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Executive Summary 
The monitoring programme reported here, addressing sediment management in the Medina 
Estuary, was initiated by Cowes Harbour Commissioners (CHC) in 2015.  The monitoring has the 
specific objectives of identifying the different sediment sources and energy processes that produce 
dispersion of mud and sand through the estuary, scaling the temporal variability in turbidity 
(seasonal, spring/neap and semi-diurnal tidal effects, short-term storm and shipping effects), 
mapping local spatial variability in estuary bed erosion and accumulation and quantifying fine 
sediment flux over time through key sectors of the estuary. 

The high-level summary findings are as follows:  

1. The report covers a full 12-month period (December 2015 to January 2017) and is based on 
a wealth of good quality data. 
 

2. The main source of sediment to the Medina Estuary is generated over the winter in the 
Solent and English Channel.  
 

3. The high winter levels of sediment suspension in the Medina reduce to low levels in the 
summer.  
 

4. Data from water turbidity monitoring and bathymetric surveys confirm that this 12-month 
period has seen a lower amount of fine sediment accumulation in the estuary than has been 
the norm in recent decades.   
 

5. The area from the Outer Harbour to the Chain Ferry saw a reduction of annual mud 
accumulation, compared to historical mean rates, mainly evident in the marina basins which 
are man-made sediment sinks. This is consistent with a reduced overall influx of suspended 
sediment to the Medina in 2016 when compared with previous years. The eastern margins 
of the outer harbour inside the Shrape breakwater continue the trend of re-alignment and 
accumulation of sediment, evidenced over approximately the last ten years. The immediate 
breakwater zone and the Solent shore east of the Medina saw a small change in the 
sediment pattern, with slight sand erosion being replaced by slight sand accretion.  
See section 4 and charts on pages 33-35 showing net bed level differences over the year.  
 

6. The upper estuary saw negligible net change in bed levels as a result of natural processes. 
 

7. Vessel movements impact the turbidity levels and cause scouring similar to the impacts from 
local storms; however, the role of both vessel traffic and local storms is small compared with 
the effect of tidal transport of mud. 
 

8. The sediment-monitoring programme is proving effective and useful as a management tool 
and should be continued. 
 

During the initial year of the project turbidity and water level monitoring has been effectively 
accomplished (twelve and a half months of data, 20% downtime) and accurate year-start and year-
end multibeam bathymetric surveys completed. The bathymetric surveys have identified where 
sediment has accumulated or been eroded and the tonnages involved. The turbidity monitoring is 
identifying the processes driving this change and the key periods when change takes place. The 
extension of turbidity monitoring into sediment flux monitoring, only partly achieved at this stage, 
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will more effectively bring together the turbidity monitoring and bathymetric survey aspects of the 
programme.  

During the year the outer harbour (north of the Chain Ferry) accumulated some 4000m3 of 
sediment, principally mud. This annual volume is less than has been seen on average through recent 
decades. These deposits built up within the marina zones and across the Inner Shrape Flats, the 
greatest volume of accumulation occurring across the outer margins of the latter zone. The growth 
of the seaward margin of the inner Shrape flats has been ongoing since 1940, with accelerated 
accretion into the adjacent small-boat channel since 1992 (Ambios 2016b).  

Erosion seen was largely confined to the scour pits beneath the Red Jet and Car Ferry manoeuvring 
zones, although the whole of the main Fairway deepened very slightly. The inner harbour (Chain 
Ferry to Folly Inn) saw less change, with flux measurements (based on turbidity records) suggesting a 
modest net export of mud (~1,000m3). Bathymetric data suggest a small import of mud but are less 
reliable due to uncertainties in recording the volume of dredged mud (of the order of 20,500m3) 
removed in hoppers from the estuary.  

Turbidity effects from this East Cowes Marina dredge were not readily apparent at the (closest) 
turbidity sensor site (MMC Divers), not being differentiable from natural background tide and storm 
driven variability in suspended sediment concentrations. 

Bathymetric data showed that ~5,500m3 of sediment (primarily sand) moved into coastal zones 
immediately seaward of the harbour and along the Solent foreshore east of the Shrape breakwater. 
Some sand build up close to the breakwater may be occurring as a result of modification of local 
flow dynamics by the new breakwater, but the situation is confusing as a mound of surplus 
construction gravel still needs removal.  

A key conclusion of the turbidity monitoring is that the main source of supply of suspended 
sediment to the Medina estuary appears to be derived from the regional body of elevated 
suspended load created by winter storm conditions in the adjacent English Channel.  In early 2016 
mean Total Suspended Solids (TSS) values in the estuary rose to >30 mg l-1 as a result of this input. 
Monthly mean TSS levels fell through the ensuing months to stabilise at around 10 mg l-1 from May 
onwards, as the winter/spring regional input was dispersed into long-term accumulation zones 
through the estuary. However through the winter of 2016-17 monthly mean levels only rose back up 
to around 15 mg l-1, suggesting that there may be significant interannual variability in the (supply) 
regional body of winter-storm-elevated TSS concentrations. Long term (2004 to present) wave 
records from Sandown Bay off the south Wight coast both confirm such interannual variability in the 
potential for turbidity generation and show that the most recent winter of November 2016 –January 
2017 was a time of very low regional storm activity, consistent with the low turbidity conditions seen 
in the Medina data.  

The monitoring data indicate that the energy of the tides is the primary process a) pulling the 
regional suspended sediment supply into the Medina estuary and b) reworking and dispersing this 
sediment into its sites of final accumulation within the estuary. Neap tides play very little role in this 
process of reworking. At times of high levels of regional suspended sediment supply (January-April) 
low spring tides have a slightly larger effect and high spring tides have a much larger effect. Once the 
winter-supplied fine sediment influx has been reworked into zones of stable accumulation an 
‘exhaustion effect’ is seen, and from May through October low levels of tidal reworking was seen, 
with spring tide TSS mean levels only being slightly higher than on neaps.  
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Local storms (rainfall, local wave generation) play a smaller role compared with the tide in effecting 
suspended sediment transport. Storms can produce an elevation of monthly mean TSS 
concentrations of up to about 5 mg l-1 during the winter months, when there is a supply/reservoir of 
readily erodible fine sediment, but at other times mean value elevations are <1 mg l-1. Local storms 
have the greatest effect at the Shrape Buoy sensor, and may involve weed-fragment and/or fine 
sand resuspension arriving from the shallow shore zone east of the Shrape breakwater. Northerly 
winds (creating choppy onshore wave conditions) are the local storm processes that have the 
greatest impact. 

The monitoring data indicate that shipping effects (jet, propeller, wake) may have a level of impact 
on the Medina turbidity regime of the same order of magnitude as local storms. August was 
identified as a period with frequent and random higher than normal (for the summer period) TSS 
concentrations, perhaps related to the seasonal peak in leisure craft activity. Comparison of ferry-
running and ferry-stopped (day/night period) TSS averages suggested that this energy input may be 
causing monthly mean TSS elevations of up to 7 mg l-1 at the CYH site, with lesser impacts at the TL 
and MCC sites. Importantly, these elevated TSS periods were again confined to the early 2016 period 
of new fine sediment supply from the regional source. Once ‘sediment exhaustion’ set in after May 
no effects were generally determinable. This observation, importantly, suggests that ferry activity is 
just reworking the influx of new sediment from the Solent, rather than causing more fundamental 
scour of the harbour floor, although deepening of the scour pit of both ferries was noted. 

The following recommendations are made: 

1. The monitoring is effective and should be continued on a medium to long-term basis. 
2. Flux measurement can clearly play an important role in the monitoring processes and steps 

to finalise the ABP model input should be expedited. 
3. Consideration should be given to installing further turbidity monitoring sites, possibly in 

partnership with other stakeholders. In particular a central Solent site (to identify the 
regional variability in TSS) and an upper estuary site (Kingston Wharf or Folly in, to enable 
better tie between bathymetry and flux measurement of annual sediment volume changes).  

4. Mains power supply failure has been by far the worst cause of data loss. Consideration could 
be given to rectifying this problem.  

5. A simple sedimentation tube should be attached to the Shrape Buoy turbidity sensor to 
collect representative samples of the material in suspension (identifying periods of 
weed/sand suspension at the site).  

6. Grab samples should be collected, and grainsize analyses undertaken, to characterise the 
bed sediment in key zones of accumulation.
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Sediment Management in the Medina Estuary 
Monitoring Results 2016 
 

1. Introduction 
1.1  Objectives 

A comprehensive understanding of sedimentary processes currently and historically active in the 
Medina estuary is important for minimising impacts during ongoing developments and for 
developing a strategy for sedimentation management in future years. This awareness is being sought 
via a detailed conceptual model1 of the suite of sedimentary processes that are currently active in 
the Cowes harbour area, focusing on the lower Medina estuary (north of Kingston Wharf). This study 
will combine with the East Cowes Regeneration (EIA) related mathematical modelling to provide a 
robust basis for development of: 

x A change-monitoring programme, to understand the scale and interaction of both human-
induced and naturally occurring variability in the sedimentary system of the estuary. 

x A sediment management (navigable depth maintenance) strategy for the future 

Most sediment management issues in the estuary relate to processes of mud transport, and to 
address this aspect a programme of long-term monitoring of the turbidity of harbour water was set 
up by the Cowes Harbour Commissioners (CHC) in November 2015. This turbidity monitoring 
complements an annual audit of bed-level change in the estuary, achieved through multibeam sonar 
bathymetric surveys2 each December. Together the two monitoring activities should provide a 
robust, two-pronged approach to understanding and managing the local sedimentary regime.   

The monitoring has the specific objectives of: 

x Identifying the relative importance of different sediment sources and processes of water 
movement that are responsible for the dispersion of mud through the estuary 

x Scaling the temporal variability in turbidity in the harbour (seasonal, spring/neap and semi-
diurnal tidal effects, short-term storm/shipping effects). 

x Mapping local spatial variability in turbidity and mud erosion/accumulation regimes within 
the estuary and 

x Quantifying the fine sediment flux over time through key sectors of the estuary. 

This report examines the first year of turbidity and bathymetric monitoring that has been 
undertaken (December 2016-January 2017) and discusses these initial results in the context of 
achieving the above objectives.  

1.2  Previous reports 
The setting up of the turbidity monitoring equipment and sites is fully described in ‘Ambios 2016a, 
Medina Estuary sediment management strategy: monitoring initiation, February 2016, Report 

                                                           
1 A conceptual model provides a descriptive framework for the organization of knowledge about the elements 
and interrelationships within a system, serving as a guide for observation and interpretation. Importantly, 
conceptual models can define the envelope of reality that mathematical models (of the necessarily simplified 
system) must reproduce. 
2 Undertaken to date by Shoreline Surveys Ltd. 
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AmbCHC01’. This report details the sites, how the sensors are mounted, the data recording regime, 
maintenance regime and calibration (conversion of turbidity to Total Suspended Solids, TSS). 

The initial results from the turbidity monitoring (restricted to February 2016) were analysed in 
‘Ambios 2016(b), Sedimentary Processes in the Medina Estuary, May 2016, Report AmbCHC02’. The 
data were analysed in context with other information (historical map review, bed sediment analyses, 
bathymetric change) to generate a conceptual model of the sedimentary system. The results of this 
initial analysis have guided the methods adopted through 2016 and reported here.  

The multibeam surveys in December 2015 and 2016 were undertaken by Shoreline surveys, with 
detailed methodology reports and drawings supplied to CHC.  

2. Turbidity Monitoring Methods 
2.1  Sensor sites 

Four sites have been instrumented (Figure 1). Previous studies (Ambios 2016b) identified that there 
is rarely significant vertical stratification in the waters of Cowes Harbour, therefore the level of the 
sensor within the water column was not seen as sensitive. The sites are: 

Site # 1. An autonomous NEP 495 turbidity/temperature sensor is suspended from a buoy off the 
Shrape (SH) breakwater end. The sensor is 1.4m below the water surface and rises and falls with the 
tide and is ~0.5m above the bed on low springs. Location (OSGB) 449990 96380. Monitors flow in 
and out of the eastern entrance to the harbour. 

 

 

 

Figure 1. Ling-term turbidity 
monitoring sites. 

 

 

 

 

 

 

 

 

 

 

Site # 2. Trinity Landing (TL). NEP95000 turbidity sensor suspended 2m below pontoon (rises and 
falls with the tide) and is ~0.5m above bed on low springs. Outer marina, open to fairway. Location 
(OSGB) 449505 96560. Monitors flow in and out of the western entrance to the harbour. 
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Site # 3. Cowes Yacht Haven (CYH). NEP95000 turbidity sensor and Omni pressure sensor suspended 
~0.5m above the bed from pier. Outer marina, separated from fairway by porous wall. Location 
(OSGB) 449805 96105.  Monitors the main channel flows in the central harbour, including the gyre 
flow that prevails on the flood tide. Also picks up local ferry effects on turbidity. 

Site # 4. MMC Divers (MMC). NEP95000 turbidity sensor suspended ~0.5m above bed from dolphin. 
Open to fairway. Location (OSGB) 450100 95414. Monitors flow in and out of the upper estuary 
through the Chain Ferry Narrows. 

2.2  Control data 
The turbidity data that are generated require to be understood in terms of a) a background level of 
total suspended solids (TSS) that is elevated from time to time by erosional processes and constantly 
depleted by particle-settling and b) the erosional processes themselves that occur regionally or 
locally from time to time. The erosional processes tend to occur as recognisable ‘events’ or states of 
the tide that can be correlated with conditions driving the erosion. For the Medina estuary these 
‘events’ (regular or sporadic) have been identified as: 

a) Spring/neap variation in the power of tidal currents. The control data used for 
identifying these changes is simply water level recorded in Cowes Harbour. These data 
were recorded by a pressure sensor at Site 3 (CYH) logging at 5 minute intervals. Post 
mid November 2016 this sensor failed and data from the Environment Agency gauge 
(located just to the north) have been relied on (5 minute data interpolated from 
15minute readings). The influence of this control is both local and regional. A lag occurs 
between highest tide levels and peak turbidity. 

b) Semi-diurnal variability in the power of tidal currents. Current velocity will vary locally in 
and around the estuary over the ~12.5 hour tidal cycle, at times bringing mud into 
suspension. Within the estuary initial analyses (Ambios 2016b) suggested that this is not 
a strong process. At each of the four monitoring sites a diagram has been prepared to 
show the (regular) distribution of peal tidal currents (Figure 2). Coincidence of periods of 
higher turbidity with peak flow periods from this diagram has been relied upon for 
determining the likelihood of occurrence of this tidally driven resuspension. The flow 
data were derived from the ABP (calibrated) model of water circulation in the lower 
Medina Estuary. 

c) Regional seasonal elevation in suspended solids as a result of storms. Satellite imagery 
demonstrates clearly (Figure 3) that there is a seasonal variability in the turbidity of 
regional waters encompassing the Isle of Wight and adjacent coastlines, falling from ~30 
mg l-1 in winter to ~5mg l-1 in summer. This broad model is an important control for the 
seasonal variability seen in the Medina estuary.  

d) Within this seasonal pattern of change, individual storms might be expected to have a 
more temporary influence. Two control indices have been used to represent these 
storms. The first relates to ‘local’ wave generation potential, and is the occurrence of 
gust wind-speeds exceeding gale force (~50km hr-1) for winds in the southerly sector (90-
180-270). Wind speed is continuously logged at two local sites3, and comparison of these 
wind events with wave data logged in Sandown Bay4 shows that low period (5-7s) waves 

                                                           
3 East bank of the upper Medina estuary. Station IsleofW4.  https://www.wunderground.com/personal-
weather-station/dashboard?ID= IISLEOFW4#history/ s20160301/e20160331/mmonth.   Bramble Bank: 
www.bramblemet.co.uk 
4 Channel Coastal Observatory data 
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Figure 2. Semi-diurnal variability in tidal current velocity at the four turbidity monitoring sites. 
Multiple lines represent spring-neap conditions (re through blue respectively).
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Figure 3.  Seasonal variability in the background concentration of suspended solids in regional waters from satellite (MODIS) imagery
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of maximum height (Hmax) exceeding 2.5-3m result. The latter can be calculated to 
cause scouring of the seabed down to ~10m depth, and severe breakers at the shoreline, 
and might be expected to create a pulse of turbid water. A second index relates to 
powerful swell generated remotely from the English Channel, and combines (from the 
Sandown Bay wave recorder) waves of Hmax >1.5m and peak period >10s (waves of this 
dimension and greater can be calculated to create similar erosion conditions to those 
generated under local gale conditions, the first index). Wind and wave records are 
therefore inspected for ‘events’ when the first and second indices of strong regional 
wave action are exceeded, and the turbidity records flagged for possible near-
simultaneous occurrence of higher turbidity in the Medina estuary.  

e) Local effects due to northerly storms. Strong winds from the northerly sector (270-0-90o) 
cause choppy conditions in the Solent, and therefore could cause elevation of turbidity 
within the Medina estuary both due to wave penetration (and scour of in-estuary 
foreshore) and to turbid plume generation along the coasts adjacent to the estuary, 
which may move into the harbour. The index used here to flag for inspection of effect is 
wind (daily maximum gust) from the northerly sector exceeding 30km hr-1. These winds 
have initially been subdivided into those from the E-N quadrant, those from the N-W 
quadrant and an (overlapping) NW-NE quadrant, to see if differences in approach angle 
have any significant effect. 

f) Small amplitude waves. Very strong winds with a modest fetch can create small 
amplitude waves that, in shallow mudflat-edge environments, can be agents of strong 
erosion. Such effects may occur widely in the upper Medina estuary, and along the edge 
of the mud zone confined by the Shrape breakwater. Both the north and south sector 
strong wind indices referred to above may also correlate with turbidity generated by 
small amplitude waves inside the estuary. 

g) Rainfall and river discharge. Freshwater impacts may generate turbidity inside the 
estuary, from both river discharge and raindrop impact on exposed mud surfaces. An 
index of >10mm rainfall within a 24 hour period from the meteorological station on the 
east bank of the upper Medina estuary2 has been selected for flagging a check of the 
turbidity records for the impact of these processes. 

h) Shipping activity (particularly regular ferry docking) has been observed to affect turbidity 
conditions. The only control possible here is to contrast turbidity averages (at the CYH 
site, close to the Red Jet terminal) between ferry operational times and closed periods 
(00:00 to 6:00 hours). 

Various approaches have been used to use these control data to determine the relative contribution 
(and importance) of the turbidity generating processes that contribute to the Medina’s turbidity 
regime. The details of how this has been achieved are covered in Section 3. 

2.3 Data loss and quality 
The sensor/logging systems at sites 2, 3 & 4 run off a 12v battery which is trickle-charged from a 
mains electricity source, having enough power for a day or two to cover mains failure. Site 3 is 
located on a remote structure away from human interference and has never failed. Site 2 at TL has 
suffered several failures due to the mains system failing due to operational error and water ingress. 
The mains supply at CYH has also been cut on several occasions thought to be due to accidental 
unplugging. It is hoped most of these problems have now been sorted out. The Shrape site (1) runs 
on internal, replaceable batteries. Bad batteries have caused loss of data on two occasions. 
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Table 1.  Turbidity sensor downtime. 

 

The complete sensor assembly at Shrape buoy vanished in March 2016 either from vandalism or 
accidental propeller action. A stronger housing and new sensor replaced the missing unit, but with a 
data gap of over two months. 

The sensors at Sites 2, 3 & 4 were removed for one week during September for updating (weed 
guards) and servicing. 

In total 16.6% of the total possible sensor recording time was lost during the year due to downtime. 
The statistics are shown in Table 1. 

 

SH CYH TL MM Lost DAYS Problem
24/02/2016 14:00 OFF
06/05/2016 13:00 ON 71.96 Sensor lost
10/04/2016 11:13 OFF
21/04/2016 21:24 ON 11.42 Mains power fault
21/07/2016 11:40 OFF
29/07/2016 06:30 ON 7.78 Mains power fault
02/08/2016 09:51 OFF
05/08/2016 10:54 ON 3.04 Mains power fault
28/08/2016 18:25 OFF
01/09/2016 12:00 ON 3.73 Bad batteries
17/08/2016 10:33 OFF
04/09/2016 13:01 ON 18.10 Mains power fault
14/09/2016 10:50 OFF
10/10/2016 16:39 ON 26.24 Bad batteries
09/09/2016 15:00 OFF
16/09/2016 13:00 ON 6.92 Service
09/09/2016 15:00 OFF
16/09/2016 13:00 ON 6.92 Service
09/09/2016 15:00 OFF
16/09/2016 13:00 ON 6.92 Service
21/10/2016 16:00 OFF
28/11/2016 12:00 ON 37.83 Mains power fault
20/12/2016 18:00 OFF
01/02/2017 00:00 OFF 42.25 Mains power fault

243.12 Sensor days lost
1464 Total sensor days

10.27 % lost due to power supply issues

4.92 % lost due to sensor loss

1.42 % lost due to servicing

16.6 % total downtime
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Figure 4. Monthly raw data time series plots for 2016, showing tide level (black curves) and turbidity 
point readings (green-Shrape, blue-Trinity Landing, orange-Cowes Yacht Haven, red-MMC divers). 
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The Environment Agency (EA) tide gauge data has been used as a back-up to the pressure gauge 
data logged at CYH, ensuring no gaps in the water level data. However the pressure sensor failed in 
mid- November, and at the moment there are no plans to replace it, so full reliance is now on the EA 
gauge.  

The main weakness of turbidity sensors is fouling of the optical beams.  The turbidity sensors are all 
fitted with self-cleaning facilities, a wiper which operates every 15 minutes. These have successfully 
kept the windows clear of deposit build up and bio-fouling. However a problem has been 
encountered with loose floating weed filaments, which drift through the optical beam, and in worst 
cases can wind around the wiper blade and become permanently trapped in the optical pathways. 
The foreshore on either side of the Medina estuary is subject to deep accumulation of weed during 
the summer months, which breaks up during storms and is swept into the harbour as fine particles 
and filaments. Data contamination became very evident during these events. The problem has been 
successfully minimised by adding simple weed guards to the sensors, a tube which projects beyond 
the sensor tip and prevents weed strands from entering the measuring/wiper-sweep zone.  Weed 
guards have been fitted to sensors 2, 3 & 4 post 16th September 2016 and sensor 1 (Shrape) post 10th 
November. 

Temporary contamination caused by weed presence is very obvious, with a general pattern of low, 
steady turbidity readings with random isolated spikes of high reading (usually at light-extinction 
level). At sites 2, 3 & 4 (TinyTag loggers) this contamination is normally easy to clean as the loggers 
record the maximum and minimum reading during the five minute data interval, as well as the actual 
reading at the preset interval. The standard data processing method is to take an average of the 
maximum and minimum 5 minute values to best represent conditions. When instantaneous spikes 
are present, this calculation is simply replace by use of the minimum value. This (hand-applied) 
method effectively removes most spikes. At the Shrape sensor only one reading is taken per 5 
minutes, and the spike-cleaning process is a little more subjective.  

There were six periods of weed effects where weed entanglement was not temporary and the time 
series of data was downgraded to the point of non-usability. These were: 

x Trinity Landing (Site 2) 1st -15th June 
x Trinity Landing (Site 2) 19th July – 1st August 
x MMC Divers (Site 4) 5th – 10th June. 
x CYH (Site 3) 1st-5th August 
x MMC Divers (Site 4) 26th-31st August 
x Trinity landing (Site 2) five isolated ~24 hour periods through August 
x Shrape Buoy (Site 1) 15th-19th January 2017 

This outage represents a further ~4% loss of the total potential data set. Time series plots of all the 
data for the year are shown in Figure 4. The data shown are individual observations (unaveraged, 
containing localised periods of gross seaweed contamination) plotted at 5 minute intervals. 

It is thought that lessons learned during the first year of monitoring should allow a higher rate of 
data capture in subsequent years. 

All turbidity data have been converted to Total Suspended Solids using laboratory and field 
calibrations established in December 2015 (Ambios 2016a, Section 1.2 above). 
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3. Results 
3.1  Seasonal Variability 

The monthly mean values and standard deviations 5of TSS data collected from all sites are shown in 
Table 2 and Figure 5.  Two data groups are plotted: 

x All data (but cleaned of spurious data generated by seaweed contamination of the records) 
x ‘No Storm’ data, which is the All Data dataset with all complete data-days (midnight to 

midnight) that contain a storm event (categories d through g in Section 2.2) deleted. Thus 
the variation in TSS seen in this data set should be caused only by season variation in region 
TSS condition, regular tidal variability and shipping effects (categories c, a, b & h respectively 
in Section 2.2).  

 

 

 

 

 

 

 

 

Table 2. Seasonal variability in monthly Total Suspended 
Solids means, all sites combined. 

 

 

 

 

 

 

Inspection of these data allows the following observations to be made: 

a) There is a season variation in the monthly mean No Storm data from about 35mg l-1 in the 
winter at the beginning of 2016 to about 10 mg l-1 in summer, corresponding well to the 
seasonal variability recorded from calibrated satellite imagery of surface waters (Figure 3). 
However, winter values 2016-2017 did not rise to the January 2016 value, only reaching 13 
mg l-1. 

b) The month of August showed an increase over the typical summer No Storm mean values  
(to ~16 mg l-1) 

                                                           
5 About 70% of all observations lie within the range Mean + one Standard Deviation. 

No Storm All data
January (16) Mean 29.66 33.70
February Mean 29.85 34.22
March Mean 24.41 26.10
April Mean 19.90 18.63
May Mean 9.65 9.83
June Mean 7.99 8.04
July Mean 8.45 8.54
August Mean 15.69 16.16
September Mean 9.61 9.90
October Mean 8.77 9.18
November Mean 9.58 20.04
December Mean 10.81 11.07
January  (17) Mean 13.02 18.67
January (16) St Dev 11.97 14.64
February St Dev 12.74 16.19
March St Dev 9.51 11.52
April St Dev 10.45 10.48
May St Dev 7.70 7.70
June St Dev 6.11 5.99
July St Dev 9.51 9.41
August St Dev 37.52 39.78
September St Dev 8.69 9.09
October St Dev 6.25 7.16
November St Dev 7.90 56.59
December St Dev 4.04 4.77
January (17) St Dev 16.82 29.59
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Figure 5. Seasonal variability in monthly Total Suspended Solids means, all sites combined. 

 

c) The standard deviations associated with these No Storm means are generally low (normally 
around 10 mg l-1) and show a similar slight decline from winter to summer (from 15 down to 
~5 mg l-1). 

d) The ‘No Storm’ dataset shows lower mean values through the winter months (about 5-10 
mg l-1 lower than the All Data means November through March), but show only tiny 
differences through the remainder of the year. The standard deviation data show similar 
variation. 

e) The month of August, with its slightly higher No Storm mean value, also showed a marked 
increase in standard deviation (approaching 40 mg l-1 for both All and No Storm data). 
August therefore contained many isolated (spatially or temporally) elevated TSS values, not 
necessarily related to storms, increasing the mean value. 

f) The month of November was unusual in containing a very high (approaching 60 mg l-1) All 
Data standard deviation, local/infrequent storm effects therefore having a marked effect 
during that month. 

This (most simplified) dataset analysis confirms the importance of seasonal variability in regional 
water quality (turbidity) on the TSS regime seen in the Medina, and reveals that for most of the year 
local storms have a minor effect on TSS compared with regional/tidal/shipping effects. The graphs 
also suggest that August and November 2016 contained somewhat unusual conditions compared to 
the rest of the year. The significantly lower mean suspended sediment concentrations in January 
2017 compared to January 2016 indicate a possibility of strong inter-annual variability in winter TSS 
levels. 
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3.2  Spring-Neap Tide Variability 
The tide level records for the outer harbour (CYH site) have been analysed to determine the range 
on each tide (HW minus LW level) and the results are plotted in Figure 6 (top). The four range 
categories chosen for analysing the turbidity data are shown (HSp, LSp, HNp, LNp). The average and 
maximum ranges seen in each month are plotted in the lower part of the figure. It can be seen that 
the monthly average range is very similar throughout the year, but the maximum range is highest in 
the two periods February through May and October-December. Lowest range maxima are seen In 
January and July.  

 

 

 

 

 

 

 

Figure 6. Spring-neap cycles 
during 2016. Lower figure 
shows monthly averages and 
maxima. 

 

 

 

 

 

 

 

 

 

Table 3. Annual variation in No Storm data monthly TSS means related to tidal range. Data plotted in 
Figure 7. 
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Figure 7.  Annual variation in No Storm data monthly TSS means related to tidal range 

 

In order to best-reveal tidal effects within the turbidity regime, only the No Storm data set has been 
examined. Table 3 and Figure 7 show the monthly data means grouped by tidal range category. 
These data show that: 

a) The expected condition of highest turbidity under high spring conditions and lowest turbidity 
under low neap conditions generally applies throughout the year. 

b) There is little difference between high neap and low neap turbidity mean values.  
c) The low spring values trend consistently with the neap values through the year, at about 

5mg l-1 higher TSS concentration. 
d) Through much of the year the high spring TSS values show little difference from the low 

spring. In February, March and April however the high spring monthly mean values are of 
the order of 10 mg l-1 higher than the low spring values. 

e) The seasonal variation in the monthly means does not correlate with the maximum tidal 
range (strongest tidal energies). January 2016 and July both have low range maxima but 
show different mean TSS values of around 30 and 10 mg l-1 respectively. The higher energy 
months of May, October, November and December show values of ~10mg l-1 whereas the 
equally energetic months of February March and April have TSS concentrations between 15 
and 40 mg l-1.   

f) It is very noticeable that the December 2016 and January 2017 means are half the values 
seen in January 2016 and following months, suggesting the possibility of string inter-annual 
variability in winter TSS levels. 

This analysis indicates that tidal erosion is not the major source of fine sediment in suspension, 
whether it be at a local or regional scale. Rather it seems that a winter 2015-16 source of TSS, 
created on a regional scale by storminess in the English Channel (section 3.1), brought sediment to 
the Medina estuary. The local accumulation of this material may have provided a readily eroded 
source of fine sediment that the tidal currents (especially on high spring tides) reworked to generate 
the local turbidity regime in the winter and early spring. Through the late spring, summer and 
autumn this new material became both dispersed into the most sheltered mud accumulation zones 
and consolidated into the seabed, thus being removed from the active local TSS recirculation system. 
Thus in May, October and November, although the peak tidal flows are equal to the strongest seen 
each year, they have little or no loosely consolidated bed mud to rework, significantly reducing the  
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Figure 8. Inter-site variability No Storm monthly TSS means grouped by tidal range. 
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tidal signal in the turbidity regime. This pattern was not repeated into December 2016 and January 
2017, indicating absence of the fine sediment source supply seen the previous winter. This suggests 
that significant inter-annual variability in the supply of fine sediment to the estuary may be a feature 
of the TSS regime. 

Figure 8 shows the monthly mean TSS values grouped both by tide range and by site. The strongest 
difference between tide range conditions is clearly seen to be confined to February, March and April. 
During these months alone there is also a slight tendency for a landward gradient in the mean TSS 
values (highest at Shrape, lowest at MMC), consistent with the conclusion that the Solent is the 
prime source of turbidity during these months.    

For the rest of the year there seems to be no strong  spring/neap or geographical control of the TSS 
mean values. August stands out as an unusual month with higher than average means (particularly 
at Trinity Landing and the MMC Divers sites)  and no consistent spring/neap control of the levels. 
Trinity Landing (and to a lesser extent MMC) also stand out as a zone of slightly elevated mean TSS 
values throughout the summer-autumn period. In terms of nautical traffic, August is probably the 
busiest time of the year, and sediment disturbance by small boats, ships and ferries may account for 
the higher and more chaotic pattern of mean TSS values seen during that month.  The Trinity 
Landing and MMC sites are also probably most exposed to ship-wash effects (CYH site being behind 
a porous wall)  and the modest elevations seen during the  yachting/tourist seasons may also be 
(speculatively)  linked to marine traffic intensity. 

3.3  Tidal Cycle Variability 
From the analysis discussed in the previous section it would seem that although tidal current 
scouring is not the primary source of fine suspended sediment in the Medina estuary, it nonetheless 
plays a role in distributing fine sediment towards accumulation sites, particularly during mid/late 
winter and early spring, and especially over high spring tides. To investigate how this tidal influence 
manifests itself within different zones of the estuary and at different times, the No Storm dataset 
has been grouped (and plots produced) by month, tide hour, tidal range and site. The graphs are 
presented in Figure 9 (over three pages, January 2016-April, May-August, September to January 
2017).  

On each plot the periods of (modelled) peak tidal flow at each site (see Figure 2) are colour shaded. 
Within these zones, a specific time of peak velocity is sometimes present, and these critical tide-
hours have been taken in consideration (though not shown in the plots). Local scour of the muddy 
seabed at any of the sites can be suspected if there is an identifiable short-term increase in the 
monthly averaged TSS values at these critical tide hours. These coincidences are not clear proof of 
local reworking of the bed deposits by tidal currents, but the process is potentially possible and a 
sensible inference. Times and sites of local bed material resuspension by tidal currents are identified 
by black circles in figure 9.  

In studying these graphs it should be borne in mind that: 

a) The typical TSS concentrations on each month are primarily determined by 
regional/seasonal processes (English Channel storminess) 

b) Tidal bed scour may be occurring at the sensor locations only at the indicated times (black 
circles) 

c) TSS elevations at other times may be due to erosion occurring in adjacent zones and moving 
through the sensor zone, or by shipping activity (wind/storm/rain effects have been 
removed from these data sets). 
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SHRAPE SENSOR. No data were recorded through March and April due to the loss of the sensor.  
From November to February there is potential local erosion around the time of the peak flood 
current (5 hours after LW). For the rest of the year this scour does not seem to happen. Within the 
periods of slacker tidal currents, and normally only on spring tides, there are occasional elevated TSS 
concentrations at the beginning of the flood, and commonly marked elevations at the end of the 
ebb. At these spring tide times waters are very shallow, and the water margin is quite close to the 
sensor site.  These elevated concentrations are therefore thought to largely relate to both modest 
tidal flow and small wave action along these shallow water margins, causing localised fine sediment 
resuspension. The edge of the intertidal mud zone confined inside the harbour by the Shrape 
breakwater is a known zone of mud instability (Ambios 2016b).  

TRINITY LANDING SENSOR. No data were recorded during November and January 2017. There 
appears to be a potential for local scour just after the onset of the persistent seaward going strong 
current at around 6 hours after LW. This erosion occurred almost exclusively on high spring tides, 
and was confined to the period January-May and in July. Within the periods of slacker currents, as at 
Shrape, early flood and late ebb higher TSS concentrations were commonly seen on higher spring 
tides, and again are possibly attributable to modest tide/wave action in adjacent very shallow water. 
July and August saw an abnormal, more random picture of variability on all tide ranges, and as 
previously discussed are likely to be due to peak frequency of vessel activities. 

COWES YACHT HAVEN SENSOR. A pronounced signal of potential local bed scour is seen in all the 
monthly records for 2016, with the possible exception of August. This TSS peak coincided with the 
current maxima seen at 5-6 hours after LW. In January 2016 it was discernible at all tidal ranges, in 
February on all springs, March through November just on high springs then in December and January 
2017 on all springs again. This more persistent occurrence of local tidal scour at the CYH site 
suggests more permanent presence of unconsolidated mud deposits in the vicinity. Previously 
discussed evidence (Ambios 2016b) suggests that the turning of the Red Jet ferry in the zone 
adjacent to the CYH sensor probably causes constant bed scour, possibly explaining the more 
permanent availability of unconsolidated mud deposits in this zone. Again, elevated TSS levels 
commonly occur on the initial flood and late ebb, normally on higher spring tides, outside the zone 
of strongest tidal currents. Inspection of the data shows that the TSS concentrations reached during 
these episodes can be explained by inflow of waters from Shrape (on the early flood) and the upper 
estuary (MMC site) on the ebb. 

MMC DIVERS SENSOR. It appears that on high spring tides in particular, a potential for local 
formation of elevated TSS levels as a result of bed scour is present throughout most of the year 
(although not identified for July and August, this is probably because the signal is masked by the 
more random effects believed to be due to highest frequencies of shipping activity during these 
months). Peak velocities (seen at 5 and 10 hours after LW) do not seem as high as at the other sites 
(Figure 2), but this is probably an artefact of the method of extracting flow data from the model, the 
sensor site being just out of the axial zone of strongest flow at this constricted point in the estuary. 
The gravelly nature of the channel floor immediately adjacent to the site (Ambios 2016b) suggests 
high spring tidal velocities at this locality are capable of suspending even very consolidated recent 
mud deposits, there therefore not being as marked a difference between summer and winter 
potential for tidal resuspension of mud in this zone. The dredging that took place at East Cowes 
Marina between mid-February and mid-March had no observable impact on the monthly TSS data 
plots (compare the January to April graphs).. 
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Figure 9A. (January-April 2016)  Tidal cycle (tide hour) monthly mean TSS values grouped by site and tidal range.  Coloured zones indicate periods of depth 
mean flow >0.25m s-1, circles identify zones/times of possible local bed erosion of mud on spring tides. 
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Figure 9B. (May-August 2016)  Tidal cycle (tide hour) monthly mean TSS values grouped by site and tidal range.  Coloured zones indicate periods of depth 
mean flow >0.25m s-1, circles identify zones/times of possible local bed erosion of mud on spring tides. 
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Figure 9C. (September-December 2016)  Tidal cycle (tide hour) monthly mean TSS values grouped by site and tidal range.  Coloured zones indicate periods 
of depth mean flow >0.25m s-1, black circles identify zones/times of possible local bed erosion of mud on spring tides. 
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Figure 9D. (September-December 2016)  Tidal cycle (tide 
hour) monthly mean TSS values grouped by site and tidal 
range.  Coloured zones indicate periods of depth mean 
flow >0.25m s-1, black circles identify zones/times of 
possible local bed erosion of mud on spring tides. 

 

 

 

 

 

 

 

 

  

Examination of the full year of data shows that the same zonation of erosion and deposition 
repeatedly occurs, and the observations described above are fully consistent with the initial model 
of broad zones of erosion and deposition through spring and neap tidal cycles based on analysis of 
February 2016 data only (Ambios 2016b Figure 53). However, rates of mud resuspension slow 
through the late spring, summer and early autumn months in most areas, due to the exhaustion of a 
supply of mud that is readily reworked under high spring tide flows. This exhaustion effect is least 
seen through the Chain Ferry narrows zone, where very strong currents enhance the potential for 
deposition/erosion cycles, and in the vicinity of the Red Jet ferry where vessel activity similarly 
maintains a local feed of poorly consolidated mud. Higher frequencies of tourist/boating activities 
through July and August appear to impose a more random elevation of TSS concentrations, 
producing a turbidity regime largely unrelated to tidal controls. 

3.4 Local Storm Effects  
Storm effects on the turbidity regime have been examined by comparing ‘All data’ and ‘Storm-day 
removed’ datasets, as described in Section 3.1. Figure 5 in that section showed that storm effects 
seemed to create a minor elevation of monthly mean values, largely concentrated in the winter 
months. The absolute reduction in monthly means produced by removing storm data from analyses 
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is shown in Table 4, with April alone seeing lower TSS values as the result of storm action, all other 
months seeing an increase in TSS, typically by up to around 5mg l-1 in the winter months. November 
was an unusual month as removing storm days from the dataset produced a reduction of 10.5 mg l-1 
in the monthly mean. Most of this November storm effect was recorded at the Shrape site. 

Table 4 also shows a breakdown of the relative influences of the different types of storm (Section 
2.2) in the left hand table, and the annual level of effect seen at each of the four monitoring sites 
(right hand table).  Greatest effect was seen at the Shrape Buoy site (a 12.7 % increase in mean TSS 
as a result of storm activity) and least effect at the Trinity Landing site (1.4% increase). Northerly 
sector winds gusting within a 24hour period to exceed 30 km hr-1 are seen to have the most effect 
on TSS monthly mean values, but all storm types had some level of impact. 

The changes brought about by storm conditions (monthly averages) are examined by tidal hour in 
Figure 10. Two points emerge from these figures, 1) there is no clear period of the tidal cycle when 
storm effects are most noticeable and 2) effects are seen near-equally on the flood and the ebb tide, 
therefore suggesting no important impact on net import or export of sediment to or from the 
estuary. 

 

Table 4. Variation in storm impact on TSS concentrations by storm type, month and site. Negative 
value is the reduction in the mean values if all storm days are removed from the dataset. 

On several occasions, notably in November and January 2017 (Figure 4) strong north winds (strong 
onshore Solent waves) effects were noted at the Shrape site with no coincident marked elevation of 
turbidity at the other three sites. This suggests that the material in suspension at Shrape was not 
mud, as the slow settlement of this fine material would have allowed the plume to be seen at other 
sites. It is possible that the suspended material was fine weed fragments, derived from decomposing  
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Figure 10. Changes in TSS caused by storm events, monthly averages of tidal hour means. Negative value is the reduction in the mean values if all storm 
days are removed from the dataset. 
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algal deposits along the East Cowes Solent foreshore and known to be problematic for turbidity 
monitoring (Section 2.3). The January 2017 elevated turbidity record ran on into a period of obvious 
weed contamination of the sensor, suggesting this as a likely cause. It is also possible however that 
wave energy enables the suspension of the extensive fine sand deposits that lie immediately north 
of the Shrape breakwater, allowing a plume of fine sand to move into the estuary around the 
breakwater under strong onshore wave conditions. The latter could have important consequences 
for sediment management in the Medina. This query could be checked by deploying a settling tube 
from the Shrape buoy to sample the material in suspension. 

3.5 Shipping Effects 
It is well recognised that the propulsion energy (from propellers, jets, wakes) of boats in shallow 
water can disturb seabed sediments, resulting in both erosion and deposition. It has been previously 
speculated (Section 3.2) that the unusual turbidity conditions seen in August (Figure 5, high TSS 
mean and high standard deviation, the latter indicating both normal turbidity levels and a scatter of 
much higher readings) may be attributable to peak leisure vessel usage.  

The ferries are the most frequent and probably amongst the most energetic vessels plying the 
harbour, and both the Red Jet and Car Ferry terminals show marked zones of seabed scour and 
associated peripheral areas of accumulation (Section 4.2). A simple check on the potential impact of 
the ferries on the harbour water turbidity has been undertaken by comparing monthly mean TSS 
levels (storms removed) at the four sites for the day periods 6am to midnight (ferries active) and 
midnight to 6am (ferries stopped). The results are plotted in Figure 11. At the Shrape Buoy site, 
remote from the ferry tracks, day and night means are essentially the same (randomly varying within 
about ~2mg l-1 of each other). At CYH (close to the Red Jet terminal) the daytime mean is persistently 
above the night-time value for most of the year, and particularly during the period January 16 to 
April 16, where there is up to a 7 mg l-1 difference. At TL the situation is similar to CYH prior to June 
but the night/day periods are indistinguishable after that. At the MMC site day-time values are 
above nigh-time values in January and February but indistinguishable at other times.  The CYH site is 
adjacent to the Red Jet terminal and the TL and MMC sites are within drifting distance of plumes 
generated at The Red Jet and Car Ferry terminals respectively. The differences in means are not very 
large, but are the same order of magnitude as the difference between all data and storms-removed 
data (Table 4), suggesting that ferry traffic may be having a similar impact on the TSS regime as local 
storms. The fact that greatest effect was noticed in the winter and spring of early 2016 is consistent 
with the observation (Section 3.2) that a body of readily mobilizable fine sediment existed in the 
estuary at that time, derived from a regional source, which was depleted (into quiet areas of 
accumulation within the estuary) as the year went by. It would seem therefore that most ferry 
activity results in reworking of mobile silts and clays in transit within the estuary, rather than causing 
persistent erosion of more consolidated (high shear strength) older deposits.  

3.6 Fine Sediment Flux 
As part of the development of a sediment management strategy for the Medina Estuary, it is 
planned to convert 5 minute TSS data into fine sediment flux measurements. The TSS data will be 
combined with tidal flow data (derived from the current ABP model) to track the movement of 
suspended sediment into and out of carefully selected flux zones (Figure 12). For each zone a net 
import or export of sediment can be calculated for a chosen timeframe, thus tracking the process of 
sediment movement into, out of and through the estuary. These data should complement annual 
bathymetric surveys in this respect, agreement in fine sediment budgets between the two 
approaches giving greater confidence in both analyses. This step in the development of a sediment 
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Figure 11. Comparison of monthly means of ferry-operational and ferry-stopped periods of the day. 

 

management strategy is currently awaiting input from the ABP model. For purposes of completing 
the present report, flux analysis can be undertaken for just Zone G (upstream of the Chain Ferry 
Narrows) as tidal flow data can be much more simply (and approximately) calculated on the basis of 
volume changes in the upper estuary. This approach may be less precise than using the ABP model 
data, but can give an initial appreciation of the situation. 

The results of the Zone G (upper estuary) flux analysis are plotted in Figures 13 and 14. During the 
months of January-April inclusive, the period of more abundant sediment availability in the estuary 
(Section 3.2, Figure 5) there was a net import of fine sediment into the upper estuary. This slowed in 
April and from May through to the following (2017) January the upper estuary exported mud 
(cumulatively, although August did see minor import). There was a net loss of mud seawards 
through the narrows over the year, measured at 1170 tonnes (about 1500m3 at a bed sediment dry 
density of 0.8 t m3, Ambios 2016b).  Detailed monthly plots of the flux are shown in Figure 14. Here 
the tidal cycle rhythms can be seen, together with stormy period impacts (eg in January and 
February 16 and January 17). The unusual conditions for July and August are seen (vessel impacts or 
spurious data due to seaweed corruption of the record?) and also the absence of data during the 
mid-September sensor service period. 
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Figure 12. Planned flux zone (A-G) boundaries (dashed black lines). 

 

 

Figure 13. . Monthly suspended sediment flux through the Chain Ferry Narrows to the upper estuary. 
Graph shows cumulative data. 
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Figure 14. Detailed plot ofsuspended sediment 
flux through the Chain Ferry Narrows, monthly 
graphs. Each plot begins at zero tonnes. 
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4. Bed-Level Changes 
4.1 Methodology and Data Accuracy 

Bathymetric surveys of the whole harbour were undertaken in December 2015 and December 2016 
to measure accretion and erosion patterns over the year. The surveys were both undertaken by 
Shoreline Surveys Ltd using an Odom Teledyne MB2 (200kHz) multibeam (nominal accuracy +0.05m) 
and (in 2016) a Velodyne Puck VLP‐16 Laser (nominal accuracy +0.01m) for the upper intertidal in 
some areas. Positioning data capture used a Trimble SPS 855 GNSS receiver using corrections from 
the Trimble VRS NOW service. 

The full dataset for each survey (collected at a density of multiple returns per square metre) were 
processed to provide averaged data on a 0.5 x 0.5m grid (Hypack software). These data were fed into 
a MapInfo GIS system and reduced further to a 1m grid of average values using a Rectangular 
(bilinear interpolation) algorithm. A system of seabed area polygons that had been produced, based 
on areas of similar change history over the period 1938-1992 (Ambios 2016b), was modified slightly 
to a) amalgamate zones of recent similar change history and b) subdivide some polygons into 
smaller areas of practical interest (eg individual marinas). The new polygons are plotted in Figures 
15-17. The average bed level within each polygon for each survey and also the bed level change 
between surveys was determined using GIS interrogation (latter comparison being on a cell by cell 
basis, results then averaged per polygon). To provide continuity with historic change, the differences 
between the 2015 and 1992 surveys were also examined. 

Normal QC procedures were implemented by the surveyors during data collection. A further check 
on consistency was run during the GIS analysis, using two methods, as follows: 

x Twelve (concrete) slipway sites were identified within the estuary between -0.5 and -2.5m 
ODN. A point was defined on each (identified in Figures 15 & 16) and the GIS grids 
interrogated for these points. The results are shown in Table 5. The comparison between 
the present day and 1992 data was not good at many sites (mean 1992 minus 2015 was              
-0.44m), due probably both to the single beam methodology used in 1992 and disturbance 
of some of the sites during the 20+ years between the surveys.  For the two multibeam 
comparisons the continuity was much better however (2015 minus 2016 mean was -0.01m, 
standard deviation 0.12m, range 0.36m).  

x On the principle that the flow constriction of the Chain Ferry Narrows is due to the 
presence of a hard, stable bed at this location, subject to constant scour (Ambios 2016b), a 
small QC polygon was defined in this zone (shown in Figure 15) and interrogated for 
changes in bathymetry between surveys. The results (Table 6) showed an apparent mean 
deepening of ~20cm between 1992 and 2015 (possibly due to the single-beam method 
inaccuracies, or maybe to a natural annual deepening of less than one centimetre). 
Comparison of the 2015 and 2016 mean levels showed an apparent 5cm deepening 
between the surveys. This seems unlikely given the site history and the <1cm per year 
change possibly recorded since 1992. The suggestion therefore is that differences in set-up 
between the two multibeam surveys may have produced a 5cm over-deepening error that 
would be applicable over the whole survey area. If this error was applied to the first QC 
results (Table 4) the -0.01m mean would become +0.04m, still an acceptable error margin 
for the survey method. In consequence of this QC observation the volume differences due 
to bed level change between the two multibeam surveys have been reported both for 
original multibeam data values, and the possibility of a standard +5cm adjustment for 2015-
2016 volumes. 
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Table 5. Slipway QC GIS measurements. 
See Figure 15 for site locations. 

 

 

 

Table 6. Chain Ferry Narrows polygon QC GIS measurements.  See Figure 15 for site location. 

 

4.2 Results 
The results of comparing the two (December 2015 and 2016) surveys are shown in Table 7 and 
plotted in Figures 15, 16 & 17. The table records volume changes both from the comparison of the 
original multibeam values and corrected for a 0.05m difference between the two survey mean 
levels. The figures show only a plot of the corrected data. 

From Table 7 the summed values of volume change 2015-2016 for the uncorrected bathymetric data 
suggests that the estuary exported some 69,000m3 of sediment over the year. This includes 
20,500m3 from the February-March dredging at East Cowes Marina, making the natural loss 
48,500m3. Extensive study of bathymetric change over recent decades (Ambios 2016b) suggests that 
a natural   import of 10-20,000 tonnes of sediment per year is the normal regime. Applying the 
identified 5cm correction to the different levels measured between the two multibeam surveys 
(Section 4.1) changes the net figure to a natural import of ~12,000 m3 (allowing for the dredge 
volume), ~6,500m3 if the harbour approaches are excluded, as shown in Table 7. This is at the low 
end of the expected envelope of natural conditions. Furthermore, using the corrected bathymetric 
data allows an estimate of a natural import of only ~2,500 m3 of sediment into the upper estuary 
above the Chain Ferry (allowing for the dredging). This figure is close to the ~1,000m3 export of mud 
predicted by the flux measurements (Section 3.6). The bathymetric data can be manipulated, by 
making say a 4cm correction rather than 5cm, to make the flux and bathymetric change data for the 
upper estuary accurately correspond to one another. This level of sensitivity emphasises the limits of 
precision imposed by the methodology available, and the importance of having more than one 
method of being able to quantify sediment movement through the estuary. High precision on 
measurements will never be an option.

Polygon statistics  metres
Mean Max Min

1992 -4.3936 -1.5734 -5.658
2015 -4.607 -1.824 -6.0737
2016 -4.6555 -1.829 -6.1333

2015-1992 -0.21 -0.25 -0.42
2016-2015 -0.05 0.00 -0.06

Slipway Mean level mODN Differences 
Site 1992 2015 2016 2015-1992 2016-2015

1 -0.44 -1.93 -2.11 -1.49 -0.18
2 -1.14 -2.35 -2.34 -1.21 0.01
3 0.43 -1.58 -1.67 -2.01 -0.09
4 0.14 -2.18 -2.29 -2.32 -0.11
5 -1.52 -1.93 -2.05 -0.41 -0.12
6 -1.28 -1.49 -1.60 -0.21 -0.11
7 -1.86 -1.67 -1.62 0.19 0.05
8 -1.08 -1.14 -1.10 -0.06 0.04
9 -2.41 -0.68 -0.47 1.73 0.21

10 -2.37 -1.11 -1.10 1.26 0.01
11 -2.21 -2.20 -2.05 0.01 0.15
12 -0.10 -0.83 -0.86 -0.73 -0.03

Mean -0.44 -0.01
SD 1.16 0.12

Range 2.49 0.36
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Figure 15. Changes in seabed level 2015 to 
2016 from comparison of multibeam surveys 
(corrected version). Outer harbour. Slipway 
sites are black numbers on land with arrows 
connecting to slipway. 
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Figure 16. Changes in seabed 
level 2015 to 2016 from 
comparison of multibeam 
surveys (corrected version). 
Inner harbour. Slipway sites 
are black numbers on land 
with arrows connecting to 
slipway. 
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Figure 17. Changes in 
seabed level 2015 to 2016 
from comparison of 
multibeam surveys 
(corrected version). Mid 
estuary. 
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(red=accretion, green=erosion)
Site Area 1992-15 2015-16(O) 2015-16(C*) Continuity Level change By zone (C*)
polygon Description m2 m3 m3 m3 times m m3

4 Fairway north of Chain Ferry 4,958 -1.0 -418.0 -170.0 -0.03

5.1 Shepard's Wharf 8,228 -602.2 564.0 988.0 -1.64 0.12

5.2 Fairway off Shepard's Wharf 4,358 21.1 -199.0 19.0 0.00

5.3 Fairway south of Shepard's Wharf 8,068 19.1 -644.0 -232.0 -0.03

6 Fairway off Car Ferry Terminal 11,261 -90.5 -1,184.0 -622.0 6.87 -0.06

7 Car Ferry Terminal 4,928 -14.9 -492.0 -231.0 -0.05

8.1 Fairway off West Cowes 70,220 -1,890.4 -5,835.0 -2,297.0 1.22 -0.03

8.2 Shore off Fountain Quay 7,876 -244.5 -300.0 74.0 -0.30 0.01

8.3 Red Jet inner 2,116 191.6 -30.0 75.0 0.39 0.04

8.4 Red Jet outer 1,920 -72.5 -355.0 -251.0 3.46 -0.13

9.1 Venture Quay and east Small Boat Channel 27,461 305.2 -1,678.0 -306.0 -1.00 -0.01

9.2 West margin off Shrape Flats 17,300 1,005.4 1,015.0 1,873.0 1.86 0.11

10.1 Outer Shrape Flats 11,993 58.9 115.0 714.0 12.13 0.06

10.2 Embayment off Maritime Museum 2,576 -56.5 -58.0 82.0 -1.45 0.03

11 Inner Shrape Flats 34,196 -27.2 82.0 1,733.0 0.05

12 Shrape Breakwater zone 12,492 -995.3 613.0 1,217.0 -1.22 0.10

13.1 CYH north 8,204 -81.5 147.0 524.0 -6.43 0.06

13.2 CYH south 13,764 -180.4 1,478.0 2,162.0 -11.99 0.16

13.3 Corinthian YC 4,320 7.6 95.0 303.0 0.07

14.1 West side of Fairway entrance 18,126 -623.9 -1,618.0 -700.0 1.12 -0.04

14.2 Trinity Landing & RYS 12,712 -455.5 -486.0 140.0 -0.31 0.01

14.3 West Cowes shore private area 8,244 -72.0 -389.0 8.0 0.00

15 West thalweg, inner entrance 7,784 -348.7 -837.0 -449.0 1.29 -0.06

16 East thalweg, inner entrance 7,616 -237.5 -346.0 34.0 0.00

17.3 Coast slope eastern sector 25,891 -1,043.0 250.0 0.01

18 Outer harbour mid-zone 57,741 -76.8 -3,777.0 -896.0 11.66 -0.02 4,042 Outer Harbour (inside new breakwater)
17.1 Coast slope north of breakwater 70,772 719.1 -630.0 2,904.0 4.04 0.04

17.3 Coast slope eastern sector 25,891 -1,043.0 250.0 0.01

19 East Harbour Entrance 58,780 -310.0 -4,006.0 -1,075.0 3.47 -0.02

20.1 Solent shore: West Shrape 59,892 -8,892.9 -2,352.0 635.0 -0.07 0.01

20.2 Solent shore: Mid Shrape 83,360 -2,782.0 1,379.0 0.02

20.3 Solent shore: East Shrape 40,663 -460.0 1,501.0 0.04

21.1 Main Fairway entrance 5,032 -106.4 -344.0 -94.0 0.88 -0.02

21.2 West of entrance Solent shore 6,910 -411.0 -69.0 -0.01 5,431 Harbour Approaches (outside new breakwater)
1 South of Chain Ferry channel centre 17,639 -40.7 -1,283.0 -402.0 -0.02

2 South of Chain Ferry west bank 27,048 116.5 -1,489.0 -182.0 -1.56 -0.01

3 South of Chain Ferry east bank 19,520 -253.8 -1,124.0 -158.0 0.62 -0.01

30.1 West bank south of UKSA 17,408 362.0 -111.0 747.0 2.06 0.04

30.2 Channel off East Cowes Marina Village 61,493 -269.0 -3,131.0 -60.0 0.22 0.00

30.3 East Cowes Marina Village 35,736 -1,675.4 -15,935.0 -14,220.0 8.49 -0.40 20,500m 3  Dredged

30.4 Medina Wharf 10,596 -124.4 -694.0 -166.0 1.33 -0.02

31 Estuary off Kingston Wharf 70,069 -706.5 -5,042.0 -1,583.0 2.24 -0.02

32 Upper estuary to Folly Inn 230,627 -13,274.0 -1,893.0 -0.01 -17,917 Upper estuary (above chain ferry)
TOTALS 1,215,341 -15,848.0 -69,016.0 -8,444.0

12,056.0 2,583 (allowing for dredged volume)

Table 7. Bathymetric change 
summary data. 

C* = applying 5cm level difference 
error (see text) 

Continuity = rate of change 1992-
2015 compared to rate of change 
2015-2015 (calculated where 
>50m3 of change was recorded) 
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A further consideration is how the dredge volume exported to Nab Tower from the East Cowes 
Marina site was estimated. If this was from in-out bed surveys, the 10% spillage that might be 
expected during dredging (accumulating in the local environment, as seems to have happened from 
the adjacent bed level changes seen in Figure 16) could account for most of the difference between 
the flux and bathymetric approaches to mud budget calculation. Subdivision of polygon 30.3 in the 
GIS showed only about 17,500m3 removal from the dredge zone and about 2000m3 accumulation in 
the zones north and south of the dredge (see bulleted list below). This difference from the logged 
dredge volumes could totally account for the differences between the flux and bathymetric change 
budgets.   

It has to be further flagged that the bathymetry-based budget above the Chain Narrows cannot be 
directly related to the flux-based budget, as it only considers bed level change as far south as the 
Folly Inn. This is another area of potential discrepancy between the two methodologies.  

Applying the observed correction to the multibeam surveys appears to give the best available 
estimate of the sediment budgets within the area of prime interest, i.e. the harbour north of 
Kingston Wharf. The data (Table 7) indicate that over the year ~4000 m3 of fine sediment 
accumulated in the outer harbour area, and a further ~2,500 m3 in the estuary down to Folly Point.  

The key accumulation area (ordered by bed level change are): 

x Cowes Yacht Haven south  0.16m 2162m3 
x East Cowes Marina south of dredge 0.13m 825m3 
x Shepard’s Wharf   0.12m 988m3 
x West Margin off Shrape Flats  0.11m 1873m3 
x Shrape Breakwater Zone (with sand?) 0.10 1217m3 
x Cowes Yacht Haven north  0.06m 524m3 
x Outer Shrape Flats   0.06m  714m3 
x East Cowes Marina north of dredge 0.06m 1187 m3 

The most marked erosion zone is the scour pit under the Red Jet turning zone where 0.13m zone-
averaged deepening occurred. The Car Ferry Terminal zone and its immediate Fairway deepened by 
0.05 -0.06m. The only other zone that deepened by >0.05m was in the entrance to the main Fairway 
(polygon 15). The main Fairway itself (polygon 8.1) deepened by 0.03m. 

In the approaches to the Medina estuary the period saw net accumulation of about 5,500m3 of 
sediment (Table 7), probably primarily sand. The greatest accumulation was in polygon 17.1 
immediately north of the breakwater (0.04m accumulation mean, 2,900m3). Inspection of Figure 15 
shows that the accumulation was linked to the north-east edge of the breakwater, and is likely to 
relate to the modified flow dynamics created by the new breakwater construction. The Solent shore 
east of the Shrape Breakwater also saw significant sand accumulation over the year (~3,000m3). 
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5. Conclusions and Recommendations 
During the initial year of the CHC sediment monitoring project in the mid and lower reaches of the 
Medina estuary turbidity and water level monitoring has been effectively accomplished, and 
accurate year-start and year-end multibeam bathymetric surveys completed. The bathymetric 
surveys have identified where sediment has accumulated or been eroded, and the tonnages 
involved. The turbidity monitoring is identifying the processes driving this change, and the key 
periods when change takes place. The extension of turbidity monitoring into flux monitoring, only 
partly achieved at this stage, will provide a step improvement in understanding/confirming the 
processes, timing and volumes of sediment movement. 

During the year (December 2015-December 2016) the outer harbour (north of the Chain Ferry) 
accumulated some 4000m3 of sediment, principally mud. These deposits built up within the marina 
zones and across the Inner Shrape Flats, the greatest volume of accumulation occurring across the 
outer margins of the latter zone. Erosion was largely confined to the scour pits beneath the Red Jet 
and Car Ferry manoeuvring zones, although the whole of the main Fairway deepened very slightly. 
The inner harbour (Chain Ferry to Folly Inn) saw less change, with flux measurements (based on 
turbidity records) suggesting a modest export of mud (~1,000m3) and bathymetric survey a minor 
import of mud (~2,500m3). A dredging project occurred within this zone during the year (East Cowes 
Marina, ~20,500m3) and potential inaccuracies in measuring the volume of mud actually removed 
totally from the estuary during this exercise may largely explain the difference between the 
flux/bathymetry total change estimates (lowering the import value calculated from the bathymetric 
data). Turbidity effects from this dredging were not readily apparent at the (closest) turbidity sensor 
site (MMC), not being differentiable from natural background tide and storm driven variability. 

Comparison of bathymetric survey data also indicated that ~5,500m3 of sediment (primarily sand) 
moved into the harbour approach zones, seaward of the new breakwater. The location and 
extension of deposits off the NE corner of the new structure suggest sand build up may be occurring 
as a result of modification of local flow dynamics. Sand build up also occurred along the Solent lower 
foreshore generally. 

A key conclusion of the turbidity monitoring is that the main source of supply of suspended 
sediment to the Medina estuary appears to be derived from the regional body of elevated 
suspended load created by winter storm conditions in the adjacent English Channel. In early 2016 
mean TSS values in the estuary rose to >30 mg l-1 as a result of this input. Monthly mean TSS levels 
fell through the ensuing months to stabilise at around 10 mg l-1 from May onwards as this input was 
dispersed into long-term accumulation zones through the estuary. However through the winter of 
2016-17 monthly mean levels only rose to around 15 mg l-1, suggesting that there may be significant 
interannual variability in the (supply) regional body of winter-storm-elevated TSS concentrations. To 
check this possibility, the wave records from Sandown Bay off the south Wight coast have been 
examined for peak regional storm conditions (Hmax >1.5m, Tp >10s) over the total record (2004 to 
date). The results, plotted in Figure 18, confirm that a) significant interannual variability occurs, b) 
winter 2015-15 was a period of moderately high activity, lying between the conditions 2007 and 
2008 high turbidity seen from satellite imagery (Figure 3) and c) the most recent winter of November 
2016 –January 2017 was a time of very low regional storm activity, consistent with the low turbidity 
conditions monitored in the Medina.  

The monitoring data indicate that the energy of the tides is the primary process a) pulling the 
regional suspended sediment supply into the Medina estuary and b) reworking and dispersing this 
sediment into its sites of final accumulation within the estuary. Both low and high neap tides play 
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very little role in this process of reworking. At times of high levels of regional supply (January-April) 
low spring tides have a slightly larger effect and high spring tides have a much larger effect. Once the 
winter-supplied fine sediment influx has been reworked into zones of stable accumulation an 
‘exhaustion effect’ is seen, and from May through October low levels of tidal reworking was seen, 
with spring tide TSS mean levels only being slightly higher than on neaps.  

 

Figure 18. Occurrence of peak regional storm events at the Sandown Bay Wave Recorder. Events 
defined as Hmax >1.5m, Tp>10s. Data points are for winter periods centred on January 1st of the 
show year. 

 

Local storms (rainfall, local wave generation) play a minor role compared with the tide in effecting 
suspended sediment transport. Storms can produce an elevation of monthly mean TSS 
concentrations of up to about 5 mg l-1 during the winter months, when there is a supply/reservoir of 
readily erodible fine sediment, but at other times mean value elevations are <1 mg l-1. Local storms 
have the greatest effect at the Shrape Buoy sensor, and may involve weed-fragment and/or fine 
sand resuspension arriving from the shallow shore zone east of the Shrape breakwater. Deployment 
of a settling tube from the buoy should identify if this is the case. Northerly winds (creating choppy 
onshore wave conditions) are the local storm processes that have the greatest impact. 

The monitoring data indicate that shipping effects (jet, propeller, wake) may have a level of impact 
on the Medina turbidity regime of the same order of magnitude as local storms. August was 
identified as a period with frequent and random higher than normal (for the summer period) TSS 
concentrations, perhaps related to the seasonal peak in leisure craft activity. Comparison of ferry-
running and ferry-stopped day/night period TSS means suggested that this energy input may be 
causing monthly mean TSS elevations of up to 7 mg l-1 at the CYH site, with lesser impacts at the TL 
and MCC sites. Importantly, these elevated TSS periods were again confined to the early 2016 period 
of new fine sediment supply from the regional source. Once ‘sediment exhaustion’ set in after May 
no effects were generally determinable. This observation, importantly, suggests that ferry activity is 
just reworking the influx of new sediment from the Solent, rather than causing more fundamental 
scour of the harbour floor, although deepening of the scour pit of both ferries was noted. 

The following recommendations are made: 

7. The methodologies for both the turbidity monitoring and the bathymetric surveys are 
working well and providing useful information to meet the project objectives. The 
monitoring should be continued on a medium to long-term basis. 
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8. Flux measurement can clearly play an important role in the monitoring processes and steps 
to finalise the ABP model input should be expedited. 

9. Consideration should be given to installing further turbidity monitoring sites, possibly in 
partnership with other stakeholders. In particular a central Solent site (to identify the 
regional variability in TSS) and an upper estuary site (Kingston Wharf or Folly in, to enable 
better tie between bathymetry and flux measurement of annual sediment volume changes).  

10. Mains power supply failure has been by far the worst cause of data loss (10% downtime). 
Consideration could be given to a) simple inexpensive mobile-phone based monitoring of 
power on/off conditions at the sites) and b) a single portable car battery plus inverter 
system that could be taken to sites in the event of power cuts. 

11. A simple sedimentation tube should be attached to the Shrape Buoy turbidity sensor to 
collect representative samples of the material in suspension (identifying periods of 
weed/sand suspension at the site). The tube could be changed at fortnightly services and its 
content washed through a 63um sieve and the material retained on the sieve dried and 
stored for inspection every few months. 

12. Grab samples should be collected, and grainsize analyses undertaken, to characterise the 
sediment in key zones of accumulation. 

 

 

 

 

 

 

 

 


