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Ilston River Study  
Introduction
Based in south Wales, the river Ilston source can be found in close proximity to Swansea Airfield. The river runs through the villages of Parkmill and Ilston before reaching its mouth at Three Cliffs Bay (Parc-le-Breos, 2024). Three Cliffs bay is found on the Gower Peninsula and is located in a site of special scientific interest (Gower Holidays , 2017). A site of special scientific interest is an area of land that has been selected for protection, this is because the land fits one or more of the following criteria: they support rare or endangered species, they contain a geological feature of importance or have played a significant role in the understanding of the natural world (Natural England, 2013). The SSSI status given to a piece of land, like that surrounding Ilston, will further protect it and make certain activities that could damage its features are illegal (Natural England, 2013). Government agencies are responsible for regulating these areas, in Wales the regulator is Natural Resources Wales (NRW, 2023).  
Ilston flows through different types of land uses including urbanised villages and undeveloped lands such as moors. However, the river mainly runs through deciduous woodlands and has very little human influence (Cownie, 2019), this may have an influence on the characteristics of the river. 

[image: Willixton Cwm & Ilston Valley Walk - Parc Le Breos]
(Parc-le-Breos, 2024)







Rationale 

	The aim of this river report is to understand the characteristics of the River Ilston from source to mouth, and understand how different surrounding factors may influence these characteristics. 
Where the land use around the river changes the river may display different characteristics. This may be prevalent in sections of the river where the land use has more human influence (Wohl, 2019)  like in the towns of Parkmill and Ilston. This could cause the rivers velocity to increase and have higher and quicker peak flows during rainstorms (Wohl, 2019). This is likely to occur as there will be increased surface run off in these areas, due to an increase of impermeable surfaces such as concrete (Ward & Kyriacou, 2021).  These surfaces would not only increase surface run off but would also prevent rainwater from infiltrating through the ground.  
Similarly, there is a golf course (Pennard, 2023) in close proximity to the river, the land practices there may also influence the run off into the river. Golf courses are known for their vast open spaces with a lack of vegetation, such as bushes and shrubs. As a result of this, in seasons of heavy rainfall the land may experience more surface run off, furthermore if there is less vegetation the run off may carry more sediment (Chen & Zhang, 2022) as vegetation will not be present to intercept this. This surface run off may then carry this sediment and suspend it in the river giving the water a murkier appearance (Chen & Zhang, 2022). 
However, the river does not experience a vast amount of human influence. Due to this it is expected that the river will demonstrate a very typical characteristics of a river. These may include the velocity of the river. As the river flows from the source to the mouth it is expected that the rivers velocity will decrease this will be due to a multitude of factors (Leopold, 1953). Gradient is a factor that can have an impact on the velocity of a river. Typically, river sources are more inland and at a higher elevation, this results in this section of the river having a steeper gradient (Leopold, 1953). The steepness of the gradient causes the water to have higher potential energy which cause the water to flow faster and therefore have a higher velocity and as he gradient softens the river loses this energy. 
Furthermore, as explained by the Bradshaw model (BBC, 2024) it is expected that the channel width and depth will both increase as the river progresses downstream.  The Bradshaw Model is a conceptual framework that explains the changes in a rivers characteristics as is develops from source to mouth (BBC, 2024) and was developed by geographer Anthony D. Bradshaw in the 1970s. The model indicates that as the river progresses the discharge will increase and become more erosive, this will then carve a greater channel width and depth to accommodate to the increased discharge (Nelson, 2015). 
In order to study the changing characteristics of the river Ilston the following hypothesis will be tested:
1. The river becomes wider and deeper downstream 
2. The cross sectional area of the river increases downstream 
3. The river velocity increases on the outside of a meander
4. The highest velocity is to be found in the centre of the river
5. The river velocity decreases downstream 
6. The size of the bedload gets smaller downstream 
7. The shape of the bedload becomes more rounded downstream 
8. The discharge of water in the river increases downstream





The Bradshaw Model
[image: Increasing from source to mouth: cross-sectional area, velocity, discharge, wetted perimeter, depth, width. Decreasing from source to mouth: stone size, gradient, turbulence, stone angularity.]
(BBC, 2024)
















The location of the sites that will test these hypothesis are located as marked in red on the image as follows:

(Google Maps, 2024)
Methodology

During the visit to River Ilston various sites will be set out along the river. At these sites a range of tests will be conducted in order to understand how characteristics may change along the channel. The first site is located north of Ilston town and is near the source of the river. The ten sites were then evenly distributed along the transect of the river from the first site to the mouth of the river. After this opportunistic sampling technique (Nikolopoulou, 2022) was used to determine where the sites were chosen in the field. This was due to access ability and ensuring all data collection sites were safe. 








Prior to arrival of the first site the following apparatus was collected:
1. Smart phone with access to map of the sites and stopwatch
2. Data sheets
3. Fieldwork notebook and pencil
4. 25 meter tape measure 
5. Pins 
6. Clip board 
7. Oranges 
8. Waders 
9. Powers Scale of roundness chart 
10. Current meter 

Once at the site, in order to test hypothesis 1 a tape measure was pulled taught from the waters edge of the near side of the river to the waters edge of the other side of the river and the results were recorded. The tape was pinned into each edge of the river. Then in order to test hypothesis 2 the depth of the river was measured using a meter rule from the river bed to the surface of the water along the tape measure in 25cm increments, this was also recorded in the data sheet. 
From this data that was gathered the cross sectional area can be calculated to measure hypothesis 2. This is calculated by using the incremental area calculations. This means from each 25cm increment the area was calculated by multiplying the average depth at each increment by 25. To gain the total cross sectional area in m2 these sections were then added together and then divided by 1000. This was repeated at each site. 
[image: How rivers change from source to mouth - GEOGRAPHY MYP/GCSE/DP]

(JK Geography, 2024)

	To test hypothesis 3, 4 and 5 the river velocity was assessed. This was assessed by holding the flowmeter in various points in the river channel and reading the figure displayed. To get an accurate reading, while taking the sample the investigator stood to the side of the current meter (not upstream or downstream of the meter) in order to not affect the flow. The points in the river that were read were near the left and right of the bank, and in the middle of the river close to the bed, near the surface and an equal distance from the bed to the surface. As labelled 1, 2, 3, 4 and 5 in the drawing below. 
[image: ]
	


	Velocity was also measured by another technique. This was done by dropping and collecting an orange five meters apart and timing the distance it took for the orange to travel 5 meters. This was measured using the tape measure and timed using the stop watch then repeated to ensure the results were reliable (Nikolopoulou, 2022). An average was then taken of these results and divided by time in order to get the result of the speed of the orange. 
	Furthermore, in order to test hypothesis 6 and 7, at each site a random sample of bedload was collected. These were then measured, recorded and classified on their roundness, as seen below.

[image: A new roundness scale for sedimentary particles (after Powers).  ]
(Saputra, 2016)
	Finally, in order to test hypothesis 8 the data was collected from previous hypothesis’ which includes the cross sectional area and the velocity of the river were used to calculate discharge. This is calculated by multiplying the average velocity of each site by its cross sectional area. 



Results and analysis 
	The results below were from a previous study by students of University of Wales of Trinity Saint David. These are used as the results as the current results contained major data gaps and would be unreliable to cross compare. This is a drawback to a group study as it may impact the reliability as it is secondary data. 


Hypothesis 1 & 2
	The results below show that the river becomes both wider deeper downstream, this will be due to an increase of erosion due to an increase of volume of water (McIvor, et al., 2014). This is explained in Bradshaw’s model as the increase in tributaries and therefore volume of water means there will be more erosional processes such as abrasion (Whipple, et al., 2000) (pebbles grinding along the river bed) carving away the river bed. This is shown in results below as site 1 closest to the source traveling downstream to site 10 closest to the river mouth.  

Hypothesis 1 – The river becomes wider and deeper downstream 
	Site 
	Width /M
	Average Depth /CM

	1
	2.27
	17.50

	2
	3.10
	13.91

	3
	6.90
	21.47

	4
	3.80
	17.78

	5
	5.80
	32.46

	6
	3.75
	14.47

	7
	8.63
	10.21

	8
	6.80
	17.80

	9
	7.40
	29.07

	10
	11.80
	24.80
























Graph showing the average width of the river from source to mouth

[image: ]



Graph showing how the average depth increases from source to mouth.[image: ]

Hypothesis 2 - the cross sectional area of the river increases downstream
	
	Site Number
	Cross Sectional Area /M3

	1
	0.53

	2
	0.38

	3
	1.56

	4
	0.40

	5
	2.03

	6
	0.54

	7
	0.89

	8
	1.11

	9
	2.18

	10
	2.85







Graph showing how Cross Sectional Area increases from source to mouth.



Hypothesis 3, 4 & 5 

	 The table below shows the velocity measured in meters per second at different points in the river channel. This was calculated using a current meter place in different locations in the channel. This method allows the testing of hypothesis 3 and 4. 
 
	Point in river 
	Velocity M/Sec

	
	Site 1
	Site 2 
	Site 3
	Site 4
	Site 5
	Site 6
	Site 7
	Site 8
	Site 9
	Site 10
	Average of sites 

	1
	0.50
	0.01
	0.45
	0.01
	0.37
	0.24
	0.30
	0.51
	0.22
	0.07
	0.27

	2
	0.55
	0.36
	0.47
	0.22
	0.55
	0.24
	0.42
	0.58
	0.51
	0.32
	0.42

	3
	0.40
	0.32
	0.35
	0.09
	0.48
	0.41
	0.72
	0.54
	0.43
	0.33
	0.41

	4
	0.20
	0.29
	0.30
	0.32
	0.34
	0.20
	0.59
	0.37
	0.26
	0.26
	0.31

	5
	0.20
	0.00
	0.40
	0.23
	0.40
	0.02
	0.40
	0.40
	0.10
	0.25
	0.24









[image: ]Below shows the average of the ten sites velocity plotted at each point in the river. This is a more visual way of presenting the data. This method shows that there is a trend to suggest that the velocity is greater in the middle of the river and thus proves hypothesis 4. This occurs as along the river bed and at the edge of the river channel there is more friction with the water and the river bed therefore slowing down the velocity of the water (Ames , 2018).








Furthermore, the data that was collected using an orange and a stop watch gave the average velocity at each site from source to mouth. This tested hypothesis 5 that river velocity decreases downstream. The results were as follows:

	Site Number 
	Velocity M/Sec

	
	Test 1 
	Test 2
	Test 3
	Test 4
	Test 5
	Average 

	1
	0.52
	0.41
	0.44
	0.38
	0.56
	0.46

	2
	0.58
	0.56
	0.54
	0.63
	0.67
	0.60

	3
	0.09
	0.26
	0.33
	0.21
	0.13
	0.20

	4
	0.74
	1.09
	0.96
	1.00
	0.85
	0.93

	5
	0.23
	0.30
	0.33
	0.22
	0.33
	0.28

	6
	0.51
	0.53
	0.59
	0.57
	0.60
	0.56

	7
	0.83
	0.74
	0.44
	0.45
	0.63
	0.62

	8
	0.72
	0.77
	0.69
	0.75
	0.76
	0.74

	9
	0.49
	0.46
	0.54
	0.61
	0.57
	0.54

	10
	0.17
	0.14
	0.17
	0.17
	0.21
	0.17





These results do not show a trend correlating between the velocity of the river and how far downstream the flow is from the source. However, Bradshaw’s model suggests that as the data should show the velocity increasing with the distance from the source (BBC, 2024). This may be represented however if more tests were taken and there was more stratified data to draw a trend. 


Hypothesis 6 and 7
	At each site a sample of the bedload was sampled randomly and measured. The below results show the average length of bedload at each site:

	Site
	Average Length of Bedload /cm

	1
	14.2

	2
	13.4

	3
	11.6

	4
	13.4

	5
	8.6

	6
	7.8

	7
	7.2

	8
	4.8

	9
	No data*

	10
	No data*





	The trend in data shown in the table and graph show a clear correlation to the bedload size and distance from source. This proves hypothesis 6. This is due to an increase in abrasion between bedload and other erosional processes (McIvor, et al., 2014). This increase in erosional processes will also correlate with the angularity of the bedload. This is because further downstream, the more erosion has taken place cause the rocks and bedload to have smoothened and become more round (Weebly, 2024).










	
	Frequency of Sediment Angularity

	
	Very Angular 
	Angular 
	Sub-angular
	Sub-rounded
	Rounded 
	Very Rounded 

	Site 
	1
	 
	4
	1
	 
	 
	 

	
	2
	 
	2
	3
	 
	 
	 

	
	3
	 
	 
	3
	1
	 
	1

	
	4
	 
	 
	3
	2
	 
	 

	
	5
	 
	3
	3
	3
	1
	 

	
	6
	 
	 
	 
	4
	1
	 

	
	7
	 
	1
	1
	4
	4
	 

	
	8
	 
	 
	1
	2
	2
	 

	
	9*
	 
	 
	 
	 
	 
	 

	
	10*
	 
	 
	 
	 
	 
	 



*No data was provided for sites 9 and 10 as bedload was sand and silt. This wouldn’t be practicable to measure using a tape measure and would not be able to classify on the roundness scale with a naked eye.

Hypothesis 8
	Upon analysis of the calculation of river discharge from source to mouth, it is apparent that there is a correlation between distance from source and river discharge. This is that as distance increases river discharge also increases. This is because as a river flows downstream through its river basin many tributaries feed into the river itself (Nelson, 2015). This is because with increased input into the river there will be a greater volume and as a result a greater discharge (Nelson, 2015). This is shown in the data collected, with an anomaly at site 10. 

	Site 
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Discharge (m³/s)
	0.24
	0.23
	0.32
	0.37
	0.58
	0.30
	0.55
	0.82
	1.17
	0.49





Conclusion
In conclusion, it is apparent that with distance from the source Ilston river exhibits many different characteristics that can be trended. The data analysed in this report proves that a river becomes deeper and wider downstream due to an increase in erosional processes. These erosional process also have an impact on the bedload, making it rounder and smaller further downstream. Due to the increase of tributaries further downstream the velocity also increases seeing the highest velocity in the centre of the channel. This increase in depth and width, therefore cross sectional area, and increase in velocity causes the river to also have a higher discharge further downstream. 
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6.  Appendix

Site 1

	River Depth at 25cm Increments /cm
	Incremental Cross Sectional Area / cm3

	9.67
	241.75

	12
	300

	18
	450

	20.67
	516.75

	28.5
	712.5

	21.33
	533.25

	29.33
	733.25

	18.5
	462.5

	21
	525

	15
	375

	12
	300

	4
	100

	Total Cross Sectional Area
	5250



Site 2

	River Depth at 25cm Increments /cm
	Incremental Cross Sectional Area / cm3

	4
	100

	5
	125

	9
	225

	18
	450

	17
	425

	22
	550

	23
	575

	18
	450

	14
	350

	13
	325

	10
	250

	Total Cross Sectional Area
	3825
















Site 3

	River Depth at 25cm Increments /cm
	Incremental Cross Sectional Area / cm3

	7
	175

	10.5
	262.5

	13.5
	337.5

	15
	375

	19.5
	487.5

	20.5
	512.5

	21.5
	537.5

	22
	550

	27
	675

	25.5
	637.5

	18.5
	462.5

	31
	775

	24.5
	612.5

	31.5
	787.5

	29
	725

	30.5
	762.5

	25.5
	637.5

	31.5
	787.5

	29.5
	737.5

	26.5
	662.5

	26
	650

	17.5
	437.5

	19
	475

	23.5
	587.5

	23.5
	587.5

	19
	475

	21
	525

	7
	175

	6
	150

	Total Cross Sectional Area
	15562.5
















Site 4
	River Depth at 25cm Increments /cm
	Incremental Cross Sectional Area / cm3

	5
	125

	16
	400

	28
	700

	32
	800

	30
	750

	24
	600

	15
	375

	8
	200

	2
	50

	Total Cross Sectional Area
	4000



Site 5
	River Depth at 25cm Increments /cm
	Incremental Cross Sectional Area / cm3

	12.5
	312.5

	16
	400

	19
	475

	19.5
	487.5

	22.5
	562.5

	24.5
	612.5

	28.5
	712.5

	31
	775

	34.5
	862.5

	34.5
	862.5

	39
	975

	43
	1075

	45
	1125

	43.5
	1087.5

	44.5
	1112.5

	44
	1100

	46
	1150

	42.5
	1062.5

	41
	1025

	39
	975

	38
	950

	27.5
	687.5

	25
	625

	28
	700

	23
	575

	Total Cross Sectional Area
	20287.5













Site 6
	River Depth at 25cm Increments /cm
	Incremental Cross Sectional Area / cm3

	6
	150

	11
	275

	10
	250

	13
	325

	14
	350

	16
	400

	18
	450

	15
	375

	18
	450

	18
	450

	20
	500

	16
	400

	22
	550

	19
	475

	1
	25

	Total Cross Sectional Area
	5425






































Site 7
	River Depth at 25cm Increments /cm
	Incremental Cross Sectional Area / cm3

	3
	75

	5.5
	137.5

	6.5
	162.5

	7
	175

	8.5
	212.5

	12.5
	312.5

	16
	400

	15
	375

	7
	175

	12
	300

	11.5
	287.5

	10
	250

	6.5
	162.5

	7.5
	187.5

	7.5
	187.5

	5.5
	137.5

	7
	175

	9
	225

	12.5
	312.5

	14
	350

	14
	350

	12.5
	312.5

	16.5
	412.5

	11.5
	287.5

	8.5
	212.5

	5
	125

	9.5
	237.5

	14.5
	362.5

	10.5
	262.5

	12
	300

	10
	250

	12.5
	312.5

	13.5
	337.5

	15
	375

	8
	200

	Total Cross Sectional Area
	8937.5












Site 8
	River Depth at 25cm Increments /cm
	Incremental Cross Sectional Area / cm3

	17
	425

	38
	950

	40
	1000

	39
	975

	38
	950

	35
	875

	28
	700

	25
	625

	20
	500

	17
	425

	17
	425

	20
	500

	18
	450

	12
	300

	13
	325

	12
	300

	10
	250

	10
	250

	9
	225

	7
	175

	6
	150

	5
	125

	5
	125

	2
	50

	2
	50

	Total Cross Sectional Area
	11125




























Site 9
	River Depth at 25cm Increments /cm
	Incremental Cross Sectional Area / cm3

	30
	750

	27
	675

	30
	750

	30
	750

	30
	750

	32
	800

	29
	725

	31
	775

	33
	825

	32
	800

	33
	825

	34
	850

	29
	725

	30
	750

	32
	800

	30
	750

	21
	525

	37
	925

	38
	950

	37
	925

	35
	875

	35
	875

	34
	850

	33
	825

	30
	750

	30
	750

	20
	500

	15
	375

	10
	250

	5
	125

	Total Cross Sectional Area
	21800

















Site 10
	River Depth at 25cm Increments /cm
	Incremental Cross Sectional Area / cm3

	8
	200

	13
	325

	18
	450

	22
	550

	22
	550

	26
	650

	28
	700

	27
	675

	26
	650

	27
	675

	28
	700

	30
	750

	33
	825

	34
	850

	34
	850

	36
	900

	38
	950

	43
	1075

	41
	1025

	39
	975

	35
	875

	37
	925

	35
	875

	33
	825

	32
	800

	34
	850

	31
	775

	29
	725

	27
	675

	28
	700

	26
	650

	25
	625

	26
	650

	25
	625

	23
	575

	21
	525

	22
	550

	17
	425

	15
	375

	13
	325

	10
	250

	10
	250

	9
	225

	3
	75

	1
	25

	1
	25

	Total Cross Sectional Area
	28525




Site 1 
	Distance 
	Seconds 
	m/sec

	5
	9.6
	0.52

	5
	12.1
	0.41

	5
	11.3
	0.44

	5
	13.1
	0.38

	5
	8.9
	0.56



Site 2 
	Distance 
	Seconds 
	m/sec

	5
	8.6
	0.58

	5
	8.9
	0.56

	5
	9.3
	0.54

	5
	7.9
	0.63

	5
	7.5
	0.67



Site 3
	Distance 
	Seconds 
	m/sec

	5
	54
	0.09

	5
	19.3
	0.26

	5
	15.1
	0.33

	5
	24.3
	0.21

	5
	37.7
	0.13



Site 4
	Distance 
	Seconds 
	m/sec

	5
	6.8
	0.74

	5
	4.6
	1.09

	5
	5.2
	0.96

	5
	5
	1.00

	5
	5.9
	0.85



Site 5
	Distance 
	Seconds 
	m/sec

	5
	21.6
	0.23

	5
	16.4
	0.30

	5
	15.2
	0.33

	5
	22.6
	0.22

	5
	15
	0.33



Site 6
	Distance 
	Seconds 
	m/sec

	5
	9.9
	0.51

	5
	9.4
	0.53

	5
	8.5
	0.59

	5
	8.8
	0.57

	5
	8.4
	0.60



Site 7 
	Distance 
	Seconds 
	m/sec

	5
	6
	0.83

	5
	6.8
	0.74

	5
	11.4
	0.44

	5
	11
	0.45

	5
	7.9
	0.63



Site 8
	Distance 
	Seconds 
	m/sec

	5
	6.93
	0.72

	5
	6.48
	0.77

	5
	7.29
	0.69

	5
	6.66
	0.75

	5
	6.61
	0.76



Site 9
	Distance 
	Seconds 
	m/sec

	5
	10.21
	0.49

	5
	10.8
	0.46

	5
	9.18
	0.54

	5
	8.14
	0.61

	5
	8.82
	0.57



Site 10
	Distance 
	Seconds 
	m/sec

	5
	28.89
	0.17

	5
	35.32
	0.14

	5
	29.56
	0.17

	5
	28.75
	0.17

	5
	24.16
	0.21



Site 1 
	Sample Number 
	Bedload length /cm

	1
	14

	2
	11

	3
	15

	4
	13

	Average
	13.25










Site 2
	Sample Number 
	Bedload length /cm

	1
	12

	2
	16

	3
	11

	4
	15

	5
	13

	Average
	13.4



Site 3 
	Sample Number 
	Bedload length /cm

	1
	10

	2
	13

	3
	11

	4
	11

	5
	13

	Average
	11.6




Site 4 
	Sample Number 
	Bedload length /cm

	1
	12

	2
	16

	3
	13

	4
	15

	5
	11

	Average
	13.4


















Site 5 
	Sample Number 
	Bedload length /cm

	1
	9

	2
	13

	3
	10

	4
	6

	5
	9

	6
	12

	7
	10

	8
	3

	9
	9

	10
	5

	Average
	8.6



Site 6 
	Sample Number 
	Bedload length /cm

	1
	9

	2
	8

	3
	5

	4
	7

	5
	10

	Average
	7.8



Site 7 
	Sample Number 
	Bedload length /cm

	1
	5

	2
	9

	3
	8

	4
	8

	5
	7

	6
	5

	7
	6

	8
	9

	9
	6

	10
	9

	Average
	7.2








Site 8 
	Sample Number 
	Bedload length /cm

	1
	6

	2
	5

	3
	5

	4
	4

	5
	4

	Average
	4.8
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Average Velocity Across the RIver Channel 
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Vvelocity M/Sec



Average River Velocity from Source to Mouth   
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Velocity M/Sec



Average Bedload Length
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Avergae Lenth of Bedload /cm



Discharge
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Introduction


 


Based in south 


W


ales


,


 


the river Ilston source can be found 


in 


close proximity to Swansea 


Airfield. The river 


runs through the villages of Parkmill and Ilston before reaching its mouth at Three 


Cliffs Bay


 


(Parc


-


le


-


Breos, 2024)


.


 


Three Cliffs bay is found 


on the Gower Peninsula and is located in a 


site of special scientific interest 


(Gower Holidays , 2017)


.


 


A site o


f s
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ecial scientific interest is 


a


n area 


of land that has been sele


cted for protection


, this 


is


 


because the 


land fit


s one 
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ore of the 


following criteria


:


 


they support rare or en


dangered species, 


they contain a 


geological
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importa
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or have played a 


significant role 


in the 


understanding 


of the natural worl
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(Natural 


England, 2013)


. The 


SSSI 


status


 


given to a p
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e


ce 


of land


, like that surrounding Ilst
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,


 


will further 


protect it and make certain activi


ties that 


could damage its feat


u
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are


 


illegal


 


(Natural England, 


2013)
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G


overnment 


agen


cies are responsible f


or regu


lating 


these areas


, in 


Wales the 


regulator is 


Natural Resources Wales


 


(NRW, 2023)
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Ilston flows th


rough


 


different types of land uses includ


ing


 


urbanised villages and 


undeveloped lands such as moors. 


However, 


the river mainly runs through deciduous woodlands 


and has very little human influence


 


(Cownie, 2019)


, this may have an influence on the characteristics 


of the riv


er. 
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