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ABSTRACT

Processes and mechanisms of bank erosion on the non-tidal, navigable River
Thames were i1dentified and investigated using site specific monitoring and
extensive geomorphic surveys. As a lowland, impounded river the Thames has
little potential for bank erosion associated with reach-scale morphological

channel adjustments. In fact, erosion is closely related to local conditions at the
bank and significant processes and mechanisms include fluvial entrainment,
slumping, and weakening and weathering of in siry bank matenal.
Approximately 38.5km of eroding bankline was measured (~10% of the total
length). Average rates of bank erosion monitored ranged from 0.05m/yr to
~0.5m/yr. The relative contribution to bank retreat of each process or

mechanism depends on local conditions such as the use of the bank, the type
of bank matenal and the bank geometry and the type of vegetation.

Analysis of the causes of bank retreat at 147 sites along the River Thames
revealed that erosion was generally influenced by a combination of factors.
Navigation related activities contribute to the bank erosion at nearly all sites
(~90%) but 1s solely responsible for erosion at only about 12%. Factors related
to the use of the bank and adjacent 1and contribute to erosion along ~65% of the
total length of eroding bank but are the sole influence at only ~5%. Channel
planform and geometry contribute to ~53% of observed bank erosion, but are
the sole influence at less than <1% of the erosion sites.

A review of selected of erosion control techniques applied on the River
Thames suggested that solutions tend to be over-engineered and that strategies
adopted were not necessarily appropriate for the causes and consequences of
the bank erosion. Furthermore, whilst mitigation measures are often
incorporated into the solutions, environmental enhancements are rarely

included.

Assessment of the causes and consequences of erosion has led to the
development of a bank erosion management strategy for the River Thames
based on geomorphological and sustainability principles. The strategy 1is
presented as a transferable tool through which to achjeve sustainable river

management.
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CHAPTER ONE

INTRODUCTION

1.1 The importance of river bank erosion

River bank erosion plays an important role in channel adjustment and
evolution. Processes of bank erosion are essential for river planform change
and meander migration (Hooke, 1995; Lawler ef al.,, 1997) and contribute to
the recovery of disturbed channels (Simon, 1989). Bank erosion and lateral
channel change are also key components in floodplain renewal and the

dynamics of basin sediment systems, and help to maintain ecological diversity

within the floodplain (Gurnell, 1995).

However, river bank erosion can present serious problems to river managers
and landowners through loss of land, the threat to floodplain structures and the
increase 1n downstream sedimentation. In 1981 the total damages from
streambank erosion in the United States were estimated at $250 million per
year, while the cost of treating seriously eroding banks was estimated at $1.1

billion (USACE, 1990). In England and Wales, some £5 billion 1s spent

annually to prevent erosion of river banks (Environment Agency, 1997).

The treatment of river bank erosion problems has tended to be ad hoc, often
involving the use of hard engineering, irrespective of the need for structural
intervention. Whilst such techniques usually eliminate the immediate symptoms
of erosion (namely bank retreat) they may do so without necessarily addressing
the actual cause of the erosion, which may in fact be tackled as successfully
with a more environmentally sensitive, and often less costly, solution.
Furthermore, implementing a solution that does not necessarily tackle the cause
of the erosion could result in adverse impacts elsewhere (such as erosion

downstream) that may then require action.



1.2 Understanding river bank erosion

Experience has shown us how, all too often, river management has proceeded

without due constderation for the dynamic fluvial processes (eg. Sear et al.,

1994; Btookes, 1988). Whilst advances have been made by numerous
researchers 1n elucidating the complexities of river bank processes (eg. Hooke,
1979, Thorne, 1982; Lawler, 1993b), uncertainty remains regarding the

interaction of these processes and their contribution to bank erosion over

varying spatial and temporal scales.

Causes of river bank can been divided into three categories: weakening

processes, direct fluid entrainment, and mass failure (Lawler, 1992). The

susceptibility of the bank to these processes depends largely on the bank

material and geometry, and the type of bank vegetation. However, these

influences are complex. For example, in addition to its seasonal variation,
vegetation can have both positive and negative effects on bank stability.
Furthermore, bank erosion is seldom the result of a single cause but is, more
often, the result of_ the complex interaction of these processes. Consequently,
the relationship between cause and effect is not always easy to establish.
Hooke (1979), for example, demonstrated the importance of preparatory

factors, such as precipitation, but suggested that there was no simple

relationship between cause and effect.

1.3 Management of river bank erosion

Effective management of environmental systems relies on convenient access
to relevant information. However, whilst many researchers have contributed to
the understanding of bank erosion processes, there remains a paucity of
knowledge regarding the dominant determinants of bank erosion along

medium-sized and large river systems (Hooke, 1980; Lawler, 1993a).



The UK's commitment to protecting and enhancing the environment has meant
that approaches adopted within river management are becoming more

environmentally sensitive. Greater emphasis 1s being placed on understanding
the interaction between river form and process in the wider context of habitat
quality. Consequently, whilst unacceptable consequences of bank erosion may
necessitate management intervention, the need to minimise environmental
impacts, as well as reduce unnecessary costs, means that an understanding of
the processes of bank erosion is essential. Without such an understanding 1t

remains a difficult tasks to evaluate the merits of alternative approaches and

develop successful erosion management strategies.

14 The River Thames

The River Thames is, undoubtedly, one of the region's most valuable 'natural’
assets (Figure 1.1). It functions, for the majority of its length, as a navigable

thoroughfare offering commercial and recreational opportunities to the

thousands of craft travelling its waters each year.

The distance from the source of the Thames, at Thames Head, to its tidal limit

at Teddington 1s approximately 230km (~143 miles). The river drains an area
of ~9870km* above Teddington over a fall of ~93m. The Thames is, therefore,
a medium-sized, lowland river, and is largely constrained by the adjacent land
use, particularly along its lower reaches. The river's regime has been regulated
for over a century, and a series of locks and weirs maintains navigation depths

and provides the appropriate standard of flood protection for the surrounding
land.

The banks of the Thames have been subject to varying degrees of pressure. As
the county border between Gloucestershire and Wiltshire (see Appendix 1), the

Thames has remained relatively rural in nature, exhibiting a sinuous planform



with largely natural banks. Similarly, through Oxfordshire, a rural land use
dominates the river corridor save for the lengths abutting the main urban
centres and, to some extent, this i1s also true of Berkshire. As the rniver

approaches the highly urbanised capital, natural banks have largely been
replaced with hard structures, be these to provide flood defence, erosion

protection, or support a particular land use.
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Figure 1.1 Location of the River Thames basin in southeast England, UK.,

Whilst the river itself maintains a rich variety of species (NRA, undated ¢), the
banks and the river corridor establish a valuable buffer zone between the
channel and the often urbanised river valley. As a consequence, there is ample
opportunity for conflicting interests between the different demands made on the
river. Since the Environment Agency (Thames Region) functions as both the
land drainage and the navigation authority, for the non-tidal, navigable
Thames, it is tasked with ensuring that the river and its banks are managed

with due regard for these functions.



Furthermore, the Environment Agency is committed to the concept of
sustainable development and, under the 1991 Water Resources Act, is required

to conserve and enhance the environment (HMSO, 1991). To this end, 1t aims
to minimise the environmental impacts of its own operational activities as well

as the activities of the external developers and users 1t regulates.

1.5 Research objectives

The overall aim of this research is to develop a bank erosion management
strategy for a lowland, medium-sized, navigable river system. This research
uses the non-tidal, navigable River Thames as a case study to investigate and,

where possible, characterise the causes and consequences of bank eroston and,

thus, develop a strategy for managing erosion.

To formulate an appropriate strategy to address a bank erosion situation, 1t 1s
essential for the causes of erosion to be correctly identified, along with any
other influencing factors. Only then can an appropriate solution be derived,
while consideration is given to consequences of the solution prescribed.

Consequently, this research aims to gain an understanding of the causes and

consequences of bank erosion and their distribution along the River Thames.

The approach taken in this research was designed to (1) investigate in detatil
the various factors influencing erosion at a selection of specific sites along the
Thames, then (2) use the knowledge gained from (1), together with hydraulic
assessments and extensive survey, to characterise bank erosion along the whole
river. In addition, a review of various cases where erosion management
strategies have been employed along the Thames was designed to provide

information with which to improve management decisions.



The various investigations and surveys undertaken as components of this
research are described in Chapter Two whilst Chapter Three reviews the

relevant literature relating to river bank erosion. Chapters Four, Five and Six

discuss the results of the various research components which provide the

rationale for the bank erosion management strategy presented in Chapter

Seven.



CHAPTER TWO

APPROACH AND METHODOLOGY

2.1  Introduction

The aim of the research reported in this thesis is to develop a strategy for
managing bank erosion along the non-tidal, navigable River Thames, between
St. John's Lock and Teddington Lock. In line with the Environment Agency's
'pressure-state-response’ approach to environmental management (Environment

Agency, 1998b; 1998c¢) this research investigates:

-' the 'pressures’ on the banks of the River Thames, in terms of the causes of

bank erosion:

- the 'state’ of the banks of the River Thames, in terms of how the 'pressures'
on the banks and the 'response' to those 'pressures' can result in a 'strain’

on the environment (i.e. the consequences of erosion);

- the 'response’ to those 'pressures’, in terms of the actions taken to address

the 'pressures’ on the banks and improve the 'state' of the environment (1.e.

address the consequences of erosion or reduce the 'strain’).

River bank erosion is not necessarily a problem in itself, rather it is the
consequences of bank erosion that may result in a 'strain’ on the environment.
For example, if flooding occurs as a consequence of bank erosion, then the
'strain' on the human environment could be considered highly significant.
Conversely, if the only consequence of bank erosion is the loss of some part
of a riparian landowner's pasture, then clearly, the 'strain' on the environment

could be considered insignificant. In order to prevent the detrimental

consequences of significant bank erosion it may be considered necessary to



protect the river bank using an engineering structure. However, a structural

'response’ will also have detrimental consequences for the conservation value
of the river corridor 1n terms of habitat deterioration, and it is vital to take

these consequences Into consideratton when selecting the appropriate

‘response’ to environmental ‘pressure’ due to significant bank erosion.

The geomorphological framework for bank erosion management along the
River Thames addresses this issue by rationalising the risks assoctiated with the
various consequences of erosion, such as flood defence, navigation, recreation
and conservation, and identifying the environmental impacts of alternative bank
protection solutions. Once these steps have been completed, the framework
guides decision makers towards the optimum solution which gives due weight

to the nisk posed by continued erosion, while avoiding unsustainable

environmental deterioration through over-engineered ‘responses’.

This chapter explains the study approach adopted in investigating bank erosion
along the River Thames and developing a bank erosion management strategy.
Section 2.2 reviews the philosophy and methodology behind the various studies
undertaken as part of this research. Section 2.3 describes how these studies
contribute to the development of a risk-based framework for bank erosion

management based on geomorphological and sustainability principles.

2.2  Research investigations

This section reviews the philosophical and methodological aspects of the
various studies and assessments undertaken in this research project. The

investigations are reviewed in turn below and listed in Table 2.1.



Table 2.1 Research investigations

Review of literature: investigation of the factors influencing the processes and

mechanisms of bank erosion

II  River bank erosion monitoring: monitoring rates and the processes and
mechanisms of bank erosion at 7 sites along the River Thames

[II River bank survey: survey of bank erosion and protection along the Thames

IV Assessment of erosion sensitivity: desk study of factors potentially influencing

bank erosion along the River Thames, including stream power, channel sinuosity,
boat wash and river bank characteristics

V  Assessment of bank erosion: investigation of factors influencing bank erosion at
147 sites along the River Thames

VI  Assessment of erosion management: investigation of the application of alternative
erosion control strategies through consideration of numerous case studies

I Review of literature

Considerable literature exists regarding the processes and mechanisms of river
bank erosion and the various factors that influence them. Chapter Three
reviews this literature, placing particular emphasis on lowland, navigable
rivers. Chapter Three briefly reviews the processes and mechanisms of eroston,
where the factors influencing these processes and mechanisms are reviewed in
terms of their influence first on flow erosivity and, second, on the erodibility
of bank materials. The various factors and influences are discussed under the
following headings:

- catchment characteristics

- channel planform and geometry

- niver bank charactenistics

- channel and bank use



11 River bank erosion monitoring

In order to gain first hand experience and, thus, greater appreciation of the

processes and mechanisms of erosion along the River Thames, a programme
was devised to monitor bank erosion at seven sites along the river. The
monitoring programme was undertaken as part of a research and development
project commissioned by the National Rivers Authority (NRA). Consequently,
in selecting monitoring sites the author was able to draw on the experience of

NRA staff concerning the distribution of eroding banks along the river.

Lawler (1993a) recommended various techniques to measure bank erosion

depending on the timescales of interest (Figure 2.1). In this study, a
combination of erosion pins and repeated surveys of the bank profile was used
to measure erosion over the short and intermediate timescales of interest in this

research (1.e. from several weeks to approximately 1.5 years).
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Figure 2.1 Appropriate and applicable timescales for techniques to measure rates of bank
erosion and lateral channel change (Lawler, 1993a).
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Initial bank profile surveys were performed at each site in 1992, when steel
erosion pins were installed at various locations flush with the face of the bank.

The bank profiles were resurveyed for the last time in early 1993. Between

these dates, the site resurveys were carried out in spring, prior to the boating

season, and 1n late autumn, at the end of the boating season.

Each site was visited frequently during the monitoring period and
measurements were made of soi1l suction and shear strength 1n the upper and
lower bank units. A standard soil tensiometer was used to measure soil suction.
Peak and residual shear strengths were measured using a Pilcon shear tester.
The exposed length of each erosion pin was measured and erosion since the

last visit was determined unless, for example, high flow or prolific vegetation

growth prevented relocation of the pin.

Soil samples were collected at each site on only one occasion during the

monitoring period, and analysed to determine the geotechnical properties of the

bank material.

Mean daily discharge data for each monitoring site were obtained from a
nearby gauging station and were analyzed with regard to their influence on
erosion. As site-specific rainfall data was unavailable, a series of rainfall
hydrographs was used to investigate the amount and distribution of rainfall 1n
the Thames basin during the monitoring period. The volume of boat tratfic
using each study reach during the monitoring period was established on the
basis of the number of boats passing through an approprately located
navigation lock. The results of the monitoring programme are discussed in

Chapter Four.
This site-specific monitoring programme was complemented by a desk-study

to assess historical changes at each site. However, whilst a substantial amount

of evidence exists from which to catalogue historic changes to the River
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Thames, bank line recession at the monitoring sites over the last century was

found to be minimal and certainly within the expected accuracy of the maps
used (Hooke and Redmond, 1989; Downward, 1995). Of far greater

significance were historical changes in character of the bank, established from
dated paintings and photographs. Whilst no definitive and scientifically robust
conclusions can be drawn from these qualitative sources, Chapter Four makes

useful inferences based on this evidence.

III Thames River Bank Survey

A geomorphic survey of the banks of the River Thames was performed from

St. John's to Teddington Lock. The survey was conducted primarily by
videoing the entire length of both banks over a nine day period in October and
November 1992. The river banks were videoed from an NRA boat using
cameras mounted at the stern of the vessel but, occasional mechanical failures
and outbreaks of inclement weather, produced some gaps in the coverage.
Reaches with gaps in coverage were visited during the first week in August

1993, and the missing information was collected by conventional, bank-based

stream reconnaissance.

The survey information was compiled to produce a map atlas illustrating
various characteristics of the bank along the non-tidal, navigable River

Thames. The atlas uses 1:10,000 scale Ordnance Survey maps as the base on
which to delineate morphological features and riparian vegetation in the river

corridor. Each 1:10,000 scale map comprises a base map showing the position
of the main channel with a colour coded strip denoting the type of vegetation

along the banks. A transparent overlay is used to annotate the map with

symbols indicating a range of bank features.

Bank vegetation was classified into one of four categories according to the

general contribution to bank stability that it provides. Further classifications
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were used to represent lengths of banks where vegetation was absent, where
livestock had access, and where a spending beach was present. Also, a
separate category was used for banks which had been structurally reinforced
to allow them to withstand a high loading such as, for example, along a tow

path.

The transparent overlay for each map details the type of bank protection
structure present and its state of repair. The nature of the structures and the
methods of survey meant that some difficulties were encountered 1dentifying
different types of protection, particularly for structures below the water surface.
Nonetheless, four main categories were capable of representing the majority
of structures encountered: sheet piling, brickwork, bagwork, and concrete or

masonry. Additional classes were used to represent less conventional methods
of bank protection, such as spiling, gabion baskets, geotextiles, wooden fishing

embankments, mooring platforms and bank-side tree planting schemes.

Where possible, failures of bank protection structures were classified according
to one of three categories which use the failure geometry to infer a causal
process or mechanism. Water level erosion (WLE) represents failure
predominantly at the normal water level. This is diagnosed as indicating that
erosive flow forces generated in the channel have avercome the erosion
resistance of the bank protection. Conversely, washout erosion (WOE)
describes a failure behind the structure, often manifest as erosion of backfill,

which is attributed to bank-side activities such as angling and mooring. The
final category, surface erosion (SE), was used for protection which was intact
except for degeneration of the geotextile. This occurs through erosion on the
bankward-side, in contrast to WLE erosion which occurs from the channel

side.

The map overlays also indicate bank-side uses. Lengths of bank where angling
and grazing were evident during surveys are included, and landing stages,

designated moorings and boat yards were incorporated from the

13



Nicholson/Ordnance Survey Guide to the River Thames (1990). A full list of

the parameters recorded 1s given 1n Appendix 2.

The River Thames Bank Survey was commissioned as part of an Operational
Investigation funded by Thames Region NRA (NRA, 1993). The output of the
survey has been compiled as an independent document and is presented as
Volume II of this thesis.

IV

Assessment of erosion sensitivity

Various geomorphological assessment techniques have been applied to evaluate

channel sensitivity (Brookes, 1996; Newson and Sear, 1998). Whilst some

assessment techniques adopt a catchment-scale approach, such as fluvial audits

(eg. Sear, 1992, NRA, 1995), others adopt a more detailed, reach-scale
approach (eg. Brookes and Long, 1990; Downward, 1993).

The River Thames is impounded along the majority of its length by a sertes
of locks and weirs, with St. John's Lock and Teddington Lock, respectively,
marking the upstream and downstream limits of this study (Figure 2.2). Due

to the lack of a documented history of channel change and the impoundment
of the River Thames, a reach-scale approach to the sensitivity assessment was

considered to be more appropnate than a catchment-scale approach.

To determine the potential for bank erosion along the River Thames, a range
of approaches was applied, using information from a number of difference
sources:

- an hydraulic model of the River Thames;

- channel geometry data;

- geological survey maps;

- boat traffic data:

. boat wash and flow velocity measurements:
- the River Thames Bank Survey.

14
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The River Thames Hydraulic Model:

Discharge and water surface slope at bankfull stage were used to calculate the

average specific stream power along each reach of the River Thames. These
data were derived from the output of a computational hydraulic model
commissioned by Thames Water and developed by Sir William Halcrow and
Partners Ltd. (Thames Water, 1987, 1988a-d). The model was not run
specifically for this purpose, but the author was able to acquire the data needed

from existing reports produced by Sir William Halcrow and Partners Ltd.
(Thames Water, 1987; 1988a-d).

The model generates water levels at bankfull discharge along each reach of the
River Thames. Bankfull discharge was considered to be the stage at which the
bank is first overtopped, assuming steady flow conditions. The channel length
and bankfull discharge for each study reach were listed in the Halcrow reports,
whilst the water surface slopes were measured from the water surface
clevations generated by the model. Appendix 3.1 shows an example of the
longitudinal profile for the Grafton Reach featuring the modelled water surface
elevation for various stages. To derive the bankfull water surface slope, the fall

in the modelled surface water level at the bankfull discharge was divided by

the reach length.

It should be noted that, for many of the reaches, none of the modelled

discharges coincided with the established bankfull discharge. In these cases,
the stage generated by the most appropriate discharge modelled was used to
derive the bankfull water surface slope. For example, although along Grafton
Reach the bankfull discharge was considered to be 42m*/s, only discharges of
35m?®/s, 40m>/s and 45m>/s were modelled. Consequently, the stage generated
at a discharge of 45m’/s was used to derive the surface water slope at bankfull
discharge, since the output shown in Appendix 3.1 clearly shows that a

discharge of 40m*/s results in only minor overtopping of the banks and is, in

fact, well below the top of the bank along the majority of the reach.
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Appendix 5.1 lists the data derived from the model, together with the

discharges from which the water surface slopes were derived. All the values

for surface water slopes derived from the modelled output and used in the

analysis were within +/-5% of the established bankfull discharges.

Channel Geometry Data:

Average bankfull widths and depths for each reach of the River Thames were
obtained from a review of bankfull flow events experienced in December 1952
(Thames Conservancy, 1965). Although more contemporary data would have
been desirable, the River Thames hydraulic model uses cross-stream sections
at ntervals along the channel to defined the channel boundary conditions but
gives no indication of average reach dimensions. Furthermore, the reports of

the hydraulic model output provide no comprehensive information concerning

the boundary conditions from which to derive reach-averaged measurements

of channel geometry. For example, no width or depth data are listed in the

reports and only selected cross-sections are included.

Whilst the flow regime of the Thames has changed since the 1965 publication
was compiled, particularly due to the implementation of flood relief schemes,
the relative changes in reach-average dimensions are believed to be
Insignificant. Moreover, the stream powers calculated using these data are
insensitive to the depth and width. Consequently, the Thames Conservancy

data (1965) were considered suitable for use in the derivation of stream power.

Geological Survey Maps:

Geological survey maps were used to derive the sinuosity along each reach of
the Thames. Sinuosity compares the distance between two points along the

channel centre-line to a straight line distance along the valley axis. The River
Thames has a relatively complex quaternary geology, reflecting its more

dynamic past. The extensive river terrace deposits which flank the main
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channel are remnants from a River Thames with a very different regime.
Hence, in determining sinuosity, the ‘'valley axis' was taken to follow the
contemporary alluvium, delineated on Geological Survey Maps. For example,

the valley axis along Sonning Reach 1s shown in Appendix 3.2.

Boat Traffic Data:

Statistics on the numbers of boats passing through each lock along the Thames
was obtained from the Environment Agency (Thames Region). The only use
that has been made of statistics generated prior to 1990, is to establish the

trend in use. The average number of craft per year passing through each lock

between 1990 and 1996 has been used to evaluate the contemporary potential

for boat wash to be generated along each reach.

Boat Wash and Flow Velocity Measurements:

An experiment was undertaken in August 1992 to evaluate the characteristics
of boat wash generated along the River Thames. Three sites were selected at
which to record boat type, position, speed, bow wave height and the maximum
near-bank flow velocity generated by passage of the vessel. Sites 1 (adjacent

to a wood piled bank) and 2 (a reeded bank), were located upstream of
Wallingford Bridge. Site 3 (a bank protected with Nicospan), was just
upstream of Goring Lock.

The parameters measured at each site were:

- Time (BST) of boat passage

- Direction of boat passage (upstream or downstream)

- Boat type (small, medium, large or barge)

- Position of craft across channel width (channel quarters 1 to 4, or
middle of channel)

- Boat speed (km/hr)

- Draw down 1n surface water level at the bank (cm)

- Elevation 1n surface water level at the bank (cm)

- Maximum near-bank velocity (m/s)
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Boat speed was measured by timing the time taken to traverse a known
distance. The position of the craft across the channel (sailing line) was

estimated by judging in which quarter of the channel width the boat travelled.
The quarter of the channel width closest to the bank from which monitoring

took place was assigned a position of one. The second, third and fourth
quarters of the channel width, progressively moving further from the
monitoring bank, were assigned positions two, three and four, respectively, and

a middle position was assigned to craft travelling along the centreline of the

channel.

The maximum velocity generated at a distance of 0.05m from the bank was

recorded using an electromagnetic flow meter (EMF), during impact on the
bank of the boat wash from each vessel. The maximum draw down and crest

elevation in boat wash waves were read from a stage board positioned against

the bank. Plate 2.1 shows the stage board and EMF 1n place during the

monitoring at the wood piled bank. A discussion of the monitoring results 1s

given in Chapter Five.

Plate 2.1

Wave board and
EMF used to monitor
wash characteristics.




Chapter Five also compares the bank shear stresses generated'by boat wash

with those generated during a flow at approximately 60% of the bankfull

discharge, derived from velocity measurements taken upstream of Wallingford
Bridge in September 1992. During high, in-bank flow at that time, an EMF
was used to record the peak velocity at a distance of 0.05m from the bank
during 10 time periods lasting 60 seconds each. The potential for erosion to
result from shear stresses generated by the highest and the average of these 10
peak measurements was compared against the potential for erosion to result

from shear stresses generated by boat wash along the River Thames.

The River Thames Bank Survey:

Collection of the information presented in The River Thames Bank Survey

(Volume IT) was described above. In order to analyse this information, selected
parameters (see Appendix 2) were measured along each reach of the River
Thames. Information relating to bank vegetation and bank protection was used

to evaluate the potential susceptibility of the banks to erosion, as discussed in

Chapter Five.

\ Y Assessment of bank erosion

The objective of this component of the project was to a evaluate the influence

of different factors on observed bank erosion along the River Thames. The key
to achieving this objective was the experience and understanding gained during
the compilation of The River Thames Bank Survey (Volume II). Reviewing
this information identified 147 eroding sites that could be categorised
according to the factors contributing to erosion. This component of the

research 1s discussed in Chapter Five.
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Since completion of The River Thames Bank Survey the author has gained a
considerably greater depth of knowledge regarding the River Thames and its
banks, which has also been incorporated into this analysis. Consequently,

where Chapter Five 1dentifies the factors influencing erosion at each site, this
process was derived from both The River Thames Bank Survey and the

additional insights gained subsequent to production of the survey. The River
Thames Bank Survey was not updated with the additional information gained

from the author's later experience, however, as this would have led to

inconsistencies in the detail of information presented. Moreover, the resources

required to update the atlas were unavailable.

The River Thames Bank Survey represents a ‘snap shot’ of the Thames and

provides limited detailed morphological information. Nonetheless, the survey
does i1dentify many factors relevant to bank erosion and stability, including
livestock access, angling and mooring. Also, as the information 1s presented
in map form, it facilitates consideration of effects of channel geometry to some
extent. Hence, 1n practice, determination of whether or not a length of eroding
bank was influenced by a particular factor was based on judgement, supported

by information extracted from the map atlas and knowledge of each site gamed
subsequently. For some factors, such as cattle trampling, the existence of a

nearby structure, or the location of an eroding bank at the outside of a bend,

a definitive determination can be made of at least some of the factors

influencing bank erosion.

Factors influencing bank erosion were broadly categorised into tree groups:
- factors related to the planform and geometry of the channel,
- factors related to the use made of the river bank or adjacent land;

- factors related to navigation activities.

The length of eroding bank along the River Thames attributed to each factor

(or combination of factors) was measured, to determine the extent of bankline

influenced by that factor.
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\7 | Assessment of erosion management

An assessment of the suitability and performance of different erosion control

techniques was undertaken using a selection of case-studies from the River

Thames. The performance of these 'responses' to bank erosion was assessed
against two broad criteria. First, the appropriateness of the selected bank
erosion management technique was assessed in the light of the processes and
mechanisms of erosion and the risks posed by the erosion. Second, the selected
technique was compared to the optimum solution and its performance was
evaluated with reference to the aims of environmental assessment adopted by
Thames Region of the Environment Agency (NRA, 1994a). Chapter Five

discusses the approach taken assessing, comparing and evaluating the bank

protection solutions adopted in managing bank erosion along the Ruver

Thames.

2.3  Development of the bank erosion management strategy

In developing a bank erosion management strategy for the River Thames, the

author has drawn upon various strategic approaches to environmental

management recently developed by the Environment Agency and, in particular,
Thames Region. Chapter Seven reviews these approaches and describes the

bank erosion management strategy developed for the River Thames. This

strategy uses information generated from the assessments described above to
demonstrate the 'pressures-state-response' approach to erosion management and
develop practical guidelines for the sustainable management of bank erosion

along the River Thames.
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CHAPTER THREE

FACTORS INFLUENCING RIVER BANK EROSION

3.1 Introduction

Considerable literature exists regarding processes and mechanisms of river
bank erosion and the various factors that influence them (eg. Hooke, 1979;

Thome and Tovey, 1981; Thorne, 1982; Hemphill and Bramley, 1989; Lawler,
1993b; Lawler et al., 1997).

River bank erosion is seldom due to a single cause but is more often the result

of the complex interaction of many factors that leads to an imbalance between
the forces driving erosion and those offering resistance. These factors can

therefore be divided into two broad categories: those that affect the erosive
forces acting on the bank material, and those that influence the geotechnical

stability, or erodibility, of the bank. The aim of this chapter is to review these

factors.

A discussion of factors influencing the forces driving and resisting bank
erosion is best prefaced with a brief description of the processes and
mechanisms of erosion (Section 3.2). Factors influencing flow velocities and

fluvial entrainment are then reviewed in Section 3.3, whilst Section 3.4 reviews

factors influencing bank stability and erodibility.

3.2 Processes and mechanisms of nver bank erosion

Processes and mechanisms of river bank erosion fall into two main categories:
the removal of material by the flow (fluvial entrainment) and weakening and

weathering of the bank material. Fluvial entrainment operates in two ways: (1)
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by removing particles from the surface of the bank material, known as

sloughing (Leopold et al, 1964) or corrasion (Hooke, 1979), and (2) by

eroding material from the toe of the bank which then steepens the bank angle
and results 1in failure of the intact bank material under gravity, or slumping.

Processes of weakening and weathering act to reduce the stability of the intact
bank matenial by reducing its strength. The mechanisms of failure in either

case depend upon the geotechnical properties of the bank material.

Fluvial entrainment

For the process of fluvial entrainment to occur, the flow-induced shear stresses
generated against the surface of the bank material must be greater than the
resisting forces offered by the bank material. The nature of the material

entrained depends on the engineering properties of the bank material.

In terms of engineering properties, banks of alluvial rivers can be considered
as either cohesive, non-cohesive or composite. In the case of non-cohesive
banks, fluvial entrainment removes single grains from the surface of the bank
material. The critical flow velocity at which the grain is removed from the
surface of the bank depends upon its weight and shape. In the case of cohesive
banks, the surface of the material consists of aggregates of finer particles in the
range of 1 - 10mm. These aggregates comprise strongly bonded clays, silts and
sands and can behave in a similar way to coarse sands and gravels, in that
entrainment 1s often of these larger aggregates rather than individual particles
(Hooke, 1979; Thorne, 1982). Composite banks are made up‘of cohesive and
non-cohesive materials, often in discrete layers. The coarse, non-cohesive
materials are sandy gravel deposits formed from relic channel bars, whilst the
finer cohesive materials are sandy silty/clays deposited during over bank flows.
The engineering properties of a composite bank are, therefore, determined by
the properties of the individual layers of material of which the bank is

composed.
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Entrainment of material from the toe of the bank can result in steepening of
the bank angle and undercutting of the material above, resulting in failure of

the intact bank material under gravity. Failed material deposited at the toe of

the bank will either be entrained by river flows or remain at the base of the
bank acting as a buttress and protecting the intact toe from further fluvial

entrainment. This balance of materials at the base of the bank has been

characterised as the three states of 'basal end point control, as follows:

- impeded removal: the rate of supply of failure material to the base of

the bank is greater than the rate at which the material is removed by
the flow. The net result is accumulation of material at the toe of the
bank which reduces the bank angle and height and, therefore, increases
the geotechnical stability. The supply of failure material decreases so

that the bank tends towards the second state.

- unimpeded removal: the rate of the processes supplying material to the
basal area and those removing it are in balance. The net result is
parallel retreat of the bank, at a rate determined by the fluvial activity
at the base, and no change in the overall bank geometry.

- excess basal capacity: the rate of scour at the base of the bank exceeds
the rate at which material is supplied to the toe. The net result s that

the bank angle and height increases. This increases the rate of supply
of material to the toe so that the bank tends towards the second state.

The theory of 'basal end point control' has been used to explain cycles of bank
erosion observed on the River Severn, in Wales (Thorne and Tovey, 1981) and
changes in meander bend migration on the Red and the Lower Mississippi

Rivers (Thorne, 1991; 1992).
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Weakening and weathering

Processes of weakening and weathering fall into two groups: those that operate
within the bank to reduce the strength of the bank material, and those that act
upon the surface of the bank material to loosen and detach particles or

aggregates.

Of particular significance to weakening and weathering is the role of soil
moisture. This depends on the climatic conditions and the properties of the

bank, including bank geometry and materials. In poorly drained soils, a

positive pore water pressure will reduce the effective strength of the bank
material. Consequently, periods of heavy rainfall or drawdown following a
high river stage may reduce bank strength considerably and result in failure.
Even 1f positive pore water pressures are not generated, the increased moisture

content of the bank increases the unit weight of the material and reduces bank

stability.

Cycles of wetting and drying cause shrinkage and swelling of the clay particles
within the soil which leads to the development of ped fabric with desiccation

cracks and reduced strength. Freezing of pore water within the bank matenal

prises apart the soil units and loosens the structure. This weakens the soil and
reduces cohesion within the bank. Needle ice can also act on the surface of the
bank to dislodge particles or aggregates from the soil matrix. The movement
of water through the bank can also result in the removal of particles through
solution or suspension. This through flow of moisture can effectively leach the
cohesive cements from the soil leaving a weaker, less cohesive bank structure.
Alternatively, the seepage of water through the bank material can entrain non-
cohesive sands and lead to the development of preferential drainage channels
and piping, where cavities develop within the bank material and threaten its

stability.
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Moisture also plays a significant role in many of the processes that act upon

the surface of the bank material to weaken and loosen soil particles and
aggregates. For example, submergence of the surface of the soil will cause
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