
118995 
 

1 
 

BSc Geography Undergraduate Thesis  

 

An investigation into whether 

the welded bar at the Church 

Norton Spit act as a sediment 

transport route from the sub-

tidal to the beach. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Candidate Number: 118995 

Course Code: F8038 

 

 

Figure 1 – Welded Bar (Photo Credit: Author) 



118995 
 

2 
 

Abstract 

PIT tagged pebbles were used to investigate the sediment transport on the welded bar at Church 

Norton during February, March and April 2016. Pebbles were tagged and painted and left on the bar 

for one tide, to be detected by RFID tracking technology and dGPS coordinates. These results were 

then mapped out using ArcGIS and statistically analysed to see the sediment transport patterns. The 

maps showed that during deployment 1 the pebbles travelled the furthest, and this coincided with 

higher wave heights, indicating a possible relationship. For all deployments, there was no statistically 

significant relationship between mass of pebbles and the distance they travelled. There was a 

statistically significant difference between the mass of the large found pebbles and the mass of the 

large not found pebbles, indicating that for a larger pebble size it is the heavier pebbles that would be 

found. There seemed to be no statistically significant relationship between the shape of the pebbles 

and the distance they moved, even though it was clear that the discs moved further on average than 

any other shape. No statistical difference was found between the cross-shore positions of the pebbles 

on the bar. Detection rates were relatively high during deployment 2 and 3, less during deployment 1 

but they could be down to the higher wave heights. More research needs to be conducted, firstly on 

the morphology of the welded bar and then on the sediment transport on the welded bar. 
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1. Introduction  

Along the coast, sediment is constantly being moved and transported from the beach to the ocean and 

vice versa. This will have an effect on the coastal management of an area and is why understanding 

the issue of sediment transport is important. In this study, the sediment transport along the welded bar 

at Church Norton will be explored to determine the direction and the amount of movement after one 

tide and the effect wave direction and wave height have on this. This project has been proposed by the 

Environment Agency and carried out by SCOPAC (Standing Conference on Problems Associated 

with the Coastline). It will be beneficial to SCOPAC as it will profit the understanding of coastal 

processes, in an area where coastal decision making is severely restricted. This is due to a lack of 

knowledge about sediment transport pathways and rates of sediment movement from subtidal areas to 

the beach (Uwe Dornbusch, Environment Agency, pers. comm.). The project will also contribute to 

the SCOPAC sediment study.  

The spit at Church Norton has been growing over the past few years as shown in Figure 1.1, and it is 

assumed that the material used for this growth must come from the sub tidal as there is no other input 

from the land alongshore. It has been hypothesised that the material may be using the bedform at 

Church Norton as a transport pathway. The bedform in question is a welded bar (seen in figure 1.1, 

circled in red). The hypothesis for using the bar as a transport mechanism remains untested, aside 

from research undertaken by Julian Orford in the 1990’s (Orford et al., 1991, Carter and Orford 1993, 

Orford et al., 1996).  

To investigate the movement of pebbles on the Church Norton Spit, Passive Integrated Transponder 

(PIT) tagged pebbles will be used alongside normal painted pebbles. These will be used over the 

course of three, two day periods, during February, March and April 2016. The pebbles will be 

deployed and collected in the space of one tide of the sea, to see how far each pebble would move 

over a single tide.  

The aim of this thesis is to investigate whether the shore perpendicular sediment bars act as sediment 

transport corridors. It will look at the distance and direction travelled by the pebbles. It will examine 
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the effect that wave height and direction has on the pebble movement. It will also look at whether the 

size and mass of the pebbles affects the distance they travel. The objectives are to use sediment 

tracing techniques, including painted pebbles and PIT tagged smart pebbles, to monitor sediment 

movement and to examine tide and wave height data to analyse how these would affect sediment 

movement. 

The hypotheses for this thesis are as follows: 

 Hypothesis 1:  the higher the wave energy, the more the movement. 

 Hypothesis 2: smaller pebbles move more than larger ones.  

 Hypothesis 3: cross shore position has no influence on rate of movement.  

 

For this study the word pebbles will be used throughout, even though according to the Udden-

Wentworth scheme, some of the larger pebbles used in this study were considered cobbles (Masselink 

and Hughes, 2001, p.104). All of the small pebbles are considered pebbles according to this 

classification.  

The research will use equipment provided by Havant Borough Council such as the RFID antenna and 

handheld GPS, and also with equipment provided by the University of Sussex such as the DGPS, 

which was mainly used to take the GPS coordinates of the pebbles.  

Figure 1.1 – Aerial imagery of Church Norton beach. Circled in red are the welded bars that may be a transport path for material 

from the subtidal to the beach. Green circles are not relevant for this study (Source: Southern Coastal Group, 2014). 
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2. Field Site Description  

The area in question is the Church Norton beach, located in Selsy, about 8 miles south of Chichester 

on the south east coast of England. The area is in the eastern area of SCOPAC and is part of the South 

Downs Coastal group. The beach faces a south easterly direction as seen in Figure 2.1 and is right 

next to Pagham Harbour and the spit.  
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On this beach there are a couple of welded bars to the right of the main largest one; the focus of this 

study. The elevation of the welded bar is about -1.6 meters below sea level, whilst the elevation 

around this in the sea is almost -2.5 meters below sea level. The welded bar stretches almost 300 

meters into the sea from the beach front, as can be seen in Figure 2.2 

 

 

 

 

 

 

 

 

 

 

 

 

 

The beach at Church Norton is composite mixed sediment beach, where the term ‘mixed’ is used for 

beaches that consist of a mostly gravel bank and a gentle-sloping sandy terrace (Mason and Coates, 

2001),  as seen in Figure 2.3. In recent years the need for understanding the processes on mixed 

sediment beaches has come to prominence due to increases in beach replenishment schemes in coastal 

engineering (Mason and Coates, 2001).  

Figure 2.2 – The welded bar stretching into the sea, with the other bars stretching into the sea (http://www.channelcoast.org/) 
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The main mechanism for sediment transport in the area of Church Norton, just further up from East 

Beach on Figure 2.4, is littoral drift of mainly shingle with the volume of sediment flow being 10-

20,000 m
3
 (North Solent SMP, 2010). There’s also wave-driven onshore to offshore transport, again 

composed mainly of shingle. The sediment being supplied here comes mainly from the Inner Owers; a 

series of mobile nearshore gravel banks, situated between East Beach, Selsey and Pagham Harbour 

inlet, which periodically migrate onshore. Gravel is supplied to the local beaches in wave-driven 

pulses (North Solent SMP, 2010). A long term average input of 3,000-5,000 m
3
 a-1 is quoted by 

Lewis and Duvivier (1977). Other inputs include erosion from Selsy Bill headland, and beach re-

nourishment and recycling between Selsy Bill and Pagham Harbour, which include the beach at 

Church Norton (North Solent SMP, 2010). 

Figure 2.3 – Picture a) Looking back onto the beach from the top of the welded bar. Picture b) looking straight up the welded bar from the beach. 

Showing the makeup of the beach at Church Norton with the welded bar composed of pebbles and cobbles (Photo Credit: Author)  
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The prevailing wave direction is southerly waves which dominate the area east of Selsey Bill, with the 

significant wave height around 1 m daily (Oceanweather, 2001). Selsey Bill and East Beach are 

directly exposed to waves approaching from the south and east, but they also receive highly oblique 

refracted and diffracted swell waves that propagate from the south-west (HR Wallingford, 1992; 

1995; 1987; 1998, cited in SCOPAC, 2003). Maximum wave heights for south-east of Selsy Bill 

including Church Norton beach, is 2.10 m (SCOPAC, 2003). Wave energy is the primary mechanism 

for longshore drift. Wave conditions at Selsey Bill and along East Beach are severe as these areas are 

exposed directly to waves from the south and east, and to diffracted waves generated by south-

westerly winds in the Channel (East Solent SMP, 1997, cited in North Solent SMP, 2010). The clay 

headland of Selsey Bill shelters the coastline to the immediate east from the predominant south-

westerly storms (North Solent SMP, 2010). 

Figure 2.4 – Sediment transport mechanisms for Selsy Bill to Pagham Harbour, including the site area of 

Church Norton where the purple LT2 arrow indicates littoral beach drift as the main sediment transport 

mechanism (North Solent SMP, 2010). 
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As can be seen in Figure 1.1 in section 1, the welded bar has moved in the past and changed shape in 

the last 10 years. This is also highlighted in Figure 2.5, where the lidar imagery shows the rapid 

movement of the bar in just 2 years. This would mean that the welded bar has moved since 2013 when 

the aerial imagery in Figure 2.2 was taken, which will be used in the mapping process, and so the 

points taken in the field may not correlate to where the bar is now.  

 

 

 

 

 

3. Literature Review  

3.1 Introduction 

Defining the coastal zone is difficult because the precise landward and seaward boundaries to the 

mutual interaction between land and sea is hard to identify (Woodroffe, 2002). It is a broad area in 

geomorphology where terrestrial environments influence marine environments and vice versa (Carr, 

1988, cited in Woodroffe, 2002). Haslett (2009) defines the coastal system as the area between the 

seaward limit of terrestrial influence and the landward limit of marine influence, however the onshore 

and offshore limits are often deliberately imprecisely defined (Davidson-Arnott, 2010). It is important 

to understand the coastal zone because about two thirds of the world’s population lives on the oceans 

edge (Komar, 1998) and they will be the ones in danger as the coastal zone erodes away.  

There are inherent dangers to living on the coast because beaches are inherently unstable (Komar, 

1997).  So the importance of understanding mixed beach processes has come to prominence due to 

Figure 2.5 – Lidar imagery of the welded bar through 2003-2015 (ABPmer, 2015) 
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increasing use of coastal engineering schemes involving beach replenishment (Mason and Coates, 

2001). Recently the study of mixed sediment beaches in England has come to prominence, however, 

unfortunately the beach at Church Norton has no published literature surrounding the sediment 

transport mechanisms.  

Coastal geomorphology is the study of explaining the landforms in the coastal zone in response to the 

processes acting on them (Woodroffe, 2002). The study of sediment transport is a major focus of 

coastal process geomorphology (French and Burningham, 2009). The assessment of sediment budgets 

involves looking at the contributions and losses to the beach to equal a net gain or net loss, yet it can 

be hard to accurately assess the losses and contributions (Komar, 1998). These contributions can 

come from cliff erosion and rivers, and the losses are to the offshore. The concept of sediment budgets 

is often useful in the management of coastlines (Komar, 1996, cited in Woodroffe, 2002).  

3.2 The Beach and Bedforms 

The beach is often defined as an accumulation of unconsolidated sediment, such as sand, gravel and 

cobbles, which extends from mean low tide to some physiographic change such as a cliff or dune field 

(Komar, 1998) with the deposits usually deposited by waves (Masselink and Hughes, 2003). This 

definition does not satisfy geomorphologists, as this normally just refers to the dry area of the beach, 

and so the term littoral can be used to describe the beach and into the water to where sediment is less 

actively transported (Komar, 1998), as seen in Figure 3.2.1. 

 

 

 

 

Beaches can be categorised by their response to wave conditions, from this 3 types of beaches have 

been established; dissipative, reflective and intermediate. Dissipative beaches are flat and are effective 

Figure 3.2.1 – Components of the beach (Komar, 1998) 
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in dissipating the energy of the wind generated waves (Komar, 1998). Reflective beaches have a steep 

slope, so the waves break close to the shore (Napier City Council, 2007), and intermediate profiles 

incorporates a series of different morphological types (Komar, 1998). As well as this, beaches can be 

divided according to the sediment they are composed of. These beach types are: pure coarse-grained 

beaches, comprising of particles ranging from pebbles to boulders; mixed sand and gravel beaches, 

comprising of high proportions of coarse particles and sand; composite beaches, comprised more of 

sand with a backshore of gravel and cobbles, and finally pure sand beaches, consisting almost entirely 

of sand (Napier City Council, 2007). 

Mixed sand and gravel beaches are narrow and broadly convex in shape (Kirk, 1980). Most mixed 

beaches have a composite profile, with a noticeable break of slope between the gravel section and the 

lower foreshore (Mason and Coates, 2001). Mixed sand and gravel beaches have both reflective and 

dissipative elements to them and it would be expected that plunging and surging breakers dominate 

the mixed sand and gravel beaches (Napier City Council, 2007). Mixed beaches are dominated by 

swash action, and uprush-backwash systems are responsible for most of the activity on these beaches 

(Kirk, 1980, cited in Grottoli et al., 2015).  

Sediment sorting is an important process on mixed sand and gravel beaches because the movement of 

pebbles is particularly affected by their shape (Komar, 1998). Pebble shape can commonly be sorted 

into spheres, rods, discs and blades. There has been extensive research into pebble sorting, starting as 

early as the 1930’s and it was found that spherical pebbles were less stable on the beach than discs, 

and so tended to roll offshore (Landon, 1930, cited in Komar, 1998). Bluck (1967) divided the beach 

into different zones depending on pebble shape with a large disc zone at the ridge of the beach. He 

then found that disc and blade shaped pebbles move up the beach better than the spherical and rod 

shaped pebbles under swash flow, which were more easily brought back down the beach by backwash 

flow (Bluck, 1967). When the swash is more powerful than the backwash, it tends to be the larger 

pebbles that move up the beach, however when the backwash is stronger, it is the smaller pebbles that 

get left up the beach (Orford et al., 2002). Sediment sorting tends to be most dominate when energy 
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conditions are just sufficient to overcome thresholds of motion, but is less efficient in high-energy 

settings such as storms (Williams and Caldwell, 1988, cited in Mason and Coates, 2001).  

The shape of coastal landforms is a response to the materials that are available to the processes acting 

on them (Woodroffe, 2002, p.3). Welded bars are rhythmic shoreline forms which are ‘seaward 

projections of sediment that trend at right angles to the shoreline’ (Komar, 1998, p.456); though they 

remain welded to the beach they are primarily offshore. Sometimes nearshore bars merge with the 

beach forming a welded bar (Masselink and Hughes, 2011, p.216). Sonu (1972a) provided an 

explanation to the origin of welded bars by saying that when waves arrive at an oblique angle to the 

beach, the bars segmented by evenly spaced rip currents, can rotate to align themselves with 

oncoming wave crests.  

3.3 Julian Orford Research 

The literature that begins to cover the use of shore perpendicular landforms as transport corridors for 

sediment comes from papers written in the 1990’s by Julian Orford, whom at this time is the only 

person who has looked closely at these landforms. In 1991 he produced a paper which showed how 

sea level rise could affect Gravel Barrier migration; this was an introductory paper into his later work. 

He concluded that his results indicated that the response of barriers may be more sensitive to short-

term fluctuations in sea-level rate (Orford et al., 1991). This paper demonstrates the beginning of his 

research into gravel dominated barriers. 

In 1993, he released another paper which this time spoke about sediment transport and coarse clastic 

barriers. This paper however was vague in its descriptions of the coarse clastic barriers and did not 

relate to the subject of sediment transport via the barriers themselves. 

His following paper in 1996 again used the example of Gravel barriers at Nova Scotia and studied the 

control domains of these barriers, more specifically sediment transport. He found that sediment supply 

was regarded as the main control on these barriers and, maybe it could be used as a way to transport 

the sediment to the beach (Orford et al., 1996). This paper also looked at other controls on these 

barriers such as sea level rise. 
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After Orford’s papers, there little literature concerning sediment transport on orthogonal spits.  

3.4 Importance of Waves and Tides 

Along most coastlines, waves represent the dominant source of energy in the nearshore zone 

(Masselink and Hughes, 2001). Waves are formed when wind creates friction on the surface of the 

water and these are important energy-transfer agents (Komar, 1998). These waves can be measured in 

terms of their height and their length. When looking at the beach it is important to understand how the 

approach of a wave is affected by the oncoming beach. As waves approach the beach and move into 

the shallow zone, they align themselves with the underwater contours; this is called wave refraction 

(Davidson-Arnott, 2010). In the same respect, wave diffraction can occur when waves encounter a 

feature such as an island; a shadow zone is created, but wave energy still spreads into the shadow 

zone (Masselink and Hughes, 2001). 

Wave shoaling describes the propagation of waves from deep water into decreasing water depth, 

resulting in changes to wave height and wave length, eventually leading to the wave breaking in 

shallow water (Davidson-Arnott, 2010). Breaking waves occur when the wave reaches the beach and 

enter water that is just as deep as the waves are high (Komar, 1998). There are 3 common types of 

breaking waves; spilling, plunging and surging, shown in Figure 3.4. Spilling breakers are associated 

with gentle beach gradients, and they are gradual peaking waves until the crest becomes unstable and 

there is a gentle spilling of the crest (Masselink and Hughes, 2003). Plunging breakers are associated 

with steeper beach gradients where the shoreward face of the wave becomes vertical then curls over, 

plunging forward as an intact mass of water (Komar, 1998). Lastly, surging breakers peak as if they 

are going to plunge, but the base of the wave surges up the beach and the crest collapses (Masselink 

and Hughes, 2003).  
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On almost all coasts, there is a rhythmic tidal rise and fall of water (Woodroffe, 2002) which is 

controlled by the gravitational pull of the moon. Along coastlines, tidal processes can be the dominant 

shaper of morphology (Masselink and Hughes, 2001) and also affect the cross shore distribution of 

sediments (Komar, 1998). Most coastal areas experience two high tides and two low tides every lunar 

day (Ross, D.A., 1995, cited in NOAA, 2016). A coast within the Atlantic Ocean will have natural 

periods of oscillation that correspond roughly to the 12 hour tide generating forces, so here 

semidiurnal tides prevail (Komar, 1998).  

3.5 Sediment Tracing 

Sediment tracing techniques have been used for many years by geologists on the coast to monitor 

sediment movement. Over the years, varying different techniques have been established in order to 

trace sediments. Tracing technologies fall into three main groups; ‘visual tracers which depend on 

visual identification for relocation (e.g. painted, exotic lithology); ‘passive’ tracers which can be 

detected remotely, but not tracked (radioactive, magnetic, aluminum, electronic); and active or so 

called ‘smart’ tracers which transmit a signal and can be tracked during events (Sear et al., 2000).  

Visual tracers were the first kind of tracers to be used and account for the bulk of coarse tracer 

deployments (Sear et al., 2000). The disadvantages of using visual tracers obviously include the 

Figure 3.4.1 – Showing the different types of breakers in waves (Komar, 1997) 
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detection rates which are limited to visual identification of the surface particles (Sear et al., 2000). It 

has been found that recovery rates of painted pebbles are low, around 30-60% with a lifespan of less 

than 5 years (Sear et al., 2000). White (1989) produced a paper highlighting the problems of visual 

tracers by saying ‘Care must be taken to avoid burial of tracer’. If the tracer is buried then it would be 

extremely difficult find it again because it is only coloured.  An advancement in sediment tracing 

came from Yasso (1966), who evaluated the use of fluorescent tracer coatings in sediment transport 

studies, which allowed experiments to take place both in the day and at night. However, Yasso (1966) 

could not account for the problem of low recovery rates. The advantages, however, of using visual 

tracers was that grain-size representation is excellent (Sear et al., 2000). Yet, it has been stated that 

visual tracers may produce misleading results due to tracers being unrepresentative of the indigenous 

material on the beach surface (Caldwell, 1981 cited in Sear et al., 2000).   

In the littoral environment, passive tracing has been undertaken using aluminum tracers in the 1980’s 

(Nicholls and Wright, 1991) and in the 1990’s using electronic pebbles. The advantage of passive 

tracers over visual is that they are able to permit relocation even when buried. The use of electronic 

pebbles allow for recovery rates of over 70% and a lifespan of 1.5 years according to battery life (Sear 

et al., 2000). Ferguson and Wathen (1998) monitored displacement of tracer grains over a period of 

two years and recorded an overall recovery rate of 61%. This highlighted the importance of sediment-

science and the development of real time tracking system such as smart-pebbles (Sear et al., 2000).  

An even more advanced technique came when PIT tags were introduced.  The use of PIT tags in 

Gravel-Bed Rivers were investigated by Lamarre et al., (2005), where they showed that the tags were 

ideal for tracing individual sediments and that recovery percentages were  around 96% and 87%. 

However this study only focused on gravel sediment from river beds, so would not be appropriate for 

this study. The use of the PIT tags on a mixed sediment beach on the Oregon Coast, USA was studied 

by Allan et al., (2006) where they showed that the use of PIT tags was expensive, costing 

approximately $650 per system, but had recovery rates of around 90% over 8 months. This study gave 

insight into both the use of PIT tags and also the sediment transport on a mixed sediment beach. The 

main reason for using PIT tags over painted pebbles, is because the recovery rate of these PIT tagged 
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pebbles is much higher than for painted pebbles as they can be detected at depths of up to 1 m within 

the beach. Van Wellens (2000) summarised the use of tracers and concluded that they are the 

preferred technique for short term sediment transport, as they can be used in high energy conditions.  

PIT tagged pebbles and painted pebbles will be used in this study. This would allow for a 

representation of the pebble size from the host population on the beach through the painted pebbles, 

and good detection rates through the use of the PIT tagged pebbles and RFID tracking system. 

 

 

 

 

 

4. Methodology  

4.1 Pilot Studies 

In order to ensure the feasibility of the research and to inform my final study, 2 pilot studies were 

conducted. The first pilot study was conducted during August 2015 and used 32 spray painted 

pebbles. This study was mainly used to analyse the detection rate of the pebbles and to determine the 

pebble sizes that would be used. The pilot study was also a way to work out how and where the 

pebbles would be placed on the bar for the main study. The pebbles were placed in rows of 4 across 

the width of the bar, with 5 rows in total along the length, spaced 40 meters apart, and left over 1 tide. 

For the first pilot study 25 out of 32 painted pebbles were detected. This was a sufficient amount to be 

able to use the same sized stones again in my main study. The second pilot study was conducted in 

November 2015, to ensure that pebble movement was still happening and to confirm that the 

arrangement of the pebbles on the bar was again sufficient for the main study. The pebbles were 

arranged in the same format as the first and this time 32 out of 32 pebbles were found. Movement of 

the pebbles was significantly less than the first pilot study; however the results of both studies meant 

that the main study could go forward. 
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4.2 Data Collection 

4.2.1 Collecting Pebbles 

The site for this study had already been selected by SCOPAC, being the welded bar at Church Norton. 

After a site investigation that was undertaken by the researcher and others, pebbles were then 

collected. The pebbles were collected in two batches. Large pebbles were defined by eye at first, and 

then qualified if they weighed over 200 grams. Then small pebbles were considered small if they 

weighed less than 130 grams. 100 large pebbles and 100 small pebbles were collected in order to 

ensure pebbles were taken from the bar itself and were not foreign pebbles. Two sizes were used in 

order to analyse if pebble mass and size would have an effect on distance travelled. However, the 

researcher needed to be aware that the small pebbles had to be able to fit tags in and therefore the 

pebbles taken may not have been a true representation of the pebbles size at the bar.  

4.2.2 Creating the boxes and drilling 

After the pebbles had been collected they needed to be drilled. The boxes needed to be able to fit as 

many pebbles as possible in. The pebbles were packed into the box, separating the large and small 

pebbles. Gaps were left between the pebbles so that expanding foam could be sprayed into the box to 

hold the pebbles in place whilst being drilled, shown in Figure 4.2.2. Once the pebbles had been 

sprayed with expanding foam, a board of plywood was drilled on top of the box for transport. The 

boxes were sent to a specialist water jetting company to be drilled.  
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4.2.3 Inserting and logging tags 

Once the pebbles had been drilled, tags needed to be inserted. The tags came in two sizes: small 

(23mm) and large (32mm), shown in figure 4.2.3. Smaller tags were used for the smaller pebbles even 

though the detection rate is not the same as larger tags. The tags were inserted into the pebbles using 

resin, hardener and barrites. Once the resin and hardener had been mixed together, the barrites were 

added to make the solution the same density as the pebble. The researcher then inserted the tag into 

the pebble and plugged the ends with the solution and left them to dry for a couple of days.  

 

 

 

 

 

After the resin had dried and hardened, the pebbles needed to be logged using the RFID antenna and 

the handheld GPS. The pebbles were swiped underneath the wand and when the tag number came up 

on the screen, this was written down, alongside a respective pebble number. For example, small 

pebble 1 had a tag number of A_00000_0_900_228000236551. The pebbles were ordered this way so 

that when dGPS positions were taken, the researcher would be able to match each point with a pebble 

number to see how far they had moved. The pebbles were then measured in terms of its a, b and c axis 

and its mass was recorded.  

Figure 4.2.2 – The small pebbles packed into the boxes with gaps left for 

expanding foam (Photo Credit: Author) 

Figure 4.2.3 – Size of 23mm and 32mm tags according to a 50 pence  
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4.2.4 Pebble Deployments 

The small pebbles were spray painted bright blue and the large were bright green, in order for them to 

be more visible on the beach and hopefully improve detection rates. 

As well as tagged pebbles, non-tagged painted pebbles were also used. These pebbles were also 

collected from the welded bar and spray painted bright yellow in order to be visible on the beach.  

When placing the pebbles on the beach, the researcher began at the top of the welded bar and placed 4 

small, 4 large and 4 non-painted pebbles in a row on the bar. These were evenly spaced out along the 

width of the bar so that small pebble 1, large pebble 1 and non-painted pebble 1 were placed together 

and then 2, 3 and 4. Then, 40 meters from the first row (walking back towards the beach), a second 

row was laid down evenly spaced out again. This was done three more times to result in 5 rows of 4 

sets of pebbles being placed along the width and length of the bar. The bar then had pebbles both at 

low and high positions on the bar to see if the position also affected the movement of pebbles. The 

GPS position of every pebble was recorded and left for one tide.  

After one tide, the researcher came back with the RFID antenna and GPS from Havant Borough 

Council (HBC), and the dGPS provided by the University of Sussex. The antenna was used to detect 

pebbles because of its 1 m detection rate, especially useful for buried pebbles; however, the position 

of each pebble was taken with the dGPS once they had been found. This is because the researcher was 

much more familiar with the dGPS and its data processing programs (Topcon Tools) than HBC’s 

GPS. The researcher then went out into the welded bar to see if the pebbles could be detected again. 

Once the pebbles had been found, they were collected back in to be used again.  

4.3 Processing the Data  

Once the survey had been complete the data from the dGPS needed to be uploaded onto the computer 

using the software provided with the dGPS (Topcon Tools). This then needed to be corrected against 

data obtained from the Channel Coastal Observatory from its regional coastal monitoring program. 

The station where the data comes from is a fixed station in Chichester which provides hourly RINEX 

data. Many problems were encountered when trying to correct the data, including the Topcon program 
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crashing and the fixed station coordinates of the Chichester station changing. Eventually these 

problems were overcome and the data was able to be corrected and each point added to an excel 

spreadsheet. 

4.4 Mapping the Data 

Each survey was placed onto a separate excel spreadsheet. Then the data for the pebbles was 

separated onto different sheets by size. A different map on ArcMap was created for the small, large 

and non-painted pebbles so each one would be clear. Aerial imagery from the Channel Coastal 

Observatory of the welded bar was taken to use as the base for each map. Once the data had been 

added for both days, the points were labelled and coloured. Then a feature class was created in order 

for lines to be drawn between the same pebble, to see the distance and direction it had moved in. The 

document was then saved as a .jpeg file and added to the thesis.  

4.5 Testing the Data  

In order to complete the statistical tests, the excel documents for the mapping were reused, with a 

separate document containing the pebble weights and a, b and c axis measurements were also used. In 

order to estimate distance travelled, the deployment Easting and Northing were subtracted from the 

relocated Easting and Northing. These were then used in the Pythagoras formula where D = distance 

travelled, E = difference in Eastings and N = difference in Northings.  

Spearman’s rank was used to investigate a relationship between the mass of the pebbles and the 

distance they travelled. The pebble data was separated into small, large and non-tagged. Then, mass of 

pebble and distance were ranked with the highest value being given a rank of 1. The coefficient was 

calculated. The values were all between 1 and -1, with 1 representing a perfect positive correlation 

and -1 representing a perfect negative correlation.  

The data was then sorted into the masses of the found pebbles and the masses of the not found pebbles 

for small, large and non-tagged. Once these had been sorted, a t-test was used to see if there was a 

significant difference between the mass of the found pebbles and the mass of the not found pebbles. A 

t statistic with a corresponding p value of under 0.05 would represent a significant difference. A t-test 
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was also undertaken to see if there was a significant difference between the position of the pebbles on 

the welded bar and the distance they travelled. The pebbles were sorted into high and low for each 

pebble type and how far they travelled, and the t-test was done using the excel function. 

To see if the shape of the pebbles had an effect on the distance they travelled, the Zingg classification 

was used. The ratios for the long/intermediate and intermediate/short axis were calculated in excel. 

This was then compared to the Zingg classification to give the shape of every pebble. This was only 

done for deployment 1 because the pebbles moved the furthest on deployment 1 and barely moved in 

deployment 2 and 3. This data was graphed and then an Anova test was undertaken. This used the 

pebble classification of sphere, disc, rod and blade, and the distances each pebble travelled. If the F 

statistic had a p value below 0.05, this would indicate a significant difference between pebble shape 

and distance travelled in deployment 1. This was done for small and large in deployment 1 together, 

and then small and large separately to see if this made a difference.   

Data from Rustington station about wave height and direction were downloaded from the Chanel 

Coastal Observatory. The wave height data was used to attempt to show a relationship between 

amount of movement and detection rates. Tide height data was obtained from the Littlehampton 

station provided by the Environment Agency (Uwe Dornbusch pers comm).  
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5. Results  

5.1 Maps 

Figure 5.1.1 - Deployment 1: 17/02/2016 – 18/02/2016 Small Tagged Pebbles  
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Figure 5.1.2 - 

Deployment 1: 

17/02/2016 – 18/02/2016 Large Tagged Pebbles 
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Figure 5.1.3 - Deployment 1: 17/02/2016 – 18/02/2016 Non-tagged (large) Pebbles 
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Figure 5.1.4 - Deployment 2: 04/03/16 – 05/03/16 Small Tagged Pebbles 
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Figure 5.1.5 - Deployment 2: 04/03/16 – 05/03/16 Large Tagged 

Pebbles 
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Figure 5.1.6 - Deployment 2: 04/03/16 – 05/03/16 Non-tagged (large) Pebbles 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1.7 - Deployment 3: 18/04/16 – 19/04/16 Small Tagged Pebbles 
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Figure 5.1.8 - Deployment 3: 18/04/16 – 19/04/16 

Large Tagged Pebbles 
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Figure 5.1.9 - Deployment 3: 18/04/16 – 19/04/16 Non-tagged (large) Pebbles  
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By looking at Figures 5.1.1-5.1.9 it can be seen that during deployment 1 (5.1.1-5.1.3) the pebbles 

moved the furthest than for any other deployment. Overall, for deployment 1, it was the small tagged 

pebbles that moved the furthest. Deployment 2 in March showed that none of the pebbles travelled 

far. When looking at the figures for deployment 3 (5.1.7-5.1.9), it is clear to see that there was almost 

no movement of the pebbles. The furthest that the pebbles moved was just over 1 meter. Looking at 

all Figure 5.9 especially, only the red dots of the 19/04/16 can be seen eclipsing the starting points for 

the small tagged pebbles. As can be seen by looking at Figures 5.1.1-5.1.9, the starting and end points 

for each deployment is different. This is because each deployment had different tidal heights and so 

sometimes more of the welded bar was available to use.    
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5.2 Statistical Results 

Deployment  Pebble Distance Travelled (m) 

1 Small Tagged 11.44 

Large Tagged 5.35 

Non-tagged (large) 7.16 

2 Small Tagged 1.12 

Large Tagged 1.64 

Non-tagged (large) 1.92 

3 Small Tagged 0.96 

Large Tagged 0.96 

Non-tagged (large) 0.96 

 

 

Table 5.2.1 – Average distance each pebble type travelled during each deployment  
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Table 5.2.1 shows the average distance that each pebble type travelled during each deployment. For 

deployment 1, the small tagged pebbles travelled the most with an average of 11.44 m. For 

deployment 2, the non-tagged pebbles travelled the furthest at 1.92 m on average and the smaller 

pebbles travelling the least at 1.12 m on average. On deployment 3, each pebble type travelled the 

same amount on average at 0.96 m. This can also be seen on the maps (Figure 5.1.7-5.1.9) in section 

5.1.  

 

Deployment Small Tagged Large Tagged Non-tagged (large) 

1 0.06044 0.002941 -0.00714 

2 -0.17028 -0.1 0.39 

3 -0.01654 -0.11 0.11 

 

Table 5.2.2 demonstrates the Spearman’s rank coefficients for each pebble type during each 

deployment.  

 

Deployment Pebble Type Found (g) Not Found (g) 

1 Small Tagged 89.48 93.60 

Large Tagged 326.40 265.50 

Non-tagged 

(large) 

319.42 266.70 

2 Small Tagged 91.57 89.10 

Large Tagged 322.01 250.40 

Non-tagged 

(large) 

310.31 - 

3 Small Tagged 90.32 - 

Large Tagged 318.43 - 

Non-tagged 

(large) 

310.31 - 

Table 5.2.2 – Spearman’s Rank coefficients for small and large tagged pebbles and non-tagged pebbles during each deployment for the 

relationship between mass of pebble and distance travelled 
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Table 5.2.3 shows that in deployment 1, the mass of the large tagged and non-tagged found, at 326.4 

grams and 319.42 grams respectively, were higher than not found. The mass of the found small 

pebbles in deployment 1, 89.48 grams, was lighter than not found at 93.6 grams. Deployment 2 

showed the mass of the found pebbles was heavier than the mass of not found. Every pebble in 

deployment 3 was found. Table 5.2.4 shows the overall mean mass of pebbles found and not found for 

all 3 deployments together for each pebble type. The larger pebbles that were found had a heavier 

mass than the larger pebbles not found. In reverse, the smaller pebbles had a lighter mass for the 

found pebbles and heavier for the not found pebbles.  

 

Pebble Type Found (g) Not Found (g) 

Small Tagged 89.97 91.27 

Large Tagged 318.43 262.48 

Non-tagged (large) 310.31 266.71 

 

 

A t-test was undertaken with results shown in Table 5.2.5. The small tagged pebbles had a p value of 

0.89, whereas the large tagged had a p value of 0.02 and non-tagged had a value of 0.04. 

 

Pebble Type T test value (p value) 

Small Tagged 0.89 

Large Tagged 0.03 

Non-tagged (large) 0.04 

 

Figure 5.2.1 shows the average distance each pebble shape travelled during each deployment. The 

blades travelled the furthest overall, with the spheres travelling the least. Table 5.2.6 shows the Anova 

Table 5.2.3 – Mean mass of pebbles found and not found for each pebble type during each deployment. The dashed lines show all pebbles in 

deployment 3 were found  

 

Table 5.2.4 – Mean mass of small and large tagged and non-tagged pebbles for all 3 deployments 

together  

Table 5.2.5 – t-test values for each pebble type showing if there is a significant difference between the mass of pebbles found and pebbles 

not found 
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results for the shapes of pebbles for deployment 1 against the distance they travelled and this gave a p 

value of 0.15.  

 

 

 

 

 

 

 

 

 

 

 Anova (p value) 

Deployment 1 0.15 

Small Tagged 0.19 

Large Tagged 0.52 

 

 

Pebble Type Position on Bar Mean Distance Travelled (m) 

Small Tagged High 3.82 

Low 3.55 

Large Tagged High 1.87 

Low 3.10 

Non-tagged (large) High  3.67 

Low 2.29 

 

 

Table 5.2.7 – Average distance each pebble type travelled according to its position on the bar 

Figure 5.2.1- Shows how far on average each pebble shape travelled during each deployment  

Table 5.2.6 – Shows the p value for deployment 1 overall and small and large tagged pebbles 
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Table 5.2.7 shows the average distance each pebble type travelled according to its position on the bar 

for all 3 deployments together. The high small tagged pebbles travelled the furthest out of all the 

deployments at 3.82 m and the high large tagged pebbles travelled the least far at 1.87 m. Another t-

test was conducted to see if there is a difference between the distances the high positioned pebbles 

travelled and the distances the low positioned pebbles travelled on the welded bar, as shown in Table 

5.2.8.  The small tagged pebbles had a large p value of 0.87, whereas the large tagged and non-tagged 

had a slightly smaller value of 0.22 and 0.27. 

. 

Pebble Type T test value (p value) 

Small Tagged 0.87 

Large Tagged 0.22 

Non-tagged (large) 0.27 

. 

 

 

 

 

 

5.3 Wave and Tide Data 

 

 

Figure 

5.3.1 

shows 

the 

wave 

height 

data 

Figure 5.3.1 – Wave height data all 3 deployments (Data source: Chanel Coastal Observatory) 

Table 5.2.8 – t-test values for each pebble type, to see the difference between the distance the high positioned pebbles travelled and the low positioned 

pebbles travelled   
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for all 3 deployments. Wave heights were high at a maximum of 1.59 m at 01:00:00am for 

deployment 1 and average wave height was 1.15 m. Wave heights for deployment 2 were lower with a 

maximum height of 0.83 m and an average of 0.59 m. For deployment 3, wave heights on average 

were the lowest at 0.49 m but a maximum wave height of 0.92 m.  

 

In Figure 5.3.3 the 

peak wave direction for all 3 deployments are shown. For deployment 1 (17
th
-18

th
 Feb) the average 

wave direction is 237.052 degrees and has a range of 168 degrees. Deployment 2 (4
th

-5
th
 March) has 

an average of 233.81 degrees and a range of 288 degrees. Lastly, deployment 3 (18
th
-19

th
 April) has a 

range of only 97 

degrees and an average of 221.52 degrees.  

Figure 5.3.2 – Peak wave direction for all 3 deployments (Data Source: Chanel Coastal Observatory) 

Figure 5.3.3 – Tide Height data for all 3 deployments (Data source: Chanel Coastal Observatory) 
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Figure 5.3.3 shows the tide height data across all of the deployments. Deployment 1 (17
th

-18
th
 Feb) 

had a maximum height of 1.97 m and minimum height of -1.63, whereas deployment 3 (18
th
-19

th
 

April) had a maximum tide height of 2.23 m and minimum of -1.48 m. Deployment 2 (4
th

-5
th
 March) 

had a maximum height of 1.65 m and minimum of -1.34 m.  

 

 

 

 

 

6. Analysis  

6.1 Hypothesis 1 - The higher the wave energy the more the movement 

The wave height data in Figure 5.3.1 shows that for deployment 1, wave heights were significantly 

higher than for deployment 2 and 3. The average distance travelled for all pebbles in deployment 1 

was 7.77 m while the average distance travelled during deployments 2 and 3 was 1.57 m and 0.96 m 

respectively. This shows that when wave heights are highest it seems there is more movement of the 

pebbles, supporting the hypothesis. The Figures 5.1.1-5.1.3 show the movement of the pebbles during 

deployment 1; it can be seen that these pebbles travelled further than the pebbles in deployment 2 

(Figure 5.1.4-5.1.6) and deployment 3 (Figure 5.1.7-5.1.9). 

Tide height may also have an effect on the distance the pebbles travelled. Even though the pebbles 

travelled the least in deployment 3, it was during deployment 3 that the tide was at its highest of all 

the deployments peaking at 2.23 m, whereas during deployment 1 and 2 the tide reached 1.97 m and 

1.65 m respectively, at high tide. It may be that lower waters combined with higher wave heights 

results in more movement of the pebbles. 
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Looking at Figure 5.3.2, wave direction for all 3 deployments doesn’t vary too much. The average 

wave direction for deployment 1 is 237.05 degrees, deployment 2 is 233.81 degrees and deployment 3 

is 221.52 degrees, which is a south-westerly direction.  

6.2 Hypothesis 2 - Smaller pebbles move more than larger ones 

Table 5.2.1 shows the average distance travelled for each pebble during each deployment. It is clear to 

see that the large tagged pebbles travelled the least. In deployment 1 it was the small tagged pebbles 

that travelled the furthest at 11.44 m but it was the non-tagged pebbles that travelled the furthest in 

deployment 2 at 1.92 m. To see if there was a relationship between the mass of each pebble and the 

distance it travelled in each deployment, a Spearman’s Rank test was undertaken. A result close to 1 

would infer a perfect positive correlation while a result of -1 would infer a perfect negative 

correlation. No result was close to either 1 or -1, indicating no significant relationship between pebble 

mass and distance travelled.  

To see if there was a difference between the mass of pebbles found and the mass of pebbles not found, 

a t-test was carried out, as seen in table 5.2.5.  If a t statistic had a corresponding p value of 0.05 or 

lower, this would indicate a significant difference between the mean masses for pebbles found and not 

found. For the small pebbles, the resulting p value of 0.89 was too high to deduce a difference, 

however for the larger pebbles the p value of 0.03 indicates a significant difference between the mean 

mass of pebbles found and not found. The p value for the non-tagged pebbles was 0.04, also 

indicating a significant difference.  

Using the Zingg classification, the pebbles were classified and plotted against how far on average they 

travelled. It looks like the discs travelled the furthest for deployment 1 and the spheres that travelled 

the least, suggesting that flatter pebbles travel further. However, when Anova was used to see if there 

was a difference between pebble shape and rate of movement for deployment 1, no difference could 

be found, as indicated by p values above 0.05, which were therefore non-significant. 
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6.3 Hypothesis 3 - Cross shore position has no influence on rate of movement 

As can be seen on table 5.2.6, both the small tagged and the non-tagged pebbles that were positioned 

high on the welded bar moved further than the low positioned pebbles. However, this was the 

opposite for the large tagged pebbles. The high positioned small pebbles moved the most on average 

at 3.82 m which can be seen by looking at the Figures 5.1.1, 5.1.4 and 5.1.7. Yet, it was also the high 

positioned large pebbles that moved the least on average at 1.87 m. To see if there was difference 

between the distance the high positioned pebbles and the low positioned pebbles travelled, a t-test was 

conducted. The results of the t-test yielded t statistics with p values over 0.05 (as shown in table 5.2.6) 

therefore, no significant difference was found between the positioning of the pebbles on the bar. 

 

 

 

 

 

 

7. Discussion  

7.1 Impact of waves and tides  

At Church Norton and Pagham, both wave and tidal energy are accountable for longshore transport of 

sediments (North Solent SMP, 2010), however it is difficult to understand the effect of waves on the 

welded bar; wave energy is going to transport sediment in ways that are better understood on the 

beach; the same processes may occur on the welded bar, but they are less understood. The waves 

impact at different angles on the beach than they do on the bar. It is clear that during deployment 1, 

wave heights were much higher than any deployment and therefore, as expected, overall movement of 

the pebbles were higher. A description of the sea during the wave heights in deployment 1 would be 

small-to-moderate waves, whereas during deployment 2 and 3, the sea would be described as large 

wavelets (Woodroffe, 2002).  
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In general, sediment transport on mixed sand and gravel beaches is dominated by the concentration of 

energy in the swash zone (Kirk, 1975, cited in Curtiss et al., 2009) so, with higher energy waves this 

would mean more transport, as seen in this study. Sometimes, more energetic waves tend to move 

sediment offshore, and less energetic waves tend to move sediment which is onshore (Nordstrom and 

Jackson, 1993), which may be why in deployment 1 more stones were lost.   

Longshore transport of sediment may be happening on the welded bar but to a smaller extent. From 

looking at the maps in Figure 5.1.1-5.1.9, it can be seen that when the pebbles have moved they have 

moved in a south-westerly direction, in conjunction with the oncoming wave direction, indicating that 

longshore transport may be operating on the bar. Overall, 5000 m
3
 of sediment per year is transported 

westwards at Pagham (North Solent SMP, 2010), through the process of longshore transport.  

As stated above, tidal energy can account for transport of sediment in this area. Tides could move 

sediment through oscillatory movements at high tide, or by direct swash action as the water level 

rises. During deployment 3 the tide was at its highest, however this coincided with the lowest wave 

energy and the least amount of movement for the pebbles. When the tide was at its lowest, the pebbles 

moved the furthest and so it may be that during times of lower tide heights (where the rising water 

may move the sediment), and times of higher wave heights, is when movement is greatest. It seems 

that tidal currents are not sufficient to initiate sediment movement alone (Curtiss et al., 2009) and so it 

would be together with wave energy, that sediment will be moved.  

In general, wave direction stays constant for this area coming from the south-west. There does not 

seem to be a link between sediment transport rates and the direction of the waves, as throughout every 

deployment the average direction of the waves had a small range of 15.53 m, even though rates of 

transport varied significantly between deployments. Even when wave direction was variable 

throughout deployment 2, rates of transport were significantly lower than in deployment 1 where 

wave direction was less variable. This indicates that no significant relationship exists between 

direction of the incoming waves and the rate of transport on the welded bar.  
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7.2 Relationship between mass, size, shape and distance travelled  

The transporting of pebbles will almost always be by traction or saltation in the bedload, because the 

currents are not strong enough to move the pebbles in suspension (Woodroffe, 2002). Possible reasons 

for the small pebbles being the ones that travelled the furthest in deployment 1 is that they are easier 

to transport because they weigh less, and they have a lower entrainment velocity so are more 

susceptible to movement (Woodroffe, 2002). However, no relationship could be found between the 

mass of the pebbles and the distance they travelled. Smaller pebbles have a lower entrainment 

velocity; yet, larger pebbles are also more susceptible to movement because on a gravel beach, the 

process of traction means that larger pebbles could move further (Caldwell, 1982). Smaller pebbles 

are more likely to be buried by infiltration if they are smaller than the surface layer, demonstrated by 

Church and Hassan (1992). They suggested that the influence of pebble size on the distances pebbles 

travel is reduced as the size decreases below the median diameter of subsurface sediment. Another 

factor no significant relationship was found, could be that one tide may not be enough to give reliable 

results and it would be helpful to look at this over a week’s period to see if this makes a difference.  

It was the smaller pebbles that were more difficult to find; this could be a function of the fact that if 

the size ratio of the small pebbles to the surrounding pebbles is too small, then the small pebbles will 

be subsumed into the background (Masselink and Hughes, 2003). 

A t-test was undertaken to see if there was a significant difference between the mass of pebbles found 

and the mass of pebbles not found. A significant difference was discovered between the mean masses 

of pebbles found and not found within the larger pebbles. The difference showed that the mean mass 

for larger pebbles found was greater than the mean mass for larger pebbles not found, therefore the 

heavier pebbles were more likely to be recovered (this result was only obtained for the large pebble 

sets, not the small pebbles). This could be explained by the fact that larger particles show higher 

recovery rates than smaller sizes because they tend to remain at the bed surface (Haschenburger and 

Church, 1998). The difference between the size of the larger pebbles and the smaller pebbles meant 

that it would be easier for the smaller pebbles to become buried by infiltration (Haschenburger and 

Church, 1998), and therefore the larger pebbles were more easily detected. The smaller pebbles 
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becoming lost more easily could also be a function of the antenna depth, as if they go below 1 m then 

they could not be detected, although more research would need to be conducted to discover if 

infiltration at the bar could bury the small pebbles to a depth of 1 m or more over just one tide. 

The movement of pebbles on a beach is particularly affected by their shape as this governs how well 

they can be rolled about (Komar, 1998), and so a test was undertaken to see if pebble shape had an 

effect on distance travelled. Again these results were inconclusive. Even though on the graph it looks 

like the blades moved the most, and spheres the least, this is not in agreement with the literature. 

Bluck (1967) stated that there was a tendency for disk-shaped and blade-shaped particles to move up-

beach more easily than the spherical and rod particles under swash flow; which were more easily 

brought back down-beach by backwash flow. Komar (1998) maintains that discoid pebbles are most 

easily lifted above the sea floor and have lower settling velocities so are thrown further up the beach. 

Orford (1975) said that discs have better suspension properties than spheres, so can be transported by 

waves and says that the roles of shape and size are hard to separate. Even when this is taken into 

account, no significant relationship could be found between pebble shape and size and distance 

travelled. This was the same for Grottoli et al., (2015) who found that t-tests showed that shape was 

not statistically significant for pebble displacement. They did however find that big sized spheres 

were slightly more dynamic than discs of the same size but in general discs covered greater distances 

(Grottoli et al., 2015). Again it could be that a longer time period of study is needed for this area to 

see if shape of the pebble on the welded bar is of significance. 

7.3 Cross Shore Position   

It seems as if cross shore position has no influence on the distance the pebbles travelled. This would 

not have been a function of the pebble size because both large and small pebbles were included in the 

analysis at the same positions of low and high, and the t-test showed no significant difference for any 

sized pebbles. The bar is constantly moving; typical rates of bar migration are 1-10m per day 

(Masselink and Hughes, 2011) as a whole. This is unlike the beach, whose morphology is constantly 

changing, and so this would be where cross shore position would have an effect.  
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Concerning cross shore positioning of pebbles on the beach itself, it seems that pebbles that are 

displaced at the high point of the beach are the ones that travel the furthest. For example, Curoy et al., 

(2007) found that pebbles placed high at the top of the beach travelled 31.2 m, against 23.8 m for 

pebbles placed in a low position. However, Ciavola and Castiglione (2009) found no statistically 

significant relationships between the longshore position of the recovered pebbles and the cross-shore 

location, indicating that, on mixed beaches, cross-shore location has no effect. Under normal 

conditions, the strength of the swash determines the distance large and small pebbles travel. If the 

swash was strongest during the deployments, it is more likely that the larger pebbles would have 

moved higher up (towards the beach) than the smaller pebbles (Orford et al., 2002). If the backwash 

was stronger, it would have been the smaller pebbles that would have shown to have moved further.  

It is difficult to explain why the cross shore position of pebbles does not have an impact on the 

distance the pebbles moved, because there is little literature on welded bars and the processes that 

occur on them. When more studies have been conducted in this area it will be much easier to deduce 

whether there is a difference between positioning of pebbles and the reasons for this. 

7.4 Limitations  

The main limitations of this study are the limited number of deployments and the wave and tide data 

being sourced from near Church Norton.  

Various factors meant that only 3 deployments could be completed, which reduces the data set 

available to analyse. A larger data set would allow for the statistical tests and the results to be more 

conclusive as it would cover a range of coastal processes. The influence of storms on sediment 

transport and wave heights could not be studied as they did not occur during the deployments.  

Wave buoy data was taken from Rustington from the Chanel Coastal Observatory as this was the 

nearest station to Church Norton, and so does not accurately reflect the wave properties that would 

occur at the beach of Church Norton. This is the same for the tide data which was taken from 

Littlehampton; however this would have less of an influence. Finally, aerial imagery used for the 

mapping was taken in 2013 and has not since been updated which may be why the pebbles are not 
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mapped exactly on top of the bar. This could also be down to the correction of the dGPS data which 

again is another limitation of this study. 

7.5 Future Study 

It would be helpful to continue looking into the welded bar and the sediment transport on this. It 

would be useful if more one-tide deployments are conducted, but it would also be helpful for more 

long-term deployments to occur to see the movement of pebbles over time.  

Many smaller pebbles were lost during deployment 1, possibly because they were buried beyond 

reach of the antenna. If antenna detection rates could be improved this would also greatly improve 

detection rates. Also, even though smaller tags at 12mm are available, their detection rates are lower 

than those of the 23mm and 32mm and so advancements in the detection ranges of smaller tags would 

mean that smaller pebbles more representative of the host population at the site could be analysed.  

Aerial photography of the welded bar would need to be updated to see if there is movement of the 

whole bar itself over time.  

In general, before research into the processes occurring on the welded bar can be conducted, it would 

be more useful if the morphodynamics of welded bars themselves are better understood. By 

understanding exactly how these landforms are formed it would help to understand the transport 

mechanisms on them. 
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8. Conclusions 

This study presented here has used maps and statistical tests to discover how sediment is transported 

on the welded bar. The maps demonstrate the movement of pebbles of differing sizes on the welded 

bar, an area that has yet to be researched. This is the start towards being able to understand sediment 

transport on the bar. The maps show that only during one deployment was there substantial movement 

of the pebbles, and shows the direction in which they travelled. However, it must be taken into 

account that the maps and the data they are based on are not as reliable as had been hoped. 

The hypothesis covered in this study are; the higher the wave energy the more movement, smaller 

pebbles move more than large ones, and cross shore position has no influence on rate of movement. 

Out of all these it was only hypothesis 2 that could not be supported. It looked as if it was the lighter 

smaller pebbles that travelled the furthest; however when tests were conducted to see if this was true, 

no conclusive result was given. This could be because smaller pebbles are more likely to be buried by 

infiltration and the larger pebbles are able to move along the surface. The tests showed that there was 

a difference between the masses of the large pebbles that were found and not found; this could be 

because the heavier pebbles are less likely to become buried or transported by the waves. No 
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significant relationship could be found between pebble shape and distance travelled. Other studies 

found the same results.  

It seemed when looking at wave height data, that wave energy did have an effect on the distances that 

the pebbles travelled, as when the wave heights were high during deployment 1, the pebbles travelled 

the furthest. Tide height may have a small effect on the distance that the pebbles travelled however; it 

would only be in combination with wave energy that this occurred.  

The cross shore positioning of the pebbles did not seem to have an effect on the distance the pebbles 

travelled. However, explanations for this were limited as this was conducted on the welded bar and 

previous literature focuses only on cross shore positioning and sorting of pebbles on the beach.  

This area has little published literature surrounding it and more studies need to be conducted to 

improve on the reliability of the results obtained in this study. 
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Appendix 1 – Risk Assessment Form 
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Appendix 2 – Distance travelled during deployments 

Deployment 1 

Non-Tagged Pebble Distance 

Travelled (m) 

Large Tagged Pebble Distance 

Travelled (m) 

Small Tagged Pebble Distance 

Travelled (m) 

1 5.1 1 3.43 1 n/a 

2 20.43 2 5.57 2 n/a 

3 8.94 3 7.39 3 n/a 

4 n/a 4 9.19 4 16.77 

5 n/a 5 n/a 5 23.67 

6 1.08 6 1.52 6 n/a 

7 2.08 7 3 7 n/a 

8 0.445 8 4.24 8 6.08 

9 n/a 9 n/a 9 10.87 

10 n/a 10 n/a 10 n/a 

11 21.84 11 4.98 11 20.63 

12 13.85 12 3.86 12 6.72 

13 4.35 13 21.97 13 5.96 

14 4.19 14 2.8 14 10.18 

15 n/a 15 n/a 15 20.79 

16 5.31 16 10.63 16 5.39 

17 0.49 17 0.88 17 n/a 

18 4.12 18 0.82 18 12.96 

19 14.09 19 4.53 19 8.36 

20 1.05 20 0.8 20 0.31 

Average 7.16  5.35  11.44 
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Deployment 2 

Non-tagged Pebble Distance 

Travelled (m) 

Large Tagged Pebble Distance 

Travelled (m) 

Small Tagged Pebble Distance 

Travelled (m) 

1 4.34 1 4.39 1 0.67 

2 2.16 2 0.99 2 1.85 

3 2.63 3 0.63 3 4.49 

4 0.6 4 0.14 4 1.02 

5 1.07 5 n/a 5 1.27 

6 3.97 6 3.53 6 1.21 

7 0.95 7 1.13 7 0.8 

8 0.39 8 0.45 8 0.88 

9 0.95 9 0.95 9 1.84 

10 0.58 10 0.5 10 0.35 

11 1.12 11 0.55 11 1.39 

12 1.72 12 0.45 12 0.65 

13 6.21 13 0.87 13 n/a 

14 1.2 14 2.58 14 2.64 

15 0.33 15 0.08 15 0.16 

16 0.13 16 0.22 16 0.1 

17 0.05 17 9.42 17 n/a 

18 0.11 18 0.22 18 0.23 

19 3.89 19 2.29 19 0.34 

20 5.9 20 1.75 20 0.18 

Average 1.92  1.64  1.12 
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Deployment 3 

Non-Tagged 

Pebble 

Distance 

Travelled (m) 

Large Tagged 

Pebble 

Distance 

Travelled (m) 

Small Tagged 

Pebble 

Distance 

Travelled (m) 

1 0.38 1 0.38 1 0.38 

2 0.41 2 0.41 2 0.41 

3 0.45 3 0.45 3 0.45 

4 0.50 4 0.50 4 0.50 

5 0.59 5 0.59 5 0.59 

6 0.49 6 0.49 6 0.49 

7 0.46 7 0.46 7 0.46 

8 1.18 8 1.18 8 1.18 

9 0.20 9 0.20 9 0.20 

10 0.14 10 0.14 10 0.24 

11 0.09 11 0.09 11 0.09 

12 1.63 12 1.63 12 1.63 

13 0.31 13 0.31 13 0.31 

14 1.16 14 1.16 14 1.16 

15 0.17 15 0.17 15 0.17 

16 0.72 16 0.72 16 0.72 

17 1.93 17 1.93 17 1.93 

18 2.23 18 2.23 18 2.23 

19 3.52 19 3.52 19 3.52 

20 2.57 20 2.57 20 2.57 

Average 0.96  0.96  0.96 
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Appendix 3 – Mass and size of Pebbles 

Small Tagged 

Pebble Number Weight (g) A axis length (mm) B axis length (mm) C axis length (mm) 

1 84.5 46.7 43 32.6 

2 79.9 46 42.3 27.9 

3 121.6 47 43 34.4 

4 112.4 45.3 41 33.2 

5 68.6 44.1 33.7 31.7 

6 51.9 41.4 34.3 26.7 

7 112.5 233 41 30.7 

8 87.2 47.4 40.8 22 

9 80.3 41.3 39 33 

10 96.2 85 36.9 33.4 

11 78 77.6 37.8 29.7 

12 78.2 76.8 38.7 28.5 

13 82.9 76.9 43.5 29.1 

14 98 60 40.1 34.1 

15 119.6 55.6 45.4 34.6 

16 85.7 52.4 38.8 30.7 

17 108.6 59.4 42.9 33.6 

18 98.5 60.1 35 30.4 

19 88.2 54.3 42.1 26.3 

20 85.6 53 43.2 26.5 

1 66.5 41 38.1 28.9 

2 70.4 43.4 36.5 30.7 

3 128.7 62.7 43.4 33.7 

6 82.5 43.1 40.4 30.7 

7 116.7 50.7 44.3 33 

10 103.1 68.9 39.2 32 

17 75.1 44.8 44.5 26.5 

13 86.2 46.2 44.3 20.6 

17 72 53 33.3 25.6 
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Large Tagged 

Pebble Number Weight (g) A axis length (cm) B axis length (cm) C axis length (cm) 

1 306.2 76 74.9 43.5 

2 224.2 72.5 64 38.1 

3 376 82.9 63.2 45.3 

4 282.3 95 50 40.8 

5 271.9 91.3 63 35.1 

6 436.6 78.9 73.8 64.6 

7 324.3 85.2 71.2 39.7 

8 330 80.9 71.2 44.8 

9 265.7 69.8 66.5 44 

10 314.1 79.6 60.1 47.7 

11 353.2 96.2 63.5 42 

12 240.4 70.6 58.2 40.3 

13 455.2 97.6 76.1 41.8 

14 289.5 85.3 52.1 41.9 

15 210.3 65 63.4 40 

16 349.9 83.6 65.2 46.3 

17 244.4 80.9 59.3 36.2 

18 356.7 86.6 70 48.1 

19 284.9 80.7 51.9 46.4 

20 368.6 96.2 60.2 41.3 

5 368.5 77.9 65.2 52.5 

9 256.6 71.4 63.5 41.7 

10 277.4 80.5 62.3 42.8 

15 361.8 82.4 70 45.7 

5 250.4 73.1 59 40.4 
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Appendix 4 – Example of Spearman’s Rank Calculations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Large Tagged Deployment 1 

Pebble Movement (m) Rank Mass 
(g) 

Rank D D^2 

1 3.43 10 306.2 10 0 0 

2 5.57 5 224.2 16 -11 121 

3 7.39 4 376 3 1 1 

4 9.19 3 282.3 13 -10 100 

5        

6 1.52 13 436.6 2 11 121 

7 3 11 324.3 9 2 4 

8 4.24 8 330 8 0 0 

9        

10        

Small Tagged Deployment 1 

Pebble Movement 
(m) 

Rank Weight 
(g) 

Rank D D^2 

1       

2       

3       

4 16.77 4 112.4 2 2 4 

5 23.67 1 68.6 13 -12 144 

6       

7       

8 6.08 10 87.2 6 4 16 

9 10.87 6 80.3 10 -4 16 

10       

11 20.63 3 78 12 -9 81 

12 6.72 9 78.2 11 -2 4 

13 5.96 11 82.9 9 2 4 

14 10.18 7 98 4 3 9 

15 20.79 2 119.6 1 1 1 

16 5.39 12 85.7 7 5 25 

17       

18 12.96 5 98.5 3 2 4 

19 8.36 8 88.2 5 3 9 

20 0.31 13 85.6 8 5 25 

 Total 342 

n 13 

n^3 2197 

n^3-n 2184 

r 0.06044 
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11 4.98 6 353.2 6 0 0 

12 3.86 9 240.4 15 -6 36 

13 21.97 1 455.2 1 0 0 

14 2.8 12 289.5 11 1 1 

15        

16 10.63 2 349.9 7 -5 25 

17 0.88 14 244.4 14 0 0 

18 0.82 15 356.7 5 10 100 

19 4.53 7 284.9 12 -5 25 

20 0.8 16 368.6 4 12 144 

 Total 678 

n 16 

n^3 4096 

n^3-n 4080 

r 0.002941 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Non-tagged (large) Deployment 1 

Pebble Movement 
(m) 

Rank Weight 
(m) 

Rank D D^2 

1 5.1 7 225.6 14 -7 49 

2 20.43 2 334.7 7 -5 25 

3 8.94 5 360.3 3 2 4 

4       

5       

6 1.08 12 300.6 12 0 0 

7 2.08 11 345.7 5 6 36 

8 0.445 15 280.9 13 2 4 

9       

10       

11 21.84 1 367.8 2 -1 1 

12 13.85 4 321.6 10 -6 36 

13 4.35 8 381.7 1 7 49 

14 4.19 9 311.5 11 -2 4 

15       

16 5.31 6 215.7 15 -9 81 

17 0.49 14 345.1 6 8 64 

18 4.12 10 321.9 9 1 1 

19 14.09 3 347.9 4 -1 1 

20 1.05 13 330.3 8 5 25 

 Total 380 

n 15 

n^3 3375 

n^3-n 3360 

r 0.321429 
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Appendix 5 – Example of Zingg Calculations 

  

Small Tagged 

Pebble A axis length 
(mm) 

B axis length 
(mm) 

C axis length 
(mm) 

B/A C/B Classification 

1 46.7 43 32.6 0.92 0.76 Sphere 

2 46 42.3 27.9 0.92 0.66 Disc 

3 47 43 34.4 0.91 0.80 Sphere 

4 45.3 41 33.2 0.91 0.81 Sphere 

5 44.1 33.7 31.7 0.76 0.94 Sphere 

6 41.4 34.3 26.7 0.83 0.78 Sphere 

7 233 41 30.7 0.18 0.75 Rod 

8 47.4 40.8 22 0.86 0.54 Disc 

9 41.3 39 33 0.94 0.85 Sphere 

10 85 36.9 33.4 0.43 0.91 Rod 

11 77.6 37.8 29.7 0.49 0.79 Rod 

12 76.8 38.7 28.5 0.50 0.74 Rod 

13 76.9 43.5 29.1 0.57 0.67 Rod 

14 60 40.1 34.1 0.67 0.85 Rod 

15 55.6 45.4 34.6 0.82 0.76 Sphere 

16 52.4 38.8 30.7 0.74 0.79 Sphere 

17 59.4 42.9 33.6 0.72 0.78 Sphere 

18 60.1 35 30.4 0.58 0.87 Rod 

19 54.3 42.1 26.3 0.78 0.62 Disc 

20 53 43.2 26.5 0.82 0.61 Disc 

1 41 38.1 28.9 0.93 0.76 Sphere 

2 43.4 36.5 30.7 0.84 0.84 Sphere 

3 62.7 43.4 33.7 0.69 0.78 Sphere 

6 43.1 40.4 30.7 0.94 0.76 Sphere 

7 50.7 44.3 33 0.87 0.74 Sphere 

10 68.9 39.2 32 0.57 0.82 Rod 

17 44.8 44.5 26.5 0.99 0.60 Disc 

13 46.2 44.3 20.6 0.96 0.47 Disc 

17 53 33.3 25.6 0.63 0.77 Rod 
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Large Tagged 

Pebble A axis length 
(cm) 

B axis length 
(cm) 

C axis length 
(cm) 

B/A C/B Classification 

1 76 74.9 43.5 0.99 0.58 Disc 

2 72.5 64 38.1 0.88 0.60 Disc 

3 82.9 63.2 45.3 0.76 0.72 Sphere 

4 95 50 40.8 0.53 0.82 Rod 

5 91.3 63 35.1 0.69 0.56 Disc 

6 78.9 73.8 64.6 0.94 0.88 Sphere 

7 85.2 71.2 39.7 0.84 0.56 Disc 

8 80.9 71.2 44.8 0.88 0.63 Disc 

9 69.8 66.5 44 0.95 0.66 Disc 

10 79.6 60.1 47.7 0.76 0.79 Sphere 

11 96.2 63.5 42 0.66 0.66 Blade 

12 70.6 58.2 40.3 0.82 0.69 Sphere 

13 97.6 76.1 41.8 0.78 0.55 Disc 

14 85.3 52.1 41.9 0.61 0.80 Rod 

15 65 63.4 40 0.98 0.63 Disc 

16 83.6 65.2 46.3 0.78 0.71 Sphere 

17 80.9 59.3 36.2 0.73 0.61 Disc 

18 86.6 70 48.1 0.81 0.69 Sphere 

19 80.7 51.9 46.4 0.64 0.89 Rod 

20 96.2 60.2 41.3 0.63 0.69 Rod 

5 77.9 65.2 52.5 0.84 0.81 Sphere 

9 71.4 63.5 41.7 0.89 0.66 Disc 

10 80.5 62.3 42.8 0.77 0.69 Sphere 

15 82.4 70 45.7 0.85 0.65 Disc 

5 73.1 59 40.4 0.81 0.68 Sphere 
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Appendix 6 – Thesis Proposal 

Geography Thesis Proposal 
 

An investigation into whether the welded bars at the Church Norton Spit act as a sediment 

transport route from the sub-tidal to the beach.  

 

Introduction  

Along the coast sediment is constantly being moved and transported from the beach to the 

ocean and vice versa. This is why the study of the sediment transport is ‘still a major focus of 

coastal process geomorphology’ (French and Burningham, 2009). Sediment can be 

transported in varying ways but the focus of this study will be to examine sediment transport 

through shore perpendicular landforms. These are rhythmic shoreline forms which are 

‘seaward projections of sediment that trend at right angles to the shoreline’ (Komar, 1997, 

p.456) and are primarily offshore bars, more specifically welded bars. Welded bars are bars 

‘within the nearshore that run obliquely to the longshore trend of the beach’ (Komar,1997, 

p.478) which are welded to the beach. Sonu (1972) provided an explanation to the origin of 

welded bars by saying that when waves arrive at an oblique angle to the beach, the bars can 

rotate to align themselves with the oncoming wave crest. These welded bars could be a way 

of transporting sediment from the sub-tidal area onto the beach itself. The sub-tidal or sub-

littoral zone can be defined as the ‘area of the sea between the intertidal zone and the edge 

of the continental shelf’ (Thomas and Goudie, 2000, p.468). Considering the previous 

literature, I would like to explore the sediment transport from the sub-tidal to the beach and 

whether these shore perpendicular landforms act as sediment pathways. The existing 

literature suggests that this area of investigation has yet to be tested. The area of Church 

Norton Spit will be used as my research area (figure 1). The Church Norton Spit is an area of 

interest to SCOPAC (Standing Conference on Problems Associated with the Coastline) 

because lack of knowledge about sediment transport processes makes it hard to make  

 

 

 

 

 

 

 

 

 

 
Figure 1 - Location of the Church Norton Beach (Google Maps, 2015) 
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coastal decisions. Church Norton is located in the eastern area of SCOPAC, on the South 

East Coast of England in West Sussex. The aim of this thesis is to investigate whether the 

shore perpendicular sediment bars act as sediment transport corridors. The objectives are to 

use sediment tracing techniques, including painted pebbles and PIT tagged smart pebbles to 

monitor sediment movement and to examine tide and wave height data to analyse how 

these would affect sediment movement. 

 

Literature Review 

Unfortunately there is little literature examining the use of welded bars as sediment transport 

pathways. However, there is a substantial body of literature concerning sediment transport 

on beaches, especially mixed sediment beaches and on the use of sediment tracing 

techniques.  

The literature that begins to cover the use of shore perpendicular landforms as transport 

corridors for sediment comes from papers written in the 1990’s by Julian Orford, all focusing 

on gravel barriers in an area of Canada, Nova Scotia. In 1991 he produced a paper which 

showed how sea level rise could affect Gravel Barrier migration, this was an introductory 

paper into his later work. He concluded that his results ‘indicate that the response of barriers 

may be more sensitive to short-term fluctuations in sea-level rate than hitherto recognized’. 

This paper shows the beginning of his research into gravel dominated barriers, however it 

does not look at their responses to sediment transport. In 1993 he released another paper 

which this time spoke about sediment transport and coarse clastic barriers. This paper 

however was vague in its descriptions of the coarse clastic barriers and did not relate to the 

subject of sediment transport via the barriers themselves. His following paper in 1996, again 

used the example of Gravel barriers at Novia Soctia and studied the control domains of 

these barriers, more specifically sediment transport. He found that ‘Sediment supply is 

regarded by us as the main control’ on these barriers and because of this maybe it could be 

used as a way to transport the sediment to the beach. 

After Julian Orford’s paper there is little to no literature on using these barriers as transport 

routes. Yet, looking at sediment transport also means looking at the activation layer of the 

transport itself.    Using tracer pebbles, Curoy et al. (2009) and Saini, Jackson and 

Nordstrom (2009) found that activation layer depth is lower in mixed sediment than in sand 

beaches. However, this was not conducted on English beaches and so the activation depths 

may be different. Overall, sediment transport using bars is a subject that has not been study 

extensively so understanding of the process is limited as the literature demonstrates. Also 

most studies are conducted on American coasts and so does not represent the processes 

that occur on English beaches,  
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In order to study the transport of sediment on beaches in the above literature, tracers would 

need to be used. In Van Wellens (2000) paper he said that ‘In summary, tracers, rather than 

traps, are the preferred technique for obtaining short-term sediment transport rates on 

coarse-grained beaches, because they are non-invasive and can be used in high energy 

conditions’. However, his paper was not specifically about tracer sediments and so it cannot 

be taken as evidence for tracers being the better than traps. There are 2 main types of 

tracers; visual and Passive. White (1989) produced a paper which highlighted the problems 

of visual tracers by saying ‘Care must be taken to avoid burial of tracer’. If the tracer is 

buried then it would be extremely difficult find it again because it is only coloured. 

An advancement in sediment tracing came from Yasso (1966) who evaluated the use of 

fluorescent tracer coatings in sediment transport studies, which allowed experiments to take 

place both in the day and the at night. However, Yasso (1966) could not account for the 

problem of low recovery rates.  

An even more advanced technique came when PIT tags were introduced. In 2005 Lamarre, 

MacVicar and Roy investigated the use of these in Gravel-Bed Rivers, were they showed 

that the tags were ideal for tracing individual sediments and that recovery percentages were 

‘96% and 87%, clearly demonstrating the effectiveness of this new technique’. Clearly there 

a advantages to using PIT tags. However this study only focused on gravel sediment from 

river beds.  

So in 2006 Allan, Hart and Tranquili, 2006 studied the use of the PIT tags on a mixed 

sediment beach on the Oregon Coast, USA. They showed that the use of PIT tags are 

expensive ‘the cost of one complete system is approximately $650’, however they gave good 

recovery rates of ’90% after 8 months’. This study gave insight into both the use of PIT tags 

and also the sediment transport on a mixed sediment beach. However, this paper only 

studies one coast in the USA, whereas the coast in question here is in England. The main 

reason for using PIT tags over painted is because the recovery rate of these Pit tagged 

pebbles is much higher than for painted pebbles as they can be detected at depths of up to 

1 m within the beach. 

 

Research problem 

The Church Norton spit has been growing over the last 10 years. The material for this growth 

must come from the sub-tidal as there is no other input from land or alongshore (Uwe 

Dornbusch, Environment Agency, pers. comm.). Some of the material may move as an 

integral part of the bar but some may move using the bar as a transport path (figure 2). This 

latter transport route, although postulated by Julian Orford in a few papers cited above, in 

the 1990s, remains a general hypothesis that has not been tested anywhere.  
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Research Questions  

• Do the welded bars at the Church Norton Spit act as a sediment transport route from the 

sub-tidal to the beach?  

• If so, what is the rate of transport? 

 

Methodologies 

Pilot Study 

A pilot study will be conducted in order to understand the feasibility of the research and so it 

hopefully reduced the problems that could be encountered during the research. The pilot 

study will allow me to take sediment samples from the beach and characterize sediment size 

at the site in order to decide on what sizes to use and how many different sizes to use. I may 

use the median pebble size (the D50). In the pilot study I will use a visual tracing method to 

determine sediment movement where I will spray paint the sediment. Spray painting I feel is 

the best method for the pilot study despite the potential low recovery rates and its 

questionable resistance to the weather. The sprayed sediment will be placed initially at 3 

different points on the beach. I will then come back after one tide to map the movement of 

the sediments. The pilot study will inform my final study on whether I will be able to use the 

Pit tagged pebble; if the sediment size is too small then the tags will not fit in the pebble. 

Sediment Tracing (Primary Data) 

After determining the issues that may have arisen from the pilot study, and devised the most 

suitable deployment strategy, I will then hopefully use two different methods of sediment 

tracing; visual tracing and the use of the PIT tags. As demonstrated in the literature review 

PIT tags have a much higher recovery rate and it would be advantageous to my research to 

use these. I intend to place the sediment at 3 different points on the beach; at high tide, at 

low tide and in the middle in order to examine sediment movement across the bar. I will then 

Figure 2 - Showing the growth and location of the welded bars over the 12 years (Southern Coastal Group, 2014) 
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record the data I receive from these methods. I will map the location of the sediment on the 

beach using sketches and photographs to ensure I have a good basis for my field 

description.   

Wave Height and Tides (Secondary Data) 

It is important to record the wave height and tides during the period of my research so that I 

know when it would be appropriate to conduct the fieldwork and to understand how these 

variables will affect the sediment movement. I will obtain the wave height data from the 

Chanel of Coastal Observatory, who provide real time data about wave heights and sea 

temperature. The nearest station being at Rustington with it being located at the latitude of 

50.73393. I will obtain the data for the tides from The United Kingdom Hydrographic Office 

and will take the data from the nearest port which is Pagham. 

Timetable  

Time  Tasks  

July/August 2015 Conduct Pilot Study  
Potentially carry out secondary Pilot Study 
Depending on results of pilot study; make up the PIT tagged pebbles 
Secondary Reading 

Autumn Term 2015 Check Tide Table to ensure low tides coincide with daylight  
Begin fieldwork by releasing 500 pebbles  
Survey after one tide 
Continue regularly for 4-6 weeks  
Field site description and Methodology 

February/March 2016 Analysis of results  
Write up dissertation (First draft) 

April 2016 Final Draft and Checking  

May 2016 Hand in Dissertation 
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