



























































































































































































































































71
Appendix 2B

Table 29

GE0LOGY PACTOR - HOLDERNES

Site No. Geology Factor (mud% minus chalk )
1 0
2 88
3 42
4 84
5 88
6 88
7 77
8 80
9 80

10 80
11 77
12 88
13 88
14 88
15 7
16 88
17 88
18 88

A constant (k = 12) has been added to all the figures.
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Apverdix 28 7

Table 30
GLOLOGY PACTOR -~ NORPOLK

Site No Geology Factor  (mud % minus chalk %)
1 2.58
2 0
3 59.42
4 32436
5 48,80
6 81.85
7 46,08
8 58,91
9 57.17

10 97.40
11 73470
12 67.03
13 58.44
14 65463
15 111.60
16 69.64

A constant (k = 24) has been added to all the figurcs
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Appendix 2C

WATSR DISCHARGE NEASUREMENT

The data was collected on 6-9~72., The velocity was
measured by timing the movement of dye over a measured
distance, this was repeated three times to provide a
check. The cross sectional area was measured with a tape
measure, and finglly the discharge was calculated. This
method only made it possible to measure the stireams with a
definite outlet, no allowance was made for secepages across
the cliff face - however, these are very small in number

. compared with the streams.

GROUND WATER LEVELS

The boreholes were made by Mescrs Mobbs and English
for the City of Norwich Water Department. The well was at
Pleasuance in Overstrand, and the work was carried out
between 30-10-71 and 5-11-71, "The graph (Figurc 24) shows
that the ground water level fluctuation is on average three
hours behind the tidal curve. The time lag is to be

expected in view of the distance from the cliff edge - 3On.



Appendix 2C

Table 51

WATSR DISCHARGE

T4

LEASURSKENTS

Site No. Discharge Discharge x 10,000
1 .00000 0.0
2 . 00050 5.0
3 .00000 0.0
4 .00300 30,0
5 .00020 2.0
6 .00020 2.0
7 .00067 6.7
8 .00293 29.3
9 .00073 Te3

10 .00611 61.1
11 .00124 12.4
12 .00040 4.0
1% .00010 1.0
14 .00000 0°0
15 .00000 0.0
16 .00000 0,0
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Appendix 2D

CLIFF HEICUT MEASUREMENT

In Norfolk the measurements were made from the beach
at low spring tides, when a wide flat beach was exposed.
At each site a distance of 50m was measured out normul to
the cliffs. At each end of this line the angle to the
cliff top was measured using an Abney level, the accufacy

of which was within half a degree.

A

AP 50

Sine 180 - F Sine PAC
180-8 B

Som  ( B

Thus if o = 25 AP

[l

log50 + log Sine 140 - log Sine 15

F - 10 = 124.2
AB = AP Sine o<
AB = 52.48n

Thus the cliff height. in this example would be 52,5m.
The method used in Holderness'and Suffolk just
consisted of measuring the slope distance and slope angle.

A

%z AB = AC. Sine <

o< 8

C

The method used in Holderness and Suffolk is only suitiable
for low cliffs with a fairly uniform slope profile.
However, the Norfolk cliffs are higher (50~60m), and the
profile is often complicated with mudflows, hcence here the
method of measuring from the beaéh was used.

o correction has been made to bring the values 1o
Ordnanee potum, so this data cannot be resarded as the

abooiute heignt. (It would rave Leen necessary to level

[
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in each site in all three areas to accurately converih to
height above Ordnance Datum, and this was not considered

necessary. 1n any casc the correction would only be

about 1m).

The Norfolk values were measured every 200m, and so

they had to be averaged to give a mean height for each of

the 16 sites.



Appendix 2D

TABLE 32

NORFOLK ~ CLIFR HI=IGHT

77

Site Ho.

Grid Reference

Cliff Height (m)

1A
24
34
44
5A
6A
TA
8A
94
10A
114
124
134
144
154
164
17A
1B
2B
3B
4B
5B
63
7B
8B

B

TG112438
116437
118437
121437
123436
126436
128436
131436
134435
136435
138435
143435
145435
147435
149435
154435
155435
160435
162435
1654735
167434
170434
175454
176433
178453
1824352

26.96
23,10
22,21
2%.20
22,06
23,76
21,14
29.96
24,35
32,11
24,88
14.19
34,18
30.87
41.77
23.94
18.33
10.90
18,33
42.65
76.76
31.26
25,01
21.30
26,47

24.00
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Site Wo. Grid Reference Clilf Heicht (m)
103 184432 26.47
118 187431 17.39
12B 189431 20.45
13B 192431 31.95
14B 195430 28,87
15B 197429 39.99
16B 199428 24.44
17B 202428 25.07
188 2064217 27,05

1C 207427 28.45
2C 209427 22.68
30 211426 32,12
AC 213426 35.97
5¢ 216426 32.70
6C 218425 18,33
7C 221424 32.70
8C 224423 36.29
9C 226420 51.16
10C 228418 T4 .42
11C 231417 76.12
12C 233416 69.13
13C 235415 61,22
14C 241414 46,02
15C 243413 37.67
16C 246412 25.86
17¢C 248410 254,53
18C 251409 31,11
19C 253407 35.59
20C 255406 24,95
1D 257404 45.,07%




19

Site ¥o. Grid Reference CLiff Heirsht (m)
2D 259403 57.0%
3D 261402 63,63
4D 264400 52.91
5D 266398 54,24
6D 268397 60,36
7D 271396 45.14
8D 273395 39.%4
9D 275393 44,82
1E 278392 51.18
2E 281390 47.06
3B 283388 66,31
4E 285387 65.83
5E 287386 43.6%
6E 290384 50.19
TE 292383 61,60
8E 294383 70,57
SE 29738i 40,98

10E 298379 47,53
11E 301377 33.93
12E 303376 34,17
138 306375 28.54
1F 307374 43.03
2F 308373 35680
3F 310371 29,43
4T 314368 25,07
5F 316367 21.80
6F 318%64 19,59
/7 319363 31.82
1G 321362 27.312
2G 324559 30,67
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Site lo. Crid Reference Clifs leirnt, (m)
3G 325357 36.25
4G 327356 38.03
5G 329354 33457
6G 331353 24.35
7G 333350 | 21,15
8G 535348 18.36
9G 337347 14,64

10G 339345 | 11.74
11G 342343 8,39
126G 344342 - 7.18
135G 346340 7.60
14G 348338 7.92
15G 350336 10.34
16G 353335 8.68

 5H 369324 15,32
6H 370323 14.23
7H 373321 14,73
8H 375319 16.32
9H 377317 . 19.58

10H 379316 15.36
11H 381314 14.72
12H 583312 4.66

No measurements exist between 17G and 4H, because of the
very low cliffs here which are now completely faced by a

concrete wall.
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Appendix 2D

Table 33
CLIF? HEIGHT VALUES - HOLDERNESS, NORFOLK AND SUMPOLK

Holderness Norfolk Suffolk
Site lio. Height Site No.l Height Site No.| Height
(m) (m) (m)
1 22 1 23.9 3 14
2 8 2 24.1 4 5
3 10 3 26.1 5 16
4 7 4 33.7 6 12
5 11 5 26,8 7 12
6 16 6 25.9 8 8
T 17 7 59.2 9 14
8 18 8 30.3 10 16
9 19 9 47.4 11 20
10 19 10 51.3 12 12
11 27 11 47.7 16 3
12 19 12 29.5 17 6
13 10 13~ 28.7 18 16
14 16 14 9.7 19 10
15 23 15 7.3
16 19 16 14.2
17 5
18 11
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Table 34
STOPE AlGLES - HOLDERNESS, NORFOLK, SUFFOLK

Holderncss Norfolk sSuffolk
Site No. Slope Site No. Slope Site No. Slope
() (°) (°)
1 43 1 90 3 37
2 38 2 50 4 36
3 51 3 45 5 24
4 57 4 65 6 23
5 46 5 33 7 46
6 54 6 51 8 43
7 45 7 31 9 41
8 42 8 47 10 34
9 48 9 37 11 | 43
10 46 10 27 12 26
11 52 11 48 16 32
12 33 12 37 17 39
13 53 13 38 18 32
14 29 14 43 19 34
15 53 15 66
16 42 16 54
17 70
18 56
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Appendix 28

WAVE BRBRGY CALCULATION

1
vl daky

(1) Four years were selected for measurement - 1963, 1965,
1968, 1971, these were the only yecars within the last
eleven for which complete records existed at Gorleston,

all the other years had some months missing. Vollbrecht
compared his selected years with a 35 year mean, this was
not done here for the data was only used in a relative
sense, and since the same years were used for all three
areas, they were comparable., Hourly values of wind speed
and direction were averaged to give one value per 24 hours

for Gorleston, and for Kilnsea for Holderness.

(2) In each area three sites were selected, their orient-
_ation measured, and the fetch calculated for every 10
degrees. Then the efficiency of the angle of wave
approach was calculated usingbthe graph - Figure 29, which
has been reproduced from Vollbrecht's paper (1966). This
is based on the formula:-

Et = Eo.Sine a .Cos a, (L/L).
Et is the wave energy component parallel to the shoreline,
a is the angle of wave approach,
L is the wavelength corrected for shallowing water.
The graph also shows that winds blowing parallel to the
coast convey some energy to the shoreline. Tables %5-37
give the orientation, angle of approach, efficiency and

feten at each site.

(3) Bretschneider's graph of energy plotted against letch

. Cee . _
for different wind speeds was used to calculate wave
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This had to be extrapolated to account for

energy.
greater fetches. Davies (1972) shows that changes in

fetch are important up to 1500km. However, here thig
results in giving swell waves too high an encrgy value,
which is the major disadvantage of the method. For each
day the average wind speed was converted to wave energy
using this graph. The figures referred to 24 hour values,
so the duration lines on the graph were not used. Then for
each day the wave energy was multiplied by the efficiency
factor relating to that direction. Thus for each of the
ten sites, total wave energy was calculated for each of the

four years, the component directions were also separated -

north/south in Holderness and Suffolk, east/west in Norfolk -

see Tables 38 -~ 42.
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35

Table
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HOLDERNESS ~ ORIENTATICN, EFRICITNCY AND *nTCH

(1)

Wilsthorpe (G.R. TA1l72640)

Direction (°)| Angle (°) | Efficiency (%) | Fetch (n.m.)
320 ~50 North 2 100
330 -40 3 100
340 -30 4 210
350 -20 7 1600
360 =10 10 2
010 0 18 2
020 10 35 2
030 20 60 3
040 30 80 5
050 40 95 530
060 50 100 350
070 60 90 360
080 70 70 340
090 80 38 340
100 90 | 0 225

“10 | eo south 38 | 205
120 70 70 210
130 60 - 90 210
140 50 100 210
150 40 95 80
160 50 80 80
170 20 60 80
180 10 35 80
190 0 18 80
200 -10 10 80
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pircction (°)| Angle (°)| Efficiency (%) | Fetch (n.m.)
210 -20 7 80
220 30 4 80
230 ~-40 3 80
240 -50 2 82

(2) Hornsea (G.R., TA211476)

290 =50 North 2 100
300 -40 3 100
310 -30 4 100
320 -20 7 100
330 -10 10 100
340 0 18 210
350 10 35 1600
360 20 60 12
010 30 80 13
020 40 95 500
030 50 100 400
040 60 90 360
050 70 70 530
060 80 38 350
070 A o | 30

- O-E-BO— T _éO— o South 38 340-_
090 70 70 340
100 60 90 225
110 50 100 205
120 40 95 210
130 30 80 210
140 20 60 210
150 10 35 80
160 0 18 80
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Direction ()| Angle (°)| Efficiency (%) | Petch (n.m.)
170 -10 10 80
180 ~20 7 80
190 -30 4 80
200 =40 3 80
210 -50 2 80

(3) Withernsea (G.R., TA345278)

270 -50 North 2 100
280 -40 3 100
290 -30 4 100
300 ~20 7 100
310 -10 10 100
320 0 18 100
330 10 35 100
340 20 60 210
350 30 80 1600
560 40 95 2000
010 50 100 1600
020 60 90 500
030 70 70 400
040 80 38 390
050 90 i 0 i 530

—OEO ST _f;O~— B -S—ouIII—B—B- C _—3730— S
070 70 70 360
080 00 90 340
090 50 100 340
100 40 95 225
110 30 80 205
120 20 60 510
170 10 35 210
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Dircction (%)

Bfficiency (%)

Fetch (n.m.)

140
150
160
170
180
1960

18
10

7
4
3
2

210
80
80
80
80
80
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Table 36

90

NORFOLX - ORIENTATION, EFFICIENCY AND FETCH

(1) Sheringham (G.R. TG174434)

Direction (°)

Angle (°)| Efficiency (%)

Feteh (Li.m.)

230
240
250
260
270
280
290
300
310
320
330
340
350
360
010 ]

To20
030
040
050
060
070
080
090
100
110

West 3

10
18
35
60
82

95
100

100

95
82

60

18
10

60
60
60
60
60
60
60
50




a7l

pivection (°)| anzie (°) | Erficiency (%) Fotoh n.m.)
120 -20 7 150
130 =30 5 140
140 -40 4 140
150 -50 3 140

(2) oOverstrand (G.R. TG256405)

250 ~50 West 3 58
260 ~40 4 58
270 =30 5 58
280 ~20 7 58
290 ~10 10 54
300 0 18 46
310 10 35 58
320 20 60 69
330 30 82 115
340 40 95 345
350 50 100 588
360 60 90 2000
010 70 70 690
020 80 38 240
030 90 0 240

-de —————— gb—.-— _-é;é;-%é-- T -—aéa‘— I
050 70 70 370
060 60 90 370
070 50 100 360
080 40 95 150
090 30 82 150
100 20 60 150
110 10 35 150
120 0 18 150
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Direction (O)

Feteh (n.m.)

130
140
150
160
170

-10

Angle (O) Efficiency (%)
10
7
5
4
3

140
140
140
140
140

(3,4) Mundesley and

Happisburgh (G.R. TG322360, 382312)

260
270
280
290
300
310
320
330
340
350
360
010
020
030

West 3
4

5

7
10
18
35
60
82
95
100
90
70

100
95
82
60

60
60
60
60
50

joe - e e emen gwe

150

150




9%

Dircclion (%) ingle (O) Rfficiency (%) Fetch (nom.)
130 0 18 140
140 -10 10 140
150 =20 T 140
160 ~-30 5 140
170 ~40 4 140
180 50 5 140
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Table 37
SURFOLY - ORIBLITATION, EFRICIENCY AND WETCH

(1) Scratby [(G.R. 155516)

pirection () Ancle (°)| Efficiency (%) | Fetch n.m.)
290 45 North 3 100
500 =35 4 100
510 =25 | 6 100
320 -15 8 100
330 -2 15 320
740 2 26 1400
350 15 46 1800
360 25 70 2000
010 35 90 580
020 4> | % 440
030 55 96 540
040 65 85 360
050 75 50 350
060 85 20 320
070 85 | 0 120

IS Ry et S
090 65 50 110
100 55 85 100
110 45 96 95
120 35 98 o
130 25 90 85
140 15 70 80
150 5 16 “0
160 -5 55 90
170 ~15 15 100
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Direction (°} angle () | Efficiency (%) Peteh(n.m. )
180 =25 8 105
190 135 6 170
200 -45 4 80
210 -55 3 80

(2) Corton (G.R. 991538)

290 -50 North 3 100
300 -40 4 100
310 -30 5 100
320 -20 7 100
330 -10 10 320
340 0 18 1400
350 10 35 1800
360 20 60 2000
010 30 82 | 580
020 40 . 95 440
030 ' 50 100 540
040 60 90 360
050 70 70 350
060 80 38 320
070 90 0 120
b&o _____ éB-——Saégé——fﬁ_ﬁg'_—
090 70 - 70 110
100 60 90 100
110 50 100 g5
120 40 g5 95
130 30 82 85
140 20 6O 80
150 10 35 90
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Direction (°)| Angle (°) | Bfficiency (%) Feteh (n.m.)
160 0 18 90
170 ~10 10 100
180 ~20 7 105
190 -30 5 170
200 ~40 4 80
210 -50 3 80

(3) Pakefiecld ( G.R. 887537)

320 -50 North 3 100
330 -40 4 320
340 -30 5 1400
350 -20 T 1800
360 -10 10 2000
010 0 18 580
020 10 35 440
030 20 60 540
040 30 82 360
050 40 95 350
060 50 100 320
070 60 90 120
080 70 70 120
090 80 38 110
] R IV A I
110 80 South 38 95
120 70 70 95
130 60 90 85
140 50 100 80
150 40 95 90
160 30 82 50
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Qgéggjign (°)| Angle (°) | Efficiency (%) | Poteh (
170 20 60 -:;§ e
180 10 35 105
190 0 18 170
200 ~10 10
210 ~20 7 o
220 30 5 o
230 ~-40 4 4 >
240 ~-50 3 :2
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Table 38

MONTOLY WAVE ENERGY VALUES - HOLDERNESS. , NORFOLK, SUFFOILK.

(1) Wilsthorpe

Energy Energy Energy | Energy | Energy | Energy | Energy Energy

from N. from S. from N. | from S. | from N. | from S. | from XN. from 3.
1 861 22 179 184 59 116 384 133
2 116 259 196 23 278 36 5 18
3 5 133 260 273 877 24 148 66
4 383 38 68 24 65 135 399 55
5 1 25 11 106 131 89 192 _ 82
6 75 18 13 37 17 23 401 5
7 1 27 32 2 46 48 8 27
8 9 14 14 - 148 1085 21 40 46
9 11 14 16 134 1502 92 77 53
10 2 67 65 175 14 44 379 139
11 0 84 668 864 358 838 264 4
12 136 36 0 13 36 113 1379 16
Total | 1€00 738 1521 1983 4469 1579 3677 €43

86
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Table 38

LNORTHLY WAVE ENERGY VALUES - HOLDERNESS, NORFOLK, SUFFOILK.

(2) Hornsea

Lion th 1963 1965 1968 1971
Energsy Energy Energy Energy Energy | Energy | Energy Enercy
From N. Prom S. From N.| From S.| From N.}| From S. | From N, From S.
1 6 981 50 178 297 208 289 81
2 10 252 658 155 7 162 296 8
3 74 71 376 618 675 8 1010 157
4 138 25 653 5 5 198 166 501
5 104 > 427 63 148 221 82 - 174
6 45 58 198 15 182 18 1251 53
7 ST 30 221 13 763 84 94 28
8 23 5 23 108 2872 7 304 52
9 6 14 390 73 1062 65 49 80
10 0 26 34 154 0 30 174 159
11 2 68 462 1133 3006 1244 355 1
12 29 233 10 3 56 91 165 170
Tota 444 1748 3503 2517 9075 2334 4236 1873

66
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Table 38

MONTHLY WAVE ENERGY VALUES — HOLDERNESS, NORFOLK, SUFFOLK. (3) Withernsea
Honth 1963 1965 1968 1971
Energy Energy Energy Energy Energy Energy Energy Energy
From N. From S. From N.| From S.| From N.| From S.| From N, From 8.
1 10 1626 49 207 698 165 8 43
2 8 238 1728 236 38 391 140 2
3 54 26 280 662 1953 11 848 222
4 13 199 1069 27 216 195 148 445
5 179 1 1495 32 592 258 80 - 214
6 32 87 133 9 140 16 752 163
7 T 21 380 20 2509 83 537 23
8 73 7 46 52 | 1846 23 663 59
9 7 17 469 37 97 236 ny 109
10 2 11 4 105 2 32 1 215
11 7 45 106 827 1856 1003 4122 0
1z 30 317 44 2 160 14 7 1642
Total 422 2594 5803 2216 10108 2488 1337 3137

00T
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Table 38

MONTHLY WAVE ENERGY VALUES - HOLDERNESS, NORFQOLK, SUFFOLX.

(4) Sheringham

Energy Energy Energy Energy Energy Energy Enerpgy Energv

From W. From E. From W.| From E. | From W.| From E.| From W, From &.
1 22 897 62 404 87 126 14 4
2 6 190 350 114 6 1054 13 10
3 13 32 44 484 476 110 480 265
4 4 245 155 31 26 117 257 123
5 36 9 93 50 44 53 50 89
6 7 87 59 26 34 77 401 41
7 14 12 450 43 157 99 48 17
8 2 21 11 39 400 11 64 81
9 9 18 284 13 55 470 25 51
10 4 1 5 142 1 16 22 195
11 6 1 45 1039 304 649 224 2
12 11 159 18 0 29 30 49 740
Tctal 134 1768 1578 2384 1710 2813 1646 1617

10T
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Table 38

ITIONTHLY WAVE ENERGY VALUES - HOLDERNESS, NORFOLK, SUFFOLK,

(5) Overstrand

lonth 1963 1965 1968 1971
Enerey Energy Energy Energy Energy Energy Energy Snergy
From W. From E. From W.| From E.| From W.| From E.| From VW. | From &E.
1 165 1188 87 2917 58 193 14 10
2 9 224 626 158 8 535 367 -7
3 61 8 13 292 568 5 1079 175
4 8 112 330 21 25 56 862 T4
5 166 3 350 26 55 70 195 . 78
6 29 91 131 5 67 10 901 7
7 14 18 902 36 252 116 58 .9
8’ 1 21 11 84 1109 2 24 57
9 15 12 615 30 135 294 35 67
10 2 12 11 140 0 24 259 120
11 2 3 25 137 481 759 338 6
12 3 249 8 1 35 68 64 434
Total 480 1941 3170 1827 2795 2096 4198 1045

0T
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Table 38

NORTHLY VAVE ENZRGY VALUES - HOLDERNESS, NORFOLK, SUFFOLK.

(6) Mundesley/Haprisburgh

Zonth 1963 1965 1968 1971
Inercy Energy Energy Energy Energy Energy Energy Energy
From W, From E. From W.| From E.| From W.!| From E.| From V. From T. .
1 210 1171 85 215 56 200 12 21
2 14 221 654 163 11 161 488. 6
3 90 7 87 173 589 8 1131 106
4 14 239 348 16 33 28 1014 62
5 204 2 446 26 52 72 25T 18
6 43 88 158 7 110 11 999 9
7 13 19 920 24 227 96 58A 7
8 1 17 13 113 1233 3 22 39
9 19 9 633 49 182 171 38 70
10 3 16 21 147 0 26 386 118
11 1 5 16 656 498 713 542 10
12 6 268 5 2 33 84 130 237
Total 617 2063 3387 1591 3026 1634 4878 703

¢0T
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Table 38

IiONTHLY WAVE ENERGY VALUES - HOLDERNESS, NORFOLK, SUFFOIK. (7) Scratby
lonth 1963 1965 1968 1971
Energy Energy Energy Energy Energy Energy Energy Energy
From N. From S. From N.| From 3. From N. | From S.| From N. From S.
1 206 161 297 13 16 41 8 61
2 40 77 609 22 838 29 444 5
3 141 24 289 151 632 17 877 31
4 30 20 314 9 120 41 765 4
5 216 6 651 43 56 24 423 - 27
6 o7 20 195 20 281 15 876 24
7 11 11 750 6 240 10 50 10
8 8 3 25 A112 916 3 62 26
9 36 4 517 104 370 31 44 24
10 4 51 91 140 3 26 574 66
11 0 18 262 381 677 365 323 12
12 2 91 2 11 21 72 602 )
Tctal 794 486 4002 1073 4170 673 5046 296

0T



Appendix 2E Table 38

LONTHLY WAVE ENBRGY VALUES - HOLDERNESS, NORFOLK, SUFFOLK. (8) Corton
lonth 1963 1965 1968 1971
Energy Energy Energy Energy Energy Energy Energy Energy
from N. From S. From N.| From S.| From N.| From S.| From N. From S.
1 212 228 339 84 14 69 5 52
2 38 70 530 41 1010 47 406 5
3 136 21 469 169 547 15 803 24
4 44 20 269 9 132 37 688 5
5 159 5 596 41 41 35 424 - 23
6 98 33 177 18 280 14 748 24
7 11 11 622 7 197 8 46 8
8 11 3 25 122 797 2 73 31
9 39 6 438 91 421 30 40 29
10 4 44 106 137 3 16 557 75
11 0 9 317 408 661 425 267 13
12 1 116 1 10 17 74 654 51
Total 753 568 3888 1139 4120 774 4711 341

60T



Appendix 2E Table 38

FONTHLY WAVE

ENERGY VALUES - HOLDERNESS, NORFOLK, SUFFOIK.

(9) Pakefield

Month 1363 1965 1968 1971
Enerpgy Energy Energy | Energy | Energy | Energy | Energy Energy
From N, From S. From N.| PFrom S.| From N, | From S.| From N. From S.
1 600 23 356 55 119 28 3 130
2 128 104 213 0 974 57 96 13
3 50 60 408 113 190 56 324 80
4 158 24 74 14 106 61 233 1
5 49 18 179 72 47 26 200 43
6 114 12 26 50 149 35 180 30
7 9 7 122 9 96 25 19 31
8 18 15 33 56 161 6 65 36
9 29 8 T 170 392 37 53 16
10 4 14 135 108 13 51 284 56
11 0 34 452 264 634 142 60 12
12 124 40 0 33 21 98 660 25
Total | 1285 421 2077 945 2906 623 2177 470

90T
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VAVE ENERGY VALUES -~ 1972 -~ SHERINGHAM AND OVERSTRAND

donth Sheringham Qverstrand
Energy from W. Energy from E. Energy from W. Energy from E.

1 59 556 - 123 386
2 3 235 45 ‘ 160
3 9 794 26 502
4 382 233 763 100
5 169 57 455 9
6 2 2 15 | 5
7 183 37 594 36
8 45 175 - 39 69
9 66 67 170 11
10 48 87 47 79
11 68 0 106 0
12 2 3 6 1
Total 1034 2245 2388 1359

LOT




Appendix 2F 108

Table 40
WAVE EJERGY VALUES - HOLDERNESS

(1) wilsthorpe

Year Energy from North | Energy from South Total
1963 1600 738 2338
1965 1521 | 1983 3504
1968 4469 1579 6048
1971 3677 643 4320
Mean 2817 1236 4053
(2) Hornses

1963 444 1748 2195
1965 3503 | 2517 6021
1968 9075 2334 11409
1971 4236 1873 6109
Mean 4315 2118 6433
(3) Withernsea

1963 422 2594 3016
1965 5803 2216 8019
1968 10108 2488 12596
1971 1337 3137 10474
Mean 5918 2609 8526
llean Total Energy - all sites, all years = 6337
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Table 41
~ WAVE ENERGY VALUES - NORFOLK

(1) Sheringham

Year Energy from Vest Energy from East Total
1963 134 1769 1903
1965 1578 _ 2384 3962
1968 1710 2813 4523
1971 1646 1617 3263
Mean 1267 2147 3413

(2) Overstrand

1963 480 1941 2421
1965 3170 1827 4997
1968 2795 2132 49217
1971 4198 1045 5243
Mean 2661 1737 4397

(3) & (4) Mundesley and Happisburgh

1963 617 2063 2680
1965 3387 1591 4978
1968 3026 1634 4660
1971 4878 703 5581
Mean 2982 1498 4475

Mean Totz2l Energy - All sites, all years = 4095
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Table 42
WAVE ENERGY VALUES - SUFFOLK

(1) Scratby

Year Energy from North Engrgy from South | Total
1963 794 486 1279
1965 4002 1072 5075
1968 4169 673 4843
1971 5048 296 5345
Mean 3503 632 4136
(2) Corton

1963 753 568 1321
1965 3889 1139 5028
1968 4120 774 4894
1971 4711 341 5052
Mean 3368 706 4074

(3) Pakefield

1963 1285 421 1706
1965 20717 945 3022
1968 2906 623 3529
1971 2177 470 2647
Mean 2111 615 2726

Kean Total Energy - all sites, all years = 3645




Appendix 2B

Table 43
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VAVE EBIUERGY VALUES -~ HOLDERNESS,

NORFOLK AND SUFFCLK

Holderness Norfolk Suffolk
Site No. Wave oite No. fave Site No.l Wave
1 3600 1 3450 3 4600
2 4200 2 3530 4 4400
3 4770 3 3610 5 4200
4 5050 4 3685 6 3800
5 5240 5 3760 7 3750
6 5800 6 3840 8 3675
7 6300 7 3910 9 3600
8 6680 8 3990 | 10 3525
9 6880 9 4060 11 3475
10 7260 10 4140 12 3400
11 7800 11 4225 16 3100
12 8100 12 4300 17 3050
13 8480 13 4370 18 3000
14 8880 14 4450 19 2930
15 9480 15 4520
16 9960 16 4610
17 10220
18 10600
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CORRZLATION COIF RuTREAT RATE AWND WAVE REFRACTION

Didazt

Hardy's (1961) data on wave refraction was used here.
He calculated the distance apart of the orthogonals when
they reached the coast, and used this as a measure of the
intensity of the incoming energy. He then plotted
histograms of the incoming energy zlong the coast for waves
of different periods and ffom different directions. Only
two of the waves were storm waves -~ a 10 second wave from
north north west, and a 10 second wave from north east.
Table 44 gives the wave energy for km distances along the
coast for each of the two waves, and the retreat rate at

that point. The correlation coefficients are given below:~-

- 00493
+ 0.274

Il

10 second wave from north north west r

11

10 second wave from north east Tr

The correlation for the north east wave is very low, but
does show the expected trend. The other correlation, again
not significant, shows a reversed trend. This nmust be
explained by the inaccuracies in the construction of these
diagrams and in their interpretation - particularly as

regards.the problem of crossed orthogonals.
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Table 44
Lapble a4

RETREAT RATE VALUKS AND WAVE ENERGY VALULS KRON

REFRACTION DIAGRAILS

Site Retreat Rate Energsy - NNW Wave Energy - NI Yave
No (m yr™t)
1 0,120 4,0 4.8
2 0.360  4a 0.4
3 0.512 4.1 0.4
4 0.471 4.1 0.4
5 0.340 4.1 0.4
6 0.000 4,1 0.4
7 0.735 5.8 2¢7
8 0.732 6.8 2.7
9 0.410 7.0 2.7
10 0.588 Te4 2.7
11 0.184 7.5 2.7
12 0.000 7.5 . 2.7
13 0.104 Te5 2.7
14 1.021 5¢3 14.0
15 0.250 5.8 13.7
16 1.392 2.6 13.8
17 1.910 2.6 10.1
18 1.278 2.6 12,7
19 1.400 2.6 12.2
20 0.913 2.6 10.2
21 0.818 1.3 14.4
o0 0.644 1.3 14.2
23 0.300 1.3 22.2
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Site Retrecat Rate Energy - NIW Vave Enersy - NE UWave

1o (m yr~h)
24 0.54 1.3 36.3
25 1.291 1.3 26.6
26 0,766 1.3 Te5
27 1.000 1.3 T+5
28 1.400 1.8 7.0
29 1.704 1.8 7.0
30 1.404 1.8 4,1
31 0.906 1.8 4,0
32 0.461 1.8 4.8
33 0.294 1.8 4.5
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Apvendix 2G

E-ZACH ¢ROSILE NIASURENENT

The profiles were measured using an Eliot Profiler.
This was wheeled slowly down the beach, over a reel of hose
pipe to prevent slipping, and the profile was recorded in
the machine. The accuracy of this instrument is 95¢ if
the hose pipe is used. The slope distance is also recorded
in metres. Brunn's (1954) formulae for mean depth and

steepness were used.

<4 b >

L

Mean depth = A
b
Steepness = A
b2

The steepness value is then multiplied by 2.
The areas of each profile were measured with a planimeter.

Table 45 shows the mean depth and steepness values for each

profile,.
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Appendix 2G

Table 45

NCRFCLK - BUACH STEEPNESS AND MEAN DEPTH

Profile Grid Reference | Distance East| Mean Depth | Steepness Steepness % 2
(km)
Weybourne 112438 0 0.937 0.0220 0.0440
Sheringham 167435 6 0.918 0.0088 0.0176
West Runmton 186433 T 1,244 0.0082 0.0164
East Runton 201428 8 1.029 0.0070 0.0140
Cromer 220425 10 0.890 0.0104 0.0208
lOverstrand 248411 14 0.527 0.0062 0.0124
Sidestrand 260403 16 0.699 0.0060 0.0120
Triminghan 295383 20 0.826 0.0079 0.0158
lundesley 316367 22 0,685 0.0054 0.0108
Iundesley 323358 24 0.936 0.0079 0.0158
Happisburgh 583310 30 0.432 0.0059 0.0118

61T
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Table 46
NORFOLK - BEACH STREEPHECS VALUES

Site Number Beach Steepness
1 0.044
2 0.044
3 0.044
4 0.0176
5 0.0164
6 0.0140
7 0.0208
8 0.0124
9 0.0120

10 0.0147
11 0.0158
12 0.0108
13 0.0158
14 0.0145
15 0.0131
16 0.0118
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MEASURLLERT OF BEACH SAND SIZE ~ NORFOLK

Sand samples were collected from each of the 16 sites
on two conseccutive days in October,1971., At each site a
surface sample ( the top lem ) was collected from the base
of the cliffs, from midway between low waler mark and high
water mark, and finally a sample from low water mark. The
samples were then washed, dried and sieved, and Tables
47 - 49 show the size statistics. The upper beach sample
at Sites 1 - 3 was composed entirely of shingle, here the
three main axes of 100 pebbles were measured at each site,
and thus the mean size was calculated. The mid beach sample
is probably the most important since it is most
representative of the incoming wave energy, and is the one

most often quoted in the literature.
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Table 47
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BEACH SI1zE STATISTICS - UPFER BEACH, CLIFF BASE

Site No.] Mean Size | Standard Skew#ess Kurtosis
(8) Deviation

1 -4,67 0,268 -0,046 1,025
2 -4.79 0,270 -0.002 1,133
3 -4.96 0.195 -3,008 0.922
4 1.86 0.429 ~0,105 0.871
5 1.82 0.467 -0.033 0,931
7 1.50 0.376 +0,096 1,032
8 0.21 0.805 ~0,265 0.993
9 1.71 0.470 +0,052 0,904
10 . 1,94 0.402 -0,177 0,923
11 1,53 0.510 +0,004 0.939
12 1,76 0.371 -0,027 0.918
13 1.92 0.351 +0,0%2 0.890
14 2,16 0.270 -0,102 1,100
15 2,15 0.325 ~0.229 1.197
16 1,51 0.394 +0,128 1.008

Mean sand size (sites 4 - 16 ) = 1,674
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Table 48

123

BRACH SIZE STATISTICS -~ MID BEACH (Bascom's Reference

Point).
Site No. liean Size| Standard | Skewness Kurtosis
(8) Deviation

1 ~-4,61 0,277 -0.247 1.105
2 2,33 0.245 -0,076 1.541
3 2.26 0.258 -0,160 1.311
4 2.04 0.608 -0,391 1.270
5 2,04 0.615 -0.324"! 1.002
7 2.34 0.447 -0,208 1,182
8 1.29 0.450 ~0.065 1.140
9 2,20 0.471 -0,337 1.331
10 1.57 0,594 ~0,096 0,923
11 1.64 0,420 -0,085 0.989
12 1.00 | 0.422 +0,206 1,080
13 1.86 0.538 -0,271 0.800
14 1.46 0.527 +0,322 1,058
15 1.21 0,680 -0.286 0.823
16 1.54 0,571 +0,091 0,734

lean sand size ( sites 2 - 16 ) = 1,694
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Table 49
BEACH SIZE STATISTICS - LOVER BEACH

Site No. Mean Size| Standard Skewness Kurtosis
() Deviation
2 2.54 0,342 +0.080 1,135
3 2.59 0,345 +0,070 1.155
4 2.81 0,408 ~-0.115 1.187
5 2,90 0,381 ~-0,139 1,407
7 2,62 0.341 ~0.142 1.033
8 ‘ 2.00 0.435 -0.319 1.038
9 2,20 0,474 ~0.149 1.157
10 1.66 0.686 ~0.,171 1.035
11 2.33 0.322 -0.090 1.346
12 1.70 0,620 ~0.163 0.927
13 2,32 0,368 -0,068 1,287
14 2.21 0.439 -0.228 1.316
15 2.02 0.439 -0,255 1,081
16 1.53 0,511 +0.052 0.908

Mean sand size (sites 2 - 16) = 2,184
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Table 50 shows the mean sand size at each site. This
then had to be corrected to allow for the different
proportions of sand at each site. Working from Table 27,
which shows cliff composition corrected for height, a
weighting factor is computed by calculating the sand
quantity at each site as a percentage of the total sand
quantity (492). Then the mean sand size at each site is
multiplied by this weighting factor, and then by a factor

of 10, Thus the corrected mean size is calculated as

1.4624.



Appendix 2G

Table 50
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CLIPF SAND SIZE ~ CORRECTED VALUKS

Site No.l Mean Size| Sand Weishting Corrected
(4) Quantity | Factor Mean Size
1 1.43 0.923 1,870 0.267
2 1.64 0.995 2,023 0,332
3 2,69 3,762 7.652 2,055
4 1.99 5.247 10,672 2,128
5 2,16 2.284 4,645 1.002
6 1,92 2.519 5.123 0.985
7 1.82 8,741 17.780 5,234
8 2.86 3,051 6.206 1.774
9 253 4.418 8.987 2,276
10 2.49 2.888 5.874 1.429
11 2.27 3.938 8,010 1.817
12 3.23 34355 6.824 2,202
13 2.84 4,866 9.900 2.810
14 1.96 0.326 0,663 0.130
15 2.27 0,244 0.496 0.126
16 3.10 1.605 3.265 1.013
Mean 2.348 1.462¢8
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MEASURELENT OF ACCRETION CHANGES ~ SURROLK

The amount of beach erosion or accretion was
measured from a graph compiled by Craig -~ Smith (1971)
which showed the position of high tide mark in 1880 and
1950. (This was obtained from 6 inch maps). Thus a
positive or negative disténce was obtained for each site,
then a constant (k=150) was added to all the figurcs so
that the negative signs were lost. These values were then

correlated with retreat rate at each site.
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Table H1

BeACH ACCRETION VALUES - SUFROLK

Site No. Accretion (m) | Accretion + k (k = + 150)
3 -30 120
4 -50 100
5 +60 210
6 +10 160
7 ~40 110
8 -40 110
9 -80 70
10 -60 90
.11 -48 102
12 -100 50
16 -60 90
17 -60’ 90
18 -150 0
19 -40 110
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Table 52

VALUES FOR OFFSHORE STEEPHESS -~ HOLDERNREIU,

129

NORIOLK AUD

SUFFOLK

Site Distance to | Site Distance to (Site Distance to
No. 10m Depth km|No. 20m Depth km{No.  20m Depth km
HOLDERNESS NORFOLK SUFIFOLK
1 6.75 1 9.38 3 10.95
2 8.78 2 T.17 4 9.60
3 8.21 3 Te43% 5 7.50
4 7.95 4 7.17 6 6.75
5 6.60 5 6.12 7 6.30
6 4,65 6 6.87 8 6.30
7 2.70 7 6.79 9 6.30
8 2.55 8 7.50 10 5.85
9. 5655 9 6.23 11 5.25
10 5.70 10 5.89 12 5.70
11 4.80 11 6.57 16 4 .80
12 4.73 12 7.09 17 4.05
13 4.05 13 4.32 18 6.15
14 2.48 14 4.09 19 6,00

15 1.65 15 3.83
16 1.20 16 3.83
17 1,58
18 1.88
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OFFSHORE IRCFILE MEASUREMENT

These were measured from a small boat using a
ferrograph echo sounder, these sites were a continuation
of those from which the beach was measured. Most of the
profiles were O.5km long, and two longer ones, 2km long,
were also taken. Throughout each profile run the boat was
kept in line with a specific feature on the cliff edge. The
length and time of the profile was recorded. Then using the
Admiralty Tide Tables, each profile was referred to chart
datum, and so the height of the boat above Ordnance Datum
may be obtained. Then for each profile the height below
Ordnance Datum is measured for every 50m, so as to smooth
out some of the irregﬁlarities, and the profile is re-drawn.
The area of each profile was then measured with a
planimeter, and the steepness was calculated, using the same

_method as for the beach steepness.
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Table 53

-

132

NORFOLK -~ STEEPNESS OF THE ORFSHORE PROFILES

Profile Grid Mean oteepness Steepness x 2
Reference| Depih
Weybourne 112438 5.19 0.0112 0.0223%
Sheringhamn 167435 2,60 0.0061 0.0121
West Runton 186433 3.31 0.0081 0.0161
East Runton 201428 2.64 0.0060 0.0120
Cromer 220425 3.76 0.0082 0.0164
Overstrand 248411 4.40 0.,0100 0,0200
Sidestrand 260403 3.66 0.0078 0.0156
Trimingham 295383 4.80 0.0110 0.0220
Happisburgh 383310 6.34 0.0133 0.0266

Mean Steepness 0,0181
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OFFSHORE SAMPLING

The aim of this programme was to determine the genecral
nature of the offshore sediments, not to make a detailed
survey of the offshore zone. The samples were collected
using a small dredge made in the University, this consisted
of a metal cylinder closed at one end, O. 8m long, 0. 2m in
diameter, this was suspended within a metal brace with a

2 kilo weight. A line was attached to this and it was

pulled along the sea bed for a distance of 10m. (A Van Veen

grab was not found to be successful for nearshore sampling

because of the short distance of free fall). The position

of each sample was fixed using compass bearings.

Five traverses between Cromer and Bacton were made,
one of these was done by Norfolk County Council. The
sampling interval on.each traverse was 100m, and the
traverse was between 1 and 1.5km. Table 54 gives the
position of the traverses and the grid references, and
Pable 55 gives the nature of each sample, the distance from
the shore and the water depth. Finally Table 56 gives the

size statistics for the sand samples.
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Table 54
POSITION OF THE ORFFSHORYE SANMPLING TRAVERSES

Number Site Grid Reference
A Overstrand : 254406
B Sidestrand 263400
C Trimingham 298381
D Mundesley 314366
E Mundesley 315366
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Table 55

HATURE AND) POSITION

135

O THE OFFSHORE

SAMPLIS

Traverse| Sample No.| Sample Type | Distance to | Water
c1ife (m) Depthi(n)
A 1 Sand 370 2.5
A 2 Chalk 663 7.0
A 3 Sand 961 8.5
A 4 Sand 1254 9.5
A 5 Sand 1516 9.0
B 6 Sand 370 2.5
B 7 Sand 460 4,5
B 8 Sand 555 4.5
B 9 Chalk 663 6.0
B 10 Chalk 776 7.0
B 11 Chalk 884 Te5
B 12 Chalk 961 7.5
B 13 Ch.+Sand 1110 9.0
B 14 Sand 1295 9.0
B 15 Chalk 1480 8,3
B 16 Chalk 1768 9.0
c 17 Chalk 370 3.0
C 18 Sand 460 6.0
c 19 Chalk 555 7.0
C 20 Sand 645 7.0
C 21 Sand 943 8.0
C 22 Chalk 123%6 8.0
C 23 Chalk 1516 9.0
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oample No.

Traverse Sample Type | Distance to | Water
c1iff (m) | Depth (m)

C 24 Gravel 1850 11.5
c 25 Chalk 2138 11.0
C 26 Chalk 2400 11.0
C - 27 Chalk 2750 13.0
D 28 Sand 740 -
D 29 Sand 943 -
E 30 Sand 555 =
E 31 Sand 740 -
E 32 Sand 1850 -
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Table 56
OFFSHORE SAND SAMPLES - SIZE ANALYSIS

Sample No.| Mean Size | Standard Skewness Kurtosis
(8) Deviation

Al 2,323 0.594 ~0,055 1.500
A3 1.620 | = 0.751 -0.619 1.115
A5 2,203 0.343 ~0,304 2.008
B6 2.110 0.818 ~0.741 1,222
BT 2,096 0.507 -0,112 1.196
BS 2.400 0.395 ~0.070 0.873
B13 1.120 0.356 ~0.327 1.926
Bl4 2.070 0.366 ~0.439 2,181
c18 1.943 0.452 ~0.386 1.404
20 1,883 0.633 ~0.473 0.80%
c21 1.810 0.795 | =0.465 1,144
D28 2.047 0.619 -0.481 1.240
D29 2.100 0.617 ~0.369 1.192
E30 2,543 0.393 | +0.047 | 1.354
E31 1.733 0.716 ~0.157 1,026
E32 1.503 0.804 -0.107 1.190

Mean = 1,9704
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Table 57
DISTANCE TO HIGH TIDE LIARK - HOLDERWESS AHD NORFOLK

Holderness Norfolk
Site No.| Distance to HTM (m)| Site No.| Distance to HTM (m)
1 20 1 20
2 25 2 15
3 10 3 5
4 15 4 7
5 20 5 12
6 10 6 25
7 0 1 25
8 15 8 10
9 0 9 0
10 30 10 0
11 0 11 0
12 2 12 15
13 15 *¥13 5
14 20 *14 5
15 1 *15 5
16 10 *16 5
17 30
18 30

Values marked with * have been interpolated from old

photographs.
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APPENDIX 3%

CLIFF PROCESSES

Appendix 3A Landslide Data

Appendix 3B  MNudflow Data

Appendix 3C  Stream Discharge and Suspension Data
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Table 58

SLIDE OCCURRENCE AND RAINFALL - OVERSTRAND 1071, 1972

140

Slide No.| Dates between which it occurred | Rainfall in
Prev.5 days mm
Ccl 22~1=-7T1 - 26-1-T1 56.4
02 On 30-1-71 10.0
71 9-3=71 - 17-3-71 21.0
T2 On 27-5-T1 15.4
S1 21-5=71 - 27-5-T1 15.4
c2 15-9-71 -~ 28-9-T71 21.7
Bl 8-10-71 =~ 18+-10-T1 24.1
N2 18-10-71 - 28-10~71 10.6
03 22=-12-71 - 29=-12-T1 21,2
A 29-12-71 - 5-1-72 8,0
21-1-72 - 28-1=T72 40.5
w2 28-1-72 - 2=2-72 6.6
E 9-4-72 - 18~4-72 12.6
B 17-7-72 - 10-8-72 18.8
W,E 1-11-72 = 9-11-72 23,2
w,E2 On 24-12-72 -- 0.3
Total No. Landslides = 16
No. After more than 10mm rain = 13
No. After less than 10mm rain = 3




, 141
Appendix 3A .

Table 59
SLIDE OCCURRENCE AND RAINFALL - SHERINGHAM 1971, 1972

Slide No. Dates between which it occurred Rainfall in
Prev.5 days mm

K1 6-1-71 - 19-1-T1 7.0
E 29-1-71 - 15-2=T71 8.7
Fl 1-2-71 - 11-2-71 0.0
K2 15-2-71 - 19-3-71 10.5
D 9-3-T1 - 17-3-T71 21.0
c2 9-3%3-71 - 17-3-71 21.0
G 14-4-71 - 28-4-T1 24.3
Bl 7-5-71 - 17-5=71 3.1
Cc3 17-12-71 - 29-12-71 21,2
Y 29-12-71 - 4-1-72 T.9
Z 12-1-72 = 21-1-72 1.9
CD,13,17,EKA| 25-1-72 - 3-2-72 36.8
Q 7-2=72 - 16=2-72 16.3
L,A 16-2=72 = 22-2-72 2.1
F,R 22-2-T72 - 3-3-7T2 6.6
B 14-3-72 - 22-3=72 0.0
J 2=-5=72 -~ 8=5=T72 1.5
P 17-7-72 - 10-8-72 ?
c,W,M, 24-10-72 - 31-10=72 1.2
S,T 22=11-72 -~ 4-12-72 11.8
Total No. Landslides = 31

No. After more than 10mm rain = 14

No. After less than 1Omm rain = 16
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Table 60
SLIDE FREQUENCY AND MONTHLY RAINFALL - SHERINGHAM 1971,1972

Slide No. Rainfall in previous month mm
E : 92.7
Fl 92.7
K2 | 89.2
D 22,5
c2 22.5
G , 34.1
Bl 50.8
C3 555
Y 35.4
Z 55.4
¢,b,13,17,E,K,4 67.0
Q 68.7
L,A ' 72,0
7R T72.2
B 14.8
J 40,5
P 28.4
c,W,M 7.7
S,T 69.9
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CHI SQUARE TEST ON SHERTNGHAM SLIDE FREQUERNCY

Mean monthly rainfall 1971/1972 = 44mm
No. of slides after a rainfall more than

44mm = 19
No. of slides after a rainfall less than

44mm = 11

The null hypothesis states that there is no difference

between the two groups.

x° = ;fj(Oi - £i)°

i=1 B

= (19 -15)% + (11 - 15)°

15 15

= 2014

The critical value of chi square at p.Ol is 6,64, thus
the null hypothesis must be accepted. Even at p.05 the
critical value is 3.84, which is still greater than the

calculated wvalue.
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Table 61
SLIDE OCCURRENCE AND STORM FREQUENCY -~ OVERSTRAND 1971,1972

Slide No. Tides and Winds Wind
(if etffective) Direction
cl -
02 -
71 9/10 -3,-471 T.R.> 3m,WS.> 4 Onshore
72 - |
S1 -
c2 -
Bl -
N2 18/19/20/21-10-71 T.R.>4m  |Onshore
- W.S.>4,5
03 -
A 29/30/31/-1-72 T.R.>3m Onshore
| OW.S.>4
B - .
we 1/2-2-72 T,R.,> 4m, W,S.>4 Offshore
H 6/7/8/9-8-72 T.R.> 3m, W.S.> 4| Onshore
WE2. 26/27-12-72 T,R.> 3m, W.S.>4 | Offshore
Total No. of slides = 16
No. after a storm = &
No. after no storm = 10

T.R. - tidal range WeS.~ wind speed
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Table 62

SLIDE OCCURRENCE AND STORM FREQUENCY - SHERINGHAM 1971,1972

145

\!‘JOSQ> 4’

Slide No. Tides and Winds Wind
(if effective) Direction

K1l 18/19-1-71 T.R.> 3m Offsnore
WeS. >4

E 12/1%/14-2-71 T.R.>4m Onshore
W.S.>5

F1 1/2/3-2-T1 T.R.>3m Onshore
V.S.>4

K2 2/3-~3=T1 T.R.>4m Onshore

W.S.> ¢

.D 9/10-3-71 T.R.> 3n Onshore
W.S.>4

c2 9/10-3-71 T.R.>3m Onshore
W.S.>4

G 16/17/18-4-T71 T.R.> 3m Onshore
W.S.>4

Bl

C3 19/20/21-12-71 T.R.> 3m Onshore
WeS.>4

Y 29/30/31-12-T71 T.R.>3n Onshore
WeS.>4

V/ 15/167/17/18-1~72 T,R.>4m Onshore

| W.S.>4

¢,D,13,17,E| 26/27/28-1=72 T.R.>3n Cnshore

K,4 WeSe>5

Q 15/16-2=72 T.R.>4m Offshore
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Slide No. Tides and Winds 1 Wind
( if effective) Directiou
L,A 16/17/18-2-72 T.R.>4m Onshore
W.3.>4
PR -
B -
J 4/5-5-T2 T.R.> %m Onshore
WeSo> 4
P 16/17/18-7~72 TeRe>3m Onshore
W.Se >4
c,w,M -
S,T 23/24-11-T2 T.R.>4m Onshore
W.S.>4
Total No. of slides = 31
No., after a storm = 24
No. after no storm ' = 7

T.R., -~ tidal range WeSe— wind speed
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Table 63%
SLIDE FREQNUENCY AND ONSHORE STORMS - SHERINGHAM AND

OVERSTRAND

Sheringham

Storms effective if wind petween 230° to 150°

Number of slides occurring after onshore storms = 22
Number of slides after no storm or an offshore

storm = 9
Overstrand
Storms effective it winds between 250O to 170°
Number of slides occurriug after onshore storms = 4

Number of slides after no storm or an offshore

storm .= 12
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MANN WHITNEY U TAEST

ON BEACH HEIGHT DATA AND LAWDCIIDE

(1)

Overstrand

FREQUENCY

Tull hypothesis is that the level of the beach when slides

occur is the same as when no slides occur.

Height of beach when no slides

Height of beach when slides

occurred occurred

0,60 0.84 0.57

0,60 0.58 0.78

0.51 0.56 1.10

0.80 1,02 0.75

1,11 0.14 0.50

0655 0.70 0.47

0.81 0047 0.64

0,94 0.75 0.47

0.78 0.50 0.32

0.73

E: = 12.26 }: = 6,33

n = 18 n = 10
X = 0.68 X = 0.63

The values

each group

Ry

R,

is calculated.

125,5

28045

are ranked together and the sum of the ranks in

10
18
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U = nyn, + nl(nl + 1) - R,

2

= 180 + 55 - 125.5

= 109-5

U = nyn, + n2(n2 +1) - R,

2

180 + 171 - 280.
= 10.>
U_= 170.5

5

Since the observed U (70.5) is greater than all the tabled

values, the null hypothesis of no difference between groups

has to be accepted.

(?). Sheringham

Null hypothesis -~ same as before.

Height of beach when no slides | Height of beach when slides
occurred occurred

2.26 2.40 2.29
2,00 2.00 2.33
2.12 2,11 2.37
2,00 2.27 3,02
2.08 2.13 2.55
2.54 2.18 2.63
2,18 ' 2.31

2.77 3.02

2.53 2.35
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7o 3

= 15,19
n = 18 n = 6
mean = 2.29 n = 2,53

The values are ranked, and the sum of the ranks in each

group is calculated.

Rl = 10605 nl = 6)
U = nyn, + nl(nl + 1) - R,
2

= 108 + 21 - 106,5
= 22,5
U = mnn, + n?_(n2 +1) - R,

2
= 108 + 171 - 190.5
= 88.5
U = 2245

The observed U (22.5) is less than the tabled U at ,025(24)
so the null hypothesis may be rejected. Thus the level of

the beach is significantly lower when slides occur.
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CALCULATION OF THE FREQUENCY OFf HIGH TIDE MARK REACHINWG THE

(1)

(2)

(3)

(4)

(5)

CLIFF BAGSE

At each of the three sites the distance between high
tide mark and the cliff base was measured weekly. Only
at Sheringham was there much within site variation, so
the distance was measured at 6 places here, as against
only one measurement at each of the other sites.

The data for each site was divided into two groups,
depending on whether or not high tide mark reached the
cliff base.

Then using these groups it was possible to determine
the tide and wave criteria controlling this parameter.
The criteria set up for each site for 1971, were then
tested against the 1972 data, and modified accordingly.
Table 64 shows the criteria for each site.

Then, using these criteria, tide tables and wind data,
the number of days in each month when high tide mark
reached the cliff base was calculated. This was then
doubled to account for two tides per day. Tables

65 - 67 show the values for each month for each site.

There are two main limitations to this method -

firstly wind data is being substituted for wave energy, and

secondly no allowance has been made for beach height. An

effort was made to incorporate beach height - but it was

very difficult to establish any consistent criteria, and

also there are no daily records of beach height.
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Table 64
CRITERIA FOR WAVE ENERGY AT TII® CLIPF BASE

(1) Weybourne

Vaves will reachlthe cliff base if
Tidal Range is greater than 14 feet (4.3%m) and Wind Speed

is greater than Force 4.

(2) Sheringham

Waves will reach the cliff base if
(a) Tidal Ranée is greater than 14ft.(4.3m)
(b) Tidal Range is greater than 13ft.(4.0m) and the Wind
Speed is greater than or equal to Force 3.
(¢) Tidal Range is greater than 10ft. (3m) and the Wind

Speed is greater than or equal to Force 4.

(3) Overstrand

Waves will reach the cliff base if
(a) Tidal Range is greater than 14ft. (4.3m)
(b) Tidal Range is greater than 13ft. (4.0m) and Wind
Speed is greater than or equal to Force 2,
(¢c) Tidal range is greater than 10ft. (3m) and the Wind

Speed is greater than or equal to Force 3.
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Table 65
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FREQUENCY OF WAVE ENERGY REACHING THE CLIFF BASE -~

WEY BOURNE
Month Tidal Range>4.3m, Wind Speed 54
1971 1972
1 - -
2 1 2
3 - -
4 1 1
5 1 3
6 - -
7 1 1
8 - 1
9 - 1
10 - 3
11 6 4
12 - -

1971 Total number of times cliff reached x 2

1972 Total number of times c¢liff reached x 2

20
32




Appendix 3A

66

Table
FREQUENCY OF WAVE ENERGY REACHING THE CLIFF BASE ~
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SHERINGHAM
Month Tidal Range> 4.3%m TidalnRange>4m Tidal Range> %m
Wind Speed 33 Wind Specd >4
1971 1972 11971 1972 11971 1972
1 5 - - 4 5 4
2 6 4 3 4 1 1
3 8 5 1 4 - 6 5
4 6 6 1 2 2 7
5 4 4 - 3 2 7
6 2 4 3 - 4 3
7 8 10 1 1. 1 3
8 11 11 - 1 2 3
9 12 10 - 1 - 1
10 16 11 5 1 3 2
11 10 > - 4 9 5
12 4 4 2 1 6 9
1971 Number of times cliff reached = 137

1971 total no.

% of total cliff length

affected

of times cliff

reached x 2

(82 x 0.5) + (16 x
0.4) + (39 x 0.3%)
59

118
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1972 Numbef of times cliff reached = 150
% of total c¢liff length = (74 x 0.5) + (26 x
affected 00.4) + (50 x 0.3%)
= 62.4
1972 total no. of times cliff

reached x 2 = 125

For at this site the total cliff length was not always
reached by high tide mark at any one time - hence it was
necessary to multiply by a correction factor depending

on the percentage affected.
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Table 67
FREQUENCY OF WAVE ENERGY REACHING TiHE CLIFR BASKE -
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OVERSTRAND

Month Tidal Range > 4.%m | Tidal Range>4m | Tidal Range >3m
| Wind SpeedS2 | Wind Speed >3
1971 1972 11971 1972 | 1971 1972
1 5 - 2 7 5 6
2 6 ; 4 4 4 2 6
3 8 5 4 5 9 8
4 6 6 2 2 4 10
5 4 4 2 3 8 10
6 2 4 5 4 9 8
7 8 10 3 2 4 7
8 11 11 1 3 7 5
9 12 10 - 1| - 2
10 6 11 5 1 5 4
11 6 5 - 4 14 10
12 4 4 2 - 12 12
1971 Total number of times cliff reached x 2 = 374

1972 Total number of times cliff reached x 2 = 396
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Table 68
LANDSLIDE VOLUNES PER MONTH - SHERINGHAM AND OVERSTRAND

(1) Sheringhan (m3)

1 © 600 ' 1,280
2 3,000 2,200
3 1,500 _ 1,000
4 1,400 50
5 1,180 200
6 - -
7 - -
8 - 250
9 - | 50
10 - 500
11 . 13,400 350
12 . 350 700
(2) Overstrand (m3)
1 - 3,000
2 6,000 500
3 9,500 2,000
4 - 2,000
5 8,000 50
6 - 50
1 - 100
8 3,000 500
9 500 1,200
10 2,000 600
11 82,500 600
12 19,000 ‘ 3,700
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MUDFLOWS - DESCRIPTION AND MEASUREMENT TECHNIQULS

The exact location and size of each of the five
mudflows is given below:-

Sheringhanm -~ ¢liff behind the sea wall G.R. 166435,
overstrand A - cliff behind the wooden revetment west of
the village G.R. 247412,

Overstrand B - c¢liff behind the wooden revetment west of
the village G.R. 248412.

Overstrand C - c¢liff just west of where Tower Lane
intersects the cliff edge G.R. 259403.

Mundesley - ¢liff to the east of the holiday camp
G.R. 324357.

Mudflow Backwall|'Corrie!'| 'Corrie!' | Flow Flow

Height Width Length Track | Track

Width | Length
(m) (m) (m) (m) (m)

Sheringham 8 8 13 5 10
Overstrand A 11 8 10 4 7
Overstrand B 11 15 27 3 5
Overstrand C 28 30 30 6 12
Mundesley 4 9 5 5 14

The movement was measured by setting up three reference
lines on all the mudflows except Overstrand C, which was
far too large and active. These lines were marked by
driving long wooden stakes into- stable ground on either
side of the nudflow. The markers ccnsisted of wooden
blocks 5cm sqguare and lem thick, each was pierced by a long
nail (6cm), and these were placed along the reference line.

The position of these was measured each wcek by tying the
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end of a line to each of the two reference stakes,dropping

a plumb line at each marker, and measuring the horizontal
distance from where the plumb line touched the mud to the
marker. The accuracy was only within + Zcm. In the
Sheringham and Mundesley mudflows the reference lines were
set up across the flow track, but with Overstrand A and B
the flow tracks are very short and the reference lines were
set up in the'corrie.’

An effort was made to measure inputs from the backwall
by placihg sediment traps here, however, unfortunately these
were all disturbed énd vandalised within a week. So instead
a polaroid camera was used to distinguish any new additions,
the volume of which was then measured.

Table 69 shows the movement over one year of
Ooverstrand A., This mudflow showed a slow continuous
movement all the time, no measurable inputs from the backwall
occurred nor did any surges over the measurement period.

The table below giveé the approximate dates when surges
occurred in the other mudflows -~ there is no correlation
between them (Overstrand C is given separately in Table 74).
When a surge occurred the whole mudflow appearance changed,
and a depositional lobe appeared on the beach, also the

markers were usually lost - so it was easy to date these

movements.

Mudflow Surge Dates
Sheringhan 17-3-71, 3-2-72
Overstrand A No surges
Overstrand B No Eurges
Mundesley 9-4-72

With Overstrand C, the very active mudflow, additional
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measurements of the mud depth in the'corrie'were made by

placing ten stakes in the stable ground at the edge of the
t1corrie} and measuring the depth from these down to the mud
surface, This was continued for two months, after which the
tsupposedly stable' ground was undermined and incorporated

into the mudflow.
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Table 69
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OVERSTRAND 'A' MUDFLOW - MOVEMENT DURING 1971 / 1972

Month Average Distance Moved by Markers (m)
March 1971 0.95
April 1971 1.13
May 1971 0.94
June 1971 1.03
July 1971 0.30
August 1971 0.00
September 1971 0.40
October 1971 0.45
November 1971 0.33
December 1971 0.00
January 1972 0.00
February 1972 0.00
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MUDFLOV SHEAR STRENGTH MEASUREMENT

The shear strength was measured using a shear vane

penetrometer, which measures the in situ shear strength in

tons per m2. Carlson (1948) has shown that this instrument

.may give a different value to that measured in the

laboratory - mainly due to sample disturbance and changes

due to the decrease in pressure.

The mean values for four

of the mudflows are given below:-

Site Mean Shear Standard Number in
Strength Deviation Sample
(tons/mz)
Sheringham 0.40 0.25 40
Overstrand A . 0.60 0.38 40
Overstrand B 0.78 0,35 40
Overstrand C 0.42 0.22 40
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MEASURENMERT OF MUDFLOW COMPOSITION

BEach mudflow was sampled for composition in October
1972. Five surface samples were collected from each
mudflow, at regular intervals along a section across the
"mudflow. The three Overstrand mudflows were sampled
within the 'corrie, and the other two mudflows were sampled
across the flow track. In general the matrix was sampled,
not the large blocks. Then the samples were split, and wet

sieved according to the standard technique, the data is

given in Table 70.

Table 70
MUDFLOW COMPOSITION ( MEAN VALUES FOR EACH IUDFLOW)
Site Mud Percentage | Sand and Gravel Percentare

Sheringham 42 58

Overstrand A 52 48

Overstrand B 42 58

Overstrand C 42 58

Mundesley _ 46 54
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MEASUREMENT OF THE MOISTURE CONTENT OF MUDILOWS

Samples were taken from the top 20cm, and placed in
a glass tube which was sealed. 'They were then weighed,
dried for 3 days at 10500, allowed to return to room
temperature and re-weighed. The weight of moisture was
calculated as a percentage of the dried weight. These
samples were all collected on the same day, 4-6-71, and
all the mudflows except Overstrand C were sampled. Table
71 gives the results.

As regards the sampling over time, the same technique
waé used, but 2 samples were collected from each mudflow
each week from approximately the same position. Table 72

gives the data.
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Table 71

MUDFLOW MOISTURE CONTENT - COMPARISCI BETVELD

SITES.

Site Mean Moisture Standard Number of
Content (%) Deviation Samples
Sheringham 22.7 3.59 7
Overstrand A 26,1 5.12 11
Overstrand B 27.3 2.55 24
Mundesley "22.1 2.84 12
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Table 72

LUDrLOT IICISTURE CONTENT -~ COMPARISON OVER TIME

Late Sheringham | Overstrand A | Overstrand B | Overstrand C | Mundesley
15-0-T1 25.6 29.0 31.1 21.6 31.3
25-9-T1 - 35.6 }29.3 24.3 -
8-1C-T1 26.7 30.7 29.7 27.6 -
12-10-71 25.0 39.2 30.3 24.9 25.0
28-10-71 24.7 41.2 32.5 - 34.9
2-11-71 25.0 37.9 29.0 2%.2 35.0
11-11-71 ~ 35.4 31.1 24.3 -
23-11-71 27.3 36.2 28.3 - 32.0
llean 25.7 35.6 30.2 2543 31.7
Stand.Dev. 1.2 4.1 1.4 2.7 4.1
Number 6 8 8 6 5

991
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CHI SQUARE TEST - T0 TEST FOR SICNIFICANY VARIATION IN

MUDFLOW IOISTURE COITENT OVER T1uE

A separate test is carried out for each site - the null
hypothesis is that there is no difference between the values

over time.

Sheringhanm
E = 25.71
X2 = 0.,2229
n = 6
df = 5

Value not significant

Overstrand A

E = 35.64
¥ = 3.3087
no= 6

if = 5

Value not significant

Overstrand B

E = 30.18
X% = 0.4304
n = 8

ar = 7

Value not significant
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Overstrand C

25433

E =
¥ = 1.4329
n = 6

it = 5

Value not significant

Mundesley
E = 31,67
X2 = 4.0684
n = 5
af = 4

Value not significant

Thus the null hypothesis is accepted that there is no
significant difference between the moisture contents over

time at each site.
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Table 73
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OVERSTRAND C KUDFLOW - 1971 INPUTS

Stake Number Retreat (m)

(Over 9 months)

W 0 93 o0 » &+ W NN

(W)
o

3.0

0.0

2.6
1.8
3¢5
5.8
3.5
4.0
2.1
5.3

Mean retreat
Circumference
Height of backwall
Volume for 9 months

Volume for 1 year

Input

H

f

3.15m
65m
30m
6240m°
4.2 x 30 x 65
8190m°

8190m>
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Table 74
OVERSTRAND C MUDPLOW - 1971 OUTPUTS

Date Volume of Mudflow Accumulation (m3)
20-1-1971 ' 350
15-2-1971 100
4-3-1971 100
9-3-1971 350
3-4-1971 100
10-5-1971 _ 120
20-5-1971 : 126
18-8-1971 414
28~8-1971 50
14-11-1971 180
16-11~-1971 180
18-11-1971 ' 180
24-11-1971 120
1-12-1971 260
4-12-1971 206
8-12~-1971 236
12-12-1971 130
16-12-1971 235
28-12-1971 300
31-12-1971 260
Total = 3,990m°
- 4,000m”
Volume removed by stream in suspension = ].O,O()Om’5

my » m A 4 R 3
Therefore Total Cutput = 14,000m”
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STREAN DISCHARGE AND SUSPENSION MEALSUREMENT

These streams are very small and therefore-difficult
to measure., The discharge was measured where the strecam
leaves the cliff to flow acroés either the beach or the
mudflow accumulation zone. The velocity was determined by
timing fhe movement of a patch of dye over a ﬁeasured
distance, this was done 5 times and the mean calculated.
The cross sectional area was measured with a tape measure,
and thus the discharge was calculated., Table 75 gives
average values of velocity, cross sectional area and
discharge for each of the 6 streams measured. A 500cc
water sample Was collected by placing a plastic bottle in
the flow from each stream every wéek. This was filtered in
uthe laboratory and thus the number of grams of sediment per
1000cc of water could be calculated. Then for each 2 month
period the mean discharge and suspension volume was
obtained for each stream, the mean discharge was converted
to a total value by multiplying by the time factor, this
was then multiplied by the mean suspension volume to give
the total volume lost in m3. Table 76 gives the 2

monthly data for each stream.
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Table 75
AVERAGE VALUSS OF MAIN DISCHARGE PARANETERS

Site Velocity | Cross Sectional Area | Discharge
m/Sec, ot m3/Sec.
Sheringham 0.180 .0001 .00003
Overstrand A 0.250 .0007 . 00016
Overstrand B 0.371 .0022 .00080
Overstrand C 0.380 .0012 .00043
Overstrand D 0.283 .0004 - .00011
Mundesley 6-327 .0003% .00009
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Table 76
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VMEAN VALURS OF DISCHARGE AND SUSPENSICN AND TOTAL VOLUMES

(1) Sheringham

Months Mean Discharge | Mean Suspension| Total
(m3/sec) (gms/1000ce) | Volume (m3)

3/4 1971 .000029 17 2.6
5/6 1971 .000021 9 1.0
9/10 1971 .00001 4 0.2
11/12 1971 .00001 2 0.1
1/2 1972 .00001 19 1.0
3/4 1972 .00001 & 0.3
5/6 1972 .00001 10 0.5
(2) Overstrand A

3/4 1971 . 00008 16 6.8
5/6 1971 .00018 9 8.8
9/10 1971 .00020 5 5.4
11/12 1971 .00012 4 2.9
1/2 1972 .00004 1 0.2
3/4 1972 00011 2 1.2
5/6 1972 .00020 2 2.6
7/8 1972 .00019 5 5.3
9/10 1972 .00017 7 6.4
11/12 1972 .00012 4 2.5
(3) Overstrand 3

3/4 1971 .00050 0.5 1.5
5/6 1971 .00060 0.4 1.6
9/10 1971 . 00030 0.9 1.5
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Months . IMean Discharge | Mean Suspension| Total
(m3/sec) (gms/1000cc) | Volume (m3)

11/12 1971 .00040 0.6 1.3
1/2 1972 .00060 0.9 3,0
(4) Overstrand C

3/4 1971 .00099 705 3685
5/6 1971 . 00283 243 3684
9/10 1971 00077 30 12
11/12 1971 .00069 376 11413
1/21972 .00120 864 5641
3/4 1972 .00130 138 976
5/6 1972 .00063 34 117
7/8 1972 .00048 0.5 1
.9/10 1972 .00119 8 52
11/12 1972 .00069 462 1736
(5) Overstrand D

9/10 1971 .00016 143 120
11/12 1971 .00039 T4 157
1/2 1972 .00042 231 528
3/4 1972 .00026 51 72
5/6 1972 . 00017 253 235
7/8 1972 00011 40 24
9/10 1972 .00018 134 131
11/12 1972 .00039 185 392
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(6) Mundesley

Months Mean Discharge | Mean Duspension | Total
(ma/sec) (gus/1000cc) | Volume (m3)

3/41971 . 00009 2 0.8
5/6 1971 . 00007 2 0.8
9/10 1971 200007 2 0.8
11/12 1971 .00010 3 1.8
1/2 1972 . 00007 4 1.6
3/, 1972 , 00007 3 1.2
5/6 1972 .00008 4 1.7
7/8 1972 .00007 2 0.9
9/10 1972 .00003 2 0.3

The location of the stream sites refer to the same sites
a8 the mudflows that were measured. The only exception is
Overstrand D, which lies 1l00m to the west of Overstrand C

and is mentioned in the text concerning mudflows.
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Table 77
VALUES OF DISCHARGE AND SUSPENDED SEDIMENT - OVERSTRAND C

STREAM - 1971

Date Discharge| Discharge x 102 Sugpended Sediment
(m3/sec) (ems/1000cc)
4-3-T1 .0016 1.65 550
9-3-71 . 0004 0.40 422
17-3-71 . 0026 2.60 3978
3-4-T1 .0004 0.40 43
14-4-T71 .0005 0.50 288
27-4-71 .0004 0.40 215
10-5-T1 .0009 0.90 523
20-5-T1 .0026 2,60 18
L T=-6-T71 .0052 5.20 ' 5
22-6-T1 .0021 2.10 54
28-6~T1 .0019 1.90 760
14-7-T1 .001 1.70 8
21-7-71 , 0005 0450 9
15-9-71 .0005 0.50 23
28-9-T1 .0005 0.50 41
5-10-7L .0017 1.70 | 11
18-10-71 . 0005 0.50 65
28-10~71 .0008 0,80 9
3-11-71 .0008 0.80 9
11-11-71 .0004 0.40 16
1-12-71 . 0006 0.60 916
16-12-71 .0000 1.00 102
29-12-T1 .0007 0.70 406
5e1=72 . 0006 0.60 522
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Discharge X 102

Date Iischarge Suspendcd Scdiment
(ma/sec) (gms/1000cc)

21-1-72 0019 1.90 36
28-1-72 . 0012 1.20 2970
16-2-~72 .0010 1.00 376
3=3-72 .0010 1.00 171
14-3-72 .0025 2,50 138
Mean 1.40 426
Standard Deviation 1,20 874
Number 30 30
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APPENDIX 4

TIME CONCEPTS

Appendix 4A  Volume Loss from the Norfolk Cliffs

Appendix 4B  Ranking of the Mass Movement Mechanisms

Appendix 4C  Explanation of Temporal Variation in

Retreat Rate - Multiple Correlation Model
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Table 78

VOLUMES LOST BETWEEN WEYBOURNE AND MUNDESLEY - 1971/1972 MEAN VALUES

Site Retreat Rate (m yr-l) Height | Site Length Volure Lost (m3)
1971} 19721 Mean (m) (m) 19711 1972 | Méan

Weybourne to

Sheringham 0,11} 0,06 | 0.08 24,72 4,830 15,134 7,164| 10,149

Sheringham to

West Runton 0.65| 0,28 0.47 24,22 1,300 20,466 8,816 14,641

vest Runton

to Cromer 0.33| 0,14 | 0.24 30.92 3,380 34,488 14,631] 24,560

Cromer to

Overstrand 0.33} 0,14 | 0.24 52,01 3,220 55,266| 23,466 27,645l

Overstrand to

Mundesley 4,13 ] 0.80 | 2.46 50,58 6,040 1,261,728 244,403| 751,538

Total 1,385,0821298,460| 828,533

6LT
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TAELE 79

VOLU!L LOST BETWEEN WEYBOURNE AND MUNDESLEY - 80 YEAR MEAN VALUES

Site Retreat Rate(m yr_l) Height(m)| Site Length(mj Yolume Lost (m?)
Weybourne to '

Sheringham 0.414 - 24,72 4,830 49,431
Sheringham to

Cromer 0.433 27,40 4,680 55,524
Croner to

Overstrand 0.461 52,01 3,220 77,205
Overstrand to

Mundesley 1.630 50.58 6,040 497,970
Total

680,130

08T
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Table 80
OVERSTRAND - VOLUMES LOST IN 1972

Month

Volume Lost (m

%)

Januery-~-February
March-April
May-~June

- July-August
September-October

November-December

10,849
6,735
1,547

791
2,107
7,030
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Table 81

182

VOLUMES LOST DURING THE SURGE - NOVEMBER 1971

Site Length| Height | Volume Lost [ Retreat Rate
(m) (m) (@) (m/day)

Weybourne to

Sheringham | 4030 26,17 2,648 0,025

Sheringham %0

West Runton | 2420 34.95 11,772 0,139

West Runton

to Cromer 3220 27.00 4,452 0,051

Cromer to

Overstrand 3220 53.10 1,133 0.007

Overstrand to

Mundesley 7490 49.40| 132,819 0.359

Mundesley to

Happisburgh | 8050 21.32 1,326 0,008

Total Lost = 154,1501113

Mean Retreat Rate = 0,10m/day

(The loss between Mundesley and Happisburgh is so low

because of the sea defences here).
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Table 82

SHERINGHAM SITE - PROCESS . BREAKDOWN, 1971, 1972.

Process 1971 1972 Winter (¥ov.-Apr.) Summer (May-Oct.)
o | % | 2 |4 1971 1972 1971 1972
22 2w |2 |2 |2 |n |2
A1l processes | 28155 | 100 | 14818}100 | 23174 | 100 }10376 | 100 | 4981 | 100 4442 | 100
Tandslides 23369 | 83 7518| 51 | 22174 96 | 65361 63| 1195| 24 982 22
wind erosion 4786 | 17 7300| 49 1000 4 | 3840 | 37| 3786 | 176 3460 78

¢et
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Table &.3

OVERSTRAND SITE -~ PROCESS BREAKDOWN, 1971, 1972

Process 1971 1972 Winter (Nov.-Apr.) Summer (May=Oct.)
|z |2 |2 1971 1972 1971 1972
> 2 |22 & | 2 |z n’ %
A1l processes| 87195 | 100 | 29059| 100| 70794 100 246141‘ 100 | 16401| 100 4445 | 100
Iandslides 69216 | 79 | 15011| 51 57546 81 | 11475 47| 11670 71 3536 | 80
Mudflows 4083 5 | 3399] 12| 3373 5 | 3295 13 710 4 104 2
Water erosion | 13896 | 16 | 10649] 37| 9875 14 | 9s44| 40| 4021| 25 805 18

¥8T



Appendix 4B

Taple 84

WEYBOURNE SITE - PROCESS BREAKDOWN, 1972

Process 1972 Winter (Nov.-Apr.) Summer (May-Oct.)
n’ % n’ %
Landslides 2137 1225 57 912 43

68T
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Table 85
MUNDESLEY SITE ~ PROCESS BREAKDOWN, 1971, 1972.
Process 1971 1972 Winter (Nov.-Apr.) Summer (May -Oct.)

n | % | |% 1971 1972 1971 1972

o |2 | 2|z |2 |z | %

All processes | 10 100 133 } 100 5¢5 100 127 } 100 | 4.5 100 6 100
Landslides - 122 98 - 122 96 - -
Water erosion | 6 60 7 1.5} 3.5 63 3 2 |2.5 56 4 &7
Wind erosion 4 40 4 0.5{2.0 37 2 2 2.0 44 2 33

98T
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Table 86
MONTHLY RETREAT RATES, 1971, 1972 -~ SHERINGHAM AND

OVERSTRAND.
(1) Sheringham
Honth Retreat Rate 1971 | Retreat Rate 1972| Mean
(m/month) (m/month)
1 0.0174 0.,0628 0.0401
5 0.0854 0,1111 0.0983
3 0.0427 0.0534 0.0481
4 0.0392 0.0309 0.0351
5 0,0336 0.0188 0.0262
6 0.,0133 0.,0146 00,0140
7 0.0140 0.0315 0.0228
8 0.0140 0,0355 0.0248
9 0.0140 0.0080 0.0110
10 0.0037 0.0164 0.0101
11 0.3768 0.0084 0.1926
12 0.0102 0.0202 0,0150
(2) Overstrand
N 0.0795 0.1832 0.1314
2 0.1563 0.1224 0.1394
3 043252 0.0738 0.1995
4 0,0592 . 0,1175 0.0884
5 0.,2899 0,0100 0.1499
6 0,U523 0,0112 0.0318
7 0,0012 0.0025 0.0019
8 0.1060 ' 0,0186 00,0623
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Month Retreat Rate 1971 Retreat Rate 19721 llean
(m/month) | (m/month)

9 0.0133 0,0350 0.0242
10 0.0604 0.0285 0.0445
11 2.4614 0.0561 1.2588
12 0.6147 0.1436 0,3792
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Table 87
MEAN MON'THLY RETREAT RATE (SHERINGHAM AND OVERSTRAND

AVERAGED),

Month Retreat Rate 1971/1972

(m/month)

0.0858
0.1189
0.1238
0.0618
0.0881
0.0229
0.0124
0,0436
0.0176

O O N1 oWV A NN

=
o

0.0273
0.7257
0.1972

e
N
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Table 88
MONTHLY RAINFALL VALUES

Month 1971 Rainfall 1972 Rainfall Mean Value
(mm) (mm) (mm)
1 93 67 80
2 23 30 26
3 48 28 38
4 31 43 36
5 24 31 27
6 34 34 34
7 68 35 52
8 99 19 59
9 23 33 28
10 43 9 26
11 88 - 83 86
12 35 35 35
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Table 89
MONTHLY RELATIVE HUMIDITY VALUES

Month Relative Humidity Relative Humidityl|liean Value
1971 S 72

% % %

1 89 90 90
2 79 91 85
3 713 82 78
4 77 75 76
5 78 81 80
6 78 76 77
7 76 85 81
8 76 83 80
9 72 | 78 75
10 73 14 74
11 78 79 79
12 85 86 86
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Table 90
MONTHLY WAVE EINERGY VALUES. (SHERINGHAM ANTD OVERSTRAND

AVERAGED)
Month Wave Energy 1971 Wfave Energy 1972 ﬁean Value

1 20 _ 562 292
2 199 221 210
3 1000 660 833
4 658 739 699
5 206 345 | 276
6 675 12 544
7 66 425 246
8 114 229 171
9 90 157 124
10 298 ' 131 215
11 285 87 186
12 645 7 325
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Table 91
MOWNTHLY VALUES FOR HIGH TIDE MARK REACHING THE'CLIFF BASE

(SHERINGHAM AND OVERSTRAND AVERAGED)

Month 1971 frequency 1972 frequency: Mean Value
1 20 21 21
2 22 : 23 23
3 56 32 44
4 20 33 27
5 20 31 26
6 25 23 24
7 25 33 29
8 32 34 33
9 24 25 25

10 30 30 30
11 39 33 36
12 30 30 30
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STORM IFRIEQUENCY ~ WEIGHTING FACTORS

Wind data from an inland station, Coltishall, was

used so allowance was made for the fact that wind speed on
the coast is at least one force higher. The following
criteria were selected and weighted on the basis of field
evidence of the effectiveness of various storms. The
criteria were:=-

(1) More than 2 consecutive days at wind force 4.

(2) More than 4 consecutive days at wind force 4.

(3) More than 2 consecutive days ét wind force 5.

Each group was weighted with the following factors:-

(1) =x1
(2) xle.5
(3) x2.0

Allowance was made for the storm surge by weighting this

event by a factor x3., The data is given in Table 92.
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Table 92

STORN FREQUENCY VALUES

195

Month | Storm Freaquency 1971

Storm Frequency 1972

KMean Value

O @ ~1 &6 VI & W N R

i ~
N = O

2.0
2.0
4.0
2.0
0.

2.5
0.

1.0

4.0
6.0 .
3.0

3.5
2.0
4.5
5.0
545
3.0
1.0
2.5
0

1.5
5.0
4.5

2.7
2.0
4.3
3.5
1.8
2.5
0.5
1.8

2.8
5.5
3.8
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Table 93
TELPORAL VARIATION CORRELATION TABLE 1971/1972

1 2 2 4 2
1| - +0, 7127 +O.59?8 +0.3%895 +0.0947
2 - - +0.3750 +0.5302 +0.0665
3 - - - +0.1623 +0.4021
4| - - | - - ~0.3096
5] - - - - -

Retreat Rate

Storm Frequency
Rainfall

High Tide Mark Variable

(6 B S T \C B

Relative Humidity




197
Appendix 4C

Table 94
PARTTAL CORRELATION COEFFICIENTS 1971/1972

The first order partial is based on the following

equation (Blalock (1960) ):-

rig = (ry)(ry)

2 2
V/l - Tip \/i - rjk

Tij.k

Higher order partials just add successive control variables,
each time starting with the partial of order one less than

that desired. (Blalock (1960) ).

ry3.2 =  0,5004

T14.23 0.,0519

T15,034 = —0.1672
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Table 95

MULTIPLE CORRELATION COEFFICIENTS 1971/1972

Blalock (1960) gives ithe general formula for a three

variable multiple correlation coefficient as:~

2 _ 2 2 2
By, ik = ryy o+ Ty g (3 -riy)
Thué.—
R° = 0.6316
1.23 = .63
Ry o3 = 0.7947
R? = 0.6%26
1.2%4 = 0.63
R) 534 = 0.7954
R? = 0.6429
1.2%45 .
= 0,8018
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Table 96
MULTIPLE CORRELATION 1971/1972 ~ SIGNIFICAKCE OF THE

VARTATION EXPLAINED

Variables R BE Variation . | Significance
Explained
(%)
1,2 0,7131 | 0,5085 50.85 sig. p.05
1,2,3 0.7947 | 0.6316 6%.16 sig. p.05
1,2,394 0.7954 006326 63026 Sig. p.05
1,2,3,4,5 0.8018 | 0.,6429 64.29 Not sig.

1. Retreat Rate

2. Storm Frequency

3. Rainfall

4, High Tide Mark Frequency
5. Relative Humidity
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Table 97
TEiiPORAL VARIATION CORRELATION TABLE 1972

1 2 2 4 2
1 - +0.3283 ;0.2847 +6.3556 +0.4869
2 - - +0.4710 -0.0507 ~0,0198
3 - - - +0,0815 +0,2044
4 - - - - +0.1094
5 - - - - -

Retreat Rate
Storm Frequency
Rainfall

Yave energy

LS I Y \C

Relative Humidity
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Table 9

PARTIAL AND MULTIPLE CORRELATION COEFFICIENTS

201

(1)

Partial Coefficients

13,2

T14.23

T15.234

il

0.1561

0.3832

0.4934

Multiple Correlation Coefficients

2
Ry.2345

Ry.2345

0.1296
0.3600

0.2574
0.5073

0.6238
0.7898
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Tabhle 99
MULTIPLE CORRLLATION - 1972 - SIGNIFICANCE OF THE VARIATIOH

EXPLAINED
Variables R EE Variation Significance
Explained (%)
1,2 0.3%283 | 0.1078 10.78 Not sig.
1,2,3 0.3%600 | 0.1296 12.96 Not sig.
1,2,3,4 0.5073 | 0.2574 25.74 | Not sig.
1,2,3,4,5 0.7898 | 0.6238 62.%8 Not sig.

Retreat Rate
Storm Frequency
Rainfall

Viave Energy

T B N S

Relative Humidity
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APPENDIX 5

SPATIAL AND TEMPORAL SCALE VARIATION

SA

5B

5C

5D

Scale

Scale

Scale

Scale

I1

IT

III

Data

Norfolk, Holderness, Suffolk,

Multiple Correlations

Norfolk - 80 year and 2 year

Multiple Correlations

IIultiple Correlations
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Table 100
SCALE 1 - SHERINGHAIT SITE DATA

Section No. | Retreat Rate Landslide Volume | Distance to
1971/1972 Mean | 1971/1972 lean High Tide Mark
-1 3
myr m m
1 1.06 6,851 4,67
2 0.29 1,606 5.98
4 0.70 2,011 15.76
—
5 0.17’ 366 21,69
6 0.19 216 21,69
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Table 101
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SCALE II - NORFOLK - CORRELATION TABLE

1 2 3 4 5 6 1
1 - +0.575% | +0.2302 | -0.5700{+0.3706 |+0.5%14 | -0.5510
2 - - -0.0453 | -0,.3810(+0.2080 |+0.7173%3 | -0.6088
4 - - - - -0.,3233% |-0.4516 +0,5267
6 - - - - - - -0.8454
7 - - - - - - -
1 Retreat Rate
2 Geology Factor
3 Cliff Height
4 High Tide liark Variable
5 Water Discharge
6 Vave Eunergy
7 Offshore Steepness
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Table 102
SCALE 1T - NORFOLK -~ PARTIAL AND MULTIPLE CORRELATTON

COEFFICIENTS
(1) ZPartial Coefficients
r13.2 = 0.%13%7
- T14.23 = -0.5260
T15,234 = =0.0237
¥16.2345 = 0.1
T17.23456 = -0.4424

(2) Multiple Correlation Coefficients

2,

R o5 = 0.6299
R2 | = 0.7508
1.234 .
Ry, 234 = 0.5638
R2 = 0.7510
1.2345 .
g2 = 0.9153%
1.23456 .
R? = 0.9%25
1.234567 - *
= 0.8696

Ry . 034567
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Table 103
SCALE 1T ~ NORFOULK - MULTIPLE CORRBILATION - SIGNIFICANCE

OF THE VARIATION EXPLAINED

Variables R EE Variation Significance
Explained (%)

1,2 0.5753 0.3309 33.09 Sige. p.05

1,2,3 0.6299 0.3968 39.68 Sig. p.05

1,2,3,4 0.7508 | 0.5638 56.38 Sig. p.05

1,2’3,4‘,5 007510 0-5640 56040 Sigo p.OS

1,2,3,4,5, ] 0.9153 | 0.8379 83.79 Sig. p.0l

6 .

1,2,3%,4,5,| 0.9325 0.8696 86.96 Sig. p.0l

6,7

Retreat Rate
Geology Factor
Cliff Height

Water Discharge

1
2
3
4 High Tide Mark Variable
5
6 Wave Energy

7

Of'shore Steepness
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Table 104

SCALE II -~ HOLDERNESS -~ CORRELATION TABLE

L 2 3. 4 2
1 - 0.6121 -0.1649 0.6737 ~-0.5714
2 - - ~-0.2660 0.5174 ~0.3566
3 - - - 0.0849 -0.2409
5 - - - - -
1 Retreat Rate
2 Geology TFactor
3 Cliff Height
4 Wave Energy
5 Offshore Steepness
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Table 105 |
SCALE II - HOLDERNESS - PARTIAL AND MULTIPLE CORRELATION

COEFFICIENTS

(1) Partial Coefficients

T14,2% = 0.5487

(2) Multiple Correlation Coefficients

2

Ry, 23 o= 0.3747

Ry o3 = 0.6121
2 _

RY 534 = 0.5630

Ry o34 = 0.7503
2 _

RS La45 = 0.5712

R = 0.7558

1.2345
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Table 106
SCALE II - HOLDERNESS ~ MULTIPLE CORRELATION - SIGNIFPICANCE

OF THL VARIATION EXPLAINED

Variables R R Variation Significance
Explained (%)

1,2 0.6121 0.3747 37.47 Sig. p.01

1,2,3 0.6121 0.3747 37.47 ‘ Sig. p.05

1,2,3%,4,5 | 0.7558 0.5712 57.12 : Sig. p.05

1 Retreat Rate

2 Geology Factor

3 Cliff Height

4 VWave Energy

5 Offshore Steepness
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Table 107
SCALE II - SURMOLK - CORRELATION TABLE

s 2 2 4
1 - -0.6184 ~-0.4973 -0.2990
2 - ; +0.0768 +0.0295
3 - - - +0,2929
4 - - - -
v

Retreat Rate
Cliff Height
Offshore Steepnesé

Beach Accretion

N S
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Table 108

SCALE 11 - SUFFOLK - PARTIAL AND KNULTIPLE CORRELATION

COEPFICIENTS
(1) Partial Coefficients
r13‘2 = "005740

T14.23

(2) Multiple Correlation Coefficients

2

Ry, 23 = 0.5859

Ry 03 = 0.7654
2 ' _

RS a4 = 0.6447

= 0.8029
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Table 109
SCALE II - SUFFOLK - MULTIPLE CORRELATION - SIGWIPICANCE
OF THi VARTATION EXPLAINE
Variables R EE Variation Significance
Explained (5)

1,2 0.6184 0.3824 38.24 Sig. p.05
1,2,3 0.7654 0.5859 58.59 Sig. p.05
1,2’3’4 008029 006447 64‘047 Sigo poos

&~ W N

Retreat Rate
Cliff Height
Of fshore Steepness

Beach Accretion
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Table 110
NORFOLK - RETREAT RATE OVER 2 YEARS (CLIFF EDCE

MEASUREMENTS )

Site Number Retreat Rate (m yr_l)
1 0.42
2 0.20
3 0.28
4 1.67
5 0.13
6 0.00
1 0.31

- 8 Of80
9 1.23

10 1.08
11 0.34
12 0.46
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Table 111
SCALE II - NORFOLK - CORRELATION TABLE (12 SITES - 80 YEAR
MEAN )
L 2 2 4 2 3 1
2 - - ~0.5280 | +0.5669 | +0.4176 | -0.2019 | +0.4159
3 - - - -0.5842 | -0.3525 | +0.4026 | -0.6385
4 - - - - +0.3502 | -0.2591 | 40,7613
6 | - - - - - - | -0.2990
7 -— —-— - - — - L]
1 Retrcat Rate
2 Cliff Height
3 Offshore Steepness
4 Vlave Energy
5 \Vater Discharge
6 High Tide liark Variable
7 Geologry Factor
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Table 112

SCALE IT —~ NORFOLK - PARTIAL AND MULTIPLE CORRELATION
COEFFICIENTS (12 SITES, 80 YEAR NBAN)

(1) Partial Coefficients

T3, = =0,5185
T14,2% = 0.1192
T15,2%4 = 0.4130
T16.2345 = -0.4954
T17.23456 =0.0173

(2) Multiple Correlation Coefficients

2 _
Ry p3 = 0.8110
R2 "= 0.7065
1,234 ’
R10234 = 008405
R? = 0.7566
1.2345 .
R 5345 = 0.8698
R? =  0.8163
1.23456 ¢
R1.23456 = 0.90%
R =  0.8164
1.234567 y
R = 0.9035

1.234567
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Table 113%
SCALE II - NORFOLK - MULTIPLE CORRELATION - SIGNIFICANCE

OF THE VARIATION EXPLAINED (12 SITES, BOYEZAR MEAN)

Variables R BE Variation Significance
Explained(5)

1,2 0.7292 6.5317 53.17 Sig. p.0l1
1,2,3 0.8110 | 0.6576 65.76 Sig. p.01
1,2,3,4 0.8405 | 0.7065 70.65 Sig. p.05
1,2,3,4,5 0.8698 | 0.7566 75.66 Sig. p.05
1,2,3,4,5,6 0.903? 0.8163 81.63 Sig. p.05
1,2,3,4,5,6,7 | 0.9035 | 0.8164 8l.64 Not Sig.

Retreat Rate

Cliff Height
Offshore Steepness
Wave Energy

Water Discharge

High Tide ldark Variable

e N A U O » B~ G R AR

Geology Factor
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SCALE II -~ NORFOLK - CORRELATION

Table 114

218

TABLE (12 SITES, 2 YEiR

i 2 3 4 2 i3 Iz
1|~ {-0.6518 [{+0.6430 | -0.3357 40.3230 +0,1788 | +0,0632
2| - - -0.5372 | +0.1568 | -0.2019 |{-0.2591 | -0.2990
3] - - - ~0.%762 | +0.4176 |+0.%502 | +0.425%
41 - - - - -0.43%89 |-0.8054 | -0.,6855
51 - - - - - +0.5669 | +0.4159
6| - - - - - - +0,7613
71 - - - - - - -

1 Retreat Rate

2 High Tide lMark Variable
5 Water Discharge

4 Beach Steepness

5 Cliff Height

6 Vave Energy

7 Geology ractor
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Table 115
SCALE II - WORFOLK ~ PARTIAL AND MULTIPLSZ CORRELATION

CORFFICIENTS ( 12 SITES, 2 YEAR IEAN )

(1) Partial Coefficients

T3, = 0.4579
rl4.23 = -0.1815
Y15 034 = 0.0477
16,2345 = =0.4856
T17.23456 = ~0.6905

(2) Multiple Correlation Coefficients

RS . - 0.5454

R o5 = 0.7385

R® = 0.5604
1.234 .

Ry 534 = 0.7486

R = 0.5664
1.2345 | ‘

R = 0.6686
1.23456 = .

R2 = ' 0.8266
1.234567 .

By .234567 = 0.9055
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Table 116
SCALE II -NORIFOILKX - MULTIPLE CORRELATION - SIGNIFICANCE OF

THE VARTATION EXPLAINED ( 12 SITES, 2 YZAR MEAN )

Variables R R®° .| variation Significance
Explained (%)

1,2 0.6518 {0.4380 43.80 Sig. p.05

1,2,3 0.7285 |0.5454 54.54 Sig. p.05

1,2,3,4 0.7486 | 0.5604 56.04 Not Sig.

1,2,3%,4,5 0.7526 |0.5664 56.64 Not Sig.

1,2,3,4,5,6 0.8177 l0.6686 66.86 Not Sig.

1,2,%,4,5,6,7 | 0.9055 |0.8266 82.66 Not Sig.

1l Retreat Rate

2 High Tide Mark Variable

3 Water Discharge

4 Beach Steepness

5 Cliff Height

6 VWave Znergy

7 Geology Factor
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Table 117
SCALE II -~ NORWOLX ~ COMPARISION OF THE 2 YEAR AND 80 YEHAR

CORRELATIONS

(1) 2 Year Correlation

Correlation Table

i 2 3
1 - 0.323 -0.6518
2 - - -0.2019
3 - - -
1 Retreat Rate
2 Cliff Height

3 High Tide Mark Variable

Partial Correlation Coefficient

Multiple Correlation Coefficient

ry5° = 0.10473
P = 0.323

R§;23 = 0.4631
Ry s = 0.6805

Variation explained = 46%, significunt at p.05.
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(2) 80 Year Correlation

Correlation Table

i 2 3
1 - : 0.729 ~0.6867%
5 - - -0.5280
3 - - -

1l Retreat Rate
2 Cliff Height

3 Offshore Steepness

Partial Correlation Coefficient

rl3.2 o= 0.5185

Multiple Correlation Coefficient

ro 5% = 0.5314
ryp - 0.7290
RS ,s = 0.6574
R s - 0.8108

Variation explained = 66%, significant at p.0l.
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Table 118
SCALE IIJ - HOLDERNESS - MULTIPLE CORRELATION

Correlation Table

x 2 2
1 - - 0.6121 -0.5714
> - - ~0.3566
3 - - -

1l Retreat Rate
2 Geology Factor
5 Offshore Steepness

Partial Correlation Coefficient

13,2 = -0.4779

Multiple Correlation Coefficient

2
Ry 53 = 0.5175
Ry.03 . 0.7194

Variation explained

52¢5, significant at p.O5.
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Table 119
SCALE 171 - NORFOLK - NULTIPLE CORRELATION

Correlation Table

1 2 2 4
l - 005753 "‘005510 +O.2302
3 - - - +0,3657
4 - - - -
1l Retreat Rate
2 Geology Factor
3 Offshore Steepnesé
4 Cliff Height

Partial Correlation Coefficient
= ~-0.3094
= 0.5183%

13,2
T14.23

Kultiple Correlation Cocfficient

2 _
RS L. = 0.3951
Rl.23 = 0.6286
R2 = 0.5576
1.234 .
Ry o34 - 0. 7467

Variation explained = 56%, significant at p.05.
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Table 120
SCALE IIT - SUFFOLK —~ HMULTIPLE CORRELATION TABLE

Correlation Table

i 2 2
1 - ~0.6184 -0.4973
5 - - 0.0768
5 _ - -

1 Retreat Rate
2 Cliff Height

3 Offshore Steepness

Partial Correlation Coefficient

13,2 = -0.5740

Multiple Correlation Coefficient

2 -
RS s = 0.5859
Ry ps = 0.7654

Variation explained ' 59%, significant at p.05.
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