach had re-
developed a convex form, despite the fact that it was still difficult
to distinguish the upper and lower sections. A number of large sand
rises appeared on the lower beach about Point E,

There was an overall gain of material on the top part of the
beach at all Points except Point I, where a small loss occurred. There
was an oversll gain on the bottom part of the beach at all Points except

Point I, also; there no change occurred.

16th March, 1961
WINDS., Winds were predominantly from W., SsWe, and S., with a quarter
over 15 knots,
WAVES. Point A: T, 2.5 secs.; Hb, 0.5 foot; Plunging
Point B: T, 12 secse.; Hb, 0.5 foot; Spilling
Point C: T, 8,5 secse; Hb, 1 foot; Plunging
Point D: T, 10 secse; Hb, 1 foot; Spilling
Point B: T, 10 secs.; Hb, 2 feet; Plunging

Deep water wave energy: 3,700 ft.-lbs. per fto. of wave crest
per wave length

Wave steepnesss «0019
TIDES. Tides were increasing in range from maximum neaps on 12th
March towards maximum springs on 18th March,
BEACH CONDITIONS. The slow building up of the beaches continued during

this periode
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The spring tides had smoothed over the beaches generally, but
remnants of swash bars remained about Points E and I. Elsewhere about
these Points there was a well defined crest to the beach. About Point
C there was no marked change from conditions on 8th March. The central
section of the beach south of Point C itself was concave in profile,
below the top section which was being built up gradually. North of
Point C there was an even slope to the beach, as was found also about
Points B and I, Where the lower heach was definable as a unit about
Point C, large sand rises had formed on it, The lower beach about Point
E bore similar features.

There was a general gain of material on the top part of the beach
at Points A, B, and E, a slight loss from Point C, and no change at Point
I. There was a slight gain on the bottom parts of the beach at Points
A and B, a small loss from Points C and E, and no change again at Point

I.

COMPLETE BEACH SURVEY. 17th March, 1961. (see Figure 2,3)

The beach had a well-rounded built up form throughout the whole
length of the seaward sidd of the spit,

Swash bars were built in a few places, but almost everywhere the
upper beach was cresteds It still remained narrow between groynes XV11l
and XXe. The low section of beach remained about Point C, and immediately
southwards. On the lower beach sand rises varying enormously in size

were found from one end of spit to the other,
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On the riverside the upper beach west of the Lighthouse Zone and

the beach northwards consisted of an even slope, except once again

opposite groynes XV11ll to XX a swash bar had been built. The long

ridges of sand concave southwards, on the lower beach west of the Light-

house Zone remained, as did the sand ridges projecting west from the

beach near the southern end of the Chalk Bankg

23rd March, 1961 (see Figures 2.1 and 2.2)

WINDS.

Winds were predominantly from W., N.W., and N, of which § were

over 15 knotse

WAVES,

18th March
Point D: T, T.5 secs.; Hb, 5 feet; Plunging

Deep water wave energy: 34,400 ft.-1lbs, per ft. of wave crest
per wave length

Wave steepness: o0134

(Wave energy and steepness calculated from figures from Point D)
19th March

Point As - Hb, 2 feet; Plunging

Point B: T, 10 secse; Hb, 2 feet; Spilling; from 959
Point C: T, 10O seccse; Hb, 3 feet; Spilling; from 110°
Paint D: T, 8.5 secs.; Hb, 6 feet; Plunging; from 100°
Point E: T,10 secse; Hb, 5 feet; Spilling; from T0°

Deep water wave energy: 41,900 ft.~lbs. per ft. of wave
crest per wave length



TIDES,

March towards maximum neaps on 26th March,

Wave steepness: 0063

22nd March

Point A:
Point B:
Point C:
Point D:
Point E:

Point I:

Ty 10 secse;

Ty Beb secsej

T, 10 secse;

Ty 10 secse;

Ty 2 secse;

Deep water wave energy:

crest per wave length

Wave steepness:

25rd March

Point A:
Point B:
Point C:
Point D3

Point Hs

« 0045

Ty 10 secse;

T, 10
T, 10

Ty 10

Deep water wave
per wave length

Wave steepness:

Secse;

energy:

« 0031
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Hb,
Hb,
ib,
Hb,
Hb,

Hb,

0.5 foot;
2 feet;
3 feet;
4 feets
4 feet;

0.5 foot;

Plunging

Spillings
Plunging;
Spilling;
Plunging;

Spilling

from 110°
from 120°
from 90°
from 8590

21,700 fte-1lbs., per ft. of wave

Hb,
Ib,
Hb,
Hb,

b,

10,500 fte-1lbs. per ft. of wave crest

1 foot;
35 feet;
2 feet;
3 feet;

3 feet;

Plungings
Plunging;
Plunging;

Plunging;

Plunging and Spilling

from 120°
from 120d
from 110°

from 90°

Tides were decreasing in range from maximum springs on 18th

Two storm surges occurred
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coinciding with strong north to north-west winds. The first, a relatively
minor one, occurred on 18th March, when the p.m. low and high waters were
2 feet and 1foot respectively above the predicted levels, The second, and
major surge occurred on the p.m. high water on ?Shuarch, which was 3.5
feet zbove the preaiction, and the a.m. low water on the following dey
which was 3 feet above the prediction,

BEACH CONDITIONS. The powerful waves coupled with a storm surge at the
time of spring tides on 19th March affected the whole beach from the dunes
downwards and generally smoothed over the irregularities in the profiles
to give even slopes everywhere. Sand rises on the lower beach about
Points B, C and E were the only features on the beach, to break this
evennesss,

The profiles surveyed on 19th March showed that there had been an
overall loss of material from the top part of the beach at Points A, B
and I; thie was coupled with a gain on the bottom parts at Points A and
I, but loss at Point Be The profiles at Points C and I showed that
material was added near the dunes, removed below that, and more was added
on the bottom part of the beach,

The beaches h=d been further =goathed over and eroded by the
powerful waves associated with the major storm surge on 20th and 2lst
March but by the time observations were made on 22nd March there were
signs of material being returned up the beach. The beach was crested

asain east of Point A, and about Point C, and a swash bar was being built
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north of Point &, between groynes XX1V and XXV, Elsewhere however there
was little change from 18th March,

The profiles surveyed on the 22nd lMarch, showed that there had
been a general loss of material from the top part of the beach at all
Points except I, where there was no change. There was loss from the
bottom part of the beach also at all Points but a slight gain in the
middle at Points A, B, and Ce

6n 23rd March, the profiles surveyed showed that building up

processes were under way again. laterial was added to the top part of

- - - -

the beach at 211 Points and was added to the hottom nart also excent at

Point E where there was a slight losse.

29th March, 1961

WINDS. Winds were predominantly from W., and NaW., with about a third

over 15 knotse

WAVES Point A: - Hb, 2 féet; Plunging
Point B: T, 12 secs.; Hb, 3 feet; Spilling; from 1100
Point C: T, 12 secse; Hb, 3 feet; Plunging: from 110°
Point D: T, 12 secsey Hb, 3 feet; Plunging; from 1100
Point E: T, 12 secse; Hb,4feet; Plunging; from 850

Deep water wave energy: 26,000 ft.-lbs. per ft. of wave
crest per wave length

Wave steepnecs: ,0029
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TIDES. Tides were increasing in range from maximum heaps on 26th March
towards maximum springs on 2nd April. Another storm surge, associated
with strong north-westerly winds, occurred on the 26th and 27th llarch
when high waters were up to 2 feet, and low waters up to 3 feet above
the predicted levels,

BEACH CONDITIONS. The powerful waves which were still breaking on the
beaches continued to have a generally smoothening effect although there
were patchy signs of build up, as were seen on 23rd lMarch,

Two small swash bars had been built near the Tip, and the beach
north of Point C, between groynes X1l, and X111l was crested. Elsewhere
the profiles generally showed a smooth, even slope.

A small amount of material was added to the top part of the beach
at all Points, except Point I where there was a slight loss. At Pbints
A and B there was loss from the middle part, but a gain on the bottom
parte There was a slight loss from the bottom part at Point C, but no

overall change at Points E and I.

5th April, 1961
WINDS. Winds were variable, but predominantly W., with a third over
15 knotse
WAVES, Point A: - Hby 1 foot; Plunging
Point B: T, 6 secse} Hb, 1 foot; Spilling; from 1250

Point C: Ty TeH secses Hb, 1 foots Plunging
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Point Dz T, To5 secse; Hb, 2 feet; Spilling and Plunging
Point E: T, Te5 secse; Hb, 2 feet; Plunging

Deep water wave energy: 3,325 fte=lbs per ft. of wave crest
per wave length

Wave steepness: o0042
TIDES, The range was decreasing from maximum springs on 2nd April
towards maximum neaps on loth April,.
BEACH CONDITIONS. Under the conditions of lighter variable winds,
producing less powerful waves, build up of the beaches was marked.

Swash bars had developed only around Point A, and south of
Point I, but about other Points the beach was clearly crestedes The
beach about C, whilst having a convex upper profile, still showed an
even slope below tiat, where upper and lower beach formed an inseparable
unite A large sand rise persisted on the lower beach north of groyne
X11l, and a small one south of groyne X11l. Medium and large pebbles
were exposed from groynes X1l to X1ll at the junction of upper and lower
beaches. The lower beach about Point E, was featureless except for a
small sand rise at the end of groyne XX1ll.

There was a marked gain on the top part of the beach at all
Points, and a loss from the bottom part at Points A, B, and E, but a

gain at Points C and I,
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CHAPTER 3

Short Term Beach Changes

The changes observed on the beaches between April 1960 and April
1961, and described in Chapter 2, will be divided into short term and
long term for further consideration and analysise The short term changes
are those which are apparent week by week, and this chapter will be con=
cerned with them, It will be divided into two sections; in the first, the
causal factors of winds, waves and tides will be considered; and in the
second the changing beach morphology will be related to condusions drawn
from the first section. In Appendix 1, the relative value of the different

methods of analysis used, is discussed.

Section 1. Causal Factors

a) Winds

King 1+ found s close correlation between wind direction and sand
movement at Marsden Bay; with an offshore wind accretion took place on
the top part of the beach and erosion on the bottom part, The reverse
applied with an onshore windes As the beach was composed almost purely
of sand with a median particle size of 0.37 mmse. at the north end of the
bay, and 0.35 mms, at the south end, whereas on the upper beach at Spurn.
there is a mixture of sand and shingle, and sand alome only on the lower
beach, certain differences might be expecteds

Table 3s1le was drawn up to correlate the loss and gain of

material on both the top and bottom parts of the beach with the predom=
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TABLE 3.1

loss and Gain of Material on the Top and Bottom Parts of the Beach in
Relation to Wind Direction

Point A ! 1

Top part + 222 | 3 3 4 11| 4 |2 1
Top part = 2 i E p) 2 1 1
Bottompart+{;2%2“1 | ;1 1 314 1|5 | 2
Bottom part - 2 g 1l % 5 § 311 (11 f 2 1
Top part + % 1 1 5 1 2 315 122 |2

Top part - | 1 2 |1 % ! 2 1 i 2

Bottom part +! 1 1 g 3 | 2 1] 2 |1

Bottom part = 1 E 2 | 11 |2

S B S S | - SN N SN IS A A

To p part + 2 |2 2 4 15 |14 |1

Top part - 3 1|2 2 13 1|1

Bottom part +| 2 | 1|2 13 304 2
Bottom part - 2 |2 | 1 1|2 2|1 2 |2
Point E * I :

moppart + |1 |1 |1 |2 1| L7015 /1)41

Top part = 4 11 E 1 | 12 i : | 1

Bottom part +| 3 2 1| 13 }3"1i 2

Botton part = 1 |2 | | 2 23 1] 42
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N NE B SE S Sw w Nw

Point I |
Top part + i3‘1?1? | 1 |3 2 '3 | 1]
Wopgeh = | | | ]11 12 T R P R
Botbompart + 3 |1 |1 |1 | |1 |2 | 102 |4 |11
Bottompart—‘11'1!1 1 4 302 1 2

Figures refer to number of periods between consecutive observations from
April 1960 to April 1961.

ie. the number of approximately weekly intervals between +the
dotes when  observations were made, when winds blew
redominantly  from Ethe directions indicated at the top of

the columns.
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inant wind direction immediately prior to the measurements being taken.
All this shows clearly is that there is a marked gain of material on
the top part of the beach all round the spit when the winds are from between
south and north-west, Table 3,I1. which shows the loss and gain of material
on the whole beach in relation to wind direction emphasizes the total gain
when winds are from between south and north-west, but no dher general con-
clusions can be drawn from it,

In the compilation of Table 3,111, winds were divided into two groups,
onshore and offshores The directions included in each group varied from
the seaward side of the spit to the Tip and to the riverside, and are given
on the right hand side of the tables When the figures for all the Points
are congsidered together it can be seen that the gain of material at the top
of the beach is predominant with offshore windse Loss and gain are relative-
ly evenly balanced at the top part with onshore winds and at the bottom part
with both onshore and offshore winds. When only the Points on the seaward
side are considered there is a hint of a similar picture emerging to that
which King found at Marsden Bay., With offshore winds there is a gain of

material at the top part of the beach, but loss from the bottom part, with

the reverse occurine when onshore winds have nreaominnﬁted for a few AaySe
Again, the clearest fact to emerge is that the gain of material on the top
part is very marked with offshore winds.

In Table 3.IV when loss and gain of material from the whole beach

is related to onshore and offshaére winds, and all Points are considered
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TABLE 3.11

Loss and Gain of Material on the Whole of the Beach in Relation to Wind

Direction

N NE E SE 5 sWwowW w
Point A ; l I f ; 1 !
Total Gein |3 |1 |1 [ 11 | & E 5 |35 |12
Total Toss |2 | N 3 | é'z ? 3 % 1] |2
Point B | | . |
Total Gain i : 12| 1|2 | j1}1 | i 12 i 111
Total Loss | 1 2| | |11 3 1| |1 } 2
Point ¢ o Amkamiﬁ‘["ﬂ | e
Total Gain 1 ; 1 | 2 1|6 |4 |2 % 2 {113
Total Toss | 2 | 1 En 12 EERERENE: 4
Total Gain 1 2 | 2 ERar: Ez i 5 |2 |2
Total Loss | 4 |2 |1 1 2 | 2 302 |1]1]3
— . }- S SN RSN A
Point I | ! % : [
Total Gain |3 |1 |1 2|1 3 |4 | 3
Total Loss E 1111 ; * 4 | i3 i3 2 14

Figures refer to number of periods between consecutive observations from

April 1960 to April 1961,
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TABLE 35.III

Loss and Gain of Material on the Top and Bottom Parts of the Beach in
Relation to Onshore and Offshore Winds

Onshore Winds Offshore Winds

TOp: Bottom , Top Bot{;om i

+f..‘+ ..%+:- +:;
Point A 1017 s 5‘15' 13 | a{ 5Avwi6‘_—w%”§(0nshore SeEe £0 WemNoW)
Point B 5 6 5|1 |17 4| 6| 9 (Onshore Ne to Seks)
Point C 6 11 9| 8 |16 % 6| 12| 8 (Onshore N. to S.E.)
Point E 9 ; 9 ? 10 | 5 E 23 g 31 8 ! 15 | (Onshore No to SeEa)
Point I 6 i 4 8 | 6 j 10 g 71 ? 13 | (Onshore S.W. to NeW.)

{ | | ! |

All Points | 43 i 35 41|33 4| 25| 41 50
Points B,C,Be| 20 | 26 | 24 | 14 | 56 13 | 26 32

Figures refer to number of periods between consecutive observations from

April 1960 to April 1961,
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TABLE 3,1V

Met Loss and Gain of Material on the whole of the Beach in Relation to Onshore
and Offshore Winds

l

24 | 51

Points B,Cy Eo | 13 |

\

Onshore Off shore
Winds Winds
1{ + ” & = 1
I | I N TR
Point A 18 9 10 4
| { | |
Point B -4 ‘ 5 | 13 | 8
. _ | ]
Point C 401 19 13|
Point E 5 12 19 12 |
i ! ‘ 5 ‘
Point I 10 | 10 12 12 i
| ! ? ;
All Points AL 43T ' 49 J
{ |
| I

Figures refer to number of periods between consecutive observations from

April 1960 to April 1961
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togeti er, the marked gain of material when offshore winds blow is again
immediately apparent. Gain and loss are almost equal with onshore windse
When only Points B, C, and E are considered it may bq/¥;:1 loss is assoc=
iated with onshore winds and gain with offshore,

Eight beach surveys each made after the wind had blown predominantly
from either north, east, wouth or west will be examined next, Of the two
surveys relating to each wind direction, one followed light winds, and
one strong windse
North "indg

4th May, 1960, After 25th April winde had been predominantly north
and north-east, under 15 krotse The fomr of the beach became more built
up. Naterial was added to the top of the beach generally, srnd removed from
the bottom mrt, on the seaward side,but acded et the Vip enc on the river-
gldes

20th June, 1960, After £3rd Jure winde were predemirently noxth with
over half cver 15 knots. L stomm surge on 28th - 29th June wee eccompsnied
by nowerful waveg, . The previcusly built-up form of the b;ach wee broken
down end meterial was remcved from all parts of tne profile on the sea-
ward side and at the Tip with a maximum loss near the middle of the profile;
only on the riverside was there a gain,

BEast Winds
11th = l;ﬁﬁay, 1960. After 4th May winds were predominantly light,

from east and south-east, until the 1lth May when they became stronger.
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There was a partial break down of the built up form, with marked erosion
east of the Tip. MNaterial was lost from the seaward and riversides with
gain occuring only on the bottom part of the beach at Point C,

29th January, 1961: From 21lst to 26th January winds were east and
on 27th to 28th January were south,s Only sabout half from each direction
were over 15 knots. Building up of the beaches predominated and the fact
that swash bars existed high up the beach and lower down indicated that
build up occurred on the spring tides, early in the period with east
winds, but continued on the neap tides later with south winds. Generally,
material was added to the top part of the beach, but removed from the
bottom, only at the Tip was there removal from the top and bottom,
South Winds

18th November, 1960, After 9th November the winds were almost solely
from south and south-west, and mainly south, About half were over 15 knots
The beaches were built up with material being added at the top and removed
from the bottom, generally.

20th February, 1961. After 13th February the winds were predomine-
antly south and south-west, and under 15 knots, Little change in the form
of the beaches took place, but generally a slight gain at the top part was
counterbalanced by a loss from the bottom parte.
Wegt Winds

15th June, 1960. After 10th June winds were west with only a third
over 15 knots. Building up of the beaches was predominant and there was a

cgain on the top and bottom parts almost everywhere.
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29th March, 1961, After 23rd March winds were mainly from west and
north-west with a third over 15 knots. On 26th and 27th liarch however strong
north-west winds produced a storm surge coupled with powerful waves. Slight
build up occurred but the powerful waves gave many parts of the beach an
even slopes There was a small gain of material at the top part of the
beach at all places except on the riverside, and a general loss on the
bottom part everywhere., The small gain on the top part of the beaches
resulted from the westerly winds which blew before the maximum neap tides
occurred on 26th March, and the main effect of the north-westerly winds
appears to have been the lowering of the middle and bottom parts.

To summarize the information gleaned from considering conditions
after the wind . had been mainly from a specific direction: the beaches
were built up in form end material was added to the top part of the beach,
and removed from the bottom, except when strong winds blew from between
north-west, north-east, and south-east, The greatest break down in form
occurred with strong winds from a northerly quarter.

Because the break down of beach form occurs rapidly, whereas the build
up is a slow, gradual processy Tables 3.ley 3¢Iley 3.III., and 3., which
took into account the number of occasions when loss and gain occurred, did
not yield the information about loss as well as about gain of material.
They also took only wind direction into accout and not wind speeds The
analysis which followed a consideration of the tables gave more information

about the break down, then the build up of the beach,
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By combining the two analyses a clear picture of the relationship
between beach change and wind conditions bezins to emerge.
b) Waves *

Figure 1.1, shows that the longest fetch, over 1500 miles, lies
between bearings of 350° and 010° from Spurn Heads When a strong wind has been
blowing over thig fetch for some hours it is possible that the largest
possible waves which can affect Spurn Head will be generated. Derbyshire2
considers that a fetch of 100 nautical miles is all that is needed to
generate a full sea for a wide range of wind speeds, while Newmann? and

4

Bretschneider™ require increasing fetches and durations for increasing wind
speed. Newnann and Bretschneider's forecasts agree with observations in
severe storm conditions whereas Darbyshire's results are usually too low
for high winds of long duration. Observations show that on Lake Superior
vhere the fetch varies “etween 100 and 250 nautical miles waves of a
height over 20 feet are not produced whereas in the open Atlantic over
long fetches waves of 60 feet high are developed, which would support
Newmann and Bretschneider's theories,

Table 5.V relating the energy content and steepness of waves to

wind direction and speed shows that the most powerful waves, all those

over 20,000 foot-pounds per foot of wave crest per wave length were

Footnote  * The wave conditions which are discussed, are those which
directly affect the seaward side of the spit. If the riverside is affected

by them it is only indirectly.
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TABLE

oV

Enercy Content and Steepness of Waves in Relation to 7Wind Direction and Speed

y - i T _— —
q | | Tind Dire [ | Wind Dir-
| Weve | Vave | ection and ! ection and |
Date I Inergy |Steepness| Speed in | Wave Wave Speed in
| ‘ Knots Date lEnergy Steepness | Knote
4.5.60 i 5,585 ! omso | SeWe10 7o9o60 447 i .0030 S','No.WolO {
13.5.60 | 8,650 | L0090 | Ee20 12149460 46,300 00038 | NeW,Ne25
i i | i {
19.5.60 | 14,050 | ,0289 i N.,N.E.20| 27,9.60 | 9,580 | ,0049 | E.10
: f | |
2545660 | 8,760 | 0068 | N.W.l5 7,10.60 | 475 | .OOLL | E,N.E.10
! ; | 1
5065060 | 2,600 | L0073 | N,N.E.1l0 |12,10.6Q 100,500 .0097 | N,N.W,25
| ’ ‘
' 1 \
10.6,60 | 369 | .004T W15 21.10.60 8,760 0068 E,S.E.20
% ‘ . light,var,
15.6,60 447 ! .0030 | & calm |26,10,60 8,760 J0068 | S.E,15
|
23,6460 6,400 .0195 SeEeEel5 |4,11,60 | 2,790 . 0056 $420
29,6460 21,700/ 0045 | NoW,Ne25 39.11.60 473 20011 | o5
74760 8,760 0068 | .20 i18.11.60 447 20022 | S;W.10
1447460 369 « 0047 8.15 23411060 3,325 <0042 | W5S.10
20,7460 2,690 |  .0073 NyNeFel5 [30,11,69 656 «0008 SySeWe15
347660 1,536 | .0279 | 8,8.Wel0 [7,12,60 | 18,300 .0144 | E.10
1 |
548460 8,760 |  .0068 | W,5.%.10 |17,12,60 - g 54,10
| light var, E
10.8460 - |- & calme [22,12,60 21,550 | L0073 | N,Wel5
18.8.60 | 2,690 | 40073 | var.10 (11,61 | 369 | L0047 | S..10
! I ! i ' . |
{27.8.60 - | = | Sellel0 1401061 | 2,690 | L0073 | N,10
3.9.60 3,700 | <0019 | S.,7.10 [19.1,61 | 8,650 20099 | 8420
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} - Wind Dir- | Wind Dir-
| ection and ection and

Tave Wave | Speed in | Wave |  Wave Speed in
Dete Energy Steepness | Knots | Date |Energy | Steepness = Knots
20e1061 | 6,400 L0195 | SJHe20  (18,3.61 = - | W.20
402,61 | 3,585 L0030 | S.W,¥.20 19.3.61 41,900 (0063 | NeW,Ne20
| | |
134261 2,610/  +0090 | S.W.15 !22.3 61 21,700 L0045 | W.W,Ne15
tzo.z 61 321 L0086 | S.7.10  [23.3.61) 10,500 0031 | W10

[ |

12742461 2,690 0073 | S.W5 12943, 61, 26,000 «0029 | WaW,W.20
§ | | | light vare light var.
83,61 | 656 0008 | & calm  |5e4sbl | | 3,325 L0042 | & calm
{ | 1,.3""" ""‘I‘n
15,3.51 m_iﬁm_,_‘a,vocﬂ 009 | Boalm | | | )

For details of calculation of wave

energy and wave steepness see Chapter 2 page 2.

Wind direction and speed given for approximately 24 hours before wave observations

mades
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associated with winds of not less than 15 knots blowing from between north-
west and north, over the longest fetch.

Appendix 2 listing all the wave information collected shows that the
waves associsted with north to north-west winds over 15 knots in addition
to having the highest energy content of any reaching Spurn were also the
longest. All were between 8,5 and 12 seconds in period, although 10 seconds
was the most common, King1 found both experimentally and in direct beach
observation#at Marsden Bay that as wave period, which is related to length,
increases, the beach gradient becomes flatter. With increasing wave length,
provided that the percolation volume is constant,the proportion of backwash
to swash increases, and hence the flattening effect.

Rector? and Meyers6

have shown experimentally that for any given
sand size the beach gradient decreases as wave steepness, (deep water wave-
height/deep water wave length) increases. On natural sand and shingle

1 and 7 refers to this

beaches this relationship has been observed. King
al Marsden Bay and Chesil Beach, As with an increase in wave length, the
change is due to the increased proportion of backwash to swash, provided
the percolation volume is constant. At Spurn Head, see Table 3.V. wave

steepness is greatest with onshore winds, that is winde from between north

and south-east, than with offshore winds, as is shown belows

Onshore Winds Offshore Winds
Maximum steepness 0289 Maximum steepness 0279

Minimum steepness 0011 Minimum steepness 0008

Average steepness .0089 Average steepness  o0063
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Waves associated with winds from north and north-west are not the
steepest; they vary between 0029 and .0097.

Wave orthogonal diagrams (FigsSe 3el, 342y 3¢3, 304) have been con-
structed according to the "crestless" method, details of which are given
in the U.S. Hydrographic Office Publication Noe 605.8 The method which
requires the insertion of wave crests before orthogonals can be constructed
has been found by Pierson9 to lead to serious cumulative errors which
develop as the waves are traced progressively inshore. He recommends that
the "“crestless" or "orthogonal" method be used exclusively in all future
wave refraction studies. In this latter method it is possible to con=
gtruct the orthogonals without previously inserting wave crest positionse
The wave orthogonal diagrams were constructed for 10, 8, and 6 second
period waves from north and north-north-east, 8 and 6 second period waves
from east-north-east and 6 second period waves from north-east, east, and
east-south-easte 10, 8 and 6 second periods were selected for waves
between north and north-east as the observational records showed that
most periods were between 10 and 6 seconds, The position and form of the
Dogger Bank causes 10 and 8 second period waves from north-east to be so
refracted that orthogonals constructed from the north-east of the Horth Sea
miss Spurn Head completely, It is unlikely that waves of a period longer
than 8 seconds could develop from east-north-cast, and greater than 6
seconds from east-south-east, It is impossible to construct orthogonal

diagrams for highexjperiods owing to the fact that the southern part of the
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North See is so shallow that such waves would be refracted even whilst
developing, Pierson6 acknowledges the fact that when refraction is such
that wave crests cross, inaccuracies emerge when the refraction diagrams
are constructed according to the crestless method. The diagram for Spurn
Head for waves from east-south-east is likely to be unreliable as the
orthogonals and therefore the wave crests crossa

These diagrams show that tﬁ::;ear;§ waves ccme from north and the
longer is their period, the more they are refracteds Waves from a northerly
direction which break on the shore of the south part of the spit suffer
considerably more refraction and therefore lose more energy than those
which break on the northern part. Waves from the east suffer only slight
refraction.

Table 3.,VI. shows the relationship between wind direction and strength
and the angle of wave approach, which is the angle between the shore and
the wave crest immediately before the wave breaks. In the case of waves
produced by winds from between north-west &nd north-east the angle of
approach may be up to 40° southwards; the average is 15,60, With waves
associated with winds from all other directions the angle of approach is
rarely greater than 200 southwards, and the average is only 4.28°, In the
case of waves with an energy content of over 20,000 foot-pounds 'per foot
of wave crest per wave length which were all associated with winds of at
least 15 knots blowing from between north-west and north, the average angle

of approach at allPoints was 18,3° southwards. The angle of wave approach
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TABLE 3,VI

The Relationship Between Wind Direction and Speed and Angle of Wave Approach

-

{ Wind Dir- ] * A.ngle of Wave Wind Dir- » A_ng]_e of wave
| ection and | Approach® ection and Approach®
| Speed in | ity Speed in | —
Date !mmS PtoB| PteC| PteD [Pto.E | Date Knots PhBRJﬁn%MJ
| | 18,8060 | var,10 o [0 o o
1304.60 ‘[ Sch 20 - el : 40 N - . E
| ? 2T¢8s60 | S.Ee10 10NO0 [0 |O
1844060 | N,N.E.10 - - 30 - ‘ ;
f ! 349060 | SJW,W,10 |10 10 {0 |0
2504060 | NyNoWelO0 |[= |[= |20 | = | ;
Te9+460 |S,NW.l0 (O (15 |0 |0
4¢560 | SaWelO - (0 |0 0 ? ; |
{ 2169460 | NoW,Ne25 | 20 |20 [20 |10
1155060 E.2O ' Ll 15 O O l
| 2749460 | E.10 30 20 15 |10
18,5460 | N,NoEe20 |[= |0 |25 |5 |
Te10.60 | E,N.Es10 |0 20 [10 |10
12.10.60 | N,NeWe25 |30 130 |0 |30
30.5.60 | N,NoE,10 |- |10. [30 |10 , \
1 21,10.60 | E4SeEe20 | 25 [20 |0 |0
1046460 | Wo15 - |0 |0 0 I ‘
light,var. 1 ; 26,1060 | S4E¢15 L0 0 0 5
15.6.60 | & calm - 0 o o0 »
; | | 4411460 | S.20 o |0 (o |o
23,6460 | SeE4Eel5 |- |0 |5 |0
1 | 9011,60 | 8¢5 0 5 5 0 ;
29,6460 | N,¥,N.25 |~ {20 |10 | 40
| | 18,11,60 | 5,10 (5 |0 |10 |0 |
T.Te60 | Wa20 o o0 |10 |o | ;
{ 23,11,60 | W,S.10 100 |0 |20 |0
1447460 | S415 0 |20 |10 } o |
, : ! | 30011460 | S,8¢Wel5 | O [10 |10 |O
2007460 | NyNoEel5 [0s [0 |35 | O | |
; l 7.12,60 | E+10 15 {20 [10 |10
317460 | 5,S.4W.10 |0 |0 |0 0 |
| ; 17.12.60 | 5.%.10 o (o |o o
5.8.60 W,SoWolo i 20 B 515 5 ’ !
light,var, | g | 92,12460 | WoWe15 20 {10 (10 |10
108,60 | & calm 0 o 0. |0 i i | % !
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Table 3.VI continued

"Wind Dir- | * Angle of Wave ‘ Wind Dir- |+ Angle of Wave
' ection and | Approacho | - ection and | Avproach®
' Speed in — - | Speed In e S
Date Knots PteB PtoC Pt.D/Pt.E Date | Knots | PtuB| PtaC PtoD Pt.E
1 ‘ ‘ ‘ light.var. |
1.1.61  S.W.10 0 ‘0 0 |0 ! 8361 |&calme 10 !10 (0 |0
i { ‘ i light.var. | i
14.1.61 ' N.10 15 0 |0 O | 1663061 |& calme O |0 O |0
19.1.61 | S.20 10 D |20 |0 | 18.3.61 | W.20 0o 0o o |o
29.1,61 | Soe20 ‘0o 0 0 0 | 1963.61 | NeW,N.20 |35 |20 |20 |20
402,61 | SW,T.20 20 |0 0 | 10 | 22.3.61 |N.,N.15 20 10 30 |5
i » ; ‘, ‘ - | :
13.2.61 | S.W.15 e |0 |0 |0 | 23.3.61 | W10 10 10 10 0
| j ! 1 f | ‘ |
20,2,61 | 3,W.10 0 |0 |0 | D | 29.3.61 | N.W,W20 20 120 (10 |5
‘ L = I l light.var. | !
2742461 | 8415 0 |0 0 |0 |5:4e61 |&calme (5 O |0 |0

| i
S R TS S I S atan—— e

Var. = variable

Wind direction and speed given for approximstely 24 hours before wave observations
madea

* All the angles open to the south unless otherwise marked,
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is significant to the rate of littoral drift which will be considered in
more detail in Chapter 4.

The type of breaker which was recorded in each set of wave observa-
tions was not found to be significent in the gain or loss of material from
the beaches, It is generally accepted that the relationship which Lewislo
suggested between spilling breskers and constructive action, and plunging
breakers and destructive action is over simplified, and that wave steepness,
and wave length which affects steepness, are of greater s ignificence.

c) Iides

Table 3.,VII relates all the occasions when the tides were either above
or below the predicted heights, according to the Admiralty Tide Tables,
for a period of not less than one tidal cycle, (i.ee from one low water %o
e following low water, or from one high water until ‘he fcllowing high
vater) to wind direction end speed. I+ is olvicus thel vinde frow between
north-wegt and north-2ast ovar 15 knots zenerally are associated with a rise
in tidal 1-vcl and that winds from between snmth and west of a similar gpeed
are associated with a depression of level.

Much research has been carried out on stomm surges, which result in a
rise in gea ' level due to meteorological conditions, in the North Sea.
Rossiter 1t & 12 has analysed the most recent severe one, which occurred
on 31st January and lst February 1953, It is known that meteorological
conditions affect sea level in two ways. First, when atmospheric pressure

falls, sea level rises, and vice versa; approximately a one inch change of
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TABLE 3,VII
TIDAL _ DISTURBANCES

| Tidal ( ' |

; | Rise ‘ {

| . above | | | Tidal

. Wind Direction ' predicted Wind Direction ! depression

. and Speed in | level, | . and Speed in | below predicted
Date | Knots | in feet Date . Knots | level, in feet
245,60 | WaW. 15-20 | 1-1.5 |12.4.60 | S.Wa,W. 15-25 | 1
28-29,6.60 | Nole,Ne 20-28 | 1.5 1449460 S. 15-24 | 1-1.5

| | | | |
2009.60 | Na,N.W. 20-30 | 1 2,11.60 | S.,8.We 20-30 | 1o5=245

» ‘ i | i
10-15,10,60 N, 20-28 | 1-2,5 30.12,60  W. 15-22 | 2
5-6411060 | We,Nale 10-20 | 1-1s5 12,1661 | SoWe 10-17 | 1.5-2
20,1260  NoWe,Ne,NoE 20-30 | 0o5-1 (17-19,1.61 | Sa 10-24 | 1-2
18-19.3.61 | NoW.,No  18-24 | 1-2  26-27.1.61 | S. 15-30 | 1e5=3

|
s i
| |
| |
\

{
|

20—2103061 : No.".ro,qu 20"'29 ! 3“3‘5

26-2793061 W. ’N.‘)‘.lf. ,N. 15"'21 2-3

Wind direction and speed given for approximstely 24 hours before wave observations
madee

All tidal disturbances noted lasted for not less than 1 tidal cycle (about 13 hours)
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pressure produces a one foot change of sea level. Second, wind blowing
over water exerts a tractive force which causes the water to be pulled
along in the direction of the wind. This effect is most noticeable in an
almost closed sea. For example, in the Baltic Sea when strong westerly
winds blow the level of the sea rises in the eastern part of the basin,
but falls in the west; and vice versa. In the North Sea, whilst there
is wide 20C2%Sbetween the North Atlantic and the northern part there are
only the narrow &raits of Dover to the south, and this basic configur-
ation is important in the consideration of storm surges. The geostropic
force, caused by the rotation of the earth results in the wind-driven water
in the North Sea being deflected to the right. Whilst the effect of a
change in atmospheric pressure is felt almost immediately in the sea, a
wind produced change takes time to become effective and is not a steady
but an oscillating change. The time lag and amount of oscillation depends
on the dimensions of the sea and because of their importance the ngme
"stom surge" has been given to a disturbance of sea level due to these
combined causese

Within the North Sea there are two types of stomm surge, an internal
one directly due to the variations of level within the North Sea, and
an external one which has its origin outside the North Sea and appears to

be generated when a deep depression crosses the Wyville Thomson Ridge.l3
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The meteorological conditions accompanying storm surges usually
follow a distinct pattern, A deep depression develops west of Scotland
and subsequently moves quickly eastwards across the northern part of the
North Sea and thence into the Baltic regions When such a depression lies
over southern Scandinavia strong north to north-west winds blow over the
North Sea. A surge, of either type associated with such a depression
moves southwards along the east coast of England and northwards along the
continental coast. The Straits of Dover are so narrow and shallow as
to act only as a small safety valve which slightly reduces the height of
the surgeg before it swings northwards.

Table 3,VIII gives details of the meteorological conditions associated
with the storm surges and depressions of predicted tidal levels, during
the year of detailed observations. Whenever a storm surge occurred, a
depression was centred over gouthern Scandinavia, with only one exception,
on 26th to 27th March, 1961, when a deep depression lay further north,
Mogt of the depressions had moved from near Iceland, although on two
occasions they had developed in ®itu, along the line of a front, and on
another two occasions the depressions had approached from west of the
British Isles, The depression of tidal levels was not associated with so
definite a meteorological pattern, kndeed any distribution of fromts and
ttroughs associated with depressiongto the north of England, which caused
a steep pressure gradient northwards or north-eastwards produced this

effects
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TABLE 3,VIII

STORM SURGES, AND METEQROLOGICAL CONDITIONS
DATE OF SURGE. METZOROLOGICAT, CONDITIONS

2445460 Depression which had passed between N.Scotland and Iceland

was centred between N.Scotland and W.quway. 992 mbs,

°

28=29,6,60 Depression developed over Denmark and’ Sweden. 992 mbse
moving
2049460 Depression nearing from Iceland to N.Germanye. 1004 mbse

10-13.10.60 Depression which had approached from S.W. of British Isles
moved from S,North Sea to Demmark and S.Sweden, 992 mbs,
5=6011.60 Depression which had passed between N.Scotland and Iceland
moved N.Eo from Denmark over Sweden., 984 mbs,
20612.60 Two depressions developed over S.North Sea and Denmark. 992 mbs,
18-19.3 .61 Depression from We of British Isles moved from W.Norway to
central Sweden., 976 mbs,
20-21.3,61 Depression from E. of Iceland moved from W.Norway across Denw
mark to N.Cermany. 980 mbse.

26=2T03461 Depression moved from Iceland to N,W.Norway. 972 mbs.
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Table 3.VIII continuede

TIDAL DEPRESSIONS AND METIOROLOGICAL CCONDITIONS

Date of

Depression METEOROLOGICAL CONDITIONS

12,4460 Oceluded front over W.Scotland and N.Ireland associated
with depression S.W. of Iceland

1409060 Trowghg of low pressure over Ireland associated with
depression S.W. of Iceland.

2411460 Depression of 960 mbs. moving from H.Ireland to N,Scotland

30612460 Occluded front from S.Wales to Ne.E.Scotland associated with
depression S,W. of Iceland,

1241,61 Two warm fronts lying over England associated with a
depression N, of Iceland,

17=19.1.61 Truagilag and fronts crossing British Isles associated with
depression moving from central N.Atlantic to Iceland.

26=2T.1.61 Depression of 968 mbs. moving from W. of Ireland to W. of

Scotland,
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SECTION II

Beach Morphology

Before considering the form of the changes which were
described week by week in Chapter 2, the reasons for the basic sub-
divisions of the beach will be discussed.

Throughout the length of the seaward side of the spit, the whole beach
was divided into upper and lower beaches as defined on page 10, VWhy do these
cxdst? Russellld suggests the answer. Beach material ggves in three ways
on the sea bed, pebbles roll, coarse sand saltates, and fine sand moves in
suspension, Movement of material in these three different ways means that
they are not necessarily moved in the same direction. In shallow water,
when the depth is less than half the deep water wave length, the particles
move in elliptical orbits, the vertical exes of which equal the wave height
at the surface, but become progressively smaller towards the bed where they
oscillate to and fro along a straight horizontal line about a/igggtion

velocities of Ehe
which stays substantially still. The,forward and backward movements are
not usually equal and the asymmetry of motion causes beach material on a
horizontal plane to move in the direction of wave motion and causes stable
beach profiles to slope up towards the shores Before the waves break there
is usually a slow drift of water shorewards near the sea bed. When the

wave breaks the flow of water carried shorewards is usually compensated by

a drift of water seawards near the bed. As King1 found evidence of at
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Marsden Bay, onshore and offshore winds affect this simple condition, because
an onshore wind drags the surface layers of water shorewards, and results in
an offshore drift near the bed, and vice versa.

Drift appears to influence particles in suspension most, and carries
them at the rate of the drift. It can move also saltating particles when
they have been lifted off the bed, but is generally too weak to move rolling
material.

WWhen waves are long in relation to the depth of water there is a
short sharp forward movement of the water but a slow and protracted return
flowe This movement has a great effect on rolling particles and causes
them to move in the direction of wave motion, A certain size of pebble
can be moved by the high forward velocity only and therefore moves shore-
wards rapidly. As the water becomes shallower, larger and larger particles
can be moved shorewards and therefore a greater proportion of coarse
particles argt;ound shorewards. This asymmetrical motién has no net in-
fluence on particles in suspension, and its effect on saltating particles
is not knowm,

Because rolling, saltating and suspended particles are influenced by
different aspects of wave motion they asre sorted into zones parallel to
the shore. Usually the forces which propel rolling particles shorewards
are greater than those which move sand shorewards., This explains why the
upper beach on the eastern side of the spit is composed of sand and shingle
and the lower beach is almost purely sand. In addition the analysis of

gsand samples to discover median particle size (see Table 1.I page 17)



revealed that sand was coarser on the upper beach than on the lower. The
conditions on the beaches at the southern end of the riverside may be
similarly explained. At the northern end of the riverside where only a
narrow sand and fine shingle beach exists, flanked by estuarine mud, the
distribution of material may again be explained by the movement of the
coarser material shorewards, the coarser being the gand and fine shingle
end the finer, the mude The presence of smaller pebbles on the riverside
beaches reflects the lower energy content of the wyves generated within
the estuary.

Morphological Features of Beach Build Up

The form of the beach with its upper and lower divisions is con=-
stantly changing, as has been described in Chapter 2. Building up of the
beach was observed most frequently throughout the year, This was effected
by the removal of material from the bottom part of the profile and the
addition at the tops The most common way in which material was added to
tke upper beach was in the form of a swash bar, a low ridge built on the
beach at the limit of effectiveness of the swash, with a steep slope shore-
wards and a gentle slope seawards. (See plate 3.A). Usually only a single
swash bar was present, but on occasions when tides were decreasing in range
from springs to neaps, several parallel ones were observed ranging in age
from the oldest highest up the beach to the newest lowest down. An example
of the latter was found between Foints A and B on 31st July, 1960, The

presence of a swash bar shows that the waves are steepening the profile
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in order to attain a state of equilibrium. When a swash bar was absent
and yet building up processes predominajted, the upper beach was markedly
convex in profile and a crest was clearly defined, In some of these cases
a swash bar may have been fully incorporated into the beach, in others the
material was probably added so slowly that nearly complete equilibrium was
maintained during the whole process. On a few occasions beach cusps
etched the edge of the crest, for example near Point C on 10th June 1960,
The reasons for the development of these features is still not fully
understoode

Table 3.IX relates the development of sand rises on tke lower beach
to verying wind conditions. It appears that these features are best
developed with offshore winds after a period of several weeks during which
building up has predominated, as for example on 12th May and 28th August,1960.
and 3rd February and 17th March, 1961, The only exception was on 12th May,
1960 when winds in the preceeding period had been predominantly east and
south-east, yet building up had been proceeding from the time of the first
observations on 13th April, 1960.

The scale of the building up of the beaches under all wind, wave and
tide conditions varied little between the Foints from the northern end of
the seaward side of the spit to the Tip, on any particular occasion. The
most rapid build up at all these Points occurred immediately after a
period of breakdwén. The scale of the building up on the riverside is
considerably less than elsewhere and will be considered more fully in

Chapter 6e
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TABLE 3.IX

. S8and Rises on the Lower Eeach in Relation to Varyine Wind Conditions

Winds

' Date  |in preceeding wkl|  Lower

12.5.60 | 1,58,Y3 15K
i

i

NN ’ Val, Q ""I
(2 15%)

847460

2848460 | S,SW 15K

i
122,10,60| NE;E;SE;S
|

% 15K

Beach Features

Groynes VI to XI.

Groynes XV-XXVIII,

and noe Ne

Groynes XXI-XXVIII,

Groynes I-XI1I. Large sand rises

Groynes I-VI, Sand hummocks and hollowse.

Oblique sand ridges and hummocks

W-SE, few large rises

Groynes XI-XVe Iarge sand rises, few small ones.

Sand rises decreasing in size

Groynes XIII-XXVIII, Few sand rises
| Groyneg VIII-XI, Large sand rises, oblique NW=-SE

Groynes XI-XXI, Large sand rises,

Smaller sand rises than further &,

and lower beach.

Groynes XITI-XXIa

gGroynes YXI=-XXVIIT,

Groynes IX-XI. Small irreg. sand rises.

Groynes XI-XIII, DNo clear divieion between upper

Large sand rises

Featureless lower beach (1 exception
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Table 3,IX continueds
Date | Winds in Lower Beach TFeatures
. preceeding week |
;}_‘,_-_ . ,.l?,-f., = o S iy ——— P— - - n - —— = A- = X =
| 21412,60 | N,NW,NE About groyne X and XV-XVIII, small irreg. and

crescent-shaved sand rices.

?Groynes XVIII-X¥, large sand rise, with water filled

' hollows in ite

)
Elsewhere sand wlth surface water,

- .‘_,__ i s

i s

342461 SW, W, NW

' Se of groyne XII, lower beach not exposed
B 15K

N of ¢ royne XII—XXVIII lar ge sand rises

17 3¢ 61 N,SW,S | Sand rises varying enormously in size, from groynes
| |

+ 15K II to XXVIII.
!
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The conditions under which these forms develop will now be summarized
briefly. The morphological features of build up may be expected primarily
after an offshore wind has been blowing for several days although they can
develop with light onshore winds alsoe The gain is most marked on the top
part of the beach, and on the bottom part of the beach on the seaward side
of the spit there is often a losse A net gain may be expected over the
whole beach however. These offshore winds lessen the steepness of the
waves to an average of .0063; and produce an offshore movement of water
in the surface layers ofthe sea which is compensated by a shoreward movement
near the beds The relatively low steepness value of the waves and the shore-
ward drift of the lower layers of the water help to build up the beach.

The energy content of the observed waves was less than 20,000 foot-pounds
per foot of wave crest per wave length and the period less than 8,5 seconds,
on the seaward side. The maximum recorded angle of approach of these waves
was 20° southwards, with an average of 4.28°, Vhen building up processes
predominate, the only disturbance of the predicted tides is likely to be a
depression of level when strong winds blow from between south and west. This
means that less of the beach than normal is subjected to wave action.

Morphological Features associated with Storm Conditions

As a detailed examination of the effect of one stormy period ot the
beaches is to be made and it will be necessary to refer to the wind, wave,
and tide conditions in this, storm conditions in general will be summarized
first, then a brief resumé of conditions during the particular period will

be given,
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Onshore winds tend to lower the beach on the seaward side of the
spit, especially at the top part. The presence of a cliff in the beach
facing seawards, as was seen east of Point A on 12th May, 1960 gives
evidence of this. The main break down of the built up form, however,
occurs only with strong north to north-west winds associated with a
depression centred over southern Scandinavia. Winds from these directions
blow over the longest fetch available from Spurn Head, and the largest
possible waves may be produceds When winds of not less than 15 knots
had been blowing for several hours waves with an energy content greater than
20,000 foot-pounds per foot of wave crest per wave length, which appears to be

build up and break down the beach form

a critical value between waves which/were recorded. The wave period was
greater than 8.5 seconds and the waves became more refracted than those
from an easterly direction. Despite the refraction they reached the shore
at an angle of up to 40° southwards; the average was 18.3%, Whilst onshore
winds produced steeper waves than offshore ones, the storm waves from the
north were not the steepest recorded. When these strong north to north-
west winds blew, a storm surge occurred. If the peak of the surge coincided
with near high water more of the beach than was normally affected by wave
action was subjected to these very powerful waves (see Plates 3.B, 3.C,
3.Dy 3.E, 3.F)

The effects of the stormy conditions towards the end of March, 1961
will be considered in detail with especial reference to the two sets of air

photographs taken on 16th and 23rd March respectively. Two storm surges
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occurred between these two dates, on 18th and 20th to 21lst March. Wave
energy on 18th March was 34,000, on 19th was 41,900, on 22nd was 21,700, and
on 23rd March was 10,500 foot-pounds per foot of wave crest per wave length.
The profiles surveyed and the beach feature plans drawn during this period
showed that the beaches were smoothed over and material was removed from
the top of the beach but added to the bottom part between 19th and 22nd
March, but by 23rd March there was evidence of building up processes, re-
commencing. Plates 3.G, 3¢Hy 3¢I, 3¢Jy 3.K, and 5.L. show the effect of

the first storm surge at Points B, D, and K,

With reference to the air photographs the beaches will be considered
on the seaward side, southwards from Kilnsea to the Tip and then north-
wards along the riverside from the Tip to Kilnsea Warren. The beaches will
be divided into sections within which the morphology was similar. In each
section conditions on 1l 6th March will be described first, then those on
23rd March will be compared with theme
Kilngea (Air photographe 158,235,237)

A well built up upper beach existed north of Fort Godwin on 16th
March, lLarge isolated sand rises had formed on the lower beach. About
Fort Godwin only a narrow upper beach was present, with a long tpngue of
sand on the lower beach extending from the north groyne to thquzaﬁﬁ of it,
South of Ford Godwin to groyne XXVIII there was a well built up upper beach

and a lower beach with large isolated sand rises,
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By 23rd March the upper beach north of For# Godwin had been
combed down by the powerful waves which occurred in conjunction with the
two storm surges. A less well defined line separated the upper and lower
beaches., On the lower beach a long tongue of sand was extending southward.
The narrow upper beach remained about Fort Godwin, but the tonsue of sand
on the lower beachhad been broken into three parts and did not commence
until two groynes south of the northeﬁ#ost one, but it extended a 1little
Turther south than on 16th March. South of Fort Godwin to groyne XXVIII
the upper beach had been combed down, and the lower beach had been swept
bare of sand risess

Kilnsea Warren to Groyne XVII (Air photographs 161, 237, 23)

Onl6th March between groynes XXIII and XXVIII the upper beach was
well built up, and the highest parts formed a clear subdivision which will
be termed the "“high upper beach'. This had not been affected by waves for a
considerable time during the preceeding non-stormy spell, Large, almost
continuous sand rises were found on the lower beach. Between groynes XX
and XXIII an upper beach narrowing in width southwards was present, with a
lower beach devoid of features. Between groynes XVII and XX there was a
suggestion of movement of material southwards. The upper beach, whilst it
was narrow immediately south of each sroyne broadened to the north of the
next groyne southe The lower beach contained small sand rises aligned

obliquely to the beach, north-west to south-easta.



- 131 =

By 23rd March the upper beach between groynes XX and “XVIII had
been combed down and the sharp line demarkating the lower edge had been
obliterated. The lower beach had been swept almost completely clear of
sand rises, only between groynes XXI and XXII were there any signs of such
featuress The high upper beach between groynes XX and XXIII was completely
obliterated as a separate feature., Between groynes XVII and XX there was
still a suggestion of the southerly movement of material on the upper beach
but that had been combed down and narrowed markedly between groynes XVII
and XVIII. Sand rises on the lower beach were limited to near the ends
of the groynes.

Groyne XVII to Groyne XII (Air photographs 185,258,239)

A clearly defined upper beach existed on 16th March, with a marked
high upper beach. An almoct continuous sand rise was seen on the lower
beach throughout the section. The oblique aligmment of channels through
this suggests a southerly movement of material,

On 23rd March the upper beach remained a well developed feature
although the high upper beach had been obliterated. There was a slight
build up of the upper beach between jroynes XIII and XVI, and a narrow=
ing between groynes XII and XIII. The lower beach was devoid of features
except between groynes XII and XIII where a complicated set of features
had been removeds As the tides were neaps on 23rd March some of the

features may still have existed below low water mark,
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Groyne XII to Groyne I (Air photographs 183,173,256,258,254)

About Point C on 16th the wide expanse of sand from the dunes to
opposite the ends of the groynes was clearly seen. Seawards of this, and
geparated from it by sand with surface water, was an almost continuous
strip of sand risess A broad well developed upper beach had developed between
groynes I and XI. A broad, high upper beach formed a continuous feature
except on the eastern side of the Lighthouse Zone where the revetment juts
east of the general line of the dune edgee Ilongated lozenge-shaped sand
rises were marked features of the lower beach north of groyne VIII. The
channels between them wcre aligmed obliquely to the beach, and appear to be
related to the angle and approach of the waves,

With the necap tides on 23rd March, only the upper beach was vigible
at low water, except about Point Cs There the broad expanse of sand sloping
gently from the dunes was well marked. The upper beach remained well built
up south of Point Ce Cliffing of the dune face immediately south of groyne
XI had occurred and the high upper beach had been obliterated along the
whole sections The lower half of the upper beach is typified by longit=-
udinal strips of shingle alternating with sande. These are slightly oblique
to the line of the dunes.

Groyne I to the Lifeboat House (Air photographs 173, 254)

A well built up upper beach was seen on 16th March extending all round
the Tip, with a high upper beach forming a marked feature, The broadness

of the beach to the east of the Tip where the Binks join it contrasted with
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the narrowness immedistely west of the Tip before it broadened towards
the Lifeboat House,
The entire beach had been subjected to wave action at the times of
the tidal surges so that the high upper beach had been completely oblit-
erated by 23rd March, The edge of the dunes had been slightly cliffed.
There were signs of a slight build up in the middle section of the beach
round the south~east corner of the Tip, by 23rd March,
The Lifeboat House to the Concrete Blocks west of Spurn Warren (Air photographs

173,254,256
On 16th March a narrow upper beach existed northwards from the life=-

boat cottages, but was missing southwards., A broad expanse of sand and mud
below the upper beach contained a series of sand ridges aligned obliquely to
the shore and suggesting a northward movement of material. ©Sand was held
up markedly by the jetty and life-boat house and also by the former sewage
pipe and the long boome

The surges caused no substantial changes in this section. The
ridges on the lower beach were less clearly delineated and there was a
broader spread of sand. A slight upper beach had developed around the
walls of the battery. Elsewhere the upper beach showed no change.

The Concrete Blocks west of Spurn Warren to the Northern End of South Spurn
(Air photographs, 183,256,258)

On 16th March a narrow upper beach existed with ridges developed
on it close to the dunes, In the middle of this section a series of
finger-like projections of sand extended from the upper beach slightly

oblique to the main line of the dune edge. The bank of 0ld Den lay beyond
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these projections. A broad area of sand accumulation lay at the mouth
of the channel which drains the area near the Chalk Bank. The sand banks
splayed northwards, and their northern edge was the northerly extremity of
sand accumulation below the upper beach on the riverside of the spite

By 23rd March the features on the upper beach had been smoothed over,
The bank of Old Den showed no change. The zreatest difference between
conditions on the two dates was seen between the twos Whilst the long
finger-like projections of sand remained substantially the same they had
been extended slightly westwards and had increased in width by 23rd March,
Many mgre shorter ones, not attached to the beach had developed north of
those seen on 16th March. The area of sand acoumulation extended to opposite
the northern end of the Chalk Bank as before, but more sand was present in
the marginal area.
The Riverside Beach of High Bents and Kilnsea Warren (Air photographs 185,161

158,258,239,237,235)
For about a third of a mile north of the south end of High Bents

any changes which occur on the beach are masked by the presence of chalk
rubble. From the lower edge of the beach on 16th March ridges of mud
extended westwards. The beach broadened slightly and contained a series of
swash bars opposite groyne XIX. At this point there was a marked angle to
the dune edge, and the broader section of beach gave a smooth curve to the
lower edge of the beach on the western side of the spit. The expanse of mud
below the beach in this central section contained a patterﬁbf fir e channels
lying parallel to each other and which have swung widely round the northern

end of 0ld Den and play out towards the spite
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Little change occurred between 16th and 23rd March. The ridges
on the broader section of the beach had been smoothed over by 23rd Marche.
The dune edge had been slightly cliffed along most of the section as a
result of the surges. The pattern of fine drainage channels in the est-
uarine mud was not disturbed.

Other periods when the break down of the built up form of the beach
was marked all occurred when strong north to north-west winds blew, and the
break down was more complete the longer the winds blew. Five such occasions
occurred during the year of detailed observations, about 29th June, 2lst
September, 12th October, and 2lst December,1960, in addition to that which
has already buen discuséed.

It is possible to draw a number of conclusions about the effect of
storm conditions after considering them all,
1e Material is combed down the beach from the highest part at which wave

action is effective, All the features which may have been built

previously on the upper beach, and a high upper beach if that had
developed, are obliterated, as are features on the lower beach (see

Table 3.IX). This gives an almost even slope to the beach from the

edge of the dunes down to low water mark. The boundary between the

upper and lower beaches, which is usually a clear line when the

beach is built up, becomes ill-defined.
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The material which is removed from the top part of the beach may be

deposited on the bottom part, or material may be removed from there also,

and the whole may be taken out below low water mark,

One particular beach form, the tongue of sand and shingle which
splays out from the upper beach at a low angle to it soufyards, suggests
a rapid movement of material laterally. The large angle at which
these very powerful waves approach the shore means that material must
move laterally faster under such conditions, than at any other time,
(This will be considered more fully in Chapter 4)

Once the storm conditions die down material returns to the beach
rapidly. For example, on 23rd March, 1961 there were already signs

of the re-building of the beach, although another slight surge on 26th
and 27th March slowed down this process. By 5th April, 1961, after a
period of light and variable winds interspersed with calm spells there
was a rapid return of material.

Whilst the form of break down of the built up beach is the same at all
Points along the seaward side of the spit, that at Point I has been
observed to be the most complete. This Point is representative of

the section of the spit facing north-east, and as Figures 3.l and 3.2
show, the orthogonals for waves from the north and north-north-east
converge on this section.

The riverside under storm conditions could be considered most fully
on the two sets of air photographs teken in March, 1961l. In contrast

to the seaward side, which receives the full force of the storm waves,
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the riverside is more sheltered. Here, there were signs of the accum-
ulation of material on the lower beach north to the northern limit of
the Lighthouse Zone, and about the projections of sand opposite

the southern end of the Chalk Bank. Many of the ridges, especially the
northern ones, became more clearly delineated, and increased in number
northwards. Over the whole of this area from the Tip to the northern
end of the Chalk Bank, there was a broader spread of sande The
riverside beach of High Bents and Kilnsea Warren wag little affected,
but the dune edge was cliffed in parts, due to the storm surge raising
the height of high water to an unusually high level,

The low section of beach which was seen about Point C after the middle
of October 1960 was moved to that position by the most powerful waves
which were recorded during the year of observations. Once in position
less powerful storm conditions could rapidly erode the dunes. This

however, will be considered in detail in the next chapter,
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CHAPTIR 4

LONGER TERM BIACH CHANGES

This chapter will be devoted to a consideration of larger and longer
term beach changes which are of greater significence to the evolution of the
spite These changes appear to affect only the seaward side, directly.

Along much of the Holderness coast features which in dialect are known
as “ords"* form part of the pattern of change in the beaches. No published
references to these have been located, nor descriptions of similar features
elsewheres A local fisherman has described them in the following terms.
"Ords are low sections of beach, which are commonly between 50 and 60 yards
long. The sea sweeps away the sand and shingle which form the beach at
other times, and lays bare the boulder clay platform beneath, with large
boulders embedded in it. Large storms do not fill in these ords but cause
them to move southwardse The rate of movement varies greatly, but the
average is probably about one mile per year, Ords are not found immediately
south of Flamborough Head, but appear north of Hornsea and are common from
there south to Spurn Head. When an ord passes an unprotected section of
coast the removal of sand and shingle enables every tide to reach the base
of the cliff and hence the rate of erosion is rapidly increased. Where
groynes and revetments have been built, they frequently fail to withstand

wave attack especially during stormy conditions, as the waves can penetrate

Footnote * "Ord" is spelt according to the Holderness dialect pronun-

ciation, as the word has not been traced in written form.
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below the defenges and in the case of revetments attack them from the
rear",

In the description of the beach cnditions at the time of the 1959
air survey it was noted that the upper beach was practically non-existent
between croynes X¥ and XX (see air photographs 9409, 9410, 9411), and that
large pebbles, which appear to form a base to the beach south of the
southern most extension of the boulder clay, were visible near groynes
XVII, XVIII and XIX. Broad sand rises were seen on the lower beach.
Attention may be drawn to the collapsed revetment top north of groyne XVII,
and the completely broken down rezgtment between groynes XX and XXI, behind
a then well built up upper beach./;fﬁw section of beach was closely
observed during the autumn of 1959 and the winter of 1959 to 1960,

On 18th and 19th November, 1959 the upper beach began to narrow south
of groyne XXI. The previously broken revetment between groynes XXI and XX
was partly buried by sand and shingle. The upper beach continued to narrow
gouthwards past groynes XX and XIX at both of which the beach was two feet
lower on the south side than on the northe The upper beach lowered about
groyne XVIII and the bottom cross-planks were exposed, There was no
upper beach about groyne XVII and the duneward part of the lower beach
between groynes XVII and XVIII consisted of ridges of sand and water filled
hollows, with a larger sand rise secawardses The beach was hollowed out
beneath the bottom plank of groyne XVII and large boulders which appear to
form the base of the beach, lay on either side of it. There was a very

narrow upper beach between groynes XVII and XVI but it broadened towards
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groyne XV.

On 10th December, 1959, between groynes XVII and XVIII there was a
gently sloping sandy lower beach with runnels flowing across ite lasses
of large boulders were piled up half-way along groyne XVIII on the south
gside. Between groynes XVII and XVI there was again a gently sloping lower
beach, with the upper beach appearing only towards groyne XVI. The upper
beach was 3 feet lower to the south of groyne XVI than to the northe.

There was a mass of large pebbles piled up half way along groyne XVII to
the south of ite Below the junction of groyne XVII and the revetment
there was a gap of 3'9",

On 17th December, 1959 conditions on the beaches were almost the same
as on 10th December. Many holes were visible in the wooden revetment wall
north of groyne XVII. The maximum depth of the gap beneath groyne XVII
was 4'5",

On 31st December, 1959 between groynes XVIII and XVII there was still
only a gently sloping lower beach of sand extending from the revetment.

On the bottom part towards low water mark sand ridges and runnels had
formed, either straight and at right angles to the beach, or in an cres-
centic form concave southwards. Between groynes XVII and XVI the upper
beach appeared only immediately north of groyne XVI, and the lower beach
was similar in form to north of groyne XVII. The maximum space below
groyne XVII was 3'6",

By 20th January 1960 the part of groyne XVII nearest the revetment
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hed been torn up and laid at an ansle southwards. The concrete facing on
top of the revetment had been broken from further north than seen on air
photosraph 4910 to the south of groyne XVII, by waves forcing their way
beneath the revetment facing wall and through the holes in it. A large
semi=-circular Pite had been taken out of the eastern edge of the dune
opposite groyne XVII, On December 31lst 1959 there had been 40 feet 6 inches
of dune between the eastern edge of the road and the dune edge, on 20th
January 1960 there was only 23ft. 6 inches,

The evening high tide¢$ of 26th January, 1960 smashed more of the
revetment immediately north of groyne XVII and broke off most of the preve-
iously torn up section of the groyne itself, The evening high tide of
28th January tore away 30 fte. 6 ins. of the revetment wall 47ft.6ins,
north of groyne XVII. By 29th January the hite taken out of the then
unprotected dune face behind groyne XVII had b een increased and there were
only 13 feet from the eastern edge of the road to the top of the dune
edge (see plates 4 A,B,C.D.) A tongue of shingle and pebbles of varying
gsizes which on 29th Januvary extended three quarters of the distance between
groynes XVIII and XVII had by 2nd February extended a little south of
groyne XVII. Whilst extending south, this tongue was also pushing up the
beach from about half way along groyne XVIII to the hbeach in groyne XVII.
A charmel up-beach of it on 29th January was almost filled in by 2nd
February snd pebbles instead of the almost pure sand of the lower beach

filled the area beneath the rubble of the collapsed part of the revetment,
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This tongue began the rebuilding of the upper beach between groynes XVIII
and XVI, and was of a similar type to those seen along various parts of the
seaward side of the spit after stormy conditions, which suggest the rapid
movement of coaser material southwards.

The profiles surveyed from 3rd February to 19th March at three points,
D North half way between groynes XVII and XVIII, D Breach through the
breach in the revetment, and D South half way between groynes XVII and
XVI, have been superimposed (see figure 4.1). The ridge and remnants of
the channel up-beach of it can be seen at D North and D Breach on 3rd and
4th February respectivelye By 1T7th February the beach had built up most
markedly at D South, beyond which the ridge had extended by this times
At one point along the profile the beach was 4 feet higher than on 4th
Februarye. At D Breach the maximum build up was 3 feet and at D North the
figure was the same although this represented sand swept up against the
revetment wall, whereas the top of the ridge had been cut away. By 2nd
March a swash bar had been built up and this shows clearly on all the
profiless The profiles for a fortnight later show that the top of the swash
ber had been cut away.

The building of swash bars and their partial removal depending on
weather conditions is clearly part of the small term changes which occur
on the beaches week by week., By 19th March the upper beach had been well
established again after the movement south of the low section of beach,

during the presence of which the u per beach had been completely absent,
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bottom part of the
It is noteworthy that while there was no upper beach the ¥ower beach main-
tained a relatively high level, and the profile had a gentle slope. As the
upper beach became built up again the lower beach became lower and the
profile became steeper.

Measurements from the eastern edge of the road to the top of the dune
slope where the revetment breach occurred showed a gradual retreat of about
3 feet up to March 1960. The base of the dune slope showed little overall
movements Only high spring tides reached the base, cut into it, and made
the slope above unstable, causing a partial collapse, and the general slope
to be thus steepened. However, the wind moved so much dry sand, that the
loss so incurred was readily replaced, especially when the wind was from the
west and blew sand across the spit and deposited it down the slope. A
small amount of erosion of the slope was observed with easterly windse.

Before considering the further movement of this low section of beach
the weather conditions affecting its movement southwards ffom the position
centred on groyne XVII will be examined.

It was shown in Chapter 3 that only when north to north-west winds of
over 15 knots blew for a period of several hours to several days im there
a major break down in the form of the beache. Under all other wind cond-
itions the beach tends to become built up in form. Between September 1959
and March 1960 conditions which would be likely to cause the greatest beach

changes occurred as followg:=
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28th-29th October, 1959  N.,N.W.Winds, 20-26 Knots;  neap tides

4th - 5th December,1959 N,,N,W.Winds, 14-20 Knots; neap to spring tides

th
14th=16 January,1960 WoWe y=NoE.Winds 15-35Knots; spring tides
27th=29th January,1960 E-N,",Winds,15-3% Knots; spring tides
3rd=-4th March, 1960 NoW. N.Winds,15-30 Knots; neap tides

Of these five occasions it is obvious that the two most crucial are those
in Jamuary, 1960 when strong northerly winds blew for two separate spells
of three days, and both coincided with spring tidese The p.m. high water
of 29th January was predicted to be one of the highest of the year. It

has been shown that considerable damage was caused between 31st December
and 20th January, and as 14th to 15*Janua:y was the only stormy period, it
may be assumed safely, that this was when it occurred. The severest dsmage
and the movement ofkhis low section of beach southwards as a ridge extended
from the north occurred only during the last week in January when wind and
tide conditions combined to effect the maximum change.

The fact that the revetment was breached at the particular point near
groyne XVII was the result of the presence of the low section of beach at
the time when a severe stomm occurred, coupled with the fact that this part
of the revetment jutted slightly eastwards of the general line of the edge
of the dunes in this section of the spit, and therefore was most directly

exposed to the storm waves.

By 23rd March, 1960 the low section of beach lay between groynes XIv

and XVI. The concrete top of the revetment caved in along the whole of this
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section as the waves pounded beneath the wall and poured through holes

torn in the wooden planking, but there wazs no storm severe enough to cause
another breach in the revetment, The subsequent movement of this low beach
may be traced in Figure 2.3, By 1l2th May only a small movement had occurred
to centre it between groyne XIII and XV, The stormy period at the end of
June 1960 caused a further movement, so that on 8th July it was found to
lay between groynes XII and XIV, where it remained until the following
October, There was a slight build up of the beach between groynes XIV and
XIII. during July and August, but there was no movement of the southern
end., When the low section lay between groynes XII and XIV where the dune
edge is not protected by a revetment, the upper beach was not completely
removed, but it became very narrow immediately south of each groyne and as
a result, the previously well developed fore-dune was eroded and the main
dune behind was cut back to give an approximately 12 foot high sand cliff.
The upper beach broadened towards the next groyne southwards, and therefore
north of each groyne the foredune and ma . n dune suffered little erosion.
The lower beach was generally devoid of sand rises, except where a large
one had formed between groynes XII and XIII and persisted from May, 1960.
It is noteworthy that large sand rises persisted south of groyne XII to

beyond groyne XI during this periode.

At Point C, between groynes XI and XII, the winds from an easterly
quarter, which blew between 25th September and 9th October, 1960, began to

lower the upper beach, and the division between the upper and lower beaches



became less well defined. The north to north-west winds between 15 and 28
knots which blew from 10th to 13th Octcber, caused a prolonged storm surge
and produced the most powerful waves recorded during the year of detailed
observations. These conditions caused the low section of beach to move
southwards again and become centred on Point C, The true upper beach was
swept away to leave a very gently sloping expsnse of sand from the edge of

the foredune which was cut into a cliffed form, Water appeared on the

surface of the sand only near low water marke The conditions week by week
until 5th April, 1961 have already been described in Chapter 2, but certain
general observations may be made here,

The presence of this low section allowed all the high spring tides to
wash the foot of the sand cliff, steepening it ¢fand causing the slumping of
meterial from higher upe The foredune had been completely removed by 4th
November, 1960 and then the waves hegen to attack the seaward face of the
main dume ridges This retreated slowly and was finally completelly removed
by the storm conditions about 22nd December, The cliff is shown in January
1961 on Plates 4E and 4F,

Soon after the low section had become egtablished about Point 7 the
top part.of the beach adjacent to the cliffed dune began to develop a slishtly
convex profile and shingle was added to the almost pure sand. Thic protected

the cliffed edze from wave attack and there was little retreat z”ter the

end of December, 1960
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The storm conditions in the latter half of March 1961 caused the low
section of beach to penetrate southwards, although there was little sign
then of the infilling of the northern paft to move the entire feature
southwards. Plates 4G and 4i show the low section of beach on 19th March,
1961.

The beach feature plans and the profiles surveyed at Point C between
April and August 1961 (see Ficures 4.2, and 4.3) when there were no major
stormy spells associated with strong north to north-west winds, showshow
the upper beach was slowly rebuilt. Irom 14th April onwards it was possible
to differentiate between the upper and lower beach., The upper beach steep-
ened and became more convex in profile. Either a swash bar or well defined
crest was present after 4th May. ZHarly in April large pebbles became visible
near the end of groyne XII showing that at least part of the lower beach
lay near to the base of the beach agsin. ihen the upper beach had been
abgent the bottom part of the beach had been raised in level, The pebbles
were seen intermittently during these months, and by the beginning of June
large pebbles became vigible at the junction of the upper and lower beaches
from groynes XI to XII indicating a more marked build up throughout thig
gections On the lower beach after the beginning of May well defined sand
rises began to appear again., The single large one remained north of groyne
XII, but many smaller ones formed intermittently between groynes XTI and XI.

Between October 1960 and August 1961 the passage of this low section

of beach past Point C was observeds. Its presence at Point C wrought con-
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giderable changes to the outline of the spit there, with the complete
destruction of the foredune and the seaward slope of the main dune ridge.
At the time of writing (July 1962) it lies about groyne VIII. During
its passage from Point C southwards it has caused similar changes along
this section of the spit. The foredune which was best developed between
groynes VIII and XI is now seen only in isolated patches, and in many places
the main dune ridge has been cut backe.

The development of large rises on the lower beach south of groyne
XII during the summer of 1960 when the low section lay north of it has
already been noted (see pagel47) In February 1962, when it lay between
groynes VIII and X there was an extensive development of sand and shingle

rises on the lower beach extending from groynes VIII %o IV. (See Plate 47)

Tha pasaage of a low section of heash nast a dune section of the coast
protect.d by groynes and a revetment and past a secéion protected only by
groynes has been described. In order to make a further comparison obser=
vations were carried out for a year from April 1961 to April 1962 at
Kilnsea where a boulder clay section of coast was protected by groynes and
a revetment. The latter however was partly breached in 1954, enabling the
sea to attack the boulder clay behind., Once afortnight a profile was sur-
veyed along a line through the centre of the breached section of the
revetment, and plans of the beach features on either side of this line

were drawn. Mcasurements were taken of the rate of cliff recession by
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recording distances from the broken revetment to the cliff foot and from
the cliff top to a nearby fence. The height, period, type and angle of
anproach of the waves were noted also. Wind data at 3 hourly intervals
continued to be collected during the year.

The changes which occurred on the beach as seen in figure 4.4 of the
profiles and figure 4.5 of the plans of beach features will be described
first. They will then be related to wind and wave conditions. Finally
changes in the c¢liff behind the broken section of the revetment will be
discussed.

Between the end of April and the end of September 1961 the profiles
and beach feature plans show that a well built up beach existed about Fort
Godwine, The boundary between the upper and lower beaches was clearly
defined. The upper beach was either crested or had swash bars developed
on ite Large pebbles embedded in the boulder clay beach platform were
visible from time to time at the junction of the upper and lower beaches
near the north groyne showing that the beach reached its lowest at this part
of the profile. A variety of sand rises were seen on the lower beach. All
the profile changes fell into the category of small scale changes as
defined and described in Chapter 3.

Between 25th September and 8th October 1961 a significant change
occurred, The superimposed profiles showed that there was a slight drop
in the level of the top part of the beach and the bottom part was slightly

raiseds The beach feature plan for 8th October revealed a marked morphol=-
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ogical change. The boundary between upper and lower beaches had been
obliterated. Sand and a little shingle remained near the cliff foot but
sand and small pebbles covered thc area towards the low water mark. North
and south of this low section of beach centred on the breached revetment,
upper and lower beaches were still well defined entities, with the upper
beach crested. It should be noted that a low section of beach had
previously been stationary immediately north of Kilnsea. By the 20th Cctober
along the whole section, the upper beach had been partially removed to give
the profile an even slope from top to bottome Lowering of the top part
of the surveyed profile line continued, and the boulder clay platform was
exposed in parts. On 6th November, the top part of the beach had the same
form as a fortnight earlier except at the southern end of the section there
was a crest again. Along the middle of the beach as far south as the
southern short groyne lay a channel of water draining south. Seawards of
it was a large and continuous sand rise with small pebbles, which in form
was similar to the tongue of sand and shingle which filled in the low
section of beach about groyne XVII after the beginning of Iebruary 1960,
The profile surveyed on 6th November showd the channel position the large
sand rise, and also reveal®d that the level of the top part of the beach

nla
was still falling. Towards the southern end of the beach featureﬁlﬁ;;er
and lower beaches had become distinguishable again. By 19th Novemberthe
profile had fallen to its lowest levels Between thé broken revetment line

and the cliff foot, the boulder clay platform was exposed or lay only a
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few inches beneath the sand and shingle, The rubble from the revetment lay
on the boulder clay. (It may be noted at this stage that the hump in the
profile line about the datum post represents part of the remnants of the
concrete foundations to the revetment)., The large sand rise noted previously
had pushed up the beach north of the north groyne, but was still clearly
recognisable in form. Between this groyne and the third long groyne south

it appeared to have been smoothly incorporated into the beach to cause the
middle part of the profile to be raised slightly.

Between 19th November 1961 and 30th January, 1962 the beach at Kilnsea
was raised in level. On 5th December the long projecting tongue was still
clearly visible immediately north of the north groyne. At the extreme
northern end of the area of the plan of beach features it had become
completely incorporated into the heach after pushing up-beach to the
foot of the cliff. It was discernible opposite the breached revetment at
this date after apparently extending southwards. Towards the southern end
of the section the upper and lower beaches remained separate entities. The
profile showed how this tongue had raised the level of the bottom part of
the beach « By 2lst December there was no sign of it. North of the north
groyne the beach was slightly crested but elsewhere sloped fairly evenly
from top to bottom. The superimposition of the profile on that of 5th
December showed that the beach had been markedly raised in level along almost
the whole width. By 1llth January a remarkable build up had taken place.

A considerable quantity of material had been pushed up the beach and sand
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and shingle together composed the lower beach in the northern part of the
section as sometimes occurs when there is a mass return of materisl to the
upper beach. Only about the end of the third long groyne south was there
no clear division between upper and lower beaches. The upper beach was
crested in the north and along the profile line a swash bar had been built
on the markedly convex profile. At the datum post the level of the beach
had been raised 4.5 feet since 2lst Deccmber. The upper beach had a smoother
slope south of the second groyne from the northe As was seen when the low
section of beach about groyne XVII was being filled in during Iebruary and
March 1960, the lower beach f@ll in height as the upper beach was raised.
Between 21st December 1961 and the 1lth January 1962 the profile at low
water mark at Kilnsea fell 2,5 feet. As the presence of sand and shingle
on the lower beach on 1llth January suggested, the build up was not completes
In the northern part of the beach feature plan a slightly more convex

upper beach was seen and this was shown clearly by the profile. (Regrett-
ably this could not be tied in to the datum post which had been completely
buried and could not be found). South of the third groyne from the north
another projecting ridge of beach material extended socuthwards towards the

only partially developed low section of beach, which lay immediately south

o+
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of/hrea covered by the plans, after never becoming fully established in the
southern part where the line of the revetment curves westwards suddenly.
During February and March 1962 the beach fell from this very high level,

A smooth slope along the whole section was seen on 18th February. Along the
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profile line the maximum drop wes 2.5 feet from 11lth January, but there
had been a slicht rise in the level at the foot of the cliff., On 3rd
April the upper beach was crested north of the north sroyne and south of
the third long groyne south of it, Only in the central section where the
revetment juts east of the general line of the cliffs, did the beach slope
smoothly ac was shown on the profile, and this represented the part of the
beach which sloped from the crest, north and south of it. In the extreme
gouth of the plan the northern extremity of a southerly projecting tongue
o;\va:?s-be seen.

The wind conditions durins these observations at Kilnsea will be
considered, as shown in figure 4.6 and the wave data as given in Table 4,1
From figure 4.6 Table 4.II was compiled to show when strong north to north-
west winds blew, and when therefore the pgreatest changes would be most
likely to occur. The severest stormy period the year occurred between 17th
and 20th October, 1961 and at this time the low section of beach became
fully established at Kilnsea. The wave data for 20th Cctober showed that
the wave energy in deep water was over 20,000 f&&-pounds per fog%YOf wave

crest per wave length, and as shown in Chapter 3 pagee 127 to fhie amount

of wave energy is likely to produce the greatest of the short term changes.

In order to move this low section southwards there must have been a consider=-

able movement of material from the north to raise the level of the beach
where the low section had previously been established. The fact that after

stormy conditions material is often moved in the form of a long tongue of



- 156 =~

TABLE 4.1
Wave Data Related to Wind Conditions at Kilnsea
‘ ; ! 1 Wave |
] i ! | \Energy ’
{ ’ Direc-! lin ft. |
? | tion of Angle lbs/ft.
Wave | wave | of  |of wave | Wind
Wave | Period Type | appro- Wave ;crest/ | Wave Direction
Hte in in  of ach® iApgroﬁ wave | Steepness and speed
Date fte | Secs. | Wave | ach lengthi Ho/Lo | in Knots
el 285 P 85 BN 3,585 | .0050 | ¥hN 5
| | t f 3
12,5461 3 ' Te5 |P | 60 108 | 8,760 | .0068 | N,NW 15
| | | | i |
26.5.61 3 10 s ' 50 120s 10,500 | 0031 | N, 15
' » ! \ @ ‘.
946061 0.5 |- ‘P - 0 - | - W 10-15
‘ r e ' g
216,61 1 |85 |S | 65 58 413 | L0011 W, 10
| | | | | | |
21,8061 | 05 |- |s/® | - o | - - sw, 15
8.9.61 | 2 745 S | 70 [0 3,525 | .0042 | W,NW, 10
| | 3
25.9.61 1 | - | P - 0 | = | = Wi, 5-10
I | ! |
8410.61 | 2.5 i 85 | s/P | - | 1 9,580 | L0049 |8 15
20,10.61 4 |85 S | 60 (108 (21,550 | 0073 | NW, N, 30
6,161 1 |- 8 |- o |- - 815
19,1161 2,5 |32 | 8 65 |55 11,530 | .0019 | Calm,E,0-5
5.11.61 3 12 | § 65 |55 (11,530 | .0019 | S,We 20
| ‘ | |
21,12,61 | 3 - s |- o - - W,yNeW, 5-10
11.1.62 1 - |l |- o - | - sW 25
| | | | | | |
3001.62 2 ! 5 P i - ;0 2,305 ' .Oll7 1 Calm,S. 0-10
18.2.62 | 4 10 |8 | 70 |0 21,700 | .0045 | W,NW, 25
3 ‘ | - | § 1 ;
3.462 | 3 112 | S | 65 |58 11,530 | ,0019 | W,SW 20
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TABLE 4.II

The Occurrence of Strong North to North-West Winds. April 1961 to April 1962

Wind
Wind strength

Date Direction in Knotse
9-10.5461 N,NW 15-20
2065461 N,NW 15-20
25=2605.61 N,NW 15-20
31.5=246461 N,NW 15-25
13,6061 N,NW 15-23
4eT061 W,N 20-27
17-"0410.61 Nw, N 15-35
3-4.11.61 W, W 20=24
842462 NW,N 15-~28
13=1442062 NW 20=35
1742062 NW 15-30

12-14,3,62 N, NW 15-23
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sand and shingle has been noted g%ready (See Chapter 2, beach conditions
on 21st October, 1960, pages 62/). By 6th November 1961 the bottom part
of the beach consisted of what appeared to be the southern end of such
a tongue. Had such a feature been established north of Kilnsea after
the storms which established the low beach at Kilnsea, it would be moved
south during the next stormy period if it had not been absorbed into the
upper beach by then. On 3rd and 4th November another storm occurred of
considerably less severity than the former, which whilst not being able to
move the low section could extend the tongue of beach material southwards.
Under calmer conditions this would probably move slowly south and iradually
be incorporated in the beach. It is suggested that this is the explanation
for the sequence of changes which occurred at Kilnsea during November and
December, Once the upper beach was re-established the absence of strong
north to north-west winds during January 1962 would enable the building
up of the beach to proceed at the rapid rate which was observed. When the
second most severe storm of the year occurred on 15th and 1l4th February
1962 followed three days later by another storm with waves of over 20,000
foot-pounds per foot of wave crest peq/?zgzth, the upper beach was so well
built up that only a combing down of the upper beach occurred, a short term
change in fact. By 3rd April another slight lowering had occurred but the
heach the

well-built up uppep’remained, and this change falls intq/same category,

as do those which occurred between April and September 1961.
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What relationshié, if any, exists between the form of the beaches and
the rate of recession of the cliffs? Between the end of April and the
beginning of October 1961, there was no measureable chanse in the position
or form of the cliff (see plate 4J) when the beach form was well built up
and stables, On 20th October however when the low section of beach had become
established and the base of the cliff foot was revealed the two eastward
projections of c¢liff had their points clipped off. No further change
was recorded until 19th November when slightly more of the projections had
been clipped off and the whole had a battered anpearance, With the
presence of the low section of beach almost every high water washed the
bottom of the cliff, slightly undermining the higher parts) By 2lst
December whilst the foot and top of the cliff were in the same position,
slips occurred on the cliff face, primarily in the Ilessle clay which forms
the top nart of the c¢liff at Kilnsea. This began to slumﬁ down over the
lower clay, in places forming a mud flo/w:. This was prabably in part due
to the slight undermining of the cliff. On 1llth January 1962 half of
what remained of the north projection of cliff was found to have been broken
off and lay in a heap on the beach (see photosraphs 4K and 4L). Despite
the well built up beach form, which had protected the rest of the cliff
from being eroded, the spring tides at this time had been able to so under=-
mine this feature that it collapsed. By the 50th January movement occurred
on the steepest part of the cliff at the southern end of the section and the

top was slightly eroded back. By 18th February a slip had occurred between
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the two castward projections of cliff, and there had been slight erosion
from the top and bottom of the cliff towards the north end of the section.
A slight extension eastwards of the foot of/gﬁng here in one place was
due to a slip from near the middle of the cliff., No other chances were
recorded in the cliff before 3rd April, 1962. Figure 4.7 shows the complete
change between the 29th April, 1961 and 3rd April 1962. This was indeed
slighte Had the low section of beach remained in the position centred on
the breached revetment for longer, and had stormy conditions with north

‘to

to north-west winds occurred, greater changes dug/more-#o undermining of -the

cliff might have been expected.

The characteristics of low sections of beach as observed at Spurn and

Kilnsea may be summarized as follows:=-

1. During a severe storm with strong north to north-west winds a low
section of beach will be moved into a new position southwards. The
upper beach is swept away and no division of the beach into upper and
lower divisions is possible therefore. The bottom part, however, is
raised, but not with any more than some of the sand and small pebble
components of the former upper beach. Where the remainder of the
material goes is not clear, although it appears probable that it is
swept southwards to form a well developed system of sand and shingle

rises on the lower beach, in front of a well built-up upper beach,



26 The presence of a low section of beach enables moet high waters to
reach the back of the beach, causing the cliffing of dunes, the erosion
of boulder clay cliffs, and the undermining of groynes and revetmentse
If a storm with gtrong north to north-west winds occurs when a low
section is established, and the storm is not strong encugh to move
it, it may cause rapid retreat of the cliff of sand or boulder clay,
and smash groynes and revetments. It should be noted that because
of the nature of the material a sand cliff retreats immediately it is
attacked, whereas a boulder clay cliff must be considerably under-
nined before parts collapse.

5 The movement of a low section south during a severe storm is insep-
erably linked with the movement of material from the north, The
building up of the beach as a low moves south mey be by the puching
up-beach of a tongue of sand and shingle as it moves south, Once the
upper beach becomes re-established short term changes will recommence
upon it. Build up is likely to be rapid, and as the upper beach is
reised so the lower beach is reduced in level,

The low sections of beach are the main causes of erosion along the
coast of south HYolderness and the seaward side of Spurn Heads Only when

one is oresent at sany particular place does marked erosion occur., The cause

of these features is not known, and must be sought far north of Spurn and

Kilnsea., The fact that they are unknown in Bridlington Bay yet are

common towards Hornsea, suggests that they may be connected with the
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sheltering effect of Flamborough Head. Storms associated with strong north
to north-west winds produce powerful waves which approach the whole of the
Holderness coast at the largest angle possible and therefore must cause the
most rapid rate of littoral drift. Maybe the low sections of beach are
instigated where these powerful waves first mcet the coast with full
force, after Flamborough Head has ceased to afford protection. At this
point a more rapid rate of longshore movement of material than was occurring north-
wards of it would be started, and a gap in the built up beach would develop.
As the position where this gap would develop would vary with the angle of
approach of the waves, one which formed well to the south would be moved
Ksouthwards} from its position as storm waves attacked further north and
the low sections
moved the high beach north of it towards the south, Once/developed
{Iew—sections)y their infilling would be almost impossible as the rate of
the longshore movement of materiaLj:;y one time along this only slightly
curving coast must be approximately the same, therefore the low and higher

sections of beach would move as a unite.

The Longshore Movement of Material

Longshore movement takes place in two zones of the beach. Littoral
drift occurs along the limit of wave action and is caused by waves breaking
obliquely to the shore and sending swach obliquely up the becach, whereas
the backwash returns at right angles to the contours of the beach., This
causes material to travel along the shore in a zig-zag path. Longshore

movement occurs also in the surf and bresker zone where the material in
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suspension is carried by the weak longshore currents.

Model studies of sand transport along straight-beaches with differing
angles of wave attack have been carried out by Saville1 and Shay and
Johnson®. The former showed that steep waves moved most sand in the
breaker zone, and flat waves moved most in the swash zone. The optimum
wave steepness for longshore movement was between 0,02 and 0.025. Shay
and Johnson, in extending Saville's work showed that most sand was moved
when wave®approached the shore at 300. These studies cannot be applied
directly to natural beaches because experimental conditions do not allow
for irregularities in the coast, changing wind and wave characteristics and
tidese. Yet, it is very difficult to measure the amount of sand being
transported alongshore in nature.

Caldwell? carried out a study near Anaheim Bay, California in an
attempt to determine the degree to which mass alongs?%ﬁé sand movement on
the beach and off-ghore bottom could be correlated with the characteristics
of ocean waves impinging on the beach. This followed an earlier study in
1952 at South Lake Worth Imlet, Florida4. From the findings of both studies
the equation

Qi = 210 Ei 0.8
where, Qi= intensity of net alongshore sand movement in cu. yards per day
Ei= intensity of net alongshore wave energy in millions of ftilbs.
per ft. of beach per day
was developed and may have more than local application to similar kinds of

coastse
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The development of new tracer techniques especially in the last decade
is helping to advance our knowledge of longshore movement of beach material,

Radio-active tracers were used offScolt Head Island 6 to trace the
novement of shingle over the sea bede The tracer material, bharium 140-
lanthanum 140, was inserted in holes drilled in the pebbles to be used.
This costly technigue was improved upon in experiments carried out by the
Nature Conservancy Physiographic Unit at Orfordness in 1957 T, It was
found that the tracer could be made to adhere to the surface of the flint
shingle of Orfordness, and that it could be fixed by baking. Allen and
Grindley8 applied the technique to sit in the Thames Estuary, and Reid9
used radio-active sand to experiment on the east Anglian coaste The use
of radio-active tracers, to detect the general direction and rate of move=-
ment of material, whilst proving a very valuable tool suffers from the dis-
advantages of being costly to prepare and needing expensive equipment to
detect the tracers, and from the fact that great care is needed in handling
the material which may be used only on isolated parts of the coast, where
public access is restricted.

Because of these disadvantages much attention has been turned #Q the
development of fluorescent tracers. In England this work has been done
primarily by the Hydraulics Research |Station of the D.S.I.R,10:
Fluorescent sand tracers have been made by mixing beach sand with a fluor=
escent dye and a plastic glue. When the plastic hardened the whole was

crushed producing individual sand grains coated with hard plastic impreg-
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nated with fluorescent dye, Tracer pebbles were made from heavy concrete
stones in which were embedded small fragments of fluorescent plastice
The aggregate in the concrete was selected so that the end product was of
the same density as the beach particles. Eight different fluorescent dyes,
some fluorescing under short wave ultra-violet rays, and some under long
wave ultra-violet rays may be used. It has been found possible to relate
the total movement of shin~le to the movement of tracers and to calculate
the total net yearly littoral drift along a beachs Experiments carried out
at Rye where the actual drift could be measured by the accretion against
the western break water at the entrance to the River Rother, to compare
with rate of drift calculated from the fluorescent tracer method, gave
figures which were tolerably close together. Fluorescent sand has been used
in wave basin experiments with success, but when the Hydraulics Research
Station used it for an experiment on the Holderness coast at Tunstall, too
low a percentage of tracer was found to make any deductions valid. This
appeared to be due to the injection of too small a quantity of tracer sand,
and the fact that the beach in the upper part is composed of sand and shingle
probably complicates the issue. Sand fluorescent tracers have been used
successfully in field experiments carried out by the Russians in the Black
Sea,ll and by the Germans in the western Baltic Sea and the German Wedden
Sea.(The results of the latter have not been published, yete)

In addition to the development of radio-active and fluorescent tracers,
the cheapest and easiest to produce are painted pebbles, which are very

effective as tracers. In addition they need no expensive equipment to locate
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theme The Nature Conservancy Physiographic Unit who have devloped this
technique farthest, in England coat shingle, from the area in which the

experiment is to be made, with ship's paint, cover it with resin and bake

it st 180° C to make it hard and able to resist att®¥tion.

It was decided to carry out a series of short experiments on the
lateral movement of material at “purn Head and because of the ease and
cheapness of preperation, and the simplicity in tracking, it was decided
to use painted pebbles as tracerse

Ixperiment on the Longshore Movement of Material near Groyne IIIT

The first experiment was carried out near groyne III to investigate
the rate and direction of movement of pebbles on the seaward side of the
spite
Preparation

Pebbles were collected from the beach at Spurn Head near the proposed
injection line for the experiment. They were coated with a hard gloss
enamel paint of a bright turquoise colour and when dry were baked for half
an hour at 150° C to harden the paint. (As it was not expected to be
possible to track the material for more than a week or two at the longest,
it was hoped that the paint alone would be sufficiently durable. It was not
possible to use an oven capable of attaining temperatures higher than
150°C). They were graded according to size; small less than 2 inches
long diameter; medium between 2 and 4 inches; and large, greater than

4 inches, A random sample of 10 from each grip were weighéd, and the
ou
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average weights were: small, 57.3 grammes; medium, 207 grammes; and
large 959.4 grammes,

lethod

3rd September,1961,

1,000 painted pebbles, approximately L/BP& of each size, were placed
in a line down the begch from high to low water marks on the upper beach,
60 feet south of groyne III., The sizes were mixed in the same proportions
throughout the total length of the line,
4th to Tth September,1961

The beach was completely surveyed over the garea where the tracer
stones were visible at low water using a 5 foot sampling square. Wave
conditions were recorded and wind data obtained.
8th to 10th September,1961.

The beach was examined but so few tracer pebbles were visible that
sampling was not considered worthwhile. Wave conditions continued to be
recorded, and wind data collecteds On 1Oth September the injection line
was surveyed and the profile including both upper and lower beaches is shown

in fige 4.8. Plate 4M shows the area of the experiment, on the same day,

Beach, Wind, Wave and Tide Conditions

When the tracer was injected the whole of the inter-tidal zone had
shinele at-theisurfacesv After one period of high water the shingle near
high water mark was partially buried by a layer of sand, which remained
during the whole periéd of obscrvations. This explains why so few tracer

pebbles were found in this part of the inter-tidal zone. A large quantity
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of sand was brought in by the p.m. rising tide on 7th September and more
was brought in on the following ones This completely buried the shingle and
hence only an odd tracer pebble was found on 8th September. On 9th September
less sand was present and the shingle beneath was exposed in diagonal strips.
Even so, less than ten tracer pebbles were foundy By the following day
more shingle had been laid down on top of the sand, so it was not surprising
that less than ten tracers were visible.

Wind and wave conditions are given in Table 4.III. Winds were very
varigble and generally light. As a result only small waves were formed.
The angle of wave approach was generally only 5° southwards although on 4th
and 8th September it rose to 159 and 200 respectively, Maximum neap tides
occurred on 4th September and maximum springs on 12th September.
Results

Figure 4.9 shows that all the tracer pebbles moved south from the
injection line up to 7th September. There was a great concentration near
the injection line on 4th September when only one tide had acted upon them,
A much wider distribution was found on 5th, 6th, and 7th September, however,
when a similar distribution pattern occurred each day. Table 4.IV shows
that the average distances moved by all sizes of material spread over the
whole of the inter-tidal zone, were as follows, commencing on 4th September:
19.35, 83,70, 89,80, 96,20 feet.

Pigures 4.10 and 4,11 show the actual distribution on the whole of

the inter-tidal zone of different sized tracer pebbles, and the distribution
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TABLE 4.1II

Wind and Wave Data for the Longshore Drift Experiment near Groyne III

Wave Wave Direction Angle of {jing

Height Period Wave wave of Wave Direction
Date in feet in secs Type Approach Approach and wind speed in Knots
349461 1 6.0 P* 1350 505 Calm,SE,S 10
44961 1 Ded P 125% 1508 NE-SE 5=10
509461 1 865 5 1350 598 Calm,W 16
669461 1 - 5 - - W 8-16
Te9.61 1 646 P 135° 598 W, NW 349
869061 1 Te5 P 120° 2008 NW,E,SE 3-14
9+9.61 ;! - P - -, . W=SE,Calm »8
1049461 1 6.0 P 1350 508 s 8=14

*p = Plunging
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of all the tracer pebbles found within the different parts of the inter-
tidal zone, In Table 4.1V the distribution is tabulated and the move-
ment averaged.

Considering the whole period most tracer pebbles were found in the
middle part of the inter-tidal zone, followed by the lower, with least in
the upper parts. Within each zone most were of medium size, less of large
size and least were small.

The greatest average distances were travelled in the middle, followed
by the upper and then the lower parts of the inter-tidal zone., Medium and
small tracer pebbles travelled the greatest distances in the middle and
lower parts, but small, medium and large alternated on different days to
travel the farthest in the upper part.

The fact that the deposition of sand on top of the shingle on Tth
September effectively stopped the tracking of tracer material hints at
a complex movement of material. More so, does the fact that so few
tracer pebbles were found when the shingle was partially laid bare again
on 9th September, before more shingle was deposited on top of the sand and
shingle. The reasons for the change in surface beach meterial are not
apparent as waves conditions varied so slightly and tides were only rising
slowly from neaps towards springs, Whatever the cause, the rates of
movement of material recorded between 3rd and Tth September must be treated

with great caution,
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Table 4.1V

Movement of Tracer Pebbles near Groyne IIT

449,61
A.Distribution
Whole I.T.* Upper I.T. Middle I.T. Lower I.Te
Pebbles Zone Zone Zone Zone

Small 86 21 26 39
Medium 138 26 52 60
large 161 29 64 68
Total 385 76 142 167

B.Averace Distances Moved in Feet

Thole I,Te Upper I.T, Middle I.T. Lower I.Te

Pebbles Zone Zone Zone Zone

N S N S N S N 8
Small - 23,57 - 34,00 - 28425 - 20,20
Medium 3 18,98 - 12,14 5 34430 - 23,45
La.rge - 16 034 - 15000 [ 20025 b 18¢45

Total > 19,35 - 19,02 5 22,00 - 20.80
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Table 4.IV continued.

548,61
A.Distributicn
Pebbles \lhole I.T. Upper I.T. Middle I.Te Lower I.T.

. Zone 7one Zone Zone

Small 57 8 32 17

Medium 83 17 45 21

Iarge 70 14 43 13

Total 210 39 120 51

B.Averace Distances Moved in Feet

Thole I.T. Tpper I.T. ¥iddle T.T. Lower I.Te.

Pebbles Zone Zone Zone Zone

N S N S N S K S
Small - 99.82 - 36425 - 118,20 - 93.90
Medivm - 84494 - 42450 - 89, 00 - T3.30
La;ge - 67.22 - 5Bld42 w 717,50 - 79,20
Total - 83,70 - 43,00 - 92,70 - £81.90
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6,9,61
AoDistribution
Thole T.T, Unper TaTo Middle T.Ta Tower I.T.
Pebbles Zone Z0ne Zone Zone
Small 6% 4 41 18
MMedivm 79 5 40 34
lerge 76 8 42 26
Dotal 018 17 103 6
B.Aversge listances lioved in Feet
Whole I.T. Upper TeTe Middle I,T. Lower I.T.
Pebbles Zone zZone Zone zone
N ] N S N S N S
Small - 12720 - 20.00 - 140,30 - 107,50
Medium - 84487 - 9.00 - 91, 25 - B4.60
large - 62,27 - 18,00 - T2.,40 - 60,60
Total - 89,80 - 15,35 - 102.20 ~ 82.10
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Table 4.IV continued,

1.9.61
A, Digtribution
Whole I.T. Upper I.T. Middle I,T. Lower I.Te
Pebbles Zone Zone Zone Zone

Small 69 11 32 26
Hedium 78 3 46 29
Large 54 3 34 17
Total 201 17 112 T2

B.Average Distances Moved in Feet

Thole IoTe Upper I.Te Middle I.T,.
Pebbles Zone Zone zZone Lower I.Te.Zone
N S N S N S N S
Small - 105.80 - 155490 - 18,00 - 90,30
Medium - 104,10 - 163,30 - 101.40 - 91,70
large - T7.38 - T0,00 - 87630 - 58,50
Total - 96'20 - 119.70 - 100075 - 77.20

*I.T.Zone = Inter-Tidal Zone
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CHAPTER

THE TIP OF SPURN HEAD AND THE BINKS

Chapter 3 was concerned with all parts of the spit, Chapter 4 with
the seaward side and now attention will be turned to the Tip and the PBinks,

The form of the Tip has already been described in general terms in
Chapters 1 and 3 (see pages 1%2-3 and 13). It will now be considered in
detail with reference to air photograph 9419, taken in September 1959,
which shows more of the beach exposed than do the photographs: of the two
1961 air surveys.

The beach widens to its broadest part where the neck of the Binks
joins the beach. On the seawerd side of the spit, the beach narrows only
slightly northwards. Westwards around the extremity of the Tip, where
Point A was establiched, there is a marked narrowing to a section about
100 yards west of Point A, whence it broadens again towards the jetty.
Almost the whole of the beach is “upper beach" in form, with only a narrow
strip of "lower beach" north of the neck of the Binks and west of the
extremity of the Tip. There are certain unique features of the beach here,
to which attention needs to be drawn. First, a high upper beach which is
clearly visible in the air photograph is an almost permanent feature which
suffers only slight modification when a storm surge occurs, (See plate 5.A)
and is soon re-established. Around material left after a surge, new dunes
develop and these are soon colonized by vegetation. When they are stab-
ilized the vegetation spreads outwards rapidly and the new dunes become

the outer edge of the main dune development., Thus the spit grows in length,
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and also in height ac the vegetation traps sand blowing off the beach.

As the dunes penetrate outwards so does the high upper beach. Second,
whilst the generally convex form associated with an upper beach, is present,
there is a very marked convexity at the narrowest section of the beach and
west of that a conziderable flattening of the form occurs. Shingle only
is found on the bottom part of the narrowest section, whereas almost pure
sand forms the beach further west., (see Plates 5.B, and 5.C). The third
noteworthy feature is a brbad, gently sloping, trimngular expanse of fine
sand, sometimes pitted with deep hollows, and with its apex joining the
neck of the Binks. (See Plates 5.D, 5¢f5, and SF) With very low tides
a band of shingle extending below low water mark is seen to bound the
south side. All these above mentioned featurcs have formed permanent
characteristics of the beach at the Tip since the summer of 1959.

The form of the Tip appears to be inseparably linked with that of the
Binks, the characteristics of which will now be descriied before considering
the main forces which affect both,

The Inner Binks are accessible from the beach only at low water of
maximum spring tides, owing to the relative lowness of the neck., The Middle
and Outer Binks are not accessible from the beach. On the occasions when it
was possible to examine conditions on the Inner Binks much useful information
was obtaineds The shgpe of the bank showed a number of changes between
September 1959 and February 1962, The straightness of the southern side

and the irregularities of the northern and western sides were shown on the
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1959 air photographs (9419, 9398, 8404,9405,9406); by February 1962 a
broad shallow emboyment had developed on the southern side and the neck
which lay at its western end had been pushed north of its earlier position,
There appeared to be litifle change on the other sides, however. Well
developed ebb ripples characterize the surface. (See Plates 5.Gy 5.H,
5¢I, 5¢J, 5¢K, and 5.L)s These usually fell into two sets. Those on
the southern side are aligned north to south, and have a steep slope facing
east and a gentle slope facing weste North of this set, and over by far
the greatest part of the bank the alignment is north-west to south-east,
with the steep slope facing north-east and the more gentle one sloping
gouth-west. Sometimes the ripples at the neck are aligned with the southern
set, sometimes with the more northerly. The material which makes up the
Inner Binks and the neck is almost purely pebbles, under 4 inches long
diameter. The coamest is found near the neck and on the southern side of
the bank, with material gradually becoming finer northwards. Occasionally
some sand is found either mixed with the pebbles or in isolated hummocks on
top of the pebbles (see Plate 5M). On several occasions sand has been seen
on the southern side and then no ebb ripples had developed, and the sand,
mixed with pebbles formed a firm southward facing slope. Generally material
over the whole bank is loosely packed, but the firmest area is always towards
the south sideo

On one occasion 19th Jamuary, 1961 when an exceptionally low tide
occurred the embgyment between the Binks and the beach north of the neck was
fompletely drained. Whilst soft sand with g few pebbles made up the area

round the lowest part, the centre was found to consist of firm finely
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rippled sand (see Plate 5N).

Probably the most important factor influencing the form of the extrem=-
ity of Spurn Head w. tidal streams. In estuaries’, with a rising tide
the flood stream runs in one direction for Jjust over six hours before
turning and running in the opposite direction as an ebb stream for a similar
length of time. If an adequate thickness of unconsolidated bottom sediment
which may be transported by the tidal streams, is present, elongated channels
and banks will be developed parallel to the main direction of stream flow.
There is usually a residual flow in one direction during each tidal cycle
in each channel, therefore the terms ebb and flood have been applied to the
distinctive channels. The two types of channel tend to be mutually erasive bec-
ause the momentum of flow of each tidal strcam causes it to continue to
flow for 20 to 30 minutes after the turn of the tide. The opposite tidal
stream therefore cuts a separate channel parallel to the first and separated
from it by a Ear. At the meeting of the two water masses about the turn of the
tide the saline flood water tends to form an undercutting wedge, beneath
¢ the lighter fresh water above it. The boundary layer, both in section and
in plan is often sharply defined.,

In the Humber estuary the ebb channel is the dominant element in the
bottom configuration and forms the main navigation channel at the entrance
between the Tip of Spurn Head and Bull Sand. The flood stream creates a
number of barbs rumning from the edge of the ebb channel where it changes

direction, into the bordering mud and sand flats where they fadle out rapidly.
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The only really well-developed flood channel in the estuary lies gouth of
Bull Sand. The number of flood barbs from the main ebb channel result

in the formation of closed cell circulation units. On the flood tide
material is carried upstream along the flood channel, some of it crosses

the bar into the main ebb channel to be carried downstream on the following
ebb tide. Some of this material will be transferred back to the flood stream.
This movement results in the latferal transfer of material being slow,

whether it be outside the entrance to the estuary or upstreanm,

"The North Sea Pilot"2 gives information about the rates and directions
of tidal streams at the entrance to the Humber estuary, During and after
periods of heavy rain both the duration and rate of the ocut-going tidal
stream are increased and the in-going stream is correspondingly reduced.
Even at such times the quamtity of fresh water running into the sea in the
entrance to the estuary appears to be very small in relation to the tidal
water. Under all conditions the out-going stream is considerably stronger
and of longer duration than the in-going stream. As observations have been
made only at the surface, however, this may be a rather false picture, as
it is probabls that the fresh water runs out at the surface, whereas the
saline water from the North Sea flows in at some depth where the strength
and duration of in-going and out-going streams may be in inverse proportions
to what is indicated at the surface.

Ten mileg east of the entrance to the Humber the tidal streams are

entirely unaffected by the streams of the estuary., The south-going stream
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begins 4 hours 55 minutes before high water at Immingham and the north
going stream 1 hour 30 minutes after high water. The spring tide rate in
both directions is about 2 knots and the neap tide rate slightly less. As
the entrance to the estuary is approached the direction of the south-going
gtream becomes gradually more westerly, and that of the ﬁorth-going stream
more easterly. In the entrance itself the streams run in the direction
of the channels and sweep strongly across Chequer Shoal, and round Spurn
Heade The gtreams are weasker on the south side of the estuary than on
the north,

In order to obtain s detailed picture of tidal streams close to the
shore of the Tig{%éurn Head, investigations were made. After preliminary
work during the summer months of 1960, more detailed observations were

carried out in June, 1961, and these will now be considered.

Observations on the Tidal Streams off the Tip of Spurn Head

Aimc;
The aim wes to test the strength and direction of the tidal streams
at spring and neap tides, as far as this was possible f rom the beach,
Method
Bottles 9" high, with a base diameter of 2", and weighfing approximately
11 ozs were painted with either red or yellow enamel, and used as markers

which were vieible clearly in the water when some distance from the beach,
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Two base points were selected, nA West'was 200 feet west of Point
A, at 15 feet 0,De and lay at the edge of the dunes where the beach reached
its narrowest and stetpest part. "A Last"was 335 feet east of Point A,
again at 15 feet 0«De and lay at the edge of the dunes north of where the
neck of the Binks joins the beach,

On 12th June, 1961 when spring tides occurred, and on 20th June, 1961
when neap tides occurged, one bottle was thrown at half hourly intervals
from the waters edge opposite A West, and one from opposite A East, about
35 feet into the tidal stream. This procedure was continued for 12} hours
through one complete tidal cycle., So that the exact position of the point
from which each bottle was thrown might be recorded, piles of pebbles were
used to mark the water's edge opposite 4 West and A East each half hour as
the tide fell, At low water a profile was surveyed from each base point,
and the position of each pile of stones was carefully marked on the profile.
On the rising tide the position of the water's edge each half hour was
measured in relation to the nearest pile of pebbles. When the tide was rising
as the experiment began, piles of pebbles were place at arbitrary distances
apart along lines down the beach from A West and A East. The lineswewe
surveyed to include the positions of the piles, and the water's edge was
related to them each half houre The general direction which each bottle
travelled was noted, and the speed of movement was calculated from the
distance travelled in the first few minutes. It must be noted that the
gspeed is completely accurate only when the bottle travelled parallel to

the shore. As the direction was judged from the shore by eye thig gave only
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a general indication and it was not possible to make an allowance for
the direction when this was not parallel to the shore in calculating the
speed.

Wave informmation was recorded each half hour, together with a
description of the type of beach material found at the water's edge.

On 13th June, the day after the first day of observations, the
contours were surveyed round the Tip from 15 feet 0.D. to =2 feet 0.D.
by plane tabling and levelling. Both profile lines, from which bottles
were thrown into the tidal stream, were included so that the information
obtained from the observations could be plotted on this as a base map. As
only slight changes had occurred by Zch June it was posgible to use the
same base map, on which to plot the later information.

Figures 5.1, 5.2, 5.3, 5.4, show the tidal streams as revealed by
the two sets of observations, and the information on them is condensed in
Tables 5.1 and 5,II, With reference to the figures and the tables,
conditions will be considered in general terms first then attention will
be directed to special points which emerge. As winds were gencrally under
15 knots and there was no especially heavy rainfall before either experiment
it may be safely assumed that the tidal streams were behaving relatively
nomally.

On 12th June, when spring tides occurred, from low water to high
water there was an easterly drift close to the shore from A West. There

wag a chorewerd movement in conjunction with this to begin with, then a
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TABLE S5.I

Tidal Streams around the Tip of Spurn Head on 12th June, 1961 with Spring Tides

Place Time Direction and Strength of Tidal Streams
A West L.W. EeS of Binks 150'/Minute
LeWe+s to + 2 hrs, E. and shorewards 65'=100'/minute

.‘-:'\F.+23§ to +3hrs’ ... E. to Point A at 22-142'/min. outwards, then W
LeWe+35 to +63hrs, E.,towards choppy water over Binks neck 20!
(H.‘.’.‘rl)
- 130'/minute (2 lost in choppy water S

of Point A at +4% to +5 hrs.)

EW + % hr, Eeparallel to shore 60-95!'/minute
HY + 1 hr Eeround Tip, past A Fast 165'/minute
HW + 13to L. E.south of Binks 150 = 375'/minute

(2 lost in choppy water S of Toint A, HIH2 to

+ 2% hrs at 75-190'/minute)

A Bast IW to IW+5% hrs Setowards choppy water over Binks neck -
moved along western edge and lost generally

10-225'/minute

hrs

L.W.+6 to+63/ (1) N, 3'-30'/minute
07 +5 tot+2khrs Se then N. at 3-75'/minute
Hi+3 to+5ihrs N. 20-96'/minute (some outwards then N)

Winds were from between W. and N.Eeo and from 6 to 16 knots

Vave danta is given in Tables 5,111 and B.IV
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Table 5.II

DY

Tidal Streams around the Tip of Spurn Head on 20th June 1961, with nesp Tides

Place Time Direction and Strength of Tidal Streems
A Test LY to LW + 43 hrs E and shorewards 25»150'/minu1u (s1lightly
veet ot IV 4 Zghrs, end cne rouvnd chorpy

water S of Point A at LW + 43 hrn)
L¥+5 to 6 (Hw) E towards choppy water over Binks neck.
42-95 ' /minute
H W+ito+l hr E round Tip past A Tast, 125-175'/minute
HW +1% to + 5% hrs E.S of Binks (3 lost in choppy water S of

Point A at HW+23,+3, and 5%) 175-275'/minute

w E and shorewards east of Point A 150'/minute
A East IW N 15'/minute
Ti+s to +4hrs S towards choppy water over Binks neck =~ around

west edge, lost (2 came ashore) 24-100'/minute

IW+5 to + 5% hrs N and outwards then S 20-32'/minute

g +6hf-v; to HW+lhr N 40-75'/minute (1 ashore)

HY +1% hrs S and shorewards 60'/minute

HT + 2 t(()L-I;)6 hrs W erratically at times (9-50'/minute
y

Winds were from between W. and N.%W. up to 14 knots

Wave date is given in Tables 5.V and 5.VI,
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novement away from the shore towards the flood current flowing west.
After about the mean tide level the movement was steadily east towards
choppy water over the neck of the Binks, although a choppiness developed
south of Point A for a short time where the eastward stream was inter-
ceptedse The maximum rate of movement in an easterly direction was 150
ft. per minute,

Meanwhile from A ZEast, from low water until an hour before high
water the tidal stream was flowing southwards towards the choppy water
over the neck of the Binks at a rate of 10 to 225 feet per minute reach=-
ing a maximum slightly before the mean tide level was reached. By half
an hour before high water a north-going stream wag beginning to establish
itself sradually,

From high water to low water, from A Wegt, there was a strong
eacterly movement of water., Shortly after high water the tidal stream
flowed round the Tip past A East and over much of the Inner Binks. As the
water level began to fall however the Binks began to exert an influence on
the direction of flow and the main tidal stream ran south of the Inner Binks,
The rate of flow varied between 150 and 375 feet per minute, reaching a
maximum about mean tide level, A patch of choppy water south of Point A
slowed down part of the stream at this time,

During the same part of the tidal cycle et A East the predominant
flow of the tidal stream was northwards, although especially shortly after
high water there was a southward movement away from the shore,until the

main north flowing stream was encountered, flowing between 3 and 96 feet

per minute,
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On 20th June, when neap tides occurred, only a few slight differences
in the tidal stream pattern were observed. From low water to high water,
from A Test, again an easterly flow was seen, Until an hour before high
water the movement was towarde the shore at a rate of 25 to 150 feet per
minute., At the time of one measurement there was a very slight westerly
movement, and on one other occasion a patch of choppy water south of Point
A diverted the stream east and then west towards the shores Within an hour
of high water the stream was flowing at between 125 and 175 feet per min-
ute towards the choppy water over the neck of the Binks,

In the meantime, the tidal stream passing A East was flowing towards
the choppy water over the neck of the Binks at between 24 and 100 feet per
minute. Within an hour of high water there was a slight movement northwards
away from the shore before the south flowing stream was encountered.

From A West, between high water and low water, the tidal stream
again flowed strongly eastwardse At first it flowed round the Tip and past
A East but as the level of the tide began to fall the influence of the
Inner Binks was felt and the main ebb stream flowed south of the btamlti at
a rate of between 175 and 275 feet per minute. Choppy water south of Point
A again slowed the flow in small parts about mid-tide and towards low water.
By the time of low water the stream was being pushed shorewards east of A
West in contrast to the state of affairs on the spring tide.

From A East, between high and low water, there was a predominantly

natherly flow of between 9 and 75 feet per minute. At one period of
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obgervation a southwards and shorewards movement was recorded and the
movements north were very irregular in speed, and occasionally a move=
ment south occurred for a few minutes. The main north flowing stream
appeared to lie east of the farthest distance the markers could be thrown
and their movement was probably so irregular because they were caught by
counter currentse.

The overall picture emerging from the sbove description will now be
considered. The most powerful tidal stream affecting the Tip is the ebb,
the main channel of which lies close to the shore., This becomes established
by the time of high water and flows until after low water with spring
tides, but until low water with neaps. At A West the stream washes the
shore itself (see Plates 5.0, and B.P) but from that point pulls away from
the shore. Except shortly after high water the stream is divided into two
parts, the main one flowing south of the Inner Binks, but with e weaker
branch flowing over the neck and northwards, approximately parallel to the
shore, Between the shore and the ebb streams, counter currents develop
in the relatively slack water. The choppy patches scen off Point A from
time to time are probably caused by eddies in the main ebb stream,

The only part of the Tip affected by a flood stream is that lying to
the north of the neck of the Binks, This stream cannot be traced south of
the neck over which it encounters water pushing eastwards dlose to the shore.
Where the two streams meet there is a wedge of choppy waters. The water to

the north and east of the western margin of this wedge is brown in colour,
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in contrast to the water west of this line, which is much clearer. The
markers which floated south were carried generally through or round the
choppy water to the west side of the wedge and were then carried away
from the shore along it. At least from low water to mid-tide a flood

stream can be seen from the ghore beyond the east flowing stream, and on two
occasions markers were caught in it and transported westwards. The east
flowing stream exerts more and more pressure on the flood stream as high
water is approached and the shoreward movement within the east flowing
stream, ceases. The choppy patches of water seen off Point A on the rising
tide are caused by tongues of brown water penetrating into the clear water.

This distribution of tidal streams means th&t north of the neck of
the Binks the beach is affected by alternately north and south flowing
streams, and counter currents developed from them. The neck itself is
affected by counter-currents and choppy water alternately; and west of it
the beach is affected only by east flowing streams, alternately the power-
ful ebb stream washing the shore around A West, pulling away from it east-
wards but washing the south and west sides of the Binks when it divides,
and a weaker shoreward moving stream during the rising tideo

At this stage attention may be directed to the wave data collected
simultaneously with the current observations, and given in Tables 5.II1I,
5.Ivy 5.V, and 5.VI. Winds were between west and north-east, varying
from 6 to 16 knots on 12th June, and were west to north- west, calm to

14 knots on 20th June. At A west on both dates there was little variation
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TABLE 5,III

12,6,61 Wave Data A West
, Beach lMat.
Time Wave Ht Type » Direction Frequency at Hy0 edge

8400a.m 11 P - 20/min SPsm
8630 1! P - 15/min SPem
9,00 1! P > 22/min®* SPsm
9430 6 P - 24/min* SPsm
10.00 6" P - 27/Min Pem
10,30 6 P - 22/min Psm
11,00 6" P - 19/min Psm
11.30 L.W. Znagn P - 30/min Psm
12,00 noon 3n P - 18/min Psm
12,30 p.m. 6" P - 30/min Pam
1.00 6" P - 22/min Psm
1.30 3.6 P - 20/min Psm
2,00 30 P - 20/min Pam
2.30 B P - 20/min SPem
3.00 6 P - 20/min SPsm
3430 6" P - 18/min SPsm
4400 6n-11 P - 10/min SPem
4430 6" - 1! P - 10/min SPsm
5400 61— 1t P - ¢/min SPsm
5430 61 P - 8/min &
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Table 5.III continued.

Beach lat,

Time Wave Ht Type Direction  Frequency at HoO edge
6,00 HlW, 61=1" P - 12/min SPsm
6430 61! P - 11/min SPom
7.00 6n=1t P - 10/min S
Te30 1 P - 12/min S
8400 én P - 15/min SPem
8430 6" P - 20/min SPam

* P = Plunging

a Watch stopped - frequency approximate
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IABLE D5.IV

12,6,61 Wave Data A.Past
, Beach lMat.

Time Wave Ht 2@3* Direction  Frequency at H,0 edge
8.00 a.m 2! Pl - 15/min SPsm
8430 6"-1¢ P - - SPsmi
9400 Gr=gn P - 12/min S
9430 61 =g P - 10/min S
10,00 6" P - 12/min S
10630 6" P - 14/min S
11,00 3n P - - SPs
11,30 L.W. 3n S - - SPs
124,00 noon 1n-on S - - IPs
12,30 pem. » S - - )
1.00 il P - - S
1.30 gn-1? P - - S
2400 ARBNES P - 9/min S
2430 2! P - 11/min S
3400 2-2%" P - 9/min SPs
3630 2131 P - 8/min SPsm
4400 AR P - 10/min SPsm
4430 213y P - 9/min SPsm
5.00 31 P - 9/min SPsml
2030 514t P oblique 8/min SPsml
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Table 5.IV continued.

Beach Mat,
_Tlix_gc_a_ Tave Ht. ZIype Direction TFrequency at HoO edoe
6.00 H,W. 3t P ob)]?ic;ue 8/min SPsml
6430 3 P e 8/min SPsml
T« 00 31 P " 7/min SPsml
Ts30 31 P " 8/min SPsm
8400 31 P " 7/min SPsm
8430 1t-2! P " 7/min SPsml

* P = Plunging
S = Spilling



TAFLE 5.V

2046461 WAVE DATA A Viest

Time Wave Ht. Type Fregquency Direction Beach mat.

at H.O's edpe

2

8,00 a.m. o" P 22/min - Psm

8430 & P 23/win - Psm

9400 " P 22/min - Psm

slightly

9430 o" P 17/min oblique N Psm

10,00 n_gn F lB/min - Psm

10430 HeW, 6" P 25/min - Psm

11,00 Gl P 21/min - Psm

11,30 Zh_gn P 20/min - SPsm

12,00 noon ZnLen P 21/min - SPsm

12,30 p.m. 6" -11 P 14/uin - SPsm

1,00 6"=1" P 18/min - SPsm

slightly

1.30 61t P 21/min oblique N SPsm

2,00 6"l P 25/min - Psm

2.30 3" P 17/min - SPsm

3.00 3" P 20/min - SPsml

5430 zn P 25/min - SPem few P1

4,00 6" B 29/min - Psm

4030 L.W. 6 P 30/min - Psm

5,00 n P 28/min - Psm

5630 36" P 29/min - Psm




Table 5.V continued,

|

6400
6430
T.00
Te30
8600

8630

Wave Ht.

n
6n
én
Gu-1t

5 "-6"

W W W W W W

3u_6n

Plunging

Lype
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Frequency

27/min
28/min
32/min
30/min
22/min

23/min

Direction

Beach mate.
at HoO's edge

slightly
oblique N

" L]

Psm
Pam
Psm

SPem
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TABLE 5.VI
20,6,.61 WAVE DATA A Bast
Time Wave Ht &Ee* Frequency Direction Beach mat,.

at water's edge
8,00 a.m 1160 ®/s 6/min - SPsml
830 11-2% P 6/min - SPsml
becoming
9,00 116m P 6/min oblique S SPsml
9430 116m-21 P 6/min oblique §  SPsml
10,00 11-116" P 6/min " " SPem
10430 HoWe 214! P 6/min " " SPsml
11,00 21-4" P 5/min wow SPsm
11,30 214" P 6/min W " SPgm
12,00 noon 21-31 P 6/min "o SPs
12,30 pem. 11-241 P 9/min LU ¥
1,00 1 P 8/min W ™ g few Psm
slightly
1.30 1! P 6/min oblique 8 S few Psm j
(lower beach emerging,

2,00 1t P 6/min g S few Ps
2,30 Gr-gn P 6/min - S
3,00 gn P 7/min - S
330 6n P 10/min - S
4400 6" P - - S



- 198 =

Table 5,VI continued.

Time Wa.e Ht Type I'requency Direction Beach mat
at water's edpe
4.30 LlW. én P - - 5
5400 6"pO" P 17/min - SPs
5430 AN P - oblique ¥  SPs
6,00 6" P 12/min " " 8
6430 g1t P 12/min " "nos
oblique S
7400 1t=1) P 12/min S of Afast S
7430 1! P 10/min " S
8400 13 -2t P 8/min " S
8,30 21 P 8/min " SPem

* p= Plunging

5 = Gpilling
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in wave height throughout the tidal cycle, but at A East there was a
marked increase in height towards high water when the waves were breaking
on the steepest part of the upper beach. Almost no variation in wave type
was recorded at either point. The observations on the direction of wave
approach yielded the most interesting information., On 12th June at A West
the waves broke directly onshore, but at A East across high water, they
approached obliquely to the shore southwards, i.ee the angle of approach
opened southwards. On 20th June at A West they broke directlyfzghore with
a few slight exceptions, but at A East the approach of the waves obliquely
south across the high water period was more noticable than on the previous
date. In addition it was noticed that the obliquity of the waves increased
towards the neck of the Binks and continued to slightly west of Point A,
The irregularity of the frequency of the waveg at A West and A East on
both dates may be explained partly by the refraction and diffraction of
waves over the Binks and by the effect of the tidal streams especially the
powerful ebb. The beach material as is usual at A West consisted of
almost purely pebbles near low water on both occasionse At A Fast the
change from sand mixed with pebbles, to pure sand or sand with only a few
small pebbles showed when the gently sloping trimmgular area of sand near
the neck of the Binks began to emerge, and vice versa when the tide com=
pletely covered it. It should be noted that waves broke obliquely south
only when this sandy triangle was completely submerged, and when thig
occurred the wave height increased as the waves broke on the steeper slope

of the upper beach proper. As the angle of approach of the waves is
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important in its affect on the longshore movement of material, and must
therefore be a considerable influence in moulding the Tip of Spurn,
further wave observations, this time opposite the neck of the Binks,
were carried out.

Table 5.VII gives details of the observatiohs made on Tth September,
1961, when the tides were mid-way between neaps and springs, and when the
wind swung from west, between € and 16 knots, to northwest between 13 and
19 knots, The waves showed a markg@ rigse in height towards high water
and a decrease afterwards, as thq;‘;gse and fell over the steepest part
of the beach, The wave type was mainly plunging, but west of the neck of
the Binks it was spilling as the tide rose. The frequency again showed
congiderable variation, The observations of wave direction yielded very
useful information. As the tide covered the triangle of sand a pattern
of crossed waves developed, as waves from east of the spit wet waves from
west of the neck. Once the tide began to rise up the upper beach the
weves from the east began to predominate and completely mask those from
the west. The waves from the east approached the beach at this point
obliquely and the angle of approach increased markedly west of the neck,
This state of affairs continued until the tide had fallen again to the
upper edge of the sand trimgle when a pattern of crogsed waves developed
as the waves from west of the neck were able to re-asgert themselves.
When the waves break obliquely, littorsl drift may be observed around

this port of the Tip and to the west of Point A, as shingle is pushed up
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TABLE 5.,VII
Obliquity of "aves opvnosite the Neck of the Binks 79,61
Angle Wave
of o Vave Ht Wave frequency
Time Approach  in Ft. Type per min,
2415 p.m - 2 P at Neckg 8 Sand triangle just covered
S West crossed waves well developed
2445 peme 1ow 2 " 10 Only waves from E. of spit
oblique
3615 pemes 20w 2 n 9 "
3e45 pems 200 2 " 9 n
4415 p.m, 10W 2=3 " 8 "
445 peme 0 2=3 P 8 "
High water
5¢15p.m, 10w 2=-3 P 8 Direction of approach less
definite.
545 peme 0 3 P 8 Merked angle of approach again
6015 peme 5% 3 P T "
6445 peme 40N 1-2 P 8 "
7.15 p.m. 5W 1 P ! "
Ted5 peme - 1 P 8 Crossed waves re-appearing

as waves from E, of spit
neeting waves from W. of

neck
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the beach at a very oblique angle to the west and is rolled down by the
beckwash at right angles to the slope of the bheach, to be picked up sgein
by the swash of the next wave and carried oblicuely west cezine. The zig-
zag movement of the marker at 12 noon on 20th June (Sece figure 5.4)
further illucstrates this.

Trom this movement it might reasomably be expected that the cpit
wonld ~row outwards repidly about A West, but it has already been noted that
the beach reaches its narrowest and steepest at this point. It was observed
that the powerful ebb current washes the shore there, and this in addition
to the fact that west of this pure shingle gives way in a short space to
almost pure sand, suggests that the ebb current must transport material
from the beach and carryht eastwards, Evidence of the den-combing of
material at this point has been observed frequently. Plate 5.Q shows an
intricate development of channels cutting back into the sand anqéhingle
a8 the tide was falling from the middle of the beach., Plates 5.R and 55 show
a cliff cut into the same part of the beach as a rapid removal of material
haw taken place. Such a cliff is cut by the waves as the tide rises, and
Plate 5.T shows one being cut on the steeper lower part of the beache

As ’I‘wenhofel3 shows, considerable turbulence exists close to the
lower part of a steep slope when a powerful current passes near it. The
turbulence causes a forward thrust of water which may set particles in
motion, either in suspension or by tractions Suchier's findings, quoted by

Twenhofel, shows that a current of the maximum strength observed at A



West can begin to move material up to about two inches in diameter. Tur-
bulence will be likely to increase the possible size, and once in motion
a lower velocity will be needed to continue the movement. The material
transported by traction will be deposited in a direct ratio to a decrease
in current velocity. Even slight turbulence will keep fine material in
suspension, howzver,

It is therefore possible for material to be moved by the powerful
ebb stream and to be transported by it slightly awey from the Tip past
Point A, As the stream swings north-eastwards, as already noted, a less
powerful branch breaks away from it and flows parallel to the east coast
of South Spurn, whilst the main stream flows south of the Binks. The
decrease in velocity of the branch stream as it leaves the mein one will
cause considerable deposition; and it is in this area that the highest
and broadest part of the Inner Binks is found., Most of the traction load
of the main stream will be moved alonz the northern side of the ebb channel.
The }3§§§§?§§¥& of water moving at a velocity lower than that of the main
stream on its northern margin will cause a gradual deposition there also.
In this position lie the mejor part of the Binks., As would be expected
the coarsest material is found on the Binks close to the neck,

The two sets of ebb ripples usually seen on the Inner Binks appear
to be related to the movement of water in the two streams. The southerly

set, aligned north to south, and composed of relatively well compacted

material seem to be formed by the main ebb stream, whereas the northerly
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set, more loosely compacted, appear to be related to the branch stream,
vhich will broaden as it extends northwards from the south-east corner
of the Tip.

The neck of the Binks appears to be a continuation of part of the
beach westwards, which is exposed onlylat very low spring tides. Below the
sand forming the western extremity oﬂfzznd triangle, a belt of shingle, rarely
over 2 inches long diaméter, and extending below low water—m:;ZE is partially
uncovered., This usually is built into low ebb ripples, and appears to be
the very edge of the traction load of the ebb stream. The main division of
the stream sesms to occur east of the neck where the Binks attain their
greatest width as a mass of material is deposited. South of the neck lies
the main ebb channel and north of it, at'right angles to it lies a flood
channel, The constriction of the flood s tream between the Inner Binks and
the shore increases its scouring power as it approaches the neck , and
maintaing the channel in this position. The meeting at the neck between
the flood stream and stream flowing eastwards round the Tip lessens the
power of the flood stream to scour it. A delicate balance between depos-
ition at the edge of the ebb channel, and the scouring action of the flood
stream must exist,

The triangle of sand sloping gently towards the level of the neck
of the Binks is affected by the convergence of the flood stream and the
eastward flowing stream on the flood tide, and ;{s covered by choppy water

which will be able to move only sand in suspension normally. On the ebb

tide it is affected by the outer edges of the brach of the ebb stream and
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the counter-currents shoreward of it. Before they reach this area any
pebbles which they were moving will have been deposited, and the only load
they will be carrying will be sand in suspension, Some of this and will
probably be deposited here, depending on the velocity of the currcnfs. The
hollows which are sometimes seen in this sand (Seec Plates 5.E and 5.F) are
probably caused by the counter currents and the crossed waves which develop
as the tide nears the upper edge of the triangle and continue through low
water until the tide has risen again to the same position,

In order to test the theories on the movement of material round the
Tip it was decided to carry out two experiments on the longshore movement
of material, one at the extremity of the Tip and the other on the Binks.
The preparation of tracer pebbles was the same for these experiments as for

the first one carried out near croyne III (See pagef 167)e

Exgeriment on the Longshore liovement of laterial at the Tip
Method

22nd September,1961
1,000 painted pebbles were placed along the injection line, down
the beach from Point A, between high and low water markse. Lqual numbers
of small, medium and large pebbles were placed in the same proportions
throughout the line, The profile was surveyed along the injection line and

the wave characteristics were noted.
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23rd to 26th, and 28th September, 1961

Bach day the whole of the area of the beach over which tracer
pebhles were visible at low water was surveyed with a 5 foot sampling square,
a profile along the injection line was surveyed, and wave conditions were
recorded, Wind data was obtained for the whole period of the experiment,.
nd October,1961

The beach was examined, but as under ten tracer pebbles were found
below high water mark, sampling the beach was not considered worthwhile.

Beach, Hnd, Wave and Tide Conditions

Figure 5.5 shows the profiles surveyed along the injections line
during the experiment. It can be seen that little change occurred. There
was little variation in the surface distribution of beach material also. The
high upper beach was as usual composed of sand and large pebbles. The middle
part of the beach conaisted of sand and small, medium, and large pebbles,
Below this, fwem Point A eastwards, lay a belt of sand and below it, dis-
appearing below low water mark was 2 belt of sand and small pebbles con-
tinuous with the neck of the Binks. West of Point A the bottom part of
the beach was composed as usual of medium and large pebbles. This distrib-
ution remained from 22nd to 28th September but by 2nd October when less
of the beach was exposed, more sand was present in the middle part.

Wind and wave data are given in Table 5.VIII. The light and
variable wind conditions between 22nd and 26th Septewber produced only

low plunging waves, approaching the shore either directly or slightly
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TABLE 5,VIII

Wind and Wave Data for the Longshore Drift Ixperiment at the Tip

Wave Hte
Date in Fte

Wave
Type

Direction of
Wave Approach

Wind Direction and
Speed in Knots

22,9461 0.5
2349461  0,5-1.0
2409461 0e5
254961 0e1-0e5
26.9.61 0.5

28,9.61 2.0

bW W b oW W W

slightly oblique W.

slightly obligque

directly omshore
slightly oblique W,
directly onshore

slightly oblique

S 6-14
SeEetoSe wlO
SW to N w10
Wy5E toS »10
S to SW  »15

S to SW 12-26



obliquely to the west. Stronzer south to south-west winds blowing across
the estuary to the Tip of Spurn on 28th September produoéiig higher plunging
waves, which approached the shore slightly obliquely eastwards. The
maximum equinoxial spring tides occurred on 26th September, and the
maximum neaps on 2nd Octobers
Results

Figures 5.6 shows that the majority of tracer pebbles moved west
although some moved east. The general distribution pattern each day was
similar between 2%rd and 26th September, but it had smoothed down with
less of a concentration just to the west of the injection line, on 28th
September, Table 5,IX shows that the average distances travelled by all
sizes of material within the complete inter-tidal zone were:=-

Westwards, 35.2, 39, 510y 55.6, 79.5 feet

Eastwards, 57.0, 50, 123.8, 112.5, 137.8 feet

Figures 5.7 and 5.8 show the actual distribution on the whole of the
inter-tidal zone of different sized tracer pebbles, and the distribution
of all the tracer pebbles within the different parts of the inter-tidal
zone, In Table 5,IX the distribution is tabulated and the movement averaged.

Most tracer pebbles were found in the upper part of the inter-tidal zone,
with less in the middle, and least in the lower part. The fact that so
few were found in the lower part seemed to be due to the burial of many

in the belt of sand., In the upper and middle parts most were large,

followed by small then medium pebbles in the upper part but medium then
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TABIE D5.IX

Movement of Tracer Pebbles at the Tip

2349,61

A Distribution

Pebbles fhole T.Te™  Upper I.T. Middle I.To  ILower I.T.
Zone Zone Zone Zone
Small 119 80 29 10
Nedium 97 58 39 0
Large 158 93 63 2
Total 374 231 151 12

B Average Distances Moved in et

Whole I,Te Upper IoTe Middle I.T. Lower I.Te
Pebbles Zone Zone Zone Zone

b w E w E w E W
Sma 1l 57  52.0 - 60.6 TO 40.8 50 -
Medium - 3746 - 3446 - 2247 - -
Iarge - 21,9 - 22,5 - 23.0 - -
Total 547 3542 -~ 415 70 23,3 50 -



Table 5,IX continued

o

24.9.61

A Distribution

= 210 -

Pebbles Whole I.T. Upper I.T. Middle I.T. Lower I.Te
Zone Zone zone zone
Small 87 53 30 4
Medium 89 50 38 1
large 136 80 56 0
Total 312 183 124 5
B Average Distances Moved in Feet
Pebbles Whole I.T. Upper IaTe Middle I.T, Lower I.T.
zZone Zone Zone Zone
E W B w E w E w
Small 50 6062 - 62,7 - 55.7 50 =
Medium - 4044 - 4604 - 3340 - 5
I.e'r,'ge - 24.8 - 2705 - 2l.1 = e
Tot&l 50 39.0 L2 42.8 - 3303 50 5
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Table 5,IX continued.

25.9.61

A Distribution

Pebbles Whole I.T, Upper I.T. Middle I.T. Lower TI.T.
Zone Zone Zone zone

Small 79 46 29 4

Medium 67 34 23 -

Large 124 58 66 -

Total 270 138 128 4

BJ.Average Distances Moved in Feet

Whole I.Te Upper I.Te Middle IeT. Lower I.T.
Pebbles Zone Zone Zone Zone

E w E w B w B W
Small 123,8 7561 - 96,0 - 66,0 123.8 =
Medium - 54.2 -~ 6104 - 46-4 - -
Large - 33,0 - 3745 - 29,0 - -

Total 123,8 51.C - 5866 - 4240 123,8
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Table 5,IX continued

2649461

A Distribution

Whole I.Te Upper I,T. Middle I.T. Lower I.T,
Pebbles Zone Zone Zone Zone
Small 65 44 18 3
Medium 62 34 27 1
Large 124 63 61 0
Total 251 141 106 4

B Average Digstances lMoved in Feet

Thole T.Te Upper IoT. Middle TI.Te Lower I.T.
Pebbles Zone Zone Zone Zone

B w B w B W E w
Snﬂ.ll . 145.0 82.2 - 87.8 - 68.5 14500 -
Medium 15,0 5905 -  69.4 - 45.7 15,0 =
Iarge - 40.3 - 4902 - 3000 L -

Total 112.5 5506 - 66 .6 - 41.9 112.5



Table 5.,IX continued.

28,9,61

A Digtribution
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Thole LoTa Upper I.T. Middle I.T. Lower I,T.
Pebbles, Zone 7one Zone 7Zone
Small 50 29 6 15
Medium 60 34 12 14
Iarge 88 35 27 26
Total 198 98 45 55

B Averaze Distances Moved in Feet

T.‘n]OlC I.oT. UpperI.T. I‘ﬂiddle I.T. LOWQT IQT.
Pebbles, Zone zone Zone Zone

B w E w B w E w.
Small 157:s5 8569 = 8549 - 112,5 157.5 6146
Medium - 8449 -  THe2 - 1525 - 5067
Large 20,0 7408 - 81.9 - 8303 20,0 5800
Total 137.8 T9e5 = 8C.8 - 107.0 137.8 5563

[

TeToZone = Inter-tidal Zone
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seell in the middle pertes In the lower part, zlmest all were small with very
few medium and large ones. The most noteworthy fact was their relative
digtribution east and west of the injection line. Crly in the lower pert
of the inter-tidal zone, in the belt of send and fine shingle did material
move eastwards, and it was almost solely small pebbles. Only in the upper
and middle parts did material of all sizes move west, with one exception,
on 28th September, when some in the lower part went weste (Then crly the
top of th2 lower part of the inter-tidal zone was exposed as low water was
hicher than on 2374 September,)

The average distances travelled by the small tracer pebbles were
greater than those by the medium, and they in turn were greater than
those travelled by the large ones, The small pebbles moving east, trave

elled faster than those moving westa

Ixperiment on the NMovement of Material on the Binks

lethod
5th February, 1962

1,000 painted pebbles, 500 medium and 500 small to correspond with
the gize of the material making up the bank, were placed along a 100 foot
long injection line on the Inner Binks. The two sizes were mixed in equal
proportionse The injection line lay approximately parallel to the east

shore of South Spurn along a bearing of 30° and was at an angle of about

450 to the ebb rippless Bearings from the north and south ends of the



injection line were sc followss
l. to the lighthouse, 25°

2. to the high lookout tower, 355°

3+ 1o Bull Fort 260°

6th and 7th rebruary, 1962

The area over which the tracer pebbles were distributed was sampled
in alternate strips, 5 feet wide, with the 5 foot sampling square. Because
odthe limited time when the Binks were accessible from the beach it was
decided that a complete survey would be impossible with the scatter of
pebbles which existed,
8th February, 1962

As only 16 tracer pebbles were located, the position of each of them
was fixed in relation to the injection line.

Surface Morphology and Wind and Tide Conditions

Between 5th and 7th February only the northerly set of ebb ripples
were well developed, with their steep slopes facing south-west. The
difference in height between crest and trough was approximately 1 foote
The southem edge of the Binks consisted of a firm slope of shincle with
some sand, whereas almost solely shingle lay further north. On 8th February,
the ebb ripples showed the same alignment, but were less well marked, and
their steep faces sloped more gently (see Plate 5.K). The best developed
ripples were seen on the northern side of the eastern half on the Inner

Binks, (See Plate 5.L) Over much of the remainder more irregular,
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elongated hummocks were founde More sand was present than had been observed
on all previous occasions when the bank had been accessibkle from the shore.

Wind conditions during the experiment were as follows:

5th February 1962 w 7-26 knots
6th February S5=S«Wo 10-14 knots
Tth February S=SeWe 8-22 knots
8th February N 10-28 knots

The veering of the wind from south-west to north, which occurred late
on 7th February, and the strengthening which took place early on 8th February
produced long powerful waves, which, as they met the ebb stream over the
Binks probably produced the changes in surface morphology. Maximum spring
tides occurred on Tth February, and access to the Imner Binks from the beach
was possible only between 5th and 8th February.

Results

Figure 5,9 shows that all the tracer pebbles moved eastwards from the
injection line, with some splaying out eastwards beyond the two ends of the
line. More material moved out from the south end and was carried along the
southern edge of the Binks. The maximum distance at which this was found
south of a line at right angles to the southern end of the injection line
was 35 feet. The distribution curve of tracer pebbles flattened out more
repidly than in the two experiments on the beach. As Table 5.X shows, the
rate of recovery of material was very low, between 8.8% and 1.6%, in

comparison with that at the Tip, between 37.4% and 19.8%, and that near
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groyne III, from 38.5% to 20.1%. More small than medium pebbles were
found. The average distances moved by small and medium pebbles together
were 21.6, 33,6, and 52.2 feet, with the small generally moving faster
than the medium onese.

The fact that so few were found, and yet the rate of movement was
slower than the rates recorded on the beach for gimilar sized material
suggests that there must have been a considerable mixing of material,
causing the tracer to be buried., This would be expected with the devel-
opment of large ebb ripples.

As no tracer pebbles were found west of the injection line, it
appears that the flood current is unable to move even small pebbles,

although it is likely to move sand.

These two experiments on the movement of material, one at the Tip,
and one on the Binks, confirm the patterm of movement suggested by the
tidal streams and the waves, Over most of the beach at the Tip material
was moved westwards as would be expected when waves approached the shore
obliquely southwards, and south-westwardss In the belt of small pebblecs
exposed near low water with the very lowest spring tides, generally at the
equinoxes, material moves eastwards. As this belt lies on the fringe of the
powerful ebb stream, it may be assumed safely that larger material is
carried on that part of the slope where greater stream velocities are
attained. Material will be picked up, or movement by saltation will begin,

near A( West where the stream washes the shore. It is doubtful whether much
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TABLE DH.X

Movement of Tracer Pebbles on the Binks

A Number Found

_Date Small Pebbles Medium Pebbles Total
62462 27 17 44
T 2062 22 18 40
842462 9 7 16

N.B. As area where tracer pebbles found on 6,2,62 and T.2.62 only

half sampled, numbers should be doubled to compare with 8,2.62

B Average Distances Moved in Ileet

Date Small Pebbles lTedium Pebbles Total
602062 20.7 22,9 21,6
Te2462 3745 2849 33,6

842062 5540 4846 6522
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of the largest material seen at A West can be moved by the stream. DPowerful
waves probably roll it down the steep submarine slope on which it comes to
rest and forms a basis for the extension of the spit alove low water matk.
The fact that the spit is extending in length is evidence that only some of
the material transported to the Tip is then carried away eastwards. Between
December 1959 and August 1962 the dune edge about Point A has extended

20 feet towards the south-west, and vegetation has extended patchily to

50 feet from the earlier dune edge.

Whilst none of the tracer material used in the experiment at the Tip
actually reached the Binks, several of the small tracer pebbles moving east-
wards were close to and directly approaching the neck, on the last occasion
when it was exposed at the equinoxial spring tides. On 19th June 1662,
one large tracer pebble, about 6 inches in long diameter, was found on the
south side of the Inner Binkse As no pebbles of this size were used in the
experiment on the Binks, it can have come only from one of the experiments on
the beach, and that at the Tip appears most probable. Whilst neither of
these facts provide indisputable evidence, it appears almost certain that
the Binks are built from material taken from the spit a little west of the
extremity of the Tipe The experiment ofi the Inner Binks shows that the
pebbles which form it generally, move eastwards and because of this can

be moved only by the ebb stream,
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CHAPTER 6

The Riverside and 0ld Den

In Chapter 3 the short term changes as they affect almost all parts
of the spit were descriibed and the factors which cause them were discussedes
On the riverside of the spit at its southern end swash bars were seen to
be the typical features in which build up occurred, and this took place
most notably with offshore winds when the top part of the beach was
raised and the bottom part showed a slight loss. Build up however did
occur when winds blew from any other direction, if they were light in
strength, Despite the form being the same as on the seaward side of the
spit/éizze wes completely different, and this is where the most funda-
mental difference is found between seaward and river sidese.

A riverside swash bar rarely exceeded 6 inches in height from the trough
in front of it to the crest, and the variation in height of the beach was
rarely mich more. When a storm surge occurred accompanied by powerful waves
on the seaward side, resulting from strong north to north-west winds, the
changes wrouaht on the riverside were usually a direct result of the raised
height of the tide. The whole beach could be washed over by the waves and
if the surge was high enough, the waves near high water might break against
the edge of the dunes and remove sand from the edge leaving a small cliffed
feature, with the rhyzomes of the marram grass visible (See plate 6.A).
Where only low dunes existed the water might overtop them and spread sand
and ghingle over the vegetation (see Plate 6.B).

The difference in scale of the changes ig directly the result of
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small waves which are all that are able to form in the limited fetch of the
estuary, which at a maximum is only 8 miles wide, between Kilnsea and
wetney Haven., Except with strong winds, primarily from south-west to
west-north-west that is, on-shore winds, waves are rarely over 1 foot in
height. The maximum observed during gale force winds were only 2 feet

high, The period was always short, the longest observed being only 3.5 seconds.

In the northern half of the riverside of Spurn Head as the air
photographe and the six-weekly beach feature plans (Figure 2.3) show, the
only place where changes occur over a short period is where there is a
marked angle to the edge of the dunes opposite groyne XX. There the low=-
est part of the beach lies close to the dunes, so that on spring tides
water collects in the troughe As this drains, when the tide falls, the
water scl;: the sand,thus the trough does not fill in., Swash bars develop
west of the trough, but only very rarely is the tide high enough to push
them even partly into the trough. Elsewhere the narrow beach slopes
evenly from the edge of the dunes to the junction of sand and estuarine
mud e

Why does a difference exist between the north and south beaches on
the riverside? Even the most casual tidal observations show that the
beaches in the north are affected by wave action for only a fraction of
time during which the southern ones are, within one tidal cycle. Two sets

of observations were made, one at spring and one at neap tides to find out

at what stages in the cycle the tide reached and left the junction of sand
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and estuarine mud from the southern border of High Bents to the north-
western limit of Kilnsea Warren. The results of these observations are
shown in figures 6.1, and 6.2, The predicted heights of high water at
Spurn Head were on 19th July, 1960, 14.9 feet Chart Datum (5.3 feet O.D.),
and on 3rd September, 1960, 18,0 feet Chart Datum (8.4 feet QeDe).
Meteorological conditions did not disturb predicted heights. 19th July
was one day after maximum neap tides had occurred, and 3rd September was
three days before maximum equinoxial spring tidess

On 19th July the edge of the water first reached the junction of sand
and estuarine mud at 1.30 p.m. opposite groyne XIII and spread rapidly
northwards to nearly opposite groyne XVII by 2 peme Thereafter it rose
gradually more slowly until high water about 3430 p.m. when it reached its
farthest extremity northwards, opposite mid-way between groynes XIX and X.
As the tide fell again it gradually retreated from the lower edge of the
sand beach further and further south, until it left it altogether opposite
groyne XIII, at 5.50 pems Throughout this period between 1,30 p.m. and
5.50 pem. the sand and fine shingle beaches of south Spufn had been
undergoing wave action. The beaches north and west of the position where
the tide reached at high water were completely dry during the whole periode
The nearest point to which the tide approached the sand beach opposite the
north boundary of Kilnsea Warren, was 100 feet.

On 3rd September, the tide reached the lower edge of the sand beach

at 2,30 p.m. opposite groyne XIII and rose more rapidly than on the
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previous occasion on account of its being a spring tide, and at 2.30 p.m,

it ha4l reached only the mean tide levels By 3.15 p.m. it had reached the
sand and mud Jjunction at two places, opposite groynes XX and XXIV, but lay
a little distance out on the mud in betweens This mud was covered within
the next quarter of an hour. By 3.45 p.m. the tide had reached two points
further west, opposite groynes XXVI and XXVIII, leaving the area between
above the water, but the highest point between the two was covered by 4 p.m.
and remained so until 6.05 p.m. when the tide had been falling for about

an houres By T.30 pem. the&ide had retreated south to pposite groyne XIII
and left the lower part of the sand beach.

The lack of change on the narrow sand beach of the riverside of Kilnsea
Warren is clearly the result of being affected by wave action for only
probably a maximum of three hours each tidal cycle, at the time of near
maximum gpring tides. The s pread of Spartina causing the accumulation
of mud at an increasingly rapid rate close to the shore, means that the

sand beach will receive lesgs and less wave attacks

Vhereas it was possible to gain some idea of the direction of along-
shore movement of material on the seaward side and at the Tip of Spurn, by
using painted pebbles, the lack of pebbles except along relatively limited
sections of the riverside made this technique of no great value here.

As already stated in Chapter 4 (pagef 165 ) the use of fluorescent

sand tracers in the field is in only the early stages of development in
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England and therefore the idea of attempting to gain data by this method
had to be abandoned.

An examination of the beach forms has been made however, and sheds
some light on the longshore movement. These features are shown on the
1959 and 1961 air photographs.

The long, curving ridges of sand will be consilered firste These
fall into two sets, those lying west of the southern half of South Spurn,
and those west of the south end of the Chalk Bank, The southern set are
shown in a highly developed form on the 1959 air photographs, 9418 and 9416,
taken after s long period of building up of the beachs Between the life-
boat house and the disused sewage pipe about 400 yards north of it, a
spread of relatively smooth sand lay on the higher part of the heach.
Fanning out from it towards low water mark were long curved ridges of sand
increasing in size and prominence northwards. The best developed ridges
lay between the sewage pipe and the southern end of 0ld Den, where a much
thinner layer of sand lay on the part of the beach adjoining the upper
section, The long boom disrupted the pattern of ridges. Two facts nced
noting, first that the ridges splayed out northwards and sub-divided in
this direction near the long boom; and second, that although the ridges
were mainly symmetrical, where there was asymmetry, the steeper slope lay
towards the north, Between the southern and northern sets a well-defined
small stream cut through what is usually an area of pure estuarine mud,

but which sometimes is coated with a thin layer of sand. The upper beach
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:broadened as the northern ridges were approached from the south, and a

. blunt formation of sand jutted into the mud at a low angle. lorth of this,
5  well developed sand ridges were seen. These splayed out northwards, but
Q ;; became smaller and less well-defined as they did soe.
;2?2 On 16th March, 1961, after a shorter period of build up (See air
?  photosraphs 173, and 183) a broad, relatively smooth, expanse of sand
% filled the area between the lifeboat house and the sewage pipe, and only
{f'north of it were the ridges developed to as far as the southern end of
dn; 0ld Den, There appeared to be little sand cover on the middle part of the

‘w“i beachs Again the ridges splayed out and sub-divided northwards, and towards

glthe north they were asymmetrical with steeper slopes facing northwards.
Lgff The area around the stream was largely devoid of sand. North of it the
D‘NJ beach broadened and jutted out at an angle into the mud and north of that
“ﬁ“% the other set of ridges were seen in a better defined form than on 3rd
;.September, 1959. As they splayed out slightly northwards they rapidly

; died out. There were signs of a slight asymmetry with the steeper slope
?? facing north,.
™ the

A comparison between/air photographs of 16th and 23rd March, 1961

 between which a very stormy period occurred, has already been made in

j:general terms in Chapter 3 (see pages 129 to 135 ) but attention will be
‘3%{fdrawn again to certain facts relating to the sand ridges. On 25rd March
’"ﬁffthe beach between the lifeboat house and the southern end of 0ld Den

iéconsisted in the main of a broad expanse of smooth sand with the sand
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?weather conditions, here thqre is 2o plentiful supply of gand it lies in
: smooth sheet, sometimes with the surface ripple-marked, This 1s found
. only necar the extreme southern end of the riverside of the spite Northe
vards until the southern end of Cld Den, sand and estuarine mud are often
oth fowd, The zand forms the long ridres, whikt the mud is generally
eposited up-beach of them, and forms ripple-narked layers which alternate
ith thin sand layers, The siream flowinz from near the shore towerds

he south of 01d Den merely divides what is really}one set of ridpes into
wo parts. The northern ridges are smagller than the sovthern ones and
ccrease in size northwards. Each. of these ridses is usvally separated by
stuarine mud which only occasionally is covered with a thin layer of sand,
The fact that the sand diminishes in queontity northwards, on what is
eally the lower beach sugrests that the material is moving northwards.
‘The only sand north of the northern end of the Chalk Bank is that which
’gomposes the very narrow beach which flanks the estuarine mud and as was

8hown in Chapter 1 (See Table l.I, pago 17)) this sand is considerably
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‘:,‘,“c'carser then that found on the lower beach west of the light-houzme, zo for

| this reason alone it could not be %he source. The median grain size on the
% ldier beach west of the lighthouse was betwsen 00175 and 0.155 nmms. which
corresponds to that around the Tip of Spurn near low wator mark. It
appears likely that much of this fine sand is thrown into suspension round:
the Tip and whilst the m;jor part is carried eastwerds by the powerful ebdb
{gtteam, a little is bormm wgstwards whore it zccumulstes mainly south of the
lilﬂﬂeboat house but with a little creepang north of it to form a continuous

" 8pread for a few hundred yﬁids, t only long ridzes north of this to ncar

" The development of the sand ridges may result from the mode of transport

rﬁof“the sand, Asg TWenhofel1 showe, sand moving by traction may‘travel

the dovmecurrent side, which is being extended. IT the form of the "dunes"
es not alter, it appears that equilibrium has been reached and little ox

erosion or deposition is taking rlacee
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It seecms very probable that the sand ridges at Spurn Head are a
particular form of Twinhofel's "dune-like features.'' They occur where
the supply of sand is small and the velocity of the water is low., As their
form varies only slightly, no permanent increase in size or number occurs,
and they do not appear to be gpreading over a wider area, they must be in
a state close to equilibrium, The fact that they have formed or are form-
ing very slowly from the south is suggested by their fanning out and dividing
northwards, and the fact that some show a slight asymmetry with a steeper
slope north than souths Only after storm conditions, when the ridges have
been attacked by more powerful waves and more material has probably been
carried round the Tip is there any sheet movement of the sand, which ‘
nanally forms the ridges. As the waves become less powerful afterwards,
the ridges are slowly rebuilt,

As this point it may be noted that an examination of the spit which
forms the southern part of the West German Fresian Island of Sylt, showed
that it is almost a complete replica of Spurn Head, allowing for the differ-
ences produced by its being built almost solely of sand. A set of sand
ridges, similar to those west of Spurn Head is found to the east of the
HBrnum spite Whereas they join the sand beach north of the harbour, an
the east shore near the tip, they gradually pull away from it when the
shore sweeps westwards in an embayment, which in its middle area is com=-

- posed af mud with a 1littla sand., The sand ridges become smaller north-

,';;wards and gradurlly die out. They form only where a relatively small amount




of sand is present, as a powerful ebb stream washes the tip of the spit,
and carries most of the sand westwards into the North Sca.

One other particular section of the beach on the riverside requires
consideration before attention is turned to Cld Den. This is opposite the
northern end of the Chalk Bank where the channel draining the low area around
it, which is flooded at high water spring tides, leads onto the beach
(see air photographs 9413, 183 and 258). Figure 6.3 is a contour map of this
sectién of beach. The channel lies along the edge of the dunes at first
after leaving the interior of the spit because of the presence of a beach
ridge between it and the river. This ridge appears to be extending north-
wards very slowly and vegetation is beginning to colonize the top of ite
The channel cuts westwards round the northern end of the ridge, but then
swings north again and runs out into the estuary approximately parallel
to the beach. The ridges into which the beach proper divides towards its
northern extremity, are curved gently towards the shore. The ridges have so
far been unable to link up with the shore further north, because of the
relatively frequent scouring of the channel, As this gradually silts up
throughout its length, fewer and fewer high tides will be able to penetrate
it and the beach ridges will be able to compete more successfully with it,
until they seal its mouths In contrast to the Binks, the bank of 0ld Den
is one which has shown no change in morphology during the past three years.
(see air photogephs 9384, 9386, 9387, 183, 256, 258). Plates 6C and 6D

show the surface of the bank which is compogsed of shingle, generally under
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2 inches long diameter but up to 4 inches on the western side.s The bank
broadens northwards and curves shorewards. In cross-section it is markedly
asymmetrical with its crest élose to the western side, and a long gentle
slope eastwards. A curving nose of shingle formg a prominent feature on
each set of air photographs, éﬁ@ catching the light and showing up white
as a results Probably the most outstanding formation on the bank is the
delta which results from.tﬁﬁlbifurcation of a well marked channel lying
parallel to the middle of/ba;L on the east sides As the tide rises around
the western end of Old Den, as seen in air photograph 256, the water
penetrates between the main part of the bank and the western edge of the
northern set of long sand ridgese. It digs deeply into the mud where the
channel is seen, but as it approaches the main shingle mass of the bank
where it curves chorewards it divides into the distributaries of the delta.
A small part of the delta is shown in Plate 6.E where it can be seen that
the estuary mud, which is well compacted, has been dissected into irregular
hummockse The mud on the eastern side of the bank has suffered a similar
kind of surface dissection near the southern end. Only one channel may
be seen aligned czast to west across the bank, and that lics at its northerly
extremity, and appears to be an ebb channel as it broadens and bifurcates
westwardse. Another east-west channel, not on Old Den itself, but le ading
towards the southern end, has already been mentioned as it lies in the
centre of the area which divides the two sets of long sand ridges. It

" appears to be primarily an ebb channel also,
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Despite the fact that the main formmations on 0ld Den have shown.
no change during the past three years, is there even a slow movement of
meterial on the bank? An examination of the surface material showed that
over the whole areca barnacles have established themselves on the pebbles,
and small mussel beds have formeds An investigation of the biology of the
barnacle, Balanus balanoides has shown that 0ld Den pfovides a favourable
gite.? mme upper limit of distribution is the level of high water neap
tides in sheltercd places, bu‘i; up to the level of high water spring tides
where there is more exposure. The most abundant barnacles are found in a
localitity exposed to wave action. The bank of Old Den is completely
covered at all tides and is affected by wave action, even though the waves
are only small in size. Even in such a tidally favourable position, com=
plete stability of the material on which the barnacles may attach themselves
is crucial, as the shells would be broken by the pebbles rolling over even
onces The cxamination of sample pebbles with barnacles attached in June 1962
rovealed that the barnacles.varied in age from a few months to over two
yearse. This suggests that there has been no movement of the pebbles:
during this {time despite many stormy periods. Norecover Knigh‘b-Jones3 i
hag shown in laboratory experiments that the cyprids of barnacles settle
readily only on surfaces hearing settléd barnacles of their own species,
| or cemented bases left when they had been removed. Fiold experiments
ghowed that similar behaviour occurred under natural field conditions.

| It appears therefore that there has been no movement of material on 0ld
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Den for a period probably considerably longer than two to three years.

The most likely explanation for the presence of the bank explains
also why it is not mobile at present. Probably the earliest map on which
a bank appears in a position corresponding to Old Den at present is that
of Greenvile Collire, 1684, DEarlier however, Boy1e4 quotes Abbot Burton,
the chronicler of the abbey of Neaux who described the narrow sandy road
which linked the town of Ravenser t& the mainland, before that town was
"altogether consumed", and went on to say, 'which road yet remains visible
both to pedestrian and equestrian travellers; but in its farthest part,
for a space of half a mile, has been washed into the Humber since those
days by the tides of the sea'". This suggests that a bank similar to 0ld
Den had been formed when the breach occurred which cut off and caused the
destruction of Ravenser. Further evidence of this process is found later.
Whilst the bank is shown on charts from Greenvile Colling until the middle
of the 19th century it appears that the bank was considerably enlarged at
the time of the breach which occurred in 1849, This developed where the
Chalk Bank was later built, reached a width of 1,500 feet, and by September
1851 had a high-water depth of 16 feet., It was closed in 1855, Miles
and Richardson? record that "seven vessels passed through (the breach)
in one tide from the sea to the Humber", In the meantime another narrower
breach, 400 feet wide, had developed near to the subsequent position of
groyne XIII, but that was closed in 1852, In 1856 a breach 240 feet

wide and with a depth of 13 feet at high water occurred near the present
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groyne XXI, and was closed in the same year. After 1864 groyncs and
revetments began to be constructed to strengthen the seaward side of

the spit and rocks were piled on the riverside dun?ﬁigpits weakest

points and placed on the beach from the present posgition of the long

boom to opposite groyne XVIII. As a result no more breaches of the spit
itself have occurred since 1856, and probably there has been little change
in 0ld Den since 1855, As only a flood stream runs parallel to the east
shore of South Spurn as shown in Chapter 5 (see pages 182 to 190)

it would be expected that material which had formed Spurn itself, would

be carried westwards when a breach occurred, and be deposited to form a

bank in the estuary.
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CHAPTER

GENERAL CONCLUSIONS

This chapter will be devoted to linking together the conclusions
reached in the preceeding chapters, to present a picture of the geomorph-
ological development of Spurn Head as it has been observed during the last
three years, A backward look will then be taken at the spit as it is seen
on the R.A.F. air photographs of September, 1946,

The first changes to become apparent and those which have been wit-
nessed over and over agaih were discussed in Chapter 3 as short term changes.
An analysis of thekeach profiles and the plans of beach features which were
surveyed during the year of detailed observations from April 1960 to April
1961 showed that these changes could be divided into two main types, those
associated with the building up of the beach, and those associated with its
break down.

The building up resulted from the removal of material from the bottom
part of the beach and its addition to the top part. This transfered mat-
erial was usually built into the form of a swash bar on the upper beach,
but was sometimes added to give a smooth convex slope with a marked creste
After several weeks of building up, sand rises varying considerably in
size and shape developed on the lower beach. Such features may be expected
primarily when offshore winds have occurred for a few days, after which
the whole beach will show a net gain of material, despite a loss from the

bottom part. These winds lessen the steepness of the waves to an average
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of 40063 on the seaward side and produce a shoreward movement of water
near the sea bed to compensate for an offshore movement in the surface
layers. Both the low steepness and the shoreward movement of water in the
lower layers assist the building up of the beachs Building up may occur
also after a period of light onshore winds., It appears that the energy
content of the waves should be less than 20,000 foot-pounds per foot of
wave crest per wave length, and the wave period less than 8.5 seconds on
the scaward side., These waves which affect the build up approach the
shore at a low angle opening south; the average of the observed angles
was 4.,28° The only tidal disturbance which may be expected is a depression
of the level due to strong winds from between west and south, which has

no effect on the beaches.

When a break down of the built up form of the beach occurred material
vas combed down from the upper limit of wave action. Some of the material
was deposited on the bottom part of the beach, but the rest was carried
beyond low water mark., All the features of build up on both upper and‘
lower beaches were obliterated and the division between the two became in-
distinct.s The result was an almost evenly sloping profile from near the
edge of the dunes to low water mark. The development of the particular
beach form on the seaward side of the spit, consisting of a tongue of
sand and shingle extending from the upper beach at a low angle south-
wards, suggests that there is a rapid lateral movement of beach material

when break down occurs, Whilst strong onshore winds can lower the beach on



- 238 -

the seaward side of the spit sufficiently rapidly to produce a cliff in
the upper beach several feet high, facing seawards, the main breakdown
occurs only with winds over 15 knots from north to north-west. These
are produced when a deep depression is centred over southern Scandinavia,
They blow over the lonzest fetch from Spurn Head and have been shown to
produce the largest waves which break on the beaches there, Alisuch waves
observed at Spurn Head have had an energy content greater than what seems
to be the critical value between those producing build up and bresk down,
20,000 foot-pounds per foot of wave crest per wave length. The wave
period, always over 8.5 seconds, reflects the long fetch over which the waves
were formed. Waves from between north and north-west are refracted before
reaching the shore and this results in a concentration of wave energy on
that part of the spit which faces north-east. Despite the refraction, the
waves break at a relatively high angle to the shore, up to 40° southwards
was observed, with an average angle of 18.30 southwards. "hilst these waves
are not as steep as those breaking more nearly parallel to the shore, they
are nevertheless relatively steep. In addition to producing destructive
waves the strong north to north-west winds cause a stom surge, which
may result in more of the beach than usual being subjectcd to wave action.
At any one time when build up is taking place, the scale of the changes
along the whole length of the seaward side of the spit and round the Tip
are very similare On the riverside however, the changes which are usually
seen only on the beach of South Spurn are on a considerably smaller scale,
owing to the fact that they are produced by the small waves which are all

that can develop in the fetch of the estuary. The riverside beaches of
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High Bents and Kilnsea Warren, which are affected by a shorter period of
wave action each tide than those of South Spurn, show 1little change of any
kind with any combination of wind, wave and tide conditions. When
break down of the built up form of the beach occurs it is most complete on
the north-east facing section of the spit upon which a maximum amount of
wave energy is concentrated. Along the remainder of the secaward side of
the spit, that part facing south-east, and round the Tip, there is a less
complete break down, with little variation in degrece between different parts
of these beaches. There is, however, considerably less on the riverside
beaches of South Spurn, which are sheltered from the direct effect of the
very powerful waves in the North Sca. The only effect which conditions
producing break down elsewhere, have on the riverside beaches of High
Bents and Kilnsea Warren is to cliff theedge of the dunes, if the peak of
the storm surge coincides with #Hizh water spring tides,

Before the year's programme of detailed observations wes begun, it
had become apparent that there were certain longer term changes occuring
than those which were seen week by week, and these were considered in
Chapter 4o During the year's observations it was possible to study these
in detail, and after April 1961, further observations were begun in an
attempt to gain more information about them. The longer term changes
result from low sections of beach passing along the spit. Such features
are well known to the inhabitants of the Holderness coast south of a few

miles north of Hornsea, and in dislect are called "“ords". I'rom observations
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of these low sections at Kilnsea and along the scaward side of Spurn Head,
(they do not appear to be a feature of the riverside) certain generaliz-
ations were made.

When a low section of beach is established the upper beach is swept
away and a gently, evenly sloping expanse of sand and fine shingle extends
from the top of the beach to low water mark, with surface water in parts.
Some of the material from the upper beach is dcposited on the lower beach
which is considerably raised in level, but the bulk of the material is re=-
moved completely from the section and seems to go to form large sand and
shingle rises on the lower beach immediately south of the low section. The
removal of the upper beach allows almost 2ll high waters to reach the edge
ofthe dunes, cliffs, or revetments, which flank the top part of the beach.
Sand can be removed easily by even small waves, but much larger waves
are needed to undermine the boulder clay cliffs and cause parts to collapse.
If such powerful waves can penetrate beneath a revetment wall, they may
removed much of the infilling material behind and be able to attack the wall
from the rear, as well as from the front. Under severe storm conditions,
the revetment may be breached. Only during severe storm conditions assoc=-
iated with north to north-west winds over 15 knots when powerful waves
approach the coast at a marked angle, will a low section of beach be moved,
and the direction of movement is always southwards. The rebuilding of the
upper beach in the previous position of the low section is usually begun
by/éif;nsion of a tongue of sand and shingle from the lower edge of the

upper beach further north.s In the beginning this tongue lies at a low angle
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to the upper beach, but as it extends south beyond the end of the upper
beach it is pushed up the beach until it reaches the edge of the dunes,

the foot of the cliff, or the revetment wall. This tongue of material

there forms the core of the new upper beach, upon which building up

usually occurs rapidly, as material is removed from the lower beach. Once
the upper and lower beach divisions are fully established, short term chanres
will recommence on them.

The presence of a low section of beach is the main cause of erosion
on the seaward side of Spurn Head. As the low section passes, foredune
may be removed and the mgin dunes behind cut back; considerable damage
may be done to groynes unless they have very deep foundations; and revet=-
ments may partially collapse or be breached completely, leaving the dunecs
behind unprotected,

The southward movement of the low sections led to a consideration of
the longshore movement of material. The very presence of the spit of Spurn
Head at the southern end of the Holderness coast suggests a southerly long-
shore movement. The observation of the low sections of beach has confirmed
this movement, and has shown that when severe storms occur, associated with
strong north to north-west winds, the volume of material moving laterally
must be considerable, or the low sections could not be moved. In order to
gain a measure of the rate and direction of movement of pebbles along part
of the seaward side of the spit, an experiment was carried out near groyne III

in September, 1961, with painted pebbles. Full details were given in Chapter
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4y but the experiment will be summarized briefly now. Winds were light
and variable, and produced only small waves, breaking generally at a low
angle to the shore, opening southwards. During most of the experiment

the tides were neaps. All the tracer pebbles moved southwards and the
average distances moved by all the located pebbles from the injection line
were as follows: 19,35 feet one day after the injection, 83.7 feet after
two days, 89.8 feet after three days, and 96.2 feet after four days.

The burial of the majority of the tracer pebbles after the fourth day, by
a layer of sand, and the fact that very few could be found a day later
when the shingle was partly laid bare again suggests that there is a very
comple x movement of material, probably resulting from the mixing of sand
and pebbles on the upper beach. The figures obtained for average rates of
movement immediately after the injection must therefore be treated with
caution, although it may be assumed safely that the direction of move~
ment indicated was accurate.

What happens to the material which moves southwards along the sea-
ward side of the spit, when it reaches the Tip? This problem was con=-
sidered in Chapter 6. Another experiment similar to the one near groyne
III was carried out later in September 1961 at the extremity of the Tipe.
Light and variable winds produced only small waves except on one day. The
experiment was timed to coincide with maximum equinoxial spring tides.

The relative distribution of tracer pebbles east and west of the injection
line was the most interesting fact to emerges Only in the lower part of the

intertidal zone, where a narrow band of sand and small pebbles, contimious
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with the neck of the Binks, was visible at low water did tracer pebbles
move eastwards, and these were solely small ones, Only in the upper and
middle parts, however, did material of all sizes move westwards. The
average distance which the tracer pebbles had moved eastwards six days
after the injection was 157.8 feet, and the average distance of movement
westwards of all sizes of tracer pebbles was 79.5 feete (The small pebbles
travelling westwards reached an average distance of 85.9 feet; this ig
strictly comparable with the movement eastwards, as this was solely by
small pebbles).

West of the extremity of the Tip the beach narrows at the place where
observations on the tidal streams showed that the powerful ebb, flowing at
a rate of up to 375 feet per minute, washes the shore. As the beach at
this point is composed largely of pebbles only, in its bottom part, yet
westwards there is a rapid transition in beach material to almost solely
sand, it seems almost certain that much of the material which has moved
southwards and round the Tip is then moved eastwards by the ebb stream
either in suspension or by traction, mainly below low waters The fact that
waves break at a high angle to the shore westwards around the south-east
corner of the Tip, and extending to slightly west of the extremity of the Tip,
for several hours about high water results in the transport of a large
quantity of material westwards round the Tip to the narrow parte A current
of the velocity of the ebb stream will be able to pick up most of the
beach material except probably the largest pebbles, which will be rolled

down the steep offshore slope to provide a foundation for the constant



- 204 -

south-westerly extension of the spite This extension shows that not all
the material which accumulates at the Tip is transported away eastwards.

The position of the shingle bank of the Binks along the northern margin
of the ebb channel as it swings cast of Spurn Head, and the fact that at
the broadest part of the Binks, close to the eastern side of the spit near
the Tip, a branch breaks from the main ebb stream to flow over the neck and
along the western edge of the Binks, suggests that they are formed of the
msterial transported from the narrow section of the beach. Deposition would
be expected where the ebb stream lies in juxtaposition to water north of it
moving considerably more slowly, and it would also be expected where the
weafKer branch of the ebb divided from it. The deposition of larger pebbles
would take place first and then gradually smaller and smaller ones. Such
a gradation of material is found on the Imner Binks, with the coarsest lying
close to the neck and the finer further eastwards. The tri%ggle of sand
on the beach at the Tip, with its apex towards the neck is probably the
result of deposition on the extreme inner edge of the ebb stream or where
counter currents develop between the stream and the shores The Binks are
separated from the shore, except at the narrow neck which is exposed only
at low water spring tides, by the only flood stream to flow near the shore
at the Tip. This flows parallel to the seaward side of the spit near the
Tip, and because it is constricted by fthe presence of the Binks it has
considerable scouring power. As it meetes the stream flowing eastwards round

the Tip, over the neck of the Binks its scouring power there must be con-
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siderably reduced. As the neck has shown little change in height or form
during the past three years, a delicate balance between the rates of dep-
osition by the ebb stream and scouring by the flood stream must existe

In order to investisate the movement of material on the Binks a third
experiment using painted pebbles was carried out and was described fully
in Chapter 5. A period early in February 1962 was selected as particularly
low spring tides occurred then and gave access to the Immer Binks from the
beach on several successive days. Winds during the first three days in-
cluding the injection day were from between sgouth and west, between 7 and
26 knots, but on the fourth day they veered to north, up to 28 knots. The
tracer pebbles, which had been injected along a line at an angle of 45°
to the northerly of the two sets of ebb ripples which normally form a
feature of the surface of the Inner Binks, all travelled eastwards, although
some splayed out eastwards from the ends of the line, especially to the
south of it. The average distances moved were 21,6 feet one day after the
injection, 33.6 feet after two days, and 52.2 feet after three days. As the
rate of movement was slower than that recorded on the beaches of the spit
itself, and yet the recovery rate of the tracer pebbles was very much lower,
it appeared that there must have been a considerable mixing of material,
as would be expected with the extensive devliopment of ebb ripples. Thefact
that no tracer pebbles were found west of the injection line indicates that
the flood stream is unable to move even small pebbles, and therefore the

Binks must be formed almost entirely by the ebb stream.
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Whilst the bulk of the beac material which is transported along the
seaward side of the spit in a southerly direction, and then rcund the Tip
to slightly west of Point A is picked up or rolled along by the ebb stream
in an easterly direction, some of the sand in suspension moves westwards
and this was considered in Chapter 6. lost is deposited south of the life-
boat house although some penetrates north of thate A continuous spread of
sand extending from the Battery wall to low water mark, is usually seen
between the life-boat house and the dis-used sewage pipe. The surface is
frequently ripple-marked. North of this to the southern end of 0ld Den the
middle section of the heach sometimes is covered with a surface layer of
estuarine mud, and at others with sand. Below this section, and extending
to low water mark, a series of arcuate sand ridges have developed fanning
out and sub-dividing.slightly, northwards. North of these a narrow area
extending west from the upper beach is drained by a small stream, and the
surface of the whole area is usually composed of estuarine mud, but occas=
ionally a thin layer of sand covers it., Northwards again and opposite
the southern sad of the Chalk Rank another series of sand ridges have formed.
These are less extensive than those farther south and are usually divided
from each other by a slight hollow filled with estuarine mude. During the
past three years these features have remained almost in the same form,
only suffering temporary disruption during stormy spells associated with
strong north to north-west winds, when they are spread out to give a more

even and extensive sand cover to the whole of the beache The fact that some
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of the ridges subdivide northwards, and some have an asymmetrical profile

with the steeper slope facing north suggests that the sand is moving north-

wards, but probably at a very slow rate, as they do not appear to be extend-

ing over a larger area or increasing in size individually. As the ridges

occur where there is a small supply of sand and where the water is moving

at a low velocity it appears that they are probably a particular form of

what Twenhofel describes as "small dune-like bodies" in which the sand is

moving collectively. Ty
The bank of (01d Den, west of Spurn Warren and the Chalk Bank Area,

broadening northwards as it curves towards the shore was shown in Chapter

6 to have given no evidence of movement or development during the past

three years. A marked flood channel has developed on the eastern side,

with a well formed delta at its northern end where it approaches the

northern part of the bank, The channel and its distributaries have cut

several feet into the layers of cstuarine mud. Two much smaller ebb channels

have developed at right angles to the flood channel, one cutting across the

northern end of the bank and the other, mentioned previously as dividing

the two sets of sand ridges, leading westwards to the southern end of the bank,

The form of these channels and the paths which they follow have shown no

variation even in small detail since 1959, nor has a distinctive nose of

shingle which projects from the main crest of the banks The fact that the

pebbles, up to 4 inches long diameter of which the bank is compesed, are

partially covered by the barnacle, Balaffs balanoides, indicates that not
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even g slight movement of the mgterial is occurring., Tie shells of the
barnacles would be crushed even if the pebbles rolled over once. As most
of the barnacles were between a few months and a little over two years in
age and the cyprids of this species will only settle near others of the
species or cemented bases of these which had been left, the pebbles of the
bank have probably not moved from some time considerably before 1959,
Mistorical evidence from both chronicles and charts suggests that 0ld Den
and previous banks in a similar position to it have been formed at the time
of a breach in the spit. From the geomorphological investigation of the
past three years it appears that a breach would be most likely to occur
when a low section of ibeach lay at a narrow part of the spit and a severe
stormy spell associated with strong north to north-west winds occurred. It
is known that the 1849 breach occurred with these wind conditions,1 but
no information about the state of the beach seems to have been preserved.
The flood channel lying close to the seaward side of South Spurn would
provide the means of transporting the material from the spit to the
position of the bank slightly to the west of ite

A bgackward look will now be taken to the air photographs of 2lst
September 1946 to discover what changes if any have taken place in the
general formation of/ggil during the past fifteen and a half years, and
how the detailed state of the beaches sheds light on the development which
has been studied during the past three years,

The photographs were taken at maximum neap tides, probably near the
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time of low water about 8,30 a.m. as may be gathered by the long shadows
cast to the west, and the position of the water's edge. Wind conditions

during the preceeding 24 hours were as follows:

20th September 1946 0600 hours SeSeW, 4(Beaufort Scale) 11-16 knots
| 1200 hours S.S.W. 5 17-21 knots

1800 hours N.N.E 8 3440 knots

2lst Séptember 0000 hours TE.N.E. 6 22-27 knots
0600 hours WoeNeWe 5 17-21 knots

1200 hours WeN.We 5 17-21 knots

The strong winds between east-north-east and west-north-west had
produced the long powerful waves which show very clearly on the air photo=-
8raphs, As these winds had been blowing for only about 8 hours as marked
a break down of the built-up beaches as occurred between 16th and 23rd
March 1961 would not be expecteds Also, as tides on 2lst September 1946
were at maximum neaps, only part of the beach would be affected by the
powerful waves in any case.

As the wave pattern is so clear, it will be considered in a little more
detail before attention is turned to the beaches., North of groyne XXI the
waves were breaking almost directly onshore, whereas south of this point
as the gpit swings towards the southwest they began to break at a higher and
higher angle to the beach opening southwards, unti 1 the straight seaward

of South Spurn was reached where the angle

side/remained constant, This illustrates what was shown in the wave

orthogonal diagrams (Figures 3.1 and 3.2) namely that with waves from between
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north and north-east energy is concentrated on the north-eastward facing
8ection of the spit wﬁere %giggﬁ wave refraction occurs. The disruption
Caused by the Binks to the wave train is clearly seen, as complicated'
refraction and diffra-tion patterns were produced. Iven on this neap tide,
the waves formed in the North Sea were unable to penetrate west of the

neck of the Binks, although as shown in Chapter 5 (pages 190 to 202)

they would be likely to affect the beach as far as a little west of Point A
when the met the most steeply sloping part round the Tip towards high water,
Despite the powerful waves east of the spit in the sheltered estuary only
vVery small waves had formed,

Unfortun“tel;f;he whole of the Kilnsea beaches were net photographed
at the time of this survey, and the only photograph availabie of part of
them was taken five days after the ones of Spurn Head. However, as the wind
was from between south and west under 17 knots during this period no great
change would have been likely to occur, and the photozraph will be treated
as approximately comparable with those of Spurn Head.

Where the boulder clay cliffs at Kilnsea (sce air photograph 5001)
were protected by a revetment and projected eastwards of the low cliffs
to the south, no upper beach was present, but a large sand rise had formed
on the lower beach, Air photographs 5001 and 2002 show that only a narrow
upper beach lay south of the Kilnsea revetment to groyne XIv, with irregular

sand rices scattered over the lower beach, The division between upper and
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lower heaches was very indistinct. South of groyne {XIv the upper beach
became a broader and more well definfed feature, but it narrowed again
between groynes XXIII and XXII. The sand rises became progressively larger
Southwards.

The state of the beaches between groynes XXI and XVII ie similar to
vhat it was in September 1959 between groynes XX and XIV (as seen on air
photogaphs 9360, 9358, and 9357) owing to the presence of a low section of
beach, The low section in September 1946 was not such a well-developed
one as the later one, but it showed all the same characteristics. The
upper beach was very narrow and almost non-existant in places. The lower
beach, on the other hand, was composed of a number of large sand rises,
which, because of the broad band of breagkers probably extended some
distance beyond the position of low water on this neap tide. The width
of the beach at this low section at low water was broader than further
north and south, suggesting that the height of the lower beach had been
raised, which was shown to be a characteristic of these features (see
Pagesl50 to 161)

On air phtographs 2003 and 3005 it can be seen that south of the low
section of beach as far as groyne XII a well built up beach existed,
although the division between upper and lower beaches was indistinct
probably as a result of the powerful waves on the previous high water,

On the upper beach swash bars were seen, probably above the level of the

previous high water, They formed a distinct feature along the whole of
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seaward side of the spit, wherever the upper beach was well developed. The
lower beach between groynes XVII and XII was a very narrow feature.

South of groyne XII the upper beach narrowed again to another smaller
low section of beach south of groyne XI, The fact that the waves were
bregking beyond the water's edge suggested that where the upper beach was
absent the lower beach was raised in level, and was considerably broader
at most low waters than the beach on either side. A broad upper beach lay
to the south (see air photograph 3007) with a sand rise continuous with it
on the lower beach. This terminated southwards in a long projection lying
at a low angle to the upper beach, a feature often seen after storm
conditions. The relatively Jagged edge to the dunes in this section is
noteworthy. ‘~In contrast, the air photographs in 1959 (9413, 9415,9416)
show a much smoother outline with a marked development of foredunes, The
accretion of which these were evidence has been halted by the passage of
the low section of beach since October 1960, end the foredunes have been
almost completely removed.

Opposite the revetment between groynes VIII and IV the upper beach
narrowed as the revetment juts east of the general line of the dunes.

It broadened again southwards however towards the Tip as the lower beach
narrowed to non-existance near the neck of the Binks., The widest part of
the beach round the Tip was at the south-east corner whencé it narrowed to

a little west of the extremity of the Tip before broadening again towards the
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life-boat houses A broad high upper/was present around the Tip., The
dune edge was not clearly defined as has been the case during the past
three years but a number of isolated dvne ridges had formed on the top part
of the high upper beach with low foredunes in font of them. Between 1946
and 1959 these had become consolidated into the main dunes and the dune edge
had extended approximately 300 feet towards the south-west.

This is dower than the 30 feet per anmum extimated by Dossor? as the
rate of growth between 1930 and 1951. Low foredunes which have devd.cped
since have had difficulty in establishing themselveg, as they have suffered
erosion with each stomm surge.

The general line of the Binks can be seen on air photographs 3005,
3007, 1003 and 1004. Only a very small part of the Inner Binks was visible
above low water as was the case on 23rd March 1961 (see air photograph
254) As the Binks is a mobile bank the changes seen are only what would
be expected.s The broad crescentic outline remained similar but the more
detailed morphology changed. The highest part remained closest to the
shore of the spit itgelf, but changed in shape.

The riverside of South Spurn (see air photograph 3007) was char-
acterized by the same features as have been seen during the past three
years. DBetween the lifeboat house and the disused sewage pipe wes a con-
tinuous spread of sand, but north of this the long ridges of sand were seen
in g very well-developed form, The absence of the long boom in 1946 meant

that there was no interuption to their development northwards. Despite this
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they did not extend beyond their position during the last few years although
& number of more irregular ones developed south of the stream draining to-
warde the southern end of 0ld Den, This stream which at present follows

an almost straight course, meandered considerably in 1946, The most

marked meander then now remains as a small ox-bow feature., North of the
stream a ridge left the beach at a low angle as at present, and north of
this many ;ﬁggh ridges were seen, decreasing in sigze northwards. They
showed a greater d evelopment in number and area they covered in 1946 than
in 1959 and 1961. The beach proper terminated opposite the northern end

of the Chalk Bank in two curving ridges, with the immer edge of the upper
one bounded by the stream draining the area round the Chalk Bank. A ridge
of sand, upon which vegetation was establishing itself was closing a small
embgyment in the dune edce where the stream crossed the breach, In
September 1959 the feature was still clearly visible, but by March 1961 the
embayment had been almost completely filled in. The bank of Old Den showed
no changes from 1946 and 1961, all the features retained their form even

in as minute detail as could be traced on the air photographs.

The depth of shadow cast on the narrow beach of High Bents and
Kilngsea "arren (see air photographs 2002, 2003, 3005) @bliterated from view
any features which may have been pregent. In width the beach was as narrow
as at present. There are, however, two facts worthy of note about thisg
section, TFirst, opposite the southern part of the gection a number of what

mud
appear to be sand ridges are seen extending outwards from the wghd ridges
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near the beach, which still remain, During the past three years no sand
ridges have been seen north of South ~Spurn. Second, there is a complete
lack of Spartina opposite the northern part of the beach,

This backward look to Spurn Head as it was in September, 1946,
has confimmed that the particular forms of the beach which have been studied
in detail during the past three years were not unique or of very recent
development, Indeed, they have probably all characterizeé the spit when-
ever it has reached a comparable stage of development in the past, and those
associated with what have been defined as short term and long term changes

are probably present whatever the state of the spit.



1.

2e

- 256 -

BIBLICGRAPHY CHAPTER T

Milesy G.TeJs and Richardson, W, "A History of Withernsea'.

Pub, A Brown and Sons Ltd., Hull, 1911l. P.105.

Dossor, J., "The coast of Holderness: the problem of erosion".

Proc. Yorks Ceol., Soc. Vol., 30, Part 2, December 1955.



CHAPTER 8

The History and Evolution of Spurn Head

The study of some aspects of the coastal geomorphology of Spurn
Head, which has been presented in the preceeding chepters, is intended
to form a contribution to a wider investigation of its history and
evolution.®

Spurn Head has a history of regular growth, destruction and re-growth,
which may be the result of the coastline to which it is attached suffering
a sustained rate of erosion and retreat, which, according to Valentinl
is not easily matched elsewhere in the world. A reasonably continuous
recorded history of Spurn exists from about 1235 to the present day, and
within this time the spit appears to have completed three cycles of devel=
opment each of between 200 and 250 years in length. None of the facts

support Reid's®

theory of a 400 year cycle terminating as the Tip breaks
off to form an island which migrates across the Humber and joins the
Lincolnshire coast at Donna Nook. There is evidence of the spit's des-
truction about 1360, 1620 and had man not intervened it would probably
have been destroyed again about 1860. In each cycle of development
different names are associated with the spit, Ravenserodd with the first,

Ravenser Spurn with the second, and Spurn Head, Spurn Point, or The Spurn

with the latest. Before 1235 there are only isolated references to Spurn,

*Footnote I am indebted to Ge.de Boer, M.A. for permission to quote from

his unpublished work on the history of Spurn Head.
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but not sufficient to gain informmation on possible earlier cycles. The
earliest known reference is by Alcuin in the life of Saint Willbrord, who
was born either in A.D. 567 or 568, He tells that the Saint's father
during the last part of his life '"betook himself to the promontaries
encircled by the ocean, sea and Humber River". The Scandingvian survivors
of the Battle of Stamford Bridge in 1066 sailed from Ravenser, according
to Ancient Icelandic literature.

As most infommation is available about the latest cycle of develop-
ment it will be considered first, and in the light of this, the two earlier
cycles will then be examined.

Tn 16227 Callis in his Lectures on Sewers at Grays Inn says that,
"Of late years parcel of the Spurnhead in Yorkshire, which before did
adhere to the continent, was torn therefrom by the sea, and is now in the
nature of an island". The subsequent history of lighthouses on Spurn Head
indicates the development of a new cycle which can be traced in some detail
on charts and in manuscripts. By 1660 some Hull shipmasters felt that a
light was vital at the northern side of the entrance to the Humber, and
asked Justinian Angell, a London merchant who owned the land at the Point
of Spurn, to erect a lighthouse. In order to mark the channel effectively
two lights in line were necessary, and in 1674 these were erected, In
16755 Justinian Angell obtained a patent from King Charles II empowering
him "to continue, renew, and maintain certain lights that he had erected

upon a very broad, long sand at Spurn Point, which lights had been erected
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at the requests of masters of ships using the northern trade". A second
patent was cranted in 1678, and these two enabled Anrell to levy com-
pulsory dues. In the case of hoth lichts, open coal fires burned in
braziers hoisted by levers or swapes. The coal used was brought by
Newcastle lighters which discharged their cargo along the shore near the
lights, whence it was carted over sand and shingle.

In 1684, Greenvile Collins, hydrographer to King Charles II made a
survey and chart of the Humber from the sea to Hulls Iirure 8.1 shows
Spurn then as a stumpy, "hammer-toed" spit '"tucked undeflthe gouth-east
corner of Holderness, and aligned north-east to south-wests Angell's
erections are shown close to the tip, with the tower of the high light on
the west, and the low light (or maybe a day beacon to which reference is
made in some manuscripts) on the east side. After 1684 Spurn Head grew
rapidly in length, so much so by 1766 that the navigation channel was so
distant from the lights that many accidents and shipwrecks were caused.

In that year therefore application was made to Parliament by the
Trinity Houses of Hull and Deptford-Strond for power to remove Angell's
lichts, and in 1766 and 1772 acts were passed for this purpose and to
empower the erection of other lighthouses. On 22nd June 1766, Smeaton
met a committee appointed by Trinity House to select sites for the new
lichthousess He advised the erection of two lighthouses2 "to be in a
north-west to south-east direction, and to be 300 yards assunder. The

great Lighthouse to be placed on Spurn Point at a distance from high-water
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mark (at common spring tides) of 90 yards, in a north-east and south-
west line; and 150 yards in a north-west line, within the Spurn. The
small lighthouse to be 116 yards distant from high-water mark in a south-
east line without the Spurn". The breadth of the land in a north-west to
south-east direction was 566 yards. Because the erection of the light-
houses would take several years two temporary lights were erected and 1lit
in 1767. In case of further sand shifting,4 the larger temporary swape
was set on rollers so that it could be moved as the navigation channel
moved.

In 1771,3 Smeaton revorted that Spurn Point had extended 280 yards
since 1766, and had increased on the Humber side, but diminished on the
seaward side. The position2 fixed “for the Low Light at 116 yards within
high-water mark, according to the line of direction, was now on the very
high water mark itself'", The position had to be altered to 80 yards
further inland, to the north-weste. In 1772 the High Light was begun 60
yards further to the north-west than had been planned in 1766, and the
distance between.the two lighthouses was therefore reduced to 280 yards,

The Low Light appears to have been in danger from the time building
was begun., Until the building actually began, Smeaton had never been to
Spurn except by water and was not aware that there was a marked west-
ward movement of the spite In 1766 a great storm washed away the circular
wall round the Iow Light and laid bare the piles on which the building

was erecteds Smeaton, realizing that no permanent defense for the building
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was possible advised its repair at a moderate cost and recommended that a
temporary light should be placed 30 yards further inknd, ready for use

if the lighthouse should be destroyed. The site of Angell's last low
light (there had been a sequence of these as the seaward side of the

spit was eroded) was destroyed in the same storm in 1766,

In 17764 smeaton's High and Low Lights were lite (The navel design
of the grates and the controlled ventilation in the lanterns, together with
the excellant means of raising coals and removing cinders, made them the
first scientific coal-burning lighthouses).

In 17863Smeaton's survey of Spurn showed that the High Light was
1,840 yards south of the position of Angell's high light, and was 480
yards from high-water mark at the end of the Point, and that the Point had
also moved westward throughout its length. Smeaton concluded that Spurn
Point was a necessary appendage to the cliffs of Holderness and was move
ing westwards, as was the coagt of Holderness, as the sea eroded the
cliffs, but at the same time was lengthening southwards. The outline of
Spurn in 1786 is shown in figure 8.l.

Hewett's Chart? of 1828, showed that the spit had lengthened further
and the accumulation of shingle east of the tip had increased. Meanwhile
the westward retreat of the gspit continued. After the destruction of
Smeaton's Low Light, which had been built in 1771, no less than five more
were erected in quick succession, closer and closer to the High Lighte

By 1863 the edge of the dunes had retreated to the walls of the 1:tter,
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and the low light had been placed to the west of the spit in 1851, There
had therefore been a westward retreat of 280 yards in 92 years, or an
average retreat of approximately 3 yards per annum. Hewett noted on his
chart that "a portion of Spurn Neck, north of the Lighthouses, is overflowed
at high spring tides"s The large breacqwhich developed in 1849 and the
smaller ones of 1852 and 1856 have already bcen described in Chapter 6
(see pages 233 to 234 ) Figure 8.1 shows Spurn in
1852,

These breaches really marked the end of this latest cycle of develop=-
ment of Spurn of about 23()?2322 which will be summarized briefly. After
a breach in the previous spit about 1620, the tip was turned into an
island which was probably washed awaye "A very broad long sandlin the
1670's had developed into a stumpy spit by 1684, and this grew rapidly i
in length so that by 1766 it was about a mile longer than in 1684. The
spit continued to grow in length and at the same time was being eroded
on the seaward side, but was extending westwards on the riverside near the
tipe Shingle was accumulating east of the tip. In 1828, the neck of the
gpit which had been narrowing considerably was awash in one part at
high spring tides, and in 1849 a major breach developed. Reid2 summarizes

the southerly extension of the spit in this cycle:

1676=1766 1,800 yards 20 yards per anmum
1766=17T1 280 yards 56 yards per annum
1771-1786 150 yards 10 yards per annum

17686=-1851 300 yards 446 yards per annum
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Had the major breach not been closed and groynes built along the
seaward side of the spit shortly afterwards, 1849 and the years immediately
following would probably have witnessed the destruction of Spurn Heade
The artificial preservation of the spit since the 1850's will now be
considered in some detaile

In 1850 itselfB, Captain Vetch held an Admiralty enquiry at the
site of the major breach. He reported "in favour of strengthenézgxhe Point
on its seaward face by means of groynes placed at right angles to its
length, for the purpose of intercepting shingle in its passage southward,
and on the Humber side by the further reclamation of the accretions east
offsunk Islana".

In 18636, Sir John Coode was placed in charge of the maintenance of
Spurn Head, and the following year six groynes were built to collect shingle
and increase the beach on the seaward side. They were placed at varying
intervals along the whole length of the spits They were so successful
that more groynes were erected, and this was still while the greavel trade
was in operation, It had been common practice for shingle to be removed
from the Holderness and Spurn beaches for road repairs for a long time,
and this crew in the early 19th century, so that frequently a total of
50 to 80 tons might be removed between Spurn and VWithernsea by each of 20
to 30 boats, in a single tidce. The opening of the Hull and Holderness
railway in 1854 gave this trade a great filip In 1868, the Board of

prohibited
Trade, under the Harbour Transfer Act of 1862, probited the removal of

shingle from any portion of the shore at Spurn, 24 miles north from the tip.
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The following year the Board of Trade prohibited its removal from the whole
of the coast from Spurn to the northern boundary of the Hornsea parish.
Coode stated in court at the trial of persons who had been caught violating
the prohibitions in 1869, "“that, if the shingle continued to be removed

the port of Hull would be endangered". Oldham on the seme occasion,

stated that "the removal of shingle would result in the weakening of

Spurn Point',

Whilst Coode said that the purpose of the groynes was simply to
conserve the beach, Pickwell discovered that by 1878 much more had been
achieved. At the extremity of the tip the edge of the dunes had extended
60 yards, and a little east of it an advance of 80 yards had taken place,
since immediately before the groynes were built. Along the rest of the
seaward side of the spit, "this line of bents (Marram grass) had travelled
to seaward from 20 to 40 yards covering a sand-bank of drift from 6 to 10
feet highj which may be called a gain of land equal to 2 to 4 yards
per annum. This accumulation of drift sand has been greatly accelerated
by constructing small embankments of sand 6 to 8 feet high and planting
them on the top and sea face with bent grass, which builds the sand and
prevents drift, Pickwell records that during the previous 4 to 5 years,
Sea Buckthorn established itself and grew rapidly. It was estimated that
the accumulation of the sand colonized by marram grass along 2 miles of
the neck of the spit was 60 yards in width and 6 feet deep. When the

groynes were erected most of them had five to seven planks above the



beach at the dune end, but by September 1876, five of the groynes had been
covered with shingle to depths of 3 to 4 feet along most of their length,
In conclusion, Pickwell states that he "is of the opinion that there is now
an outer belt of beach in addition to the high bent-covered sands, at
least 100 yards wide, 7 feet in average thickness, and 2% miles in
length, equal to 1,250,000 tons of shingle, entirely due tothe construction
of the works of Sir John Coode, and the prohibition of the removal of shinglej
and that the works have been a great success and have rapidly reduced the
chances of the sea outflanking S3purn Point",

Since 1878, many more groynes have been added along the seaward side
of the spit, and concrete revetments have bLeen built in parts. These

have successfully guarded the spit against further breaching.

Attention will now be turned to the two earlier cycles of development
of the spit, and the earliest will be considered first.

After the mention of Ravenser (meaning Hrafn's sandbank) as the place
from which the defeated Scandinavians sailed, after the Battle of Stam=-
ford Bridge in 1066, nothing else was heard of it for two centuries.

In 10997 there are records of widespread storm damage on lovember 1lth,
especially severe around the Thames estuary., This probably resulted from
a major storm surge which would have had a considernble effect on the
Yorkshire coast, even though it was probably less severe than further
south, It may be that this marked the end of one cycle of development of

the spit and the beginning of the next, Boy1e8 quotes the men of Grimsby

>
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in the Hundred Rolls as sayins, "that forty years ago and more (about or
before 1235) by the casting up of the sea, sands and stones accumulated,

on which accumulation William de Fortibus, then earl of Albemarle, began

to build a certain town which is called Ravenesodd (odd means promontary);
and is an island: the sea surrounds it:’ #It was further described in the
same papers as, "a certain encroachment (which) has been made in the county
of York by'gii&;gi de Fortibus, at one time earl of Albemarl, at Ravensher",
Abbot Burton, the chronicler of Meaux 'bbey explains that the former town
of Ravenser, of which only a manor house was left some distance from the
sea and the Humber, was called Ald Ravenser, whereas the new Ravenser,

1% miles from the mainland, and linked to it by a narrow sandy road, was
usually called Ravengerodd". The previous reference to Ravenserodd as
being on an island can mean only that the neck was perhaps awash in one place
at high spring tides, for to establish a town, which by later references
was clearly a port, good connections with the mainland would be vital,

In 1251, Henry III granted illiam de Fortibue the right to hold a weekly
market and a fair of 16 days in Raveneerodd. Five years later the first
reference to Ravenserodd as a port is made by the Ming in = charter to the
burgesses of Scarborough, in which he promised that no port or quay should
be built between Scarborouch and Ravenserodd. Many complaints were made
subsequently by the men of Grimsby about the men of Ravenserodd leading

ships there with their merchandise, which were originally bound for



- 267 =

Grimsbye. As Ravenserodd was nearer the sea, it had a more advantaczcous site
ag a port, than Crimsby.

Ravenscrodd enjoyed a period of considerable prosperity after 1290,
In 1299, a royal charter was granted to make it a free borough. Two markets
were subsequently held there eery week, and a fair of thirty days duration,
each year. Two burgesses represented Ravenserodd in parliament, in 1304
and 1326 to 1327. Dluring the struggle between Tdward II of England and
Robert Bruce of Scotland, Ravenserodd played a part, by several times
supplying a fully manned and equiped warship, and by sending food supnlies
for the English armye.

The destruction of Ravenserodd began sbout 1334 to 1335 at the time
of great floods. In 1346 an inquisition was held to ascertain the nature
and extent of the destruction of the port. It appeared that two-thirds
of the town had been destroyed and it was daily being diminished. Many
of the inhabitants left because of the danger of living theres.  Shortly
afterwards, "Ravenserodd, by the inundation of the ses and of the Humber,
was completely blotted out and consumed" according to the chronicle of
Meaux "bbey. About 1360 it states that scarcely a vestire remained of the
site ,

The building of the town and port of Ravenserodd clearly reflects the
development of a new spit, and the importance of the settlement in relation
to other ports of its day suggests it must have attained a considerable sizes

For this to be possible the bulbous end of the spit must have been well
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developed.s That it was linked to the mainland by a narrow sandy road is
stated in the Meaux Chronicles, and therefore the form of the spit must

have been similar to that which developed in the last cycle. If it is
correct to assume that this first cycle of which there is evidence began
early in the 12th century, it lasted about 250 years until the destruction of
Ravenserodd,

The next mention of Spurn is as '"Ravenser Spurn', and this marks the
beginning of a new cycle of development. In June, 13998, Henry Duke of
Lancaster landed at Ravenser Spurn before deposing Richard II and being
declared H'nry IV, When Henry landed he was met by a hermit, Matthew
Danthorpe, who had been attracted there by the remoteness and loneliness
of the places He had begun to build himself a chapel and an anchorage
into which Henry and his followers had sailed. Shakespeaq?s "Henry VIV
Part IITI, and "Richard II" both contain references to Henry's landing at
Ravenser Spurn., The day after Henry was proclaimed king he granted a
royal licenBe to Matthew Danthorpe to continue and complete the hermitage
and chapel which he had starteds By 1428 another hermit, Richard Reed=-
barrow had come to Ravenser Spurn. In that year he addressed a petition to
parliament for permission to levy tolls on all ships entering the river
Mmber, so that he might finish a tower in which a beacon was to be 1lit
every night to guide ships safely into the Humber., By this time the spit
must have developed to such a size that it became a danger to shipping,
for Reedbarrow was concerned with saving the "Christian people and the

goods and merchandise coming into that river". The patent was granted



- 269 -

and Richard Reedbarrow's beacon thus became the first lighthouse at Spurn.
During the Wars ofthe Roses, Edward IV was forced to flee to Holland and
on his return in 1471 he was reconnoitering the coast of Norfolk, when a
severe storm carried the little fleet towards the Humber., Edward himself
landed at Ravenspurgh where "“king Henry the fourth landed". Two 1l6th
century charts, one of 1540, and Lord Burleigh's Chart of 1579, reproduced
by Sheppard9 show the spit with a long thin neck and bulbous tip. Reference
hag already been made to Callis' statement (see page 253 ) that a little
before 1622 Spurn Head was turned into an island as it was torn from the
mainland,

The period from the end of the 14th century to the beginning of 17th
century appears to have witnessed yet another cycle of development of Spurn
Head, and the form of the spit appears to have been similar to that in the

earlier and later cyclese

Figure 8.2 attempts to correlate the three cycles which have been
described. It assumes that as the physical circumstances controlling the
development of Spurn Head have repeated themselves in a similar form in
each cycle, each will have followed a similar course. Spurn has been drawn
in three positions using the outline of Spurn as it was in 1830 in the
fingl stage of the last cycle. The physiographical processes which pro-
duced this were little interfered with by mane. The position of the out=-

lines has been determined by assuming an average rate of coastal erosion
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of 2} yards per year. The date lines, intersecting these three outlines

at right angles, indicate how with each cycle, similar events seem to have
happened at the corresponding phase. Thus, the building of Justinian Angell's
lighthouse in the early 1670's corresponds to that of Richard Reedbarrow

in 1428, 70 years from the beginning of a cycle. The date line 120 years
from the beginning is based on a map of Spurn in its last cycle; if
Ravenser Spurn was growing out at a similar rate a very likely place is
sugeested for the landing of Edward IV, Contemporary evidence gives this

as 25 miles from Kilnsea. The same line shows that the most probable site
for Ravenserodd would not have come into existence by the corresponding
phase of an earlier cycle, However, the evidence available from the build-
ing of Smeaton's lighthouses in the 1770's indicates a course of development,
which, had it operated 500 years earlier on similar lines would have caused
the site of Ravenserodd to appear in a position which would be reasonable
for a sea port and agrees with the slight indications of its position which
are available., The date line further fits the time of the appearance of
Ravenserodd wells The considerable thinning of Spurn Head indicated between
1830 and 1850 compares with that suggested on 16th century charts between
1545 and 1588, and the erosion which began to be felt about 1340 at

Ravenserodd and soon afterwards led to its destructions
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How can the cyclic development of Spurn Head be related to geo-
morphological processes, some at least of which have been observed during
the last three years?

As the spit begins t6 form it is turned south=-westwards from the south-
east corner of Holderness. The orientation of the boulder clay coast is
probably related to storm waves from the north, refracted westwards to
break at a low angle on this rapidly eroding coast, where they cause

{
major destruction, especially when a low section of beach is present.
Spurn Head, 2 depositional feature, built of material from the Holderness
coast suffers only destruction by these storm waves. Constructive action
takes place under all wind conditions except when strong north to north-
west winds blow. The waves causingi&éstruction approach the shore either
parallel to it or at a low angle to the south, and as the wave orthogonal
diagrams (Figures 3.1, 3.2, 3.3 and 3.4) show, they will most probably
have come from an easterly to south-easterly directions The orientation
of the spit to face approximately south-east is probsbly in response to
these wavess As it grows, it curves more gradually towards the south-west
as it develops a neck. This is probably due to the energy of the storm
waves from the north being concentrated more on the north-east facing coast
to which the spit is attached, than on the south-east facing coast of the
spit itself, It must be remembered, however, that boulder clay cliffs will
not retreat as rapidly as sand dunes when open to strong wave attack, but

despite this, the net loss is probably greater on the north-east facing

coaste
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The more rapid rate of growth of the spit in the earlier s'ages of
the cycle were noted on page 262, As the rate of lonzshore movement of
material along the Holderness coast towards Spurn is not likely to have
varied greatly over the years, some other factor must account for this.
The most probable is the channels of the tidal streams., Unfortunately
there is no direct evidence about these. If it may be assumed that the
main ebb channel has never moved much further north than its present
position, the development of the spit may be explained in the following
wayo

When the spit is only short and its tip is not very close to the
ebb channel material will be carried to the tip where the coarser part will
be deposited as the larger waves of the North Sea cease to be effectives.
lfuch of the finer material is likely to be carried round the tip and deposited
along the western shore to form the bulbous end of the spite This mat-
erial is probably moved very slowly northwards along the southern end of
the riverside, by the small waves which form in the estuary. Iven if the main
ebh strecam does not wash the shore of the tip there is likely to be a very
slow movement of shingle eastwards, which would explain why shingle is shown
off the south-east corner of the tip on Greenvile Collins' chart of 1684,
However if there is no mase movement of shingle eastwards by the ebb stream
and the waves are too small to move it westwards the spit will obviously
lengthen rapidly.

The neck must be built of previous bulbous ends and if the rate of

lengthening is relatively constant, as probably is the case in the first
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part of the cycle, the question arises as to why the neck is thin in rel-
ation to the ends It seems almost certain that the seaward side is suff=-
ering constant erosion throughout the cycle, as low sections of beach

will be passing southwards from the Holderness coast towards the tip. The
"rther south the spit extends, the further west the bulbous end will form
in relation to the position of the seaward side of the spit further north,
which will be movingz west of the position it occupied, when it first
developed. Whilst material is probably carricd to the western side of

the bulbous end it is not likely to be carried to the west of the neck

in any large quantity. Thus the ncck becomes thinner as it is eroded from
the east. This theory is substantiated by the fact that An7zell's lighthouses
were built originally on the end of the bulbous part. That this section

was suffering erosion from the east is shown in the reported washing away

of several low lishts, and the site of Angell's last low light in 1776.

If the apit was growing fast as appears to be the case in the early stages, there
would be no reason to expect the northern part of the neck to be much

thinner than the southern at this time,

As the spit lengthens it will be approaching closer and closer to the
main ebb channels The rate of lengthening will decrease as more coarse
material is carried away from the tip eastwards to build the Binks. At the
same time the amount of fine material passing to the west of the bulbous
end is likely to decrease. OGradually, as the spit grows slowly longer and

puspes almost into the ebb channel, these conditions will be accentuateds”
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When virtually no material is passing round the tip westwards there will
be no compensation for the erosion of the seaward side anywhere along the
spit. The whole of it, both neck and bulbous end will narrow as was seen
in the last few years of the two most recent cycles, and the neck being
the thinnest part after much erosion has taken place along it when the
spit was extending its bulbous end only slowly, will be breachedo The
position of Angell's lights originally sited at the bulbous end of Spurn
Head is known to be opposite the northern end of 0ld Den at present, where
in fact one of the minor breaches occurred in 1852, and slightly to the
north of the major breach of 1849, The bulbous end of Ancell's day had
gso thinned by the middle of the 19th century. The cycle will be ended
as the material from the spit at the breach will be carried westwards by
the flood stream and deposited in the estuary, and as the island into which
the bulbous tip is turned is eroded by the flood stream to the north and
the ebb stream to the south until it ceases to exist. The Binks will most
likely be destroyed by the ebb stream which will prbably swing slightly
northwards to the position it occupied before the spit began to push into
ite

The present conditiong of the spit, as it appears in Plate 8.A, is
artifically mainteined by groynes and revetments, Despite the rapid east-
ward growth of the dune edge on the seaward side after the first groynes
were built, this development was only short-lived, before erosion recommenced,

and new that the artificial defenses are in a poor state of repair it is
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increasing markedly. The present length of the spit is probably greater
than ever before and the Binks are probably most fully formed because of

man'sg intefvention in the natural geomorphological development.

The theory of the evolution of Spurn, outlined above, depends for
substantiation upon its amomnt of agreement with the historical evidence,
and as hae heen shown, this agreement seems good., Furthermore the present
investigation shows clearly that the geomorphological processcs required
by the theory of evolution are in operation at the present time, and in
the manner which the theory requires. To this extent therefore the present
investigation provides a contribution to the study of the history and

evolution of Spurn Head.
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APPENDIX 1

The Relative Value of the Different Methods

of Analysis Used in Chapter 3

A preliminary study of the beach profiles and beach feature plans
which gave a three dimensional picture of beach conditiors revealed that
there were two major types_of beach form, a built up form, and a

smooth form resulting from the break down of the former. The built

up form consisted of a convex-profiled upper beach with an even
sloping lower beache. The smooth form showed an even slope from the
top of the upper beach to low water mark.

The composite diagram, figure 2,1 showed the profile changes in
relation to differing conditions of winds, waves and tides and clearly
revealed the combination of factors which produced the major changes,
in general terms. A detailed analysis of all the data collected was
then begun,

The winds were considered first, The predominant direction between
beach surveys was taken ‘rom the wind roses and the gain or loss of
material from each Point was noted. TFrom this informmation Tables

3ely 3011y 3111 and 3.,IV were compileds These all revealed one fact,
above all else, that build up of the top part of the beach was most
common with offshore winds. It yielded nothing about conditions
producing break down of the built up form, therefore the data was
considered in another way. The wind roses revealed that for a

number of periods between observations windszolew almost solely from
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one direction. The wind roses in addition to showing predominant
direction linked wind speed to it. Eight periods were selected,
two for when the wind blew mainly from each of the four cardinal

points. The two periods were so chosen that winds were lighter

in one and stronger in the other, In the light of this, beach conditions

at the end of each of the eight periods were considered. This
analysis showed that the break down of the beach form occurred

with strong north or north-west winds, whereas build up occurred
with all other combination- of wind direction and speed. This

showed the vital importance oif taking direction and speed tosether

in this analysis.

Winds affect the beaches primarily through the waves, and may modify
the tidal regime. The waves were congidered next. The maximum fetch
was found to be between 350° and 010° from Spurn Head and the larg-st
waves to reach the shore there might be expected from between these
two bearings. The wave energy and steepness, and the angle of wave
approach were considered with the wind direction and speed during the
preceeding 24 hours, in Tables 3.V and 3.VI., This showed that waves
with the highest energy content, the longest period and greatest
height (although not the greatest s teepness) were generated by

strong winds from between north and north-west. Vave orthogonal
diagrams showed where energy was concentrated under varying/gi;i

ditionse
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He The tides were considered finally. The occasions when the recorded
tides differed in height from those predicted were tken from the
composite diagram, Figure 2,1 and were considered together with
the wind direction and speed during the preceeding 24 hours. It
was found that a storm surge occurred with strong north to north-
west winds, and a depression of tidal level with strong winds from

between south and west.

Thus the analysis of wave and tide data showed why the break down of
the built up form of the beach occurred with strong north to north-west

winds and why build up was possible under 211 other wind conditions.
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Point A Foint I
Direction Direction
Breaker of Breaker of
Date T.3ecs b Tt Type Approach  T,.Secs Hb ft Type approach
13.4.60 5.0 2.0 P - - - - -
1844460 - - - - - - - -
2544460 50 065 S - - - - .
445460 340 0.5 P - 265 Oeb S -
11.5.60 - - - - - - - -
185,60 - 1.0 P - 3.0 1.0 S -
2505460 440 1.0 3 - - - - -
305460 340 1.0 P - - 0625 S -
1046460 - Qe P - - - - -
15.6,60 4.0 05 P - 2e5 Oel S -
2306660 5.0 1% P - - - - ”
2946460 - 30 P - - - - -
TeTe60 2.5 1.5 » - 20 Qa5 S -
14.7660 - 0e25 - 3.0 0ed S -
2047460 2¢0 0e5 P - - - - -
51.7460 440 Qa5 P - - - " -
5e8e60 Ted 0e) P - - - - -
1068660 340 0e5 P - - - - -
18.8,60 - Oe5 P - - - w -
2748460 - 05 P - - - - -
329460 - Oe5 P - - - - -
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Point A

Point I

Direction Direction
Bregker of Breaker of
Date TeSecs Hb ft Type  Approach TeSecs Hb Ft Type  Approach

T+9460 - 0s 25 P - - - - -
21,9.60 - 1.0 P - - - - o
2743060 440 1.0 P - - - - -
T+10.60 460 1.0 o - - - - -
12,10.60 - 1.0 P - - - - A
21.10.60 - Oab P - - - - -
26.10.,60 6.0 (01%) P - - - - -
4.,11,60 - 1.0 B - - - - -
211460 - 0e5 P - - - - -
18411.60 - 0s5 P - Je5 Qe 20 P -
23411,60 - - - - - - - -
30411460 - 1.0 - - - - -
712460 - 1.0 2 - - - - -
17.12,60 - 005 P - - - - -
22,12,60 - 0e5 P - - - - -
1.1,61 - 1.0 P - - - - -
14.1.61 - Q.75 P - - - - ”

9.1.,61 - 1.0 P - - - - -
29.1,61 3e5 30 - - - - -
442,61 - 2.0 P - - - - -
1342461 - 1a5 2 - - - - -
2062461 - 0e5 P - - - - -



Aprendix 2 continued
Point A Point I

Direction Direction
Breaker of Breaker of

Date ToSecs Hb ft Type Approach  T.8ecs @b ft Type  Approach
2702461 - 1,0 B - 2eD (%) S -
803461 - 025 P - - - - -
1643461 265 0e5 P - - - - -
18,3.61 - - - - - - - e
1943061 - 2.0 P - - - - -
2243061 - 005 X -0 260 ) S -
2303461 - 1.0 B/s - - i - -
2903061 - 2,0 P - - - - -
5e4e61 - 1.0 P - - - - -
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Appendix 2 continued WAVE DATA
. Point B Point C
Direction Direction
Breaker of m Breaker of '
Date TeSecs Hb ft Type Approach TeSecs IHb ft Type Approachqé
1344460 - - - - - - a4 "
18,4460 - - - - - - - -
2544460 - - - - - - - -
445.60 - - - - Be5 1.0 ¥ -
11,5460 - - - - 5.0 1eD S 115
1845460 - - - - 5¢0 24D S 130
2545460 - - - - 10,0 2¢5 S 105
3045460 - - - - 640 15 S 120
10.6.60 - - - - 445 1.0 & -
15,6460 - - - - - 1.0 S -
2346460 - - - - 50 2,0 ) -
2946460 - - - - 10,0 440 S 110
T+7460 Te5 1.0 P - Te5 1.5 P -
1447460 640 065 S - 540 1.0 5 110
2047460 640 1.0 P - 640 1.0 s/p =
3147060 340 0e5 P - 3.0 1.0 S -
548460 Te5 1,0 S 110 Ted 2.0 S 115
1068460 640 0e5 S - - 005 S -
18,8060 Te5 1.0 P - 640 1.0 P 130
2748460 6.0 0e5 S 140 Te5 0u5 S -

349460 Te5 1.0 S 120 865 1.0 s/P 120
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Appendix 2 continued

Point B Point C
Direction Direction
Breaker of o Breaker  of 2

_~Qate T.Secs Hb ft Type Approach TeSecs Hb ft Type Approach .
749460 6.0 0a5 S 130 6.0 005 S 115
21.9,.60 10.0 5.0 S 110 10.0 4.0 S 110
2749460 845 1.5 S 100 10.0 2.0 S 110
710660 8¢5 2,0 5 - 8¢5 1.0 S 110
12,10.60 10,0 T0 S 100 10,0 T.0 S 100
21.10,60 745 1.0 5 105 745 3.0 s 110
26,1060 - - - - - 2,0 S -
4411,60 646 1.0 S - 640 1.5 S -
9411460 10,0 Ce5 4 - 10.0 0e5 S 125
18,11.60 606 1.5 P 125 606 0e5 S -
23411,60 Tad 2.0 S 120 Ted 2.0 S -

3P, 11,60 10,0 1.0 S - 8e5 1.0 S 120
Tel2,60 8eD 205 S 115 10,0 340 S 110
17.12460 - Qa5 ) -~ - 0e5 P -
22,12,60 Beb 1.0 S 110 8eD 3.0 S 120
1,1.61 - 0e5 S - - 0ed S -
14.1.61 Ted 1e5 S 115 Te2 1.0 ) -
19.1.61 DeD 240 S 120 - 20 S -
291,61 - 1.0 S - - - - -

402461 10,0 2.0 S 110 8eD 2.0 P 130
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Appendix 2 continued
Point B Point C

T Direction Direction

Breaker of & Breaker of &

Date TeSecs Hb ft Type Approach TeSecs ft Type Approach ;

13,2,61 ) 065 S 120 B8a5 1.0 S -
2042461 - 05 S - - 005 S -
2742461 440 045 - - 1.0 S -
8e3.61 6.0 1.0 3 120 646 1,0 P 120
1643461 12,0 05 S - 845 1.0 P -
18,3.61 - - - - - - - -
19,3,61 10,0 2.0 ) 95 10.0 340 S 110
22,3,61 10.0 2,0 S 110 8eD 2.0 P 120
2343461 10.0 540 P 120 10,0 2.0 P 120
2943461 12,0 3.0 S 110 12,0 3.0 P 110
5e4+61 6.0 1.0 S 125 Te5 1,0 P -
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Appendix 2 continued
Point D Point E
Direction Dirzction
Breaker of o Breaker of &
Date Te.Secs Hb ft Type Approach TesSecs Hb ft Type  Approach
13,4,60 6.0 2.0 S 160 - - - -
1844460 Te5 1.0 P 90 - " “ -
2544460 Te5 245 S 100 - - " -
445460 845 1.0 P - 845 2,0 P -
13.5460 - - - - 646 3.0 S 90
18,5.60 540 440 s/P 95 540 440 s 85
25,5460 10.0 3.0 S 100 Te5 3.0 S 80
3045460 640 2.0 P 90 640 2,0 s/P 80
1046460 5¢0 1.0 P - 5.0 10 S -
1546460 646 1.0 P - 660 1.0 S -
2346460 560 2.5 P 115 5.0 245 S -
2946460 10,0 460 S 110 10,0 4.0 S 50
TaTe60 Te5 245 S 110 Te5 2+5 T -
1447660 5.0 1.0 S 110 5.0 1.0 S -
2047460 6.0 1s5 S 105 640 1.5 S -
31.7460 - - ” - 345 1e5 S -
548460 8.0 245 S 105 TS 245 S 85
1048.60 640 0e5 S 120 - Oe5 S -
18.8.60 6.0 1.5 s/P - 640 1.5 S -
2708460 - - - - - Ceb S -
349460 10,0 1.5 S - 10,0 1e5 P 90
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Appendix 2 continued
Point D Point B
e Direction Direction -
Breaker of n Breaker of &
Date TeSecs Hb £t Type Approach TeBecs Hb ft Type Approach
749460 640 1.0 S - 640 1.0 S -
21,9460 10.0 5.0 S 100 12,0 540 S 80
2749460 Bed 540 S 105 8e5 340 S 8o
7+10.60 8e5 1.0 S 110 8e5 1.0 S 80
12,10.,60 10,0 T+0 8 120 10.0 T«0 S 60
21610.60 T3 3.0 S 120 Te5 340 S 90
26410460 865 3.0 S 120 Te5 340 S 85
4411,60 646 2.0 S - 6e6 2.0 S -
9.11.60 Te5 1,0 s/p 115 Beb 1.0 S -
18,11.60 646 3.0 S 110 646 1.0 P -
23411,60 Te5 2.0 S 100 Te5 2.0 P -
30611.60 10.0 140 S 110 10,0 1.0 S -
T612.60 Ba5 365 S 110 646 35 S 80
17412.60 443 065 P - - 05 P -
22,1260 8¢5 3.0 S 110 845 4.0 s/P 80
1.1.61 50 1.0 P - 540 1.0 S -
14.1.61 - 1.5 S - 6.0 15 S -
19.1,61 646 3.0 s 100 6.6 3.0 8 90
2941461 - 2.5 S - 50 2s5 S -
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~ 288 =~

T is wave period

Hb is wave height at breaker point

. Point D Point B
Direction Direction

Breaker of & Breaker of o
_¥Date TeSecs £t Type Approach T.Secs b £t Type Approach
442,61 8D 245 P - 86 2,0 P 80
13.2.61 - L5 s/P - 565 2.0 P -
20,2461 646 1.0 S - 440 1.0 P -
27,2461 - 1.5 S - 6.0 15 8 -
8a3461 10,0 1.0 S - 10.0 1.0 P -
16,3461 10,0 1.0 S - 10.0 240 P -
183,61 Te5 5.0 P - - - - -
19,3461 BeD 640 P 100 10,0 5.0 S 70
22,3461 10.0 400 S 90 10.0 40 P 85
2303461 10,0 560 P 110 10,0 540 P 90
29.3461 12,0 340 P 110 12,0 440 P 85
Sede61 To5 240 s/P - Te5 2.0 P -
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BEACH CHANGES AT SPURN HEAD AND THEIR INFLUENCING FACTORS

APRIL 1960 TO APRIL 1961

BEACH PROFILES

Vertical Exaggeration x10

Ps - pebbles <2ins long diameter S - sand D - dunes
Pm- pebbles 2-4ins long diameter IW - surface water M- mud
Pl - pebbles >4ins long diameter S&S/W - sand hummocks and C- chalk rubble

water-filled hollows

BCI - boulder clay
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BEACH FEATURES AT POINTS AB,CE, and |

APRIL 1960 TO APRIL 1961

HHll Direction of slope of upper beach
:::}H Convex break of slope on upper beach
HH—H Concave break of slope on upper beach
w0y Cliff

_ Upper/ lower beach division

o0 Rises on lower beach

S Sand

Sh Fine shingle

Ps Pebbles <2ins. long diameter

Pm Pebbles 2 - 4ins. long diameter
Pl Pebbles >4ins. long diameter

BC Boulder clay

M Mud

= i Low water mark

0 2000
]

feet
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BEACH FEATURES AT SPURN HEAD

AT INTERVALS OF 6WEEKS FROM APRIL 1960 TO APRIL 1961
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Coastal outline and isobaths taken from Admiralty Chart No 109
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BEACH FEATURES AT KILNSEA
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APRIL 1961 TO APRIL 1962

Direction of slope of upper beach
Convex break of slope on upper beach
Concave break of slope on upper beach
Cliff

Upper / lower beach division

D Rises on lower beach

S Sand

Sh Fine shingle

Ps Pebbles <2ins. long diameter
Pm Pebbles 2 -4ins. long diameter
Pl Pebbles >4ins. long diameter
BC Boulder clay
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PLATES



CHAPTER 1

Plate 1l.A An Aerial View of Spurn Head Looking North

1345459






CHAPTER

— Plate 3.A A Swash Bar around the south-east art of the Tip
710,60
“Plate 3.B Storm Waves at Kilnsea produced by strong north to

north-west windse 1842462






.Plates 3,C Storm Waves at Point D produced by strong north

to north-west winds. 19.3.61

"Plate 3.D Storm Waves at Point C produced by strong north to

north-west winds, 19,3.61






_Plate 3.E Storm Waves Near Groyne III produced by strong north

to north-west windse. 19,3061

. Plate 3,F Contrasting Wave Conditions along the Riverside of

High Bents 19,3661






THE RESULTS OF STORM CONDITIONS

EITH.STRONG NORTH_TO NORTH-WEST WINDS

Plate 3,.G Looking South from Point B after a period of build up

16,3061

Plate 3.H Looking South from Point B during storm conditions

1903461
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Plate 3.1

Plate 3.J

Iooking South from Point D after a period of build up.

1603061

Looking South from Point D during storm conditionse

19,3.61
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Plate 3.K looking North from Point E after a period of build up

16,3.61

Plate 3.L Iooking North from Point E during storm conditions.

19.3.61
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CHAPTER

* The Low Section of Beach at Point D

Plate 4.A The Broken Groyne XVII 291,60

Plate 4.B The Collapsed Revetment at Groyne XVII  29,1.60







Plate 4.C Trosion of the Dunes behind the Collapsed Revetment

near Groyne XVII 3061650

* Plate 40D The Gap Torn in the Revetment ™11 near Groyne XVII

with the eroded dunes behind. 301,60






The_ low _Section _of Beach at Point C

Plate 4.B The Cliffed Dune Zdge at Point C Looking North

14.1.61

Plate 4.F A Closer View of the Cliffed Dune Edge 14.1.61







‘Plate 4.G The Low Section of Beach looking north from groyne XI

19,3461

Plate 4.H The Low Section of Beach looking south from groyne XI

1943461






Plate 4.1 The Lower Beach Looking North from Groyne V

8e2062 A continuous sand and shingle rise has been

built south of the low section of beach.

Plate-4.J The Boulder Clay (liff Behind the Breached Revetment

at Fort Godwin, Kilnsea 10.9.61
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Pléte 4.K Erosion of a Projecting Section of the Boulder Clay

Cliff at Fort Godwin, Kilngea., 11l.1.62

Plate 4.L The Erosion Viewed from the Cliff Top. 11.1,62







Plate 4.1 The Site of the Experiment on the Lonzrshore lMovement

of Material, near Groyne III. 10,9.61 Both upper

and low beaches are exposed.






CHAPTER 5

* Plate 5.A The Hich Upper Beach at Point A During Storm Conditions

19.3.,61 The wave action on the foredunes has left
only the cores. A mound of drift wood, seaweed
and torn vegetation is shown in the bottom right-
hand corner, and could form the core to a new fore-

dunee

. Plate 5B Pebbles Alone Forming the Bottom Part of the Beach

at the Tip at its narrowest Section 1444461
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Plate 5.C Pebbles on the Bottom Part of the Beach at the

Narrowest Section of the Tip 1542461
* Plate 5.D The Tridmeular Ares of Sand at the Tip with its

Apex Towards the Neck of the Binks. 12.6.61

Slight hollows are seen in the surfaces






Plate S5.E Hollows in the Beach Adjacent to the Neck of the Binks,

-

forming part of an irrezular pattern of ebb ripplese

15,2.61

- Plate 5.F One of the Many Largze Hollows between Hummocks of

Loosely Compacted Sand in the Trifacular Area of

Sand at the Tipe. 1542461
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5eC

The Binks from the High Tookout Tower 16.1.61

The narrow neck is seen joining the beach to the
Inner Binks. The Middle Binks are expoced seawards
of the Inner Binks and whilst isolated from them,
the line of breakers shows that they are part of
the same formation. Ebb ripples can be seen on the

Imer Binkse






5.H

n

Ebb Ripples on the Northern Part of the Inner Binks

Looking Weste 31012459

The alignment is approximately north-west to south=-

easte The beach at the Tip is seen in the background.

Ebb Ripples on the Inner Binks near the Neck, locking West

154261 The junction between the two sets of ripples
is s2en, although those on the south side are only slight ly

developeds The beach at the Tip lies in the background.
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5¢J

5.K

The Central Area of the Inner Binks Looking South-East

2549461 Large ebb ripples are shown in the background

The Inner Binks Close to the Neck, lookinz West

8e¢2+62. The ebb ripples are more rounded and less

well defined than in the previous plates.
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5«L The Northern Margin of the Inner Binks looking South=East

802462 Well defined ebb ripples are shown.

* HeM The Inner Binks looking South-West

25.9061, Irregular mounds of sand on top of the

shingle.






5N The Imbayment between the Inner Binks and the East

Shore of the Tip. 19.1l.61 Firm, finely ripple-

marked sand is exposed.






« Plate 5.0 The Ibb Stream Washing the Shore at A Vest

12,6,61

Plate 5.P Conditions at A West at the Turn of the Tide about

Low Water 12,6061
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Plate 5.Q Drainage Channels Dissecting the Middle Part of the

Beach at the Narrow “ection of the Tip as the Tide

Falls 2243461






Plate 5.R A Cliff Left in the Middle Part of the Narrow Section

of the Beach at the Tip after the rapid removal of

Material 1302061

Plate 5.8 A Close=Up View of the Cliff Shown Above 1342.61
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Plate 5,T A Cliff Being Cut in the Bottom Part of the Beach

at the Narrow Scction of the Tipe 23.3.61







CHAPIIR 6

Plate 6.4 The Cliffed Dune lIdge on the Riverside of Higch Bents
22434614 The result of two storm surges
Plate 6.B Shinele Partly Burying Vegetation at the Edge of the

Dunes at Point TI. 22.3.61 The result of two

storm surgese.






Plate 6.0 - The Surface of 01d Den Looking North 20.1.62

FPlate 64D The Surface of 01d Den Lookins South 20,1,62
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Plate 60E Part of the Delta Formation on 0ld Den Looking East

20.1.62






CHAPTER 8

Plate 8.A Spurn Head from the Top of the Lighthouse.

849461 Above, looking south-west; below, looking

north-east,






C'\‘: L9 n\l.du l(.._;LRJCD

' CPE. UK. .i748 20 -3EPTLG - 36°/Mus; ) .ﬁ.otm‘m

-

2003

7 ‘;; e
g ?




C.n\' "f -liv\l N -(.._.L‘KJ D

—-n—" A -

2062 CPE. UK (YL gi-'TAb F 36" /M L'I)S'I;OSODN
v




CRO\JN COPYRVH T RESERVED. v

e TR o

cPf./wr]Ina 2 ssrr 46 }'36 /nmm % 510 Sobnb—-)"

”"!"""‘ﬂ"ﬁ TR T

llll




et BN COPY R\ T REQERNER, s
m 3¢P£ UK 1748. 21 SEPT 46 F36 muﬁ‘ v)3




CPE/UK

3

- L i
——
] ¥
St
ke 230 T
v._;?;wrsw
el Yo










HAS UK 59 1128 3 SEPT 1959

LA M

% L A R T




HAS UK 59 1128 3 SEPT 1959

e —

T i = 7




HAS UK 59 1128 3 SEPT 1959




HAS UK 59 1128 3 SEPT 1959




HAS UK 59 1128 3 SEPT 1959




HAS UK 59 1128 3 SEPT 1959




HAS UK 59 1128 3 SEPT 1959

o cam Y e m—_—




o
I
b4
-
v
<
>




12:06 25
HAS UK 59 1128 3 SEPT 1959 1,750

T %




HAS UK 59 1128 3 SEPT 1959




HAS UK 59 1128 3 SEPT

r“‘




HAS UK 59 1128 3 SEPT 1959




HAS UK 59 1128 ) 3 SEPT 1959

O

SRk L))




HAS UK 59 1128 3 SEPT 1959




HAS UK 59 1128 3 SEPT 1959




HAS UK §9 11 28




HAS UK 59 1128 5 SEPT 1959




59’ 1,750 ‘ RUN 4

9
R VA e ¥ ORI
> 3

e P

. HASUK'$9 1129 . $ SEPT

e




HAS UK 591129 3 SEPT 1959










“

- o . it = o o
L e




HAS UK 59 11128 3 SEPT 1959




6"

(=]
e
M~
L2

16 MAR 61

HSL UK 6124

F;v'v,-‘-».f-.’-av.-' g s
B ' i

1'R'S




o
v
M~
Lg]

16 MAR 61

HSL UK 6124







L WY

O
o
<
=
©

HSL UK 6124




¥
o
<
=
)
~

HSL UK 61 29




e
23 MAR 61




o
o
<
=
%
~

HSL UK 61 29




o
o
<
=
M
o~

HSL UK 61 29




	556753_vol1
	556753_vol1_001
	556753_vol1_002
	556753_vol1_003
	556753_vol1_004
	556753_vol1_005
	556753_vol1_006
	556753_vol1_007
	556753_vol1_008
	556753_vol1_009
	556753_vol1_010
	556753_vol1_011
	556753_vol1_012
	556753_vol1_013
	556753_vol1_014
	556753_vol1_015
	556753_vol1_016
	556753_vol1_017
	556753_vol1_018
	556753_vol1_019
	556753_vol1_020
	556753_vol1_021
	556753_vol1_022
	556753_vol1_023
	556753_vol1_024
	556753_vol1_025
	556753_vol1_026
	556753_vol1_027
	556753_vol1_028
	556753_vol1_029
	556753_vol1_030
	556753_vol1_031
	556753_vol1_032
	556753_vol1_033
	556753_vol1_034
	556753_vol1_035
	556753_vol1_036
	556753_vol1_037
	556753_vol1_038
	556753_vol1_039
	556753_vol1_040
	556753_vol1_041
	556753_vol1_042
	556753_vol1_043
	556753_vol1_044
	556753_vol1_045
	556753_vol1_046
	556753_vol1_047
	556753_vol1_048
	556753_vol1_049
	556753_vol1_050
	556753_vol1_051
	556753_vol1_052
	556753_vol1_053
	556753_vol1_054
	556753_vol1_055
	556753_vol1_056
	556753_vol1_057
	556753_vol1_058
	556753_vol1_059
	556753_vol1_060
	556753_vol1_061
	556753_vol1_062
	556753_vol1_063
	556753_vol1_064
	556753_vol1_065
	556753_vol1_066
	556753_vol1_067
	556753_vol1_068
	556753_vol1_069
	556753_vol1_070
	556753_vol1_071
	556753_vol1_072
	556753_vol1_073
	556753_vol1_074
	556753_vol1_075
	556753_vol1_076
	556753_vol1_077
	556753_vol1_078
	556753_vol1_079
	556753_vol1_080
	556753_vol1_081
	556753_vol1_082
	556753_vol1_083
	556753_vol1_084
	556753_vol1_085
	556753_vol1_086
	556753_vol1_087
	556753_vol1_088
	556753_vol1_089
	556753_vol1_090
	556753_vol1_091
	556753_vol1_092
	556753_vol1_093
	556753_vol1_094
	556753_vol1_095
	556753_vol1_096
	556753_vol1_097
	556753_vol1_098
	556753_vol1_099
	556753_vol1_100
	556753_vol1_101
	556753_vol1_102
	556753_vol1_103
	556753_vol1_104
	556753_vol1_105
	556753_vol1_106
	556753_vol1_107
	556753_vol1_108
	556753_vol1_109
	556753_vol1_110
	556753_vol1_111
	556753_vol1_112
	556753_vol1_113
	556753_vol1_114
	556753_vol1_115
	556753_vol1_116
	556753_vol1_117
	556753_vol1_118
	556753_vol1_119
	556753_vol1_120
	556753_vol1_121
	556753_vol1_122
	556753_vol1_123
	556753_vol1_124
	556753_vol1_125
	556753_vol1_126
	556753_vol1_127
	556753_vol1_128
	556753_vol1_129
	556753_vol1_130
	556753_vol1_131
	556753_vol1_132
	556753_vol1_133
	556753_vol1_134
	556753_vol1_135
	556753_vol1_136
	556753_vol1_137
	556753_vol1_138
	556753_vol1_139
	556753_vol1_140
	556753_vol1_141
	556753_vol1_142
	556753_vol1_143
	556753_vol1_144
	556753_vol1_145
	556753_vol1_146
	556753_vol1_147
	556753_vol1_148
	556753_vol1_149
	556753_vol1_150
	556753_vol1_151
	556753_vol1_152
	556753_vol1_153
	556753_vol1_154
	556753_vol1_155
	556753_vol1_156
	556753_vol1_157
	556753_vol1_158
	556753_vol1_159
	556753_vol1_160
	556753_vol1_161
	556753_vol1_162
	556753_vol1_163
	556753_vol1_164
	556753_vol1_165
	556753_vol1_166
	556753_vol1_167
	556753_vol1_168
	556753_vol1_169
	556753_vol1_170
	556753_vol1_171
	556753_vol1_172
	556753_vol1_173
	556753_vol1_174
	556753_vol1_175
	556753_vol1_176
	556753_vol1_177
	556753_vol1_178
	556753_vol1_179
	556753_vol1_180
	556753_vol1_181
	556753_vol1_182
	556753_vol1_183
	556753_vol1_184
	556753_vol1_185
	556753_vol1_186
	556753_vol1_187
	556753_vol1_188
	556753_vol1_189
	556753_vol1_190
	556753_vol1_191
	556753_vol1_192
	556753_vol1_193
	556753_vol1_194
	556753_vol1_195
	556753_vol1_196
	556753_vol1_197
	556753_vol1_198
	556753_vol1_199
	556753_vol1_200
	556753_vol1_201
	556753_vol1_202
	556753_vol1_203
	556753_vol1_204
	556753_vol1_205
	556753_vol1_206
	556753_vol1_207
	556753_vol1_208
	556753_vol1_209
	556753_vol1_210
	556753_vol1_211
	556753_vol1_212
	556753_vol1_213
	556753_vol1_214
	556753_vol1_215
	556753_vol1_216
	556753_vol1_217
	556753_vol1_218
	556753_vol1_219
	556753_vol1_220
	556753_vol1_221
	556753_vol1_222
	556753_vol1_223
	556753_vol1_224
	556753_vol1_225
	556753_vol1_226
	556753_vol1_227
	556753_vol1_228
	556753_vol1_229
	556753_vol1_230
	556753_vol1_231
	556753_vol1_232
	556753_vol1_233
	556753_vol1_234
	556753_vol1_235
	556753_vol1_236
	556753_vol1_237
	556753_vol1_238
	556753_vol1_239
	556753_vol1_240
	556753_vol1_241
	556753_vol1_242
	556753_vol1_243
	556753_vol1_244
	556753_vol1_245
	556753_vol1_246
	556753_vol1_247
	556753_vol1_248
	556753_vol1_249
	556753_vol1_250
	556753_vol1_251
	556753_vol1_252
	556753_vol1_253
	556753_vol1_254
	556753_vol1_255
	556753_vol1_256
	556753_vol1_257
	556753_vol1_258
	556753_vol1_259
	556753_vol1_260
	556753_vol1_261
	556753_vol1_262
	556753_vol1_263
	556753_vol1_264
	556753_vol1_265
	556753_vol1_266
	556753_vol1_267
	556753_vol1_268
	556753_vol1_269
	556753_vol1_270
	556753_vol1_271
	556753_vol1_272
	556753_vol1_273
	556753_vol1_274
	556753_vol1_275
	556753_vol1_276
	556753_vol1_277
	556753_vol1_278
	556753_vol1_279
	556753_vol1_280
	556753_vol1_281
	556753_vol1_282
	556753_vol1_283
	556753_vol1_284
	556753_vol1_285
	556753_vol1_286
	556753_vol1_287
	556753_vol1_288
	556753_vol1_289
	556753_vol1_290
	556753_vol1_291
	556753_vol1_292
	556753_vol1_293
	556753_vol1_294
	556753_vol1_295
	556753_vol1_296
	556753_vol1_297
	556753_vol1_298
	556753_vol1_299
	556753_vol1_300
	556753_vol1_301
	556753_vol1_302
	556753_vol1_303

	556753_vol2
	556753_vol2_001
	556753_vol2_002
	556753_vol2_003
	556753_vol2_004
	556753_vol2_005
	556753_vol2_006
	556753_vol2_007
	556753_vol2_008
	556753_vol2_009
	556753_vol2_010
	556753_vol2_011
	556753_vol2_012
	556753_vol2_013
	556753_vol2_014
	556753_vol2_015
	556753_vol2_016
	556753_vol2_017
	556753_vol2_018
	556753_vol2_019
	556753_vol2_020
	556753_vol2_021
	556753_vol2_022
	556753_vol2_023
	556753_vol2_024
	556753_vol2_025
	556753_vol2_026
	556753_vol2_027
	556753_vol2_028
	556753_vol2_029
	556753_vol2_030
	556753_vol2_031
	556753_vol2_032
	556753_vol2_033
	556753_vol2_034
	556753_vol2_035
	556753_vol2_036
	556753_vol2_037
	556753_vol2_038
	556753_vol2_039
	556753_vol2_040
	556753_vol2_041
	556753_vol2_042
	556753_vol2_043
	556753_vol2_044
	556753_vol2_045
	556753_vol2_046
	556753_vol2_047
	556753_vol2_048
	556753_vol2_049
	556753_vol2_050
	556753_vol2_051
	556753_vol2_052
	556753_vol2_053
	556753_vol2_054
	556753_vol2_055
	556753_vol2_056
	556753_vol2_057
	556753_vol2_058
	556753_vol2_059
	556753_vol2_060
	556753_vol2_061
	556753_vol2_062
	556753_vol2_063
	556753_vol2_064
	556753_vol2_065
	556753_vol2_066
	556753_vol2_067
	556753_vol2_068
	556753_vol2_069
	556753_vol2_070
	556753_vol2_071
	556753_vol2_072
	556753_vol2_073
	556753_vol2_074
	556753_vol2_075
	556753_vol2_076
	556753_vol2_077
	556753_vol2_078
	556753_vol2_079
	556753_vol2_080
	556753_vol2_081
	556753_vol2_082
	556753_vol2_083
	556753_vol2_084
	556753_vol2_085
	556753_vol2_086
	556753_vol2_087
	556753_vol2_088
	556753_vol2_089
	556753_vol2_090
	556753_vol2_091
	556753_vol2_092
	556753_vol2_093
	556753_vol2_094
	556753_vol2_095
	556753_vol2_096
	556753_vol2_097
	556753_vol2_098
	556753_vol2_099
	556753_vol2_100
	556753_vol2_101
	556753_vol2_102
	556753_vol2_103
	556753_vol2_104
	556753_vol2_105
	556753_vol2_106
	556753_vol2_107
	556753_vol2_108
	556753_vol2_109
	556753_vol2_110
	556753_vol2_111
	556753_vol2_112
	556753_vol2_113
	556753_vol2_114
	556753_vol2_115
	556753_vol2_116
	556753_vol2_117
	556753_vol2_118
	556753_vol2_119
	556753_vol2_120
	556753_vol2_121
	556753_vol2_122
	556753_vol2_123
	556753_vol2_124
	556753_vol2_125
	556753_vol2_126
	556753_vol2_127
	556753_vol2_128
	556753_vol2_129
	556753_vol2_130
	556753_vol2_131
	556753_vol2_132
	556753_vol2_133
	556753_vol2_134
	556753_vol2_135
	556753_vol2_136
	556753_vol2_137
	556753_vol2_138
	556753_vol2_139
	556753_vol2_140
	556753_vol2_141
	556753_vol2_142
	556753_vol2_143
	556753_vol2_144
	556753_vol2_145
	556753_vol2_146
	556753_vol2_147
	556753_vol2_148
	556753_vol2_149
	556753_vol2_150
	556753_vol2_151
	556753_vol2_152
	556753_vol2_153
	556753_vol2_154
	556753_vol2_155
	556753_vol2_156
	556753_vol2_157
	556753_vol2_158
	556753_vol2_159
	556753_vol2_160
	556753_vol2_161
	556753_vol2_162
	556753_vol2_163
	556753_vol2_164
	556753_vol2_165
	556753_vol2_166
	556753_vol2_167
	556753_vol2_168
	556753_vol2_169
	556753_vol2_170
	556753_vol2_171
	556753_vol2_172
	556753_vol2_173
	556753_vol2_174
	556753_vol2_175
	556753_vol2_176
	556753_vol2_177
	556753_vol2_178
	556753_vol2_179
	556753_vol2_180
	556753_vol2_181
	556753_vol2_182
	556753_vol2_183
	556753_vol2_184
	556753_vol2_185
	556753_vol2_186
	556753_vol2_187
	556753_vol2_188
	556753_vol2_189
	556753_vol2_190
	556753_vol2_191
	556753_vol2_192
	556753_vol2_193
	556753_vol2_194
	556753_vol2_195
	556753_vol2_196
	556753_vol2_197
	556753_vol2_198
	556753_vol2_199
	556753_vol2_200
	556753_vol2_201
	556753_vol2_202
	556753_vol2_203
	556753_vol2_204
	556753_vol2_205
	556753_vol2_206
	556753_vol2_207
	556753_vol2_208
	556753_vol2_209
	556753_vol2_210
	556753_vol2_211
	556753_vol2_212
	556753_vol2_213
	556753_vol2_214
	556753_vol2_215
	556753_vol2_216
	556753_vol2_217
	556753_vol2_218
	556753_vol2_219
	556753_vol2_220
	556753_vol2_221
	556753_vol2_222
	556753_vol2_223
	556753_vol2_224
	556753_vol2_225
	556753_vol2_226
	556753_vol2_227
	556753_vol2_228
	556753_vol2_229
	556753_vol2_230
	556753_vol2_231
	556753_vol2_232
	556753_vol2_233
	556753_vol2_234
	556753_vol2_235
	556753_vol2_236
	556753_vol2_237
	556753_vol2_238
	556753_vol2_239
	556753_vol2_240
	556753_vol2_241
	556753_vol2_242
	556753_vol2_243
	556753_vol2_244
	556753_vol2_245
	556753_vol2_246
	556753_vol2_247
	556753_vol2_248
	556753_vol2_249
	556753_vol2_250
	556753_vol2_251
	556753_vol2_252
	556753_vol2_253
	556753_vol2_254
	556753_vol2_255
	556753_vol2_256
	556753_vol2_257


