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1 Introduction 
Lowering of beaches in front of coastal structures is widely accepted as a leading cause of failure 

(CIRIA, 1986, HR Wallingford, 2009). This lowering referred to from here on as toe scour, is caused by 

the removal of erodible bed material near coastal structures (e.g.  beach), by hydrodynamic forces 

(e.g. those caused by storm waves and tides) (Environment Agency, 2012). This is difficult to detect as 

the hydrodynamic processes also tend to bury the evidence following any scour event, along with any 

damage to structure foundations. Measurements of these processes are limited to mostly physical 

modelling experiments and a small number of field measurements (Pearce at al 2006). 

 

 

Figure 1-1: Definition of the structural toe of a defence (Environment Agency, 2012) 

 

The SCOPAC region includes numerous beach structures at risk of scour, and with the depth and 

condition of many foundations unknown. A better understanding of the scour risk, especially in real 

world situations, will help SCOPAC members to better manage the risks at these structures and aid 

the design of replacements to adequately resist scour. To improve this understanding the ESCP were 

awarded £4,000 of SCOPAC minor project research fund to develop improved methods for monitoring 

of toe scour, with the ESCP contributing Officer resources to deliver the project.  

The ESCP proposed to undertake a study to develop a cost-effective method to determine maximum 

scour depth in front of coastal structures during a storm event. Phase 1 of the project would include 

the development of the scour monitoring equipment, and the deployment guidance and testing of the 

system’s effectiveness under storm conditions.  Phase 2 of the project would seek to deploy the 

instruments within host authorities in the SCOPAC region, with the ESCP coordinating the experiment 

and collecting and interpreting the data. 
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2 Aim and objectives 
The aim is to develop a cost-effective method to determine maximum scour depth in front of coastal 

structures during a storm event. The project’s objectives are to:  

• Select a suitable pilot site and undertake a test deployment to confirm the most effective 
method for installing scour monitoring equipment into a beach.  

• Deploy further equipment to a second site to measure changes in storm beach levels, scour 
depths, and assess the performance of the monitors 

• Raise awareness of toe scour and provide SCOPAC Member an improved understanding of 
the scour risk to coastal structures.   
 

3 Background 

3.1 Scour risk 

Amongst the primary functions of any beach or other foreshore type, is to dissipate wave energy and 

act as an important component within flood and erosion defences. The scouring or erosion of mobile 

beach sediments at the toe of seawalls represents some of the most serious and expensive forms of 

damage in coastal environments. This results in potential collapsing or breaching of sea walls and 

washing out of material behind the structure (with potentially severe consequences to the hinterland 

behind the defence). The effect of local scour which occurs near the foot of the sea wall (defined as 

toe scour) can lead to: 

• Dislocation of the rubble mound or blockwork foundation 

• Geotechnical instability of the structure  

• A modification of the wave and flow conditions in front of the structure  
(Oumeraci, 1994) 

 

The risk of toe scour is greatest at high tide during storm events; however, evidence of this has rarely 

been observed or measured in the field due to the hostile conditions present during storm wave 

events (Griggs et al, 1994). It is known that any scour features created during a storm event will infill 

as the storm and tide recedes, therefore concealing any damage (Figure 3-1, Pearce, et al. 2006). 

Typically, the toe of a seawall structure will be buried beneath the beach profile, itself comprised of 

sand or shingle material. However, beach profiles change daily and seasonally with variations in net 

movement of material and so seawalls fronted by intertidal beaches will also be subject to fluctuations 

of the general bed level, increasing the risk to the wall foundations - due to the loss of passive ground 

support provided by a foreshore. For example, the SCOPAC (2012) study of sediment movement 

showed a complete change in net transport around the Pyramids centre in Portsmouth (prior to its 

failure) and this highlighted the sensitivity of such areas to changes in the transport of beach material 

(Figure 3-2).  
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Figure 3-1: Field measurement of scour at a seawall at high tide and its infill as the tide receeds 
(Pearce et al. 2006). 

 

 
Figure 3-2: Seawall toe failure at the Southsea Pyramids, December 2015, following suspected toe 

scour and beach lowering. 
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3.2 Overview of existing scour monitor instruments 

Seawalls exposed to scour and are also exposed to violent wave breaking and abrasion by sediment, 

therefore any monitoring instrument is required to be robust and self-sufficient (without power cables 

for example).  A summary of some of these methods is provided below: 

• HR Wallingford’s Tell Tail scour monitoring system (HR Wallingford, 2005) – This comprises a 
vertical pole, with branches at 100mm increments along the device. At each branch is a 
flexible electrical vibration sensor which remains static when buried in the beach. As beach 
levels falls due to scour, the sensors are exposed to breaking waves and movement it 
detected. Analysis of the sensor height determines the current beach level.   
 

• Electrical conductivity meters (Cassen et al. 2005) – Similar to the Tell Tail system, this 
instruction uses a pole with electrical conductivity sensors. Through careful calibration it is 
possible to detect the interface between seawater and seabed due to their different 
conductivities.   
 

• Photo-electric erosion pin (Lawler, 1991) – These instruments include a series of light sensors 
on a vertical pole.  As the beach levels are drawn down these sensors are exposed and detect 
sunlight, indicating the beach level during the daytime.  An alternative approach with active 
light emitters has also been considered.  
 

• Scour chains – these are commonly used in riverine environments and consist of a length of 
chain attached to a steel plate. The chain is inserted in a sleeve, driven in a vertical orientation 
into the riverbed and the sleeve is recovered. The chain can then be monitored for deflection, 
which would indicate that scour had occurred (Figure 3-3).  
 

 

Figure 3-3: Original SCOPAC Scour Chain design concept during the proposal stage 

 

While providing detailed measurements of both beach draw down and recovery over extended 

periods, the electrical (automated) systems contain sensitive electrical components.  These require a 

reliable battery power supply, accessible ports to replace these batteries and download data, while 

remaining watertight. The individual sensors are exposed to potential damage from sediment 

abrasion, or total loss, potentially compromising the entire instrument. The instrument base is 

typically deployed to a depth greater than the predicted maximum scour, however if this prediction is 

exceeded total loss of the sensor could occur, at great cost. While still at risk of total loss, the simplistic 
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scour chains were taken forwards as the most viable option for the SCOPAC project and to adapt this 

concept for use in monitoring seawall scour.   

3.3 Development of SCOPAC Scour Monitors. 

A review of similar studies identified that Holland (2016) adapted the scour chain principle by using a 

string of floats attached to a nylon line, attached to an anchor, to monitor short term changes in the 

upper active beach at Hayling Island.  A meeting was held on the 19/03/15 to learn from these 

deployments. This resulted in key changes to suit the abrasive and turbulent coastal environment: 

including the use of steel wire instead of nylon, small diameter beads to minimise drag once exposed 

(see photos Appendix A). To avoid the risk of total loss of the instruments, it was decided to attach 

these directly to the structure and avoid the need for an anchor plate. The scour monitor principles 

are shown in in Figure 3-4 and Figure 3-5.  

Monitors are deployed by excavating a trial pit, installing the instrument and carefully backfilling and 

compacting the pit. Under storm wave conditions the beach level would be expected to fall, causing 

the chain to deform to suit the storm beach profile. After the storm the beach material would be 

excavated at the instrument location to reveal the length of deformed chain and allow the maximum 

scour depth to be measured. At the end of the storm season, all the equipment would be recovered. 

 

Figure 3-4: Revised SCOPAC Scour Chain design principle 
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Figure 3-5: Prototype SCOPAC Scour Chain design 
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4 Site Selection 

4.1 Qualitative Scour Risk Assessment 

Five sites were shortlisted by engineers at the ESCP for further analysis. These are sites which were 

known to be exposed to regular wave action during storms events and likely to be at risk of scour.    

A scour risk assessment was undertaken to consider these further. This made use of beach profile 

data collected through the South East Regional Monitoring programme which was interrogated to 

understand the volitivity of the profile and the general trends in beach cross section.  From this two 

sites were shown to have highly variable profiles, and a trend of falling beach volumes: Stokes Bay, 

Gosport, and Memorial Beach Portsmouth (Table 4-1). The design and build of these structures 

further exacerbates risks associated with low beach levels. 

Table 4-1:Beach cross section trends and toe levels  

 

4.2 Stokes Bay, Gosport 

The foreshore at Stokes Bay, Gosport, is comprised of an upper gravel and lower sand-gravel beach 

which has a history of sediment loss through both eastwards littoral drift and onshore/offshore 

transport (Figure 4-1). These open transport conditions have led to a drop-in beach level and exposure 

of the seawall to wave action, leading to periodic beach recycling by Gosport Borough Council to 

increase beach levels to protect these structures.  

Beach surveys taken at the Channel Coastal Observatory (CCO) profile line 5b00514 (Figure 4-2) 

between 2003 and 2016 show that highest beach levels of 1.4 m OD were seen in 2003, compared to 

the lowest levels of 0.6 m OD in 2013 (approximately 0.25 m seaward of the toe of the wall). Year on 

year vertical fluctuations of the beach levels are also evident within this maximum-minimum 

envelope, highlighting the variability of beach levels at this location.  

Photographs taken of the seawall illustrate the poor condition of the structure. The concrete face of 

the wall is patchy and wooden timber joints are visible through cracks and holes in the concrete 

façade. There is also uncertainty around how deep the foundations of the wall are buried, which could 

have serious implications if this highly variable beach was to lower any further.  

Zone Regional Profile Name MLWS Top of Defence Mean profile height Max Profile level Max profile date Min profile level Min profile date Max envelope CSA trend

(mOD) (mOD) (m) (m) (m) (m) (m2/year)

Hill Head 5b00245 -1.74 3.20 3.19 3.27 20/06/2003 2.26 01/03/2006 1.01 0.27

Stokes Bay 5b00111 -1.74 3.42 3.31 3.44 12/05/2015 3.15 27/03/2013 0.29

5b00114 -1.74 3.50 0.90 2.50 27/03/2013 0.00 05/03/2015 2.50

5b00120 -1.74 3.46 3.41 3.36 20/03/2008 3.24 29/04/2003 0.12

Clarence Parade 5a00532 -1.93 1.65 1.00 1.20 03/05/2007 0.89 08/08/2016 0.31 -11.34

5a00535 -1.93 3.80 3.72 3.80 08/08/2013 3.63 25/04/2012 0.17 0.01

5a00545 -1.93 3.80 0.70 0.90 03/05/2007 0.00 25/11/2009 0.90

Pyramids 5a00510 -1.93 4.50 3.84 4.15 27/01/2004 3.48 20/06/2007 0.67 -10.31

5a00511 -1.93 5.50 3.55 4.20 27/01/2004 2.35 03/05/2007 1.85 -2.68

5a00512 -1.93 5.50 3.30 5.40 30/09/2004 1.70 15/04/2015 3.70 -1.20

At defence position
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Figure 4-1: Stokes Bay beach photo 

 

 

 

Figure 4-2: Stokes Bay Gosport, historic beach profile data showing a profile ‘envelope’ of beach 
profile levels in front of a vertical seawall. 
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4.3 Memorial Beach Portsmouth 

The narrow swash aligned beach at Southsea, Portsmouth is characterised by several man-made 

fortifications and coastal protection structures (Figure 4-3). A deep-water navigation channel runs 

parallel to the shoreline which is dominated by high tidal velocities which may be linked to high levels 

of erosion due to draw-down of material from the beach. The build-up of material at Clarence Pier 

indicates north-west movement of material from Southsea Castle towards Clarence Pier, and leads to 

periodic beach recycling operations by Portsmouth City Council to bring this material back.  

Beach surveys taken at the CCO profile line 5a00532 show a fall in beach levels of approximately 0.4 

m between 2007 and 2013 (Figure 4-4). A similar pattern of erosion is noted along the CCO profile line 

5a00533 where a lowering of up to 0.8 m occurred between 2007 and 2013. Further north along the 

beach, fluctuations of up to 1.2 m can be seen in the beach profile. The beach at this location is 

comprised of mainly gravel on the upper foreshore and gravelly sand on the lower foreshore.  

A concrete promenade runs along the back of the beach. Towards the southern end of the beach a 

sheet pile structure fronts a wide concrete apron at the foot of the promenade. Wooden box groynes 

are in place along the lower foreshore, however these structures are in poor condition and are due to 

be removed.      

 

Figure 4-3: Photo of Memorial Beach Portsmouth 
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Figure 4-4: Memorial Beach, Portsmouth. Historic beach profile data showing a profile ‘envelope’ 
of beach profile levels in front of a seawall. 

4.4 Quantitative Scour Risk Assessment 

The shortlisting considered sites based on engineering judgement of expected scour risk.  To provide 

an independent check of potential scour risk using the EA Guidance and an empirical tool developed 

for this project.  This tool is based upon the guidance from the Environment Agency Toe Structures 

Management Manual Figure 3.9 (Environment Agency, 2012).  This guidance has been developed 

into an Excel spreadsheet which estimates the depth of scour for a given wave condition and beach 

level (Appendix B). Using this information, the tool considers the risk of scour exceeding the crisis 

level for the structural stability, and the risk of potential for scour to reach its maximum potential 

under these conditions.   

When applied to Stokes Bay the tool concluded there was a 1.2m risk of scour under a 1 in 5 year 

return period wave condition, with a moderate likelihood of scour reaching the full potential due to 

wave breaking. On this basis the structure may not be compromised at the average beach level, but 

potentially at risk of failure at the lowest recorded beach level.  

For Memorial Beach there was a 1m risk of scour under a 1 in 5 year return period wave condition 

and a high likelihood of scour reaching full potential due to breaking waves on the seawall. On this 

basis the structure not be compromised at the average beach level or lowest recorded beach level. 
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The tool requires only basis structure, hydraulic and beach level data to provide an indication of 

scour magnitude and risk. There is potential therefore to develop this tool further to enable 

screening of significant length of the SCOPAC coastline to identify sites at greater potential for scour 

for further investigation.  
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5 Equipment Deployment 

5.1 Pilot Deployment –  Stokes Bay, Gosport Borough Council 

A pilot deployment was undertaken to confirm the most effective method for installing scour 

monitoring equipment into a beach. Stokes Bay in Gosport was selected due to the extremity of 

fluctuating beach levels at the base of the seawall. Scour risk was predicted as outlined above.  

In accordance with Havant BC H&S processes, the deployment was undertaken following a risk 

assessment and method statement.   Prior to deployment the scour monitors were fabricated using 

standing components. The deployment costs for Stokes Bay are summarised in the following table.  

Table 5-1: Deployment costs, Stokes Bay scour monitors 

Element Cost (£) 

6x Scour monitors (materials 
and fabrication) 

£30 

Staff time (3x staff, 4 hours) £440 

GPS survey equipment £20 

Hand tools £0 

TOTAL £490 

 

5.1.1 Deployment method  

Figure 5-1 and Figure 5-2 show the location of the six deployment sites at Stokes Bay, each labelled as 

either SB01 – Alver East or SB02 – Alver West. Deployments were labelled from the upper beach down, 

those numbered 01 were positioned just below the beach surface at the base of the seawall. 

Deployments numbered 02 were positioned approximately 1 m below the surface of the beach, close 

to the toe of the seawall. Deployments numbered 03 were positioned seaward of deployments 01 and 

02, attached to timber groyne structures. While the study aim was to assess toe scour, it was 

considered these additional sites could potentially also inform a cross sectional analysis of the 

behaviour of the beach profile under scour conditions.   

Three members of ESCP were present for the deployment of six scour monitors at Stokes Bay on 

January 18th 2017 close to low tide. The location including height (mOD) of each deployment was 

recorded using a Trimble RTK GPS system, which is also used for regional monitoring with vertical and 

horizontal accuracy of ±3 cm. The upper beach cross shore beach profile was also recorded at each 

deployment location to confirm the overall height of the beach (Appendix C).  

Trial pits were dug by hand at each deployment location, with the lowest monitor installed first. The 

infill rate of beach material meant that digging down to the desired maximum depth of 1 m below the 

beach surface was extremely challenging.  The team were also conscious of the rising tide and need 

to deploy the remaining monitors, therefore the lowest scour monitor at the seawall was installed at 

a depth of 0.7 m below the beach surface layer. The monitors were inserted into holes drilled into the 

concrete structure at the required depth, then secured in place with a waterproof adhesive. It was 

necessary to ensure that the trial pit was excavated widely enough to allow the monitor (measuring 
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approximately 30 cm) to be laid out flat and photographed with appropriate labelling to allow for 

identification at a later stage (Figure 5-3, Figure 5-4).  

Once installed the beach material was infilled in layers and gently compressed until the required level 

for the next monitor was reached. The process was repeated for each installation until the beach was 

fully reinstated.   

 

Figure 5-1: Stokes Bay deployment location plan 



SCOPAC Seawall Scour Project 

 

18 

 

 

 

Figure 5-2: Stokes Bay deployment locations photo 

 

Figure 5-3: Cross section of Stokes Bay 01 deployment location 

 

SB01a 

SB01b 

SB01c 

SB02a 

SB02c 
SB02b 
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Figure 5-4: Cross section of Stokes Bay 02 deployment location 

5.1.2 Lessons Learnt 

The Stokes Bay deployment went generally as planned. Sheet piling was encountered when installing 

the lowest monitor, therefore screw-threaded fitting was used and secured in place with waterproof 

adhesive. The most significant challenges facing team was the manual labour required to excavate a 

trial pit large enough to provide sufficient access to drill and then fully extend the scour monitor.  

Despite their small size, the pit required was more significant than expected and prone to infilling, all 

the while team were conscious of the rising tide.  

5.2  Phase 2 – Site Deployment – Memorial Beach, Portsmouth City Council 

In accordance with Havant BC H&S processes, the deployment was undertaken following an updated 

risk assessment and method statement.   The deployment costs for Memorial Beach are summarised 

in the following table and include the additional hire costs for a mini-digger and operator.  

Table 5-2: Deployment costs, Memorial Beach scour monitors 

Element Cost (£) 

6x Scour monitors (materials 
and fabrication) 

£30 

Staff time (2x staff, 4 hours) £350 

GPS survey equipment £20 

Mini-digger & operator £224 

TOTAL £624 
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5.2.1 Deployment Method 

Figure 5-5 and Figure 5-6 indicate the location of the six deployment sites at Portsmouth, each labelled 

as either PO01 – Memorial Beach south, PO02 – Memorial Beach central or PO03 – Memorial beach 

west. This positioning was designed to provide a potential cross-sectional analysis of the behaviour of 

the beach profile under scour conditions.  

Deployments were labelled from the upper beach down, those numbered 01 were positioned just 

below the beach surface and were attached to the sheet piling. Deployments numbered 02 were 

positioned approximately 1 m below the surface of the beach, close to base of the concrete seawall. 

Deployment P03 was attached to large limestone armour rock, approximately 1 m seaward of the sea 

wall, to confirm the potential deployment of monitors on other coastal structures.  

Two members of ESCP were present for the deployment of six scour monitors at Portsmouth on March 

17th 2017 around low tide. The accurate location including height (mOD) of each deployment and 

beach spot heights was recorded using a Trimble RTK GPS system (Appendix D).  

The mini-digger was carefully tracked over the prom down onto the beach.  Trial pits were dug at the 

base of the seawall to allow for the monitors to be inserted into holes drilled into the structure at the 

required depth (~1m). A further pit was dug at the base of a wooden box groyne structure 

approximately 10 m seaward of the sheet pile wall. Figure 5-7 and Figure 5-8 show a schematic 

diagram of the scour monitors installed at PO01 and PO02, relative to Ordnance Datum.  

The lowest of the monitors (PO01b) was installed first. The hole was dug at a width of 50 cm to allow 

the monitor to be laid out flat measuring approximately 30 mm and photographed with appropriate 

labelling to allow for identification at a later stage. A small hole was drilled directly into the sheet pile 

wall into which the monitor was inserted and secured in place with a waterproof adhesive. 

Material was infilled by hand like for like and gently compressed until the scour monitor was covered.  

The mini-excavator then continued the backfilling until the required level for the highest monitor 

(PO01a) was reached. A small hole was drilled directly into the sheet pile wall into which the monitor 

was inserted and secured in place with a waterproof adhesive. The process was then repeated for 

PO02 deployments.  

The monitor at PO03 was deployed at a depth of 0.54 m from the beach surface and secured into a 

hole made into a large limestone boulder, approximately 2 m seaward of the promenade. 
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Figure 5-5: Location plan for Portsmouth Memorial Beach deployment 

Figure 5-6: Photo showing deployment at Memorial Beach Portsmouth 
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PO2a 

PO2b 

PO1a 

PO1b 
PO1c 
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Figure 5-7: Cross section of Memorial Beach 01 deployment location 

 

 

Figure 5-8: Cross section of Memorial Beach 02 deployment location 
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5.2.2 Lessons Learnt 

Using the excavator meant that digging was more efficient, however there is a requirement to ensure 

that the beach material is solid enough for the excavator to track along as it easily became stuck. This 

is a significant risk as the tidal window for beach exposed to scour can be quite small.  The use of a 

pair of excavators may be a safer approach.  The operator’s enthusiasm to quickly backfill the pits was 

also a concern, as this had the potential to damage the monitors or disturb their recorded positions, 

despite close supervision to avoid this.  

 

Figure 5-9: Photo showing the mini-digger excavating the toe of the wall at Memorial Beach 
Portsmouth 

 

The condition of the sheet pile wall at both PO1 and PO2 was noted to be fair to poor which made 

securing the monitor problematic – there was a lot of rust along the piling.  However, a key benefit of 

the excavation was to confirm that the toe piling along the structure extended to at least 1.5m below 

beach level, which was unknown as as-built records were not available.    
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6 Monitoring Results 

6.1 Summary of winter 2017/2018 storm season 

The monthly average wave climate information was obtained from the Channel Coastal Observatory 

for the Hayling Island wave buoy.  While the buoy is located 9km east of Southsea and 20km east of 

Stokes Bay, it is the closest wave buoy and provides a good proxy for storm conditions encountered 

in the region during the winter 2017/18 storm season. Summary statistics are presented in Table 6-1. 

This data covers the year of 2017 and does not include the first three months of 2018. This data will 

be presented in the next management report (2018-19). 

Table 6-1: Monthly averages of wave data (Channel Coastal Observatory, 2017) 

 

The information in Table 6-1 can be compared to that found in Table 6-2, which shows the monthly 

averages for all years the wave buoy has been deployed (2003-2016). The wave buoy is still deployed, 

and this information will be updated annually to cover the most up-to-date data. Overall the 2017 

conditions were slightly higher or equal to the monthly average significant wave height 2003 to 2017. 

There were 7x named storms in 2017/18, however these tended to impact central England and 

Southern Scotland. The most significant storms to affect the south coast in 2017 were Storm Brian 

19 October 2017 (85 mph Isle of Wight) and Storm Dylan 29 December 2017 (74 mph Isle of Wight) 

(Figure 6-1). 

These storm events trigger the CCO storm threshold for Hayling Island and have been compared to all 

storm events crossing the storm threshold for Hayling Island (Hs = 2.99m) since 2003 (Figure 6-2). This 

figure shows that these two storms were of low significance in term of wave height at the scour 

monitor locations, there were fewer of them during 2017 than previous years, and the events did not 

cross the Hs threshold by as much as previous years. 

In summary 2017 was a quiet year with respect to storms, particularly compared to the previous four 

years where storms have occurred with greater frequency and severity than average for the Hayling 

wave buoy record. Caution is therefore required when considering the outcomes of the scour 
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monitoring observations as this may not be representative of conditions had a more extreme winter 

period occurred.   

Table 6-2: Monthly averages for all wave data (2003-2016) (Channel Coastal Observatory, 2017) 

 

 

Figure 6-1: Storm events on Hayling Island during 2017 (Channel Coastal Observatory, 2017) 

 

Figure 6-2: Storm events on Hayling Island between 2003 and 2017 (Channel Coastal Observatory, 
2017) 
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Table 6-3: Storm analysis of data from the Hayling Island wave buoy (Channel Coastal Observatory, 
2017) 

 

Table 6-4: Summary of scour monitor inspection dates 

Stokes Bay, Gosport Memorial Beach, Southsea 

18th January 2017 (deployment) 27th March 2017 (deployment) 

31st March 2017 7th July 2017 

2nd August 2017 22nd November 2017 

10th November 2017 8th January 2018 

22nd November 2017 - 

08th January 2018 - 

 

6.2 Stokes Bay Monitoring  

A series of inspections were undertaken to check and document the condition of beach and scour 

monitor.  These were prompted either by a periods of poor weather or supplemental to planned 

inspections of local sea defence assets .A summary of these observation is provided below.  .  

6.2.1 Visit 31/03/17 

A site visit was conducted on 31/03/2017 by two members of ESCP team.  Despite a lack of large 

storms events since deployment in January, a visual inspection suggested a potential reduction in 

beach level. This was confirmed through a comparison of the profile data to the beach profile at 

deployment as a reduction of 180mm (Figure 6-3).  

The position of SB01 was observed just below the surface of the beach layer. The monitor had been 

pushed under the lip of the concrete wall, 90 degrees to where the monitor had been installed. The 

monitor was dug out, extended and replaced back to the original position (Figure 6-4).  

Beach levels around SB02 have not moved as much as SB01, and consistent with those at deployment 

(Figure 6-5). Again, the monitor at deployment SB02a had moved 90 degrees to its original location 

and had to be dug out from under the concrete seawall (Figure 6-6). The monitor was dug out, 

extended and replaced back to the original position.  
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Figure 6-3:Stoke Bay 01 beach changes 31/03/17 

 

Figure 6-4: Stoke Bay 01a monitor displacement 31/03/17 
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Figure 6-5: Stoke Bay 02 beach changes 31/03/17 

 

 

Figure 6-6: Stoke Bay 02a monitor displacement 31/03/17 
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Figure 6-7: Stoke Bay 01c monitor non-displacement 31/03/17 

6.2.2 Visit 02/08/17   

A site visit was conducted on 02/08/2017 by one member of ESCP team. The tide was too high to 

enable a detailed inspection of the seawall, however beach levels appeared broadly consistent with 

those at deployment (Figure 6-8). 

 

Figure 6-8: Stoke Bay 01 and beach changes 02/08/17 
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6.2.3 Visit 10/11/17 

All monitors were noted to be buried and beach levels were observed to be ~50 mm higher than the 

previous inspection (Figure 6-9).  

 

Figure 6-9: Stoke Bay 01 beach changes 10/11/17 

 

6.2.4 Visit 22/11/17   

In response to a period of poor weather, as site visit was undertaken. All monitors were noted to be 

buried and beach levels had built up against the toe of the seawall. The seawall sheet pile toe was no 

longer visible (Figure 6-10).  
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Figure 6-10: Stoke Bay 02 beach changes 22/11/17 

6.2.5 Visit 08/01/18  

All monitors we noted to be buried and beach levels had accreted by a further 10 mm to bury the 

existing groyne planks (Figure 6-11). 

 

Figure 6-11: Stoke Bay 01 beach changes 08/01/18 
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6.3 Memorial Beach Monitoring 

6.3.1 Visit 07/07/17  

A routine site visit was undertaken on the 07/07/2017. The beach was observed to have accreted 

since deployment, with rock revetment in front of the memorial defences partial buried (Figure 

6-12).    

 

Figure 6-12: Memorial beach changes 07/07/17 

 

6.3.2 Visit 22/11/17 

In response to a period of poor weather a site visit was undertaken on the 22/11/2017. Monitors 

PO1a, b, c not visible but beach levels had dropped from the previous visit in July.  

On inspection beach levels near the second deployment location (PO2) were ~1.5m lower than those 

observed in July.  PO2b was found to be totally exposed, the tail had snapped just past first ferrule 

(the eye bolt remained).  PO2a lower scour monitor was also fully exposed, intact and just resting on 

the beach profile. Measurements of the overall beach profile showed general lowering of this 

foreshore; The survey indicated that the beach was therefore 1.3 m lower than at the time of PO2 

installation (Figure 6-15). There were signs of abrasion of the scour monitor, and corrosion of the wire 

strands was visible (Figure 6-13, Figure 6-14). PO3 (the scour monitor attached to rock armour) was 

not visible.  
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 2/11/17  

Figure 6-13: Comparison of P2 beach level 17/03/17 (deployment) to levels 22/11/17, which were 
1.3m lower 

 

Figure 6-14: Scour monitors P02a (lower, laying on beach) and P2b (upper, damaged).   
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Figure 6-15: Memorial Beach P02 beach changes 22/11/17 

6.3.3  Visit 08/01/2018 

During this visit PO1a,b,c were still noted to be buried, however beach levels on the lower foreshore 

were noted to be lower than those observed on the 22/11/2017.  

PO2b was fully exposed, the tail was snapped just past first ferrule (eye bolt remained).  PO2a lower 

scour monitor was fully exposed, intact and hanging above beach levels. This indicated that the beach 

was therefore 1.7 m lower than at the time of installation (Figure 6-16, Figure 6-17). There were signs 

of heavy corrosion on the scour monitor wire. General lowering of this foreshore in evidence as 

armour is now exposed and timber posts in lower foreshore (Figure 6-18).  

 

Figure 6-16: Photo showing general beach lowering at deployment P02. 
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Figure 6-17: Scour monitors P02a (lower, laying on beach) and P2b (upper, damaged). 

 

 

Figure 6-18: Memorial Beach P02 beach changes 08/01/18 
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7 Discussion 

7.1 Scour Monitoring Equipment 

Seawall toe scour has been identified as a leading cause of defence failure which is not well 

understood in the field.  Scour of beach material by its nature is temporary, often infilling during the 

receding tide and therefore foundation damage associated with scour can potentially go unnoticed.  

Following a literature review of potential seawall scour monitoring methods, existing tools were 

identified to rely on electrical sensors, to enable their long-term deployment and continuous data 

collection over successive tides. Due to the energetic and aggressive nature of marine environments, 

these instruments are costly to fabricate, deploy and maintain as their sensors are prone to damage. 

The use of low cost, passive instruments (as have been used in fluvial locations) which can indicate 

maximum scour, appear to have the potential to provide evidence of marine/coastal scour risk.    

The beach monitoring devices developed by Holland (2016) were adapted with steel wire and eye 

bolts to allow anchoring directly to structures.  A total of 8x scour monitors were successfully 

installed to seawalls, 3x were adapted and attached to timber posts, and a further 1x monitor was 

attached to a piece of rock armour. Excavation by mini-digger was found to be the most effective 

method for deployment but required carefully planning, given the small tidal window on beaches at 

risk of scour. Close supervision is also needed to avoid the equipment damaging the scour monitors 

when backfilling the excavations, furthermore the backfilled material tended to have a different 

composition and level of compaction to the native beach which may subsequently affect scour 

depths.  

It is noted that the wire forming the scour monitors at Memorial Beach were found to be damaged 

or detached following lowering of the beach. It is proposed that this damage was a result of abrasion 

from gravel in suspension at the wall toe. Future monitors should seek to use a larger gauge of wire, 

and potentially steel beads instead of plastic.   

An empirical tool, combined with local knowledge enabled two sites to be selected at risk of scour 

(Stokes Bay Gosport and Memorial Beach Portsmouth). This tool also provided an indication of the 

scour depth, its risk for wall stability and the likelihood of maximum scour occurring.  

Beach drawdown and recovery was observed at Stokes Bay, with the beach accreting to a higher 

level than during the initial deployment. At Memorial Beach, only beach drawdown was observed 

(~1.7m), and the monitors were damaged.  Both sites were therefore exposed to wave structure 

interaction and the potential for scour to occur. 

The scour monitor displacement observed on the 31/03/17 at Stokes Bay provided evidence of 

beach level change that would otherwise have gone undetected through routine visual observations.  

These observations are not however conclusive evidence of scour, as it was not possible to 

distinguish between general foreshore lowering and localised toe scour, nor was it possible to tie 

these to a specific storm event, or tide. Despite the low cost for deployment, these issues highlight a 

key shortcoming of a passive monitoring instrument.  
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The expectation prior to deployment was that a series of named winter storms would occur, 

triggering site visits on the following low tide to excavate all the scour monitors to check their 

position. However, the winter of 2017 only had two storms, and these did not significantly exceed 

the Channel Coastal Observatory’s Hs threshold associated with storm events at Hayling Island.  

When visits to scour monitors were undertaken these tended to be visual checks, as the site 

engineers were often inspecting the condition of other defence assets or had limited time with 

respect to safe low tide access during daylight. Recovery of the deepest scour monitors was not 

practical in these timeframes. The deployment of a mini-digger to undertake routine inspections of 

the scour monitors was not considered practical.   

Prior to deploying scour monitoring equipment, a desk-based assessment of scour risk was 

undertaken using beach profile data from the SE Regional Monitoring Programme and an empirical 

scour assessment tool. In deploying the scour monitors, the excavations at the seawall toe provided 

additional information regarding the wall foundation depth and its risk of undermining, which 

complimented this desk-based approach and was previously unknown. In the case of Memorial 

Beach, despite the scour monitors being damage, the eyebolts remained on the wall providing a 

useful quick reference when inspecting the site to confirm if beach levels were stable or falling.  The 

observations confirm significant benefits to undertaking trial pits to seawalls considered to be at risk 

of scour to understand the risk and consequence of different scour depths.  As noted by HR 

Wallingford (2009) taking the opportunity to add visual markers to seawall foundations provides a 

useful trigger for increased monitoring following sudden beach level changes.  
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8 Conclusion 
The following conclusions can be drawn:  

1. Scour chains developed for fluvial monitoring can be adapted for deployment at seawall 
structures. Given the violent wave breaking and bedload transport this equipment needs to 
be robust and secured directly to the seawall (i.e. not anchored in the beach).   
 

2. The Scour Risk Tool combined with long term beach level datasets collected through the SE 
Coastal Regional Monitor Programme, provide an improved understanding of scour risk, 
maximum scour depth and beach lowering. Together these inform the potential for asset 
foundation and structural damage.   
 

3. The scour monitors indicated a reduction in beach levels and subsequent recovery at Stokes 
Bay, which would otherwise have gone unnoticed. There is however insufficient evidence to 
confirm if this was scour at the toe of the wall or a pattern of general beach profile change. 
 

4. Passive scour monitoring instruments are cost effective to deploy but limited in their ability 
to detect to timing of scour or to differentiate between beach lowering and scour.   
 

5. Position checks of the monitor positions are not always possible by hand-digging alone. 
Mini-diggers, while effective, come with operational constraints and risk. These 
interventions also locally disturb the beach and need to be supervised carefully to avoid 
damaging the monitors.  
 

6. The act of deploying points of reference to a seawall and confirming the wall foundation 
depth provide valuable information when assessing scour risk and for visual monitoring 
checks (as occurred at Memorial Beach).  

 

8.1 What next: 

1. The development of new and evolution of existing remote monitoring systems and sensors 
should be kept under review, to identify potential methods to actively monitor seawall 
scour.   
 

2. Trial pits of seawalls identified to be at high-risk of scour is strongly encouraged where there 
is uncertainty with respect to the as-built foundation depth and condition.  The addition of 
visual markers to the seawall toe should also be considered to provide clear trigger points 
for intervention.   
 

3. Toe scour is one a family of structural issues that can affect coastal defence assets over their 
design life.  By implementing an Asset Management System with accurate as-built records, 
condition assessments, and systematic approach to inspection and maintenance, the full 
scheme benefits can be realised at the lowest whole-life-cost.  
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10 APPENDICES 
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APPENDIX A  - PROTOTYPE SCOUR MONITOR PHOTOS 
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APPENDIX B - SCOPAC / ESCP SCOUR RISK ASSESSMENT TOOL 
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APPENDIX C - SITE PHOTOS STOKES BAY, GOSPORT 

   
Figure A1.1: Monitor SB01a Figure A1.2: Monitor SB01b Figure A1.3: Monitor SB01c 

 

 

 

  
Figure A1.4: Monitor SB02a Figure A1.5: Monitor SB02b Figure A1.6: Monitor SB02c 
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APPENDIX D  - SITE PHOTOS MEMORIAL BEACH, SOUTHSEA 

   
Figure A2.1: Monitor PO01a Figure A2.2: Monitor PO01b Figure A2.3: Monitor PO01c 

 

 

 

 

 

 

Figure A2.4: Monitor PO02a Figure A2.5: Monitor PO02b Figure A2.6: Monitor PO03a 

 


