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EXECUTIVE SUMMARY

The North West Strategic Monitoring Regional Sediment Analysis and Reporting 2015presents the results and
interpretation of particle size analyses carried out on over 2200 samples of sediment collected during 2014-
2015 from intertidal locations around the shoreline of SMP area 22 (aka Cell 11) between Llanfairfechanon the
North Wales coast and the English/Scottish border in the inner Solway Firth.

Intertidal sediment analysis and reporting forms an integral part of the North West Regional Monitoring
Programme (NWRMP)with the monitoring of changes in the sedimentology of shoreline features providing an
important linkage within the monitoring system to the topographic beach monitoring data collec ted and when
analysed in conjunction with that data can provide added value in providing information relating to:

1 sediment provenance, transport pathways, longshore and cross-shore movement and depositional
conditions; and

1 changesto, foreshore exposure conditions and therefore flood and coastal erosion risk.

In order to identify differences and any trends in behaviour the results of the current survey have been
compared with the results from a similar exercise carried out in 2009 -10.

Changes in the sediment type/grading on a beach may be driven by a range of factors in isolation or
combination e.g.

Anthropogenic interventions;

Longshore and crossshore movement due to tide and wave action, particularly as a result of storms;
Changes in sediment inputs to frontages;

Changes in shoreline position;

E R EE ]

Were appropriate anthropogenic influences that may have contributed to change are identified. In addition for
all locations where beach profile data collected under the NWRMP wasavailable coincident with the sediment
sampling undertaken, changes in beach gradient that might be explained by a change in sediment type or
beach movement, have been examined and commented on.

Analysis and interpretation has been considered on a cell wide (regional) basis and individually across 25 sub
coastal units defined on the basis of coastal unit definition from local monitoring reports.

Key differences in the locations of some of the samples made direct comparison impossible at some locations
with specifically the following significantly impacting on the comparisons undertaken:

1 in the 2009-10 campaign many of the samples taken from the Cumbrian and North Wales coasts were
biased towards the upper, more landward parts of the beach witht he émi dé and o6l ower 6 b
collected as far out as during the 2014 -15 campaign; and

9 during the 2014-15 campaign many of the most landward samples were not collected from the upper gravel
beaches which were sampled in 2009-10.

Where examination of gradient differences flagged up areas for more detailed examination generally the
reasons for the changes were explained by examination of the beach profile data, which highlighted that
changes were mostly attributable to beach profile variation associated with natural change (progressively linked
to accretion / erosion or shorter term variability) .

Generally, the stormy winter of 2013 -14 does not appear to have had a major affect on the intertidal sedi ment
characteristics apart from a degree of mixing in some locations.

Overall, the changes identified do not fundamentally alter the existing conceptual understanding of behaviour,
or affect the preferred policies identified in the SMP.

More interpretation can be made of the data collected, particularly in terms of alongshore size / sorting trends
and implications for sediment transport. This aspect would benefit from the collection and analysis of the sub -
tidal samples which should be collected in 2016 and/or sediment chemical fingerprinting.

Coastal Engineering UK Ltd November 2015 [
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1. INTRODUCTION

11 BACKGROUND & HISTORY

The approval of a Regional Monitoring programme for the South East by the Department for Environment, Food
& Rural Affairs (DEFRA in 2003 provided the impetus for the development of regional monitoring programmes
covering the whole of the English coastline.

In autumn 2002, the Liverpool Bay, North Western and Tidal Dee User Coastal Groups approved in principle the
development of a regional monitoring strategy for Cell 11, which covered the shoreline of north Wales and
north west England from the Great Orme & Head, Llandudno to the Solway Firth (now also known as Shoreline
Management Plan Area 22 [SMP22]}. Throughout this report Cell 11 is mostly used to define the area under
consideration.

The monitoring strategy became known as the Cell 11 Regional Monitoring Strategy (CERM$ with Sefton
Council nominated as co-ordinator for the development of the programme. In 2006 DEFRA had given approval
for a 5 year Regional Monitoring Programme for the South West (Portland to Avonmouth) up to and including
financial year 2010/11, with a view to having nationally co -ordinated monitoring to a common timeframe in
place by then i.e. approvals would run concurrently for all programmes. To accord with this timescale a three
year initial approval period was granted to CERMS. In late 2010 a business case for continued delivery of a
network of regional monitoring programmes was subsequently produced and approved by DEFRA and the
Environment Agency and CERMS was subsequently absorbed and was rebranded as the North West Strategic
Monitoring Programme (NWSMP)

1.2 REGIONAL MONITORING OBJECTIVES

The fundamental aim in the development of CERMSwas to provide a coherent and consistent framework of
strategic and local shoreline monitoring data collection, collation and analysis within Cell 11.

The primary objectives in development of the strategy were as follows:

1 To move forward the recommendations made in the first round of SMPs in order to provide a coherent
package of monitoring data collection, collation and analysis;

1 To improve understanding of coastal process behaviour and how those processes interact with the
shoreling;

1 To assist in the definition of the magnitude of risks of coastal flooding and erosion and to provide data to
support re-evaluation of those risks in the future ; and

I To assist coastal managers by providing them with relevant information on which to make sustainable
future shoreline management decisions

Furthermore, the strategy was developed with the purpose of providing a service that:

1 Recognised the most appropriate spatial level for collection/analysis of data e.g. local (authority/groups of
authorities), sub-regional wide, regional wide, in relation to the level of risk and specific exposure conditions
applying in relation to specific shoreline lengths;

1 Provided a flexible, adaptive approach so that monitoring tools and techniques can be adjusted and or

expanded as the knowledge base develops;

Provided guidance on procurement of external services;

Provided, where appropriate, a standardised method for recording, presentation and reporting ;

Provided a vehicle for sharing, exchange and dissemination of data, analyses etc. in suitable formats for use

by end users, using appropriate technology interfaces; and

1 Provided appropriate linkages to and with on-going research and studies at national, regional and local
levels.

=a =4 -9

With development of the National Network of Strategic Mo nitoring Programmes the revised aims and objectives
within this national framework were identified as:

! https://www.gov.uk/government/publications/shoreline -management-plans-smps/shoreline-management-
plans-smps

Coastal Engineering UK Ltd November 2015 1
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1 To drive efficiency in Flood and Coastal Erosion Risk Management (FCERN through a robust evidence
based approach to decision making
To deliver the required evidence base
To provide nationally consistent management and delivery of coastal data that aids on-going development
of monitoring programmes both regio nally in Cell 11 and nationally;
1 To develop an integrated regional coastal monitoring programme which
0 uses consistent, repeatable, risk based and cost effective methods of monitoring the coastal
environment;
0 optimises available funding to deliver both strategic and operational requirements ;
0 provides a sound evidence base for shoreline management plans, strategies and schemes to
optimise beach management investment decisions
0 provides integration of regional data sets to inform national initiatives ; and
o0 develops collaboration between operating authorities and a sustainable skills base at local, regional
and national scales.

= =

In addition a number of specific north west regional aims and objectives have been identified as the programme
has developed, i.e.

i To reduce the reliance on external contractors in the provision of data, where appropriate and cost
effective; and

1 To provide for improved knowledge transfer from external contractors to in -house monitoring staff in the
analysis, interpretation and presentation of data collected under the programme.

1.3 PURPOSE OF SEDIMENT_ANALYSIS AND _REPORTING

Intertidal sediment analysis and reporting forms an integral part of the North West Regional Monitoring
Programme with the monitoring of changes in the sedimentology of shoreline features providing an important

linkage within the monitoring system to the topographic beach monitoring data collected and when analysed in
conjunction with that data provides added value in providing information relating to:

1 sediment provenance, transport pathways, longshore and cross-shore movement and depositional
conditions; and

I changes to, foreshore exposure conditions and therefore flood and coastal erosion risk.

Sediment sampling can also be used to provide additional information such as invertebrate definition, organic
carbon determination, levels of contaminants etc.

A baseline cell wide sediment sampling exercise was started during Summer 2009 and completed in March
2010. Samples were taken along existing profiles at the upper, mid and lower beach. Additional samples were
taken offshore and in estuaries.

During summer and autumn 2010 sediment samples were obtained from sub tidal and offshore areas within
Liverpool Bay extending northwards to the southern boundary with Morecambe Bay.

The results of analysis of these samples and interpretation of the results in rel ation to sediment distribution and
transport are provided in two reports (Kenneth Pye Associates Ltd, Oct 2010a, Oct 2010b).

Also, between 2009 and 2013 additional sediment sampling was carried out in the mid to outer parts of the Dee
Estuary and along the North Wales coast. Some of this work was funded through CERMS/NWSMP and some
from other sources.

In 2014, the NWSMP commissioned Contractors to obtain new samples of sediment from the inter-tidal and

sub-tidal areas with a view to these sam ples being analysed with the purpose of providing:

1 information about the general sedimentary character of a length of beach, tidal flat or saltmarsh (e.g. %
sand, % mud, % gravel) which can be used in geomorphological and biotope classification, and for ge neral
planning purposes;

1 statistical measures of sediment characteristics (e.g. D50, D90, mud mode, sand mode, gravel mode) which
can be used in sediment transport modelling;
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1 information to define indicators of alongshore and cross-shore sediment trends which provide insights into

beach morphology, energy dissipation potential etc;

indications of long-term net sediment transport trends at local, sub -regional and regional scales;

information about the quality of recreational beaches and any change over time (e.g. as a result of mud or

gravel accumulation);

1 information to support early warning of coastal erosion and accretion which may adversely impact on flood
and coastal defences habitat stability etc;

1 information to examine linkages between beaches and offshore areas, and between beaches and other

potential sources of sediment (e.g. updrift, cliff erosion or river input) ;

comparisons with results from the baseline analyses carried out;

information to inform updating of the conceptual maps of sediment distribution, sources, sinks and

pathways.

= =

= =
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2. REPORT SCOPE AND SAMPLING DETAILS

2.1 | NTRODUCTION

This report provides a summary of the results and interpretation of particle size analyses carried out on samples
of sediment collected from intertidal locations around the shoreline of SMP area 22 (aka Cell 11)during 2014-
2015.

The work has been carried out by Coastal Engineering UK Ltd (CEUK) in association with Kenneth Pye
AssociatesLtd (KPAL). Analysis of the samples and associateddata processing, interpretation and presentation
of results has been carried out by KPAL. Projectmanagement and further data interpretation, manipulation and
reporting have been undertaken by CEUK

NOTE: This version of the report only covers the results of the inter -tidal zone sampling. At the time of
presentation collection of the sub tidal samples was on-going and will be reported on in an addendum report in
2016.

2.2 SAMPLING

Collection of sediment samples from across the intertidal zone was originally undertaken on behalf of NWSMP
by a number of different organizations during the period October 2014 and April 2015, covering the shoreline
between the Dee estuary in the south and the Solway Firth in the north. Subsequently , in June 2015, CEUK
were requested to arrange for the collection across the North Wales frontage, between Llanfairfechan in the

west and the Dee estuary. Al | the samples were del i ver edDetais ofthB ALG s

companies who undertook the sampling in each area are provided in the electronic database which
accompanies the report.

A total of 2243 new samples were collected and analysed as follows:

1 2024 from the inter -tidal zone between the east side of the Dee estuary and the inner Solway Firth; and
1 219 from the inter -tidal zone between Llanfairfechan and the west side of the Dee estuary

The vast majority of the samples were collected from the uppermost 10-15 cm of sediment at profile locations
where topographic monitoring is undertaken by the NWSMP.The Contract specification for the sampling was to
take three samples along each profile in order to capture the sedimentological variation present, including
sampling positions at the top of the beach (typically at or above MHW level), from the mid beach (between

MHW and mid tide level), and from the lower foreshore (between mid tide and MLW level). At some p rofile
locations samples were not obtained at all three levels due to problems of access (including tidal state) or
safety considerations e.g. soft muds present.

Access to the intertidal zone presented a particular difficulty on the northwest side of the Dee, where no
samples were obtained in 2014-15. For this reason, particle size data for samples collected in this area during
an earlier KPAL commissioned survey in 20B, using a hovercraft, have been included in the 2014 -15 data set.

A comparison of the locations where samples were taken in the 2009-10 and 2014-15 sampling campaigns is
provided in Figure 2.1. In most cases the Easting and Northing plan position (x and y), and in some cases the
ground level relative to Ordnance Datum Newlyn (ODN) (z), of each sample location were recorded in the field
and have been used, with some corrections made, to plot the sample positions on base maps.

Not all locations were sampled in both surveys. The total number of intertidal samples collected in 2014 -15 is
considerably larger than that in 2009-10 (1400). In some instances, even though samples were taken from the

same strategic topographic monitoring profiles in both sampl i ng peri ods, the positi

0l ower 6 b e are hot iacident dtlee sampling positions in each sampling epoch are shown on the
maps prepared for each of the reporting units). However, in many instances the sampling positions are
sufficiently close to allow meaningful comparison of the sediment properties for the tw o epochs.

Table 2.1 below identifies the numbers of samples collected in different shoreline sections (identified for

reporting purposes)and descri bed as @up m¢he 2009-16 and 20H4-15 witt thdifollawng r o

specific differences to be noted:
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No samples were taken west of Great Orme in 2009-2010;

No samples were taken in the Inner Mersey, Ribble or Wyre Estuaries in the 2014-15 survey: these areas

do not have a separate section description in this report.

1 In 2009-10 two sets of samples were collected from the same profiles in the Cleveleys to Rossdl Point and
Rossall Point to Wyre Estuary coastal reporting unit.

1 30 samples from the Dee estuary obtained in 2012 are included in the 2014-15 totals.

= =
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Figure 2.1: Overview map of Cell 11 showing locations of intertidal sediment sampling locations in 2009-10 and
2014-15
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Table 2.1: Comparison of Numbers of samples collected in 200910 and 2014-15

Coastal Reporting Unit 2009-2010 samples 2014-2015 samples
Upper Mid Lower All Upper Mid Lower All
1. West of Great Orme 0 0 0 0 26 25 25 76
2. Great Orme to River Clwyd 18 21 9 48 34 34 31 99
3. River Clwyd to Point of Ayr 9 8 7 24 15 15 15 45
4. Dee Estuary 10 10 25 45 37 43 43 123
5. North Wirral 14 14 14 42 60 60 60 180
6. Mersey Estuary 5 5 5 15 25 21 20 66
Inner Mersey Estuary 9 6 9 24 0 0 0 0
7. Seaforth to Crossens 34 34 33 101 67 67 67 201
Ribble Estuary 11 11 12 34 0 0 0 0
8. Lytham to Starr Gate 20 20 20 60 23 23 23 69
9. Starr Gate to Cleveleys 19 19 19 57 20 20 20 60
10. Cleveleys to Rossall Point 20 40 20 80 10 11 11 32
11. Rossall Point to Wyre Estuary 15 30 15 60 7 7 7 21
Wyre Estuary 1 1 1 3 0 0 0 0
12. Wyre Estuary to Heysham 35 36 24 95 53 51 57 156
Harbour
13. Heysham Harbour to Kent 23 34 33 90 55 54 55 164
Estuary
14. Kent Estuary to Leven Estuary 6 7 11 24 14 14 17 45
15. Leven Estuary to Rampside 18 21 25 64 25 26 25 76
16. Walney Island 17 18 17 52 19 19 19 57
17. Duddon Estuary 14 14 14 42 15 17 20 52
18. Hodbarrow to Tarn Point 20 26 24 70 26 27 28 81
19. Tarn Point to Barn Scar 13 11 13 37 16 16 16 48
20. Barn Scar to St Bees Head 48 31 39 118 53 55 59 167
21. St Bees Head to Workington 12 - 7 2 25 14 12 51
Harbour
22. Workington Harbour to 8 4 9 21 26 57 o4 77
Maryport Harbour
23. Maryport Harbour to Silloth 30 29 29 81 40 40 40 120
Harbour
24. Silloth Harbour to Cardurnock 27 14 24 65 34 53 59 146
25. Inner Solway 7 7 8 22 7 13 23 45
Total s 463 471 466 1400 732 752 771 2257

Coastal Engineering UK Ltd November 2015 6




North West Strategic Monitoring Programme Regional Sediment Analysis 2015 Sefton Council

3. PARTICLE SIZE ANALYSIS AND DATA PROCESSING METHODS

Samples received at the laboratory were examined visually, homogenized and sub-sampled for analysis. No
chemical pre-treatments were applied to the samples prior to analysis.

Particle size analysis (PSA) was performed in accordance with the general procedures outlined in ISO 1320-
1:2009, 1SO 3310-1:2000 and described more fully in Blott et al. (2004), Pye & Blott (2004) and Blott & Pye
(2006).

Samples which contained only sand or sand and mud (i.e. < 2 mm size material) were analysed only by laser
diffraction. Samples which also contained gravel-size material (> 2 mm) were analysed using a combination of
laser diffraction and sieving following separation of the > 2 mm and < 2mm fractions by wet -sieving. A small
number of samples which contained only gravel size material (> 2 mm ) were analysed only by dry-sieving.

Of the total of 2257 samples comprising the 2014-15 dataset, 1578 were analysed by laser diffraction alone, 12
were analysed by sieving alone, and 667 were analysed using acombination of the two methods.

In the case of samples which contained no gravel, a test sample for laser PSA was obtained from the bulk
sample by combining approximately 15 sub-samples. The composite test sample was then further sub-sampled
and the sub-sample mixed on a 100 mm diameter watch glass using a rubber-ended glass rod and a few drops
of 3% sodium hexametaphosphate solution to aid dispersion. The dispersed sample was then washed through
a 2 mm mesh sieve into the laser diffraction instrument.

In the case of samples which contained gravel, each sample was homogenized by physicalmixing and then split
to yield a test sample weighing 500 to 2000 g, depending on the amount and size of gravel present. Where

necessary, the test sample was then split into > 2 mm and < 2 mm size fractions by washing through a 2 mm
mesh sieve. The > 2mm fraction was oven-dried at 105°C for 12 hours, weighed, and then dry -sieved using 300
mm diameter wire mesh sieves on the R40/3 scale (approximate 'half-phi' intervals). The < 2mm fraction was

allowed to settle for 72 hours (or longer if necessary), excess water syphoned off, and the sediment
homogenized by physical mixing. A test sample was obtained from the homogenised material and prepared for
laser diffraction analysis as described above. The remaincer of the < 2 mm fraction was oven dried at 105 °C for
12 hours and weighed on an electronic balance to the nearest 0.1g.

Laser diffraction analysis was undertaken using a BeckmanCoulter LS13320 instrument which measures the
size of particles by the diffraction of laser light of 750 nm wavelength. The instrument has 126 photodiode

detectors and routinely measures particles in the size range 0.4 um to 2000 um. An additional Polarisation
Intensity Differential Scattering (PIDS) detector system was used to provide an overall size range of 0.04 um
to 2000 pm.

Prior to analysis of each sample, the background diffraction in sediment-free tap water was measured for 60
seconds. The instrument offsets and laser alignment were calibrated at least every hour. Sufficient sediment
was added to the fluid module to achieve an obscuration of 6 to 12% normal obscuration, or 40 to 55% PIDS
obscuration, whichever was higher.

Samples were then analysed for a period of 60 seconds. At the end of the sample run the particle size
distribution was calculated from the measured diffraction pattern using Coulter software and the Mie optical

model. A value of 1.55 was used for the 'real' Refractive Index of the solid particles and a value of 0.1 used for
the Absorption value (otherwise known as the 'Imaginary Part' of the Refractive Index). The Refractive Index of

the fluid (water) was assumed to be 1.333. Data were output in terms of percentage volume recorded in 116

size bins.

The performance of the LS230 laser diffraction instrument was checked regularly (including at the start and

end of large sample runs) using reference samples which include latex beads and glass beads with a narrowly
defined size range. Instrumental measurement and overall method precision have previously been determined
for a range of sample types, and details are given in Blott et al. (2004), Pye & Blott (2004) and Blott & Pye

(2006). Typical analytical measurement precision (expressed as percentage coefficient of variation, or % CV,

for the D50) has previously been shown to be considerably better than 1% in the case of glass beads and very
well-sorted mud-free sands, better than 1.0% for moderately sorted mud -free sands and 5-10% for poorly

sorted muddy sands.
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Where required, dry sieving of the > 2 mm fractions was undertaken using BS410 300 mm diameter stainless
steel sieves and an ELE mechanical sieve shaker for a period of 10 minutes. The weights of sediment retained
on each sieve were recorded to the nearest 0.01g using an electronic balance. Any ssdiment clasts larger than
63 mm were assigned to a 63-90 mm size 'boulder' category. When considering the data reported, it should be

borne in mind that cobbles and boulders larger than 90 mm were not collected. This is mainly of relevance at

some locations on the Cumbrian coast where the upper beaches are composed partly or wholly of boulders.

The 300 mm diameter British Standard stainless steel woven-wire sieves used in this analysis are certified as
meeting the requirements of BS410 and are inspected regularly for wear and/or damage. The sieves used in
this project passed all inspections and monthly tests using standard glass spheres.

The raw particle size frequency data obtained from the laser and sieve analysis were entered into the
GRADISTATsoftware package (Blott & Pye, 2001) for statistical processing. In the case of the samples analysed
both by sieving and laser diffraction, the laser results were adjusted to take account of the relative weights of
the > 2 mm and < 2mm fractions determined by wet separation.

For the purposes of this project, a modified version of Wentworth's (1922) sediment size 'grade’ scale has been
used:

1 gravel is defined as all material larger than 2 mm, as determined by or dry sieving ;

1 sand is defined as all material smaller than 2 mm, as determined by sieve separation and larger than 63 um
as determined by laser diffraction analysis;

1 mud is defined as all material smaller than 63 um, as determined by laser diffraction analysis ;

1 silt is defined as material smaller than 63 pum and larger than 2 um, as determined by laser diffraction

analysis, and
1 clay is defined all material smaller than 2 um, as determined by laser diffraction analysis

Where laser and sieve data have been combined, it has been assumed that the > 2 mm and <2 mm sediment
particles have the same density. Although this is unlikely to be strictly true, the resulting errors are considered
to have an insignificant effect on the overall particle size characteristics of the samples.

The percentage frequency distributions and the percentages of the sediment in each textural size class were
calculated using GRADISTAT. A number of statistical summary parameters were calculated using the method of
moments (Friedman, 1961) and the method of Folk & Ward (1957). A fourth order polynomial was fitted to the
size distribution data using a separate Visual Basic macro and the modal size values in each textural category
determined (where present).

The samples have been described using the textural classification scheme proposed by Folk (1954).
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4, REPORTING & PRESENTA TION OF RESULTS

For the purposes of reporting the shoreline is split down into 28 inter -tidal units, three of which, as identified in
Table 1 above, are not referenced as no samples were recarded in them during the 2014 -15 sampling
campaign.

Presentation of results has been carried out using the Microsoft Excel, Golden Software Surfer, and Golden
Software Grapher programmes. The full particle size analysis results and values for the summary parameters
are contained in a separate Microsoft EXCEL spreadsheetwhich includes separate tabs for all profiles in each
campaign and for the individual units. In addition selected sediment classification and particle size data from
both the 2009-10 and the 2014-15 campaigns is included within the SANDS database provided with this report.

Appendix A and Appendix B contain summary maps and figures for the following selected sediment
characteristic parameters for the whole of the cell 11 (A) and for each coastal unit in turn (B):

% gravel

% sand

% mud

Textural class
Sand modal size

E

The sub sections below provide the following for the whole of Cell 11 and for each individual coastal unit in
turn:

1 Comparison of the sediment classification data from the 2009-10 and 2014-15 sampling campaigns
1 Key points arising from examination and comparison of the data
1 Reconciliation with monitoring data (individual units only)

Changes in the sediment type/grading on a beach may be driven by a range of factors in isolation or
combination e.g.

Anthropogenic interventions;

Longshore and cross-shore movement due to tide and wave action, particularly as a result of storms ;
Changes in sediment inputs to frontages;

Changes in shoreline position;

E I EE]

Where appropriate anthropogenic influences are identified. For all locations where there is beach profile data
available coincident with sediment sampling, changes in beach gradient have been calculated in SANDSand
profiles where significant changes that might be explained by a change in sediment type or beach movement
have been identified (highlighted in -). A summary of this data is provided within each coastal unit section
with full details of the change between all surveys recorded during the period between 2009/10 and 20 14/15
provided in Appendix C.

In addition for those profiles highlighted, the profile graphs showing the profile at the time of the previous
sediment survey and the profile at the time of the current survey, together with the profile envelope covering
the period in between, are provided in Appendix D.

The commentary for each unit provides a general description of conditions and behaviour identified from local
annual monitoring reports together with an explanation of how the significant changes identifie d are linked to
the beach monitoring.
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4.1 CELL WIDE

4.1.1 Comparison of Data

Table 4.1 below provides a comparison of the number and percentage of samples by textural class (after Folk,
1954), within the information shown graphically in Figure 4.1.

Table 4.1: Cell Wide textural classification of samples collected in 2009-10 and 2014-15
Textural class 2009-2010 samples 2014-2015 samples
Number Percent Number Percent
Gravel 156 11.1 51 2.3
Sandy Gravel 174 12.4 181 8.0
Muddy Sandy Gravel 10 0.7 17 0.8
Muddy Gravel 2 0.1 0 0.0
Gravelly Sand 52 3.7 109 4.8
Gravelly Muddy Sand 1 0.1 16 0.7
Gravelly Mud 1 0.1 0 0.0
Slightly Gravelly Sand 64 4.6 284 12.6
Slightly Gravelly Muddy Sand 1 0.1 19 0.8
Slightly Gravelly Sandy Mud 0 0.0 1 0.0
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 559 39.9 1060 47.0
Muddy Sand 204 14.6 425 18.8
Sandy Mud 165 11.8 94 4.2
Mud 11 0.8 0 0.0
Total: 1400 100.0 2257 100.0
50.0 50.0
(a)20092010 n=1400 (b) 20142015 n=2257
45.0 45.0
40.0 40.0
%35‘0 %35.0
é 30.0 é 30.0
g g
L>)\25.0 525.0
0:3;20.0 gm
I?E 15.0 I?_Ij 15.0
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Figure 4.1: Cell Wide Percentage frequency histograms of the Folk textural classification for samples collected in
2009-10 and 2014-15
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4.1.2 Key Points Arising from Examination of Data
The following key points arise from examination of the data

1 Only 1.1% of the samples collected in 2014-15 consisted entirely, or almost entirely (>95%), of gravel,

compared with 6.4% of the samples collected in 2009 -10 (Table A.1, Figures A.1 & A.2). This is due mainly

to two factors:

a) inthe 2009-10 campaign many of the samples taken from the Cumbrian and North Wales coasts were
bi ased towards the upper, more | andward parts of th
not collected as far out as during the 2014 -15 campaign; and

b) during the 2014-15 campaign many of the most landward samples were not collected from the upper
gravel beach which was sampled in 2009-10.

1 In the 2014-15 survey, 52.1% of samples consisted entirely or almost entirely of sand (>95% sand),
compared with 40.7% in 2009-10 (Table A.2, Figure A.4). The apparent lower abundance of samples
classified as -Hsuveydsinldrge parttueto2 0 09
a) the failure to sample sufficiently far out from the high water mark d uring the 2009-10 campaign (e.g.

the evident | ack of O0sandd samples at Walney I sl and
b) the inconsistent way in which the uppermost parts of the beaches were sampled during the 2014 -15
campaign.

1 No samples collected in 201415 consisted entirely or almost entirely (>95%) of mud, compared with 0.4%
in 2009-10 (Table A.3, Figure A.6). This is because the 2014-15 campaign included no samples from the
mid and inner parts of the estuaries (Figure A.7).

1 For the reason given above, only 2.3% of the samples collected in 2014-15 are <cl assified
according to the Folk (1954) classification, compared with 11.1% in 2009 -10. None of the samples collected
in2014-15 are classified as &6 mud00, Appoximately d7d6 of ithe 2014-18B % i n
samples are classified as 0s-d(Table AdcFagmpAad&.ed with 39. 9%

1 The size of primary mode in the sand fraction showed a wide range both in 2009 -10 and 2014-15, although
more coarser sand modes (1-2 mm) were recorded in the earlier survey; this can be explained by the
spatial bias in sampling towards the higher, more landward beach areas which also affected the apparent
high frequency of 0A5 BiguelAd). Theamoptlfregeent (sahé mddeesize interval in
2014-15was250-300 T m, compab@di mi it-2D102QA Q@ 9
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4.2 WEST OF THE GREAT ORME (LLANFAIRFECHAN TO LIANDUDNO WEST SHORE)
4.2.1 Classification Data 2015

Figure 4.2 below provides a spatial plot of the sediment types found across this frontage in 2014 -15 by textural
class (after Folk, 1954).
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Figure 4.2: West of Great Orme: Spatial plot of Folk sediment textural classification groups
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4.2.2 Comparison of Data

Table 4.2 below provides a comparison of the number and percentage of samples by textural class (after Folk,
1954), within the information shown graphically in Figure 4.3.

Table 4.2: West of Great Orme textural classification of samples collected in 2009-10 and 2014-15
Textural class 2009-2010 samples 2014-2015 samples
Number Percent Number Percent
Gravel 10 13.2
Sandy Gravel 6 7.9
Muddy Sandy Gravel 0 0.0
Muddy Gravel 0 0.0
Gravelly Sand 2 2.6
Gravelly Muddy Sand 0 0.0
Gravelly Mud 0 0.0
Slightly Gravelly Sand 21 27.6
. No samples taken
Slightly Gravelly Muddy Sand P 0 0.0
Slightly Gravelly Sandy Mud 0 0.0
Slightly Gravelly Mud 0 0.0
Sand 37 48.7
Muddy Sand 0 0.0
Sandy Mud 0 0.0
Mud 0 0.0
Total: 76 100.0
50.0
20142015 n=76
45.0
40.0
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Figure 4.3: West of Great Orme: Percentage frequency histograms of the Folk textural classification for samples
collected in 2014-15
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4.2.3 Key Points Arising from Examination of Data
The following key points arise from examination of the data:

1 The beaches to the west of the Great Orme were not sampled in 2009-2010, so no comparison of change
can be made;

1 In 2014-15 76 samples were collected. Good spatial coverage of the beach was achieved in the west of the
area and at Llandudno West Shore, but along much of the Conwy and Deganwy frontages samples were

only taken from the more | andward part of the beach

from the mid beach);

T Oft he samples taken, 48. 7% were classified as gravsl
and 7.9% as sandy gravel. Samples in the latter two categories were collected almost exclusively from the
upper beach. The dominant sand mode classes were found to be 212-250 T m a3@0 2i5m,
samples taken from the mid beach along the Deganwy frontage, close to the Conwy estuary channel,
showed a slightly finer mode (180-2 1 2 ;1 m)

4.2.4 Reconciliation _with monitoring data

Generally, beach conditions applying across the frontage consist of upper storm beaches comprising gravel or
sand/gravel mixtures with lower sandy/gravelly sand foreshores. In places where natural rock outcrops occur
or where artificial coastal defences have been built on top of the storm beaches, the sand beaches directly abut
the shoreline features.

Overall there is a small negative trend in beach cross sectional area applying across the frontage, apart from
the Llandudno West Shore to Deganwy frontage where the upper beach was artificially reinforced during the
period 1991-2007 (Coastal Engineering, May 2011a)
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4.3 GREAT ORME TO RIVER_CLWYD
4.3.1 Classification Data 2015

Figure 4.4 below provides a comparison of the sediment types found across this frontage in 2009-10 and 2014-
15 by textural class (after Folk, 1954).
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Figure 4.4: Great Orme to River Clwyd: Spatial plot of Folk sediment textural classification groups
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4.3.2 Comparison of Data

Table 4.3 below provides a comparison of the number and percentage of samples by textural class (after Folk,
1954), within the information shown graphically in Figure 4.5.

Table 4.3: Great Orme to River Clwyd textural classification of samples collected in 2009-10 and
2014-15
Textural class 2009-2010 samples 2014-2015 samples
Number Percent Number Percent
Gravel 17 35.4 31 313
Sandy Gravel 12 25.0 23 23.2
Muddy Sandy Gravel 0 0.0 2 2.0
Muddy Gravel 0 0.0 0 0.0
Gravelly Sand 5 10.4 2 2.0
Gravelly Muddy Sand 1 2.1 0 0.0
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 11 22.9 11 11.1
Slightly Gravelly Muddy Sand 0 0.0 0 0.0
Slightly Gravelly Sandy Mud 0 0.0 0 0.0
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 0 0.0 30 30.3
Muddy Sand 0 0.0 0 0.0
Sandy Mud 2 4.2 0 0.0
Mud 0 0.0 0 0.0
Total: 48 100.0 99 100.0
40.0 40.0
(a)20092010 n=48 (b) 20142015 n=99
35.0 35.0
o 300 o 300
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Figure 4.5: Great Orme to River Clwyd: Percentage frequency histograms of the

classification groups
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4.3.3 Key Points Arising from Examination of Data
The following key points arise from examination of the data:

1 Gravel and sandy gravel forms an upper beach ridge along much of the coast. This steeper, upper beach
profile is fronted by low gradient sand flats with variable development of ridge and runnel topography.
Sediments classified as 6 mud 6 wer e not sampled in either survey
sediments and peat are periodically exposed on the foreshore near Abergele.

1 Atotal of 99 sediment sampleswerec ol | ect ed bet ween Great COwdimdmredHe ad
with 41 in 2009-1 0 ) . The percentages of samples <classified as
both surveys (31.3% gravel and 23.2% sandy gravel in 2014 -15, compared with 35.4% and 25.0% in
2009-1 0) . Sampl es c | eomprisetl BO3% ina2814-1bsbat mahé were recorded in 2009-10
because the mid and lower parts of the intertidal profiles were not sampled.

1 The most frequent sand mode class in both the 2014-15 and 2009-10 surveyswas 25003 00 i m, f ol |l ow
300-3 5 5 Tignificars numbers of samples were also found to have coarse sand modes (up to 1400-1700

T m). Mo s t of the samples containing coarser sand mod

exposed, higher energy, parts of the shoreline. The finer sand modes are mainly associated with the low-

gradient sand flats. Muddy sediments are virtually absent on this relatively high energy coastal frontage.

4.3.4 Reconciliation _with monitoring data

Beach change across this frontage is both variable in magnitude and cyclical, driven by environmental
conditions (Coastal Engineering, May 2011a). The upper beaches along the frontage have been heavily
modified in the past 25 years with beaches at Llandudno North Shore, Penrhyn Bay and Kinmel Baybeing
recharged with shingle and cobble whilst more recently in 2012-13 the beach at Colwyn Bay (285000E approx)
was recharged with sand, the impacts of which can be clearly seen in Figure 4.4.

Changes in the gradient of the beach between tidal contours at profiles where sediment data was recorded in
both 2009/10 and 2014/15 are shown in Table 4.4 below. Full details of the gradient changes at each of these
profiles are provided in Appendix C.

1 The most significant changes highlighted in - are associated with cross shore movement and variation in
the position of the ridge/runnel featu res in the lower beach with multiple crossing points of tidal contours
influencing the change in gradient;

1 Changes highlighted in yellow are associated with new sea wall construction works at Colwyn Bay
undertaken during 2013 and 2014

Table 4.4: Gradients between tidal contours 2009-10 and 2014-15
Profile Ref HAT-MHWS MHWSMHWN MHWN-MSL MSLMLWN MLWNMLWS
2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15
CCB@4
(11A00295) 0.56 0.04 3.19 0.04 21.48 24.20 77.63 86.16 60.60 32.64
CCBC&
(11A00419) 12.34 9.08 11.02 8.57 34.41 35.37 39.77 42.63 93.38 70.29
cCB@4
(11a00429) 2.92 3.32 4.68 2.49 25.05 27.92 81.95 139.42
cCcB@s8
(11a00484) 7.84 7.47 8.00 9.11 27.24 28.53 90.25 82.70
CCBG3
(11a00537) 7.71 7.24 2.54 1.89 81.18
CCBG4
(11a00564) 7.43 6.70 13.29 8.84 70.77 64.22 73.30 88.80 77.16
CCBG5
11a00575 5.22 6.51 27.51 21.20 54.91 53.71 68.45 86.86
H Changes in gradient investigated further (as discussed above)
Changes due to anthropogenic influence (as discussed above)

Differences in the grading of the upper beach across the Llandullas to Kinmel Bay frontage, particularly
associated with a fining of sections of the upper storm beach are consistent with a degree of mixing of
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sediments with sand from the lower foreshore with the gravel, probably primarily resulting from the high
exposure of this section to the winter storms of 2013 -14.

Within this section there are no areas where changes in shoreline position influence sediment composition, with
the entire frontage apart from the Orme & protected by artificial defences.

Coastal Engineering UK Ltd November 2015 18
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4.4 RIVER CLWYD TO POINT OF AYR
4.4.1 Classification Data 2015

Figure 4.6 below provides a comparison of the sediment types found across this frontage in 2009-10 and 2014-
15 by textur al class (after Folk, 1954).
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Figure 4.6: River Clwyd to Point of Ayr: Spatial plot of Folk sediment textural classification groups

Coastal Engineering UK Ltd November 2015 19



North West Strategic Monitoring Programme Regional Sediment Analysis 2015 Sefton Council

4.4.,2 Comparison of Data

Table 4.5 below provides a comparison of the number and percentage of samples by textural class (after Folk,
1954), with the information shown graphically in Figure 4.7.

Table 4.5: River Clwyd to Point of Ayr textural classification of samples collected in 2009-10 and
2014-15
Textural class 2009-2010 samples 2014-2015 samples
Number Percent Number Percent
Gravel 2 8.3 1 2.2
Sandy Gravel 2 8.3 6 13.3
Muddy Sandy Gravel 0 0.0 0 0.0
Muddy Gravel 0 0.0 0 0.0
Gravelly Sand 0 0.0 0 0.0
Gravelly Muddy Sand 0 0.0 0 0.0
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 12 50.0 3 6.7
Slightly Gravelly Muddy Sand 0 0.0 0 0.0
Slightly Gravelly Sandy Mud 0 0.0 0 0.0
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 5 20.8 35 77.8
Muddy Sand 1 4.2 0 0.0
Sandy Mud 1 4.2 0 0.0
Mud 1 4.2 0 0.0
Total: 24 100.0 45 100.0
40.0 40.0
(2)2009-2010 n=24 (b) 20142015 n=45
35.0 35.0
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4.4.3 Key Points Arising from Examination of Data

The following key points arise from examination of the data:

il

A total of 38 samples were collected between the River Clwyd and Point of Ayr in 2014-15 (20 in 2009-10).

Most of the samples collected in 2014-15 are cl assified as O6sandd (84. 4%)

10. The 2014-15 survey showed gravel and sandy gravel to be present at Rhyl and on the upper shore at
Talacre. Muddy Holocene deposits on the foreshore at Rhyl, and recent muddy sediments between sandy
bars at Gronant and Talacre, were sampled in 2009-10 but not in 2014 -15.

The dominant sand mode class on this section of the coast in 2014-15is250-3 00 T m, w h 2018

sand with a modal size of 300-355 T m was more abundant. However
samples collected in 2009-10 were taken from lo cations closer to the high water mark than in 2014 -15.

4.4.4 Reconciliation _with monitoring data

This section of frontage is fed by longshore drift from the west and onshore from Liverpool Bay. The urban
frontages of Rhyl and Prestatyn are entirely protected by artificial hard defences whilst the easterly section
between Gronant and the Point of Ayr, at the western side entrance to the Dee Estuary, comprises undefend ed
sand dunes. Examination of the latest published monitoring data (Coastal Engineering, March 2011, May
2011b), identifies the following:

f
f

Across the Rhyl frontage beach movement takes place but overall change is neutral. Lower beach change
is influenced by movement of ridges and runnels;

Across the section between Rhyl and Prestatyn (aka Rhyl Golf Links) beach volumes are reducing withlow
beach levels applying in front of the heavily engineered shoreline. Significant ridge and runnel movement
takes place across the whole of the inter-tidal zone, alternatively covering and exposing underlying cohesive
deposits;

Across the Prestatyn frontage beach movement is heavily controlled by a series of rock groynes backed by
substantial linear defences. Overall change is neutral across the section with but with some accretion

occurring across the western half and erosion further east. Beyond the groyne structures ridge and runnel

movement influences behaviour;

Between Gronant and the Point of Ayr there is cyclical beach change taking place with the two extremities
of the frontage generally losing material whilst the central section is accreting.

The winter storms of 2013-14 induced changes to the beaches across the frontage and wave overtopping
caused damage to a number of artificial defences. Within this section changes in the position of the
dune/beach interface between Gronant and Talacre potentially correlate with changes in sediment composition;
however, no comparison data are available to support this at this time.

Associated sediment change across this frontage has seen:

f
f
f

Slight coarsening along the Rhyl frontage due to movement of material from the west;
No muddy deposits sampled at Rhyl Golf links due to movement of ridges and runnels; and
Material slightly finer along Prestatyn and Talacre frontages;

Changes in the gradient of the beach between tidal contours at profiles where sediment data was recorded in
both 2009/10 and 2014/15 are shown in Table 4.6 below. Full details of the gradient changes at each of these
profiles are provided in Appendix C.

The most significant changes highlighted in [l are associated with cross shore movement and variation in the
position of the ridge/runnel features (see profile change plots in Appendix D).
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Table 4.6: Gradients between tidal contours 2009-10 and 2014-15

Profile Ref HAT-MHWS MHWSMHWN MHWNMSL MSLMLWN MLWNMLWS
2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15

DCC06(11a00664) 3.19 3.18 | 61.98| 5364| 61.65| 64.91 77.55

DCC12(11a00715) 480 | 4.82 51.06 | 50.80 | 60.88 | 51.92 76.49

DCC2111A00769) 8.21 7.92 \ 57.48 58.65 97.66 79.78

Changes in gradient investigated further (as discussed above)
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4.5 DEE ESTUARY
451 Classification Data 2015

Figure 4.8 below provides a comparison of the sediment types found across this frontage in 2009-10 and 2014-
15 by textural class (after Folk, 1954).
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Figure 4.8: Dee Estuary. Spatial plot of Folk sediment textural classification groups
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4.5.2 Comparison of Data

Table 4.7 below provides a comparison of the number and percentage of samples by textural class (after Folk,
1954), within the information shown graphically in Figure 4.9.

Table 4.7: Dee Estuarytextural classification of samples collected in 2009-10 and 2014-15
Textural class 2009-2010 samples 2014-2015 samples
Number Percent Number Percent
Gravel 0 0.0 0 0.0
Sandy Gravel 1 2.2 3 2.4
Muddy Sandy Gravel 0 0.0 1 0.8
Muddy Gravel 0 0.0 0 0.0
Gravelly Sand 1 2.2 5 4.1
Gravelly Muddy Sand 0 0.0 2 1.6
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 0 0.0 4 3.3
Slightly Gravelly Muddy Sand 0 0.0 4 3.3
Slightly Gravelly Sandy Mud 0 0.0 0 0.0
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 17 37.8 63 51.2
Muddy Sand 7 15.6 30 24.4
Sandy Mud 17 37.8 11 8.9
Mud 2 4.4 0 0.0
Total: 45 100.0 123 100.0
55.0 55.0
co0 (a)20092010 n=45 0o (b) 20142015 n=123
45.0 45.0
%40.0 %40.0
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Figure 4.9: Dee Estuary: Percentage frequency histograms of the Folk sediment textural classification groups
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4.5.3 Key Points Arising from Examination of Data

The following key points arise from examination of the data:

1 A total of 112 samples were collected in 2014-15, compared with 43 in 2009-10. In 2014-15 the eastern
(Wirral) side of the estuary was intensively sampled but no samples were collected from the western
(Welsh) side due to access problems. Consequently, data from an earlier hovercraft survey of the north -
western part of the estuary in 2013 have been used to supplement the 2014-15 data set.

1 The majority of sediment samplesc ol | ect ed in both surveys are &ednassi f
sands are generally concentrated in the higher energy outer parts of the estuary and in the lower intertidal
zone, while muddy sands and sandy muds occur mainly in the inner estuary and in the higher parts of the
intertidal zone. However, samples taken along the high water mark on the eastern side of the estuary also
contain considerable proportions of medium and coarse sand, together with 5 to 20% gravel (including
shell).

1  The sediment samples collected in both surveys show a wide range of primary sand mode classes ranging
from 63-75 1 m 600 05 OiOm. The finer sand modes are generall
intertidal zone, excluding the 6high tided beach which surro

45.4 Reconciliation _with monitoring data

The Dee Estuary is a sink for sediments but with variable behaviour taking place across different frontages
(CH2M Hill, December 2013a) particularly:

1 Saltmarshesare showing vertical accretion of 2 to 8 mml/yr;

1 The rate of marsh expansion near the estuary mouth has decreasedin recent decades but
accumulation of windblown sand continues to occur near the Point of Ayr and between West Kirby and the
mouth of the estuary ;

1 The saltmarsh edge along the western side of the estuary is generally eroding apart from the section in the
lee of the Point of Ayr and sections in the canalised section near Connat& Quay; and

1 Sedimentation continues in the subtidal area around Mostyn Docks, which requires regular maintenance
dredging;

Across the Wirral Dee frontage between Gayton and Red Rocks, at the north west corner of the peninsula the
following behaviour has occurred (Coastal Engineering, August 2015):

1 Between Heswall and Thurstaston upper beach volumes are showing no net change since the early 1990s;

1 Between Thurstaston and West Kirby there has been a net reduction in upper beach volumes since the mid
1980s;

1 Between West Kirby and Red Rocks there has b&n a net increase in upper beach volumes since the early
1990s;and

1 There was a four-fold increase in the area of green beach fronting the Royal Liverpool Golf Club from 2002
to 2010 but no significant change since then.

The winter storms of 2013-14 caused erosion along the toe of the cliffs at Thurstaston and wave overtopping
caused flooding and damage to defences at West Kirby.

Associated sediment change across this frontagefrom 2009/10 to 2014/15 shows:

1 Slight coarsening along Thurstaston frontage
1 No significant change elsewhere

Changes in the gradient of the beach between tidal contours at profiles, where sediment data was recorded in
both 2009/10 and 2014/15, are shown in Table 4.8 below, identifying no significant changes in accordance with
the sediment analysis results. Full details of changes between surveys for each profile are provided in Appendix
C.
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Table 4.8: Gradients between tidal contours 2009-10 and 2014-15

Profile Ref HAT-MHWS MHWSMHWN MHWNMSL MSL-MLWN MLWNMLWS
2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15

11A01690 6.91 18.61 21.81

11A01706 9.08 24.25 35.55 81.73 58.10

11A01735 1.80 8.65 86.01 119.05 58.84 27.57

11A01752 9.09 13.75 163.76 173.23 55.16 32.14

11A01770 1.50 54.13 77.40 400.00 392.63

11A01786 425.29 450.64

11A01826 84.32 461.47 572.98
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4.6 NORTH WIRRAL
4.6.1 Classification Data 2015

Figure 4.10 below provides a comparison of the sediment types found across this frontage in 2009-10 and
2014-15 by textural class (after Folk, 1954).
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Figure 4.10: North Wirral: Spatial plot of Folk sediment textural classification groups
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4.6.2 Comparison of Data

Table 4.9 below provides a comparison of the number and percentage of samples by textural class (after Folk,
1954), within the information shown graphically in Figure 4.11.

Table 4.9: North Wirral textural classification of samples collected in 2009-10 and 2014-15

Textural class 2009-2010 samples 2014-2015 samples
Number Percent Number Percent
Gravel 0 0.0 0 0.0
Sandy Gravel 0 0.0 0 0.0
Muddy Sandy Gravel 0 0.0 0 0.0
Muddy Gravel 0 0.0 0 0.0
Gravelly Sand 0 0.0 0 0.0
Gravelly Muddy Sand 0 0.0 0 0.0
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 0 0.0 0 0.0
Slightly Gravelly Muddy Sand 0 0.0 0 0.0
Slightly Gravelly Sandy Mud 0 0.0 0 0.0
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 37 88.1 177 98.3
Muddy Sand 5 11.9 3 1.7
Sandy Mud 0 0.0 0 0.0
Mud 0 0.0 0 0.0
Total: 42 100.0 180 100.0
55.0 55.0
o0 (a)2009-2010 n=42 0o (b) 20142015 n=180
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Figure 4.11: North Wirral:

Percentage frequency histograms of the Folk sediment textural classification groups
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4.6.3 Key Points Arising from Examination of Data

The following key points arise from examination of the data:

1 Atotal of 180 samples were collected in 2014-15, compared with 42 in 2009-10. The majority of samples in
both surveys are classified as sand (98.3% in 2014 -15 and 88.1% in 2009 -10). Only small amounts of
gravel (mostly shell) are found in the san ds on the open North Wirral coast. Small amounts of mud (5 -20%)
are also found in samples taken from runnels.

1 The principal sand modal classes presentare 2563 00 T m aB802L1&th. The samples col
-15 showed slightly finer sand modes towards the mouth of the Dee (212 -250 T m) and in the |
Wharfarea (106 -125 T ml15025m ah&0 liespectively). The main difference between the
2014-15 and 2009-10 surveys is a reduced frequency of finer sand modes in the later survey.

4.6.4 Reconciliation _with monitoring data

The frontage of the North Wirral coast is heavily engineered with coastal defence structures across almost the

entire length. The frontage is fed by easterly longshore drift and onshore movement of sediments from within

Liverpool Bay. This has produced an easterly migration of the East Hoyle Bank across the western half of the

frontage and this, combined with measures to trap and hold sediments across the eastern half of the frontage ,

has produced a steady increase in beach volumes (within 1km of the shoreline) si nce t h@oastad 8006 s
Engineering, August 2015).

Notwithstanding this, sediment movement is variable and beach volume change is cyclical with evidence of
transference from section to section from west to east acr oss the North Wirral. Cross shore movement and
variation in the position of ridge and runnel beach forms continues across this section.

The winter storms of 2013-14 induced changes to the beaches across the frontage and wave overtopping
caused flood damage to land and property as well as minor damage to artificial defences.

Associated sediment change across this frontagefrom 2009/10 to 2014/15 shows:

1 Difference in location of mud samples i which accords with visual observations.

Changes in the gradient of the beach between tidal contours at profiles where sediment data was recorded in
both 2009/10 and 2014/15 are shown in Table 4.10 below, identifying no significant changes in accordance with

the sediment analysis results. Full details of changes between surveys for each profile are provided in Appendix
C.

Table 4.10: Gradients between tidal contours 2009-10 and 2014-15

Profile Ref HAT-MHWS MHWSMHWN MHWNMSL MSI-MLWN MLWNMLWS
2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15

11A01844 14.56 380.36 116.89 116.93

11A01956 6.63 232.60 232.60 235.52

11A01979 5.17 6.27 93.17 346.84

11A02006 5.48 53.88 47.03 80.25 89.34 225.35 271.24

11A02018 3.53 4.44 79.11 285.75 278.06

11A02037 3.80 46.20 124.27 86.80

11A02055 0.18 27.04 101.49 106.74 70.93 59.67

11A02070 1.23 1.23 64.88 118.35 110.00

11A02085 2.30 2.30 46.84 70.63 69.06

Within this section there is only one area where changes in shoreline position influence sediment composition,
with the entire frontage apart from a short section in Leasowe Bay protected by artificial defences.
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4.7 MERSEY ESTUARY
4.7.1

Classification Data 2015

Figure 4.12 below provides a comparison of the sediment types found across this frontage in 2009-10 and

2014-15 by textural class (after Folk, 1954).
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Figure 4.12: Mersey Estuary Spatial plot of Folk sediment textural classification groups
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4.7.2 Comparison of Data

Table 4.11 below provides a comparison of the number and percentage of samples by textural class (after Folk,
1954), within the information shown graphically in Figure 4.13.

Table 4.11: Mersey Estuarytextural classification of samples collected in 2009-10 and 2014-15
Textural class 2009-2010 samples 2014-2015 samples
Number Percent Number Percent
Gravel 0 0.0 1 1.5
Sandy Gravel 1 6.7 8 12.1
Muddy Sandy Gravel 0 0.0 1 15
Muddy Gravel 0 0.0 0 0.0
Gravelly Sand 0 0.0 0 0.0
Gravelly Muddy Sand 0 0.0 1 15
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 0 0.0 4 6.1
Slightly Gravelly Muddy Sand 0 0.0 1 15
Slightly Gravelly Sandy Mud 0 0.0 0 0.0
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 13 86.7 47 71.2
Muddy Sand 0 0.0 3 4.5
Sandy Mud 1 6.7 0 0.0
Mud 0 0.0 0 0.0
Total: 15 100.0 66 100.0
100.0 100.0
(a)2009-2010 n=15 (b) 20142015 n=66
90.0 90.0
80.0 80.0
%70.0 %70.0
é 60.0 é 60.0
[ [3]
gS0.0 gS0.0
“C:i 40.0 é 40.0
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L. 30.0 L 30.0
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Figure 4.13: Mersey Estuary: Percentage frequency histograms of the Folk sediment textural classification
groups
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4.7.3 Key Points Arising from Examination of Data

The following key points arise from examination of the d ata:

1 In2014-15, 55 samples were collected from northwest shore of the Mersey estuary between Fort Perch
Rock and Seacombe Ferry A smaller number of samples (14 No.) were taken from fewer profiles on this
frontage in 2009-10. During the earlier survey samples were also taken from parts of the mid and inner
estuary, but these areas were not sampled in 2014-15.

1 Approximately 71% of the samples taken in 2014-15 are classifiedas6 sandd compared with
87% of samples from the same area (i.e. excluding samples from the inner estuary) in 2009-10. The
principal reason for the difference is that in 2014 -15 a larger number of gravel and sandy gravel samples
were collected from previously un-sampled areas (mainly the upper shore towards Seacombe Ferry).
Additionally, very little mud was recorded in the 2009 -10 samples but 7 samples collected in 2014-15
contained 5 to 25% mud.

1 The sediments collected in 2014-15 show a fairly wide range of sand size modes, ranging from 125-1 50 1T m
to300-355 T m. The most f r-kbgvase2i2t2 5nbo diem,i nc o2nOpla® €2 Jwmtihn 130 (
10. A general spatial trend in modal sand size is evident in the 2014-15 data, with coarser sand modes
found mainly near the estuary mouth, and finer sand modes becoming more common up -estuary towards
Seacombe Ferry

4.7.4 Reconciliation _with monitoring data

There is little foreshore monitoring data available within the Mersey Estuary, with only the beach betwe en New
Brighton and Seacombe on the Wirral side being routinely surveyed. Beach behaviour across this section is
controlled by a series of three rock groynes which compartmentalise the frontage , with the backshore protected
by a vertical masonry wall. Beach movement is cyclical and of low magnitude (Coastal Engineering, August
2015).

The winter storms of 2013-14 caused wave overtopping of the backshore defences and flooding of the
promenade. Elsewhere in the estuary no damage was recorded, although erosion of the toe of the clay cliffs at
New Ferry was identified. No specific records of beach change were recorded.

Associated sediment change across this frontagefrom 2009/10 to 2014/15 shows:

1 Between Egremont and Seacombe Ferry sediments generally coaser than in 2011; and
1 Elsewhere greater frequency of recording provides better definition of range of sediment types.

Changes in the gradient of the beach between tidal contours at profiles, where sediment data was recorded in
both 2009/10 and 2014/15, are shown in Table 4.12 below, identifying no significant changes in accordance with
the sediment analysis results. Full details of changes between surveys for each profile are provided in Appendix
C.

Table 4.12: Gradients between tidal contours 2009-10 and 2014-15

Profile Ref HAT-MHWS MHWSMHWN MHWNMSL MSL-MLWN MLWNMLWS
2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15

11A02106 2.26 33.05 29.71 25.92 21.14 14.77

11A02123 0.72 4.98 16.68 14.38 136.02 140.86 17.98

11A02143 0.90 0.90 15.70 85.39 86.99 24.02

11A02165 0.08 0.08 7.84 45.34 44.48

11A02181 0.17 0.17 0.80 6.69
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4.8
48.1

SEAFORTH TO CROSSENS

Classification Data 2015

Figure 4.14 below provides a comparison of the sediment types found across this frontage in 2009-10 and
2014-15 by textural class (after Folk, 1954).
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Figure 4.14: Seaforth to Crossens Spatial plot of Folk sediment textural classification groups
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4.8.2 Comparison of Data

Table 4.13 below provides a comparison of the number and percentage of samples by textural class (after Folk,
1954), within the information shown graphically in Figure 4.15

Table 4.13: Seaforth to Crossenstextural classification of samples collected in 2009-10 and 2014-15
Textural class 2009-2010 samples 2014-2015 samples
Number Percent Number Percent
Gravel 0 0.0 0 0.0
Sandy Gravel 0 0.0 0 0.0
Muddy Sandy Gravel 0 0.0 0 0.0
Muddy Gravel 0 0.0 0 0.0
Gravelly Sand 5 5.0 2 1.0
Gravelly Muddy Sand 0 0.0 1 0.5
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 6 5.9 11 55
Slightly Gravelly Muddy Sand 0 0.0 0 0.0
Slightly Gravelly Sandy Mud 0 0.0 0 0.0
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 81 80.2 159 79.1
Muddy Sand 8 7.9 25 12.4
Sandy Mud 1 1.0 3 15
Mud 0 0.0 0 0.0
Total: 101 100.0 201 100.0
90.0 90.0
(a)2009-2010 n=101 (b) 20142015 n=201
80.0 80.0
70.0 70.0
S S
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Figure 4.15: Seaforth to Crossens: Percentage frequency histograms of the Folk sediment textural classification
groups
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4.8.3 Key Points Arising from Examination of Data

The following key points arise from examination of the data:

1 A total of 201 samples were collected in this areain 2014-15 (67 descri bed as Oupper
as 06 mid beachd and 67 described as 01l owel0. Theecaossh 6 , c
shore spatial distribution of samples taken in 2014-15 was good, and a larger number of samples were
taken in the Southport to Crossens and Seaforth to Hightown areas than in 2009-10. However, in the 2014 -

15 sampling campaign the O6high t i deabbetween Southportmané di at e
Crossens was not sampled, the most | andward sampling
locations in 2014-15.

1 The Sefton coast is sanddominated, 79.1% of the samples collected in 2014 -15 being classified as sand,
12.4 % as muddy sand, 5.5% as slightly gravelly sand, and 1.0% as gravelly sand (equivalent percentages
in 2009-10 were 80.2%, 7.9%, 5.9% and 5.0%). Most of the gravel -sized material consists of intact and
broken shells except between Hall Road, Crosty and Hightown where construction rubble is a major
constituent.

1 A wide range of sand mode classes occurs. On the more open parts of the coast, around Formby Point and

Ainsdale, the upper beach samples mostly have a modal sand size of 2563 00 T m, aisdcléarher

offshore fining trend (most of the mid and lower beach samples have modal sizesof 212-250 T m and 18
212 T m). I n the | ower energy environment bet ween Sou
samples are composed of fine sand and muddy sand (sand modes of 150-1 8 0 T m ah&%0 1i2rB) , wi

slightly coarser sand modes on the mid and lower beach. On the margins of the outer Mersey estuary
between Seaforth and Hightown, the sediments become finer in an offshore direction, with fine sand modes
(125-150 T m alha5 1i10m) domi nant on the | ower shore, togeth

1 The main difference evident between the 2009-10 and 2014-15 surveys is a greater abundance of fine sand

in samples taken from the lower shore during the second epoch. The lower foreshore between Hightown
and Seaforth also had greater mud abundance in 2014-15 compared with 2009-10.

4.8.4 Reconciliation _with monitoring data

The Sefton shoreline comprises artificially defended frontage at the southern ( Seaforth to Blundellsands) and
northern extremities (Southport) with a largely naturally functioning shoreline in between with the foreshore
backed by dunes. The frontage receives primary sediment inputs from offshore in Liverpool Bay and from the
dunes, which are vulnerable to erosion. Longshore sediment transport is bi-directional with a drift divide
occurring at Formby Point with material being moved southerly towards the Mersey and northerly towards the
Ribble. Overall beach volumes are increasing apart from across the Formby frontage where sediment inputs
are outweighed by the longshore transport losses.

Beach behaviourand movement is heavily influenced by the cross shore movement and variation in the position
of ridges and runnels across the majority of this frontage between Seaforth and Ainsdale.

The winter storms of 2013-14 caused wave overtopping of artificial backshore defences and flooding/damage of
promenades (Coastal Engineering, February 2015) Natural frontages were more significantly affected with
specifically:

1 The loss of approximately 6,000m? of rubble cliff over the winter between Blundellsands and Hightown,
equivalent to an average setback of approximately 3.5 metres across the entire frontage;

1 The December 2013 storm alone causing a loss of dune in magnitude approximately 1.5 times greater than
the total change in dune area (erosion + accretion) since 2001. This was equivalent to an average setback
across the eroding dune section of approximately 7.0 metres; and

1 Dune material provided a feed to the beach but overall beach volumes did not change significantly.

Associated sediment change across this frontagefrom 2009/10 to 2014/15 shows:

1 Changes in upper foreshore at Hightown which are attributable to dune reinstatement works undertaken
here in 2011

1 No significant change observed to infer changes in behaviour or risk level
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Changes in the gradient of the beach between tidal contours at profiles where sediment data was recorded in
both 2009/10 and 2014/15 are shown in Table 4.14 below. Full details of the gradient changes at each of these
profiles are provided in Appendix C.

The most significant changes highlighted in - are associated with dune advancement at Crosby (2186) and

dune recession at Formby (2408, 2417) - (see profile change plots in Appendix D).

movement and variation in the position of the ridge/runnel features can clearly be seen on these plots.

In addition , cross shore

Table 4.14: Gradients between tidal contours 2009-10 and 2014-15

Profile Ref HAT-MHWS MHWSMHWN MHWNMSL MSL-MLWN MLWNMLWS
2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15

11A02186 57.58 72.72 111.01 93.35

11A02196 21.66 26.78 83.38 86.99 111.76 87.52

11A02213 35.14 55.22 59.94 76.53 112.08 59.35

11A02231 6.50 3.61 57.70 61.11 103.26 99.55

11A02250 2.61 3.27 10.86 12.07 108.51 | 100.23

11A02278 5.81 5.45 10.47 10.53 | 266.98 | 296.40 176.13

11A02323 27.98 43.92 | 595.45 | 549.78 121.99 96.47 89.47 125.79

11A02350 81.62 97.28 | 565.41 | 527.08 85.08 87.05

11A02376 59.73 44.96 160.16 | 252.54 | 213.97 | 124.98

11A02392 21.77 24.38 54.49 62.94 | 11359 | 108.42 | 161.06 | 155.40

11A02400 18.55 29.65 47.42 50.73 89.00 80.65 | 106.01 138.32

11A02408 62.56 58.60 68.67 51.42 90.41 120.66

11A02417 34.23 43.85 82.49 65.74 87.42 105.67 100.91

11A02427 11.01 12.42 38.46 47.17 82.46 85.90 96.21 80.88

11A02439 13.66 14.94 58.67 58.46 57.32 62.71 | 112.71 113.89

11A02462 13.57 19.53 56.31 67.62 56.57 60.43 | 135.07 116.05

11A02489 20.28 16.38 53.83 68.81 113.10 57.86 93.39 153.03

11A02537 116.04 95.27 126.98 | 156.67 115.78 91.97 | 163.02 163.16

11A02641 63.71 67.62 | 568.85 | 601.00

11B00001 7.19 7.17 619.40 | 604.60

11B00042 | 869.84 | 897.38

11B00062 | 593.03 | 764.78
Changes in gradient investigated further (as discussed above)
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4.9
49.1

LYTHAM TO_STARR GATE

Classification Data 2015

Figure 4.16 below provides a comparison of the sediment types found across this frontage in 2009-10 and

2014-15 by textural class (after Folk, 1954).
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Figure 4.16: Lytham to Starr Gate: Spatial plot of Folk sediment textural classification groups
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4.9.2 Comparison of Data

Table 4.15 below provides a comparison of the number and percentage of samples by textural class (after Folk,
1954), within the information shown graphically in Figure 4.17.

Table 4.15: Lytham to Starr Gate textural classification of samples collected in 2009-10 and 2014-15
Textural class 2009-2010 samples 2014-2015 samples
Number Percent Number Percent
Gravel 0 0.0 0 0.0
Sandy Gravel 0 0.0 5 7.2
Muddy Sandy Gravel 0 0.0 1 14
Muddy Gravel 0 0.0 0 0.0
Gravelly Sand 1 1.7 3 4.3
Gravelly Muddy Sand 0 0.0 1 1.4
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 0 0.0 19 27.5
Slightly Gravelly Muddy Sand 0 0.0 2 2.9
Slightly Gravelly Sandy Mud 0 0.0 1 1.4
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 44 73.3 23 33.3
Muddy Sand 9 15.0 5 7.2
Sandy Mud 6 10.0 9 13.0
Mud 0 0.0 0 0.0
Total: 60 100.0 69 100.0
80.0 80.0
(a)2009-2010 n=60 (b) 20142015 n=69
70.0 70.0
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g g
g 500 g 500
g g2
340.0 540,0
g g
2 30.0 3 30.0
o o
L L.
20.0 20.0
10.0 10.0
00 F : T - W W W BW W TW T T 0.0 T
Faigz8gzis 27 'RENERNE SN

Figure 4.17: Lytham to Starr Gate: Percentage frequency histograms of the Folk sediment textural classification
groups
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4.9.3 Key Points Arising from Examination of Data

The following key points arise from examination of the data:

1 A total of 69 samples were collected in this coastal reporting unit in the 2014 -15 survey, compared with 59
in the 2009-10 survey. In the more recent survey more samples were taken from the marshes / mudflats
towards Warton Bank at the Ribble estuary end of the frontage.

1 Only 33% of the samplesinthe 2014-15 survey are classified ia26809-#0s and 6,
This can be explained by a number of factors.

o Firstly, many of the mid and lower intertidal sand flat samples collected in 2014-15 contain small
amounts of gravel (mainly s hel | but al so some &6trued gr d&vheske) ,

samples as 6slightly gravelly sand, 6gravelly sandbd,

0 Second, in the 2014-15 samples more samples were taken from gravel and sandy gravel sediments at
locations slightly further landward than in 2009 -10.

0 Thirdly, the 2014-15 survey sampled muddy sand and sandy mud sediments at the eastern end of the
frontage which were not sampled in 2009-10.

I Most of sandy sediments on the more exposed coast west and northwest of Fairhaven Lake have sand

modes in the 212-150 T m a3»@O0 215 categories. The sand modes ge

sheltered areas east of Fairhaven Lale (150-1 80 T m ah%0 1i2h) and beco-mé& Veruy

7590 T m alndé 910m) towards Warton Bank. Upper bead®h sani

also have a relatively fine sand mode (150-1 8 0 1 m) , possibly represamwhicghng r
were eroded during the winter 2013 -14 storms.

49.4 Reconciliation _with monitoring data

The Ribble estuary as a whole is a sink for sediments, receiving sediments from offshore sources transported
eastwards towards the shoreline together with as well as there being a longshore feed from the inter -tidal
zones that flank the outer reaches of the estuary. In addition , from within the middle reaches of the estuary
the net potential transport for coarser, non -cohesive sediment is directed out of the estuary.

The Lytham to Starr Gate frontage on the northern shore represents a gradual change from estuarial to open
coast exposure conditions, across a frontage that is predominantly engineered but with remaining fragments of
a dune system that once covered the majority of the frontage.

Beach conditions comprise mainly muds/muddy sands across the Lytham frontage, becoming sandier with
increased gravel content as the shoreline becomes more exposed. Generally beach volumes are increasing
across this frontage but cyclical behaviour occurs (Coastal Engineering, March 2015)

There are no specific data to inform quantitative identification of change but qualitatively t he winter storms of
2013-14 generally had no major impact on conditions between Lytham and St Annes, but north of St Annes Pier
erosion of the dune toe occurred, which as identified above may have contributed to the finer material observed
in the vicinity of Starr Gate.

Associated sediment change across this frontagefrom 2009/10 to 2014/15 shows:

1 Anoverall coarsening of sediments; and
1 Aslight change in characteristics between Lytham and Fairhaven but no overall trend.
1 Apparent fining of sand on the beach south of Starr Gate.

Changes in the gradient of the beach between tidal contours at profiles, where sediment data was recorded in
both 2009/10 and 2014/15, are shown in Table 4.16 below. Full details of the gradient changes at each of these
profiles are provided in Appendix C.

The most significant changes highlighted in - are associated with multiple crossing points of the MHWST tidal
contour with analysis taking the most seaward location and influencing the gradient (see profile change plots in
Appendix D). Upper beach accretion has occurred at this location and there has been a coarsening of sediment
type from gravelly sand to sandy gravel.
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Table 4.16: Gradients between tidal contours 2009-10 and 2014-15

Profile Ref HAT-MHWS MHWSMHWN MHWN-MSL MSLMLWN MLWNMLWS
2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15

11B00783 9.18 46.88 45.89 57.56 59.36 27.42 27.04

11B00796 2.38 192.66 123.16 73.06 45.28 48.41

11B00807 56.43 52.36 394.80

| 11800832 |NNGHNMINONAN 60152 55.80

11B00840 19.16 23.63 778.20 59.34 65.07

11B00847 17.66 25.59 913.60

11B00853 28.38 837.82 | 391.55

11B00862 652.78 207.61

11B00870 167.69 189.12 609.53 566.90 129.32
11B00880 103.04 116.28 508.57 502.67 139.72
11B00890 104.70 108.05 367.88 | 397.28 | 337.08
11B00900 162.69 174.16 206.20 | 201.52 194.19 141.94
11B00910 173.11 190.90 167.31 124.99 115.11 152.21

11B00921 100.90 103.98 148.24 127.88 82.27 106.90 126.46 114.83

11B00932 38.24 35.29 104.05 91.03 62.25 69.51 136.99 126.00 140.97

11B00945 14.25 14.83 56.17 44.29 58.74 85.98 135.33 111.63 114.81
Changes in gradient investigated further (as discussed above)
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4.10 STARR GATE TO CLEVELEYS
4.10.1 Classification Data 2015

Figure 4.18 below provides a comparison of the sediment types found across this frontage in 2009-10 and
2014-15 by textural class (after Folk, 1954).
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Figure 4.18: Starr Gate to Cleveleys Spatial plot of Folk sediment textural classification groups
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4.10.2 Comparison of Data

Table 4.17 below provides a comparison of the number and percentage of samples by textural class (after Folk,
1954), within the information shown graphically in Figure 4.19.

Table 4.17: Starr Gate to Cleveleystextural classification of samples collected in 2009-10 and 2014-
15
Textural class 2009-2010 samples 2014-2015 samples
Number Percent Number Percent
Gravel 1 1.8 0 0.0
Sandy Gravel 0 0.0 2 3.3
Muddy Sandy Gravel 0 0.0 0 0.0
Muddy Gravel 0 0.0 0 0.0
Gravelly Sand 1 1.8 6 10.0
Gravelly Muddy Sand 0 0.0 0 0.0
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 0 0.0 21 35.0
Slightly Gravelly Muddy Sand 0 0.0 0 0.0
Slightly Gravelly Sandy Mud 0 0.0 0 0.0
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 55 96.5 30 50.0
Muddy Sand 0 0.0 1 1.7
Sandy Mud 0 0.0 0 0.0
Mud 0 0.0 0 0.0
Total: 57 100.0 60 100.0
100.0 100.0
(a)2009-2010 n=57 (b) 20142015 n=60
90.0 90.0
80.0 80.0
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Figure 4.19: Starr Gate to Cleveleys: Percentage frequency histograms of the Folk sediment textural
classification groups
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4.10.3 Key Points Arising from Examination of Data

The following key points arise from examination of the data:

1 A total of 55 samples were collected in this section in 2014-15, compared with 52 in 2009. Most of the
samples collected between Starr Gate and Blackpool North in 201415 are  classified as sand, and slightly
gravelly sand, with gravelly sand and some sandy gravel found between Blackpool North and the Cleveleys
end of the frontage. Mud is rare and restricted either to one r two runnels or to periodic outcrops of glacial
till on the mid -lower foreshore at Cleveleys.

1 The 2014-15 samples as a whole contained more gravel and coarser sand than the samples collected in
2009-10. The dominant sand mode in the 2014-15 samples is the 250-300 category, followed by 212-250
Tm and 2580 1T m cat ego10imos of the lmweRbedtt® samples had a 180-2 12 T m
mode, with a coarsening trend towards t he high water mark. The 2014-15 lower beach samples show a
similar sand mode to the mid and most of the upper beach samples (212-25 0 1T m a0 2i5mM) .

1 An anomaly is seen at the southern end of the frontage near Starr Gate, where the upper beach samples
collected in 2014-15 have an unusually fine sand mode (180-2 12 1 m) . These finer
reworked dune sands which were eroded during the 2113-14 winter.

4.10.4 Reconciliation _with monitoring data

The Blackpool frontage between Starr Gate and Cleveleys comprises a heavily modified backshore comprising
artificial defences across the whole frontage with the section between Starr Gate and North Pier comprising new
defences constructed in the past twenty years. The defences interface to an eroding foreshore that is fed by
material transported eastwards from offshore but which is subject to littoral drift in both a north and south
direction relative to a mo veable drift divide (Coastal Engineering, March 2015)

Foreshore behaviour, in common with other open coast frontages exposed to wave and tide influences includes
for cross shore movement and variation in the position of ridges and runnels.

Associated sedliment change across this frontage from 2009/10 to 2014/15 shows:

1 General coarsening of sediments across the frontage;
1 Potential influence of new defence works between the South and North Piers constructed in the latter half
of the 2000s.

Changes in the gradient of the beach between tidal contours at profiles where sediment data was recorded in
both 2009/10 and 2014/15 are shown in Table 4.18 below. Full details of the gradient changes at each of these
profiles are provided in Appendix C.

The most significant changes highlighted in - are associated with cross shore movement and variation in the
position of the ridge/runnel features rather than any specific change in sediment (see profile change plots in
Appendix D).
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Table 4.18: Gradients between tidal contours 2009-10 and 2014-15

Profile Ref HAT-MHWS MHWSMHWN MHWNMSL MSL-MLWN MLWNMLWS
2009/10 | 2014/15 | 2009/10 [ 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15

11B00957 2.02 2.06 2.02 2.06 39.00 38.77 | 12240 ] 111.93 108.94

11B00965 2.04 2.09 2.04 2.09 40.30 28.86 | 101.75 | 115.31 97.39

11B00972 2.10 2.06 2.10 2.06 78.20 | 106.07 91.76

11B00980 2.12 2.07 2.12 2.07 30.64 52.92 99.96 75.17 91.78

11B00997 3.33 3.05 \ 65.49 82.98 85.64 85.56

11B01004 3.19 2.85 96.45 | 6150 | 83.24 | 105.62

11B01011 3.33 3.12 56.40 57.60 92.30 75.54

11B01019 2.96 3.01 51.15 70.93 93.44 82.73

11B01026 3.32 3.07 51.85 70.76 81.71 70.13

11B01035 3.13 3.04 3.11 2.95 45.09 71.59 94.44 79.31 108.41

11B01050 2.72 2.98 3.10 3.20 65.33 79.75 84.33 75.15 95.45

11B01067 2.20 2.23 2.20 2.23 4.91 452 | 13471 | 143.81 88.78

11801081 2.41 2.22 2.41 2.22 3.85 6.85 | 167.40 | 150.82 103.22

11801096 2.32 1.74 2.32 2.92 M 115.89

11B01113 1.62 1.61 1.90 1.95 197.70

11B01128 1.57 1.48 2.00 1.71 71.55 86.08 | 118.85 83.68 160.07

11801143 78.78 79.64 |  93.04 86.39 116.73

11B01158 86.63 76.62 | 103.46 113.48
Changes in gradient investigated further (as discussed above)

Within this section there are no areas where changes in shoreline position influence sediment composition, with

the entire frontage protected by artificial defences.
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4.11
4.11.1 Classification Data 2015

CLEVELEYS TOROSSALL POINT

Figure 4.20 below provides a comparison of the sediment types found across this frontage in 2009-10 and

2014-15 by textural class (after Folk, 1954).
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Figure 4.20: Cleveleys to Rossall Point Spatial plot of Folk sediment textural classification groups
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4.11.2 Comparison of Data

Table 4.19 below provides a comparison of the number and percentage of samples by textural class (after Folk,
1954), within the information shown graphically in Figure 4.21.

Table 4.19: Cleveleys to Rossall Pointtextural classification of samples collected in 2009-10 and

2014-15
Textural class 2009-2010 samples 2014-2015 samples
Number Percent Number Percent
Gravel 4 5.0 4 12.5
Sandy Gravel 11 13.8 5 15.6
Muddy Sandy Gravel 0 0.0 0 0.0
Muddy Gravel 1 1.3 0 0.0
Gravelly Sand 8 10.0 5 15.6
Gravelly Muddy Sand 0 0.0 0 0.0
Gravelly Mud 1 1.3 0 0.0
Slightly Gravelly Sand 23 28.8 12 37.5
Slightly Gravelly Muddy Sand 0 0.0 0 0.0
Slightly Gravelly Sandy Mud 0 0.0 0 0.0
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 30 375 4 12.5
Muddy Sand 2 2.5 2 6.3
Sandy Mud 0 0.0 0 0.0
Mud 0 0.0 0 0.0
Total: 80 100.0 32 100.0
45.0 45.0
(a)2009-2010 n=80 (b) 20142015 n=32
40.0 40.0
35.0 35.0
) S
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8 8
g 250 g 250
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4.11.3 Key Points Arising from Examination of Data

The following key points arise from examination of the data:

1 A total of 32 samples were collected from 6 profiles on this frontage during 2014 -15. In 2009-10 duplicate
sets of samples were collected, with 4, 5 or 6 samples taken from some profiles, giving a total of 55
samples.

1 The samples collected in 2014-14 were relatively coarse, being classified mainly as slightly  gravelly sands
and gravelly sands, and with gravels and sandy gravels dominated the upper beach locations. The mid and
lower beach samples collected in 201415 are mainly classified as slightly gravelly sands and sands.
General ly, | ess 0 s anlf than ma2809-p0r probably due o winndvling 4f finer sand
sizes during the stormy winter of 2013 -14.

1 A wide range of sand mode sizes was present in sanples collected during both sampling campaigns. The
2014-15 samples show a well marked crossshore trend in sand mode size. The lower beach samples

mostly have a relatively fine modal size (150-1 8 0 T m) , mi samplee haweh an intermediate sand
mode size(180-212 T m25Q21Pm ah@o 2i5mM) , and upper beach sampl es
sand mode (300-355 T m in -6860thm 5@®@0the extreme north). The

sand mode size and gravel content reflects an increasing energy gradient towards Rossall Point.

4.11.4 Reconciliation _with monitoring data

The Cleveleys to Rossall Point frontage comprises a continuation of the heavily modified backshore comprising
artificial defences with the section at the south end comprising new defences constructed in the past ten years.
The defences interface to an eroding mixed sand and gravel foreshore that is fed by material transported
eastwards from offshore and longshore from the Blackpool frontage to the south.

Associated sediment change acrossthis frontage from 2009/10 to 2014/15 shows:

1 Overall a coarsening of material over the period;
1 Potential influence of the new Coastal Works at Cleveleys

No contemporary profile data are available for this section of frontage from which gradient/profile change can

be examined, but between 1992 and 2010 analysis of beach profiles showed a trend of accretion on the upper
beach and a trend of erosion on the mid to lower beach, with a steepening of the upper and lower beach profile
also evident and the beaches showing net erosion of overall (Halcrow, 2011).

Within this section there are no areas where changes in shoreline position influence sediment composition, with
the entire frontage protected by artificial defences.
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412 RossALL PoOINT TO WYRE ESTUARY
4.12.1 Classification Data 2015

Figure 4.22 below provides a comparison of the sediment types found across this frontage in 2009-10 and

2014-15 by textural class (after Folk, 1954).
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Figure 4.22: Rossall Point to Wyre Estuary Spatial plot of Folk sediment textural classification groups
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4.12.2 Comparison of Data

Table 4.20 below provides a comparison of the number and percentage of samples by textural class (after Folk,
1954), within the information shown graphically in Figure 4.23,

Table 4.20: Rossall Point to Wyre Estuarytextural classification of samples collected in 2009-10 and
2014-15
Textural class 2009-2010 samples 2014-2015 samples
Number Percent Number Percent
Gravel 2 3.3 1 4.8
Sandy Gravel 10 16.7 2 9.5
Muddy Sandy Gravel 0 0.0 0 0.0
Muddy Gravel 1 1.7 0 0.0
Gravelly Sand 3 5.0 2 9.5
Gravelly Muddy Sand 0 0.0 0 0.0
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 5 8.3 5 23.8
Slightly Gravelly Muddy Sand 1 1.7 0 0.0
Slightly Gravelly Sandy Mud 0 0.0 0 0.0
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 35 58.3 10 47.6
Muddy Sand 1 1.7 1 4.8
Sandy Mud 2 3.3 0 0.0
Mud 0 0.0 0 0.0
Total: 60 100.0 21 100.0
60.0 60.0
o0 |(2)20092010 n=60 (b) 20142015 n=21
X 55.0
50.0 50.0
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Figure 4.23: Rossall Point to Wyre Estuary: Percentage frequency histograms of the
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4.12.3 Key Points Arising from Examination of Data

The following key points arise from examination of the data:

1 Only 16 samples were collected from this frontage in 2014-15, compared with 44 in 2009-10 when up to 6
samples were taken on some profiles. The majority of samples collected in 2014-15 are classified either as
6sandb6 (47.6%) or 6sl i ght | y-10p8.204 of thé samptes wededclas6ife@ as8 %) .

6sandd and 8.3% as 6slightly gravelly sanddé. One 6gr a

2014-15 near the mouth of the Wyre.

1 A wide range of sand modes was present in both sampling periods. In 2009-10 the lower foreshore areas
were dominated by relatively fine sand modes, especially near the low water channel of the Wyre (63 -75

T m, -19006 T m alnza5 170rf)increasing modal size towards the mid foreshore (250-3 00 T m) and

the upper beach (300-3 55 1 m) . -T5hiaver 2ofeghdre samples have a slightly coarser mode (106-
125and 125-1 50 1T m) , but the data still show a300dam rtshe niungg

300-350 T m a0 5i0M at the Rossall Point end of the front

4.12.4 Reconciliation _with monitoring data

The Rossall Point to Fleetwood frontage comprises a largely defended backshore built in front of a natural dune,
seawards of which intermittent sections of new dunes have developed. The defences interface to a mixed sand
and gravel foreshore that is largely accreting fed by material transported from nearshore sand banks and
longshore around Rossall Point from the eroding Blackpool and Cleveleys frontages to the south.

Associated sediment change across this frontagefrom 2009/10 to 2014/15 shows:

1 A slight coarsening of material over the period;

No contemporary profile data are available for this section of frontage from which gradient/p rofile change can
be examined, but between 1992 and 2010 analysis of beach profiles showed, apart from the section adjacent to

the Boating Pool where the shoreline protrudes seaward, an increase in volume over time decreasing in
magnitude towards the east (Halcrow, 2011).
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4.13
4.13.1 Classification Data 2015

WYRE ESTUARY TO HEYSHAM HARBOUR

Figure 4.24 below provides a comparison of the sediment types found across this frontage in 2009-10 and

2014-15 by textural class (after Folk, 1954).
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Figure 4.24: Wyre Estuary to Heysham Harbour. Spatial plot of Folk sediment textural classification groups
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4.13.2 Comparison of Data

Table 4.21 below provides a comparison of the number and percentage of samples by textural class (after Folk,

1954), within the information shown graphically in Figure 4.25.

Table 4.21: Wyre Estuary to Heysham Harbour textural classification of samples collected in 2009-10

and 2014-15
Textural class 2009-2010 samples 2014-2015 samples
Number Percent Number Percent
Gravel 0 0.0 0 0.0
Sandy Gravel 5 5.3 0 0.0
Muddy Sandy Gravel 1 1.1 1 0.6
Muddy Gravel 0 0.0 0 0.0
Gravelly Sand 1 1.1 1 0.6
Gravelly Muddy Sand 0 0.0 1 0.6
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 0 0.0 3 1.9
Slightly Gravelly Muddy Sand 0 0.0 2 13
Slightly Gravelly Sandy Mud 0 0.0 0 0.0
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 16 16.8 50 32.1
Muddy Sand 34 35.8 80 51.3
Sandy Mud 38 40.0 18 115
Mud 0 0.0 0 0.0
Total: 95 100.0 156 100.0
60.0 60.0
o0 | (2)20092010 n=95 w0 | (0) 20142015 n=156
50.0 50.0
o 45.0 o 45.0
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Figure 4.25: Wyre Estuary to Heysham Harbour: Percentage frequency histograms of the Folk sediment textural

classification groups
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4.13.3 Key Points Arising from Examination of Data

The following key points arise from examination of the data:

1 In2014-15, 153 samples were collected from this unit, which includes a large proportion of the southern
and south eastern shores of Morecambe Bay (compared with 88 samples in 2009-10). In the later survey
more comprehensive sampling was undertaken of the Pilling frontage, with sampling extending further from
the high water mark than in 2009 -10. The positions of the o6midoé s albpplotcksetorthe 201 4
positions of the 061 owe rl, patly due toehe rapidraté @ csedamgntation and 0 1 4
coastal progradation in this area.

1 Of the samples collected in 2014-1 5 , 32% are classified as 6sand6é and
with 51.3% 6édsandd and 352@8FX0 .0 muMuWd/dy ammandd COMPr i sed
collected in 2014 -15 (compared with 40.0% in 2009 -10). Many of the muddy sand samples collected in
2014-15 were from locations in the Lune estuary, or from the upper parts of the intertidal zone around
other parts of the Bay.

1 On the Pilling frontage there is a landward fining trend of san d modal size, ranging from 150 -1 8 0 T m on
the lower tidal flatsto 63-75 T m on the upper tidal flats. On the ea
Carnforth, an opposite trend is evident, with finer sand modes on the lower tidal flats (106 -1 50 T m and

150- 180 T m) and coarser sand modes on2b50hel nupegp3ed0 2151@)a l
These differing trends reflect the much lower wave energy environment of the southern side of Morecambe
Bay.

4.13.4 Reconciliation _with monitoring data

This section of frontage comprises a variety of foreshore and backshore conditions with extensive areas of
saltmarsh across the north facing coast backed (at the western end) by hard defences, with a mixture of
defended and undefended sections of cliffs across the west facing sections split by the River Lune which
discharges into Morecambe Bay between Plover Scar and Sunderland Point.

The key sources of sediment supply to the frontage are from the offshore zone in Morecambe Bay and the Irish
Sea; fine material is moved onshore to be deposited on the flats and saltmarshes with these features acting as
sediment stores within the circulation cell of the southern section of Morecambe Bay.

Littoral drift is eastward but of low magnitude along the southern Morecambe Bay frontage between the River
Wyre influenced by the orientation of the shoreline, shelter from the offshore banks and effect of the River

Wyre. Transport of sediment across the mouth of the River Wyre into this section is small. Fine material is
moved onshore where it is deposited on flats, beaches and saltmarshes along the frontage, particularly leading
to growth of beaches and increases in saltmarsh extent in the south eastern corner of the Bay, particularly
across Pilling and Cockerham sands.

On the north side of the estuary littoral drift is northward along the frontage, however volumes of sediment
transported along the coast are believed to be relatively small due to the attenuation of waves across the wide
intertidal sand banks. At the northern end the harbour acts to intercept any northerly drift. Overall volumes of
sediment in motion are thought to be low with sediment transport along the lower foreshore is more significant
than that on the upper foreshore (Coastal Engineering, April 2014).

Beach prdfile data across the north facing coast is not available post 2010 but the 2006 -10 data identified
increasing upper beach cross sectional areasalong this frontage and associated saltmarsh gowth.

Associated sediment change across this frontage from 2009/10 to 2014/15 identified finer material at
Cockersands and between Potts Corner and Heysham Across both these sections of frontage upper beach
volumes are reducing albeit at a very slow rate and not significantly enough to alter beach gradients. Acrossthe
Cockersands frontagethe beach interface with vertical hard defences influences beach behaviour in this area.

The most significant changes highlighted in - are associated with a growth in saltmarsh and the MHWST
contour being located much further to seaward in 2014 than in 2009 (see profile change plots in Appendix D).
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Changes in the gradient of the beach between tidal contours at profiles, where sediment data was recorded in
both 2009/10 and 2014/15, are shown in Table 4.22 below. Full details of the gradient changes at each of these
profiles are provided in Appendix C.

Table 4.22: Gradients between tidal contours 2009-10 and 2014-15
Profile Ref HAT-MHWS MHWSMHWN MHWNMSL MSL-MLWN MLWNMLWS
2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15
11C00511 230.02 230.74 3.07
11C00527 280.21
11C00543 210.28 321.30
11C00559 3.47 3.35 78.88 77.54
11C00580 3.21 3.59 58.32 55.93
11C00595 3.01 3.33 116.27 118.10 103.76 144.43
11C00606 2.94 2.96 34.23 28.04 62.64 68.27
11C00626 2.74 2.49 15.78 15.61 34.07 34.70
11C00638 287.45 297.63 17.66 5.73
| 11C00665 |INNGOIGONINGOMGAN 192.43 | 68.62
11C00694 145.84 142.25 113.38 115.35 17.81 16.59
11C00745 70.11 70.10 70.65 72.19 14.60
11C01098 315.32
11C01158 314.01 312.51 2.46 3.38 7.13
11C01189 7.60 7.89 37.06 41.32
11C01203 13.86 14.46 33.09 31.85 38.31 35.96 37.24
11C01257 12.41 22.18
11C01265 8.39 9.47
11C01276 6.03 8.27 206.75 188.79
Changes in gradient investigated further (as discussed above)
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4.14 HEYSHAM HARBOUR TO KENT ESTUARY
4.14.1 Classification Data 2015
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Figure 4.26: Heysham Harbour to Kent Estuary. Spatial plot of Folk sediment textural classification groups
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4.14.2 Comparison of Data

Table 4.23 below provides a comparison of the number and percentage of samples by textural class (after Folk,
1954), within the information shown graphically in Figure 4.27.

Table 4.23: Heysham Harbour to Kent Estuary textural classification of samples collected in 2009-10
and 2014-15
Textural class 2009-2010 samples 2014-2015 samples
Number Percent Number Percent
Gravel 1 1.1 0 0.0
Sandy Gravel 8 8.9 2 1.2
Muddy Sandy Gravel 0 0.0 0 0.0
Muddy Gravel 0 0.0 0 0.0
Gravelly Sand 2 2.2 7 4.3
Gravelly Muddy Sand 0 0.0 1 0.6
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 1 1.1 5 3.0
Slightly Gravelly Muddy Sand 0 0.0 1 0.6
Slightly Gravelly Sandy Mud 0 0.0 0 0.0
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 21 23.3 26 15.9
Muddy Sand 29 32.2 91 55.5
Sandy Mud 27 30.0 31 18.9
Mud 1 1.1 0 0.0
Total: 90 100.0 164 100.0
60.0 60.0
oo | (8020092010 n=90 o0 | (0) 20142015 n=164
50.0 50.0
o 45.0 o 450
*§40.0 §40.0
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Figure 4.27: Heysham Harbour to Kent Estuary: Percentage frequency histograms of the Folk sediment textural
classification groups
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4.14.3 Key Points Arising from Examination of Data

The following key points arise from examination of the data:

1 A total of 144 samples were collected from this reporting unit in 2014 -15 compared with 90 in 2009-10. In
2014-15 only a very small number of samples collected north of Carnforth, exclusively from two profil es on
the south side of the Kent estuary and one sample at Silverdale. Marshes and tidal flats to the north of
Silverdale, from which samples were taken in 2009-10, were not sampled in 2014-15 due to fact that one of
the low water channels of the Kent had moved eastwards almost right up to the high water mark.

1 Gravel is relatively rare in this unit, the maximum content (30 -35%) being found in some upper beach
samples. Samples of 6écleand sand cont aagaim nkping> fAukd% s an
mainly on the upper beaches. No samples contained > 85% mud, but samples taken from the upper
foreshore on the relatively sheltered coast between Morecambe and Hest Bank where saltmarsh is eroding
contain up to 75% mud. Approximately 74% of the samples collected in 2014-15 are classified as muddy
sand and sandy mud, compared with approximately 62% in 2009 -10. By contrast, fewer samples collected
in2014-15 (approxi mately 16%) wer e cl asl8 (adpioémhtela28%)0sandd ¢

1 In general, upper beach samples tend to have a coarser sand mode (250 -3 00 T m a38d5 30M,
occasionally coarser) than the mid and lower beach samples (7590 T m1 068 0T m ahal5 1i0r6) . I
2014-15 the finest sand modes (63-75 1 m) occurr ed i tsalsngthd Hast Basnkshoseamdi me n
in on the southern foreshore of the Kent estuary.

4.14.4 Reconciliation _with monitoring data

The north eastern corner of Morecambe Bay comprisesthe heavily engineered urban frontage of Morecambe at
the southern end and the generally natural coast, largely without man made defences , acrossthe northern part.

The Morecambe frontage is the most exposed section within Morecambe Bay with behaviour directly linked to
the position of the Kent and Heysham Lake Channels and other tributaries and offshore banks that are
important in attenuating or concentrating wave energy. A low to medium net eastward drift exists across this
section of the frontage with uppe r beach movement generally modified and controlled by a series of shore
connected rock groynes and breakwaters. Sections of the upper beach have been artificially recharged with
either shingle or sand sized material, the latest phase of which was undertaken in 2007.

Further north, behaviour of the shoreline is directly linked to the position of the low water channels in relation
to the shoreline. Over the long-term, major shifts in the position of the main Kent channel are believed to be
cyclic, initiating cyclic accretional or erosional phases of saltmarsh development (Pringle, 2006). Increased
erosion rates are associated with the channel being close to the shore while accretion is related to the channel
being away from the shore. Long term saltmarsh dev elopment is therefore, primarily controlled by the position
of the Kent Channel, whereas short term saltmarsh development is associated with prevailing wave conditions
and storm surges or movement in the position of the minor channels, with west/south -westerly wave conditions
responsible for the most erosion. Sediment links to adjacent frontages are negligible due to low rates of littoral
drift experienced in this area resulting from the low levels of wave energy (Coastal Engineering, April 2014).

Across the Morecambe frontage the 2014/15 survey shows a wider variety of sediments with significant
longshore and cross shore variation and generally a fining having taken place.

Between Hest Bank and the outlet of the River Keer at Carnforth the saltmarsh is eroding across the southern

half of the frontage , between Hest Bank and Red Bank Farm but accreting across the northern half by similar

orders of magnitude. Between the River Keerand Jenny Brownds Point ¢nQoifgver da
erosion of the marsh linked to the location of the Kent channel since the mid 1980s. The recent evidence is that

the erosion has slowed in recent years with some sections of the frontage experiencing saltmarsh growth. At

the southern end of the frontage change is inhibit ed by the now visible edge of the historic tipped slag.

Changes in the gradient of the beach between tidal contours at profiles where sediment data was recorded in
both 2009/10 and 2014/15are shown in Table 4.24 below. Full details of the gradient changes at each of these
profiles are provided in Appendix C.
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The most significant changes highlighted in - are associated with recession of the saltmarsh between Hest

Bank and Red Bank Farm and the associated landward movement of the MHWST contour, whilst the HAT
contour has remained static. At profile 11C001601 the recession of the saltmarsh has been associaed with
local infilling of the nearshore channel some 250 metres offshore (see profile change plots in Appendix D).

Table 4.24: Gradients between tidal contours 2009-10 and 2014-15

Profile Ref HAT-MHWS MHWSMHWN MHWN-MSL MSLMLWN MLWNMLWS
2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15

11C01397 7.98 14.58 28.30 24.44 129.47 106.55

11C01399 9.53 10.50 22.41 21.67 121.72 100.20

11C01420 1.20 121 43.64 45.69 131.00 100.80

11C01423 3.11 3.05 63.53 64.24 124.96 99.96

11C01435 4.90 5.59 22.90 17.61 126.65 106.69

11C01442 4.85 5.07 49.89 41.71 141.72 149.73

11C01451 2.81 7.83 59.27 61.61 98.49

11C01456 4.36 3.13 110.62 88.70

11C01466 8.23 7.91 120.53 153.23

11C01476 1.66 1.67 140.27 182.08

11C01483 10.62 10.85 113.10 | 154.10

11C01502 6.66 2.11 21.33 23.07 115.67 140.15

11C01508 12.45 13.86 10.75 12.22 135.09 146.84

11C01514 4.05 4.42 8.62 7.95 114.52 95.02 29.02 44.70

11C01519 5.38 3.67 2.64 3.84 79.54 89.51 10.28 26.83

11C01522 9.17 4.67 19.04 19.57 138.93 120.25 27.38 50.65

11C01524 5.23 6.94 21.50 23.18 141.81 140.01 23.48 38.52

11C01532 3.27 2.33 37.92 39.79 138.55 140.49 20.85

11C01540 2.60 3.20 31.58 30.00 96.99 100.80

11C01544 3.23 3.16 24.49 24.33 70.74 81.13

11C01548 5.26 4.34 5.21 4.44 83.06 81.22 22.74

11C01553 3.44 3.47 8.25 7.58 72.65 61.80

11C01587 88.47 113.96 19.29

11C01601 146.19

11C01615 26.77 20.72

11C01894 4.64 5.22 8.51 9.23

11C01990 8.57 11.31 12.10 10.51

Changes in gradient investigated further (as discussed above)
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4.15
4.15.1 Classification Data 2015

KENT ESTUARY TO LEVEN ESTUARY

Figure 4.28 below provides a comparison of the sediment types found across this frontage in 2009-10 and

2014-15 by textural class (after Folk, 1954).
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Figure 4.28: Kent Estuary to Leven Estuary. Spatial plot of Folk sediment textural classification groups
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4.15.2 Comparison of Data

Table 4.25 below provides a comparison of the number and percentage of samples by textural class (after Folk,
1954), within the information shown graphically in Figure 4.29.

Table 4.25: Kent Estuary to Leven Estuarytextural classification of samples collected in 2009-10 and
2014-15
Textural class 2009-2010 samples 2014-2015 samples
Number Percent Number Percent
Gravel 0 0.0 0 0.0
Sandy Gravel 0 0.0 0 0.0
Muddy Sandy Gravel 0 0.0 0 0.0
Muddy Gravel 0 0.0 0 0.0
Gravelly Sand 0 0.0 0 0.0
Gravelly Muddy Sand 0 0.0 0 0.0
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 0 0.0 0 0.0
Slightly Gravelly Muddy Sand 0 0.0 0 0.0
Slightly Gravelly Sandy Mud 0 0.0 0 0.0
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 0 0.0 7 15.6
Muddy Sand 12 50.0 37 82.2
Sandy Mud 12 50.0 1 2.2
Mud 0 0.0 0 0.0
Total: 24 100.0 45 100.0
90.0 90.0
(a2)2009-2010 n=24 (b) 20142015 n=45
80.0 80.0
70.0 70.0
) s
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4.15.3 Key Points Arising from Examination of Data

The following key points arise from examination of the data:

1 Intotal 45 samples were collected in 2014-15 compared with 24 in 2009-10. More comprehensive sampling
was undertaken both on the Grange over Sands and Leven Estuary frontages in 2014-15.

1 No samples containing > 5% gravel were collected in 2014-15 or 2009-10. Only 4.4% of the samples
collected in 2014-15 contained > 95% sand (none in 2009 -10). However, more samples containing >75%
sand were collected in 2014-15, primarily due to a larger number of samples being t aken from the mid and
lower foreshore in 2014-15, especially on the Leven Estuary frontage.

1 Only 1 sample containing > 5% mud was collected in 2014-15, compared with 12 in 2009-10. This is largely
due to a reduction in the frequency of muddy sediments on the Grange frontage. The highest mud contents
are found in the saltmarsh sediments on both the Grange and Leven frontages. Approximately 85% of the
2014-15 samples are classified as O6muddy s and 6-10a0ver

6san

15% of t he samples collectedin 201415 are <c¢l assified as 6&san-d0primagilp mpar e

due to sampling of areas beyond the saltmarsh edge on the Leven frontage which were not sampled in
2009-10.

1 All of the samples collected in 2014-15 have fine sand modes (7590 T m alh@6 9I0m) . Mo st
samples collected in 2009-10 had even finer sand modes (63-75 T m a%@ 17r/) , al though
number of samples with medium sand modes (250-3 00 T m) wer e <collected from |

frontage which were not sampled in 2014-15. The apparent reduction in frequency of the finest sand may
be attributable to wave reworking of the intertidal sand flats and winnowing of the finer particles during the
stormy winter 2013-14. Some of the winnowed finer m aterial is likely to have been transported onto the
saltmarshes and/ or into the inner estuaries, although some may have been lost offshore.

4.15.4 Reconciliation __with monitoring data

The south bank of the outer estuary, between Arnside and Park Point, is characterised by limestone cliffs and
pocket shingle beaches, fronted by intertidal sandflats. In places, irregular shore platforms extend seaward,
which are thought to have formed following erosion of the limestone cliffs. The cliffs ultimately limit the erosi on
rate of the frontage and exert some control over shoreline evolution.

Along the northern side of the estuary, between the Kent Viaduct and Grange -over-Sands, the shoreline
consists of a wide sandy intertidal zone, backed by a relatively large area of saltmarsh and predominantly low-
lying, previously reclaimed land, except for a short section of cliff at Meathop Fell.

The outer section of the estuary on the northern side, between Grange-over-Sands and the limestone
promontory of Humphrey Head, is orientated in a south- easterly direction and is characterised by a series of
limestone outcrops of varying height fringing the shoreline. In some locations, the sloping hinterland is slightly
set back from the present shoreline position. A significant area of saltmarsh has developed in the lee of
Humphrey Head, whilst fringing saltmarsh has developed along the remaining frontage.

To the west of Humphrey Head the frontage is characterised by predominantly low-lying, reclaimed land fronted
by fringing marshes and a wide sandy intertidal zone. Sections of frontage that have been developed for
amenity are protected by extensive rock revetments.

The majority of sediment supplied to the Kent Estuary is sourced from offshore within Morecambe Bay.
Sediment is transported in a net northerly direction into the estuary during storms and is deposited on banks

within the estuary. Localised sediment input, from erosion of the cliffs at Arnside, can occur under extreme
conditions but is likely to represent only a small contri bution to the estuary budget. Rates of alongshore drift
are low and any sediment released is most likely be retained on local beaches. To the west of Humphrey Head
sediment links to adjacent frontages are negligible due to low rates of littoral drift expe rienced in this area
resulting from the low levels of wave energy (Coastal Engineering, April 2014).

Associated sediment change across this frontagefrom 2009/10 to 2014/15 shows:
1 Coarseningacross the Grange over Sands frontage due to saltmarsh erosion
1 Sandier lower foreshore on approachesto Leven
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Changes in the gradient of the beach between tidal contours at profiles, where sediment data was recorded in
both 2009/10 and 2014/15, are shown in Table 4.26 below. Full details of the gradient changes at each of these
profiles are provided in Appendix C.

The most significant changes highlighted in BB are associated with changes in the position of the seaward
boundary of the saltmarsh on both sides of Humphrey Head and associated movement of one or more of the
HAT, MHWST and MHWNT contour positions (see profile change plotsin Appendix D), with specifically the
following identifying ass causing :

1 At profile 11C002532 between the Kent viaduct and Holme Island, in 2009/10 the profile only recorded the
first 100 metres to the edge of the marsh. Accretion in t he interim has moved both the MHWST and
MHWNT contour positions seaward;

1 At profile 11C002559 at the eastern end of the Grange over sands frontage significant erosion has taken
place reducing the width of the marsh by approximately 50%. The apparent slackening of the gradient is
due to the marsh levels in 2009/10 recorded being below the MHWST until the landward end of the profile,
whereas by 2014 although the marsh had recessed the MHWST contour is located at the seaward edge of
the marsh;

1 At profile 11C02805, immediately east of the caravan park protected by the rock armour revetment on the
west side of Humphrey Head, whilst the marsh edge has recessed the most seaward location of the HAT
contour has moved seaward by 250 metres which accounts for the steepening of the gradient here;

1 At profile 11C02855, on the west side of Lowmar s h, the marsh width hawwydt ch
only recorded to the marsh edge (approximately 200 metres from the shoreline, whilst the 2014/15 survey
recorded to 1000 metres from the shoreline with the most seaward occurrence of the MHWNT being
approximately 900 metres offshore and accordingly the gradient between MWWNT and MHWST has
apparently slackened;

1 At profile 11C02877, at the eastern end of Sandgate marsh conditions have remained stable over the first
100 metres of the shoreline but the 2 009 survey only recorded the upper marsh (approximately 100 metres
from the shoreline), whilst the 2014/15 survey recorded to 1000 metres from the shoreline with the most
seaward occurrence of the MHWST being approximately 400 metres offshore and accordindy the gradient
between MWWST and HAT has apparently slackened;

Table 4.26: Gradients between tidal contours 2009-10 and 2014-15

Profile Ref HAT-MHWS MHWSMHWN MHWNMSL MSL-MLWN MLWNMLWS
2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15
11C02532 | |

11C02559 | 150.68 | |

11C02576

11C02587
11C02805
11C02827
11C02855
11C02877
11C02918 | 779.48 | 880.67 6.79
11C03462 9.94 12.27 11.27 10.19

Changes in gradient investigated further (as discussed above)
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4.16 LEVEN ESTUARY TO RAMPSIDE
4.16.1 Classification Data 2015

Figure 4.30 below provides a comparison of the sediment types found across this frontage in 2009-10 and

2014-15 by textural class (after Folk, 1954).
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Figure 4.30: Leven Estuary to Rampside Spatial plot of Folk sediment textural classification groups
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4.16.2 Comparison of Data

Table 4.27 below provides a comparison of the number and percentage of samples by textural class (after Folk,
1954), within the information shown graphically in Figure 4.31.

Table 4.27: Leven Estuary to Rampsidetextural classification of samples collected in 2009-10 and
2014-15
Textural class 2009-2010 samples 2014-2015 samples
Number Percent Number Percent
Gravel 6 9.4 0 0.0
Sandy Gravel 11 17.2 1 1.3
Muddy Sandy Gravel 3 47 0 0.0
Muddy Gravel 0 0.0 0 0.0
Gravelly Sand 2 3.1 3 3.9
Gravelly Muddy Sand 0 0.0 0 0.0
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 1 1.6 2 2.6
Slightly Gravelly Muddy Sand 0 0.0 0 0.0
Slightly Gravelly Sandy Mud 0 0.0 0 0.0
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 14 21.9 33 43.4
Muddy Sand 26 40.6 33 43.4
Sandy Mud 1 1.6 4 5.3
Mud 0 0.0 0 0.0
Total: 64 100.0 76 100.0
50.0 50.0
(2)2009-2010 n=64 (b) 20142015 n=76
45.0 45.0
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4.16.3 Key Points Arising from Examination of Data

The following key points arise from examination of the data:

1 In the 2014-15 campaign 76 samples were collected, compared with 64 in 2009-10. Crossshore spatial
sampling coverage was better in 2014-15, notably to the west of Roa Island, although the higher parts of
the upper beaches, which showed a high content of gravel and coarse sand in 2009-10, were not sampled
in 2014-15.

1 The percentage of samples containing > 95% sand was higher in 2014 -15 than 2009-10, principally
because more samples were taken from the mid and lower foreshore during the most recent campaign.
Approximately 43% of the 2014-15sampl es are classified as 6sandd com
2009-1 0 . The proportions of samples classified as o6mudd
(approximately 43% 41%, respectively).

1 No strongly mud-dominated samples were collected either in 2014-15 or 2009-10, although 4 samples
containing > 50% mud were taken in 2014 -15 (1 in 2009-10). The highest mud contents are found in
upper shore samples within the Leven Estuary, and close to Roa Island.

1 The sand modes display quite a wide range of sizes, although mainly in the fine sand range 63-75 T m t o
180-212 1 m) . The finest modes occur mainly on the nor
Estuary. Samples with medium and coarse sand modes were recorded from the upper beach sampling
locations in 2009 -10, but samples 2014-15 were evidently taken lower down on the upper beach where the
sand modes are finer.

4.16.4 Reconciliation _with monitoring data

This section of frontage is largely unrestrained by artificial coastal defences, apart from between Newbiggin and
Rampside, comprising low lying with low till cliffs and occasional outcrops of limestone. Across this section the
inter-tidal zone widens and past erosion has produced a series of scar features. These scars produce
undulations in the otherwise relatively uniform shore profile and provide localised protection to the shore.

At Ulverston, land reclamation associated with the tipping of spoil from a chemical works has taken place
historically. Otherwise the shoreline is generally unrestrained abutting the sands of the outer estuary.

At the southern end of this frontage is Roa Island, which lies in the lee of Walney Island and is linked to the
mainland at Rampside by an 800m long causeway. Approximately half-way along the causeway a 2km shingle
ridge extends south-east towards Foulney Island. In the sheltered lee of the causeway, an area of saltmarsh
has developed.

The majority of sediment supplied to this part of Morecambe Bay is sourced from offshore and transported into
the Bay. Net drift is north -easterly into the Bay from Walney Island towards Ulverston; however, net transport
rates are relatively low. The extensive offshore sand banks act as sediment sinks within the large Bay system
(Coastal Engineering, April 2014).

Associated beach variation acrossthis frontage from 2009/10 to 2014/15 shows:

9 Generally, an increase in upper beach elevations across the majority of the frontage;
9 Some localised movement of local nearshore channels particularly between Wadhead Scar and Aldingham
i Increase in the area of fringing saltmarsh between Bardseaand Baycliff.

Changes in the gradient of the beach between tidal contours at profiles, where sediment data was recorded in
both 2009/10 and 2014/15, are shown in Table 4.28 below. Full details of the gradient changes at each of these
profiles are provided in Appendix C.

Examination of the most significant changes highlighted in - provides the following (ref profile change plots in
Appendix D):
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1 The changes in gradient between MHWN and MHWS at profiles 11C003488, 3507 and 3521 is associated
with the 2014/15 profiles extending further and the increase in beach elevations between the Kent viaduct
and Holme Island, in 2009/10 the profile only recorded the first 100 metres to the edge of the marsh.
Accretion in the interim has moved both the MHWST and MHWNT contour positions seaward;

1 At profile 11C003538 the difference is associated with accretion across the upper foreshore (within 1km of
the shoreline) but erosion from 1 -2 km from the shoreline (probably associated with channel change), with
intermediate surveys suggesting behaviour is cyclical

1 At profiles 11C03568 and 11C03625, similar behaviour to 11C003538 but with slightly different extents.

Table 4.28: Gradients between tidal contours 2009-10 and 2014-15

Profile Ref HAT-MHWS MHWSMHWN MHWNMSL MSLMLWN MLWNMLWS
2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15

11C03465 4.03 3.72 7.40 9.64

11C03474 1.22 1.23 19.20 22.06

11C03488 6.53 4.44
11C03507 7.12 6.31
11C03521 7.59 7.48
11C03530 3.00 3.27
11C03538 11.31 8.79 356.79
11C03547 10.03 22.96
11C03568

10.74

11C03607 6.36 6.72 | 42451 | 275.83

11C03625 11.14 8.82 394.96 | 281.39 60.89
11C03628 9.97 8.16 399.56

11C03671 3.26 2.20 70.89 | 196.83

11C03685 8.61 6.00 39.98 43.12 349.09
11C03705 2.66 2.57 31.15 12.82 | 126.10 | 184.13
11C03758 28.40 40.78 | 264.91 | 258.61

Changes in gradient investigated further (as discussed above)
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4.17

WALNEY | SLAND

4.17.1 Classification Data 2015

Table 4.29 below provides a comparison of the sediment types found across this frontage in 2009-10 and 2014-
15 by textural class (after Folk, 1954).
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Figure 4.32: Walney Island: Spatial plot of Folk sediment textural classification groups
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4.17.2 Comparison of Data

Table 4.29 below provides a comparison of the number and percentage of samples by textural class (after Folk,
1954), within the information shown graphically in Figure 4.33.

Table 4.29: Walney Island textural classification of samples collected in 2009-10 and 2014-15

Textural class 2009-2010 samples 2014-2015 samples
Number Percent Number Percent
Gravel 31 59.6 1 1.8
Sandy Gravel 21 40.4 9 15.8
Muddy Sandy Gravel 0 0.0 0 0.0
Muddy Gravel 0 0.0 0 0.0
Gravelly Sand 0 0.0 4 7.0
Gravelly Muddy Sand 0 0.0 0 0.0
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 0 0.0 15 26.3
Slightly Gravelly Muddy Sand 0 0.0 0 0.0
Slightly Gravelly Sandy Mud 0 0.0 0 0.0
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 0 0.0 27 47.4
Muddy Sand 0 0.0 0 0.0
Sandy Mud 0 0.0 1 1.8
Mud 0 0.0 0 0.0
Total: 52 100.0 57 100.0
70.0 70.0
(2)2009-2010 n=52 (b) 20142015 n=57
60.0 60.0
%50.0 %50.0
8 8
g40.0 240.0
g 3
$ 300 $ 300
L 20.0 L 20.0
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Figure 4.33: Walney Island: Percentage frequency histograms of the Folk sediment textural classification groups
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4.17.3 Key Points Arising from Examination of Data

The following key points arise from examination of the data:

1 A total of 57 samples were collected in 2014-15, compared with 52 in 2009-19. The cross-shore spatial
coverage of samples was much better in 2014-15 than 2009-10 when all the samples were taken from a
very narrow zone close to the high water mark.

1 All of the samples collected in 2009-1 9 wer e cl assi foiseadn days gad qarved &l, 6 wdrer e a
2014-15 samples were cl assi fi e-l0samplesécentined & 5% mud but twaodf t h e
the 2014-15 samples contained mud, including one with 35-40% mud which may represent exposed glacial
till.

1 The sand modes in the 2009-10 samples, where present, were coarse (> 1 mmand500-6 00 T m) , wher
a wider range of sand modes was recorded in 2014-15, reflecting the inclusion of mid and lower beach
samples. The upper beach sample sand modes in 201415 remain relatively coarse (425-500 T m and 50

600 T m), but the sand modes in mid and {150wWMé0d18fand e s h o
180-212 1 m).

4.17.4 Reconciliation _with monitoring data

Walney Island is a barrier island formed from glacial till, some shaped in drumlins, deposited during the last
glacial period. The subsequent post-glacial rise in sea-level resulted in widespread deposition of marine alluvium
between the separate drumlins in the southern half of Walney Island and in the north -east. Cliffs which undergo
active erosion have formed along the west coast of Walney Island in the glacial till and associated sand and
gravel deposits. The cliffs are intermittently protected by artificia | defences.

Erosion of the cliffs provides material to the foreshor e which is transported longshore in both directions to form

spits at the islandb6s extr emit wiadsbjJownsdnd to formidaneseA sbdiment s up p
drift divide is believed to exist somewhere between Walk Haw Scar and Sandy Gap although the exact position

is variable.

The beaches are sorted by wave action with the majority of material formed into an upper shingle and lower
sand beach. Areas of larger cobbles/boulders eroded from the till in the past form beds (skears) on the lower
beach. Coarser samples recordedon the lower beach in 2014/15 are associated within these areas.

No contemporary profile data was provided for this section of frontage from which gradient/profile change can
be examined but between 1993 and 2010 analysis of beach profiles showed a reduction in beach volumes of
nearly 1,000,000m?* (Capita Symonds, March 2011)
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4.18 DUDDON ESTUARY
4.18.1 Classification Data 2015

Figure 4.34 below provides a comparison of the sediment types found across this frontage in 2009-10 and
2014-15 by textural class (after Folk, 1954).
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Figure 4.34: Duddon Estuary. Spatial plot of Folk sediment textural classification groups
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4.18.2 Comparison of Data

Table 4.30 below provides a comparison of the number and percentage of samples by textural class (after Folk,
1954), within the information shown graphically in Figure 4.35.

Table 4.30: Duddon Estuary textural classification of samples collected in 2009-10 and 2014-15

Textural class 2009-2010 samples 2014-2015 samples
Number Percent Number Percent
Gravel 4 9.5 0 0.0
Sandy Gravel 4 9.5 2 3.8
Muddy Sandy Gravel 0 0.0 0 0.0
Muddy Gravel 0 0.0 0 0.0
Gravelly Sand 5 11.9 3 5.8
Gravelly Muddy Sand 0 0.0 0 0.0
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 2 4.8 1 19
Slightly Gravelly Muddy Sand 0 0.0 0 0.0
Slightly Gravelly Sandy Mud 0 0.0 0 0.0
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 10 23.8 26 50.0
Muddy Sand 9 21.4 10 19.2
Sandy Mud 8 19.0 10 19.2
Mud 0 0.0 0 0.0
Total: 42 100.0 52 100.0
55.0 55.0
o0 (2)2009-2010 n=42 oo (b) 20142015 n=52
45.0 45.0
%40.0 %40.0
$ 350 $ 350
§30.0 éso.o
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Figure 4.35: Duddon Estuary:
groups
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4.18.3 Key Points Arising from Examination of Data

The following key points arise from examination of the data:

1 In 2014-15 52 samples were collected, compared with 42 in 2009-10. Cross-shore spatial coverage of the
sampling was much better in 2014-15, particularly on the east side of the estuary.

1 Approximately 50% of the 2014-15 sampl es are classified as o6sandbo, c
2009-10, reflect i ng t he better sampling coverage of nd edsnanddya
mu d 6 shndad percentage abundances in both sampling epochs. These sediments are found mainly on
the saltmarshes and tidal flats in the inner estuary, particularly on the western side. Gravel and relatively
coarse sand components are restricted to the upper beach in the outer part of the estuary, particularly on
the eastern side near Sandscale Haws.

1 A wide range of sand modes is present in the estuary. In the inner estuarythe 75-90 T m mode i s dor
particularly on the more sheltered western side, while on the higher energy eastern side there is a
gradient of modal sizes from 75-9 0 1 m, t lloOwg hi mMBl02 5086 m i n the i npl80 est
Tm, an@dl2180m in the miédl50stiumariyn aanhde 20Ilux er estuary.

4.18.4 Reconciliation _with monitoring data

Most of the Duddon Estuary comprises extensive intertidal sandflats with only a narrow channel of water
remaining at low tide. The intertidal flats consist of fine to very -fine-grained sand with little exposure of hard
substrates, although relict shingle and boulder scars are present The banks of the estuary are characterised by
extensive areas of saltmarsh, with active and reclaimed saltmarshes accounting for almost half of the area of
the estuary. There is also a low till cliff at Askamin-Furness which fronts a wave cut platform. Dune systems
are also present at the mouth of the estuary: Haverigg Haws on the northern shore and Sandscale Haws on the
southern shore, together with North End Haws at the north eastern tip of Walney Island. There is also a stretch
of linear dune ridges to the north of Askam-in-Furness which overlie reclaimed saltmarsh. The sub tidal area is
characterised by a complex of channels that coalesce north of Millom to form the main low water channel.
These channels and banks are continually changing in position, and this can influence water depths, local
shoreline exposure and thereby evolution of the shoreline (CH2M December 2013f).

There are no monitoring data for the eastern side of the estuary at the time of the 2009/10 survey for

comparison. On the western side the monitoring generally only includes the marsh and not the remaining part

of the inter-tidal zone. At the northern end , between Foxfield Viaduct and Green Road the marsh is slowly
eroding. Elsewhere it is showing little change (Coastal Engineering, October 2015a)

Changes in the gradient of the beach between tidal contours at profiles, where sediment data was recorded in
both 2009/10 and 2014/15, are shown in Table 4.31 below. Full details of the gradient changes at each of these
profiles are provided in Appendix C.

Table 4.31: Gradients between tidal contours 2009-10 and 2014-15

Profile Ref HAT-MHWS MHWSMHWN MHWNMSL MSL-MLWN MLWNMLWS
2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15
11C05348 128.44 125.94
11C05383 587.51 581.33
11C05406 604.64 656.56
11C05447 148.08 110.13
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4.19 HODBARROW TO TARN POINT

4.19.1 Classification Data 2015

Figure 4.36 below provides a comparison of the sediment types found across this frontage in 2009-10 and

2014-15 by textural class (after Folk, 1954).
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Figure 4.36: Hodbarrow to Tarn Point: Spatial plot of Folk sediment textural classification groups

4.19.2 Comparison of Data

Table 4.32 below provides a comparison of the number and percentage of samples by textural class (after Folk,
1954), within the information shown graphically in Figure 4.37.
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Table 4.32: Hodbarrow to Tarn Point textural classification of samples collected in 2009-10 and
2014-15
Textural class 2009-2010 samples 2014-2015 samples
Number Percent Number Percent
Gravel 12 171 0 0.0
Sandy Gravel 9 12.9 17 21.0
Muddy Sandy Gravel 0 0.0 1 1.2
Muddy Gravel 0 0.0 0 0.0
Gravelly Sand 3 4.3 6 7.4
Gravelly Muddy Sand 0 0.0 0 0.0
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 1 1.4 21 25.9
Slightly Gravelly Muddy Sand 0 0.0 0 0.0
Slightly Gravelly Sandy Mud 0 0.0 0 0.0
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 42 60.0 35 43.2
Muddy Sand 3 4.3 1 1.2
Sandy Mud 0 0.0 0 0.0
Mud 0 0.0 0 0.0
Total: 70 100.0 81 100.0
65.0 65.0
s00 1 (2020092010 n=70 | ., (b)20142015 n=81
55.0 55.0
° 50.0 ° 50.0
gﬂ.s.o §45.0
g 40.0 g 40.0
‘éss.o %35.0
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Figure 4.37: Hodbarrow to Tarn Point: Percentage frequency histograms of the Folk sediment textural

classification groups
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4.19.3 Key Points Arising from Examination of Data

The following key points arise from examination of the data:

1 A total of 81 samples were collected in 2014-15 from this coastal reporting unit, compared with 70 in 2009 -
10. The unit includes the outer part of the Duddon Estuary, a transitional area around Have rigg Haws
dunefield, and an open coast section between Haverigg Haws and Tarn Point. In the Haverigg Haws area a
series of well-developed intertidal bars has formed which show evidence of eastward growth towards the
mouth of the Duddon Estuary.

1 Approximately 43% of the samples collected in 2014-15 are <classified as 0s
2009-10. Approximately 47% of the 2014-15 sampl es are <classified as
gravel 06, c 0o mp a maealy 14%4 % im 2089 Howeveri no sampl es <c¢l assi f
collected in 2014-15 compared with 17.1% of samples in 2009 -10. This appears to be due mainly to the
fact that the higher, upper gravel storm beach was not sampled in 2014 -15.

1 Samples taken from the open coast locations contain very little or no mud. However, some samples from
runnels in the lower energy setting between Haverigg Haws and Hodbarrow Lagoon contain up to 25%
mud.

1 Around Haverigg Haws the foreshore sands below the upper gravel storm ridge have a dominant modal size
of 250-300 mm, but further along shore in the direction of Silecroft and Tarn Point the dominant modal

and?©b,

6 sl
ed

sand sizes on the mid and lower foreshore are finer (212-250 T m ax@0 215M) . The wupper

the gravel storm beach in this area is typified by coarse sand modes (> 1 mm). The coarser size of the mid
and lower beach samples at Haverigg Haws, relative to the area to the northwest, appears to be related to
presence of high energy wave and tidal current conditions in this area which have winnowed out the finer
sand sizes from the bar crests.

4.19.4 Reconciliation _with monitoring data

Beach conditions from Haverigg northwards generally comprise a steep upper beach of shingle deposits and a
flatter lower beach of sand. The Haverigg beach and dunes section consists of the natural dune belt to the west
of Haverigg town, which have developed over the natural shingle deposits. The final part of this section from
Kirksanton to Tarn Point consists of natural low till cliffs, which are of varying heights and stability. The cliffs
between Kirksanton and Silecroft reduce in height from south to north and are generally stable. Further north
the cliffs are less stable with landslides, slumps and rock falls evident. As along Walney Island there are areas
of larger cobbles/boulders eroded from the till in the past which have formed beds (skears) on the lower beach.

The lagoon at Hodbarrow extends out into the estuary and is protected by the rock and concrete block wall of
the Haverigg outer barrier. Elsewhere there are local rock defences at Haverigg and sections of gabions at
Silecoft (Coastal Engineering, October 2015a)

Changes in the gradient of the beach between tidal contours at profiles where sediment data was recorded in
both 2009/10 and 2014 /15 are shown in Table 4.33 below. Full details of the gradient changes at each of these
profiles are provided in Appendix C.

Associated beach variation across this frontage from 2009/10 to 2014/15 has seen generally low magnitude
change but movement in bar and channel arrangements, particularly in the outer Duddon estuary, which
accounts for the most significant changes observed at Haverigg (profiles 11D00060 -11D00088 ) highlighted in
- (ref profile change plots in Appendix D).

The change at profile 11D003089 is attributable to movement of ridges and runnels across the lower beach.
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Table 4.33: Gradients between tidal contours 2009-10 and 2014-15

Profile Ref HAT-MHWS MHWSMHWN MHWN-MSL MSL-MLWN MLWNMLWS
2009/10 | 2014/15 | 2009/10 [ 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15

11D00046 | 16.23 | 20.45 | 410.73 | 466.67 | 58.72 25.13

11D00050 2.07 1.27 | 42536 | 486.91 | 91.71 32.25

11D00053 2.45 2.31 | 431.01| 459.74| 78.87| 117.60| 35.10

11D00056 | 20.91 | 23.77 | 384.72| 408.44| 94.78| 87.31

11D00060 \ 106.21 80.49

11D00063 121.35 |  91.83

11D00073 7.09 6.22 72.76 58.99

11D00088 6.42 10.37 | 67.92 | 78.35

11D00098 836 | 1833 | 1766 | 32.40| 157.93| 72.42 | 283.90 | 198.52

11D00110 7.47 9.19 1021 | 29.04 | 109.49 | 91.08| 159.80 | 194.17

11D00122 6.08 760 | 1255| 1446| 60.95| 6233| 8590| 9583

11D00134 |  10.83 9.56 | 11.53 9.30 | 5014 | 55.66| 113.11| 7353

11D00143 | 11.06 9.58 8.66 921 | 4515| 47.78| 100.94 | 89.83

11D00170 | 1119 | 13.49 | 10.10 873 | 26.45| 3509 82.82] 80.81

11D00174 | 13.28 | 14.82 8.07 784 | 1514 | 2164| 87.42| 83.89

11D00178 | 1358 | 10.55 9.35 8.12 1666 | 17.77| 80.58 | 97.28

11D00181 | 13.15| 17.67 9.29 7.58 11.76 | 2165| 8363 93.67

11D00186 | 12.14 | 12.34 8.40 7.11 829 | 3257 | 89.14| 84.04

11D00218 | 14.09 | 17.80 7.65 898 | 2238| 1396 77.95

11D00264 | 17.22 | 13.82 8.38 9.35 | 75.46 | 77.45 55.99 67.60

11D00309 | 14.55 | 14.48 8.43 8.94 SRS 6233 9967 87.47

11D00326 8.56 8.88 9.49 876 | 3200| 3383 49.99| 61.60

11D00339 7.49 8.70 9.92 9.30 | 39.63| 41.72 55.79

11D00360 9.30 825| 2539| 26.15| 46.33| 47.10| 141.80 | 148.89

Changes in gradient investigated further (as discussed above)
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4.20
4.20.1 Classification Data 2015

TARN POINT TO BARN SCAR

Figure 4.38 below provides a comparison of the sediment types found across this frontage in 2009-10 and

2014-15 by textural class (after Folk, 1954).
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Figure 4.38: Tarn Point to Barn Scar. Spatial plot of Folk sediment textural classification groups
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4.20.2 Comparison of Data

Table 4.34 below provides a comparison of the number and percentage of samples by textural class (after Folk,
1954), within the information shown graphically in Figure 4.39.

Table 4.34: Tarn Point to Barn Scar textural classification of samples collected in 2009-10 and 2014-

15
Textural class 2009-2010 samples 2014-2015 samples
Number Percent Number Percent
Gravel 6 16.2 0 0.0
Sandy Gravel 8 21.6 7 14.6
Muddy Sandy Gravel 2 5.4 4 8.3
Muddy Gravel 0 0.0 0 0.0
Gravelly Sand 1 2.7 1 2.1
Gravelly Muddy Sand 0 0.0 0 0.0
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 0 0.0 9 18.8
Slightly Gravelly Muddy Sand 0 0.0 0 0.0
Slightly Gravelly Sandy Mud 0 0.0 0 0.0
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 11 29.7 20 41.7
Muddy Sand 9 24.3 6 125
Sandy Mud 0 0.0 1 2.1
Mud 0 0.0 0 0.0
Total: 37 100.0 48 100.0
45.0 45.0
(a)20092010 n=37 (b) 20142015 n=48
40.0 40.0
35.0 35.0
S S
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Figure 4.39: Tarn Point to Barn Scar: Percentage frequency histograms of the Folk sediment textural

classification groups
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4.20.3 Key Points Arising from Examination of Data

The following key points arise from examination of the data:

1 A total of 48 samples were collected in 2014-15 compared with a total of 37 samples in 2009. 10 No.
samples were collected from the Drigg open coast frontage in 2009-10. In both sampling epochs samples
were only taken from the extreme southern end of the Eskmealsopen coast frontage, and from the eastern
side within the Ravenglass estuary.

1 Approximately 60% of the samples collected in 2014-15 were cl assified as fisand:¢
sando, compared with approxi matel y 130 % Noof fitghrea vsealnp | a1
collected in 20014-15 (16.2% in 2009 -10) and only 14.6% of the 2014-15-s ampl es ar e <cl assi fi
gravel o (21.6% of the 2009010 samples). This reflects
beach slope in 2014-15, and more sand-dominated samples were taken from the Drigg frontage.

I The 2014-15 open coast samples generally show a fining trend in an offshore direction, with gravelly sand
and medium / coarse sand showing a transition to medium sand on the mid beach and fine sand on the
lower beach. The dominant sand mode in the upper beach samples collected in 2014-15 is 250-300 T m
mid beach samples show dominant modes of 180-212 and 150-180 T m and lower beach samples have
dominant modes of 125-150 and 150-180T m

1 A similar pattern with a wide range of sediment types was recorded within the Rav englass  estuary in
both surveys. On the more exposed Ravenglass village frontage coarse and medium sand with some gravel
is found on the upper beach, with a higher proportion of fine sand and some mud in the more sheltered
locations at the mouths of the Irt, Mite and Esk rivers.

4.20.4 Reconciliation __with monitoring data

The section comprises almost entirely natural features which are dominated by the two dune systems on either

side of the entrance to the Estuary with low lying till cliffs to the north and so uth . There are only two sections

of artificial coastal defences at Stubb Place, Bootle and between the Mite and Esk viaducts, primarily associated
with protection to the Cumbrian coast railway line and the village of Ravenglass (Coastal Engineering, Octdoer
2015a).

The underlying upper beach sediments are gravels which have become covered with sands forming the dune
systems.

Littoral sediment transport on the open coast to the south of the estuary is northerly, while on the northern side
of the estuary it is southerly. The estuary entrance is therefore a zone of sediment convergence. A small ebb-
tide delta at the mouth of the estuary affords some protection to the shore and provides a source of aeolian
sand for the dune systems on either side of the mouth. Sediment supply from offshore is limited and the
estuary acts only as a weak sediment sink (mainly for fine-grained sediment). The estuary contains significant
areas of saltmarsh which at present experience localised erosion of the marsh edge due to changes in low
water channel location (CH2M Hill, November 2013c)

Associated beach variation and sediment change across this frontagefrom 2009/10 to 2014/15 shows:

Generally low magnitude change taking place;
Upper gravel not sampled at Bootle in 2014-15;
No change in Ravenglass Estuaries

No comparison at Drigg.

E I EE]

Changes in the gradient of the beach between tidal contours at profiles where sediment data was recorded in
both 2009/10 and 2014/15 are shown in Table 4.35 below. Full details of the gradient changes at each of these
profiles are provided in Appendix C.
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Table 4.35: Gradients between tidal contours 2009-10 and 2014-15

Profile Ref HAT-MHWS MHWSMHWN MHWNMSL MSL-MLWN MLWNMLWS
2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15

11D00383 5.88 8.70 19.36 18.32 62.86 59.71 166.71 180.06

11D00398 10.25 11.01 9.45 8.91 74.65 69.39 138.55 144.33

11D00400 13.50 10.61 9.17 10.23 73.38 66.68 127.79 133.49 160.89

11D00403 12.34 8.80 8.83 10.45 66.07 69.62 119.89 109.12 183.27

11D00716 4.39 4.61 8.07 8.17 39.43

11D00730 0.75 10.15 9.89 109.90 109.59

11D00736 17.32 17.33 15.87 16.42

11D00744 5.81 5.30 23.27 23.48 32.78 30.79

11D00746 5.03 3.03 28.21 33.20 45.67 46.60

11D00751 47.55 46.71 67.74 68.08

11D00818 127.46 126.16 52.26 99.14
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4.21 BARN SCAR TO ST BEESHEAD

4.21.1 Classification Data 2015

Figure 4.40 below provides a comparison of the sediment types found across this frontage in 2009-10 and
2014-15 by textural class (after Folk,l 1954).
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Figure 4.40: Barn Scar to St Bees Head Spatial plot of Folk sediment textural classification groups
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4.21.2 Comparison of Data

Table 4.36 below provides a comparison of the number and percentage of samples by textural class (after Folk,

1954), within the information shown graphically in Figure 4.41.

Table 4.36: Barn Scar to St Bees Headtextural classification of samples collected in 2009-10 and
2014-15
Textural class 2009-2010 samples 2014-2015 samples
Number Percent Number Percent
Gravel 36 30.5 1 0.6
Sandy Gravel 15 12.7 25 15.0
Muddy Sandy Gravel 0 0.0 5 3.0
Muddy Gravel 0 0.0 0 0.0
Gravelly Sand 1 0.8 10 6.0
Gravelly Muddy Sand 0 0.0 5 3.0
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 0 0.0 44 26.3
Slightly Gravelly Muddy Sand 0 0.0 4 2.4
Slightly Gravelly Sandy Mud 0 0.0 0 0.0
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 65 55.1 69 41.3
Muddy Sand 0 0.0 4 2.4
Sandy Mud 1 0.8 0 0.0
Mud 0 0.0 0 0.0
Total: 118 100.0 167 100.0
60.0 60.0
o0 | (2)20092010 n=118 . 1(b)20142015 n=167
50.0 50.0
o 45.0 o 450
¢§40.0 540.0
%35.0 %35.0
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Figure 4.41: Barn Scar to St Bees Head: Percentage frequency histograms of the Folk sediment textural

classification groups
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4.21.3 Key Points Arising from Examination of Data

The following key points arise from examination of the data:

1 A total of 167 samples were collected in this reporting unit in 2014 -15, compared with 118 in 2009-10.
Although some sections of the coast were sampled more intensively, the section between Braystones and
Sellafield was not sampled (there being no topographic monitoring profiles in this area), and only lower
beach samples were taken on the frontage near Coulderton where glacial till outcrops on the upper and mid
foreshore. No samples were taken from the upper gravel storm ridge in 2014 -15, whereas in 2009-10 these
deposits were eranpdaecdhb.s bupp

1 Approximately 67% of the samples collectedin2014-15 are cl assified as O0sand?bd
with approximately 55% in 2009 -10. However, only c. 16% of the 2014 -15 samples are classified as
6gravel 8 or 0gr avitlcl4y% of then200® -10 samgles. ITlasdmainly reflect differences in
the | ocations where Oupper beachd samples were taken

1 A wide range of sand modes is present on this frontage. A clear onshore-offshore fining trend is evident,

with 500-600 and > 1 mm modes present in the upper beach samples, 250-300 and 212-250 T m modes

dominant on the mid beachand 180-2 12 T m ath&d0 2il® modes domi nant on the
fining of the modal sand size on the lower beach is evident south e astwards from St. Bees Head, suggestive
of net alongshore transport towards the southeast.

4.21.4 Reconciliation _with monitoring data

The natural backshore comprises generaly till cliffs but apart from localised sections, between Seascale and
Drigg, at Nethertown and at St Bees, the cliffs no longer directly abut the foreshore due to the construction of
the railway line. The beaches mnsist of an upper shingle beach and lower sand beach, although across much
of the shoreline the lower beach is interrupted by sk ears comprising coarser boulders and cobbles, remnants of
past cliff erosion. Occasionally sandstone bedrock outcrops on the upper beach e.g. at Nethertown. Coastal
defences are primarily associated with providing protection to the railway apart from loca lised defences at
Seascale, Nethertown, Seamill and St Bees.

The frontage is almost entirely orientated facing the predominant south westerly wind and wave direction.
Accordingly longshore drift is weak and variable with net movement of the beach occurring northerly across the
majority of the frontage. The exceptions to this are local reversals in the direction of sediment movement. This
occurs at the southern end between Barn Scar and the Ravenglass estuaries and across the Sellafield frontage
between the outlets of the river Ehen and Calder. At these locations material is mostly moved in a southerly
direction. Material is also moved towards the shoreline from offshore by wave action (Coastal Engineering,
October 2015a).

Associated beach variation and sediment change across this frontagefrom 2009/10 to 2014/15 shows:

1 Generally low magnitude beach change taking place.

1 Overall beach losses occurring between Braystones and Nethertown with changes influenced by beach
property owners carrying out local beach management;

Upper beach shingle drift occurring north of Sellafield, specifically observed following winter 2013/14 storms
Coarseningof sediments at Seascalewith winter storms particularly inducing upper beach northerl y drift
Cyclical behaviour

Winter storm induced beach losses at Seascale, Braystones to Nethertown and St Bees;

Potential for different longshore transport directions between lower and upper beach.

E I

Changes in the gradient of the beach between tidal contours at profiles where sediment data was recorded in
both 2009/10 and 2014/15are shown in Table 4.37 below. Full details of the gradient changes at each of these
profiles are provided in Appendix C.

Examination of the most significant changes highlighted in - provides the following (ref profile change plots in
Appendix D):

1 Across the Seascale to River Calder frontage (profiles 11D0118111D01215) cross shore movement
inducing change in upper beach profile, influenced by winter storms of 2013 -14;
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1 Across the Braystones frontage (profiles 11D01305-11D01330) and locally at St Bees (profile 11D01450)
due to cross shore movement of lower beach ridges and runnels, specifically where the lower sand beach
interfaces the upper shingle beach.

Table 4.37: Gradients between tidal contours 2009-10 and 2014-15
Profile Ref HAT-MHWS MHWSMHWN MHWNMSL MSL-MLWN MLWNMLWS
2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15
11D01181 67.04 92.22 89.79 71.49
11D01183 13.50 11.83 9.25 14.59 82.81 91.71 96.19 69.24
11D01185 11.93 11.03 9.87 11.62 75.90 79.08 92.10 85.18
11D01187 5.04 4.62 11.34 9.01 73.98 76.05 90.72 66.11
11D01190 \ 82.89 84.71 74.78 76.00
11D01193 \ 66.99 56.92 87.81 103.96
11D01195 | 11.83 . 30.38 | 6457 61.81 | 9427 | 88.90
11D01205 15.44 20.81 \ 65.06 75.57 92.06 92.68
11D01215 18.34 20.92 \ 70.42 82.37 96.85 88.22
11D01245 15.60 15.11 9.57 9.29 100.97 100.35 101.97 99.47
11D01299 11.24 13.08 10.46 12.30 52.17 52.50 94.31 106.51
11D01305 12.55 10.37 9.32 14.47 \ 122.00 119.44
11D01311 | 1050 | 12.40 8.26 9.73 60.58 | 73.18
11D01314 8.90 13.31 8.60 8.63 66.93
11D01317 12.28 13.71 9.29 9.03 39.74 50.97 82.96 71.56
11D01329 12.65 11.93 8.57 8.15 27.44 26.18 71.73 79.96
11D01330 9.18 10.21 6.86 7.85 93.80 82.14
11D01334 11.06 8.30 7.22 7.62 9.18 11.15 91.92 94.30
11D01337 9.45 9.94 7.80 7.27 11.23 11.72 76.71 81.24
11D01344 10.00 7.79 5.78 6.39 7.37 6.93 105.14 105.75
11D01346 8.97 7.90 5.55 6.94 41.10 40.88 50.46
11D01352 4.43 5.66 22.70 24.47 58.97 56.08 46.03 47.67
11D01356 7.42 5.01 8.25 7.39 39.87 40.07 96.94 96.49
11D01359 15.91 15.74 2.31 2.40 4.33 6.60 155.72 141.66
11D01364 7.67 3.18 11.94 12.32 24.10 24.74 125.91 123.51
11D01368 1.62 3.01 7.45 7.07 27.24 23.65 148.34 139.84
11D01371 9.69 10.38 14.86 11.34 22.92 31.84 110.66 99.06
11D01374 10.38 10.10 8.71 8.31 27.80 40.57 128.55 123.92
11D01385 7.21 5.51 40.59 37.79 59.72 57.50 52.28
11D01394 6.89 7.90 35.51 31.92 61.06 65.75 69.36
11D01398 11.78 12.13 42.19 39.25 83.41 86.65 42.07
11D01401 10.14 9.94 8.36 8.58 71.47 68.60 81.13 77.40
11D01406 4.71 9.10 13.22 11.79 63.19 58.36 49.56 71.88
11D01409 3.07 3.25 3.64 3.35 35.65 33.36 | 127.68 | 131.32 63.99
11D01413 3.13 2.31 3.13 3.39 8.23 14.77 136.81 139.98 62.73
11D01417 4.38 3.78 4.53 4.07 93.39 91.44 52.48
11D01420 8.17 7.10 16.02 17.64 75.26 74.80 36.38 39.01
11D01424 6.26 5.96 9.66 8.94 51.94 51.60 70.38 109.21
11D01426 13.60 31.68 16.53 15.92 42.23 41.42 82.18 77.54 110.44
11D01431 8.65 12.47 10.45 8.33 44.43 35.57 81.26 93.11 79.18
11D01435 9.10 10.77 8.62 7.75 47.89 49.03 73.72 76.53
11D01438 6.39 10.06 9.19 6.36 33.22 51.55 88.82 76.03 77.25
11D01443 6.93 8.14 7.85 5.78 47.45 40.31 69.18 79.55
11D01447 5.10 8.65 8.19 5.77 51.51 49.03 81.37 63.39
11D01450 5.07 7.34 7.74 5.67 72.49 113.15
11D01451 5.08 7.09 7.47 4,53 44.00 47.09 70.44 86.93
11D01452 4.02 7.85 7.47 5.48 39.49 44.05 75.56 88.71
11D01453 3.71 4.63 6.70 4.98 36.58 25.98 83.90 | 103.24
11D01454 6.01 8.34 6.19 6.06 36.33 37.80 84.07 88.62
11D01455 5.64 6.81 8.67 8.18 32.68 34.23 78.94 89.04
Changes in gradient investigated further (as discussed above)
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4.22 ST BEESHEAD TO WORKINGTON HARBOUR
4.22.1 Classification Data 2015

Figure 4.42 below provides a comparison of the sediment types found across this frontage in 2009-10 and
2014-15 by textural class (after Folk, 1954).
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Figure 4.42: St Bees Head to Workington Harbour. Spatial plot of Folk sediment textural classification groups
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4.22.2 Comparison of Data

Table 4.38 below provides a comparison of the number and percentage of samples by textural class (after Folk,
1954), within the information shown graphically in Figure 4.43.

Table 4.38: St Bees Head toWorkington Harbour textural classification of samples collected in 2009-
10 and 2014-15
Textural class 2009-2010 samples 2014-2015 samples
Number Percent Number Percent
Gravel 7 26.9 1 2.0
Sandy Gravel 5 19.2 19 37.3
Muddy Sandy Gravel 0 0.0 0 0.0
Muddy Gravel 0 0.0 0 0.0
Gravelly Sand 7 26.9 8 15.7
Gravelly Muddy Sand 0 0.0 0 0.0
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 0 0.0 15 29.4
Slightly Gravelly Muddy Sand 0 0.0 0 0.0
Slightly Gravelly Sandy Mud 0 0.0 0 0.0
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 7 26.9 8 15.7
Muddy Sand 0 0.0 0 0.0
Sandy Mud 0 0.0 0 0.0
Mud 0 0.0 0 0.0
Total: 26 100.0 51 100.0
45.0 45.0
(a)20092010 n=26 (b) 20142015 n=51
40.0 40.0
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Figure 4.43: St Bees Head to Workington Harbour: Percentage frequency histograms of the Folk sediment
textural classification groups
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4.22.3 Key Points Arising from Examination of Data

The following key points arise from examination of the data:

1 Fifty one (51) samples were collected in 2014-15, compared with 26 in 2009-10 when sampling was
restricted to the area just north of Whitehaven Harbour. Rocky outcrops are  common on this section of

coast and many of the beaches, where they occur, are relatively narrow, with the result that it was not
possible to collect three samples from all profiles.

1 Approximately 39% of the samples collected in 2014-1 5

were <c¢l assi
fact that some of the

compared with approximately 46% in 2009 -10. In part this reduction reflects the
gravelly upper beaches north of Whitehaven were not sampled in 2014-15, and on all profiles the samples

were taken further down the upper beach face compared

T Sampl es
in 2009-10 (27%) due to the inclusion of more sandy samples from the coastal
Workington.

cl

assifi

ed

as

6sandbéd

and

with 2009-10.

fied as

area south

6slightly l14-i5athae | | vy
of

1 The sand modes in the upper beach samples collected in both surveys are relatively coarse, ranging from

710-8 50 T m
mode of 250-3 00 T m

4.22.4 Reconciliation

tlo7 0104 Oi Om,

the e arel bower beach samples

with monitoring data

Between St Bees Head and Whitehaven theshoreline is a continuation of the rock cliffs of St Bees head overlain
with a few areas of exposed clay and eroding local spoil cliffs on the south side of Whitehaven. From

typically have a medium sand

Whitehaven to Harrington the shoreline is heavily engineered supporting the Cumbrian coast railway and there

is no interaction between foreshore and backshore. The foreshore between St Bees and Harrington consists

almost entirely of coarse boulders, cobbles and shingle interspersed with exposed areas of rock platform and
small patches of sand, apart from in Parton Bay where there is a local sand embayment.

North of Harrington the frontage is artificially modified by a mixture of high slag cliffs and finer waste deposits,

with the latter vulnerable to erosion. Predominantly, waves approach the shoreline obliquely driving sediment

northwards, although the hig hest waves approach closer to normal. The variable nature of this predominantly
artificial shoreline with its minor promontories of more resistant slag together with intermittent groynes and

breakwaters creates localised embayments and locally influences the drift behaviour.

drift is maintained longshore to the north (Coastal Engineering, October 2015a & October 2015b)

Associated beach variation and sediment change across this frontage from 2009/10 to 2014/15 shows:

1 Generally low magnitude beach change taking place.

1 Non natural material makes up part of the overall sediment composition;

1 Erosion of waste deposits south of Whitehaven harbour, providing little material to immediate beach with
overall beach volumes reducing;

1 Little change at Whitehaven North Shore with mobile deposits overlying slag platform.

Lower beach/sub -tidal

Changes in the gradient of the beach between tidal contours at profiles where sediment data was recorded in
both 2009/10 and 2014/15 are shown in Table 4.39 below. Full details of the gradient changes at each of these
profiles are provided in Appendix C.

Table 4.39: Gradients between tidal contours 2009-10 and 2014-15

Profile Ref HAT-MHWS MHWSMHWN MHWNMSL MSL-MLWN MLWNMLWS
2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15

11E00125 2.19 2.56 6.58 5.68 17.58 18.23 29.96 30.83

11E00130 1.89 2.03 9.84 8.15 13.13 14.94 23.14 22.34

11E00134 7.69 5.33 11.46 12.68 11.18 11.07 14.30 15.23

11E00145 4.39 4.84 10.67 4.20 16.11 21.19 21.02 19.04

11E00151 0.04 2.00 1.25 15.34 14.34 28.66 25.68

11E00159 7.96 8.50 15.83 16.89 17.40 21.88 19.27 19.32

11E00163 19.66 11.42 12.60 14.29 13.42 14.41 25.44 25.70

11E00166 14.79 10.00 14.38 17.62 21.08 21.19 34.14 32.91 23.31
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11E00172 1.31 1.51 7.72 6.75 13.51 12.87 77.03 65.89 72.58
11E00175 11.30 11.78 10.40 9.42 25.76 29.25 61.29 49.18 60.43
11E00179 26.94 38.03 27.07 17.60 32.67 32.88 36.85 41.42
11E00183 11.89 13.28 7.90 8.16 8.88 8.86 44.89 41.22
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4.23 WORKINGTON HARBOUR TO MARYPORT HARBOUR
4.23.1 Classification Data 2015

Figure 4.44 below provides a comparison of the sediment types found across this frontage in 2009-10 and
2014-15 by textural class (after Folk, 1954).
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Figure 4.44: Workington Harbour to Maryport Harbour: Spatial plot of Folk sediment textural classification
groups
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4.23.2 Comparison of Data

Table 4.40 below provides a comparison of the number and percentage of samples by textural class (after Folk,
1954), within the information shown graphically in Figure 4.45.

Table 4.40: Workington Harbour to Maryport Harbour textural classification of samples collected in
2009-10 and 2014-15
Textural class 2009-2010 samples 2014-2015 samples
Number Percent Number Percent
Gravel 3 14.3 0 0.0
Sandy Gravel 4 19.0 11 14.3
Muddy Sandy Gravel 0 0.0 0 0.0
Muddy Gravel 0 0.0 0 0.0
Gravelly Sand 1 4.8 11 14.3
Gravelly Muddy Sand 0 0.0 0 0.0
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 1 4.8 19 24.7
Slightly Gravelly Muddy Sand 0 0.0 0 0.0
Slightly Gravelly Sandy Mud 0 0.0 0 0.0
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 11 52.4 36 46.8
Muddy Sand 1 4.8 0 0.0
Sandy Mud 0 0.0 0 0.0
Mud 0 0.0 0 0.0
Total: 21 100.0 77 100.0
60.0 60.0
550 |(8) 20092010 n=21 w0 | (0) 20142015 n=77
50.0 50.0
o 45.0 o 450
¢§40.0 §40.0
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Figure 4.45: Workington Harbour to Maryport Harbour: Percentage frequency histograms of the Folk sediment
textural classification groups
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4.23.3 Key Points Arising from Examination of Data

The following key points arise from examination of the data:

il

Sampling within this coastal reporting unit was far more compreh ensive in 2014-15 than 2009-10 (77
samples collected compared with 21). The upper beach samples throughout the area are composed of
gravel and coarse sand, while the mid and lower beach samples consist of medium and fine sand or slightly
gravelly sand. One mid beach (runnel) sample was found  to consist of muddy sand in both surveys.

Sample taken from the upper beach north of Working ton and adjacent to Maryport Harbour were found to

have the highest content of gravel and coarse sand.
dominant sand modes in the upper beach samples from these areas are coarse (ranging between
500-600 T m and704000D m) . Al ong thé feontage the upper bepch sadimenfs are
classified as o6gravelly sandé and O6slightly gravelly
from500-6 00 T m -850 7L @) .

The mid beach samples are mostly classifiedas &ésbrghel yy sandd dadomingnssandd 6 an

mode sizes of between 150-1 8 0 T m azx1d2 1i8m. Most of the 6gravel consi
shell material.
The | ower beach samples are mostly cl asi2filinredaad- dHdn
180 1T m).

4.23.4 Reconciliation _with monitoring data

The coastline to the north of Workington harbour was reclaimed by tipping of waste material in the late 19 ™
early 20th century. This tipping moved the shoreline seaward by 100 -200m, with some erosion occurring more
recently. Between Risehow and Maryport the shoreline has advanced by tipping and from the drift of material
from the south. The breakwater on the so uth side of Maryport harbour acts as a barrier to the northerly drift of

sediment. This has led to the shoreline advancing by 400m seaward from its location in the 1850s.

Approximately a third of this frontage is currently undefended with the majority of these sections comprising
artificial tipped deposits e.g. slag waste and colliery spoil. Intermittent concrete defences have been
constructed between Workington and Siddick. At Seaton, the original railway defences from the 19™ century
have been reinforced with rock armour in the past 20 years. Between Seaton and Flimby the railway is fronted
by a mixture of tipped waste deposits from industrial workings and natural material that is heavily vegetated.
At Flimby the original revetment protecting the railw ay is largely buried behind shingle and dune deposits. The
remainder of the frontage consists of artificial slag banks intermittently defended by rock armour, apart from at
the northern end of this frontage, where the shoreline and Maryport marina is defen ded by a large masonry
faced embankment.

Waves generally approach the shoreline obliquely, driving sediment northwards, although the highest waves
approach closer to normal. The pattern of drift is affected by the variable susceptibility to erosion of th e
shoreline features, particularly of the artificial deposits.

Sediment feed into this section is interrupted by the breakwaters of Workington harbour. However, the artificial
cliffs between Siddick and Flimby and to a lesser extent between Flimby and Maryport provide a source of
material to the bay. The railway has been artificially defended in places. These defences provide protection to
infrastructure but also prevent natural rollback of the shoreline (Coastal Engineering, October 2015b).

Associated beach variation and sediment change across this frontage from 2009/10 to 2014/15 shows:

f
f
f

Generally low magnitude change taking place;

Non-natural material makes up part of the overall sediment composition;

Significant erosion of waste deposits between Siddick to Flimby occurred as a result of the winter 2013-14
storms; and

The embankment at Maryport has advanced the shoreline and induces erosion of the beach here.
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Changes in the gradient of the beach between tidal contours at profiles where sediment data was recorded in
both 2009/10 and 2014/15 are shown in Table 4.41 below. Full details of the gradient changes at each of these
profiles are provided in Appendix C.

Examination of the most significant changes highlighted in - provides the following (ref profile change plots in
Appendix D):

1 Erosion of beach material exposing the underlying defence structure (ref profiles 11E00544, 00545);
1 Upper beach erosion and setback (profile 11E00548); and
1 Accretion adjacent to the harbour entrance (profile 11E00551) advancing the shoreline seaward.

Table 4.41: Gradients between tidal contours 2009-10 and 2014-15

Profile Ref HAT-MHWS MHWSMHWN MHWN-MSL MSLMLWN MLWNMLWS
2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15

11E00428 4.69 6.51 8.99 9.60 54.31 53.56 37.62 40.72 135.37

11E00485 10.71 11.32 16.05 16.91 44.68 53.64 146.85

11E00540 2.99 7.68 7.69 9.25 10.45 9.52 60.35

11E00541 2.13 1.88 4.83 6.12 11.84 9.89 59.14

11E00542 2.23 2.10 1.85 2.86 10.26 8.54 59.38

11E00544 9.75 10.36 9.02 11.35 43.89 44.86
11E00545 8.86 12.39 9.66 10.45 43.40 46.03
11E00548 9.00 10.22 9.23 10.34 30.92 29.79
11E00551 15.31 10.60 9.33 10.25 11.71 18.09
Changes in gradient investigated further (as discussed above)
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4.24 MARYPORT HARBOUR TO SILLOTH HARBOUR

4.24.1 Classification Data 2015

Figure 4.46 below provides a comparison of the sediment types found across this frontage in 2009-10 and

2014-15 by textural class (after Folk, 1954).
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Figure 4.46: Maryport Harbour to Silloth Harbour: Spatial plot of Folk sediment textural classification groups
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4.24.2 Comparison of Data

Table 4.42 below provides a comparison of the number and percentage of samples by textural class (after Folk,
1954), within the information shown graphically in Figure 4.47.

Table 4.42: Maryport Harbour to Silloth Harbour textural classification of samples collected in 2009-
10 and 2014-15
Textural class 2009-2010 samples 2014-2015 samples
Number Percent Number Percent
Gravel 14 17.3 0 0.0
Sandy Gravel 24 29.6 7 5.8
Muddy Sandy Gravel 0 0.0 1 0.8
Muddy Gravel 0 0.0 0 0.0
Gravelly Sand 5 6.2 18 15.0
Gravelly Muddy Sand 0 0.0 2 1.7
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 1 1.2 34 28.3
Slightly Gravelly Muddy Sand 0 0.0 0 0.0
Slightly Gravelly Sandy Mud 0 0.0 0 0.0
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 37 45.7 56 46.7
Muddy Sand 0 0.0 1 0.8
Sandy Mud 0 0.0 1 0.8
Mud 0 0.0 0 0.0
Total: 81 100.0 120 100.0
50.0 50.0
(a)20092010 n=81 (b) 20142015 n=120
45.0 45.0
40.0 40.0
%35.0 §35_0
é 30.0 E 30.0
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Figure 4.47: Maryport Harbour to Silloth Harbour: Percentage frequency histograms of the Folk sediment
textural classification groups
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4.24.3 Key Points Arising from Examination of Data

The following key points arise from examination of the data:

1 Atotal of 120 samples were collected from this coastal frontage in 2014 -15, compared with 81 in 2009-10.
Much better alongshore and cross-shore coverage was obtained in 2014-15 than 2009-10, when the mid
and lower beach was not adequately sampled. In 2014-15 the upper beach samples were taken slightly
lower down the upper beach face in than in 2009 -10; for these reasons, the results for the two surveys are
not exactly comparable.

1 Samplesclassifi]l as O6sandd and 6slightly gravelly sandd form
in 2014-15 (45.7% and 1.2% in 2009 -10, respectively). Samples classified as sandygravel and gr avel 6

2014-14 represented only 5.8% of the total, compared with ¢. 3 7% in 2009-10, owing to the fact that
samples were taken from higher up the upper storm beach in the earlier survey.

1 The highest proportions of gravel and coarse sand occur on the upper beach north of Maryport Harbour and

immediately adjacent to Silloth Harbour. Sand modes in the upper beach range from500-6 00 T m t o 14¢(
1700 T m. Near Beckfoot and south of Silloth Harbour
250-300 T m aXhix5 3i0mMm, with slight|l ybedch (812-2 56 ah th¥owea lmedch t h e
(180-212 T m). EIl sewhere e mid and | ower be&enth switmpl es
dominant modes of 180-2 12 T m on e mi-t5bekbmhaladdd 1@ 50n t he | owe

t h

t h
Pockets of O6muddy sand@, sas arpdynwithid didnelss mothblydvghin aNoebly |
Bay.

4.24.4 Reconciliation _with monitoring data

This frontage is primarily a natural cliffed frontage that has been artificially fixed by local infrastructure
(highway) and amenity (Maryport promenade) , creating effectively two large embayments with the harbours at
either end and an artificially held promontory at Dubmill Point in the middle.

The indentation and shape of Allonby Bay is dictated by the juxtaposition of the controlling features and the
incident wave climate. The southern part of the bay is sheltered from the south west by the headland and
harbour at Maryport with the predominant waves approaching the shoreline less obliquely but still able to
induce longshore movement of shingle. Moving northwards the bay becomes more indented with a wider
foreshore and consequently reduced exposure. Exposure conditions increase between Allonby and Dubmill Point
as the shoreline moves seaward again.

North of Dubmill Point a wide sandy lower foreshore, interspersed with boulder beds or scars, and shingle
upper beach front an extensive dune system. The foreshore moves inland and widens out before returning
seaward to the fixity of Silloth harbour.

The predominant drift direction in this section is northerl y. The bay receives inputs of sediment from the south
that by-passes the harbour at Maryport and from erosion of the shoreline between Maryport Golf Club and
Oldkiln. At Dubmill Point the artificial reinforcing of the promontory to protect local infrastruc ture acts to provide
a strategic control on process behaviour but the form of defences have created conditions that induce localised
beach erosion. North of Dubmill sediment transport is influenced by oblique wave attack in combination with
the tidal influences from the Swatchway channel, inducing continuing northward transport of sediments
(Coastal Engineering, October 2015b)

Associated beach variation and sediment change across this frontage from 2009/10 to 2014/15 shows:

1 Generally low magnitude change taking place;
1 \Variable behaviour between the upper sections alone and the combined upper/lower beach areas (within
1km of the shoreline);

Changes in the gradient of the beach between tidal contours at profiles where sediment data was recorded in
both 2009/10 and 2014/15 are shown in Table 4.43 below. Full details of the gradient changes at each of these
profiles are provided in Appendix C.
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Examination of the most significant changes highlighted in - provides the following (ref profile change plots in
Appendix D):

1 Changes in profile T build up or loss of sediment at the interface of the upper and lower beach (profiles
11E00650 and 11E00661) and

1 Changes to the dune/foreshore interface in front of Allonby village (profiles 11E00712, 11E0722 and
11E00742)1 potentially influenced by the winter storms 2013-14.

Table 4.43: Gradients between tidal contours 2009-10 and 2014-15
Profile Ref HAT-MHWS MHWSMHWN MHWNMSL MSL-MLWN MLWNMLWS
2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15
11E00604 1.23 3.09 17.49 15.50 50.95 58.71 65.24 90.71 144.81
11E00620 5.51 6.14 16.33 14.14 55.95 181.53 77.95
11E00630 12.06 13.25 28.47 21.40 89.99 152.82
11E00640 15.27 11.57 14.29 23.60 61.41 135.40
11E00650 11.66 12.38 60.68 113.01
11E00661 19.87 12.25 56.89 62.09 138.12
11E00671 11.41 16.27 10.98 10.34 55.11 63.74 77.99
11E00681 13.43 13.14 8.76 10.38 49.89 101.64 141.20
11E00692 17.22 34.23 9.45 11.82 56.53 98.92 147.79
11E00702 17.66 14.94 9.08 11.06 47.70 56.64 89.41
11E00712 | 1071 10.28 65.42 58.84 96.13
11E00722 20.09 13.63 37.56 54.37 100.40
11E00732 9.49 13.62 45.29 146.12
11E00742 | 8.9 10.51 48.79 162.21
11E00752 17.31 10.29 14.08 10.51 49.04 118.03
11E00830 22.07 30.86 9.79 16.73 40.52 97.10
11E00835 10.68 13.15 28.40 30.97 39.01
11E00840 12.01 9.00 29.81 33.68 64.53
11E00844 14.27 11.84 29.52 33.86 40.15
11E00848 13.68 11.35 10.39 9.91 74.27
11E00852 24.48 16.88 9.35 9.68 74.27
11E00856 24.84 22.19 9.67 9.94 83.92
11E00860 29.73 24.55 12.90 12.80 89.55
11E00864 28.83 18.30 16.71 20.38 84.78
11E00868 17.67 24.02 29.23 24.25 80.93
11E00931 14.70 20.01 48.51 25.67 75.13 96.76
11E00935 16.13 19.40 36.58 23.22 59.40 88.00 39.48 26.91
11E00941 17.89 19.17 12.90 21.43 33.68 30.01 20.31
Changes in gradient investigated further (as discussed above)
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4.25 SILLOTH HARBOUR TO CARDURNOCK
4.25.1 Classification Data 2015

Figure 4.48 below provides a comparison of the sediment types found across this frontage in 2009-10 and

2014-15 by textural class (after Folk, 1954).
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Figure 4.48: Silloth Harbour to Cardurnock: Spatial plot of Folk sediment textural classification groups
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4.25.2 Comparison of Data

Table 4.44 below provides a comparison of the number and percentage of samples by textural class (after Folk,
1954), within the information shown graphically in Figure 4.49.

Table 4.44: Silloth Harbour to Cardurnock textural classification of samples collected in 2009-10 and
2014-15
Textural class 2009-2010 samples 2014-2015 samples
Number Percent Number Percent
Gravel 10 15.4 0 0.0
Sandy Gravel 22 33.8 20 13.7
Muddy Sandy Gravel 4 6.2 0 0.0
Muddy Gravel 0 0.0 0 0.0
Gravelly Sand 0 0.0 9 6.2
Gravelly Muddy Sand 0 0.0 1 0.7
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 0 0.0 4 2.7
Slightly Gravelly Muddy Sand 0 0.0 3 2.1
Slightly Gravelly Sandy Mud 0 0.0 0 0.0
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 6 9.2 37 25.3
Muddy Sand 20 30.8 70 47.9
Sandy Mud 3 4.6 2 1.4
Mud 0 0.0 0 0.0
Total: 65 100.0 146 100.0
50.0 50.0
(a)20092010 n=65 (b) 20142015 n=146
45.0 45.0
40.0 40.0
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Figure 4.49: Silloth
classification groups

Harbour to Cardurnock: Percentage frequency histograms

of the Folk sediment textural
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4.25.3 Key Points Arising from Examination of Data

The following key points arise from examination of the data:

il

The 2014-15 sampling survey provided considerably better alongshore and crossshore sample coverage
than the 2009-10 survey, 146 samples being collected compared with 65. Samples were taken from
previously unsampled areas between Silloth and the SW end of Skinburness spit, on the north shore of the
River Wampool within Moricambe Bay, and better cross-shore coverage was provided by sampling along the
eastern half of Skinburness spit.

Approximately 25% of the samples taken in 2014-15 ar e <c¢cl assified as O6sanddé a
6muddy sand?é, compared with approximatel y 9-109tveyand 3
However, fewer sampl es calnads séisfaineddy agsr advgerlabv e(l abp p(rOo¥%)i mat
in 2014-15 than in 2009-10, (approximately 15% and 34%, respectively); this is largely because samples

were taken lower down the upper be ach shore face in 2014-15 compared with 2009-10.

The samples collected from the upper beach along Skinburness spit in 201415 are classified mainly as

6sandy gravelé with some gravelly sanddé. The mid beac
the spit are classified mainlymaddy muarnddb,s amldédr eaansd als
half of the spit the mid and | ower beach samples are

Wi thin Moricambe Bay. 6muddy s amddupper didainflate adjacerst totthb e i nn
Wampool channel, while samples from the mid and lower tidal flats, and from nearer the entrance to the

Bay, are classified mainly as 6sando.

The modal sand sizes of the upper beach sediments along Skinburness spit raaqge from 500-6 00 T m t o
17002000 T m. Towards Si |l | otidandldwer foseshorg doetasn sand inenmadds®f m
7590 T m, but towards the eastern enmodesfincrSake in bizer(l2®2ss t F
150 T ml18Q50 m). Wambh Bay, thil apper foreshore samples contain dominant modes of

very finesand (63-7 5T m a#®d 751), with fin&285ahdc albxde $§12)l 0Bo mi nan
the mid and lower foreshore.

4.25.4 Reconciliation __with monitoring data

The harbour at Silloth creates an artificial promontory that has advanced the shoreline seaward of its natural
location in order to gain access to the main channel of the Solway Firth (the Swatchway channel) and
effectively cuts off littoral drift from the frontages to the south . Over the past 150 years the channel has
migrated landward reducing the width of the intertidal zone and providing a conduit for wave energy
penetration and longshore current generation to move material northwards. This has caused a coarsening and
steepening of the beaches and erosion of the shoreline.

The present shoreline between Silloth and Skinburness is artificially defended along its entire length and the
foreshore is groyned. In the past the beaches have been nourished with crushed rocks and dredging arisings
from Silloth harbour.

The Swatchway exerts a control on the width of the intertidal zone , provides a conduit for wave energy
penetration and provides for movement of sediment in suspension northwards by the generation of a longshore
current.

There is little input of material into this section apart from re -distribution of the existing shingle around the ends
or over the groynes. Some finer material can be moved into the area via the channel.

North of Skinburness the frontage merges into a 2km long shingle spit and dune system (it h e @ fonmade 0

by the northerly drift of sediment into the Solway Firth.  Historically, the spit was located seaward of its current

position, so that it merged with the nearshore sand banks, but following a shif | andward of the @S
Channel over the past century, the spit has narrowed and shortened, and detached from the intertidal sand and

mud flats that it once joined. Currently, the Swatchway moves away from the shoreline in this section,
increasing the width of the inter -tidal zone. The upper foreshore consists of a steep, sand and shingle bank,

with the lower foreshore consisting of sand and mud.
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At the eastern end of the Grune the shoreline opens out into the natural tidal embayment of Moricambe Bay.
The bay is a sediment sink with sediment transported by the limited wave action, which penetrates into the

bay. The low energy environment has provided conditions for development of extensive saltmarsh on the west
and south fringes (Coastal Engineering, October 2015b).

Associated beach variation and sediment change across this frontage from 2009/10 to 2014/15 shows:

1 Overall reduction in beach volumes across the frontage but associated growth in the wider foreshore across
the Grune;

Evidence of movement of the Swatchway at Skinburness;

Mostly muddy sand at the south end of the Silloth frontage;

High proportion of muddy sand lower down beach between Eastcote and Skinburness

Proportion of muddy sand probably influenced by channel position;

Fining of upper beach along Grune;

Little change in saltmarsh extent within Moricambe Bay;

Some erosion due to channel meandering at Anthorn.

=4 =4 -4 -8 _a_a_9

Changes in the gradient of the beach between tidal contours at profiles where sediment data was recorded in
both 2009/10 and 2014/15are shown in Table 4.45 below. Full details of the gradient changes at each of these
profiles are provided in Appendix C.

Examination of the most significant changes highlighted in - provides the following (ref profile change plots in
Appendix D):

1 Changes in profile at the interface of the upper and low er beach associated with a build- up of material
generally between the +1.0m ODN and the -1.0m ODN contours (profiles 11E01008 and 11E01026); and

1 Setback and cliffing of the dune/beach interface across the Grune frontage (profiles 11E01017 and
11E01048) partially influenced by the winter 2013 -14 storms.

Table 4.45: Gradients between tidal contours 2009-10 and 2014-15

Profile Ref HAT-MHWS MHWSMHWN MHWNMSL MSL-MLWN MLWNMLWS
2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15

11E00976 3.25 1.71 1.70 6.82 5.97 16.34

11E00983 2.84 1.73 1.74 12.40 12.27 32.98

11E00985 3.19 7.01 10.44 10.85 19.26 18.83 29.11

11E00986 1.57 1.59 5.09 6.46 29.62 26.59 26.88 27.67

11E00987 1.49 1.60 5.09 4.90 30.26 29.62

11E00989 1.51 1.43 9.83 8.41 15.79 28.58

11E00990 1.50 1.42 7.62 7.27 20.99 31.88

11E00991 2.10 2.32 9.91 9.35 22.00 29.21

11E00992 2.23 2.41 7.05 6.76 27.77 32.03

11E00993 451 4.31 10.35 9.69 32.25 33.02

11E00994 2.24 2.34 9.56 9.04 33.80 34.20

11E00999 2.12 2.24 6.76 4.19 35.89 36.92 22.61 25.39 11.80

11E01001 2.13 1.82 3.43 3.36 36.97 37.22 15.18 15.05 12.78

11E01003 1.61 3.10 9.08 7.96 25.70 26.01 22.75 15.04 15.13

11E01004 3.71 4.27 8.77 8.62 12.70 14.66 31.38 18.11

11E01005 2.26 3.44 12.66 12.18 18.24 18.95 34.13 18.97

11E01006 2.08 1.37 9.36 8.45 23.47 30.34

11E01007 2.08 1.37 9.36 8.45 23.47 30.34

11E01008 1.69 1.54 15.31 9.43

11E01009 1.88 2.02 14.75 13.48

11E01010 2.28 2.82 21.00 19.74

11E01012 15.59 12.75 32.23 32.61

11E01013 7.54 7.47 32.86 38.33

11E01014 8.19 9.48 31.89 41.35

11E01015 10.02 10.90 24.80 32.51

11E01017 23.33 25.95

11E01018 19.43 21.33

11E01019 14.97 17.73
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11E01022

11E01024

11E01026

11E01030

11E01038

11E01048

11E01052 7.80

107.13

9.27 15.11
9.29 8.33
9.48 10.27
9.26 10.32 116.85 126.99
9.31 9.83 185.54
36.96 139.63
8.26 8.88 233.04
113.27 66.68 6.10

11E01103
Changes in gradient investigated further (as discussed above)
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4.26 | NNER SOLWAY
4.26.1 Classification Data 2015

Figure 4.50 below provides a comparison of the sediment types found across this frontage in 2009-10 and
2014-15 by textural class (after Folk, 1954).
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Figure 4.50: Inner Solway: Spatial plot of Folk sediment textural classification groups
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4.26.2 Comparison of Data

Table 4.46 below provides a comparison of the number and percentage of samples by textural class (after Folk,
1954), with the information shown graphically in Figure 4.51.

Table 4.46: Inner Solway textural classification of samples collected in 2009-10 and 2014-15

Textural class 2009-2010 samples 2014-2015 samples
Number Percent Number Percent
Gravel 0 0.0 0 0.0
Sandy Gravel 0 0.0 1 2.2
Muddy Sandy Gravel 0 0.0 0 0.0
Muddy Gravel 0 0.0 0 0.0
Gravelly Sand 0 0.0 1 2.2
Gravelly Muddy Sand 0 0.0 1 2.2
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 0 0.0 1 2.2
Slightly Gravelly Muddy Sand 0 0.0 2 4.4
Slightly Gravelly Sandy Mud 0 0.0 0 0.0
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 1 4.5 15 33.3
Muddy Sand 18 81.8 22 48.9
Sandy Mud 3 13.6 2 4.4
Mud 0 0.0 0 0.0
Total: 22 100.0 45 100.0
90.0 90.0
(2)2009-2010 n=22 (b) 20142015 n=45
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Figure 4.51: Inner Solway: Percentage frequency histograms of the Folk sediment textural classification groups
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4.26.3 Key Points Arising from Examination of Data

The following key points arise from examination of the data:

1 In 2014-15 the sampling campaign on the English shore of the Inner Solway, north and east of
Cardurnock, had better spatial coverage than in 2009-10, although in many areas only two samples were
collected on each profile (higher saltmarshes were not sampled).

1 Approximately 49% of the samples taken in 2014-15areclass i f i ed as O comgheey s a witho ,
approximately 82% in 2009. Owing to better cross-shore sampling, which  included tidal flats areas

further out from the shore than was achieved in 2009-1 0, t he proportion of sampl e

2014-15 (33%) was considerably higher than in the earlier survey (4.5%). Only approximately 4% of the

samples collected in 201415 are classified as Osandy -fMuavihgtotheo mpar e
fact that a smaller proportion of saltmarsh samples were taken. 6 Sandd and O6muddy sand?d
the tidal flats in the outer part of the Firth, betwe

samples are found mainly in the inner estuary adjoining the River Esk and the River Eden. Small amounts of
gravel are found in some of the upper shore samples taken near Bowness-on-Solway.

1 In the Outer part of the Firth, west of Bowness -on-Solway, the dominant sand mode sizesare 901 06 T m
and75-90 T m, wi t-h5 siommesi6B8e on t he Rlimgrehes Tothe ehst bf Bédwness s
on-Solway the dominant sand mode sizes are 7590 and 63-75 T m, whil e within the
Eden and Esk the dominant sand mode sizeis 637 5 1 m.

4.26.4 Reconciliation _with monitoring data

The frontage between the e ast side of Moricambe Bay and Bowness on Solway the frontage is low lying and
fronted by saltmarsh. Tidal currents transport fine sediment to wards Cardurnock. The sediments are deposited
on Cardurnock flats which acts as a temporary store of sediments. The frontage at Bowness is protected by
artificial defences associated with local properties and infrastructure. The remaining sections of frontage are
naturally defended by fringing saltmarsh (Coastal Engineering, October 2015b)

Sediments becoming finer towards the north east of the estuary , as demonstrated by the results of the
sediment analysis. Localised erosion and undercutting of the saltmarsh results from the meandering of the river
channels. Little sediment is supplied by the rivers due to th e low hydraulic power they have before entering the
Solway estuary.

Associated beach variation and sediment change across this frontage from 2009/10 to 2014/15 shows:

Generally low magnitude change taking place;

Stable saltmarsh between Cardurnock and Bowness;

Eroding saltmarsh along Easton and Burgh Marsh;

Stable saltmarsh at Rockcliffe and Mossland Hall marsh; and
Slight erosion of marsh between Mossland Hall marsh and Gretna.

E I E R

Changes in the gradient of the beach between tidal contours at profiles where sediment data was recorded in
both 2009/10 and 2014/15 are shown in Table 4.47 below. Full details of the gradient changes at each of these
profiles are provided in Appendix C.

Examination of the significant changes highlighted in - provides the following (ref profile change plots in
Appendix D):

The change is due to vertical accretion of the saltmarsh and consequently the HAT being recorded at multiple
locations on the 2014/15 survey rather than just at the landward end as in 2009 /10. This is consistent with
other marsh areas where vertical accretion has been identified e.g. Dee estuary.
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Table 4.47: Gradients between tidal contours 2009-10 and 2014-15

Profile Ref HAT-MHWS MHWSMHWN MHWNMSL MSL-MLWN MLWNMLWS
2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15 | 2009/10 | 2014/15

11E01891 23.78 27.04 55.50 83.60 145.42 64.79

11E02066 69.88 61.67 2.49 3.60 2.69

11E02360 4.93 5.49

11E02386

11E02414 17.57 10.20

11E02479 4.49 5.18

Changes in gradient investigated further (as discussed above)
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5. CONCLUSIONS

The North West Strategic Monitoring Regional Sediment Analysisand Reporting 2015 presents the results and
interpretation of particle size analyses carried out on over 2200 samples of sediment collected during 2014-
2015 from intertidal locations around the shoreline of SMP area 22 (aka Cell 11) between Llanfairfechanon the
North Wales coast and the English/Scottish border in the inner Solway Firth.

Were appropriate anthropogenic influences that may have contributed to change are identified. In addition for
all locations where beach profile data collected under the NWRMP wasavailable coincident with the sediment
sampling undertaken, changes in beach gradient that might be explained by a change in sediment type or
beach movement, have been examined and commented on.

Key differences in the locations of some of the samples made direct comparison impossible at some locations
with specifically the following significantly impacting on the comparisons undertaken:

1 in the 2009-10 campaign many of the samples taken from the Cumbrian and North Wales coasts were
biased towards the upper, more landward parts of the beach witht he &émi dé and o6l ower 6 b
collected as far out as during the 2014-15 campaign; and

1 during the 2014-15 campaign many of the most landward samples were not collected from the upper gravel
beaches which were sampled in 2009-10.

Where examination of gradient differences flagged up areas for more detailed examination generally the
reasons for the changes were explained by examination of the beach profile data, which highlighted that
changes were mostly attributable to beach profile variation associated with natural change (progressively linked
to accretion/erosion or shorter term variability) , specifically:

1 Crossshore movement and variation in the position of ridge and runnel features that are p revalent across
the lower sand beach areas across much of the cell 11 frontage;

1 Erosion or accretion of undefended natural frontages that had already been identified from examination of

other monitoring data;

Changes in beach composition associated with interaction with artificial defences e.g. vertical sea walls;

Multiple occurrences of specific tidal contours on a beach profile, specifically the mean high water spring

tide contour on profiles through saltma rshes; and

1 Mixing of sediments leading to apparent fining mostly attributable to the effects of the winter storms of
2013-14.

f
f

Generally, the stormy winter of 2013 -14 does not appear to have had a major affect on the intertidal sediment
characteristics.

Overall, the changes identified do not fundamentally alter the existing conceptual understanding of behaviour,
or affect the preferred policies identified in the SMP.

More interpretation can be made of the data collected, particularly in terms of alongshore size / sorting trends
and implications for sediment transport. This aspect would benefit from the collection and analysis of the sub -
tidal samples which should be collected in 2016 and/or sediment chemical fingerprinting.
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Appendix A: Selected Cell Wide Sediment Parameter Data

Table A.1. Percentage gravel content of samples collected in 200910 and 2014-15

Gravel content 2009-2010 samples 2014-2015 samples
(%) Number Percent Number Percent
0-5 1004 71.7 1883 83.4
5-10 18 1.3 52 2.3
10- 15 9 0.6 22 1.0
15- 20 5 0.4 21 0.9
20 - 25 8 0.6 14 0.6
25- 30 14 1.0 16 0.7
30-35 13 0.9 21 0.9
35-40 12 0.9 20 0.9
40 - 45 12 0.9 24 11
45 - 50 17 1.2 20 0.9
50 - 55 26 1.9 24 11
55 - 60 24 1.7 21 0.9
60 - 65 16 11 20 0.9
65 - 70 18 1.3 19 0.8
70-75 22 1.6 13 0.6
75- 80 26 1.9 16 0.7
80 - 85 24 1.7 4 0.2
85-90 19 14 15 0.7
90 - 95 23 1.6 7 0.3
95 - 100 90 6.4 25 11
Total: 1400 100.0 2257 100.0
90.0 90.0
(a)20092010 n=1400 (b) 20142015 n=2257
80.0 80.0
70.0 70.0
S S
£ 60,0 £ 600
8 8
g 500 G 500
> >
£ 400 2 400
= =
0 300 0 300
L [T
20.0 20.0
10.0 10.0
Figure A.1l. Percentage frequency histograms of the % gravel content of samples collected in 2009-10 and
2014-15
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Figure A.2. Samples containing >95% gravel collected in 2009-10 (90 samples) and 2014-15 (25 samples)
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Table A.2. Percentage sand content of samples collected in 200910 and 2014-15

Sand content 2009-2010 samples 2014-2015 samples
(%) Number Percent Number Percent
0-5 96 6.9 26 1.2
5-10 30 2.1 6 0.3
10- 15 35 25 17 0.8
15-20 42 3.0 8 0.4
20- 25 a7 3.4 24 1.1
25-30 44 3.1 17 0.8
30-35 38 2.7 34 15
35-40 40 2.9 35 1.6
40 - 45 45 3.2 44 1.9
45 - 50 52 3.7 56 25
50 - 55 36 2.6 74 3.3
55 - 60 43 3.1 57 25
60 - 65 33 2.4 63 2.8
65- 70 35 2.5 69 3.1
70 - 75 38 2.7 62 2.7
75 - 80 27 1.9 79 35
80 - 85 22 1.6 99 4.4
85-90 59 4.2 100 4.4
90 - 95 68 4.9 212 9.4
95 - 100 570 40.7 1175 52.1
Total: 1400 100.0 2257 100.0
60.0 60.0
s | (8020092010 n=1400 | | (b)20142015 n=2257
50.0 50.0
o 45.0 o 45.0
§4o.o -§40.0
;335.0 %;35.0
= 30.0 = 30.0
0839 25.0 % 25.0
S,_:’ 20.0 LQE) 20.0
15.0 15.0
10.0 10.0
5.0 5.0
0.0 0 0 0 60 o B o wo wowowowo v o 0.0 o o e o e 0w o wow o wo w o no
Figure A.3. Frequency histograms for the whole of Cell 11 of the % sand content of samples collected in

2009-10 and 2014-15
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Figure A.4. Samples containing >95% sand collected in 2009-10 (570 samples) and 2014-15 (1175 samples)
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Table A.3. Percentage mud content of samples collected in 2009-10 and 2014-15

Mud content 2009-2010 samples 2014-2015 samples
(%) Number Percent Number Percent
0-5 957 68.4 1535 68.0
5-10 53 3.8 166 7.4
10- 15 51 3.6 92 4.1
15-20 20 14 82 3.6
20- 25 21 15 66 2.9
25- 30 24 1.7 47 2.1
30- 35 23 1.6 48 2.1
35-40 24 1.7 45 2.0
40 - 45 29 2.1 39 1.7
45 - 50 21 15 42 1.9
50 - 55 29 2.1 31 1.4
55 - 60 19 14 19 0.8
60 - 65 28 2.0 17 0.8
65 - 70 20 14 13 0.6
70-75 20 14 3 0.1
75 - 80 19 14 8 0.4
80 - 85 16 11 3 0.1
85 - 90 15 11 1 0.0
90 - 95 6 0.4 0 0.0
95 - 100 5 0.4 0 0.0
Total: 1400 100.0 2257 100.0

70.0 70.0

es0 [ (2)20092010 n=1400 | 4,

60.0 60.0

55.0 55.0
%50.0 %50.0
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o o
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Table A.6. Folk textural classification of samples collected in 2009-10 and 2014-15

Textural class 2009-2010 samples 2014-2015 samples
Number Percent Number Percent
Gravel 156 11.1 51 2.3
Sandy Gravel 174 12.4 181 8.0
Muddy Sandy Gravel 10 0.7 17 0.8
Muddy Gravel 2 0.1 0 0.0
Gravelly Sand 52 3.7 109 4.8
Gravelly Muddy Sand 1 0.1 16 0.7
Gravelly Mud 1 0.1 0 0.0
Slightly Gravelly Sand 64 4.6 284 12.6
Slightly Gravelly Muddy Sand 1 0.1 19 0.8
Slightly Gravelly Sandy Mud 0 0.0 1 0.0
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 559 39.9 1060 47.0
Muddy Sand 204 14.6 425 18.8
Sandy Mud 165 11.8 94 4.2
Mud 11 0.8 0 0.0
Total: 1400 100.0 2257 100.0
50.0 50.0
(a)20092010 n=1400 (b) 20142015 n=2257
45.0 45.0
400 400
%35‘0 %35.0
é 30.0 é 30.0
g g
325.0 3 25.0
“:3;20.0 gm
E'Ij 15.0 I:"_Ij 15.0
10.0 10.0
5.0 5.0
0‘0————-c‘u‘-c‘!‘u‘-c‘-c‘u-c-cv O'O————-c-c-ct:-c-c-c-c-c-cv
Friiisiiig i Faigiigils 2
P Fiis P Fiis
P i 3

Figure A.7. Percentage frequency histograms of the Folk textural classification for samples collected in 2009
10 and 2014-15
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Table A.5. Percentage frequency of sand mode classes in samples collected in 200910 and 2014-15

Sand Mode 2009-2010 samples 2014-2015 samples
(um) Number Percent Number Percent
63 - 75 88 7.0 47 2.1
75 - 90 90 7.2 305 13.8
90 - 106 59 4.7 73 3.3
106 - 125 44 35 64 2.9
125 - 150 55 4.4 127 5.7
150 - 180 72 5.7 318 14.3
180 - 212 198 15.8 212 9.6
212 - 250 219 17.4 280 12.6
250 - 300 144 11.5 494 22.3
300 - 355 41 3.3 27 1.2
355 - 425 48 3.8 76 3.4
425 - 500 27 2.1 0 0.0
500 - 600 19 15 76 3.4
600 - 710 14 11 3 0.1
710 - 850 20 1.6 43 1.9
850 - 1000 20 1.6 1 0.0
1000 - 1180 24 1.9 10 0.5
1180 - 1400 13 1.0 0 0.0
1400 - 1700 7 0.6 60 2.7
1700 - 2000 54 4.3 1 0.0
Total: 1256 100.0 2217 100.0

24.0 24.0

20 1 (8)20092010 n=1256 20 1(0) 20142015 n=2217

20.0 20.0
o 18.0 o 180
£ 160 glﬁo
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Appendix_B: Selected Sediment Parameter Data by Coastal Unit

B.1.

B.1.1

B.1.2

West of the Great Orme (Llanfairfechan to Llandudno West Shore)

The beaches to the west of the Great Orme were not sampled in 2009-2010. In 2014-15 76 samples

were collected. Good spatial coverage of the beach was achieved in the west of the area and at

Llandudno West Shore, but along much of the Conwy and Deganwy frontages samples were only
taken from the more | andward partsaonipltehsed bewehe (acCEl
from the mid beach).

Of the samples taken, 48.7% were classifiedaas O0san
gravel and 7.9% as sandy gravel. Samples in the latter two categories were collected almost exclusively
from the upper beach. The dominant sand mode classes were foundtobe 212- 250 T m a86@d 250

i'm, although samples taken f amwn tflordagenclate to ¢ha €dnwyal o n g
estuary channel, showed a slightly finer mode (180-2 1 2 1T m) .

Table B.1.1 West of Great Orme: frequency of % gravel content.

Gravel 2009 -2010 2014 -2015
content samples samples
(%) Number  Percent | Number Percent
0-5 58 76.3
5-10 2 2.6
10 - 15 0 0.0
15 - 20 0 0.0
20 - 25 0 0.0
25 - 30 0 0.0
30 - 35 1 1.3
35 - 40 No samples taken 1 1.3
40 - 45 0 0.0
45 - 50 0 0.0
50 - 55 0 0.0
55 - 60 0 0.0
60 - 65 0 0.0
65 - 70 0 0.0
70 - 75 2 2.6
75 - 80 2 2.6
80 - 85 0 0.0
85 - 90 0 0.0
90 - 95 1 1.3
95 - 100 9 11.8
Total: 76 100.0
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Figure B.1.1 West of Great Orme: percentage frequency histogram of % gravel content
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Table B.1.2 West of Great Orme: % sand content

Sand 2009 -2010
2014 -2015 samples
content samples
(%) Number  Percent | Number Percent
0-5 9 11.8
5-10 1 1.3
10 - 15 0 0.0
15 - 20 0 0.0
20 - 25 2 2.6
25 - 30 2 2.6
30 - 35 0 0.0
35 - 40 No samples taken 1 0.0
40 - 45 0 0.0
45 - 50 0 0.0
50 - 55 0 0.0
55 - 60 0 0.0
60 - 65 1 1.3
65 - 70 1 1.3
70 - 75 0 0.0
75 - 80 0 0.0
80 - 85 0 0.0
85 - 90 0 0.0
90 - 95 3 3.9
95 - 100 57 75.0
Total: 76 100.0
90.0
20142015 n=76
80.0
70.0
()
g
£ 60.0
[}
o
@ 50.0
o
>
o
c 40.0
(8}
>
o
@ 30.0
LL
20.0
10.0 I
0.0 —_— e ——
Y2320 833ILBBI3ERRILESR S
o i il i i ' ' ' i ' i i i i ' i i fi ' —
n O N o v O, o n o .n O mw o nL o v o !
I 4 N N OO MO < < 0O 6O O© O© ~ N~ 0 o o g

Figure B.1.3 West of Great Orme: frequency percentage histogram of % sand content
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Table B.1.3 West of Great Orme: percentage frequency of % mud content

Mud
. 2009 -2010 samples 2014 -2015 samples
content
(%) Number Percent Number Percent
0-5 75 98.7
5-10 1 1.3
10 - 15 0 0.0
15 - 20 0 0.0
20 - 25 0 0.0
25 - 30 0 0.0
30 - 35 0 0.0
35 - 40 No samples taken 1 0.0
40 - 45 0 0.0
45 - 50 0 0.0
50 - 55 0 0.0
55 - 60 0 0.0
60 - 65 0 0.0
65 - 70 0 0.0
70 - 75 0 0.0
75 - 80 0 0.0
80 - 85 0 0.0
85 - 90 0 0.0
90 - 95 0 0.0
95 - 100 0 0.0
Total: 76 100.0
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Table B.1.4 West of Great Orme: percentage frequency of Folk sediment textural classification groups

2009 -2010 2014 -2015
Textural class
samples samples
Number  Percent | Number Percent
Gravel 10 13.2
Sandy Gravel 6 7.9
Muddy Sandy Gravel 0 0.0
Muddy Gravel 0 0.0
Gravelly Sand 2 2.6
Gravelly Muddy Sand No samples taken 0 0.0
Gravelly Mud 0 0.0
Slightly Gravelly Sand 21 27.6
Slightl I M
ightly  Gravelly uddy 0 00
Sand
Slightly Gravelly Sandy Mud 0 0.0
Slightly Gravelly Mud 0 0.0
Sand 37 48.7
Muddy Sand 0 0.0
Sandy Mud 0 0.0
Mud 0 0.0
Total: 76 100.0
50.0
20142015 n=76
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Table B.1.5 West of Great Orme: percentage frequency of sand mode classes

Sand Mode 2009 -2010 samples 2014 -2015 samples
(um) Number Percent Number Percent
63 - 75 0 0.0
75 - 90 0 0.0
90 - 106 0 0.0
106 - 125 0 0.0
125 - 150 1 15
150 - 180 1 15
180 - 212 3 4.5
212 - 250 No samples taken 19 28.8
250 - 300 38 57.6
300 - 355 0 0.0
355 - 425 1 15
425 - 500 0 0.0
500 - 600 0 0.0
600 - 710 0 0.0
710 - 850 0 0.0
850 - 1000 0 0.0
1000 - 1180 0 0.0
1180 - 1400 0 0.0
1400 - 1700 3 4.5
1700 - 2000 0 0.0
Total: 66 100.0
60.0
20142015 n=66
50.0
(]
g
= 40.0
[}
o
[}
o
> 30.0
[8)
c
(]
>
O
® 20.0
LL
10.0
0.0 - B .L
R8ELRBBE8IISBLL888SB88 8 8
i i — o +H 4 N N MO M < N O N~ 0 0 A < N~ O
T R L S S S R N R B oY)
N8R IR8BL8883 000 oo
o -

Figure B.1.9 West of Great Orme: percentage frequency histogram of sand mode classes

Coastal Engineering UK Ltd

November 2015

XVIII



North West Strategic Monitoring Programme Regional Sediment Analysis 2015 Sefton Council

1 | 1 1 1 1 1

63 to 75

75 to 90

90 to 106
106 to 125
125 to 150
150 to 180
180 to 212
212 to 250
250 to 300
300 to 355
355 to 425
425 to 500

= 500 to 600
600 to 710
710 to 850
850 to 1000
1000 to 1180
1180 to 1400
1400 to 1700
1700 to 2000

Scale (km)

0 1 2 3

| | U U | | I
266000 288000 270000 272000 274000 276000 278000

Figure B.1.10 West of Great Orme: spatial plot of sand mode classes

Coastal Engineering UK Ltd November 2015 XIX



North West Strategic Monitoring Programme

Regional Sediment Analysis 2015

Sefton Council

B.2.

B.2.1

Great

Or me b s

Head to

A total of 99 sediment samples we r e

(compared with 41 in 2009-1 0 ) .

River Clwyd

coll ected

bet ween

Great

The

percentages

of sampl es

Or me 6
cl assi

were similar in both surveys (31.3% gravel and 23.2% sandy gravel in 2014 -15, compared with 35.4%
s d5unrbe wer® mpr i S
recorded in 2009-10 because the mid and lower parts of the intertidal profiles were not sampled. Gravel
and sandy gravel forms an upper beach ridge along much of the coast. This steeper, upper beach
profile is fronted by low gradient sand flats with variable development of ridge and runnel topography.

and 25.0% in 2009-1 0) .

Sedi ment s

classified

Sampl es

a om

classified

a

udoé wer e

sediments and peat are periodically exposed on the foreshore near Abergele.

B.2.2

T m.

number s

followed by 300-3 5 5
(up to 1400-1 700

T m) .

Significant

Mo s t

of

the sampl es

not sampl ed

The most frequent sand mode class in both the 2014-15 and 2009-10 surveys was 250-3 0 0

of sampl es
containi

ng

in e

T m,
wer e
coar

gravel on the more exposed, higher energy, parts of the shoreline. The finer sand modes are mainly

associated with the low-gradient sand flats. Muddy sediments are virtually absent on this relatively
high energy coastal frontage.
Table B.2.1 Great Orme to River Clwyd: frequency of % gravel content
Gravel
2009 -2010 samples 2014 -2015 samples
content
(%) Number Percent Number Percent
0-5 13 27.1 41 41.4
5-10 2 4.2 0 0.0
10 - 15 1 2.1 1 1.0
15 - 20 1 2.1 1 1.0
20 - 25 0 0.0 0 0.0
25 - 30 2 4.2 0 0.0
30 - 35 0 0.0 1 1.0
35 -40 3 6.3 1 1.0
40 - 45 1 2.1 1 1.0
45 - 50 1 2.1 0 0.0
50 - 55 2 4.2 2 2.0
55 - 60 1 2.1 2 2.0
60 - 65 0 0.0 0 0.0
65 - 70 1 2.1 5 51
70 - 75 2 4.2 7 7.1
75 - 80 1 2.1 6 6.1
80 - 85 2 4.2 2 2.0
85 - 90 2 4.2 11 111
90 - 95 1 2.1 5 51
95 - 100 12 25.0 13 131
Total: 48 100.0 99 100.0
Coastal Engineering UK Ltd November 2015 XX
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Table B.2.2 Great Orme to River Clwyd: frequency of % sand content

Sand 2009 -2010 samples | 2014 -2015 samples
content
(%) Number Percent Number Percent
0-5 12 25.0 13 13.1
5-10 1 2.1 5 51
10 - 15 3 6.3 12 12.1
15 - 20 2 4.2 1 1.0
20 - 25 2 4.2 7 7.1
25 - 30 2 4.2 6 6.1
30 - 35 1 2.1 6 6.1
35 - 40 1 2.1 0 0.0
40 - 45 0 0.0 1 1.0
45 - 50 2 4.2 2 2.0
50 - 55 1 2.1 0 0.0
55 - 60 2 4.2 2 2.0
60 - 65 2 4.2 0 0.0
65 - 70 1 2.1 1 1.0
70 - 75 2 4.2 0 0.0
75 - 80 0 0.0 1 1.0
80 - 85 0 0.0 0 0.0
85 - 90 1 2.1 1 1.0
90 - 95 2 4.2 1 1.0
95 - 100 11 22.9 40 40.4
Total: 48 100.0 99 100.0
50.0 50.0
(2) 20092010 n=48 (b) 20142015 n=99
45.0 45.0
40.0 40.0
%35.0 %35.0
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Table B.2.3 Great Orme to River Clwyd: frequency of % mud content

Mud 2009 -2010 samples 2014 -2015 samples
content
(%) Number Percent Number Percent
0-5 45 93.8 98 99.0
5-10 0 0.0 1 1.0
10 - 15 0 0.0 0 0.0
15 - 20 1 2.1 0 0.0
20 - 25 0 0.0 0 0.0
25 - 30 0 0.0 0 0.0
30 - 35 0 0.0 0 0.0
35 - 40 0 0.0 0 0.0
40 - 45 0 0.0 0 0.0
45 - 50 0 0.0 0 0.0
50 - 55 0 0.0 0 0.0
55 - 60 0 0.0 0 0.0
60 - 65 0 0.0 0 0.0
65 - 70 0 0.0 0 0.0
70 - 75 0 0.0 0 0.0
75 - 80 1 2.1 0 0.0
80 - 85 0 0.0 0 0.0
85 - 90 1 2.1 0 0.0
90 - 95 0 0.0 0 0.0
95 - 100 0 0.0 0 0.0
Total: 48 100.0 99 100.0
(2) 20092010 n=48 1:22 (b) 20142015 n=99
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%70‘0
é 60.0
g
550‘0
%40.0
LL 30.0
20.0
10.0
o naesscecrcscessaeg P eosesnssccsrsecrsgg e s

Figure B.2.5 Great Orme to River Clwyd: percentage frequency histogram of % mud
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Table B.2.4 Great Orme to River Clwyd: percentage frequency of Folk sediment textural classification groups

Textural class 2009 -2010 samples 2014 -2015 samples
Number Percent Number Percent
Gravel 17 35.4 31 31.3
Sandy Gravel 12 25.0 23 23.2
Muddy Sandy Gravel 0 0.0 2 2.0
Muddy Gravel 0 0.0 0 0.0
Gravelly Sand 5 10.4 2 2.0
Gravelly Muddy Sand 1 2.1 0 0.0
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 11 22.9 11 11.1
lightl lly M
Slightly  Gravelly uddy 0 0.0 0 0.0
Sand
Slightly Gravelly Sandy 0 0.0 0 0.0
Mud
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 0 0.0 30 30.3
Muddy Sand 0 0.0 0 0.0
Sandy Mud 2 4.2 0 0.0
Mud 0 0.0 0 0.0
Total: 48 100.0 99 100.0
40.0 40.0
(a)2009-2010 n=48 (b) 20142015 n=99
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Figure B.2.7 Great Orme to River Clwyd: percentage frequency histogram of Folk sediment textural

classification groups
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Table B.2.5 Great Orme to River Clwyd: percentage frequency of sand mode classes

o
o
o

IS
o
o

I
o
o

Sand Mode 2009 -2010 samples 2014 -2015 samples
(um) Number Percent Number Percent
63 - 75 0 0.0 0 0.0
75 - 90 0 0.0 0 0.0
90 - 106 0 0.0 0 0.0
106 - 125 1 2.9 0 0.0
125 - 150 1 2.9 0 0.0
150 - 180 0 0.0 0 0.0
180 - 212 0 0.0 0 0.0
212 - 250 2 5.7 2 2.4
250 - 300 13 37.1 39 47.6
300 - 355 4 11.4 10 12.2
355 - 425 5 14.3 6 7.3
425 - 500 0 0.0 0 0.0
500 - 600 2 5.7 10 12.2
600 - 710 1 2.9 3 3.7
710 - 850 0 0.0 6 7.3
850 - 1000 0 0.0 0 0.0
1000 -

1180 1 2.9 0 0.0
1180 -

1400 2 5.7 0 0.0
1400 -

1700 0 0.0 6 7.3
1700 -

2000 3 8.6 0 0.0
Total: 35 100.0 82 100.0
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B.3.

B.3.1

B.3.2

River Clwyd to Point of Ayr

A total of 38 samples were collected between the River Clwyd and Point of Ayr in 2014-15 (20 in 2009-

10). Most of the samples collected in 2014-1 5

ar e

classified

6sandbéd

2009-10. The 2014-15 survey showed gravel and sandy gravel to be present at Rhyl and on the upper
shore at Talacre. Muddy Holocene deposits on the foreshore at Rhyl, and recent muddy sediments

between sandy bars at Gronant and Talacre, were sampled in 2009-10 but not in 2014 -15.

The dominant sand mode class on this section of the coast in 2014-15 is 250-3 0 O
2010 sand with a modal size of 300-3 5 5

most of the samples collected in 2009-10 were taken from locations closer to the high water mark than

in 2014-15.

Table B.3.1 River Clwyd to Point of Ayr: frequency of % gravel content

Gravel 2009 -2010 samples | 2014 -2015 samples
content

(%) Number Percent Number Percent
0-5 20 83.3 38 84.4
5-10 0 0.0 0 0.0
10 - 15 0 0.0 0 0.0
15 - 20 0 0.0 0 0.0
20 - 25 0 0.0 0 0.0
25 - 30 0 0.0 0 0.0
30 - 35 0 0.0 1 2.2
35 - 40 1 4.2 0 0.0
40 - 45 0 0.0 0 0.0
45 - 50 0 0.0 0 0.0
50 - 55 0 0.0 2 4.4
55 - 60 0 0.0 1 2.2
60 - 65 0 0.0 1 2.2
65 - 70 0 0.0 0 0.0
70 - 75 0 0.0 1 2.2
75 - 80 1 4.2 0 0.0
80 - 85 1 4.2 0 0.0
85 - 90 0 0.0 1 2.2
90 - 95 1 4.2 0 0.0
95 - 100 0 0.0 0 0.0
Total: 24 100.0 45 100.0

Coastal Engineering UK Ltd
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Table B.3.2 River Clwyd to Point of Ayr: frequency of % sand content
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Sand 2009 -2010 samples | 2014 -2015 samples
content
(%) Number Percent Number Percent
0-5 0 0.0 0 0.0
5-10 2 8.3 0 0.0
10 - 15 0 0.0 1 2.2
15 - 20 1 42 0 0.0
20 - 25 1 42 0 0.0
25 - 30 1 42 1 2.2
30 - 35 0 0.0 0 0.0
35 - 40 0 0.0 1 2.2
40 - 45 0 0.0 1 2.2
45 - 50 0 0.0 2 4.4
50 - 55 0 0.0 0 0.0
55 - 60 0 0.0 0 0.0
60 - 65 2 8.3 0 0.0
65 - 70 0 0.0 1 2.2
70 - 75 0 0.0 0 0.0
75 - 80 0 0.0 0 0.0
80 - 85 0 0.0 0 0.0
85 - 90 0 0.0 0 0.0
90 - 95 1 42 0 0.0
95 - 100 16 66.7 38 84.4
Total: 24 100.0 45 100.0
(2) 20092010 =24 | " [(b) 20142015 n=45
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Figure B.3.3 River Clwyd to Point of Ayr: frequency percentage histogram of % sand content
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Table B.3.3 River Clwyd to Point of Ayr: frequency of % mud content

Mud 2009 -2010 samples 2014 -2015 samples
content
(%) Number Percent Number Percent
0-5 20 83.3 45 100.0
5-10 1 4.2 0 0.0
10 - 15 0 0.0 0 0.0
15 - 20 0 0.0 0 0.0
20 - 25 0 0.0 0 0.0
25 - 30 0 0.0 0 0.0
30 - 35 0 0.0 0 0.0
35 -40 1 4.2 0 0.0
40 - 45 0 0.0 0 0.0
45 - 50 0 0.0 0 0.0
50 - 55 0 0.0 0 0.0
55 - 60 0 0.0 0 0.0
60 - 65 0 0.0 0 0.0
65 - 70 0 0.0 0 0.0
70 - 75 1 4.2 0 0.0
75 - 80 0 0.0 0 0.0
80 - 85 0 0.0 0 0.0
85 - 90 0 0.0 0 0.0
90 - 95 1 4.2 0 0.0
95 - 100 0 0.0 0 0.0
Total: 24 100.0 45 100.0
(2) 20092010 n=24 1:22 (b) 20142015 n=45
80.0
%70.0
é 60.0
%50.0
§40.0
I?_Ij 30.0
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Figure B.3.5 River Clwyd to Point of Ayr: percentage frequency histogram of % mud
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Table B.3.4 River Clwyd to Point of Ayr: percentage frequency of Folk sediment textural classification groups

Textural class 2009 -2010 samples 2014 -2015 samples
Number Percent Number Percent
Gravel 2 8.3 1 2.2
Sandy Gravel 2 8.3 6 13.3
Muddy Sandy Gravel 0 0.0 0 0.0
Muddy Gravel 0 0.0 0 0.0
Gravelly Sand 0 0.0 0 0.0
Gravelly Muddy Sand 0 0.0 0 0.0
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 12 50.0 3 6.7
Slightly Gravelly
0 0.0 0 0.0
Muddy Sand
Slightly Gravelly
0 0.0 0 0.0
Sandy Mud
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 5 20.8 35 77.8
Muddy Sand 1 4.2 0 0.0
Sandy Mud 1 4.2 0 0.0
Mud 1 4.2 0 0.0
Total: 24 100.0 45 100.0
40.0 40.0
(a)2009-2010 n=24 (b) 20142015 n=45
35.0 35.0
o 30.0 o 300
g g
§ 250 § 25.0
g g
520.0 320.0
g g
2150 3 15.0
0 @
Lo L
10.0 10.0
O'Oi_—‘—‘—"u"c‘u‘-c‘u‘-c‘-c‘u-c-c; 00__‘_‘_‘ ! ! ! ! ! ! i i i T

Figure B.3.7 River Clwyd to Point of Ayr: percentage frequency histogram of Folk textural classification groups
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Table B.3.5 River Clwyd to Point of Ayr: percentage frequency of sand mode classes
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Sand Mode 2009 -2010 samples 2014 -2015 samples
(um) Number Percent Number Percent
63 - 75 0 0.0 0 0.0
75 - 90 0 0.0 0 0.0
90 - 106 0 0.0 0 0.0
106 - 125 0 0.0 0 0.0
125 - 150 0 0.0 0 0.0
150 - 180 0 0.0 0 0.0
180 - 212 2 8.7 0 0.0
212 - 250 2 8.7 3 6.7
250 - 300 11 47.8 38 84.4
300 - 355 6 26.1 4 8.9
355 - 425 1 4.3 0 0.0
425 - 500 0 0.0 0 0.0
500 - 600 1 4.3 0 0.0
600 - 710 0 0.0 0 0.0
710 - 850 0 0.0 0 0.0
850 - 1000 0 0.0 0 0.0
1000 -

1180 0 0.0 0 0.0
1180 -

1400 0 0.0 0 0.0
1400 -

1700 0 0.0 0 0.0
1700 -

2000 0 0.0 0 0.0
Total: 23 100.0 45 100.0
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B.4.

B.4.1

B.4.2

B.4.3

Dee Estuary

A total of 112 samples were collected in 2014-15, compared with 43 in 2009-10. In 2014-15 the
eastern (Wirral) side of the estuary was intensively sampled but no samples were collected from the
western (Welsh) side due to access problems. Consequently, data from an earlier hovercraft survey of
the north -western part of the estuary in 2013 hav e been used to supplement the 2014-15 data set.

The majority of sediment collected in both surveys
are generally concentrated in the higher energy outer parts of the estuary and in the lower intert idal

zone, while muddy sands and sandy muds occur mainly in the inner estuary and in the higher parts of

the intertidal zone. However, samples taken along the high water mark on the eastern side of the

estuary also contain considerable proportions of medium and coarse sand, together with 5 to 20%

gravel (including shell).

The sediment collected in both surveys show a wide range of primary sand mode classes ranging from

63-75 T m 6 0500n. The finer sand modes partseofthpéntertidalal | y |
zone, excluding the 6high tidedé beach which surroun

Table B.4.1. Dee Estuary: frequency of % gravel content

Gravel 2009 -2010 samples | 2014 -2015 samples
content

(%) Number Percent Number Percent
0-5 43 95.6 112 911
5-10 0 0.0 1 0.8
10 - 15 1 22 2 1.6
15 - 20 0 0.0 2 1.6
20 - 25 0 0.0 1 0.8
25 - 30 0 0.0 1 0.8
30 - 35 0 0.0 1 0.8
35 - 40 0 0.0 1 0.8
40 - 45 0 0.0 0 0.0
45 - 50 0 0.0 1 0.8
50 - 55 0 0.0 0 0.0
55 - 60 1 22 1 0.8
60 - 65 0 0.0 0 0.0
65 - 70 0 0.0 0 0.0
70 - 75 0 0.0 0 0.0
75 - 80 0 0.0 0 0.0
80 - 85 0 0.0 0 0.0
85 - 90 0 0.0 0 0.0
90 - 95 0 0.0 0 0.0
95 - 100 0 0.0 0 0.0
Total: 45 100.0 123 100.0

Coastal Engineering UK Ltd November 2015 XLI
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Figure B.4.1 Dee Estuary: percentage frequency histogram of % gravel content
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Table B.4.2. Dee Estuary: frequency of % sand content

Sand 2009 -2010 samples | 2014 -2015 samples
content
(%) Number Percent Number Percent
0-5 0 0.0 0 0.0
5-10 2 4.4 0 0.0
10 - 15 4 8.9 1 0.8
15 - 20 2 4.4 0 0.0
20 - 25 2 4.4 3 2.4
25 - 30 2 4.4 0 0.0
30 - 35 2 4.4 1 0.8
35 - 40 1 22 0 0.0
40 - 45 3 6.7 2 1.6
45 - 50 2 4.4 6 4.9
50 - 55 3 6.7 5 41
55 - 60 1 2.2 4 33
60 - 65 3 6.7 5 41
65 - 70 0 0.0 7 5.7
70 - 75 0 0.0 7 5.7
75 - 80 0 0.0 5 41
80 - 85 0 0.0 4 33
85 - 90 1 2.2 6 4.9
90 - 95 2 44 6 4.9
95 - 100 15 333 61 49.6
Total: 45 100.0 123 100.0
(2)20092010 n=5 |~ [(0)20142015 n=123
45.0
& 400
S
< 350
éao.o
>
§ 25.0
gZ0.0
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5 o w0 w o b owowo®womonono O'Omomomomomomomomomomo

Figure B.4.3 Dee Estuary: frequency percentage histogram of % sand content
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Table B.4.3 Dee Estuary: frequency of % mud content

Mud 2009 -2010 samples 2014 -2015 samples
content
(%) Number Percent Number Percent
0-5 17 37.8 69 56.1
5-10 2 4.4 8 6.5
10 - 15 0 0.0 4 3.3
15-20 0 0.0 2 1.6
20 - 25 0 0.0 5 4.1
25 - 30 0 0.0 6 4.9
30 - 35 0 0.0 7 5.7
35 - 40 3 6.7 4 3.3
40 - 45 1 2.2 3 2.4
45 - 50 3 6.7 4 3.3
50 - 55 2 4.4 5 4.1
55 - 60 2 4.4 1 0.8
60 - 65 1 2.2 0 0.0
65 - 70 2 4.4 1 0.8
70 - 75 2 4.4 0 0.0
75 - 80 2 4.4 3 2.4
80 - 85 2 4.4 0 0.0
85 - 90 4 8.9 1 0.8
90 - 95 2 4.4 0 0.0
95 - 100 0 0.0 0 0.0
Total: 45 100.0 123 100.0
60.0
(2)20092010 n=45 w50 (b) 20142015 n=123
50.0
o 45.0
54040
g_35.0
= 30.0
% 25.0
I:?20.0
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Figure B.4.5 Dee Estuary: percentage frequency histogram of % mud
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Table B.4.4 Dee Estuary: percentage frequency of Folk sediment textural classification groups

Textural class 2009 -2010 samples 2014 -2015 samples
Number Percent Number Percent
Gravel 0 0.0 0 0.0
Sandy Gravel 1 2.2 3 2.4
Muddy Sandy Gravel 0 0.0 1 0.8
Muddy Gravel 0 0.0 0 0.0
Gravelly Sand 1 2.2 5 4.1
Gravelly Muddy Sand 0 0.0 2 1.6
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 0 0.0 4 3.3
Slightly Gravelly
Muddy Sand 0 0.0 4 3.3
Slightly Gravelly
Sandy Mud 0 0.0 0 0.0
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 17 37.8 63 51.2
Muddy Sand 7 15.6 30 24.4
Sandy Mud 17 37.8 11 8.9
Mud 2 4.4 0 0.0
Total: 45 100.0 123 100.0
55.0 55.0
coo (a) 20092010 n=45 60 (b) 20142015 n=123
45.0 45.0
8 40.0 & 40.0
S g
$ 35.0 S 35.0
§_30.0 §_3°-°
‘:’25.0 ézs.o
g g
g 20.0 §]3'20.0
%150 %150
10.0 10.0
5.0 5.0
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Figure B.4.7 Dee Estuary: percentage frequency histogram of Folk sediment textural classification groups
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Table B.4.5 Dee Estuary: percentage frequency of sand mode classes

Sand Mode 2009 -2010 samples 2014 -2015 samples
(um) Number Percent Number Percent
63 - 75 3 7.1 0 0.0
75 - 90 5 11.9 6 4.9
90 - 106 2 4.8 0 0.0
106 - 125 2 4.8 1 0.8
125 - 150 9 214 22 17.9
150 - 180 1 2.4 17 13.8
180 - 212 6 14.3 8 6.5
212 - 250 7 16.7 20 16.3
250 - 300 1 2.4 30 24.4
300 - 355 1 2.4 3 2.4
355 - 425 4 9.5 12 9.8
425 - 500 0 0.0 0 0.0
500 - 600 0 0.0 4 3.3
600 - 710 0 0.0 0 0.0
710 - 850 0 0.0 0 0.0
850 - 1000 | O 0.0 0 0.0
1000 -
1180 0 0.0 0 0.0
1180 -
1400 0 0.0 0 0.0
1400 -
1700 0 0.0 0 0.0
1700 -
2000 1 2.4 0 0.0
Total: 42 100.0 123 100.0
26.0 26.0
210 1 (2020092010 n=42 240 1(0) 20142015 n=123
22.0 22.0
20.0 20.0
%18.0 %l&o
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Figure B.4.9 Dee Estuary: percentage frequency histogram of sand mode classes
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B.5. North Wirral

B.5.1 A total of 180 samples were collected in 2014-15, compared with 42 in 2009-10. The majority of
samples in both surveys are classified as sand (98.3% in 2014 -15 and 88.1% in 2009 -10). Only small
amounts of gravel (mostly shell) are found in the sands on the open North Wirral coast. Small amounts
of mud (5-20%) are also found in samples taken from runnels.

B.5.2 The principal sand modal classes presentare 2563 00 T m a 2 & O THe samples collected in
2014 -15 showed slightly finer sand modes towards the mouth of the Dee (212 -250 1T m)
Mockbeggar Wharf area (106 -125 T ml15Q025m ah&0 1i5M) . The
the 2014-15 and 2009-10 surveys is areduced frequency of finer sand modes in the later survey.

Table B.5.1 North Wirral: frequency of % gravel content

Gravel 2009 -2010 samples | 2014 -2015 samples

content

(%) Number Percent Number Percent

0-5 42 100.0 180 100.0

5-10 0 0.0 0 0.0

10 - 15 0 0.0 0 0.0

15 - 20 0 0.0 0 0.0

20 - 25 0 0.0 0 0.0

25 - 30 0 0.0 0 0.0

30 - 35 0 0.0 0 0.0

35 - 40 0 0.0 0 0.0

40 - 45 0 0.0 0 0.0

45 - 50 0 0.0 0 0.0

50 - 55 0 0.0 0 0.0

55 - 60 0 0.0 0 0.0

60 - 65 0 0.0 0 0.0

65 - 70 0 0.0 0 0.0

70 - 75 0 0.0 0 0.0

75 - 80 0 0.0 0 0.0

80 - 85 0 0.0 0 0.0

85 - 90 0 0.0 0 0.0

90 - 95 0 0.0 0 0.0

95 - 100 0 0.0 0 0.0

Total: 42 100.0 180 100.0
100.0 100.0
w“ (2)20092010 n=42 oo (b) 20142015 n=180
80.0 80.0

%70.0 %70.0

é 60.0 é 60.0

g g

(>).50.0 350.0

§ 40.0 é 40.0

g g

LL 30.0 LL 30.0

20.0 20.0
10.0 10.0
0.0 L 0.0 b o B o s o n o r o W e m e m e w e e o
Figure B.5.1 North Wirral: percentage frequency histogram of % gravel content
Coastal Engineering UK Ltd November 2015 LI
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Table B.5.2 North Wirral: frequency of % sand content

Sand 2009 -2010 samples | 2014 -2015 samples
content
(%) Number Percent Number Percent
0-5 0 0.0 0 0.0
5-10 0 0.0 0 0.0
10 - 15 0 0.0 0 0.0
15 - 20 0 0.0 0 0.0
20 - 25 0 0.0 0 0.0
25 - 30 0 0.0 0 0.0
30 - 35 0 0.0 0 0.0
35 - 40 0 0.0 0 0.0
40 - 45 0 0.0 0 0.0
45 - 50 0 0.0 0 0.0
50 - 55 0 0.0 0 0.0
55 - 60 0 0.0 0 0.0
60 - 65 0 0.0 0 0.0
65 - 70 0 0.0 1 0.6
70 - 75 0 0.0 0 0.0
75 - 80 3 7.1 1 0.6
80 - 85 0 0.0 1 0.6
85 - 90 2 4.8 0 0.0
90 - 95 1 2.4 2 1.1
95 - 100 36 85.7 175 97.2
Total: 42 100.0 180 100.0
100.0 100.0
(a) 20092010 n=42 (b) 20142015 n=1
90.0 90.0
80.0 80.0
%70.0 %70.0
é 60.0 g 60.0
g g
550.0 550.0
%40.0 g’_A0.0
o o
LL 30.0 LL 30.0
20.0 20.0
10.0 10.0
Oomomomomomomomomomomo O'Omomomomomomomomomozo

Figure B.5.3 North Wirral: frequency percentage histogram of % sand content
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Table B.5.3 North Wirral: frequency of % mud content

Mud 2009 -2010 samples 2014 -2015 samples
content
(%) Number Percent Number Percent
0-5 36 85.7 175 97.2
5-10 1 2.4 2 1.1
10 - 15 2 4.8 0 0.0
15 - 20 0 0.0 1 0.6
20 - 25 3 7.1 1 0.6
25 - 30 0 0.0 0 0.0
30 - 35 0 0.0 1 0.6
35 -40 0 0.0 0 0.0
40 - 45 0 0.0 0 0.0
45 - 50 0 0.0 0 0.0
50 - 55 0 0.0 0 0.0
55 - 60 0 0.0 0 0.0
60 - 65 0 0.0 0 0.0
65 - 70 0 0.0 0 0.0
70 - 75 0 0.0 0 0.0
75 - 80 0 0.0 0 0.0
80 - 85 0 0.0 0 0.0
85 - 90 0 0.0 0 0.0
90 - 95 0 0.0 0 0.0
95 - 100 0 0.0 0 0.0
Total: 42 100.0 180 100.0
(2) 20092010 n=42 1:2: (b) 20142015 =180
80.0
%70‘0
é 60.0
g
550.0
§ 40.0
g
LL 30.0
20.0
10.0
o o wow o wooowowonowo 0.0momomomomomomomomomO
Figure B.5.5 North Wirral: percentage frequency histogram of % mud
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Table B.5.4 North Wirral: percentage frequency of Folk sediment textural classification groups

Textural class 2009 -2010 samples 2014 -2015 samples
Number Percent Number Percent
Gravel 0 0.0 0 0.0
Sandy Gravel 0 0.0 0 0.0
Muddy Sandy Gravel 0 0.0 0 0.0
Muddy Gravel 0 0.0 0 0.0
Gravelly Sand 0 0.0 0 0.0
Gravelly Muddy Sand 0 0.0 0 0.0
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 0 0.0 0 0.0
Slightly Gravelly
Muddy Sand 0 0.0 0 0.0
Slightly Gravelly
Sandy Mud 0 0.0 0 0.0
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 37 88.1 177 98.3
Muddy Sand 5 11.9 3 1.7
Sandy Mud 0 0.0 0 0.0
Mud 0 0.0 0 0.0
Total: 42 100.0 180 100.0
(a) 20092010 n=i2 | " [(b)20142015 n=180
45.0
& 40.0
g
$ 35.0
é_so‘o
>
§ 25.0
§]3’20‘0
v 15.0
10.0
5.0
. - - 5 5 5 5 5 5 o o o 5 o 0.0 - . - - 5 5 5 5 5 5 5 o o o o
200 hisq 200 Fisq
Figure B.5.7 North Wirral: percentage frequency histogram of the Folk textural classification groups
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Table B.5.5 North Wirral: percentage frequency of sand mode classes

Sand Mode 2009 -2010 samples 2014 -2015 samples
(um) Number Percent Number Percent
63 - 75 0 0.0 0 0.0
75 - 90 0 0.0 0 0.0
90 - 106 0 0.0 0 0.0
106 - 125 0 0.0 0 0.0
125 - 150 1 2.4 1 0.6
150 - 180 3 7.1 21 11.7
180 - 212 10 23.8 29 16.1
212 - 250 13 31.0 51 28.3
250 - 300 12 28.6 76 42.2
300 - 355 2 4.8 0 0.0
355 - 425 1 2.4 2 1.1
425 - 500 0 0.0 0 0.0
500 - 600 0 0.0 0 0.0
600 - 710 0 0.0 0 0.0
710 - 850 0 0.0 0 0.0
850 - 1000 | O 0.0 0 0.0
1000 -
1180 0 0.0 0 0.0
1180 -
1400 0 0.0 0 0.0
1400 -
1700 0 0.0 0 0.0
1700 -
2000 0 0.0 0 0.0
Total: 42 100.0 180 100.0
45.0 45.0
(a) 20092010 n=42 (b) 20142015 n=180
40.0 40.0
35.0 35.0
) )
£ 300 £ 300
8 8
g_zs.o g_zs.o
2y 2y
< 20.0 < 20.0
g g
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(TR L
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Figure B.5.9. North Wirral: percentage frequency histogram of sand mode classes
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B.6 Mersey E stuary

B.6.1 In2014-15, 55 samples were collected from northwester shore of the Mersey estuary

parts of the mid and inner estuary, but the se areas were not sampled in 2014-15.

B.6.2 Approximately 71% of the samples taken in 2014-15 are classi f i ed

samples collected in 2014-15 contained 5 to 25% mud.

between Fort
Perch Rock and the entrance to the Float at Birkenhead. A smaller number of samples were taken from
fewer profiles on this frontage in 2009 -10. During the earlier survey samples were also taken from

as

6sand?d
approximately 87% of samples from the same area (i.e. excluding samples from the inner estuary) in
2009-10. The principal reason for the difference is that in 2014 -15 a larger number of gravel and sandy
gravel samples were collected from previously un-sampled areas (mainly the upper shore towards the
entrance to The Float). Additionally, very little mud was

recorded in the 2009-10 samples but 7

B.6.3 The sediments collected in 2014-15 show a fairly wide range of sand size modes, ranging from 125-150
Tm to383B0T m. The most f r-aowae2i2-2 5n0o diem,i red v2h@8642 1 2
in 2009-10. A general spatial trend in modal sand size is evident in the 2014-15 data, with coarser sand
modes found mainly near the estuary mouth, and finer sand modes becoming more common up -

estuary towards The Float.

Mersey Estuary: frequency of % gravel content

2009 -2010 samples

Number Percent

2014 -2015 samples

Number Percent

Table B.6.1
Gravel
content
(%)
0-5
5-10
10 - 15
15 - 20
20 - 25
25 - 30
30 - 35
35 - 40
40 - 45
45 - 50
50 - 55
55 - 60
60 - 65
65 - 70
70 - 75
75 - 80
80 - 85
85 - 90
90 - 95
95 - 100
Total:

H
o

93.3
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
6.7
0.0
0.0
0.0
0.0
0.0
0.0
0.0
100.0

O OO0 O0OO0OO0OOFr,r O0OO0OO0OO0OO0OO0OOoOOoOOoao

=
o1

[¢)]
ol

83.3
0.0
0.0
0.0
15
0.0
0.0
15
15
15
3.0
15
15
3.0
0.0
0.0
0.0
0.0
15
0.0
100.0

OFrP OO0OO0OONFFPNFPRFPPFPOOPRFOODO

[e2]
»
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Figure B.6.1 Mersey Estuary: percentage frequency histogram of % gravel content
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Figure B.6.2 Mersey Estuary: spatial plot of % gravel content
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Table B.6.2. Mersey Estuary: frequency of % sand content

Sand
2009 -2010 samples 2014 -2015 samples
content
(%) Number Percent Number Percent
0-5 0 0.0 1 15
5-10 0 0.0 0 0.0
10 - 15 0 0.0 0 0.0
15-20 0 0.0 0 0.0
20 - 25 0 0.0 0 0.0
25 - 30 0 0.0 0 0.0
30 - 35 1 6.7 2 3.0
35 - 40 1 6.7 1 15
40 - 45 0 0.0 2 3.0
45 - 50 0 0.0 1 15
50 - 55 0 0.0 2 3.0
55 - 60 0 0.0 1 15
60 - 65 0 0.0 1 15
65 - 70 0 0.0 0 0.0
70 - 75 0 0.0 0 0.0
75 - 80 0 0.0 3 4.5
80 - 85 0 0.0 0 0.0
85 - 90 0 0.0 1 15
90 - 95 0 0.0 2 3.0
95 - 100 13 86.7 49 74.2
Total: 15 100.0 66 100.0
100.0 100.0
(2)20092010 n=15 (b) 20142015 n=66
90.0 90.0
80.0 80.0
() (]
370.0 g?0.0
é 60.0 é 60.0
[ [}
gS0.0 gS0.0
§40.0 § 40.0
g g
LL 30.0 LL 30.0
20.0 20.0
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Oomomomo!!momomomomomo OOI.DOLDOLOOLOOLDOIDOWOLOOLOOIDO

Figure B.6.3. Mersey Estuary: frequency percentage histogram of % sand content
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Table B.6.3 Mersey Estuary: frequency of % mud content

Mud 2009 -2010 samples 2014 -2015 samples
content
(%) Number Percent Number Percent
0-5 14 93.3 59 89.4
5-10 0 0.0 2 3.0
10 - 15 0 0.0 2 3.0
15-20 0 0.0 0 0.0
20 - 25 0 0.0 3 4.5
25 - 30 0 0.0 0 0.0
30 - 35 0 0.0 0 0.0
35 - 40 0 0.0 0 0.0
40 - 45 0 0.0 0 0.0
45 - 50 0 0.0 0 0.0
50 - 55 0 0.0 0 0.0
55 - 60 0 0.0 0 0.0
60 - 65 0 0.0 0 0.0
65 - 70 1 6.7 0 0.0
70 - 75 0 0.0 0 0.0
75 - 80 0 0.0 0 0.0
80 - 85 0 0.0 0 0.0
85 - 90 0 0.0 0 0.0
90 - 95 0 0.0 0 0.0
95 - 100 0 0.0 0 0.0
Total: 15 100.0 66 100.0
100.0
)20092010 n=15 w0 (b) 20142015 n=66
80.0
%70.0
é 60.0
%50.0
540.0
If._lj 30.0
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Figure B.6.5 Mersey Estuary: percentage frequency histogram of % mud
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Figure B.6.6 Mersey Estuary: spatial plot of % mud
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Table B.6.4 Mersey Estuary: percentage frequency of Folk sediment textural classification groups

Textural class 2009 -2010 samples 2014 -2015 samples
Number Percent Number Percent
Gravel 0 0.0 1 15
Sandy Gravel 1 6.7 8 12.1
Muddy Sandy Gravel 0 0.0 1 15
Muddy Gravel 0 0.0 0 0.0
Gravelly Sand 0 0.0 0 0.0
Gravelly Muddy Sand 0 0.0 1 15
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 0 0.0 4 6.1
Slightly Gravelly
Muddy Sand 0 0.0 1 15
Slightly Gravelly
Sandy Mud 0 0.0 0 0.0
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 13 86.7 47 71.2
Muddy Sand 0 0.0 3 4.5
Sandy Mud 1 6.7 0 0.0
Mud 0 0.0 0 0.0
Total: 15 100.0 66 100.0
(2) 20092010 n=15 1:22 (b) 20142015 =66
80.0
%70.0
é 60.0
%50.0
240.0
I:.)_Ij 30.0
20.0
10.0
’T"!w_w_w_c‘uw_cwv‘ﬁ‘_cw_cwu_CU_D O'O————-cn-c-cu-c-c-cu-c-c
28 zics : ¢ §scod

Figure B.6.7 Mersey Estuary: percentage frequency histogram of Folk

textural classification groups
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Table B.6.5 Mersey Estuary: percentage frequency of sand mode classes

Sand Mode 2009 -2010 samples 2014 -2015 samples
(um) Number Percent Number Percent
63 - 75 0 0.0 0 0.0
75 - 90 0 0.0 0 0.0
90 - 106 0 0.0 1 15
106 - 125 0 0.0 0 0.0
125 - 150 0 0.0 2 3.1
150 - 180 1 6.7 10 15.4
180 - 212 7 46.7 12 18.5
212 - 250 4 26.7 22 33.8
250 - 300 3 20.0 14 21.5
300 - 355 0 0.0 2 3.1
355 - 425 0 0.0 0 0.0
425 - 500 0 0.0 0 0.0
500 - 600 0 0.0 0 0.0
600 - 710 0 0.0 0 0.0
710 - 850 0 0.0 0 0.0
850 - 1000 | O 0.0 0 0.0
1000 -
1180 0 0.0 0 0.0
1180 -
1400 0 0.0 0 0.0
1400 -
1700 0 0.0 2 3.1
1700 -
2000 0 0.0 0 0.0
Total: 15 100.0 65 100.0
50.0 50.0
(a) 2009201 n=15 (b) 20142015 n=65
45.0 45.0
40.0 40.0
%35.0 %35.0
g 30.0 g 30.0
g g
325.0 325.0
g’_zo.o §_20.0
o o
L 15.0 L 15.0
10.0 10.0
5.0 1 5.0
0.0 0.0 L
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Figure B.6.9 Mersey Estuary: percentage frequency histogram of sand mode classes
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B.7

B.7.1

B.7.2

B.7.3

B.7.4

Seaforth to Crossens

A total of 201 samples were collected in this area in 2014-15 (67 described as Ou
described as 6 mid beachdé and 67 described asl06l owe
The cross-shore spatial distribution of samples taken in 2014-15 was good, and a larger number of

samples were taken in the Southport to Crossens and Seaforth to Hightown areas than in 2009-10.
However, inthe 2014-15 sampl i ng campaign the O6high tided bea:
between Southport and Crossens was not sampled, the most landward sampling positions being close

to the 6mid beachdé sdmpling |l ocations in 2014

The Sefton coast is sand-dominated, 79.1% of the samples collected in 2014-15 being classified as
sand, 12.4 % as muddy sand, 5.5% as slightly gravelly sand, and 1.0% as gravelly sand (equivalent
percentages in 2009-10 were 80.2%, 7.9%, 5.9% and 5.0%). Most of the gravel -sized material
consists of intact and broken shells except between Hall Road, Crosby and Hightown where
construction rubble is a major constituent.

A wide range of sand mode classes occurs. On the more open parts of the coast, around Formby Point

and Ainsdale, the upper beach samples mostly have a modal sand size of 2563 00 T m, and thel
clear offshore fining trend (most of the mid and lower beach samples have modal sizes 0f 2122 50 1 m

and 180-212 1 m) . I n the | ower energy environment bet we «
mid beach samples are composed of fine sand and muddy sand (sand modes of 1501 8 0 T m and 12

1 5 Om),iwith slightly coarser sand modes on the mid - and lower beach. On the margins of the outer
Mersey estuary between Seaforth and Hightown, the sediments become finer in an offshore direction,
with fine sand modes (125-1 50 1 m alna5 1i0mM) d o rhe lowershore gayethter with mud.

The main difference evident between the 2009-10 and 2014-15 surveys is a greater abundance of fine
sand in samples taken from the lower shore during the second epoch. The lower foreshore between
Hightown and Seaforth also had greater mud abundance in 2014-15 compared with 2009-10.
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Table B.7.1 Seaforth to Crossens: frequency of % gravel content

Gravel content 2009 -2010 samples 2014 -2015 samples
(%) Number Percent Number Percent
0-5 96 95.0 198 98.5
5-10 1 1.0 2 1.0
10 - 15 1 1.0 0 0.0
15 - 20 0 0.0 0 0.0
20 - 25 2 2.0 1 0.5
25 - 30 1 1.0 0 0.0
30 - 35 0 0.0 0 0.0
35 - 40 0 0.0 0 0.0
40 - 45 0 0.0 0 0.0
45 - 50 0 0.0 0 0.0
50 - 55 0 0.0 0 0.0
55 - 60 0 0.0 0 0.0
60 - 65 0 0.0 0 0.0
65 - 70 0 0.0 0 0.0
70 - 75 0 0.0 0 0.0
75 - 80 0 0.0 0 0.0
80 - 85 0 0.0 0 0.0
85 - 90 0 0.0 0 0.0
90 - 95 0 0.0 0 0.0
95 - 100 0 0.0 0 0.0
Total: 101 100.0 201 100.0

100.0 100.0

(a) 20092010 n=101 (b) 20142015 n=201

90.0 90.0

80.0 80.0
%70.0 %70_0
é 60.0 g 60.0
g g
5,50.0 550.0
2_40.0 §_40.0
E 30.0 E 30.0

20.0 20.0

10.0 10.0

O'Omomo:omomomomomomomo O'Omomomomomomomomomomo

Figure B.7.1 Seaforth to Crossens: percentage frequency histograms of % gravel content
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Table B.7.2 Seaforth to Crossens: % sand content

Sand content 2009 -2010 samples 2014 -2015 samples
(%) Number Percent Number Percent
0-5 0 0.0 0 0.0
5-10 0 0.0 0 0.0
10 - 15 0 0.0 0 0.0
15 - 20 0 0.0 1 0.5
20 - 25 0 0.0 1 0.5
25 - 30 0 0.0 0 0.0
30 - 35 0 0.0 0 0.0
35 - 40 0 0.0 1 0.5
40 - 45 0 0.0 0 0.0
45 - 50 1 1.0 0 0.0
50 - 55 1 1.0 4 2.0
55 - 60 1 1.0 1 0.5
60 - 65 0 0.0 1 0.5
65 - 70 1 1.0 3 15
70 - 75 3 3.0 3 15
75 - 80 1 1.0 3 15
80 - 85 1 1.0 2 1.0
85 - 90 5 5.0 9 4.5
90 - 95 5 5.0 14 7.0
95 - 100 82 81.2 158 78.6
Total: 101 100.0 201 100.0
90.0 90.0
(a) 20092010 n=101 (b) 20142015 n=201
80.0 80.0
70.0 70.0
s )
£ 600 £ 600
8 8
g 50.0 g 50.0
> >
§ 40.0 § 40.0
530.0 530.0
(VR (VR
20.0 20.0
10.0 10.0
0.0 0.0
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Figure
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Figure B.7.4 Seaforth to Crossens: spatial plot of % sand content
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Table B.7.3 Seaforth to Crossens: percentage frequency of % mud content

Mud content 2009 -2010 samples 2014 -2015 samples
(%) Number Percent Number Percent
0-5 87 86.1 160 79.6
5-10 5 5.0 12 6.0
10 - 15 3 3.0 9 4.5
15 - 20 1 1.0 2 1.0
20 - 25 0 0.0 4 2.0
25 - 30 2 2.0 3 15
30 - 35 0 0.0 3 15
35 - 40 0 0.0 1 0.5
40 - 45 1 1.0 1 0.5
45 - 50 1 1.0 3 15
50 - 55 1 1.0 0 0.0
55 - 60 0 0.0 0 0.0
60 - 65 0 0.0 1 0.5
65 - 70 0 0.0 0 0.0
70 - 75 0 0.0 0 0.0
75 - 80 0 0.0 1 0.5
80 - 85 0 0.0 1 0.5
85 - 90 0 0.0 0 0.0
90 - 95 0 0.0 0 0.0
95 - 100 0 0.0 0 0.0
Total: 101 100.0 201 100.0
90.0 90.0
(a) 20092010 n=101 (b) 20142015 n=201
80.0 80.0
g)m.o %70.0
£ 600 £ 600
8 8
850.0 850.0
g g
§ 40.0 § 40.0
L§30.0 ESO'O
20.0 20.0
10.0 10.0
O e newseccemnagcesncrs P oouwomescearssoesases
Figure B.7.5 Seaforth to Crossens: percentage frequency histograms of % mud
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Table B.7.4 Seaforth to Crossens: percentage frequency of Folk textural classification groups

Textural class 2009 -2010 samples 2014 -2015 samples
Number Percent Number Percent
Gravel 0 0.0 0 0.0
Sandy Gravel 0 0.0 0 0.0
Muddy Sandy Gravel 0 0.0 0 0.0
Muddy Gravel 0 0.0 0 0.0
Gravelly Sand 5 5.0 2 1.0
Gravelly Muddy Sand 0 0.0 1 0.5
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 6 5.9 11 5.5
Slightly  Gravelly  Muddy
Sand 0 0.0 0 0.0
Slightly Gravelly Sandy Mud 0 0.0 0 0.0
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 81 80.2 159 79.1
Muddy Sand 8 7.9 25 12.4
Sandy Mud 1 1.0 3 15
Mud 0 0.0 0 0.0
Total: 101 100.0 201 100.0
90.0 90.0
(2)20092010 n=101 (b) 20142015 n=201
80.0 80.0
© 70.0 © 70.0
*?60.0 §60.0
8 8
g 500 g_so.o
g 3
§ 40.0 § 40.0
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10.0 10.0
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Figure B.7.7 Seaforth to Crossens: percentage frequency histograms of Folk textural classification groups
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Table B.7.5 Seaforth to Crossens: percentage frequency of sand mode classes

Sand Mode 2009 -2010 samples 2014 -2015 samples
(um) Number Percent Number Percent
63 - 75 0 0.0 0 0.0
75 - 90 1 1.0 0 0.0
90 - 106 0 0.0 0 0.0
106 - 125 1 1.0 2 1.0
125 - 150 0 0.0 15 7.5
150 - 180 9 8.9 54 26.9
180 - 212 20 19.8 20 10.0
212 - 250 52 51.5 45 22.4
250 - 300 18 17.8 65 32.3
300 - 355 0 0.0 0 0.0
355 - 425 0 0.0 0 0.0
425 - 500 0 0.0 0 0.0
500 - 600 0 0.0 0 0.0
600 - 710 0 0.0 0 0.0
710 - 850 0 0.0 0 0.0
850 - 1000 0 0.0 0 0.0
1000 - 1180 0 0.0 0 0.0
1180 - 1400 0 0.0 0 0.0
1400 - 1700 0 0.0 0 0.0
1700 - 2000 0 0.0 0 0.0
Total: 101 100.0 201 100.0

60.0 60.0

(a)2009-2010 n=101 (b) 20142015 n=201

50.0 50.0
gm.o §40-0
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B.8

B.8.1

B.8.2

B.8.3

Lytham to Starr Gate

A total of 69 samples were collected in this coastal reporting unit in the 2014 -15 survey, compared
with 59 in the 2009-10 survey. In the more r ecent survey more samples were taken from the marshes
/ mudflats towards Warton Bank at the Ribble estuary end of the frontage.

Only 33% of the samplesinthe 2014-15 survey are classified as 6sand:¢
10. This can be explained by a number of factors. Firstly, many of the mid and lower intertidal sand flat

samples collected in 2014-15 contain small amounts of gravel (mainly s he | | but al so s 0
gravel), resulting in the clagsaVveélklhyi onamd,t hesgea asvae
06slightly muddy gr avel |l 35 sampies rhore sS8mplesomerd taken from grdwel 2 0 1 4
and sandy gravel sediments at locations slightly further landward than in 2009 -10. Thirdly, the 201 4-15

survey sampled muddy sand and sandy mud sediments at the eastern end of the frontage which were

not sampled in 2009-10.

Most of sandy sediments on the more exposed coast west and northwest of Fairhaven Lake have sand
modes inthe 212-1 50 T m ah@0 2i15M categories. The sand modes g
sheltered areas east of Fairhaven Lake (150180 T mand 125-150 1T m) and become ver:
T m75-90T m a90d 06 T m) towards Warton Bank. Upper beach
2014-15 also have a relatively fine sand mode (150-1 8 0 1T m) , possibly representi
sand which were eroded during the winter 2013 -14 storms.

Table B.8.1 Lytham to Starr Gate: frequency of % gravel content

Gravel 2009 -2010 samples 2014 -2015 samples
content

(%) Number Percent Number Percent
0-5 59 98.3 59 85.5
5-10 0 0.0 1 14
10 - 15 0 0.0 0 0.0
15 - 20 0 0.0 3 4.3
20 - 25 1 1.7 0 0.0
25 - 30 0 0.0 0 0.0
30 - 35 0 0.0 0 0.0
35 - 40 0 0.0 1 14
40 - 45 0 0.0 0 0.0
45 - 50 0 0.0 1 1.4
50 - 55 0 0.0 0 0.0
55 - 60 0 0.0 1 14
60 - 65 0 0.0 2 2.9
65 - 70 0 0.0 0 0.0
70 - 75 0 0.0 0 0.0
75 - 80 0 0.0 1 1.4
80 - 85 0 0.0 0 0.0
85 - 90 0 0.0 0 0.0
90 - 95 0 0.0 0 0.0
95 - 100 0 0.0 0 0.0
Total: 60 100.0 69 100.0
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Table B.8.2 Lytham to Starr Gate: frequency of % sand content

Sand
2009 -2010 samples 2014 -2015 samples
content
(%) Number Percent Number Percent
0-5 0 0.0 0 0.0
5-10 0 0.0 0 0.0
10 - 15 0 0.0 0 0.0
15-20 2 3.3 1 1.4
20 - 25 0 0.0 2 2.9
25 - 30 0 0.0 3 4.3
30 - 35 1 1.7 1 1.4
35 - 40 0 0.0 3 4.3
40 - 45 0 0.0 3 4.3
45 - 50 3 5.0 3 4.3
50 - 55 1 1.7 1 1.4
55 - 60 0 0.0 1 1.4
60 - 65 0 0.0 2 2.9
65 - 70 1 1.7 1 1.4
70 - 75 2 3.3 1 1.4
75 - 80 1 1.7 0 0.0
80 - 85 2 3.3 3 4.3
85 - 90 3 5.0 1 1.4
90 - 95 2 3.3 3 4.3
95 - 100 42 70.0 40 58.0
Total: 60 100.0 69 100.0
80.0 80.0
(2) 20092010 n=60 (b) 20142015 n=69
70.0 70.0
o 60.0 o 60.0
g g
§ 50.0 § 50.0
T @
g40.0 g40.0
& 30.0 & 30.0
i i
('R L
20.0 20.0
10.0 10.0
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Figure B.8.3 Lytham to Starr Gate: frequency percentage histogram of % sand content
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Table B.8.3 Lytham to Starr Gate: frequency of % mud content

(l\:/lol:::em 2009 -2010 samples 2014 -2015 samples
(%) Number Percent Number Percent
0-5 43 717 49 71.0
5-10 2 3.3 2 2.9
10 - 15 3 5.0 1 1.4
15 - 20 2 3.3 1 1.4
20 - 25 0 0.0 0 0.0
25 - 30 2 3.3 1 1.4
30 - 35 1 1.7 1 1.4
35 - 40 0 0.0 2 2.9
40 - 45 0 0.0 1 1.4
45 - 50 1 1.7 1 1.4
50 - 55 3 5.0 2 2.9
55 - 60 0 0.0 2 2.9
60 - 65 0 0.0 1 1.4
65 - 70 1 1.7 0 0.0
70 - 75 0 0.0 3 4.3
75 - 80 0 0.0 1 1.4
80 - 85 2 3.3 1 1.4
85 - 90 0 0.0 0 0.0
90 - 95 0 0.0 0 0.0
95 - 100 0 0.0 0 0.0
Total: 60 100.0 69 100.0
80.0 80.0
(2)2009-2010 n=60 (b) 20142015 n=69
70.0 A 70.0
gG0.0 %60.0
% 50.0 % 50.0
%40.0 %40.0
[ [}
9%30'0 éso.o
* 20.0 * 20.0
10.0 10.0
Oomomomomom:!om:moEomo 0.0momomomOmomomomomomo

Figure B.8.5 Lytham to Starr Gate: percentage frequency histogram of % mud
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Table B.8.4 Lytham to Starr Gate: percentage frequency of Folk sediment textural classification groups

Textural class 2009 -2010 samples 2014 -2015 samples
Number Percent Number Percent
Gravel 0 0.0 0 0.0
Sandy Gravel 0 0.0 5 7.2
Muddy Sandy Gravel 0 0.0 1 1.4
Muddy Gravel 0 0.0 0 0.0
Gravelly Sand 1 1.7 3 4.3
Gravelly Muddy Sand 0 0.0 1 1.4
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 0 0.0 19 27.5
Slightly Gravelly Mudd
gnty y Y o 0.0 2 2.9
Sand
Slightly Gravelly Sand
gl Lravelly Y o 0.0 1 1.4
Mud
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 44 73.3 23 33.3
Muddy Sand 9 15.0 5 7.2
Sandy Mud 6 10.0 9 13.0
Mud 0 0.0 0 0.0
Total: 60 100.0 69 100.0
80.0 80.0
(a)2009-2010 n=60 (b) 20142015 n=69
70.0 70.0
o 60.0 o 60.0
g g
g 500 g 500
g g
(>).40.0 540,0
g g
2 30.0 3 30.0
o o
(TR L
20.0 20.0
10.0 10.0
0.0 S T T T : T ©W ©W W ©W W T T T T 0.0 T © O O©
PPEEIEIRRIIEEIE priiiiiiiigii
NS EERES NI 533g:dg5:25 27
P8 5883 P8 Fgeqd

Figure B.8.7 Lytham to Starr Gate: percentage frequency histogram of Folk sediment textural classification
groups
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Table B.8.5 Lytham to Starr Gate: percentage frequency of sand mode classes

Sand Mode 2009 -2010 samples 2014 -2015 samples
(um) Number Percent Number Percent
63 - 75 1 1.7 0 0.0
75 - 90 4 6.7 10 14.5
90 - 106 0 0.0 1 14
106 - 125 1 1.7 1 14
125 - 150 4 6.7 1 14
150 - 180 7 11.7 10 14.5
180 - 212 15 25.0 8 11.6
212 - 250 21 35.0 15 21.7
250 - 300 7 11.7 19 27.5
300 - 355 0 0.0 0 0.0
355 - 425 0 0.0 2 2.9
425 - 500 0 0.0 0 0.0
500 - 600 0 0.0 0 0.0
600 - 710 0 0.0 0 0.0
710 - 850 0 0.0 0 0.0
850 - 1000 0 0.0 0 0.0
1000 - 1180 | O 0.0 0 0.0
1180 - 1400 | O 0.0 0 0.0
1400 - 1700 | O 0.0 2 2.9
1700 - 2000 | O 0.0 0 0.0
Total: 60 100.0 69 100.0
(a) 20092010 n=60 | " [(b)20142015 =69
35.0
%30.0
g
§ 25.0
%20.0
%:—15.0
- 10.0
5.0
0.0

63-75
75-90
90 - 106
106 - 125
125 - 150
150 - 180
180 - 212
212 - 250
250 - 300
300 - 355
425 - 500
500 - 600
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Figure B.8.9 Lytham to Starr Gate
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B.9

B.9.1

B.9.2

B.9.3

Starr Gate to Cleveleys

A total of 55 samples were collected in this section in 2014-15, compared with 52 in 2009. Most of the

samples collected between Starr Gate and Blackpool North in 201415 are classified as sand, and
slightly gravelly sand, with gravelly sand and some sandy gravel found between Blackpool North and
the Cleveleys end of the frontage. Mud is rare and restricted either to one r two runnels or to periodic

outcrops of glacial till on the mid -lower foreshore at Cleveleys.

The 2014-15 samples as a whole contained more gravel and coarser sand than the samples collected in
2009-10. The dominant sand mode in the 2014-15 samples is the 250-300 category, followed by 212-
250 T m a@g8018& cat e g oXimessafthd lowerbéachSamples had a 180-2 1 2

sand mode, with a coarsening trend towards the high water mark. The 2014 -15 lower beach samples
show a similar sand mode to the mid and most of the upper beach samples (212-2 50 T m a30@

i m).

An anomaly is seen at the southern end of the frontage near Starr Gate, where the upper beach

samples collected in 2014-15 have an unusually fine sand mode (180-2 12 1 m) . Tdards rmay f i

represent reworked dune sands which were eroded during the 21013-14 winter.

Table B.9.1 Starr Gate to Cleveleys: frequency of % gravel content

Gravel 2009 -2010 samples 2014 -2015 samples
content

(%) Number Percent Number Percent
0-5 55 96.5 52 86.7
5-10 1 1.8 3 5.0
10 - 15 0 0.0 3 5.0
15 - 20 0 0.0 0 0.0
20 - 25 0 0.0 0 0.0
25 - 30 0 0.0 0 0.0
30 - 35 0 0.0 1 1.7
35 - 40 0 0.0 0 0.0
40 - 45 0 0.0 1 1.7
45 - 50 0 0.0 0 0.0
50 - 55 0 0.0 0 0.0
55 - 60 0 0.0 0 0.0
60 - 65 0 0.0 0 0.0
65 - 70 0 0.0 0 0.0
70 - 75 0 0.0 0 0.0
75 - 80 0 0.0 0 0.0
80 - 85 1 1.8 0 0.0
85 - 90 0 0.0 0 0.0
90 - 95 0 0.0 0 0.0
95 - 100 0 0.0 0 0.0
Total: 57 100.0 60 100.0

Coastal Engineering UK Ltd November 2015 XClI
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Figure B.9.1 Starr Gate to Cleveleys: percentage frequency histogram of % gravel content
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Table B.9.2 Starr Gate to Cleveleys: frequency of % sand content
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Sand 2009 -2010 samples | 2014 -2015 samples
content
(%) Number Percent Number Percent
0-5 0 0.0 0 0.0
5-10 0 0.0 0 0.0
10 - 15 0 0.0 0 0.0
15 - 20 1 1.8 0 0.0
20 - 25 0 0.0 0 0.0
25 - 30 0 0.0 0 0.0
30 - 35 0 0.0 0 0.0
35 - 40 0 0.0 0 0.0
40 - 45 0 0.0 0 0.0
45 - 50 0 0.0 0 0.0
50 - 55 0 0.0 1 17
55 - 60 0 0.0 0 0.0
60 - 65 0 0.0 0 0.0
65 - 70 0 0.0 1 1.7
70 - 75 0 0.0 0 0.0
75 - 80 0 0.0 0 0.0
80 - 85 0 0.0 0 0.0
85 - 90 0 0.0 4 6.7
90 - 95 1 1.8 4 6.7
95 - 100 55 96.5 50 83.3
Total: 57 100.0 60 100.0
(2) 20092010 n=s 1:22 (b) 20142015 n=60
80.0
%70.0
é 60.0
%50.0
240.0
I:.LI.., 30.0
20.0
10.0
0.0
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Table B.9.3 Starr Gate to Cleveleys: frequency of % mud content

Mud 2009 -2010 samples 2014 -2015 samples
content
(%) Number Percent Number Percent
0-5 57 100.0 58 96.7
5-10 0 0.0 1 1.7
10 - 15 0 0.0 1 1.7
15-20 0 0.0 0 0.0
20 - 25 0 0.0 0 0.0
25 - 30 0 0.0 0 0.0
30 - 35 0 0.0 0 0.0
35 - 40 0 0.0 0 0.0
40 - 45 0 0.0 0 0.0
45 - 50 0 0.0 0 0.0
50 - 55 0 0.0 0 0.0
55 - 60 0 0.0 0 0.0
60 - 65 0 0.0 0 0.0
65 - 70 0 0.0 0 0.0
70 - 75 0 0.0 0 0.0
75 - 80 0 0.0 0 0.0
80 - 85 0 0.0 0 0.0
85 - 90 0 0.0 0 0.0
90 - 95 0 0.0 0 0.0
95 - 100 0 0.0 0 0.0
Total: 57 100.0 60 100.0
100.0
(2)20092010 n=57 o (b) 20142015 n=60
80.0
%70‘0
é 60.0
g
550.0
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g
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Figure B.9.5 Starr Gate to Cleveleys: percentage frequency histogram of % mud
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Table B.9.4 Starr Gate to Cleveleys: percentage frequency of Folk sediment textural classification groups

Textural class 2009 -2010 samples 2014 -2015 samples
Number Percent Number Percent
Gravel 1 1.8 0 0.0
Sandy Gravel 0 0.0 2 3.3
Muddy Sandy Gravel 0 0.0 0 0.0
Muddy Gravel 0 0.0 0 0.0
Gravelly Sand 1 1.8 6 10.0
Gravelly Muddy Sand 0 0.0 0 0.0
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 0 0.0 21 35.0
Slightly Gravelly Mudd
gnty y Y o 0.0 0 0.0
Sand
Slightly Gravelly Sand
gty Lravelly Y o 0.0 0 0.0
Mud
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 55 96.5 30 50.0
Muddy Sand 0 0.0 1 1.7
Sandy Mud 0 0.0 0 0.0
Mud 0 0.0 0 0.0
Total: 57 100.0 60 100.0
100.0 100.0
(a) 20092010 n=57 (b) 20142015 n=60
90.0 90.0
80.0 80.0
() (]
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Figure B.9.7 Starr Gate to Cleveleys: percentage frequency histogram of Folk sediment textural classification
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Table B.9.5 Starr Gate to Cleveleys: percentage frequency of sand mode classes

Sand Mode 2009 -2010 samples 2014 -2015 samples
(um) Number Percent Number Percent
63 - 75 0 0.0 0 0.0
75 - 90 0 0.0 0 0.0
90 - 106 0 0.0 0 0.0
106 - 125 0 0.0 0 0.0
125 - 150 0 0.0 0 0.0
150 - 180 0 0.0 2 3.3
180 - 212 17 29.8 7 11.7
212 - 250 19 33.3 15 25.0
250 - 300 18 31.6 36 60.0
300 - 355 2 35 0 0.0
355 - 425 1 1.8 0 0.0
425 - 500 0 0.0 0 0.0
500 - 600 0 0.0 0 0.0
600 - 710 0 0.0 0 0.0
710 - 850 0 0.0 0 0.0
850 - 1000 | O 0.0 0 0.0
1000 -
1180 0 0.0 0 0.0
1180 -
1400 0 0.0 0 0.0
1400 -
1700 0 0.0 0 0.0
1700 -
2000 0 0.0 0 0.0
Total: 57 100.0 60 100.0
35.0 40.0
(a)2009-2010 n=57 (b) 20142015 n=60
30.0 35.0
4] o 30.0
325.0 8
§ § 25.0
S 20.0 b
; gZ0.0
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% 08;15.0
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Figure B.9.9 Starr Gate to Cleveleys: percentage frequency histogram of sand mode classes
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B.10 Cleveleys to Rossall Point

B.10.1 Only 18 samples were collected from 6 profiles on this frontage during 2014 -15. In 2009-10 duplicate
sets of samples were collected, with 4, 5 or 6 samples taken from some profiles, giving a total of 55
samples.

B.10.2 The samples collected in 201414 were relatively coarse; being classified mainly as slightly gravelly
sands and gravelly sands, and with gravels and sandy gravels dominated the upper beach locations.
The mid and lower beach samples collected in 2014-15 are mainly classified as slightly gravelly sands
and sands. Generally, | e-$shanis 200916, pwlzakly due ® svenowingi
of finer sand sizes during the stormy winter of 2013 -14.

B.10.3 A wide range of sand mode sizes was present in samples collected during both sampling campaigns.
The 2014-15 samples show a well marked crossshore trend in sand mode size. The lower beach
samples mostly have a relatively fine modal size (150-1 80 1 m) , mi d beach
intermediate sand mode size (180-2 1 2m, R12-2 5 0 Tnadn25@&3 0 0 Tand) upper beach samples

20

s amg

have a relatively coarse sand mode (3000355 T m in s-6G0hjim500n the extreme

alongshore trend of increase sand mode size and gravel content reflects an increasing energy gradient
towards Rossall Point.

Table B.10.1 Cleveleys to Rossall Point: frequency of % gravel content

Gravel 2009 -2010 samples | 2014 -2015 samples
content

(%) Number Percent Number Percent
0-5 55 68.8 18 56.3
5-10 2 25 3 9.4
10 - 15 1 1.3 0 0.0
15 - 20 0 0.0 1 3.1
20 - 25 1 1.3 0 0.0
25 - 30 5 6.3 1 31
30 - 35 0 0.0 2 6.3
35 - 40 1 1.3 1 31
40 - 45 2 25 0 0.0
45 - 50 2 25 0 0.0
50 - 55 2 25 0 0.0
55 - 60 1 1.3 0 0.0
60 - 65 0 0.0 0 0.0
65 - 70 1 1.3 1 31
70 - 75 1 1.3 0 0.0
75 - 80 2 25 1 3.1
80 - 85 0 0.0 1 3.1
85 - 90 0 0.0 1 3.1
90 - 95 1 1.3 0 0.0
95 - 100 3 3.8 2 6.3
Total: 80 100.0 32 100.0

Coastal Engineering UK Ltd November 2015 Cll
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Table B.10.2 Cleveleys to Rossall Point: frequency of % sand content

Sand 2009 -2010 samples | 2014 -2015 samples
content
(%) Number Percent Number Percent
0-5 4 5.0 2 6.3
5-10 1 1.3 0 0.0
10 - 15 0 0.0 1 3.1
15 - 20 1 1.3 1 3.1
20 - 25 2 2.5 1 3.1
25 - 30 2 2.5 0 0.0
30 - 35 0 0.0 1 3.1
35 - 40 0 0.0 0 0.0
40 - 45 1 1.3 0 0.0
45 - 50 2 2.5 0 0.0
50 - 55 1 1.3 0 0.0
55 - 60 3 3.8 0 0.0
60 - 65 0 0.0 1 3.1
65 - 70 0 0.0 3 9.4
70 - 75 6 7.5 0 0.0
75 - 80 0 0.0 1 3.1
80 - 85 0 0.0 1 3.1
85 - 90 2 2.5 1 3.1
90 - 95 5 6.3 5 15.6
95 - 100 50 62.5 14 43.8
Total: 80 100.0 32 100.0
70.0 70.0
(a2)2009-2010 n=80 (b) 20142015 n=32
60.0 60.0
%50.0 %50.0
3 3
ag_A0.0 240_0
Iy )
$ 30.0 $ 30.0
L 20.0 L 20.0
10.0 10.0
O'Omomomomomomomomomom O'Omomomomomomomomomom
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Figure B.10.3 Cleveleys to Rossall Point: frequency percentage histogram of % sand content
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Table B.10.3 Cleveleys to Rossall Point: frequency of % mud content

Mud 2009 -2010 samples 2014 -2015 samples
content
(%) Number Percent Number Percent
0-5 74 92.5 30 93.8
5-10 2 2.5 0 0.0
10 - 15 1 1.3 1 3.1
15 - 20 0 0.0 0 0.0
20 - 25 0 0.0 1 3.1
25 - 30 1 1.3 0 0.0
30 - 35 0 0.0 0 0.0
35 - 40 0 0.0 0 0.0
40 - 45 0 0.0 0 0.0
45 - 50 1 1.3 0 0.0
50 - 55 0 0.0 0 0.0
55 - 60 0 0.0 0 0.0
60 - 65 1 1.3 0 0.0
65 - 70 0 0.0 0 0.0
70 - 75 0 0.0 0 0.0
75 - 80 0 0.0 0 0.0
80 - 85 0 0.0 0 0.0
85 - 90 0 0.0 0 0.0
90 - 95 0 0.0 0 0.0
95 - 100 0 0.0 0 0.0
Total: 80 100.0 32 100.0
100.0 100.0
(a)2009-2010 n=80 (b) 20142015 n=32
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Figure B.10.5 Cleveleys to Rossall Point: percentage frequency histogram of % mud
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Table B.10.4 Cleveleys to Rossall Point: percentage frequency of Folk sediment textural classification groups

Textural class 2009 -2010 samples 2014 -2015 samples
Number Percent Number Percent
Gravel 4 5.0 4 12.5
Sandy Gravel 11 13.8 5 15.6
Muddy Sandy Gravel 0 0.0 0 0.0
Muddy Gravel 1 1.3 0 0.0
Gravelly Sand 8 10.0 5 15.6
Gravelly Muddy Sand 0 0.0 0 0.0
Gravelly Mud 1 13 0 0.0
Slightly Gravelly Sand 23 28.8 12 375
Slightly Gravelly Mudd
gnty y Y o 0.0 0 0.0
Sand
Slightly Gravelly Sand
gty Lravelly Y o 0.0 0 0.0
Mud
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 30 37.5 4 12.5
Muddy Sand 2 2.5 2 6.3
Sandy Mud 0 0.0 0 0.0
Mud 0 0.0 0 0.0
Total: 80 100.0 32 100.0
45.0 45.0
(2)20092010 n=80 (b) 20142015 n=32
40.0 40.0
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Figure B.10.7 Cleveleys to Rossall Point: percentage frequency histogram of Folk sediment textural
classification groups
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Table B.10.5 Cleveleys to Rossall Point: percentage frequency of sand mode classes

Sand Mode 2009 -2010 samples 2014 -2015 samples
(um) Number Percent Number Percent
63 - 75 0 0.0 0 0.0
75 - 90 0 0.0 0 0.0
90 - 106 0 0.0 0 0.0
106 - 125 0 0.0 0 0.0
125 - 150 1 1.3 0 0.0
150 - 180 14 18.4 8 27.6
180 - 212 20 26.3 3 10.3
212 - 250 7 9.2 5 17.2
250 - 300 10 13.2 8 27.6
300 - 355 7 9.2 0 0.0
355 - 425 3 3.9 4 13.8
425 - 500 6 7.9 0 0.0
500 - 600 2 2.6 1 3.4
600 - 710 0 0.0 0 0.0
710 - 850 0 0.0 0 0.0
850 - 1000 | O 0.0 0 0.0
1000 -
1180 1 1.3 0 0.0
1180 -
1400 0 0.0 0 0.0
1400 -
1700 0 0.0 0 0.0
1700 -
2000 5 6.6 0 0.0
Total: 76 100.0 29 100.0
30.0 30.0
(2) 20092010 n=76 (b) 20142015 n=29
25.0 25.0
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Figure B.10.9 Cleveleys to Rossall Point: percentage frequency histogram of sand mode classes
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B.11 Rossall Point to Wyre Estuary

B.11.1

B.11.2

Only 16 samples were collected from this frontage in 2014-15, compared with 44 in 2009-10 when up

to 6 samples were taken on some profiles. The majority of sampled collected in 2014 -15 are classified
either as O6sandd6 (47.6%) or no2600-10g58.8% of the samples Wdrey s a
classified as 6sandbé and 8. 3% as O0slightly gravel/l
were collected in 2014-15 near the mouth of the Wyre.

n
y

A wide range of sand modes was present in both sampling periods. In 2009-10 the lower foreshore

areas were dominated by relatively fine sand modes, especially near the low water channel of the Wyre

63-75 T ml0O®OT m aha5 1i0r6) , with increasing modal -si ze
300 T m) appa beach ¢300-355 1 m) . -TthlewerZdbeshdre samples have a slightly

coarser mode (106-125 and 125-1 50 T m) , but the data stildl show a <c
(250-300 T m t hr cuxgh Ttm &&G0dD 510 at t he Rosedrantage). Poi nt enc

Table B.11.1 Rossall Point to Wyre Estuary: frequency of % gravel content

Gravel 2009 -2010 samples 2014 -2015 samples
content

(%) Number Percent Number Percent
0-5 44 73.3 16 76.2
5-10 2 3.3 0 0.0
10 - 15 1 1.7 0 0.0
15 - 20 0 0.0 2 9.5
20 - 25 0 0.0 0 0.0
25 - 30 0 0.0 0 0.0
30 - 35 1 1.7 0 0.0
35 - 40 0 0.0 0 0.0
40 - 45 0 0.0 1 4.8
45 - 50 1 1.7 1 4.8
50 - 55 4 6.7 0 0.0
55 - 60 2 3.3 0 0.0
60 - 65 0 0.0 0 0.0
65 - 70 1 1.7 0 0.0
70 - 75 0 0.0 0 0.0
75 - 80 2 3.3 0 0.0
80 - 85 1 1.7 0 0.0
85 - 90 0 0.0 1 4.8
90 - 95 0 0.0 0 0.0
95 - 100 1 1.7 0 0.0
Total: 60 100.0 21 100.0

Coastal Engineering UK Ltd November 2015 CXll
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Table B.11.2 Rossall Point to Wyre Estuary: frequency of % sand content

Sand
content 2009 -2010 samples 2014 -2015 samples
(%) Number Percent Number Percent
0-5 1 1.7 0 0.0
5-10 0 0.0 0 0.0
10 - 15 1 1.7 1 4.8
15 - 20 1 1.7 0 0.0
20 - 25 2 3.3 0 0.0
25 - 30 2 3.3 0 0.0
30 - 35 1 1.7 0 0.0
35 - 40 0 0.0 0 0.0
40 - 45 2 3.3 0 0.0
45 - 50 5 8.3 0 0.0
50 - 55 1 1.7 1 4.8
55 - 60 0 0.0 1 4.8
60 - 65 0 0.0 0 0.0
65 - 70 1 1.7 0 0.0
70 - 75 0 0.0 1 4.8
75 - 80 0 0.0 1 4.8
80 - 85 0 0.0 1 4.8
85 - 90 1 1.7 0 0.0
90 - 95 5 8.3 0 0.0
95 - 100 37 61.7 15 71.4
Total: 60 100.0 21 100.0
80.0 80.0
(a)2009-2010 n=60 (b) 20142015 n=21
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Table B.11.3 Rossall Point to Wyre Estuary: frequency of % mud content

Mud 2009 -2010 samples 2014 -2015 samples
content
(%) Number Percent Number Percent
0-5 53 88.3 19 90.5
5-10 2 3.3 1 4.8
10 - 15 0 0.0 0 0.0
15 - 20 0 0.0 0 0.0
20 - 25 0 0.0 1 4.8
25 - 30 0 0.0 0 0.0
30 - 35 1 1.7 0 0.0
35 - 40 1 1.7 0 0.0
40 - 45 0 0.0 0 0.0
45 - 50 1 1.7 0 0.0
50 - 55 0 0.0 0 0.0
55 - 60 0 0.0 0 0.0
60 - 65 0 0.0 0 0.0
65 - 70 0 0.0 0 0.0
70 - 75 1 1.7 0 0.0
75 - 80 0 0.0 0 0.0
80 - 85 0 0.0 0 0.0
85 - 90 1 1.7 0 0.0
90 - 95 0 0.0 0 0.0
95 - 100 0 0.0 0 0.0
Total: 60 100.0 21 100.0
100.0 100.0
(a)2009-2010 n=60 (b) 20142015 n=21
90.0 90.0
80.0 80.0
%70-0 %70.0
é 60.0 é 60.0
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Table B.11.4 Rossall Point to Wyre Estuary: percentage frequency of Folk sediment textural classification

groups
Textural class 2009 -2010 samples 2014 -2015 samples
Number Percent Number Percent
Gravel 2 3.3 1 4.8
Sandy Gravel 10 16.7 2 9.5
Muddy Sandy Gravel 0 0.0 0 0.0
Muddy Gravel 1 1.7 0 0.0
Gravelly Sand 3 5.0 2 9.5
Gravelly Muddy Sand 0 0.0 0 0.0
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 5 8.3 5 23.8
Slightly Gravelly Muddy 1 17 0 0.0
Sand
Slightly Gravelly Sandy 0 0.0 0 0.0
Mud
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 35 58.3 10 47.6
Muddy Sand 1 1.7 1 4.8
Sandy Mud 2 3.3 0 0.0
Mud 0 0.0 0 0.0
Total: 60 100.0 21 100.0
*° 1(2)20092010 n=60 | " [(b)20142015 n=21
55.0 55.0
50.0 50.0
o 45.0 o 45.0
§4o.o §4o.o
% 35.0 g 35.0
gB0.0 gB0.0
% 25.0 é 25.0
93-20.0 gzo.o
- 15.0 * 15.0
10.0 10.0
5.0 l- 5.0 il I
e ooimE WM =m = —
S S IF Fiii

Figure B.11.7 RossallPoint to Wyre Estuary: percentage frequency histogram of Folk textural classification
groups
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Table B.11.5 Rossall Point to Wyre Estuary: percentage frequency of sand mode classes

Sand Mode 2009 -2010 samples 2014 -2015 samples
(um) Number Percent Number Percent
63 - 75 1 1.7 0 0.0
75 - 90 0 0.0 0 0.0
90 - 106 1 1.7 0 0.0
106 - 125 2 3.4 0 0.0
125 - 150 6 10.3 4 19.0
150 - 180 6 10.3 5 23.8
180 - 212 4 6.9 2 9.5
212 - 250 5 8.6 1 4.8
250 - 300 5 8.6 1 4.8
300 - 355 9 15.5 1 4.8
355 - 425 12 20.7 6 28.6
425 - 500 5 8.6 0 0.0
500 - 600 0 0.0 1 4.8
600 - 710 1 1.7 0 0.0
710 - 850 0 0.0 0 0.0
850 - 1000 |1 1.7 0 0.0
1000 -
1180 0 0.0 0 0.0
1180 -
1400 0 0.0 0 0.0
1400 -
1700 0 0.0 0 0.0
1700 -
2000 0 0.0 0 0.0
Total: 58 100.0 21 100.0
30.0 30.0
(a) 20092010 n=58 (b) 20142015 n=21
25.0 25.0
s )
£ 200 £ 200
8 8
g g
> 15.0 > 15.0
510.0 glao
(TR L
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Figure B.11.9 Rossall Point to Wyre Estuary: percentage frequency histogram of sand mode classes
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B.12 Wyre Estuary to Heysham Harbour

B.12.1 In 2014-15, 153 samples were collected from this unit, which includes a large proportion of the
southern and south eastern shores of Morecambe Bay (compared with 88 samples in 2009-10). In the
later survey more comprehensive sampling was undertaken of the Pilling frontage, with sampling
extending further from the high water mark than in 2009 -10. The positions of the 6 mi dd s ampl e
2014-1 5 pl ot close to the positi on2014elb, patye dué ltoo ther 6 s a
rapid rate of sedimentation and coastal progradation in this area.

B.12.2 Ofthe samplescollectedin2014-15, 32% are sahdésiahde 8 1a 8adcamsparédmu ddy
with 51.3% 6sand6é6 and 3-2.08% .06 muldtwnpesesimdhldB@®n o2 0thed
samples collected in 2014 -15 (compared with 40.0% in 2009 -10). Many of the muddy sand samples
collected in 2014-15 were from locations in the Lune estuary, or from the upper parts of the intertidal
zone around other parts of the Bay.

B.12.3 On the Pilling frontage there is a landward fining trend of sand modal size, ranging from 150 -1 8 0 1T m
on the lower tidal flats to 63 -7 5 mion the upper tidal flats. On the east side of the Bay, near Hest
Bank and Carnforth, an opposite trend is evident, with finer sand modes on the lower tidal flats (106 -

150 T m ah880 115M) and coarser sand modes o0+250f me ampper
250-300 1T m) . These differing trends reflect the much
side of Morecambe Bay.
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Table B.12.1 Wyre Estuary to Heysham Harbour: frequency of % gravel content

Gravel 2009 -2010 samples | 2014 -2015 samples
content
(%) Number Percent Number Percent
0-5 88 92.6 153 98.1
5-10 0 0.0 0 0.0
10 - 15 1 1.1 1 0.6
15 - 20 0 0.0 0 0.0
20 - 25 0 0.0 0 0.0
25 - 30 0 0.0 1 0.6
30 - 35 1 1.1 0 0.0
35 - 40 0 0.0 0 0.0
40 - 45 0 0.0 0 0.0
45 - 50 0 0.0 1 0.6
50 - 55 0 0.0 0 0.0
55 - 60 2 2.1 0 0.0
60 - 65 0 0.0 0 0.0
65 - 70 0 0.0 0 0.0
70 - 75 1 1.1 0 0.0
75 - 80 2 2.1 0 0.0
80 - 85 0 0.0 0 0.0
85 - 90 0 0.0 0 0.0
90 - 95 0 0.0 0 0.0
95 - 100 0 0.0 0 0.0
Total: 95 100.0 156 100.0
100.0 100.0
(a) 20092010 n=95 (b) 20142015 n=156

Frequency percentage
Frequency percentage

90.0 + 90.0
80.0 80.0
70.0 70.0
60.0 - 60.0
50.0 50.0
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30.0 + 30.0
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10.0 + 10.0
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Figure B.12.1 Wyre Estuary to Heysham Harbour: percentage frequency histogram of % gravel content
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Table B.12.2 Wyre Estuary to Heysham Harbour: frequency of % sand content

Sand 2009 -2010 samples | 2014 -2015 samples
content
(%) Number Percent Number Percent
0-5 0 0.0 0 0.0
5-10 0 0.0 0 0.0
10 - 15 0 0.0 0 0.0
15 - 20 2 2.1 0 0.0
20 - 25 7 7.4 0 0.0
25 - 30 9 9.5 0 0.0
30 - 35 5 5.3 1 0.6
35 -40 10 10.5 3 1.9
40 - 45 5 5.3 8 5.1
45 - 50 5 5.3 7 4.5
50 - 55 2 2.1 11 7.1
55 - 60 7 7.4 9 5.8
60 - 65 5 5.3 14 9.0
65 - 70 5 5.3 10 6.4
70 - 75 4 4.2 8 51
75 - 80 3 3.2 8 5.1
80 - 85 3 3.2 12 7.7
85 - 90 7 7.4 12 7.7
90 - 95 7 7.4 14 9.0
95 - 100 9 9.5 39 25.0
Total: 95 100.0 156 100.0
30.0
(a)20092010 n=95 (b) 20142015 n=156
25.0
(]
520‘0
8
§15.0
I:',_: 10.0
5.0
o w0 0 o w oo wo wowo oo b Olormomomomomomomomomom

B.12.3 Woyre Estuary to Heysham Harbour:

95 - 100

95 - 100

frequency percentage histogram of % sand content
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Table B.12.3 Woyre Estuary to Heysham Harbour: frequency of % mud content

Mud 2009 -2010 samples 2014 -2015 samples
content
(%) Number Percent Number Percent
0-5 15 15.8 40 25.6
5-10 8 8.4 15 9.6
10 - 15 6 6.3 13 8.3
15 - 20 3 3.2 12 7.7
20 - 25 3 3.2 8 5.1
25 - 30 4 4.2 6 3.8
30 - 35 4 4.2 10 6.4
35 - 40 5 5.3 14 9.0
40 - 45 7 7.4 9 5.8
45 - 50 2 2.1 11 7.1
50 - 55 5 5.3 7 4.5
55 - 60 4 4.2 7 45
60 - 65 9 9.5 3 1.9
65 - 70 5 5.3 1 0.6
70 - 75 8 8.4 0 0.0
75 - 80 5 5.3 0 0.0
80 - 85 2 2.1 0 0.0
85 - 90 0 0.0 0 0.0
90 - 95 0 0.0 0 0.0
95 - 100 0 0.0 0 0.0
Total: 95 100.0 156 100.0
30.0 30.0
(a)2009-2010 n=95 (b) 20142015 n=156
25.0 25.0
() ()
gZ0.0 gZ0.0
3 3
%15.0 iils.o
) g
I?10.0 I%10.0
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Figure B.12.5 Wyre Estuary to Heysham Harbour: percentage frequency histogram of % mud
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Table B.12.4 Wyre Estuary to Heysham Harbour: percentage frequency of Folk sediment textural classification
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@ 25.0

>

o

D 20,0

[T
15.0

10.0

5.0

0.0 -

groups
Textural class 2009 -2010 samples 2014 -2015 samples
Number Percent Number Percent
Gravel 0 0.0 0 0.0
Sandy Gravel 5 5.3 0 0.0
Muddy Sandy Gravel 1 1.1 1 0.6
Muddy Gravel 0 0.0 0 0.0
Gravelly Sand 1 1.1 1 0.6
Gravelly Muddy Sand 0 0.0 1 0.6
Gravelly Mud 0 0.0 0 0.0
Slightly Gravelly Sand 0 0.0 3 1.9
Slightly Gravelly Mudd
'ghtly Bravelly Muddy 19 0.0 2 13
Sand
Slightly Gravelly Sand
gnty y ¥ o 0.0 0 0.0
Mud
Slightly Gravelly Mud 0 0.0 0 0.0
Sand 16 16.8 50 32.1
Muddy Sand 34 35.8 80 51.3
Sandy Mud 38 40.0 18 115
Mud 0 0.0 0 0.0
Total: 95 100.0 156 100.0
60.0
(a)2009-2010 n=95 550 | (0) 20142015 n=156
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Figure B.12.7 Wyre Estuary to Heysham Harbour: percentage frequency histogram of Folk sediment textural

classification groups
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Figure B.12.8 Wyre Estuary to Heysham Harbour: spatial plot of Folk textural classification groups
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Table B.12.5 Wyre Estuary to Heysham Harbour: percentage frequency of sand mode classes

Sand Mode 2009 -2010 samples 2014 -2015 samples
(um) Number Percent Number Percent
63 - 75 21 23.9 8 5.1
75 - 90 18 20.5 71 45,5
90 - 106 12 13.6 9 5.8
106 - 125 5 5.7 9 5.8
125 - 150 8 9.1 9 5.8
150 - 180 8 9.1 41 26.3
180 - 212 1 1.1 0 0.0
212 - 250 1 11 1 0.6
250 - 300 7 8.0 5 3.2
300 - 355 0 0.0 0 0.0
355 - 425 3 3.4 1 0.6
425 - 500 2 2.3 0 0.0
500 - 600 1 1.1 1 0.6
600 - 710 0 0.0 0 0.0
710 - 850 1 1.1 0 0.0
850 - 1000 | O 0.0 0 0.0
1000 -
1180 0 0.0 0 0.0
1180 -
1400 0 0.0 0 0.0
1400 -
1700 0 0.0 1 0.6
1700 -
2000 0 0.0 0 0.0
Total: 88 100.0 156 100.0
50.0 50.0
(a) 20092010 n=88 (b) 20142015 n=156
45.0 45.0
40.0 40.0
%35.0 §35_0
é 30.0 é 30.0
g g
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Figure B.12.9 Wyre Estuary to Heysham Harbour: percentage frequency histogram of sand mode classes
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B.13 Heysham Harbour to Kent Estuary

B.13.1

B.13.2

B.13.3

A total of 144 samples were collected from this reporting unit in 2014 -15 compared with 90 in 2009-
10. In 2014 -15 only a very small number of samples collected north of Carnforth, exclusively from two
profiles on the south side of the Kent estuary and one sample at Silverdale. Marshes and tidal flats to
the north of Silverdale, from which samples were taken in 2009-10, were not sampled in 2014-15 due
to fact that one o f the low water channels of the Kent had moved eastwards almost right up to the high
water mark.

Gravel is relatively rare in this unit, the maximum content (30 -35%) being found in some upper beach
samples. Samples of o6cleand sand contagainnbemg found5 % s
mainly on the upper beaches. No samples contained > 85% mud, but samples taken from the upper

foreshore on the relatively sheltered coast between Morecambe and Hest Bank, where saltmarsh is
developing, contain up to 75% mud. Approximately 74% of the samples collected in 2014-15 are

classified as muddy sand and sandy mud, compared with approximately 62% in 2009 -10. By contrast,

fewer samples collected in 201415 (approxi mately 16 %) were <classif
2009010 (approximately 23%).

In general, upper beach samples tend to have a coarser sand mode (250 -3 00 T m ah%5 310mM,
occasionally coarser) than the mid and lower beach samples (7590 T m1 068 07 m alha5 1i0m) .
In 2014-15 the finest sand modes (63-75 T m) occurred in saltmarsh sedi

shore and in on the southern foreshore of the Kent estuary.

Table B.13.1 Heysham Harbour to Kent Estuary: frequency of % gravel content

Gravel 2009 -2010 samples 2014 -2015 samples
content

(%) Number Percent Number Percent
0-5 79 87.8 154 93.9
5-10 1 11 5 3.0
10 - 15 0 0.0 1 0.6
15 - 20 1 11 1 0.6
20 - 25 0 0.0 0 0.0
25 - 30 0 0.0 1 0.6
30 - 35 3 3.3 2 1.2
35 - 40 1 11 0 0.0
40 - 45 1 11 0 0.0
45 - 50 1 11 0 0.0
50 - 55 0 0.0 0 0.0
55 - 60 0 0.0 0 0.0
60 - 65 1 11 0 0.0
65 - 70 0 0.0 0 0.0
70 - 75 0 0.0 0 0.0
75 - 80 1 11 0 0.0
80 - 85 0 0.0 0 0.0
85 - 90 0 0.0 0 0.0
90 - 95 0 0.0 0 0.0
95 - 100 1 11 0 0.0
Total: 90 100.0 164 100.0
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Table B.13.2 Heysham Harbour to Kent Estuary: frequency of % sand content

6.0

4.0

fc;a:tint 2009 -2010 samples 2014 -2015 samples
(%) Number Percent Number Percent
0-5 2 2.2 0 0.0
5-10 0 0.0 0 0.0
10 - 15 0 0.0 0 0.0
15-20 1 11 0 0.0
20 - 25 2 2.2 2 1.2
25 - 30 2 2.2 0 0.0
30 - 35 2 2.2 6 3.7
35 - 40 7 7.8 8 4.9
40 - 45 6 6.7 5 3.0
45 - 50 9 10.0 10 6.1
50 - 55 4 4.4 11 6.7
55 - 60 5 5.6 9 55
60 - 65 2 2.2 6 3.7
65 - 70 5 5.6 14 8.5
70 - 75 3 3.3 9 55
75 - 80 3 3.3 19 11.6
80 - 85 4 4.4 13 7.9
85 - 90 11 12.2 19 11.6
90 - 95 11 12.2 20 12.2
95 - 100 11 12.2 13 7.9
Total: 90 100.0 164 100.0
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