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Abstract

This thesis addresses practical and conceptual issues associated with the design of riffle-pool
bedforms in river rehabilitation schemes. Currently, rehabilitation approaches adopt a 'standard'
model of planform and profile predominantly based on alluvial river systems of intermediate to
high slope. However, the degree to which this model actually reflects the nature and range of
form characteristics evident in natural alluvial channels is in question, as is the transferability of
this model to contrasting river environments (particularly those with more utilitarian management

requirements).

Morphological investigation of a natural alluvial river channel exposes the deficiencies in current
bedform identification techniques and highlights the diversity of longitudinal pool-riffle character
at the reach and sub-reach scale. Morphological investigation of rehabilitated non-alluvial urban
river channels shows that although much of this diversity is not originally replicated, it has to
some extent developed over time as bed sediments have been extensively reworked. The pool-
riffle bedforms which now exist in these rehabilitated urban channels also exhibit characteristics
unlike those identified in the natural alluvial river. These characteristics are, however, similar to
those identified in other urban river reaches where the bed has developed without restorative
intervention. The reworked rehabilitated morphology therefore represents an 'intermediate’ state,
reflecting morphological characteristics associated with both natural alluvial as well as those

specific to non-alluvial urban river systems.

To reduce the extensive reworking of the current simplified natural alluvial river based templates,
an integrated approach to urban river rehabilitation is proposed. This strategy reduces current
template simplification by including variable form characteristics apparent at the reach and sub-
reach scale in natural river systems, and improves their transferability to engineered urban river
channels by incorporating morphological characteristics present in these reaches. An integrated
approach would, in theory, be more stable and subject to less sediment reworking than current
restorative approaches, and would also provide a more pronounced pool-riffle morphology than

that which would develop naturally in non-alluvial urban river channels.

KEY WORDS: rehabilitation, pool-riffle form and process, integrated morphology.
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CHAPTER 1

Introduction

1.1 The degradation of fluvial environments

Throughout history, rivers have played a significant role in many human activities such as
fishing, irrigation, recreation and transportation (Nilsson and Britain, 1996), and remain central to
the well being of local and global economies (Stanford et al., 1996). Rivers have been directly
and indirectly altered more than any other type of ecosystem, affecting physical, chemical and
biological characteristics (Boon, 1992). From a UK perspective, few rivers can still be regarded
as 'natural’, with at least 80% of lowland and 60% of upland river channels having been modified
in some significant way (Environment Agency, 1998a). Direct modifications to the channel
typically involve aspects such as bank stabilisation and reinforcement (concrete, wooded, steel,
gabion revetments); resectioning (dredging the bed and banks); and reprofiling (straightening)
(Environment Agency, 1998a). These alterations suppress environmental and biological diversity
(Stanford et al., 1996) and have resulted in the degradation of many aquatic ecosystems (Brookes
and Shields, 1996). With the ecological consequences of these modifications becoming
increasingly unacceptable to a progressively environmentally aware population (Ellis and House,
1994), the restoration of aquatic ecosystem integrity is becoming increasingly prominent
(Brookes and Shields, 1996).

With respect to the UK, the Passing of the Water Act in 1989 and the creation of the National
Rivers Authority ushered in a new era in the protection of the water environment (Gardiner and
Cole, 1992). Under this legislation, the National Rivers Authority, later combined with other
agencies concerned with air and land pollution in 1996 to form the Environment Agency, is duty
bound to conserve flora, fauna and geological or physiographical features of special interest, as
well as to minimise the environmental impact of channel engineering works (Gardiner and Cole,
1992). In addition to these aspects of conservation and mitigation, the Environment Agency is
also challenged with the task of enhancing river environments. These enhancements typically
aim to provide a stable channel environment (Osborne et al., 1993), within which sustainable

plant and animal colonies can develop (Larson, 1996; Gore et al., 1998).



1.2 The restoration of fluvial environments

Ecological objectives are the most prevalent forces driving restorative intervention (Morris, 1995,
Barinaga, 1996). A survey (conducted by the author) of 65 schemes intended to restore and
rehabilitate river reaches in the Thames catchment, UK, between 1979 and 1999 (Figure 1.1),
revealed that 90% were driven by the improvement of habitat diversity (Table 1.1, summary
Table 1.2, Figure 1.1). The improvement of educational and recreational value as well as
aesthetical value and water quality is also prominent, though these are virtually absent in the
listings for the Thames catchment before 1989 (Figure 1.2).

Cairns (1991) defines restoration as the complete structural and functional return to a pre-
disturbance state. Natural recovery can also be considered as a management option leading to
restoration (Brookes, 1995a) although enhanced recovery is more common. This involves the
direct manipulation of both physical and/or chemical aspects of the channel environment, such as
water quality, hydrology, habitat structure and riparian zones (Gore, 1985). This type of strategy
whereby designs are based on the alteration of physical and chemical characteristics of the river
system (abiotic approach), is considered to be more appropriate than simply reintroducing extinct
biota as it recognises the complex interdependence between living things and the totality of their

environments (Brookes and Shields, 1996; Petts and Calow, 1996).

The methods employed to restore rivers in the Thames catchment are categorised in Table 1.3
and summarised in Table 1.4. The most prevalent procedures include the alteration to the
channel cross-section through the reprofiling of berms, and the alteration to the channel profile
through the creation of pool-riffle sequences. The importation of gravel is also prominent, as is
the planting of riparian and bankside vegetation. Prior to 1990, the creation and connection of
ponds and wetlands are not evident in the Thames catchment resulting in a relatively low
prominence over the 20 year period (15%, Table 1.4). For the period 1990 to 1999, 22% of the

restoration schemes involved the creation and connection of ponds and wetlands.
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Ecology/conservation Amenity Bank Flood
Year River and location Habitat 5 Water Acsthetics E Education | protection | defence
diversity E Quality | landscaping E recreation stability
1979 |Roding, Abridge, Essex : E v v
1980 [Stort, Bishops Stortford v ! Research
1981 }Ock, West of Abingdon, Oxon v oo ;
1982 |Ock, West of Abingdon, Oxon v o :
Roding, nr Passingford, Essex v oo : v
1983 |Thames, Isle of Dogs, London v i v v
1986 |Dun, Freemans Marsh, Berkshire v :
Thames, Wolvercote, Oxfordshire v i : v
1987 |Ock, Stanford-in-the-vale, Oxon v : v
Dyke, High Wycombe v i ; v
Lyde, Newham, Hampshire E E
Lyde, Hertly Wespall, Hants v : :
Loddon and Blackwater, Various sites v H H
1988 |Blackwater, Eversley Cross v oo :
Pinn, Ruislip, W London v i v
Thames, Clifton Hampdon, Oxon : : v
Scotsgroge Brook, Oxfordshire : :
Wandle, Carlshalton, S London v E v E
1990 |Thames upstream of Sonning Bridge v : v : v
Thames, Pinkhill Meadows v ' ' Monitoring
Ash, Sunbury v v v I
Beck, Beckenham, S London v E v E v
1991 |Blackwater, nr Frimley, Hampshire v oo :
1992 |Cole, Sevenhampton v é é
Lambourne v : H Reduce
Windrush, Sherbourne Meadows, Glos v H H v
Windrush, Minster Lovell, Oxfordshire v H H
1993 {Colne, M1 link, Watford, Hertfordshire v oo : v
Bear Brook, E Aylesbury v i : v
Thame, Aylesbury v oo :
Ravensbourne, Bromley v E v E
Crane, Richmond Lock, London v H v : v v
Chess, Blackwell Heath v H v v H
Ver, Redbourne, Hertfordshire v E v E Research
Pang, Compton, Berkshire O ! Research
1994 | Thames, Pinkhill lock, Oxfordshire v oo :
Wye, Woburn Green v E v E v
1994/5 | Pool, Bell Green, Sydenham v E v v E v v v
Table 1.1 Driving forces behind river restoration strategies conducted in the Thames catchment

1979 - 1999
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Ecology/conservation Amenity Bank Flood
Year River and location Habitat E Water Aesthetics E Education | protection | defence
diversity 1 Quality landscaping 1 recreation stability
1995 |Dun, Foxfield, Wiltshire v v :
Wandle, Carlshalton, S London v : v H v v
Thames, Thames Valley Park v ' v ' v v
Kyd Brook, Sundridge Park 4 E 4 E v
Roding, Redbridge, Essex v oo :
Thames, S of Shiplake lock v E v E v
Thames, Bullhead lock, London v : : v v v
1995/6 | Blackwater, nr Frimley, Hampshire v E E v
1995/7 | Thames, Barn Elmes, SW London v E E Research
1996 |Thames, Limehouse, London : : v v
Colne, Watford, Herts : :
Gatwick Stream, Grattons Park v E E
Mole, Norbury Park, Surrey v : v :
1997 {Pinn, Cowley, Uxbridge v : v :
1997/9 |Colne, Hammondsworth v E v v H v v
1998 |Thames, Grenwich Peninsular v E E v v
Enbourne, Kennet, Lambourne, Berks ' v ' v
Ravensbourne, Lewisham v E v E v v
Bear, Southcourt and Hartwell Ditch, Bucks v E v E v v
Hughenden Stream, High Wycombe v i v :
Colne and Wraysbury, Stains, Surrey v : v v E v
Frayes, Uxbridge, Middlesex v : v E v
1999 [Chaffinch, Elmers End, London v : v : v
Wandle, Colliers Wood, S London v H v v ' v
Loddon, Wokingham, Berkshire E v E
Loddon, Twyford, Berkshire Voo v : v
Table 1.1 Driving forces behind river restoration strategies conducted in the Thames catchment
1979 - 1999
Restoration aim Sub- category Number | %of
total
Ecological improvement Habitat diversity (form and flow) 57 88
Water quality (physical and chemical) 15 23
Amenity Aesthetics - landscaping 24 37
Recreation/education/access 15 23
Stability Bank protection 16 25
Table 1.2 Summary of restoration aims for schemes in the Thames catchment (1979 - 1999).

Sources: Environment Agency, River Restoration Centre, Local Authorities,
Royal Society for the Protection of Birds.
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Objectives of river restoration schemes
carried out in the Thames catchment between
1979 - 1999.
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Restoration parameter Number % of total
Cross section Channel narrowing 7 11
Channel enlargement 1 2
Deculverting 5
Inclusion of inline/adjacent pond areas 10 15
2-3 stage channels 6 9
Reprofiling berms 16 25
Plan Full meander reinstatement 13 20
Partial plan change 6 9
Bed Pool-riffle sequences 18 28
Structural deflectors 9 14
Structural removal/modification (eg weir) 8 12
Gravel import 16 25
Dredging 10 15
Channel island creation 4 6
Ponds Pond creation / connection 10 15
Wetland Including marsh/meadow development 10 15
Vegetation In channel (inc riparian) 15 23
Bank (trees/shrubs) 24 37
Water quality Physical (adding turbulence) 6 9
Chemical - 14 22
Water quantity | Low flow provision 5 8
Bank protection | Piling, screening 16 25
Table 1.4 ?;;nglr)xlary of restoration methods for schemes in the Thames catchment (1979-

Complete structural and functional return to a pre-disturbance state is often problematic (Clifford,
2001) as, in many cases, a lack of knowledge exists concerning the previous conditions (Brookes,
1995a). In these circumstances, natural alluvial river morphology often forms the basis of design
as a return toward natural riverscapes is a desirable objective (RSPB, 1995). This approach
assumes that if morphological elements of a natural alluvial river system can be transferred to
other environments, form stability and ecological diversity benefits will be realized (Brookes and
Shields, 1996). Fundamentally, the success of these schemes relies on the ability to replicate
natural form characteristics and for the restored morphology to function in a natural manner in a

range of river environments.
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1.3 Research focus and problem statement

The pool-riffle sequence provides the main focus of this research. These bedforms are one of the
most important aspects of the channel environment and are an integral component in 'most
advanced restoration strategies' (Clifford and French, 1998). Ebrahimnezhad and Harper (1997)
report that 40 rivers in England have been improved with artificial riffles, and out of the 65
schemes recorded in the Thames catchment from 1979 -1999, 18 (~30%) involved pool-riffle
bedforms. In fact, out of all the possible morphological adaptations made, pool-riffle sequences

were the most prevalent (Table 1.4).

Despite the importance of pool-riffle bedforms in restoration design, the ability to replicate them
is questionable. Initial concerns surround their identification, as current techniques lack
objectivity (Clifford and French, 1998; Carling and Orr, 2000). Current restoration templates
also generally reflect average states of the most basic form characteristics such as those relating
to pool-riffle morphologies. Consequently, the resultant morphology tends to be significantly
simplified. Practical constraints such as financial and spatial limitations also restrict the nature,

scale and comprehensiveness of intervention (Gardiner, 1995).

The suitability of replicating these bedforms in contrasting river environments is also unknown.
Current restoration models are generally based on natural alluvial river systems of intermediate to
high slope (e.g. Nixon, 1959; Kellerhals, 1967; Charlton et al., 1978; Bray, 1982; Hey, 1982; Hey
and Thorne, 1986), although these may not be statistically applicable to lowland river reaches
(Park, 1995), which have been subject to relatively little research (Brookes, 1995).
Unfortunately, it is these lowland rivers which are often in greatest need for restoration as they
suffer most from human intervention (Osborne ef al, 1993). The nature and degree of this
intervention further questions the transferability of rural based river templates, as restoration
goals are not easily reconciled with utilitarian channel requirements such as flood routing
(Moulton, 1999). This is not to say that a pool-riffle morphology will be absent from heavily
utilised and altered channels (i.e. realigned and resectioned), just that given the hydrological
obligations and morphological constraints, form characteristics may not be similar to those in

naturally developed alluvial river systems.

Transferability concerns are especially pertinent in urban river systems, as hydrological and
sedimentological regimes can vary significantly from the systems on which the templates are
derived (Wolman and Schick, 1967; Packman, 1979). Despite this, project designers have not
always been appreciated the possible implications arising from altered hydrological and
sedimentary supplies (Kondolf, 1998). Furthermore, although post project appraisals are perhaps
the most important component in environmental policy relating to the river environment
(Clifford, 2001), structured appraisals are limited, owing to a lack of funding (implementation

funds only — Kondolf, 1998), infrastructure and/or payoff for individual scientists for an

17




































































































































































































































































































































































































































































































































































































































































































































































































































































































































