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Figure 1. View from location F, the central sand bank, looking north east, with the entrance channel to the left and Bembridge inner harbour beach
(E) and Bembridge Sailing Club to the right. (19th April 2019).
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Introduction
Bembridge is an estuarine harbour. Historically its size has been progressively reduced at various times since
the 17th Century; most recently by a railway embankment in the late 1800s. The resultant reduction in tidal
prism is generally cited as the primary reason for its progressive siltation.
There are two main sources of siltation: The River Yar feeding into the Western end and the sea feeding into
the North Eastern end of the harbour.
This history of the harbour is already explained exhaustively by many others. A SCOPAC extract provides a
synopsis.1
This report focuses on the period beginning 1998 when LiDAR2 data first became available, helping to paint a
more contemporary picture. The areas of the low water channels are excluded since they are not covered by
LiDAR data.
The report provides some harbour wide conclusions on accretion, with particular focus on the harbour
entrance flood tide delta. It brings up to date the findings of The Environment Agency’s “Eastern Yar Flood and
Erosion Management Strategy” 2009 which stated that “[extreme] ground elevation has increased by up to
0.1m/yr” in the period 1983 to 2008 and “rates less than 0.05m/yr are more typical in the central harbour” 3.

Figure 2

This photograph from around 2009 shows a general overview and the large amounts of sands in the flood tide delta area.
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Appendix 7 Atkins and SCOPAC extract, see Figures 32 to 34
Light detection and ranging, a form of aerial survey using lasers
3 Figure 8 Eastern Yar Flood and Erosion Management Strategy 2009, extract
2
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Figure 3 General overview identifying the locations discussed. Google Earth image, 2015. This image is repeated throughout the report for ease of
reference.

Local knowledge provides strong anecdotal evidence of sedimentation and the build up of the inner harbour
banks and beaches in living memory, but this is qualitative only. LiDAR surveys of the harbour, which have
been carried out since 1998, allow quantitative conclusions. These update the Environment Agency’s 2009
findings.
LiDAR accuracy is generally +/- 10cm i.e. a total potential error of 20cm. All 1998 to 2018 changes are well in
excess of this error range, and so considered robust. The changes over shorter time spans, where they fall
below 20cms must be treated with appropriate caution but may be able to be cross-referenced against the
SHA’s own measured survey data.
Any raising of the sea bed above low tide level reduces the tidal prism and would be expected to increase
accretion rates by reducing the ebb flow velocities. This report investigates whether accretion rates are in fact
accelerating.

3

Figure 4. Photo dated 2015 showing deterioration of the groyne, and waves passing through, carrying sands, gravels and cobbles.

A reduced tidal prism reduces the velocity of ebb flows in the entrance channel. This has a twofold importance.
Firstly, it is proportional to the sediment-carrying capacity of the ebb flows, i.e. the harbour’s ability to selfflush in what is an ebb dominant system. 4 Secondly, it reduces the forces available to scour a channel outside
the harbour, potentially frustrating navigable access.
These effects are significant because storm waves can push sediments into the harbour entrance and littoral
drift can push sediments across channels outside of the harbour entrance. Both of these processes contribute
to sediment inputs and deposition, unless counteracted by strong ebb currents.
This report restricts its scope to direct measurement by the author and available evidence in the public
domain.

Summary of findings
1) LiDAR data indicates a net mean rise in intertidal sea bed level of 0.48 m in the period 1998 to
2018. Extreme increases are evident on the central sand bank (up to 1.5 m) and on harbour
beaches (over 3 m). The rate of siltation is rising and appears to be accelerating.
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The flood tide lasts longer that the ebb tide, but the same amount of water has to move through the same entrance in less time.
The ebb is therefore faster and so capable of carrying more sediment.
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2) A net 160,000 m3 of sediment has accumulated in the intertidal area at an average rate of 8,000
m3 pa over the 20 year period investigated, despite dredging.
3) 42,000 m3 has accumulated in the flood tide delta where the intertidal seabed has risen by a mean
0.50 m in the 20 year the period investigated.
4) The average rate of gain over the 20 year period is 2,100 m3 in the flood tide delta and 5,900 m3
in the rest of the intertidal harbour.
5) However, the last five years show a much faster accretion rate than the previous fifteen. The five
year rate is 9,100 m3pa, made up of 2800 m3pa in the tidal delta and 6,300 m3pa in the rest of the
intertidal harbour.

Table 1: Intertidal net accretion rates (i.e. after dredging)
Analysis of all areas, first 15 years and latter 5 years
Description

Mean rise

Rate pa

The accretion in the flood delta ’98 to 2013 (first 15 years)
The accretion in the flood delta 2013 to 2018 (last 5 years)
The accretion in the whole harbour ‘98 to 2013 (first 15 years)
The accretion in the whole harbour 2013 to 2018 (last 5 years)

0.16414m
0.17035m
0.34258m
0.13582m

1883m3
2832m3
7654m3
9130m3

6) In the whole intertidal harbour area identified, the average rate of change during the 5 year period
2013 to 2018 is 19% higher than for the 15 year period 1998 to 2013. 64% of the harbour wide
increase in siltation rate was in the flood delta.
7) The tidal prism has reduced by 16% of MHWS5 volume and 24% of MHWN volume over the 20
year period. This is a significant loss and the rate of loss of tidal prism has accelerated.6
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MHWS: mean high water spring tides and MHWN: mean high water neap tides
Solent Forum refer to University of Southampton (2011) when quoting sea level rise figures for Portsmouth of 1.21 +/0.27 mm/yr (i.e. up to 30mm in the 20 year period). This could mean an error of up to 6% of the MHWS water volume
figure. The area used to calculate the tidal prism is the total “area of interest”. The neap tidal prism totals may be
significantly less since less of the harbour will be flooded at high tide, and more at low tide on a neap tide. The reduction
in the neap tide tidal prism (24%) is therefore likely to be understated.
6
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Figure 5 Mean heights across the whole flood delta area are plotted against time, showing an accelerating trend line, i.e. an
accelerating rate of accretion.

8) The growth of a sand bank in a central area that was once used as a mooring pool (Fig 6) is the
focus of concern by recreational users and a particular spur for the production of this report.
Sampled areas on the sand bank show a largely linear growth, at rates of between 3.4 cm and 7.1
cm per annum. If growth continues at this rate parts of the sand bank will be exposed at MHWN
from 2034 onwards. (Figure 18)
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Figure 6. Top: 1932 view North from Embankment Road towards the harbour entrance, showing boats afloat at low tide in the area which is now
the central sand bank
Bottom: 2019 similar view showing the exposed central sand bank.

As a secondary task, Section 2 of this report investigates the types of sediment, enabling differentiation
between sands and larger particles (presumed to be from the sea), and silts and clays (presumed to be from
the river).
Thus, the deposits in the intertidal area could be divided into two areas displaying distinctly different sediment
characteristics, i.e. the flood tide delta with its high sand content and the rest of the harbour to the West with
a high silt content.

7

In Section 3 LiDAR derived quantities are apportioned by sediment size and estimates of dredged amounts are
added to arrive at total likely inputs from both sources. This assumes that dredging in the channels and marinas
maintains the status quo. This suggests an average rate over the last 5 years (2013 to 2018) of 6900 m3pa from
the sea and 10,500 m3pa from the river - a total of 17,400 m3pa (see Tables 11 and 12).
It may be that some river derived sediments are returned to the harbour on the flood tide or by wave action.
Also, some smaller sandy sediments may penetrate the wider harbour beyond the area of the flood tide delta.
Higher end estimates indicate 20,500 m3 pa could be introduced, containing a higher proportion of seaborne
sediments. (These estimates can be improved by the Statutory Harbour Authority, using their own dredging
records in addition).
These findings are set contextually and historically by reference to publicly available survey data and
photographic record. The range of seaborne siltation found by this report is within the range indicated in the
2004 SCOPAC report, but in excess of the rates indicated in the 2013 SCOPAC report). The rates of accretion
broadly align with the Environment Agency’s 2009 findings (see Figure 8).

Figure 7

General overview identifying the locations discussed. Google Earth image, 2015.

Aims
Section 1 addresses the primary aim of this report, which is to quantify amounts and rates of sediment
accumulating within Bembridge Harbour’s intertidal areas, using LiDAR data.
Section 2 identifies the types of sediment within the two distinct harbour areas.
Section 3 estimates the total sediment ingress harbour wide and apportions sediment inputs to the two
sources: river and sea.
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Methods
Quantitative information on volumes presents itself within LiDAR data sets. These data are available from 1998
to 2018 for the harbour and are the source information used to calculate the quantities and rates of accretion
reported in Section 1.
Other supporting investigations were carried out to provide context and to assess the type of sediment
material and some of the transport mechanisms involved, including i) investigations of the sediments, ii)
observation to establish water velocities and, iii) Southward littoral drift at area C. Historic photography and
reference to earlier reports provide broad context in a longer timeline. However, the main focus of the report
is the period from 1998 to 2018.

1 LiDAR Data Processing
LiDAR data was obtained from the Channel Coastal Observatory in ‘Filtered ASCII text file’ format for the
OS grid references around Bembridge Harbour (primarily SZ6388) for all available survey years (1998
2008, 2013, 2014 and 2018). These data are published under the Open Government Licence
(https://www.nationalarchives.gov.uk/doc/open-government-licence/version/3/). The data take the form of
elevations measured every metre (in 2013 and 2014) or every 50cm (in 2008) in both the North and East
direction. Data for neighbouring grid references was combined to provide a picture of the harbour and
surroundings (Figure 9). Two regions of interest encompassing the whole of the harbour and the flood tide
delta covered by LiDAR where then defined, and the data for these areas in 1998 was subtracted from the
2018 data to obtain the results in Table 2. Area and mean elevation were calculated only for points where
elevation data is available (i.e. points which appear in colour in Figure 9). Data for the whole harbour was not
available in the 2008 survey. However, the flood tide delta was covered. The 2008 data was subtracted from
the 2018 data. Results are shown in Table 2. Similarly, the 2008 data was subtracted from the 2013 data and
the 2013 data subtracted from the 2018 data. Three 100 m2 sample areas were similarly analysed. Results are
shown in Figures 9 to 18 and Tables 1 to 7. Data processing was done in MATLAB, and the scripts are available
on request. Subsequent calculations were carried out in Excel. Limitations on accuracy are discussed in
Appendix 1.
However, in brief: LiDAR accuracy is generally +/- 10cm i.e. a total potential error of 20cm. All 1998 to 2018
changes are well in excess of this error range and so considered robust. The changes over shorter time spans,
where they fall below 20cms, must be treated with appropriate caution. However, the SHA’s own measured
survey data will overlap and inform. (This is not currently available to the author).

2 Physical observations and analysis
Visual inspections, shallow test digs, informal monitoring of aggregate extraction and a core sample provide
evidence on the nature of the materials making up the features at C, D, E and F. This evidence is provided in a
photo record (Figure 22), Tables 8 and 9, and further at Appendix 2. Comparisons between the sand outside
the harbour entrance around point B, and the silt around point G are also made. Simple microscopy and
graduated sieves were used to determine the broad types of material and particle sizes. More information on
the methods employed is provided in Section 2.
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3 Observation and measurement
The general nature of littoral drift is widely reported (SCOPAC 2004, 2013, Eastern Yar Management Strategy,
etc). However, the nature of the materials actually delivered into the harbour, and the mechanics of their
transport from point B towards point C and South towards the harbour are not reported. Some sediment
transport in suspension and by saltation is discussed widely outside of this report and is not expanded upon
here. However, the littoral drift Southwards in most wind states from point B Southwards towards and past
point C on the Eastern side of the harbour, is not noted in other reports seen. A simple experiment to track
material was carried out and the method and summary results are included in Sections 2 and 3.

4 Dredging quantities
In order to estimate total sediment inputs into the harbour it is important to take into account the amounts
removed by various forms of dredging, and ideally to analyse survey data for the areas below low tide that
LiDAR does not record. The author does not have access to this survey data. For the sake of this exercise the
quantities used for water based dredging are those referred to in the SHA’s MMO dredging and disposal
licence applications that are in the public domain.7
In connection with land based dredging or aggregate extractions within the flood delta, the author has made
assumptions based on observation and Bembridge Harbour Advisory Group minutes. (The quantities were not
available from the contactor).
Detailed information from two major actors: The Statutory Harbour Authority and H J Bennett and Sons, the
contractor would better inform the conclusions. Refinement of the conclusions on total inputs could be
provided by the Statutory Harbour Authority, who have access to data that was not available to the author.
This reservation does not impact on the conclusions derived direct from LiDAR data.

5 Context
For background context in a longer timeline, reference is made to Google aerial photography from earlier
reports which are referenced.8 One report published by the Environment Agency in 2009 9 provides a useful
picture of the harbour’s siltation rates from 1983 to 2008. An extract of the text is copied below. This summary
and accompanying illustration (Figure 8) offer a useful starting point for the discussions that follow.

7

MLA 2115-004
Coastal Geomorphology ATKINS 2006, Channel Coastal Observatory shoreline management surveys.
9
Eastern Yar flood and erosion management strategy, draft options appraisal. Environment Agency 2009
8
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Figure 8 (part 1)
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Figure 8 (part 2) Copy illustrations from the EA/IWC report. Top: growth of >2.5m in 1983 to 2008. Bottom: rates of growth of up to 0.1m/yr.
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Section 1: Results and Discussion
The primary aim of this report is to quantify amounts and rates of sediment accumulating within Bembridge
Harbour’s intertidal areas, using LiDAR data.
1. LiDAR results quantify amounts and rates of sediment accretion within Bembridge Harbour’s intertidal
areas
The area of interest (Figure 9) was identified by grid reference separating the harbour into two main areas:
the flood tide delta (shown with a yellow boundary) and the residue of the harbour (shown with a dotted line).
One area presents as mainly sandy (with some gravels and cobbles on the beaches) and the other (the Western
harbour) as mainly muddy silts.
Sections through a central sand bank are shown at the red and green lines.

Figure 9 Plan showing areas of interest

The delineation described above allowed the analysis of data within the areas identified, separately and as a
whole. The LiDAR data indicates accretion from 1998 to 2018 in the intertidal harbour only. This shows a mean
rise in intertidal sea bed level of 0.48m during the 20 year period. Extreme increases range from around 1.5m
on a central sand bank to over 3m in beach built up, as illustrated in Figure 10.
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Figure 10 Total accretion between 1998 and 2018
The increase in height is shown graphicly by colour. For example, the deeper reds show growth at up to or over 3 meters and the paler
green/blues around 1 meter growth.

The reduction in the size of the harbour by the encroachment of beaches at Attrills Point (D) and the inner
harbour beach (E) adjacent to Bembridge Sailing Club is also evident in plots from 2008 to 2018, as is significant
erosion at Bennetts Point (B).
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1.86 AOD 1998 -2018

Figure 11 Growth in the land above high tide on both sides of the harbour entrance from 1998 to 2018. (Derived from LiDAR data.)

Figure 12 A high spring tide in about 1972 showing the significantly smaller land area at Attrill’s Point and Bembridge Point at that
time. This photograph is shown here simply to give some historic context for the LiDAR data in Figure 11. For further background
information see also Figure 34 illustrating high tide line from 1946 to 2005.

Data from both areas (the whole harbour and the flood tide delta) and three test squares within it, were
analysed and the following results were produced (Table 2). Partial data only is available for 2008. See Figure
8 and Atkins at Appendix 7 for a longer timeline.
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Table 2: Summary of mean levels
Mean elevation (meters above or below Ordnance Datum)
Area/
location
Whole
harbour
Flood delta
Sandbank
sample 1
Sandbank
sample 2
Sandbank
sample 3

White
area
(Fig 10)

Area
(m2)

Drying
area
(net)

DEFRA 1998

DEFRA 2008

CCO 2013

CCO 2014

CCO
2018

-0.63651

No data

-0.29493

-0.20691

-0.15911

390517.5

13.93%

336118.4

-0.53163

-0.36749

-0.19813

-0.06765

-0.02778

104177.5

20.20%

83133.65

-0.48462

-0.27183

0.01472

0.13500

0.19667

100.0

-1.47510

-0.74867

-0.39700

-0.24500

-0.14600

100.0

-1.75220

-0.94010

-0.57760

0.39480

-0.23120

100.0

The mean height in meters of the various selected areas/locations above or below Ordnance Datum at each of the survey dates. The
white area is where no LiDAR data is available. (This approximates to the channels and marinas still flooded at low tide).

Analysis of this information was used to establish volumes and rates of change, and the impact on the tidal
prism. These are expressed in m3 in Table 3 below:

Table 3: Differences in sea bed height
Area

Sea bed height changes by decade
(meters)

Area

Difference

Difference

Difference

Volume

98 to 2018

98 to 2008

08 to 2018

change 98-18

0.47740

no 08 data

no 08 data

0.50385

0.16414

0.68129

Square 2
Square 3

Whole
harbour
Flood
delta
Sand
bank
Square 1

Volume changes
(m3)

Tidal prism (limited to
the area of readings)
(m3 and %)

Tidal prism
MHWS

Tidal prism
MHWN

160462.93

1998

839122.98

570228.25

0.33971

41887.14

2018

678660.05

409765.32

0.21279

0.46850

46.85

Difference

-160,4623

-160,463

1.32910

0.72643

0.60267

60.27

Change

-19%

-28%

1.52100

0.81210

0.70890

70.89

Average

-23.5 %

Note: All 1998 - 2018 differences in height significantly exceed LiDAR data error range, as do the 3 sand bank sample squares changes
1998 - 2008, as well as 2008 - 2018.
The last two columns show reduction in tidal prism at spring and neap tides but ignore the area that remains flooded at low tide. See
Table 4 for refined calculations.

The sea bed heights over the 10 year periods showed significant changes outside the published error ranges,
and so may be considered robust. However, as the tidal prism included the white areas in the plan at Figure 9,
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adjustment for the water column over these areas is necessary. Allowances were made assuming the tidal rise
over these white areas is the full range of spring and neap tides. The full tidal prism in 2008 could then be
compared with 2018 and a percentage reduction in the tidal prism could be calculated, as set out in Table 4.
However, as the neap high tide will cover a smaller area, and the wet area at low tide will be greater, the
percentage loss of neap tide volume is probably under reported.
The spring tidal prism is expressed here as the difference between MHWS (1.86 AOD) and the mean level of
the sea bed at 1998 and 2018. Similarly the neap tidal prism, the difference between MHWN (1.04 AOD) and
the mean level of the sea bed. In both cases the volume change from low to high has been added for the
“white areas” in Figure 9, i.e. these are treated as flooded at low tide.

Table 4: Tidal prism in the whole harbour
Description

Tidal prism
MHWS

Tidal prism 1998
Tidal prism 2008

1024079.88 668146.61
863616.95 507683.68

Loss of tidal prism

160462.93
0.16

Tidal prism
MHWN

160462.93
0.24

Notes

Difference equates to
silt gain above LW
Average 20% loss

Note: Solent Forum refer to University of Southampton (2011 data) when quoting sea level rise figures for Portsmouth of 1.21 +/- 0.27
mm/yr. In extreme, and if applied evenly over the 20 year period, this could result in an over statement up to 6% in the tidal prism
volume calculations (i.e. 20% would become 18.8%).

The area used to calculate the tidal prism is the total “area of interest”. This is expected to be reasonably
accurate when considering the spring tide position.
The neap tidal prism may be less than the figure used. The area flooded at high water may be smaller (e.g. on
shelving beaches). Also, the area flooded at low tide will be greater since neap tides do not fall as far as spring
tides. The combined effect is likely to be a reduction in the neap tide tidal prism, and thus the change in volume
will be more acute. As such the 24% neap tide prism reduction quoted is likely to be an underestimate. This
raises the prospect of greater acceleration in accretion on these lower energy tides.
The data allowed the production of various illustrative graphs and diagrams, which are set out here.
The rates of accretion over the sand bank on two axes, North-South and East-West (see Figure 9) show a
progressive growth of this flood tide delta sand bank.
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Figure 13 This shows more rapid growth in height towards the Northern or seaward end of the bank at up to around 1m.

Figure 14 This shows a more regular spread of growth across the sand bank West to East at around 0.5m.
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Ten meter squares, plot locations
The rates of accretion over the three 10 x 10 m sample areas were
also plotted on the graph (Figure 16). It is noted that Square 1
results at Figure 16 show a marked acceleration up to 2014 and all
three squares show a fall off in the rate of accretion after 2014. This
could be the result of particular weather events, the dynamics of
the shoaling bank or, the author speculates, as a result of
intensified mineral extraction at area C since 2014.10
10 x 10 m sample areas are centred on the following grid
references:
Red 1: E 463955 N 88527
Black 2: E 464002 N 88587
White 3: E 464016 N 88602

Figure 15 The locations of the 3 sand bank 10m x10m areas referred to.

Figure 16 These three graphs show the growth of the sand bank at three locations over the period 1998 to 2018, with a trend line
showing dotted red

If the apparent trend from 1998 to 2018 continues then parts of the sand bank will be exposed above high
neap tides by 2034 (Squares 2 and 3) and by 2042 (Square 1).
With increasing exposure of the sand bank above neap high tides, the growth of the exposed areas is difficult
to predict, but may slow. With less time immersed and more time exposed to aeolian transport, which is very
visible in action on the nearby inner harbour beaches.

10

Contractors H J Bennetts are reported as extracting 250 m3 on 7th Feb 2019 (reported to BHAG) and are active in area C quite
frequently, e.g. including on 6th and 7th Feb 2019, 25th, 27th April 2nd ,4th and 7th May 2019,18th,19th June. These 9 days actually
noted could alone equate to 2,250 cubic meters in five months. A conservative estimate based on one day pcm would suggest
3,000m3 pa, or two days pcm would suggest 6,000 m3 pa. Bennetts were approached, however they did not wish to confirm actual
quantities on the basis of difficulty in extracting data for that area alone, and commercial sensitivity.
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Figure 17 Mean heights across the whole flood delta area are plotted against time, showing an accelerating trend line, i.e. an
accelerating rate of accretion.
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Figure 18 A contour at -0.2 AOD (approximately 4 to 4.5 hours before high water) is used to illustrate the expansion of

the sand bank and the beaches in the Eastern harbour over the 10 years 2008 to 2018. The blue line outlines the extent
of the areas exposed in 2008 and the other coloured lines show growth at the different survey dates, culminating in the
black line that represents the 2018 position. The inset photo from 2015 is provided to illustrate the amount of water in
the harbour generally, at this state of tide.

Conclusions
The LiDAR results were represented in, and subsequent calculations made on, a simple spread sheet. The main
conclusions are shown below:
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Table 5: Analysis of data over the 20 year period 1998 - 2018
Description

Total

Rate pa

The mean rise in sea bed within the whole area of Interest
The mean rise in the flood delta areas
Sand bank sample areas have risen more rapidly by up to
The additional accretion in 20 years over the whole area

0.4774m
0.50385m
1.521 m
160463 m3

Loss of tidal prism at MHWS
Loss of tidal prism at MHWN

16%
24%

2.4cm
2.5cm
7.6cm
8023 m3
0.8% pa
1.2% pa

Table 6: Analysis flood delta data over two 10 year periods
Description

Mean rise

Rate pa

The accretion in the flood delta '98 to '08
The accretion in the flood delta '08 to '18

0.16414m
0.33971m

1365m3
2824m3

Table 7: Analysis of all areas over first 15 years and latter 5 years
Description

Mean rise

Rate pa

The accretion in the flood delta ’98 to 2013 (first 15 years)
The accretion in the flood delta 2013 to 2018 (last 5 years)
The accretion in the whole harbour ‘98 to 2013 (first 15 years)
The accretion in the whole harbour 2013 to 2018 (last 5 years)

0.33350m
0.17035m
0.34258m
0.13582m

1883m3
2832m3
7654m3
9130m3

When compared to the first 15 years the average annual rate of accretion in the last five years is 19% higher
over the whole harbour. The rate in the flood delta is 50% higher. The flood tide delta accounts for 949 m3 of
the 1476m3 annual increase, i.e. 64.3%.
It is reasonable to speculate that increases in accretion rates is due to the positive feedback induced by the
reducing tidal prism. (As the tidal prism reduces the ebb currents become less able to flush sediment seaward
so accretion increases. As the accretion increases it further reduces the tidal prism and so on).
The lack of a functioning No1 Groyne at the harbour entrance (points A to B) is likely to be important. Whilst
no attempt is made in this report to prove cause and effect, it is noted that the increase in rate of accretion
appears contemporaneous with deterioration of the groyne. An effective barrier/training wall/groyne would
act to reduce the influx of seaborne sediment directly by obstruction of longshore drift, reduce wave energy in
the entrance channel, and would focus (and thus speed) ebb flows.

22

Section 2
Identifying the types of sediment

Sample from the central sand bank at F

Sample from the BHYC pontoon at G

Figure 19 Microscope images at the same magnification show clear differentiation

Introduction
The supply of sediments from the sea comes from littoral drift transporting material from the South East
towards the North West and is estimated at between 14,000 and 80,000 m3pa near shore outside the
harbour.11
A Luttinhuizen drawing (see Appendix 6) suggested 2,500 m3pa of sea borne siltation entered the harbour
around 1981. SCOPAC 2013 estimates 1,000 to 3,000 m3 of sediment from the sea (a reduction from 3,000 to
10,000 m3 in SCOPAC 2004). However, both estimates are shown as “low reliability”.
No quantified data on fluvial sediments entering from the River Yar has been found. SCOPAC 2013 identifies
some input from the River Yar but does not quantify.

11

ATKINS Technical Annex Eastern Yar Strategy, Sept 2006, referring to Posford Duvivier modelling 2000). Southward littoral drift is
reported on the St Helens Duver on the Western side of the harbour entrance (see Figs 35 and 36). ATKINS report that “A modest
input of sediment into the estuary is also estimated“ and “Accreting sand and gravel banks within the harbour provide further
evidence of such input and a future requirement for dredging to maintain navigable channels (Howard, Moore and Dixon, 1988);
Posford Duvivier, 2000a). These inputs are difficult to quantify, but fine and coarse sand and silts are strongly differentiated in the
upper harbour with no apparent mixing (Posford Duvivier, 2000a)”
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The Environment Agency advised they do not have data for discharged water volumes or silt content.
On visual inspection a high proportion of sandy sediment is evident within the entrance flood delta area. The
character of the areas of high sand content are readily identified by appearance and handling and show
marked contrast with the texture of the stickier, smaller particle silts evident elsewhere inside the harbour.
However, there was no qualitative data found in the public domain. Further analysis was therefore carried out
in order to verify the initial assumptions made from visual inspection, and to quantify the mix of particle sizes.

Summary of findings
Over 86% of the harbour silts sampled in the Western harbour are under 125um in size (and likely to be
smaller). Over 94% of the sands sampled on the central sand bank and inner harbour beaches are over 125um.

Aims
To characterise the nature of the near surface sediments and where possible differentiate between river borne
and marine derived sediments.

Methods
Test pits and a core sample were taken on the central sand bank in various locations and a photographic record
was taken to illustrate erosion processes in the area around C and the taking of samples.
Samples were collected at locations B, C, D, F and G and dried. These were a graded in a set graduated sieves
to arrive at the results in Table 8.
Simple microscopy was used to create photographic support and a visual understanding of the particle sizes
and mix apparent in the sieve results.
(See further background information in Appendix 3).
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Results and Discussion
Table 8: Sample analysis
Samples were taken from points B, C, D, F and G and analysed by graduated sieving and by simple microscopy.
(Main constituents are highlighted red; second group in yellow).

Location

Approx.
location

>0.853
Gravels
/coarse
sand

>0.853
<0.500
Coarse
/Med.
sand

>0.500
<0.251
Med.
Sand

>0.251
<0.125
Med./
fine
sands

>0.125
<0.066
Fine
sands
incl
some
silts

>0.6
6
%
Silts

BHYC
area G

50.693371
-1.106018

0.2

<0.1

1.4

11.9

86.3

<0.1

SandBank
area F

50.692889
-1.095993

0.2

<0.1

4.7

90.4

4.4

<0.1

Bennetts
area B

Bem
beach
area C

Attrills
area D

50.695883
-1.054691

50.694368
-1.096386

50.694079
-1.096386

<0.1

<0.1

1.5

0.8

0.2

0.3

7.8

10.4

13.2

89.0

88.4

84.7

2.2

0.8

0.1

<0.1

<0.1

<0.1

Note 1: The sieving of the silt was difficult as the dried sample had to be separated by rubbing,
and some clumps remained. The expectation was that the sub 0.125 um grains were still, in large
part, small clumps. This is apparent in the microscope image (alongside) of the sieved sample
(not passing though the 125um sieve).
This conclusion was also supported by observation that the sample was “smoking” very fine
dust when agitated, unlike all other samples.
Note 2: Recovered weights were between 96.5 and 98% of samples. The percentages shown
above are set out as a proportion of the recovered weights in each case. Some loss due to drying
or residues in sieves may explain losses.
Note 3: Sand bank samples were a random mix of top 200mm core sample.
Other samples were taken from the top 100mm by spade.
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Microscope image
originally at 50:1

General description

Very small but
random, in clumps
(sub 125 um pictured)
with some shell
fragments and organic
matter. Clumping
frustrated efficient
sieving.
Unsorted sample
shows angular and
semi rounded,
reasonably well
sorted, sieved easily.
Some small grains
Unsorted sample
shows angular and
semi rounded,
reasonably well
sorted, sieved easily.
Very Few small grains
Unsorted sample
shows more angular
particles, rounded
reasonably well
sorted, sieved easily.
Very Few small grains
Unsorted sample
shows angular and
some semi rounded,
reasonably well
sorted, sieved easily.
Very few small grains

Further sampling was carried out on 30.12.19, after review, with the aim of improving the findings on sub
125 um particles, mostly likely to be derived from the river in suspension. The sieving of dried silt samples
were previously fairly ineffective in this range and only one sample had been taken from outside the flood
delta.
In this case the samples of around 15ml of wet silts were collected from four locations and sieved through
the 66mu sieve (only). They were sieved wet, with water used to flush.
This method meant all particles over 66 um were captured in the sieve and most of those less than 66 um
washed through to waste. The clumping due to drying that had previously frustrated the dry sample findings,
was avoided and the wider range of sample locations provided more robust evidence.
However, as the samples were wet, the particles could not be meaningfully weighed (raw silt samples
contain large proportion of water). Thus, the results were limited to an approximation by volume of the
dried residue after sieving.

Figure 20 Location of sample sites 30.12.19
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Table 9: Water washed sieve sample results
Location

Quantity of
particles over
66um

Point G
BHYC pontoon

Under 1 ml of
material

Total quantity
(approx 50% life size)

Microscope images
(50:1)

Notes

Broken spire shell
and live snails
make up around
50% of the
sample.
This sample area
is dry at low tide.

Point H
Bembridge
Marina

Under 1 ml of
material

Fewer spire shells
(20%) and a
similar volume of
small sands as at
BHYC, above

Point I
Houseboat

Approx 1 ml of
material

Dense population
of live spire shell
snails (80%) (this
area dries at low
tide) and some
small sands

Point J
Duver Marina

Approx 1 ml of
material

Largest residue
>64um particles.
Mix of small
sands and shell
fragments. This is
the nearest
location to the
harbour entrance
in these samples

This table illustrates the analysis of further samples (30.12.19), suggesting that only fine sands are evident in
the Western harbour. Whilst some limited ingress of fine sands may enter the harbour from the river, it is
noted that the prevalence of sands increases nearer the harbour entrance channel. This supports the
proposition that ingress of sands (as opposed to smaller silt particles) from the river is very limited.
Note: Spire shell snails are likely to be the most common species, Peringia ulvae. This yellow to brown
shelled snail is typically found on muddy sand in estuaries and salt marshes.12 They favour sites that are not
12

See https://www.marlin.ac.uk/species/detail/1295.
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exposed to strong waves; they were not evident in samples taken from the sand bank or beaches at B,C,D
and F so are likely to be local populations. They are densest in the samples from the intertidal area of muddy
silts. Therefore it is reasonable to conclude that shell fragments found in the Western harbour are most
likely to be from local populations, rather than seaborne.

Conclusions
The results clearly associate the majority of the sediments in the flood tide delta with the material on the sand
banks outside the harbour. Subject to the limitations of the sieved method, the Western harbour silts showed
very low amounts of larger sands. The sediment in the Western harbour can be largely attributed to the River
Yar.

Table 10: Dry sample sieve results
Location
Area B Bennetts point
Area C areas skimmed
Area D Attrills point
Area F Central sand bank
Area G BHYC

Over 125 um
97.6%
99%
99%
94.4%
13.5%

Under 125 um
2.2%
0.8%
0.1%
4.4%
86.3%

Lost or too small to weigh
0.2%
0.2%
0.9%
1.2%
0.2%

Notes

Incl shell fragments

Limitations
Only a limited number (5) of indicative samples were taken. The intention was not to carry out a full sediment
analysis within the harbour environs, but rather to establish a range of sediment types in sampled locations
for quantitative comparison with each other in support of other qualitative and visual evidence on accretion
materials. Location co-ordinates are provided within the limits of a mobile phone GPS tracking app (+/- 5m).
Location co-ordinates of the sand bank (area F) sample and BHYC ( at G) were obtained by reference to Google
Maps after the samples were taken. They are therefore indicative only (at around +/- 10m).
The sieving of the silt was difficult. The dried sample had to be separated by rubbing. Some clumps remained
and could be seen in microscopy. It is therefore likely the sub 65 um particles are under reported. The later
samples, collected and sieved wet, informed the results for Areas G, H, I and J and supported this assumption.
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Section 3: Estimates of total sediment ingress and apportionment of sediment
accretion to the two sources, river and sea

Introduction
The clear differences in the nature of the sediments in the flood tide delta (at C, D, E and F) and the Western
harbour (typically at G) allows a calculation to enable attribution to the two sources: river and sea.

Figure 21 Location map

Summary of results
The total annual inputs calculated are in the order of 17,500 to 20,500 m3pa, of which 5,350 to 8,350m3 is
largely sea borne and 12,100m3 is largely river borne. This conclusion is subject to the SHA’s dredging
programme maintaining the status quo in the marinas and channels. If not, and the marinas and channels have
become shallower, the amounts will be greater.
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Aims
To calculate approximate total amounts and to broadly apportion total sediments to the two main sources of
sea and river.

Method
The quantities calculated for the last 5 years, using LiDAR data for the intertidal area and Western harbour
were apportioned using the analysis in Section 1. The analysis in Section 2 was applied to attribute the
amounts in each area to the likely source. Cautionary adjustments were made to avoid over statement of sea
borne sediments in the flood tide delta. The amounts stated in MMO dredging licence applications were added
to the Western harbour totals. The amounts in the MMO licence application for Bembridge Sailing Club
dredging were added to the flood delta totals. A reasoned range of estimates for H J Bennett’s land based
aggregate extraction in area C was added to the flood tide delta totals. The annual rate was established and
results set out in Table 11.

Results and discussion

Figure 22 Showing high sand content in Bembridge Sailing Club’s 2019 excavations in their mooring pool near Point E, Inner harbour
beach.
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High sand content was obvious in the mix dredged from the BSC mooring pool. However, to avoid
overestimating that sand content, an assumption of 50/50 sand and silt mix was adopted for the calculations
at Tables 11 and 12.
The margins of the sand bank showed a muddier consistency. After physical inspection and aerial photography
an assumption was adopted that 30% of the area was made up of a 50/50 mix of sands and silts. This
assumption does not affect the overall input totals. However, the apportionment between sea borne and river
borne is affected. These allowances were seen as cautious and were made in an effort not to overstate the
sea borne inputs.

Figure 23 Showing sand and silt mix at the Western margins of the central sand bank
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Table 11: Estimated total amounts of sediments settling in each area
Area

Annual rate
in the inter
tidal area
2013 to
2018 LiDAR

Flood
2832
tide
delta
Western 6298
harbour

Extraction
by BHIC
m3 p.a.

Extraction
by H.J.
Bennett
m3 p.a.

0

3,000
6,00013

4,33314

0

Extraction
by BSC
m3 p.a.

to 1,000

0

Pre
adjusted
Total m3

BSC
extraction
totals at
50%
<125um
and 30%
intertidal
flood tide
delta at
<50%
6,832 to (995+485)
9,832

Total

10,631

12,111

995 +485

17463 to Adjusted
20,463

5,352 to
8,352

17,463 to
20,463

Having established estimates for the total volumes, the make up of each area is apportioned between over
125 um and below 125 um. In Section 2 (Table 10) it was established that over 97% of intertidal sediments in
the flood tide delta were over 125 um. It was also established that over 86% of Western harbour sediments
were under 125 um.

Table 12: Particle size analysis applied to total volumes
Majority sea borne low
Majority sea borne high
Majority river borne low
Majority river borne high
Total harbour wide

5,352 x 97%
8,352 x 97%
12111 x 86%
12111 x 86%

plus 12,111 x 14%
Plus 12,111 x14%
Plus 5,352 x3%
Plus 8,352 x3%

low
6,887

high
9797

10,576
17,463

10,666
20,463

Limitations
These calculations should make allowance for the varying nature of the silts in each area. Without sampling
on say a 10m grid, the results will always be subject to significant limitations. However, reasoned indicative
conclusions are possible.
13

Contractors H J Bennetts are reported as extracting 250 m 3 on 7th Feb 2019 (reported to BHAG) and are active in area C quite
frequently, e.g. including on 6th and 7th Feb 2019, 25th, 27th April 2nd ,4th and 7th May 2019,18th,19th June. These 9 days actually noted
could alone equate to 2,250 cubic meters in five months. A conservative estimate based on one day pcm would suggest 3,000m3 pa
or two days pcm would suggest 6,000 m3 pa. Bennetts were approached, however did not wish to confirm actual quantities on the
basis of difficulty in extracting data for that area alone and commercial sensitivity.
14
13,000 m3 pa each 3 year cycle as quoted in licence application doc MLA 2015-004. (A new 2019 disposal licence allows for a total
15,000 m3 in any 3 year cycle).
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ADDENDUM: 19.01.20 Personal observations suggest that the river input is very significant. However, other
harbours and estuaries around the Solent have dominant sediment inputs from marine sources that feed the
development of mud banks, largely made up of small silt particles. These include material entering in
suspension from the sea. This is noted in harbours without contextually similar rivers feeding them. The inputs
from the river may therefore be overstated (and marine inputs understated). Further work would be necessary
to establish the river’s contribution to the overall sediment totals. The organic/biological growth in situ may
also account for some small proportion of the increase in volume.
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Appendix 1
Limitations
LiDAR data
There are two types of accuracy advised by the Channel Coastal Observatory: 'Positional accuracy' meaning
how close they are to the point they say they are in Easting and Northing coordinates, and 'Depth accuracy' or
‘elevational accuracy’.
LiDAR depth accuracy is generally +/- 10cm, i.e. a total extreme potential error of 20cm. All 1998 to 2018
changes are well in excess of this error range and so considered robust. The changes over shorter time spans,
where they fall below 20cm, must be treated with appropriate caution but may be able to be cross referenced
to the SHA’s own measured survey data, e.g. checking near harbour channel areas.
1998 LiDAR Survey
No information beyond the data sets was found. However, LiDAR depth accuracy is normally in the range +/10 to 15cm.
2008 LiDAR Survey
Date taken: 8th-9th February 2008. Resolution of measurements: 0.1cm. Datum: Ordnance Datum Newlyn.
Positional accuracy: not given. Depth accuracy: +/- 15cm.
2013 LiDAR Survey
Date taken: 12th-13th March 2013. Resolution of measurements: 0.1cm. Datum: Ordnance Datum Newlyn.
Positional accuracy: +/- 40cm. Depth accuracy: not given.
2014 LiDAR Survey
Date taken: 5th-6th March 2014. Resolution of measurements: 0.1cm. Datum: Ordnance Datum Newlyn.
Positional accuracy: +/- 40cm. Depth accuracy: +/- 10cm.
2018 LiDAR Survey
Date taken 1st February to 21st March 2018. Resolution of measurements: not quoted. Datum: Ordnance
Datum Newlyn. Positional accuracy: +/- 20cm. Depth accuracy: +/-10cm.
The range of sea bed heights changes at varying rates. The report focuses on the difference between 1998,
2008, 2013 and 2018 surveys where the changes in mean values are in excess of the LiDAR depth accuracy. A
mean drawn from a large set of data that may include some changes below the error range.
The hard surface checks carried out by the CCO, and the consistency of the trend of results and similarity to
with EA findings, provide some support for the data.

Limitations aerial photographs
Some Google Earth Pro aerial photography is used in contextual illustrations. Modern Google images are
understood to be orthorectified. No Google derived measurements of areas or volumes are relied upon in this
report. Markings on Google images are made using Google Earth Pro.

Limitations extraction amounts
The limitations on the accuracy of extraction amounts are significant as final dredged quantities are not
available to the writer. The figures for the SHA’s exactions are derived from statements in MMO dredging
/disposal licence applications.
H J Bennett and Sons Ltd’s extraction licence provides for extraction of over 20,000 m3 pa from areas outside
the harbour as well as Area C. H J Bennett declined to provide extraction quantities but were advised of the
estimates used and have not commented further.
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APPENDIX 2
Physical inspection
The series of dated photographs below illustrate the nature of the beaches, sand bank and land based
dredging.
It is reasonable to conclude from this that the sediments recently laid down in areas B, C, D, E and F have a
high sand content. Areas B, C, E and F also show some gravels and cobbles. Therefore, the accretion can in
large part be attributed to sea borne sediments. The make up of the intertidal areas is discussed in Section 2.

18th Dec 2018. Point B looking North East
towards the foot of the No1 Groyne.
Note: Sand, gravels and cobbles in transit by
littoral drift and erosion.

25th May 2015. Area C looking North
Note: Sand platform and stepped
erosion at channel edge in the left of
the photo. Also gravels and cobbles on
the right around high water.

27th April 2019. Area C looking South.
Note: Workings on skimmed area.
Approx 15m x 60m sand with some
gravels. Extraction qty 200 to 250 m3
per day worked.

4th April 2019. Area D looking North East
Note: Spoil removed from channel and
deposit on beach has high sand content.
Sand visible in foreground.

25th April 2019. Area E material dug
from around and below MLW at
Bembridge Sailing Club.
Note: The visible sand content.
Black staining appears to reduce
dramatically on exposure to air.

30th April 2019 Photo area E looking
East showing general sandy character
of undisturbed beach, with some
shingle content. Also, materials dug
from below the apparent water line
having high sand content.

19th April 2019. Area F central sand bank
looking North East.
Note: Sand deep enough and stable enough
to build a sandcastle. Approx. 450 angle,
stable for 20 minutes. Hole was then
refilled.

19th April 2019. Area F looking NNE.
Note: A test pit was hand dug until
flooded and wall collapsed at around
700mm. A core was bored with a
simple toothed pipe. A core to 800mm
was lifted.

22nd April 2019. Test core.
Note: Initially deeper sections to
800mm were quite black. However,
upon exposure to air and drying the
colours evened. Sand was clearly
evidenced through the core, although
smaller particles and staining were
evident at deeper levels.

Figure 24 Photos 2015 -2019
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APPENDIX 3
Particle sizes survey 21st to 23rd May 2019
Introduction
The particle sizes in the intertidal flood tide delta area are similar to those found outside the harbour, though
partially sorted. This partial sorting is probably a factor of the varied tidal velocity and wave energy in the
different flood tide delta locations.
Summary
The character of the silt in the Western harbour has low amounts of grains over 125 um (largely spire shell,
conglomerated slits and clays and a paint chip, are shown in Figure 25) and 86% under 125 um. By contrast
the central sand bank around point F in the flood tide delta has 95% of grains over 125 um.

Figure 25 Particles retained by the 853 um sieve in the dry sampling, at BHYC. (The divisions on the ruler are 1mm).

There is therefore good reason to conclude that the fine sand and coarser mineral elements in samples taken
in the flood tide delta are sea borne sediment. Around the locations C, D and E a range of large gravels up to
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cobbles were event, particularly around high tide line where wave energy would be at its maximum. These
larger gravels and cobbles were not evident in the sand bank sample and the silt sample.

Aims
To establish the make up of sediment in various location so as to inform their likely sources, i.e. whether from
the sea outside the harbour or from the River Yar. This information was used to estimate the likely range of
the sediments from each source (sea or river) making up the accretion evidenced by LiDAR survey data.

Methods
Samples were taken from four sites within the areas outside the harbour near B (the No 1 Groyne) and inside
the harbour within the flood tide delta at D, E and F. A sample was taken at G in the Western end of the
harbour off the Brading Haven Yacht Club’s Western pontoon, nearer to the River Yar, this being the
alternative major source of siltation for comparison.
A microscope was used to view ungraded samples, and images are provided. A set of graduated sieves were
used to sort samples by grain size. The dried samples were agitated for 5 minutes. A soft brush was used to
mix and to aid transfer through smaller meshes. Mesh sizes: 0.853 mm, 0.500 mm, 0.251 mm, 0.125 mm and
0.066 mm were used in a graduated tower.
The resulting samples were weighed on digital scales (+/- 1 gm) and the results set out in the Table 10.
Size description in line with IOS 14688-1:2002.
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Discussion and conclusions
It was noted that the make up of the flood tide delta sample indicates that in the order of 97% of that area is
made up of sediments that can be reasonably said to be attributed to sea borne siltation.
The microscopy analysis is of one test pit. However, earlier investigations involved test pits in a number of
locations on the central sand bank. These pits dug on 14th March 2015 showed a similar content to around 600
mm. Pits to the East of the sand bank showed a greater mix of silts in a muddier consistency.

Central drier and higher area

Drier area, high sand content

Slightly muddier, retaining more water

Eastern area of sand bank

Muddier area near BSC

General view looking North East

Figure 26 Photos recording 2015 sand bank test pits
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APPENDIX 4
Table 13: ISO Particle sizes

ISO 14688-1:2002

Name

Very coarse soil

Gravel

Size range (mm)

Size range (approx. in)

Large boulder

LBo

>630

>24.8031

Boulder

Bo

200–630

7.8740–24.803

Cobble

Co

63–200

2.4803–7.8740

Coarse gravel

CGr

20–63

0.78740–2.4803

Medium gravel

MGr

6.3–20

0.24803–0.78740

Fine gravel

FGr

2.0–6.3

0.078740–0.24803

Coarse sand

CSa

0.63–2.0

0.024803–0.078740

Medium sand

MSa

0.2–0.63

0.0078740–0.024803

Fine sand

FSa

0.063–0.2

0.0024803–0.0078740

Coarse soil

Sand
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APPENDIX 5 - Practical experiments

Littoral drift experiments
Introduction and aim
With the aim of demonstrating littoral drift around Point B and towards the harbour via Area C, two
simple experiments were conducted.
The experiments took place between 1.45pm and 2.10pm on Wednesday 22nd April 2015.
Weather: Clear and sunny. Wind: 20 knots from East. Wave height: 0.6M at Chimet.
Tidal conditions: High tide Portsmouth 2.21 (BST). Predicted height: 4.8 m. Actual height: 4.45 m
(equivalent to a small spring tide).
Conclusion
An onward transit of material towards the harbour around Point B by means of littoral drift was
clearly evident. As the energy required to move larger particles is greater than that needed to move
smaller ones of the same density, it is reasonable to conclude that smaller gravels and sands will be
similarly transported. This movement was clearly evident at the time of inspection.
Method
For 30 m either side of the groyne (Point B) the surface of the beach was cleared of distinctive red
brick and tile debris. This was then bagged for use in the second part of the experiment.
Two bags of material were released into the swash zone at approx 2 m East of the remnant groyne.
In the first experiment a 20 kg bag of 20 mm pink Cotswold stone was released. In the second
experiment a similar bag of the red brick and tile debris was released.
The subsequent movement of the materials was tracked and recorded.

40

Littoral drift experiment 1: Cotswold stone experiment

Photo 1 01.47 pm By the time I had picked up the

Photo 2

camera (less than a minute) the pile was already
dispersed. Note the spread of the Cotswold stone
towards the West

1.48 pm In less than 2 minutes the Cotswold
stone had been widely distributed, moving towards and
through the broken groyne 2 meters
away

Photo 3

Photo 4

1.49 pm Within 2 minutes the Cotswold
stone had dispersed

1.52 pm Within 4 or 5 minutes no Cotswold
stone was readily visible at the release site (but scattered
stones were now evident on the West of the groyne).

Figure 27 Photos showing progress of samples along the shoreline

Conclusion
Small shingle to 20 mm is readily carried by the littoral drift in moderate weather conditions. The
material is readily carried “around the corner” from B towards C and the harbour through gaps in the
groyne. It was not possible to track these small shingle stones far as they swiftly mixed with the local
material.
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Littoral drift experiment 2: Mixed brick rubble experiment
Distinctive red brick rubble and tile was cleared from the beach surface over a distance 30 meters
downstream of the groyne, Point B. Where possible the bricks and tiles were then broken to show
fresh faces for easier identification. The same bag that had contained the Cotswold stone in
experiment 1 was duly filled and deposited in the same place, i.e. 2 metres East of the remnant
groyne.
Photo 1

2.02 pm Similarly to the Cotswold
stone, within 1 minute the material had dispersed
towards the remnant groyne.

Photo 2

Photo 3 2.05

Photo 4 2.07 pm Within 5 minutes all but 3 or 4

pm Within 3 or 4 minutes the
majority of the material had rounded the corner
Point B, passing through the gaps in the groyne.

2.03 pm Some material had already
neared the groyne, with smaller pieces moving
more swiftly.

pieces had rounded the corner and were in transit
towards the harbour mouth.

Figure 28 Photos showing progress of further samples along the shoreline

After 10 minutes the brick and tile material had spread over a range of up to 16 meters towards area
C and the harbour.
Given that the density of the brick and tile is less than the prevalent flint and other shingle stones,
and may therefore behave differently, I moved to a location South of the groyne where the waves
came from the WNW as they neared the shoreline.
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I placed a single large piece of distinctive rounded green sandstone (110 mm diameter x 60 mm deep)
into the swash area. Within 10 minutes this had moved approx. 12 meters closer to the harbour
mouth.
A similar size piece of the prevalent flint material was also tested in the same way and it was observed
to move similarly in the swash of the waves.
There was considerable movement Southwards towards the harbour in the general mix of smaller
stones and sand in the area.
Return to the beach at 6.00 pm
I returned to the beach approx. 4 hours later, after the area had been exposed by the receding tide.
The pink Cotswold stones were not identifiable in the mix.
The green sandstone was not found. This may have become buried. (The large flint not sought as was
not identifiable among other flints).
Some identifiable red brick elements were evident, the first of them 8 meters South of the groyne
(Point B) and into Area C. 1 piece at 28 m, 2 pieces at 40 m and 2 pieces had travelled as far as 86 m.
It had already been noted that refracted waves travelling Southwards, powering littoral drift towards
the harbour entrance, are common, even in strong South Westerly winds.

Figure 29 Photograph (by Chris Attrill) shows Southward travelling wave in a South Westerly gale
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Tidal stream measurement
Introduction
On 20th and 21st May 2019 tidal streams over the central sand bank (Area F) were measured in order to check
that velocities were sufficient to explain the movement of the particle sizes in evidence.

Summary
Measurements of the tidal streams over the central sand bank were taken on the flood and ebb. Flood velocity
exceeded ebb velocities on the central sand bank. This may be peculiar to this sand bank. It is speculated that
this reflects the nature of the sources i.e. a concentrated flood stream from the narrow harbour entrance and
less focused ebb stream from all points West and South.
The flood stream was from the NNW (15 to 30 degrees) i.e. from the harbour entrance area. The ebb stream
was from the SW (265 degrees). There is limited wave action as the bank is exposed at low tide when little
fetch is available for wave generation.
At face value, these velocities applied to Hjulstrom's Diagram suggest the higher flood speeds (58c/sec) could
move bed load particles up to around 5 mm diameter and the higher ebb speeds (29 c/sec) could move
particles up to 3 mm. However:
1) Speeds were measured at the surface only and friction would mean lower speeds at the sea bed.
2) Sand particles are angular.
3) Measurements were taken on a moderate spring tide. Neap velocities might be expected to be around
50% (Admiralty Tidal Atlas)
The conclusion drawn is that the water velocities on the flood (from the harbour entrance) are more focused
and because of this they are stronger than the ebb over the central sand bank. Transport by saltation and
deposition in this particular area is likely with more energy on the flood. That said the fast ebb flows up to
around 3 knots in the entrance channel on the ebb and adjacent to the sand bank, can be expected to move
material by saltation and in suspension, and may therefore erode the edges of the sand bank. However, this
does not appear to override the current growth as illustrated in the cross sections at Figures 13 and 14.
Higher energy wave action would be limited in area F. By contrast it is clearly evident at sites A, B, C and D
where large gravels and cobbles are a feature. (See Littoral drift experiment 2, above).

Aims
To measure velocities and direction of tidal streams on the flood and ebb tides over the central sand bank (F)
to establish whether their sediment transporting properties were broadly consistent with findings on the
particle sizes of the sediments found in that location.

Method
Measurements were taken by setting out an anchored line with two floats 15 m apart and timing the transit
of a heavy wooden float.
Date: 20th and 21st May 2019. Predicted tides were 4.6 and 4.7 m (at Portsmouth); conditions were calm on
both days and atmospheric pressure was between 1010 and 1020 millibars (Bramblemet). A moderate spring
tide.
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Velocities were referenced against the Hjulstrom's Diagram to establish grain sizes likely to be moved at those
velocities. Neap velocities are assumed to be 50% of springs (Admiralty Tidal Stream Atlas NP 337)

Results and discussion
Table 14: Tidal stream direction and velocities over the central sand bank
Minutes Date
before or
after HW

FLOOD

DRY

147m

21.05

Time
approx.

2.40
Hrs
BHW
11.45

137m
133m

11.55
12.04

127m
121m

12.10
12.15

115m
68 m

20.05

12.21
12.25

20.05

12.35
12.50

58 m
43 m
38 m
28 m

Latitude & Time Direction Speed
longitude (secs) Approx.
c/sec

50.693397
-1.095864
50.693602
-1.095770
50.692821
-1.096276
50.693210
-1.096121
50.693079
-1.096231

12.55
0.1.05

EBB

DRY

-121m

20.05

Appro2
.40
after
HW
15.35

-131m
-138m

15.40
15.45

-143m

15.50

Close to A

50.693029
-1.096439

n/a

n/a

26
26
31

SSW 210 58
degrees
58
48

29
29

52
52

30
59

50
25

195
degrees

0

55
60

27

79
94

19
16

52

95
degrees

29

53
46

28
33

51

29

45

HW

14.17

01.07

Figure 30 Hjulstrom Diagram showing speeds at which various sized particles are likely to be transported

Note: Max velocity on the spring flood 58cm/sec and on the ebb 29 cm/sec.
Neap speeds are assumed to be around approx 50% of spring speeds.
The maximum particle sizes that could be transported and deposited are up to 5 mm on the flood
and 3 mm on the ebb.
However, these peak flows are relatively short lived.
At 50% of maximum velocities particle sizes up to 3 mm on the flood and 1.5 mm on the ebb might
be transported.
Limitations
The Hjulstrom Diagram illustrates the velocities needed to erode, transport or deposit spherical
grains in an initially smooth surfaced and smooth flowing parallel sided test tank. The conditions on
46

site will be different, with the velocity at the bed load being lower than at the water’s surface, on site
mixed grain sizes and shapes and some cohesion on a rippled surface causing turbulence.
The velocity measurements were taken in a relatively small area and represent surface velocities in
depths of around 500 mm to 1200 mm.
Conclusion
The range of particle sizes reported in Sections 2 and 3 of this report appears consistent with the size
of particle that would be expected to be moved by saltation at the measured velocities on the central
sand bank (F).
Over 94% by weight of the grains identified by graduated sieving were in the range 125 um to 0.251
mm. This is consistent with the tidal streams transporting sediments to create the central sand bank
as a feature of a flood tide delta. The top of the sand bank is therefore unlikely to be eroded by ebb
flows, despite the faster ebb flows nearby in the channel. Aeolian transport may have some effect,
as it clearly builds land nearby.

Figure 31 Photo taken at 11.47am on 21.05.19 (149 mins before HW) looking east from 50.692487 -1.096787. It shows a line along
the Southern edge of the central sand bank where flood tide flows stall upon meeting contra flows. The incoming tide, coming from
the left in the photo, stalls at the Southern edge of the sand bank. A corresponding deposit line is evident at this point at low tide.

47

APPENDIX 6
Contextual information

Figure 32 SCOPAC drawing and detail showing direction of sediment transport
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The illustration (Figure 32) from SCOPAC 2013 updates that copied by ATKINS 2006 which showed two sources
of littoral drift towards the harbour entrance: LT6 from Nodes Point Southwards is unquantified, while F4
travelling South West is given a range 3,000 -10,000 m3 a year in 2004 but appears to be downgraded in 2013
to sub 3,000 m.3
The Luttikuizen drawing copied below (Figure 33) suggests 5000 m3 in transit near shore from the East as part
of 40,000 m3 overall moving inside St Helens Fort each year. This drawing shows 2,500 m3 entering the harbour.
The Solentsems Management scheme, 2005, Appendix 1 states:
“Introduction The only location where aggregate extraction occurs in the Solent is within Bembridge Harbour
where year round removal of approximately 8440 tonnes of aggregate takes place from and adjacent to
Bembridge Harbour entrance channel by a local contractor. The only other aggregate extraction occurs south
of the Isle of Wight but proposals could occur in the future within the Solent. An area at Sinah sands in
Langstone Harbour is licensed for extraction but isn’t currently used due to the environmental sensitivity of the
area.”

Sediment transport in m3 per year

* Accretion

Sediment Transport Rates – Luttikhuizen

Figure 33 Luttikuizen drawing illustrating sediment transport rates

SCOPAC 2004
The following extract from SCOPAC 2004 provides a brief long term history and notes that “Accreting sand and
gravel banks within the harbour” are “strongly differentiated” from the sediments in the rest of the harbour.
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“F4 Bedload Input at Bembridge Harbour
Entry of coarse bedload sediments (medium sands to gravels) to inlets in the Solent is generally
resisted by the ebb dominance of their tidal regimes. At Bembridge, the formerly extensive estuary of
the Eastern Yar is now much reduced by successive stages of reclamation dating back to the seventeenth
century (Howard, Moore and Dixon, 1988). The last major phase of reclamation was in 1874, with the
construction of the railway embankment in 1879 limiting ingress of tidal waters. This has significantly
diminished the tidal prism, reducing the flushing effect of ebb currents in the outer estuary and further seaward
leaving the large ebb tidal delta as a relic feature. Wave action has therefore become relatively more dominant
and has transported sands and gravels from the ebb tidal delta towards the shore and into Bembridge Harbour
creating a sediment rich environment (Photo 1). Significant growth of Bembridge Point is attributable to this
process in conjunction with littoral drift from Foreland. Accreting sand and gravel banks within the harbour
provide further evidence of such input and a future requirement for dredging to maintain navigable channels
(Howard, Moore and Dixon, 1988; Posford Duvivier, 2000a). These inputs are difficult to quantify, but fine and
coarse sand and silts are strongly differentiated in the upper harbour with no apparent mixing (Posford
Duvivier, 2000a). Sediments sampled from a grid of sampling sites revealed 50-80% medium sand and 15-20%
gravel, the latter being restricted to lenses within the upper 1-1.5m (Posford Duvivier 2000a).”

Figure 34 Copied from ATKINS Coastal Behavioural Response Report, featuring a 2005 low tide aerial photo with overlays.
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The IWC’s Eastern Yar Management Strategy states that the littoral drift on the shore of St Helens Duver is
from the North. This is clearly evidenced by the build up of materials on the North side of each groyne.

Figure 35 Build up on the North faces of groynes on the shore of St Helens Duver clearly illustrates Southerly littoral drift on
the Eastern side of the harbour approaches.

Aeolian transport powered by the prevailing South Westerly winds builds inner harbour beaches and they
progress into the harbour. This is highly visible when in progress and witnessed by the many residents as well
as the affect in LiDAR data. This wind blown sand, caught in dunes, marram grass and sea buckthorn has the
effect of reducing the size of the harbour and the volume of the harbour’s tidal prism. This in turn would be
expected to accelerate the rates of accretion by reduction of the energy in the overall ebb dominant system.
The rate of growth of the central sand bank (F) and the beaches at D and E appear significant. (Quantities are
derived from the LiDAR data in Section 1 of this report). The prominence of the beach at C and its intertidal
growth is affected by significant mineral extraction, as discussed in Section 3 of the report.

51

Figure 36 Build up on the Eastern side of restored groynes to the East of the harbour entrance is indicative of the widely reported
Westerly littoral drift

Figure 37 Pre 2007 photograph showing significant planking in place and elements of the Bembridge No 1 Groyne evident up to the
strand line. A gap had been made through the groyne near the shore. [Photograph from the Eastern Yar area Coastal Strategy
2010 to 2020 (IWC in partnership with the Environment Agency)].
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Figure 38 2019 photo showing the deteriorated Bembridge No 1 Groyne in the foreground and the intact groyne train on the St Helens
Duver shore opposite.
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APPENDIX 7 - Images and extracts, ATKINS Technical Annex Eastern Yar Strategy, Sept 2006

Figure 39 Note the comment that Attrills Point on the Duver had grown 70 meters by this time.

…………………………………………………………………………………………..

……………………………………………………………………………………….…

Figure 40 Extracted paragraphs from Atkins Technical Annex Eastern Yar Strategy, Sept 2006

54

