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Summary
South Coast Dredging Association
MAREA: Flow and wave model validation
Report EX6664
March 2012
In 2008, HR Wallingford was commissioned by the South Coast Dredging Association (SCDA)
to provide expert analysis of the potential regional impacts on the physical environment caused
by licensed dredging for marine aggregate in the Isle of Wight and Owers areas. This work
formed part of the South Coast Marine Aggregate Regional Environmental Assessment
(MAREA) completed by EMU Ltd. As part of that study, for which a shorthand notation of
SCREA is used in this report, HR Wallingford completed flow, wave and sediment plume
dispersion modelling for pre and post dredge scenarios and compared the differences arising
from all past and proposed future extraction offshore from the coastline between Durlston Head
and Brighton. The HR Wallingford 2010 report EX6212 presented the results of the study.
The flow model validation exercise used bottom mounted ADCP 1 data from three sites provided
by EMU and described in their report in February 2012. The locations of these sites are SCDA1
– to the west of the Isle of Wight, SCDA2 – Nab Tower, and SCDA3 – Owers Bank to the east
of the Isle of Wight, are shown on Figure 1.1. A quality check/review of the ADCP data for all
three locations has been undertaken by HR Wallingford has found the data to be of good quality,
and well processed. The results from the validation exercise are summarised below. The
original modelling used spring and neap tide results for representative tidal ranges and did not
model a specific period in time. The validation exercise for currents has had to model specific
periods of time to draw direct comparison between measurements and model results for
representative spring and neap tides.
The wave model validation was carried out using third party datasets (Cefas/Wavenet, Channel
Coastal Observatory, EMU) for waves at six locations shown on Figure 1.2. The data for
significant wave height and mean period is considered suitable for the model validation exercise
described in this report.
Our conclusions are as follows:





The flow model validation gives a good level of confidence for both spring and neap tides
current speed and direction for tidal ranges similar to those used within the HR Wallingford
modelling report in 2010. The comparison of measured and modelled current speeds
through four tidal cycles lead to an average Root-Mean Square Error in current speed of
0.05-0.12 m/s and an RMSE on current direction of 5.8-13.1º. This is not the same as
determining the error on peak current speed and associated direction.
The wave model validations show that the selected offshore wave heights and wave periods
for each directional band are representative of suitably extreme nearshore wave conditions
once transformed in the SWAN model.
The comparison of near-bed suspended sediment concentrations measured during the
SCDA1 deployment and previously available values used in the South Coast MAREA
showed similar values and hence the results in the MAREA are confirmed.

1

EX6664

Acoustic Doppler Current Profiler

iii

R. 3.0

South Coast Dredging Association
MAREA: Flow and wave model validation

Summary continued
In light of these conclusions, HR Wallingford considers the flow and wave modelling in the
2010 report EX6212 as being valid for regional modelling of cumulative impacts of marine
aggregate dredging. The results obtained within the flow model validation demonstrate the
uncertainties associated with the flow model used for the South Coast MAREA.
HR Wallingford considers that no further flow modelling is required as, given the accuracy of
the flow model in its current state, smaller changes by way of refinement and further calibration
will likely result in negligible changes in the presented results. The SWAN wave model input
conditions have also been validated by this study, as it can be shown that the inshore conditions
represent suitably extreme conditions and therefore further wave modelling is not required.
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1.

Introduction

1.1

PROJECT DESCRIPTION
In 2008, HR Wallingford was commissioned by the South Coast Dredging Association
(SCDA) to provide expert analysis of the potential regional impacts on the physical
environment caused by licensed dredging for marine aggregate in the Isle of Wight and
Owers areas. This work formed part of the South Coast Marine Aggregate Regional
Environmental Assessment (MAREA) completed by EMU Ltd. As part of that study,
for which a shorthand notation of SCREA is used in this report, HR Wallingford
completed flow, wave and sediment plume dispersion modelling for pre and post dredge
scenarios and compared the differences arising from all past and proposed future
extraction offshore from the coastline between Durlston Head and Brighton. The
HR Wallingford (2010) report presented the results of the study.
After submission of the SCREA report by EMU, the Marine Management Organisation
(MMO) and their advisers reviewed it. Recently the results from the study have been
used to inform the baseline assessment for specific renewal licences and because of this
the Regulatory Advisory Team at Cefas raised the issue that the tidal flow model used in
that study needed to be shown to be validated against recent, observed data sets close to
the dredging areas. Similarly, they also requested that the estimated severe conditions
used to predict the effects on waves of the dredging were compared with measured data
to show that their selection in the modelling was appropriate.
Following further discussions between HR Wallingford, Cefas and the MMO, the
SCDA members accepted the requirement for an objective validation of both the tidal
flow and the wave modelling using data from three locations within the SCREA study
area (Figure 1.1).
The data used for validating the flow model has been sourced as follows. Given the
uncertainty on quality of legacy datasets (collected between 1974-1985), examined in
Appendix 1 of HR Wallingford (2010), it was considered preferable to bring forward
recent data. To the west of the Isle of Wight, an ADCP 1 data set was specifically
collected for this project. This is referred to as SCDA1. To the east of the Isle of Wight
and in the Owers region there were two recent ADCP datasets available. These preexisting data sets, obtained from EMU, for locations SCDA2 (dataset name SSG4Env
Nab Tower) and SCDA3 (dataset name ALSF Ariel).
The data used in validating the wave model has been sourced from existing wave buoys
with long term data sets, so that the confirmation of the severe conditions that were
input to the wave modelling exercise could be assessed. The locations at which this
wave data were measured are shown in Figure 1.2.
In addition, the wave modelling has been compared with a short period of recorded
wave data from SCDA2. While a similar comparison with wave data obtained at
SCDA1 and SCDA3 was considered, the period of those measurements is too short for
the data to be a reliable indication of the probability distribution of severe wave
conditions. This wave data set was therefore too short for any meaningful validation of
the wave modelling.
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During the period of data collection which was undertaken specifically for this study (at
SCDA1), additional information on sediment concentrations in the water column was
also obtained. This was compared against the concentrations quoted in the SCREA high
level plume study technical note (DDR4323-TN03, HR Wallingford, 2009a), and is
reported in Section 5.

1.2

VALIDATION DESCRIPTION/HYPOTHESIS

1.2.1 Flow model
The numerical flow modelling component of the SCREA studies was designed to
provide a regional assessment of environmental conditions, against which pre and post
dredge scenarios could be compared, and sediment plume dispersion from dredging
activities investigated. The flow modelling was described in detail in HR Wallingford
Technical Notes DDR4323-03/05 (HR Wallingford, 2009a/b).
The model used was based upon HR Wallingford’s existing English Channel model
which includes the Southern North Sea as far as Den Helder and the English Channel as
far as Lizard Point. Therefore it is appropriate for regional studies off the central south
coast of England. The model itself had previously been used for a variety of site
specific studies (HR Wallingford, 2000, 2002, 2009b, 2009c) and also had been shown
to successfully reproduce the general patterns of tidal range and current magnitude
throughout the English Channel. It was noted before the SCREA study was undertaken
that the model had not been calibrated in detail in the area of interest. However, this
was not considered necessary for a high level assessment of aggregate dredging impacts
in the context of the overall broad-scale Regional Environmental Assessment being
compiled. If the MAREA study had indicated concerns about the effects of aggregate
dredging on the physical environment in a particular area, for example because of the
possible impacts on sensitive receptors, then is was understood that a more detailed
assessment of those issues might be required. This more detailed investigation would
contribute to the overall Environmental Impact Assessment to be submitted as part of
the application for an aggregate extraction licence in a specific dredging area.
In the study, as no specific model calibration was undertaken beforehand the model
performance was expected to be appropriate for a regional assessment although a
precise alignment between modelled and measured data was not expected. The aim of
this retrospective (and blind) validation exercise is to examine if the flow model
predicted the current velocities and flow directions with satisfactory accuracy for the
purposes of the broad-scale SCREA.

1.2.2 Wave model
Offshore aggregate dredging will inevitably change the seabed levels in the extraction
areas, and this change in bathymetry will in turn alter the propagation of waves as they
travel over those areas. The purpose of wave modelling in the SCREA study was to
determine the spatial extent and magnitude of the changes caused by dredging if any, in
wave conditions. One important aspect of this assessment was to determine the
magnitude of any changes, e.g. increases or decreases in wave heights, close to the
coastline.
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Upon review of the SCREA study, Cefas indicated that a comparison of measured wave
data against modelled wave data used within the study should be undertaken to validate
the modelled conditions. The aim of this validation was to provide confidence in the
predictions within the SCREA report, and to show that the particular conditions tested
covered the range of extreme wave conditions in the region. The assessment described
in this report therefore serves as a high level wave model validation exercise, whereby,
through comparison with wave measurements, it is intended to show that the original
wave conditions used are a plausible representation of the range of extreme conditions
that would be used, for example in coastal flood risk assessments.
As with the tidal flow modelling, the aim of this retrospective validation exercise is to
examine if the wave modelling carried out had used input wave conditions that were
satisfactory for the purposes of the broad-scale SCREA; in this case that the wave
conditions selected were sufficiently severe that the prediction of the changes caused by
past and proposed future dredging were not under-estimated.

1.2.3 Sediment concentration
In order to investigate the variation of suspended sediment load in response to current
and wave activity turbidity data was collected at a height of approximately 0.5 m above
sea bed during the SCDA1 deployment. The data collected was subject to calibration
using agreed methodologies in order to derive estimates of suspended sediment
concentration for comparison against model predictions.
These calibration
methodologies selected are listed below.



Through calibration of turbidity with co-located water samples collected
immediately following mooring deployment and prior to mooring recovery.
Through development of a laboratory calibration for the turbidity sensor using local
bed sediment samples

Following analysis on the data by the survey contractor (EMU Ltd.) an argument has
been put forward for a third calibration methodology based on a generic calibration of
the OBS sensor using data held by EMU for sites around UK coastal waters. The
relative merits of these three approaches are discussed and a comparison made to model
predictions to show how background sediment loads vary in response to wave and
current forcing.

1.3

REPORT LAYOUT
An introduction and hypothesis for this study is presented in Section 1 of this report, and
a review of the data used in this study is provided in Section 2. The flow modelling
validation is described in Section 3, the wave modelling validation in Section 4 and the
sediment concentration validation is presented in Section 5. Conclusions based upon
the findings of this study are presented in Section 6.
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2.

Data review

2.1

DATA QUALITY ASSURANCE
Archived wave and current and water level data has been received from EMU in both
raw and processed forms from all three sites (SCDA1, SCDA2, SCDA3) Processed
data were provided as ASCII time-series of wave and current parameters whilst raw data
was provided as Nortek binary files downloaded from the instruments deployed with no
editing of the data.
Current and water level datasets included residual and predicted time-series following
harmonic analysis although derived harmonic constituents were not provided.
Each dataset was accompanied by a short technical note providing the deployment
metadata and describing the processing which has been undertaken on the data. This
was followed by a full report (EMU, 2012).
In order to check the quality and consistency of the data raw and processed data sets the
raw data has been independently analysed using HR Wallingford’s in house software to
derive time-series of wave and currents. These data were then compared against the
processed data derived by EMU. The results of this comparison together with the
general comments regarding the overall quality of the data are outlined below.

2.2

WEST OF ISLE OF WIGHT SITE (SCDA1 LOCATION)
In order to provide information for validation purposes a instrument array comprising a
600 kHz Nortek AWAC with acoustic surface tracking, an Aqualogger 210 TYPT
recording turbidity sensor (Optical Backscatter Sensor) and a Valeport Water Level
Recorder were deployed in a subtidal mooring frame at position 597047 mE
5606372 mN (UTM 30°N) in a water depth of 31 m by EMU’s oceanographic survey
team.
The mooring was deployed on 10/01/2012 16:16 and recovered on 29/01/2012 16:04.
Wave, current, water level and turbidity data was collected at the site over a period of
~19 days commencing on 10/01/2012 16:20 and ending on 29/01/2012 15:40.
These measurements were supported by the acquisition of 12 nearbed water samples,
and a duplicate, collected over a period of approximately 1 hour immediately following
deployment, and approximately 1 hour before commencement of recovery operations.
Samples of bed sediment were also collected with a grab from which sub samples were
taken in the form of surface scrapes which were subsequently used to perform a
laboratory calibration of the turbidity sensor .
Water levels were also recorded using a RTK GPS over the high water turning point
immediately prior to recovery of the mooring with the data reduced to ODN in order to
provide information for reduction of the tide gauge dataset. The RTK GPS technique
employed relies on communication with the land based GPS receiver network in order
to provide the high accuracy data required for precise resolution of the vertical and
horizontal positioning. Unfortunately sparse cellular phone signal coverage around the
southern side of the Isle of Wight meant that the vessel undertaking these measurements
could only operate at a position some 5700 m to the east of the actual mooring site
(602812 mE, 5606383 mN) which in addition to introducing phase lags into the exact
timing of HW will, since the site is located in the proximity to a major amphidromic
point, also introduce amplitude changes as well.

EX6664

4

R. 3.0

South Coast Dredging Association
MAREA: Flow and wave model validation

A full description of the methodology used by EMU to derive the offset to be applied to
the water level is provided in the report accompanying the data provided (EMU, 2012).
This coupled with the fact that no measurements were made of the low water turning
point has meant that the dataset is of limited value in reducing the tide gauge and hence
caution must be taken in the use of this dataset to obtain reduced levels from the tide
gauge.
Data has been recorded in along beam coordinates rather than the conventional
Cartesian current components (U,V,W) which again has required the raw data to be first
transformed to earth co-ordinates using the transformation matrix appropriate to this
particular instrument before comparison could be made with the processed time-series
provided by EMU. However the fact that an instrument with a transmit frequency
appropriate to the water depths in which the measurements have been made has been
used, good quality data has been collected throughout the entire profile rather than only
in those bins in the lowest 60 per cent of the water column as was the case with the
archived data presented for the SCDA3 site (Section 3.2.3).
Despite these limitations a dataset of adequate quality was returned by the AWAC
instrument comprising 928 wave records and 2734 current records with the instrument
positioned on the seabed with tilts of less than 2.5º. Processing of the raw data indicates
that the mooring experienced a number of large changes in orientation which may
indicate the frame being dragged across the sea bed in response to movement of the
surface mark during periods of high wave or current activity.
However, since instrument heading is measured at every current sampling interval (600
seconds) this is not thought to have had major deleterious impact on data quality. These
changes in instrument orientation are shown in Figure 2.1 alongside the trace of
significant wave height.
Two periods have been indentified for detailed inspection corresponding to periods of
spring and neap tides. Period 1 extends between 24/01/2012 02:00 and 26/01/2012
15:40 and corresponds to a spring tidal cycle whilst period 2 extends between
18/01/2012 02:20 and 20/01/2012 05:00 and covers a neap tidal cycle.
As with the datasets from the two other sites both raw and processed current datasets
show very close agreement. The quality of the recorded data is good throughout the
deployment period.
Figures 2.2 and 2.3 show the results of a comparison of the depth averaged time-series
of the U,V and W components derived for the raw and processed time-series for the
spring and neap periods.
Residual velocity components derived from the harmonic analysis of the depth averaged
current time-series for the entire deployment shows values to range between ±0.3 m/s
with mean values very close to 0 for both U and V components. Standard deviations of
0.09 m/s and 0.04 m/s were recorded for U and V components respectively. A strong
periodicity is however evident in both the residual U time-series indicating that some of
the tidal energy has not been assigned to the predicted tidal component presented
alongside the residual data. The net residual direction is orientated SW.
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As with the archived data for SCDA2 and SCDA3 sites discussed later, water levels
recorded by the tide gauge deployed as part of the SCDA1 mooring array have been
reduced to ODN. However the approaches used differ slightly from the methodologies
available for use with the archived datasets.
1.
2.

Direct measurement of the height of the sea surface to Ordnance Datum (OD)
using Real Time Kinematic GPS Measurements over a single high water turning
point.
Direct datum transfer from the National Tide and Sea Level Facility gauge at
Bournemouth using contemporaneous data records.

Additionally water levels were reduced to lowest astronomical tide (LAT) using the
harmonic analysis and metonic cycle prediction approach.
Included in the water levels dataset are the residual and predicted time-series of water
levels reduced to LAT. The offsets are based on a harmonic analysis of the de-meaned
measured water levels which are then used to predict a complete metonic cycle
(19 years) from which the LAT and Highest Astronomical Tide (HAT) levels can be
extracted.
The use of collocated high accuracy GPS measurements to reduce tide gauge data is in
widespread use and conforms to the requirements of the International Hydrographic
Organisation IHO for Order 1 surveys providing reduced water levels with a 95 per cent
confidence level. Using this methodology the maximum deviation between the water
surface measured by the tidegauge and the RTK antennae, after offsets were applied,
was less than 0.03 m. Using this approach the offset to be applied to the tide gauge
dataset was calculated to be 1.737 m. This is 0.34 m greater than the offset calculated
from the value computed from the mean transfer method determined for the
Bournemouth Tide Gauge (1.703 m) which is consistent with increased tidal range at the
GPS measurement site that would be anticipated in an area in close proximity to an
amphidromic point.
It is suggested that of the two offsets calculated by EMU it is likely that the true offset
will lie somewhere between the two values quoted given the proximity of the two
locations with respect to the amphidromic point and the position of the SCDA1
mooring.
Comparison of the raw and processed wave datasets is presented in Figure 2.4 in timeseries form.
Key wave parameters presented derived from the survey contractors processed dataset
are presented in blue whilst the same wave parameter derived from the independent
analysis of the AWAC raw data is presented in red. In both cases all records identified
as failing quality control tests have been removed from the time-series.
The plot confirms the two time-series to agree fairly well with the processed data
providing slightly less conservative estimates of the significant wave height and wave
periods. The strong south easterly winds which occurred around the 15/01/2012 is
clearly evident in the wave direction data.
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2.3

NAB TOWER SITE (SCDA2 LOCATION)
The data set comprises a total of 4028 wave records and 5679 current records spanning
the period 21/09/2009 11:30 to 14/12/2009 09:30 recorded using 1 MHz Nortek AWAC
deployed at position 644417 mE, 5614454 mN (UTM30N) in a water depth of
about 17 m.
The technical note provided to accompany the data states that during the deployment
period, the instrumentation showed evidence of interference around 14/11/2009 04:50
with a slight increase in instrument depth and changes in instrument tilt apparent
following this event. As a consequence only the water level data prior to the
disturbance was supplied for analysis. However, as the instrument remained upright
throughout the deployment wave and current data for the full deployment period was
supplied with only the data recorded during the period of disturbance removed from the
datasets, a total of 95 records. The raw data record for this period has been inspected
and EMU’s findings confirmed.
Two periods have been identified for detailed inspection corresponding to periods of
spring and neap tides. Period 1 extends between 07/10/2009 05:30 and 08/10/2009
07:00 and corresponds to a spring tidal cycle whilst period 2 extends between
27/09/2009 22:50 and 29/09/2009 00:20 and covers a neap tidal cycle.
As would be anticipated both raw and processed current datasets show very close
agreement with the data quality of the recorded data good throughout the deployment,
excluding the period during which the instrument was disturbed.
Figures 2.5 and 2.6 show the results of a comparison of the depth averaged time-series
of the U, V and W components derived for the raw and processed time-series for the
spring and neap periods. The quantity U is the easterly component of flow, V the
northerly component of flow and W the vertical component of flow, in accordance with
common oceanographic convention.
Residual velocity components derived from the harmonic analysis of the depth averaged
current time-series for the entire deployment shows values to range between ±0.25 m/s
with mean values very close to 0 for both U and V components. Standard deviations of
0.06 m/s and 0.04 m/s were recorded for U and V components respectively. No
periodicity was evident in the residual U or V time-series indicating that the majority of
the tidal energy has been assigned to predictable tidal components along with the
residual data. The net residual current direction is oriented WSW.
In order to reduce the water levels recorded by the AWAC’s pressure sensor to
Ordnance Datum Newlyn (ODN) as required by the numerical model three methods
have been used by EMU.
1.
2.

3.

EX6664

Conversion from Lowest Astronomical Tide (LAT) to ODN using United
Kingdom Hydrographic Office (UKHO) published offsets for Chichester Harbour.
Conversion from LAT to Chart Datum (CD) using UKHO published offset for
Chichester Harbour followed by conversion from CD to ODN using an offset
published by the Channel Coastal Observatory for the Sandown tidal measurement
station.
Direct datum transfer from the Channel Coastal Observatory’s Sandown tidal
measurement station using contemporaneous data records.
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The direct datum transfer method is suggested to give the most reliable results with a
difference of order 0.25 m stated between the results obtained with methods 2 and 3 for
which data are presented in the water levels time-series.
Included in the water levels dataset are the residual and predicted time-series of water
levels reduced to LAT. The offsets are based on a harmonic analysis of the de-meaned
measured water levels which are then used to predict a complete metonic cycle
(19 years) from which the LAT and Highest Astronomical Tide (HAT) levels can be
extracted.
As with the current data, close agreement was found between the estimates of both
directional and non directional wave parameters in the processed data provided by EMU
and the results of our independent analysis of raw data. We used spectral and zero
crossing analysis techniques of the Acoustic Surface Tracking Data to derive the non
directional wave parameters and an Iterative Maximum Likelihood Method (IMLM)
implemented in the manufacturer’s data processing software for the analysis of
directional wave parameters.
The level of agreement obtained is illustrated in Figure 2.7 and provides confidence in
the wave estimates for this site.

2.4

OWERS SITE (SCDA3 LOCATION)
Archived data from a deployment of a 1 MHz Nortek AWAC taken
between 09/04/2006 05:00 and 09/05/2006 12:10 at a site close to the wreck of the Ariel
have been received from EMU for the Owers bank site. The deployment was made at
position 682759 mE, 5613964 mN (UTM30N) in water depths of about 30.5 m with the
data recorded in along beam coordinates rather than the conventional Cartesian current
components (U,V,W). This has required the raw data to be first transformed to earth coordinates using the transformation matrix appropriate to this particular instrument before
comparison could be made with the processed time-series provided by EMU.
This dataset was originally collected for the purpose of observing near-bed currents,
however, the present application requires through depth water column profiles of the 3
Cartesian velocity components from which depth averaged values can be calculated for
validation of the model. An example of the data on a period spring tides is shown in
Figure 2.8.
In these water depths the 1 MHz instrument deployed will show a pattern of reducing
echo intensity with increasing range from the transducer, to a point were the returned
signal will fall close to the instruments noise floor thus providing at best noisy or at
worst indeterminate data. Consequently it must be anticipated that velocity estimates
beyond ranges of between 20-25 m from the transducer are likely to be of poor quality.
EMU recognised this and stated in their technical note that the 1 MHz system was
“operating at the limit of its range” and as a result quality control of the data by EMU
resulted in the rejection of some 50 wave bursts. No mention was made however of any
deterioration in data quality in the upper part of the depth profile.
Inspection of the data has revealed a high degree of scatter in the upper one-third of the
water column as a result of a combination of the low signal to noise ratios of the
received echoes coupled with possible contamination of the measured signal by, for
example, wave action sidelobes.
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In the example shown in Figure 2.8 a high degree of scatter is evident in the upper third
of the water column in both the speed and direction plots, although the overall trend
appears at first sight to be reasonable. Closer inspection of the individual profiles shows
the estimates of U, V and W to deteriorate considerably in the upper portion of the water
column as shown by the examples in Figure 2.9.
EMU state in their technical note describing the processing of the data that the accuracy
of the data in the top ten per cent of the profile “can only be considered indicative”. The
manufacturer of the AWAC instrument Nortek A/S recommends confirms this stating
that “in many conditions, the AWAC is able to make accurate velocity measurements all
the way to a boundary” however since the data in these near boundary areas will always
be subject to interference they recommend that a conservative approach should be taken
with the last 10 per cent of the range excluded from the profile estimates.
In the case of the Owers dataset even after removal of these bins falling within the top
10 per cent of the profile the standard deviation of the velocity estimates in those bins
lying between bin 40 and the maximum valid bin (range minus 10 per cent) is
significantly higher than the scatter in those bins below as is shown in Figure 2.10. We
suggest that this confirms the profiling range limitations inherent in the present data set.
The comparison of U and V estimates for the spring and neap periods of interest show,
after exclusion of the data in the top 10 per cent of the profile, that whilst the data is
certainly noisy the overall quality of the depth averaged values is acceptable. Other
portions of the record show the data in those bins close to the surface have increased
scatter in the velocity estimates and trends in profiles of U, V and W which may not be
realistic.
We therefore suggest that caution should be used when applying the ‘processed’ depth
averaged time-series supplied for this site since data from these near surface bins are
included in the calculated depth averaged estimates of flow speed and direction. If
necessary a time-series which excludes these upper bins could be used for model
validation purposes.
Results of the harmonic analysis of the depth averaged time-series derived from the
processed dataset are presented. As with the Nab dataset, described in Section 2.2, no
details of the amplitude and phase of the harmonic constituents derived are included in
the report at the present time. Instead time-series of the depth averaged residual and
predicted components of current (U and V) are presented as time-series. Mean values of
the residual U and V components are very close to 0 with standard deviations of
0.04 m/s and 0.02 m/s for the U and V components respectively.
As with the Nab tower dataset no periodicity is evident in the residual U or V timeseries indicating that the majority of the tidal energy has been assigned to the
predictable tidal component and that on the whole the analysis is of acceptable quality
for the present purpose. The net residual current direction at this site is oriented NNE.
In order to reduce the water levels recorded by the AWAC’s pressure sensor to ODN as
required by the model the three methods used previously to reduce the Nab dataset have
been utilised, albeit using locations adjacent to the deployment site.
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The three datum transfer methods employed are:
1.
2.

3.

Conversion from LAT to ODN using UKHO published offsets for Shoreham.
Conversion from LAT to CD using the Channel Coastal Observatory published
offset for Shoreham followed by conversion from CD to ODN using an offset
published by the Channel Coastal Observatory for the Arun Platform tidal
measurement station.
Direct datum transfer from the Channel Coastal Observatory’s Arun Platform tidal
measurement station using a predicted data record based on a 60 constituent
harmonic analysis of a year long observed dataset.

As was found with the Nab dataset the direct datum transfer method gave the most
reliable results although this time the difference between methods 2 and 3 was only
0.05 m.
Residual and predicted time-series of water levels to LAT were also provided. The
offsets are based on a harmonic analysis of the de-meaned measured water levels which
are then used to predict a complete metonic cycle (19 years) from which the LAT and
HAT levels can be extracted.
EMU reported in their technical note that quality control of the wave dataset for the
Owers site resulted in the rejection of some 50 bursts out of a total of 1454 records
however analysis using the manufacturer’s wave processing software caused the
rejection of some 184 data records for failing one or more of the QA tests applied. Most
of the records which were rejected failed on the basis of loss of greater than 10 per cent
of the acoustic surface tracking (AST) echoes. This is consistent with the profiling
limitations already identified. This left a total of 1268 valid records available for
selection in model validation.
Figure 2.11 presents a time-series of the key wave parameters presented in the processed
dataset (blue) together with the wave parameter estimates derived from the independent
analysis of the AWAC raw data (red). In both cases all records identified as failing
quality control tests have been removed from the time-series.
The plot confirms that, in general, the two time-series agree fairly well with the
processed data providing slightly more conservative estimates of the significant wave
height and wave periods.
As with the current estimates caution should be used when applying the Owers wave
time-series to model validations since the range limitations have clearly affected the
quality of the estimates.
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3.

Flow model validation

3.1

METHODOLOGY
To examine the performance of the tidal flow model for present day bathymetry,
predicted values were compared against measured data from the three locations
described in Section 1. Three locations were chosen because they were situated close to
the three clusters of dredging areas in the region. The proportional changes in water
depths caused by a given depth of aggregate extraction tend to be greatest where these
dredging areas are in shallower water, typically closer inshore. It is in these areas where
the changes in tidal currents can therefore be expected to be greatest. The predicted
impacts of dredging on currents were presented in HR Wallingford (2009b).
Given that the goal of this task was to investigate the accuracy of the model predictions
(e.g. of changes in the currents due to extraction of marine aggregate changing the shape
of the seabed and of the dispersion of sediment plumes), measurements were selected
from tidal cycles (of about 12.4 hours) that had a comparable range to those which had
been simulated during in the original modelling study. Results from the numerical
model, for both two consecutive spring tidal cycles and two consecutive neap tidal
cycles were then compared with the measurements over the corresponding recorded
tidal cycles. As the SCDA1, SCDA2 and SCDA3 data sets were not recorded over the
same time period, this meant six separate model simulations were carried out. The
selected tidal periods for comparison can be seen in Table 3.1. The selected time
periods for the model runs were chosen as they had a similar tidal range to the periods
modelled during the original SCREA modelling, and therefore it can be assumed that
similar flow speeds and directions will be apparent.
Table 3.1 Tidal periods selected for flow model validation
Location
SCDA1 – West I.o.W
SCDA1 – West I.o.W
SCDA2 – Nab Tower
SCDA2 – Nab Tower
SCDA3 – Owers Bank
SCDA3 – Owers Bank

Time Period
23/01/2012 12:00 – 25/01/2012 03:00
17/01/2012 12:00 – 19/01/2012 03:00
07/10/2009 05:30 – 08/10/2009 07:00
27/09/2009 22:50 – 29/09/2009 00:20
28/04/2006 18:00 – 29/04/2006 18:00
22/04/2006 12:00 – 23/04/2006 12:00

Tide
Spring
Neap
Spring
Neap
Spring
Neap

To carry out the comparisons, the SCREA tidal flow model was re-run, using its
consistent calculations of the tidal boundary conditions for each of the chosen time
periods listed in Table 3.1.
Once these re-run model simulations were completed, the water depths and the depth
averaged current speed and direction were compared against the same parameters
derived from the measurements.
These comparisons are presented in two different ways, namely:
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As time-series plots comparing the water levels and the current speeds and
directions through two consecutive tidal cycles.
As scatter-diagrams comparing recorded and predicted current speeds against one
another at every 10-minute time step.
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For current speed and direction, a Root-Mean Square Error (RMSE) value was
calculated. For the latter type of presentation, a linear regression was also carried out to
gauge the overall correlation between the measured speeds and the model predictions.
In addition as a best-fit line, the coefficient of determination (R2) was also calculated.
The following Sections comment on these comparisons for each of the measurement
locations in turn.

3.2

RESULTS

3.2.1 SCDA1 – West of the Isle of Wight
Spring tide
The results from the SCDA1 spring tide are shown in Figure 3.1. A comparison of the
depths between modelled and measured indicates a difference in the bathymetry at this
location; on average the model seabed at this location is 1.46 m above the measured
value.
This difference is likely to be the result of inaccuracies in the bathymetric data supplied
and used in the original model and/or because the seabed contours in the vicinity of the
measurement site are not closely represented by the linear interpolation in each
triangular cell of the finite-element mesh.
To facilitate comparison of the measured and predicted rise and fall of the water levels
at this site, a simple correction has been applied to the model results in the top panes of
Figures 3.1 and 3.2, i.e. the output water depths have been increased by 1.46 m. This
shows a close agreement between the data sets, with only a slight under prediction of
high tide levels being evident in the model results. It is evident that at high water on the
neap tide, the model slightly under predicts the water levels that were measured. This
could be due to the well known complexity of the tides in this area.
Comparisons of the modelled and measured current speeds show a good agreement,
with the modelled data slightly under predicting speeds during the peak tidal flows. The
RMSE of 0.12 m/s confirms that the model is predicting the flow speeds with a good
degree of confidence, although there not quite predicting the high velocities at peak tide.
The comparison of measured versus modelled current speeds suggests a good degree of
confidence, with an R2 value of 0.88.
The depth averaged current direction from the measured data is in line with the
predictions from the model. The overall direction and directional changes are both
predicted well by the model, with an overall RMSE of 13.1 degrees. The offset that is
apparent between the modelled and measured data could be down to an error in the
compass during recording of the data, as the actual range and time of direction changes
is predicted very well.
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Neap tide
The comparisons for the neap tide at SCDA1 are shown in Figure 3.2 in the same
manner as in Figure 3.1. A depth offset is evident when comparing the measured and
predicted water levels, and as in Figure 3.3, to facilitate the comparisons of the rise and
fall of the tide, the same offset, 1.46 m, has been added to the model results. Once
adjusted in this way, the numerical model predicts the variations in tidal levels
reasonably well. There is a small under prediction during the high tide period, which
may be due to the complex.
Predicted current speeds over the two neap tide cycles compare well with the
measurements at SCDA1. Overall, a good level of confidence can be taken from these
comparisons, with the remaining model results comparing very well to the measured
current speeds, with an overall RMSE of 0.05 m/s. When plotting measured against
modelled speeds, the model slightly over-predicts the speeds recorded with an R2 of
0.95.
A comparison of the modelled and measured depth averaged directions show good
agreement (RMSE of 9.7 degrees) over the two full neap tidal cycles.

3.2.2 SCDA2 – Nab Tower
Spring tide
The results from the SCDA2 spring tide are shown in Figure 3.3. A comparison of the
depths between modelled and measured indicates a difference in the bathymetry at this
location; on average the model seabed at this location is 1.45 m above the measured
value.
This difference is likely to be the result of inaccuracies in the bathymetric data supplied
and used in the original model and/or because the seabed contours in the vicinity of the
measurement site are not closely represented by the linear interpolation in each
triangular cell of the finite-element mesh. It is worth noting that there are mobile sandwaves on the seabed in this part of the eastern Solent, so that these difference in depth
may simply be to short-term variations changes in bed levels.
To facilitate comparison of the measured and predicted rise and fall of the water levels
at this site, a simple correction has been applied to the model results in the top panes of
Figures 3.3 and 3.4, i.e. the output water depths have been increased by 1.45 m. This
shows a close agreement between the data sets, with only a slight under prediction of
high tide levels being evident in the model results.
Comparisons of the modelled and measured current speeds show a very good
agreement, with the modelled data predicting slightly higher speeds during the peak
tidal flows. The RMSE of 0.10 m/s confirms that the model is predicting the flow
speeds with a high degree of confidence. The comparison of measured versus modelled
current speeds suggests a good degree of confidence, with an R2 value of 0.93.
The depth averaged current direction from the measured data is in line with the
predictions from the model. The overall direction and directional changes are both
predicted well by the model, with an overall RMSE of 10.5 degrees.

EX6664

13

R. 3.0

South Coast Dredging Association
MAREA: Flow and wave model validation

Neap tide
The comparisons for the neap tide at SCDA2 are shown in Figure 3.4 in the same
manner as in Figure 3.3. A depth offset is evident when comparing the measured and
predicted water levels, and as in Figure 3.3, to facilitate the comparisons of the rise and
fall of the tide, the same offset, 1.45 m, has been added to the model results. Once
adjusted in this way, the numerical model predicts the variations in tidal levels
reasonably well. There is a small under prediction in flood tidal amplitude during the
first tidal cycle presented.
Predicted current speeds over the two neap tide cycles compare well with the
measurements at Nab Tower. The difference in water levels reported on the first flood
tide may explain the over prediction of velocity magnitudes on the flood tide. It is noted
that this measured flood tidal velocity cycle is distinctly different to the following
velocity cycles, and therefore it is possible that a local effect or obstruction in the water
column affected the measured results during this period. Overall, a good level of
confidence can be taken from these comparisons, with the remaining model results
comparing very well to the measured current speeds, with an overall RMSE of 0.05 m/s.
When plotting measured against modelled speeds, the model slightly over-predicts the
speeds recorded with an R2 of 0.83.
A comparison of the modelled and measured depth averaged directions show good
agreement (RMSE of 11.2 degrees) over the two full neap tidal cycles.

3.2.3 SCDA3 – Owers Bank
Spring tide
The results from the SCDA3 spring tide are shown in Figure 3.5. At this location the
comparison of the measured and modelled water depths indicate an offset of around 1.5 m. When corrected for this offset, it can be seen that the model results closely
predict the measured tidal variations in water level, although a small under prediction of
maximum tidal height by the model is evident in the results.
Looking at the comparison of measured and modelled current speeds, it can be seen that
the small under prediction in peak tidal water levels by the model results in an under
prediction of the speeds at peak tidal flow. However, with an overall RMSE of
0.06 m/s, the model serves to predict the velocity magnitude with a high level of
confidence. A plot of measured against modelled velocities shows that the model
slightly under predicts the magnitudes, although the R2 value of 0.96 indicates an overall
high level of confidence in the model.
Comparison of measured against modelled depth averaged direction for this spring tidal
period shown an excellent agreement, with the model clearly predicting the direction
with a high level of confidence, which is supported by an overall RMSE of 5.8 degrees.

Neap tide
The results from the SCDA3 neap tide are shown in Figure 3.6. Once again the
difference of around 1.5 m between the modelled and measured data is evident in this
figure. The corrected comparison between the model and measured data show a good
agreement, with a slight under prediction of the flood tidal amplitude by the model.
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The comparison of the measured and modelled current speeds shows a good level of
agreement. During the flooding phase of the first tidal cycle, the model over predicts
the speeds, but subsequently the model predicts the maximum velocities more
accurately. An overall RMSE of 0.1 m/s demonstrates good agreement between the
modelled and measured speeds. The scatter plot of measured against modelled speeds
shows that the model has a tendency to over-predict the speeds, although an R2 value of
0.65 indicates acceptable correlation between the modelled and measured data.
Comparison between measured and modelled depth averaged current directions shows
excellent agreement (RMSE of 6.7 degrees).

3.3

DISCUSSION
The comparison of the flow model results with the measurements provides a good level
of confidence in its predictions of water depth, depth-averaged current speed and
direction. The errors of around 1.5 m in the model depths at the measurement sites
SCDA1, SCDA2 and SCDA3 may be due to inaccurate bathymetric information outside
the licensed dredging areas, by short-term changes in bed levels (e.g. where there are
sand-waves) or as a result of the interpolation within the individual finite-element cells
of the model which will tend to smooth out local irregularities in seabed topography.
Despite this, the predictions of tidal properties are generally good.
Comparisons of the results for spring tides, which create the largest tidal velocities, at
the measurement locations show very good agreement between the model and predicted
data. A slight under prediction at Owers Bank in spring tide velocities may suggest that
the model may have slightly under-predicted the extent of the dispersion of the turbid
plumes caused by dredging. This is also the case at SCDA1, where a small under
prediction of velocities at spring tide may also have led to a small under prediction of
the extent of the plume dispersion. The converse is true for spring tides at the Nab
Tower, where a slight over prediction is evident on spring tides; this adds an extra
degree of conservatism to the model predictions in this area.
At neap tides the model over predicts slightly at the Nab Tower and under predicts
slightly at Owers Bank. At SCDA1 a very good comparison between modelled and
measured data is achived. The coefficient of determination (Table 3.1) shows that neap
tides are not as well predicted by the model as spring tides (with the exception of
SCDA1), however the trends of direction, velocity and depth are very well represented,
and the RMSE (Table 3.1) for each variable over four tidal cycles are at such a level that
a good level of confidence can be associated with the flow model. It should also be
noted that in terms of sediment plume dispersion, and change in flow velocities caused
by aggregate dredging, the faster spring tidal velocities are more significant.
In general, the summary of the statistics of the comparisons, presented in Table 3.1
provides a good level of confidence in the flow model. Patterns of tidal flow, water
level change, speed and direction are all well reproduced. We consider these predictions
are sufficiently accurate to provide an overview at a regional level of the effects of
dredging on the physical environment.
Further and more detailed modelling in and around individual dredging area would only
be justified if there were environmental concerns about the effects on sensitive receptors
close to the boundary of that area, and if slightly more accurate modelling would
improve the assessment of the response of that receptor to the changes caused by the
dredging.
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Table 3.1 Statistical results of flow model comparisons
Location

Tide

SCDA1
SCDA1
SCDA2
SCDA2
SCDA3
SCDA3

Spring
Neap
Spring
Neap
Spring
Neap

Current speed
RMSE (m/s)
0.12
0.05
0.10
0.05
0.06
0.10

Direction RMSE
(degrees)

Current speed
coefficient of determination R2

13.1
9.7
10.5
11.2
5.8
6.7

0.8810
0.9534
0.9303
0.8321
0.9555
0.6469

RMSE = Root Mean Square Error

4.

Wave model validation

4.1

METHODOLOGY
The following chapter describes the methodology that was applied to the high level
assessment of the input wave conditions used for the SCREA report (HR Wallingford,
2009d). Only severe wave conditions were considered in the original study, as it is
normally assumed that large waves are of greater concern than smaller waves and that
they would be more sensitive than smaller waves to changes in the seabed caused by
dredging. Waves with a 200 year return period (0.5 per cent chance of being exceeded
in one year) were chosen for the SCREA because that is the probability of occurrence
usually used for flood risk studies for the most vulnerable, i.e. urban, coastal areas. If it
could be demonstrated that dredging had negligible effect on these waves, then it could
be assumed that there would also be negligible effect on smaller waves. A wide range
of wave directions, i.e. 120, 150, 180, 210 and 240 °N were considered in the SCREA
study. A range of sea levels were also represented by model runs at Mean High Water
Springs (MHWS) and Mean Low Water Springs (MLWS), the numerical values of
which vary from one place to another within the wave model area. The large size of the
study area meant that it was divided into western and eastern SWAN wave
transformation models, run separately. Three offshore boundary points were used, with
wave predictions from the Met Office European and HINDWAVE deep water wave
prediction models.
To compare modelled data against a measured data set, it was necessary to obtain
recorded information on wave climate within the areas of interest. For this, a small
number of freely available, recent wave measurements in the SCREA area were
collected from various sources (Figure 1.2 / Table 4.1). Once collected, the
distributions of significant wave height against mean wave direction were plotted both
as wave roses and as scatter diagrams. The wave periods likely to occur with any
particular wave height were assessed by plotting the measured significant wave heights
against their mean wave period. To compare this measured data against the SCREA
wave modelling results, the wave model runs made during the original study were
re-visited to extract the wave predictions (with a 200 year return period offshore) for the
locations of the wave measurements. The significant wave heights and mean wave
directions (at the measurement points) and the significant wave heights and mean wave
period were then overlaid on the corresponding scatter diagrams, and are shown as large
red dots on the figures in this report. This was done to demonstrate that these points lie
significantly outside the range of the measurements and that they approximately cover
the range of directions of the highest waves at the measurement points.
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Table 4.1 Measured wave data sets used for assessing the modelled wave
conditions
Location
name
Poole Bay
Bracklesham
Hayling
Rustington
SCDA2
Sandown

Location
50.63267ºN
1.719333ºW
50.72325ºN
0.8373ºW
50.73323ºN
0.95912ºW
50.73396ºN
0.49464ºW
50.664ºN
0.95653ºW
50.65065ºN
1.12887ºW

Approximate
water depth
(m CD)
25.8
11
10.8
10
15.7
11.7

Period of
data
12/2003 –
11/2011
08/2008 –
12/2010
07/2003 –
12/2010
07/2003 –
12/2010
09/2009 –
12/2009
07/2003 –
12/2010

No. of
years of
data
7.7

Source of
data

2.3

Cefas
WaveNet*
CCO**

7.3

CCO**

7.1

CCO**

0.23

EMU

6.4

CCO**

*WaveNet = Defra/Cefas WaveNet programme of wave measurements
**CCO = Channel Coast Observatory

4.2

RESULTS
The predicted wave heights and wave directions are compared with the model
predictions used in the SCREA report for the 200-year return period wave conditions in
Figures 4.1 to 4.12, using the same format for each measurement location. At each site,
the measurements of significant wave height and mean wave direction are shown first as
a wave rose and then as a scatter diagram. The corresponding SCREA wave model
predictions (each intended to have a return period of 200 years offshore) for the MHWS
model runs are shown as large red dots on the scatter diagrams. There are five model
results for each location, corresponding to nearshore waves for each of the five offshore
direction sectors listed in Section 4.1. For each set of wave measurements shown in
Figures 4.1 to 4.12, the SCREA wave model results for the same locations lie above the
measurements (meaning they have larger wave heights) and cover the range of
directions of the largest measured waves, therefore confirming the wave conditions
chosen and used in the original SCREA study were suitably conservative.
Figure 4.13 and 4.14 respectively show a comparison between measured and modelled
wave periods, for Poole Bay in the western SWAN model area, and for Bracklesham in
the eastern SWAN model area. In both figures, the measured wave data are shown as a
scatter diagram of significant wave height against mean wave period. Both diagrams
show measured wave conditions with a range of wave steepness (wave height divided
by wave length). The larger storm waves tend to have a higher wave steepness, but the
lower wave heights show a greater range of wave steepness including swell wave
conditions of lower height and longer period towards the lower right of each plot. The
SWAN model results are shown to have wave steepnesses representative of the larger
wave heights, with periods towards the top end of the range associated with the higher
measured wave conditions. This shows that the offshore wave periods chosen for the
previous modelling were representative of the mean period of extreme storm waves, and
were suitable for their chosen purpose.
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4.3

DISCUSSION
This review of the wave modelling carried out in the SCREA shows the wave events
studied lie outside the range of the largest wave heights and periods that have been
measured at the six locations shown on Figure 1.2 and listed in Table 4.1. This means
the return periods of the wave conditions used in that modelling were significantly
higher than the numbers of years of wave measurements. These comparisons therefore
indicate that modelling met the requirement of studying the effects of dredging on
extreme wave conditions that might be expected in this region. However, the actual
return periods of the nearshore wave conditions predicted by the SCREA wave model at
the various measurement sites cannot be calculated from this comparison.

5.

Sediment concentration validation

5.1

DATA REVIEW
Estimates of near bed suspended sediment concentrations have been obtained for the
SCDA1 site through data acquired from a near bed recording turbidity sensor and water
samples. Data from the turbidity sensor is shown in Figure 5.1.
The data collected by this instrument has been subject to calibration using agreed
methodologies in order to derive estimates of suspended sediment concentration. These
calibration methodologies selected are listed below.



Through calibration of turbidity with co-located water samples collected
immediately following mooring deployment and prior to mooring recovery.
Through development of a laboratory calibration for the turbidity sensor using
sieved sediments obtained from surface scrapes of local bed sediment samples.

The comparison of the paired data for these calibration methodologies are shown on
Figure 5.2a and b respectively. The comparison of the calibration with EMU’s existing
databank is shown in Figure 5.3 and discussed at the end of this section of the report.
As can be seen the turbidity record shows a strong response to the spring neap cycle of
currents with peaks generally coincident with peaks in the tidal current although the
response to increasing wave height is generally weaker, except for in the period of neap
tides around 19 January 2012. We note the sensor signal appears to be damped from
around 27 January 2012.
Table 5.1 presents the percentile values of Suspended Particulate Matter (SPM)
concentration obtained from the application of the two calibration approaches to the
recorded turbidity data.
Table 5.1 Percentile values of Suspended Particulate Matter (SPM) obtained
from the application of the two calibration approaches to the recorded
turbidity data
Percentile
25%
50%
75%
90%
95%
99%

EX6664

Turbidity SPM (mg/l) water
SMP (mg/l) bed
SPM (mg/l) bed
(FTU)
sample calibration sediment calibration 1 sediment calibration 2
10.6
24.8
14.7
27.1
12.3
27.2
23.0
34.9
15.7
32.1
39.6
50.3
20.1
38.3
60.5
69.8
22.7
42.1
73.2
81.6
27.8
49.4
97.8
104.6
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As can be seen the concentration predicted by the two laboratory calibrations
undertaken with sieved sand collected from surface scrapes obtained from bed sediment
samples are a factor of two higher that the values obtained after calibration with local
water sample at the 90 percentile and above. Furthermore in water depths of 30 m it is
thought that the sedimentary material flooring the site will be subject to entrainment into
the water column during only the most extreme events and hence is unlikely to be
representative of the material in suspension during low energy conditions. It is thus
considered that the water sample calibration is a more appropriate calibration to apply
since the 90 percentile values are broadly in line with the values reported by Velgrakis
et al. (1999) with values for the less than 63 μm fraction ranging from a few mg/l in
summer rising to around 40 mg/l in winter, the time period during which the SCDA1
deployment took place.
A further comparison of the recorded turbidity data against the archive of matched water
sample and turbidity data from sites around the UK held by EMU is presented in Figure
5.3. In this figure the water sample data are indicated by the red diamonds whilst the
blue diamonds represent data from the EMU database.
It should be noted that the response of an optical backscatter sensor used to measure
turbidity is more complicated than a response to increasing concentrations of sediment
alone since factors such as particle size, shape, mineralogy as well as the effects of
flocculation also have an effect (Downing, 2006). These effects make it necessary – as
has been done – for the development of specific calibration curves for each instrument
and for each environmental condition (location and particle size distribution) in order to
obtain accurate estimates of the SPM concentration.
It is thus suggested that caution should be applied to the use of a generic approach to
development of a calibration as is indicated by Table 5.2 which compares the percentile
values obtained through calibration with the generic calibration proposed by EMU with
the site specific calibration for the SCDA1 site.
Table 5.2 Comparison of the percentile values obtained through calibration with
the generic calibration proposed by EMU with the site specific
calibration for the SCDA1 site
Percentile
25%
50%
75%
90%
95%
99%

Turbidity
(FTU)
10.6
12.3
1537
20.1
22.7
27.8

SPM (mg/l) calibration with SPM (mg/l) calibration with EMU
SCDA1 water samples
database water samples
24.8
8.3
27.2
9.7
32.1
12.4
38.3
15.8
42.1
17.9
49.4
21.9

As is apparent the SPM estimates obtained with the generic calibration are significantly
lower than those obtained with the site specific calibration. Whilst the data shown in
Figure 5.2 shows a high degree of scatter particularly at turbidities of less than
200 FTU, we consider that the local water sample calibration is the most appropriate
calibration for the derivation of meaningful concentration estimates.
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5.2

RESULTS
EMU state in their South Coast Regional Environmental Assessment: Oceanographic
Measurements report (EMU, 2012) that “interpretation of the suspended sediment data,
after calibration using a variety of methodologies, suggests that concentrations of
suspended sediment near the seabed are typically in the region of 5-40 mg/l.
In the High-level Plume Study (HR Wallingford, 2009a) it was reported that
“measurements provide evidence of concentrations of up to 45 mg/l of the finest
sediment fractions under normal conditions for most of the area considered in the South
Coast MAREA. Under storms these concentrations can rise significantly to levels of the
order of 300mg/l.”
The comparison of near-bed suspended sediment concentrations measured during the
SCDA1 deployment and previously available values used in the South Coast MAREA
showed similar values and hence the results in the MAREA are confirmed.

6.

Conclusions
This report has presented the validation of the regional modelling reported for the Isle of
Wight and Owers regions in the South Coast MAREA. The model validation was
carried out by HR Wallingford using their existing models for flow and waves reported
in HR Wallingford (2010) compared with data collected by EMU (EMU, 2012).
The flow model validation exercise used bottom mounted ADCP 2 data from three sites
provided by EMU. The locations of these sites are SCDA1, SCDA2 and SCDA3 shown
on Figure 1.1 A quality check/review of the ADCP data for SCDA1, SCDA2 and
SCDA3 undertaken by HR Wallingford has shown the data to be of good quality, and
well processed. The results from the validation exercise are summarised below. The
original modelling used spring and neap tide results for representative tidal ranges and
did not model a specific period in time. The validation exercise for currents has had to
model specific periods of time to draw direct comparison between measurements and
model results.
The wave model validation was carried out using third party datasets (Cefas/Wavenet,
Channel Coastal Observatory, EMU) for waves at six locations shown on Figure 1.2.
The data for significant wave height and mean period is considered suitable for the
model validation exercise described in this report.
Our conclusions are as follows:


2

EX6664

The flow model validation gives a good level of confidence for both spring and
neap tides current speed and direction for tidal ranges similar to those used within
the HR Wallingford (2010) modelling report. The comparison of measured and
modelled current speeds through four tidal cycles lead to an average Root-Mean
Square Error in current speed of 0.05-0.12 m/s and an RMSE on current direction
of 5.8-13.06º. This is not the same as determining the error on peak current speed
and associated direction.

Acoustic Doppler Current Profiler
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The wave model validations show that the selected offshore wave heights and
wave periods for each directional band are representative of suitably extreme
nearshore wave conditions once transformed in the SWAN model.
A comparison of near-bed suspended sediment concentrations measured during the
SCDA1 deployment and previously available values used in the South Coast
MAREA showed similar values, namely up to about 40 mg/l compared to 45 mg/l.
Hence the results of the MAREA are confirmed.

In light of these conclusions, HR Wallingford considers the flow and wave modelling as
being valid for regional modelling of cumulative impacts of marine aggregate dredging.
The results obtained within the flow model validation demonstrate the uncertainties
associated with the flow model used for the South Coast MAREA.
HR Wallingford considers that no further flow modelling is required as, given the
accuracy of the flow model in its current state, smaller changes by way of refinement
and further calibration will likely result in negligible changes in the presented results.
The SWAN wave model input conditions have also been validated by this study, as it
can be shown that the inshore conditions represent suitably extreme conditions and
therefore further wave modelling is not required.

6.1

CONSIDERATIONS FOR SITE SPECIFIC STUDY
Providing the future extraction scenarios remain as modelled in the South Coast
MAREA then no further modelling is required for regional cumulative impacts. The
validated model could be considered for use in investigating specific applications as the
results might be considered as representative of baseline conditions for specific licence
applications. The uncertainties in such predictions have been quantified in the present
validation study.
However, if it becomes apparent during scoping for licence renewals or extensions that
sensitive receptors are likely to be impacted then it may be necessary to carry out
specific data collection and local model validation as part of Environmental Impact
Assessment. This was, for example, the situation that arose in the studies for Hastings
(Area 460, HR Wallingford, 2009c) where a pre-existing model was validated locally.
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Figure 1.1

EX6664

Map of the locations where data was measured for comparison with the
SCREA regional flow model re-run for the same time periods
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Figure 1.2
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Map of the locations where measured wave data records has been extracted
and used to compare against data from the regional SWAN wave model
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Figure 2.1

Time-series of instrument pitch/roll and heading overlaid over measured
wave heights and water levels at SCDA1 – note changes in heading (blue
trace)

Figure 2.2

Time-series of raw instrument (red) and processed (EMU) (blue) U, V and
W velocity components for spring tide period identified at SCDA1
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Figure 2.3

Time-series of raw instrument (red) and processed (EMU) (blue) U, V and
W velocity components for the neap tide period identified at SCDA1

Figure 2.4

Time-series of raw instrument (red) and processed (EMU) (blue) directional
and non-directional wave parameters at the SCDA1 mooring site for the
deployment period at SCDA1
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Figure 2.5

Time-series of raw instrument (red) and processed (EMU) (blue) U, V and
W velocity components for spring tide period at SCDA2

Figure 2.6

Time-series of raw instrument (red) and processed (EMU) (blue) U, V and
W velocity components for neap tide period at SCDA2
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Figure 2.7
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Time-series of raw instrument (red) and processed (EMU) (blue) directional
and non-directional wave parameters for the deployment period at SCDA2
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Figure 2.8

Time-series of entire through depth profiles of current speed (top) and
current direction (bottom) for spring tide period derived from the processed
dataset at SCDA3

Figure 2.9

Examples of profiles from spring tide period (28/04/2006 -29/04/2006)
showing scatter in upper portion of the water column at SCDA3
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V Avg Below Bin 40

Time-series of average and standard deviation of U (top) and V (bottom)
current components for bins lying above (red) and below (blue) bin 40 for
the spring tide period at SCDA3
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Figure 2.11

EX6664

A time-series of the key wave parameters presented in the processed dataset
(blue) together with the wave parameter estimates derived from the
independent analysis of the AWAC raw data (red) at Owers Bank at SCDA3
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Figure 4.1

Wave rose for Poole Bay wave measurements

Figure 4.2

Wave height/direction scatter diagram for Poole Bay wave measurements,
with SCREA wave model results shown as red dots
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Figure 4.3

Wave rose for Bracklesham wave measurements

Figure 4.4

Wave height/direction scatter diagram for Bracklesham
measurements, with SCREA wave model results shown as red dots
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Figure 4.5

Wave rose for Hayling wave measurements

Figure 4.6

Wave height/direction scatter diagram for Hayling wave measurements,
with SCREA wave model results shown as red dots
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Figure 4.7

Wave rose for Rustington wave measurements

Figure 4.8

Wave height/direction scatter diagram for Rustington wave measurements,
with SCREA wave model results shown as red dots
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Figure 4.9

Wave rose for SCDA2 wave measurements

Figure 4.10

Wave height/direction scatter diagram for SCDA2 wave measurements, with
SCREA wave model results shown as red dots
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Figure 4.11

Wave rose for Sandown wave measurements

Figure 4.12

Wave height/direction scatter diagram for Sandown wave measurements,
with SCREA wave model results shown as red dots
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Figure 4.13

Wave height/period scatter diagram for Poole Bay wave measurements, with
SCREA wave model results shown as red dots

Figure 4.14

Wave height/period scatter diagram for Bracklesham wave measurements,
with SCREA wave model results shown as red dots
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Figure 5.1
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Time series of recorded turbidity at the SCDA1 mooring site along with
corresponding time series of wave height and depth averaged current speed
and direction
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SCDA1 Turbidity Sensor Calibration with Co-located Water Samples
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a) Calibration of turbidity sensor with near bed water samples b)
Calibration of turbidity sensor using sieved sediments obtained surface
scrapes obtained from local bed sediment samples using i) burst averaged
approach ii) nearest neighbour approach.
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Figure 5.3
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Comparison of SCDA1 water sample calibration with generic calibration
based on matched pairs held in OBS calibration database. After EMU (2012)
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