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Introduction

This report was commissioned by Natural England and overseen by a steering
group convened by Natural England in partnership with the Environment Agency
and the Water Management Alliance (internal drainage board). The report was
produced by JBA Consulting, building on a fluvial audit by Geodata Services. The
River Restoration Centre acted in an advisory role. The views are those of the
authors and do not necessarily represent those of Natural England.

Background

The River Wensum rises near South Raynham This is the first oOowhol e
in Norfolk and flows east through Norwich, to be prepared in the UK. After consultation with
joining the Yare on the south-east side of the key stakeholders, it has been agreed by the

city. Upstream of Norwich, 71 km has been partners and is starting to be implemented.

notified as a Site of Special Scientific Interest

(SSSI), and it is one of 16 rivers in England This report is being published to help Natural
designated as a European Special Area of England:

Conservation (SAC).
9 Develop a standard approach to river

A survey in 2002 showed that the ecological restoration that is accepted and understood by
condition of the river had declined, and the key partners, such as the Environment
principal reasons for unfavourable condition Agency, and stakeholders, including riparian
were water quality and siltation. The siltation landowners and fisheriy managers.
problem is exacerbated by structures which 1 Apply sound science and surveys to ensure
i mpede the riverds hydr ol orgersa@ buccksdfillgresto@d i ng .
The water quality is being addressed, but the Natural England is using the findings in this
physical character of the river channel also report to:
needs to be restored to secure good ecological
and hydrological functioning. 1 Identify and prioritise physical restoration

) ) measures on the River Wensum SAC that will
In 2004, a geomorphological appraisal of the help to achieve its conservation objectives in
River Wensum was carried out by Geodata the most cost-effective way.

Services, University of Southampton. JBA
Consulting used these results to prepare this
technical report and restoration strategy.

i Develop and test a methodology for producing
a restoration strategy on a whole-river basis
that can be applied more widely to other river
SSSils.
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Project detalls

This report results from research commissioned by English Nature and later, Natural England to
prepare a restoration strategy for the River Wensum in Norfolk. Natural Englandd $Project Officer
overseeing this contract was David Withrington. The work was undertaken by the following team:
Tony Green, Anna Curini, Howard Keeble, Philip Soar and Martin Coombes of JBA Consulting.

This report should be cited as:

COOMBES, M., CURINI, A.,, HOWARD KEEBLE, A., GREEN, T. and SOAR, P. 1999. River Wensum
Restoration Strategy. Natural England Research Reports, Number 024.
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Summary

The River Wensum rises near South Raynham in Norfolk and flows east to Norwich, joining the Yare
on the south-east side of the city. Upstream of Norwich, 71km has been notified as a Site of Special
Scientific Interest (SSSI), and it is one of 16 rivers in England designated as a European Special
Area of Conservation. The Wensum is a valued fishery and landscape feature in the Norfolk
countryside.

Before its designation, the river was surveyed (Holmes, 1980), indicating that in its upper reaches the
plant communities were characteristic of chalk rivers, with a transition to lowland rivers of mixed
geology in the lower sections. A repeat survey (Grieve et al, 2002) indicated that the ecological
condition of the river had declined at four out of the five survey sites.

The condition assessment carried out by English Nature (now Natural England) in 2002 concluded
that the river was in unfavourable condition. The principal reasons were: water quality (high levels of
phosphate), siltation, and physical modifications impedingt he ri ver 6s hydr ol ogi cal

The water quality problems are being addressed pri
sewage treatment works at Fakenham and Dereham and other smaller works in the catchment.

Agricultural run-off is being tackled by a Catchment Sensitive Farming pilot project administered by

Natural England. This leaves the physical modifications to the river that now require attention to

return the river to good ecological status.

Development of a restoration strategy

In 2004, a geomorphological appraisal of the River Wensum was commissioned by English Nature

(now Natur al England), in partnership with the Enyv
of Internal Drainage Boards (now Water Management Alliance). This was undertaken by Geodata

Services, University of Southampton, and produced detailed maps, dividing the river into 41 reaches,

showing madifications to the river channel and the behaviour of sediments. It indicated the type of

restoration work appropriate for each reach.

In 2005 English Nature convened a steering group of the partners to consider the results of the
geomorphological appraisal and to decide on the next steps. They decided that a restoration strategy
was needed, which would set out a vision for the River Wensum, evaluate options for physical
restoration, and consider costs - as well as constraints and possible synergies with other plans and
initiatives. JBA Consulting were appointed to prepare a report and a restoration strategy.

At an early stage of the work (May 2006) the partners (Natural England, Environment Agency and
Water Management Alliance) held a meeting to discuss their plans with stakeholders, including
Anglian Water, local authorities, fisheries and farming interests. There was general support for a river
restoration project, but a number of possible constraints were identified.

The objective of arestoration strategy for the
Wensum

The aim of river restoration is not to achieve sor
restore a measure of hydrological functioning so that it can sustain wildlife and fisheries characteristic

of the river type. Once the appropriate measures have been implemented, the SSSI can be assessed

as Orecoveringo t owa rTHesratidn&leafar thisis setoout & drafiguidelingésifoo n 6
restoration of river SSSIs, prepared jointly by Natural England and the Environment Agency.

The key to this approach is understanding how the river functions as a whole and within its
catchment. Hitherto, most river restoration in the UK has been piecemeal and opportunistic in its
i



approach, has been limited to only few stretches or has only tackled one impact (for example,

trampling of banks by livestock). However, the Wensum has been chosen as a pilotforad wholi @ er 6
restoration strategy. Restoration measures will be undertaken where they are likely to have the

greatest effect on the hydrological functioning of the river.

The main drivers for physical restoration of the Wensum are to achieve favourable or recovering
condition under the Governmentodos PSA target f
contribute to 6favourable conservation status
mountainous rivers with characteristic plant communiti es of water c¢r oWwé oot a
Wensum is also of European importance for two species of fish (brook lamprey and bullhead), as well
aswhite-c | awed crayfish and .Blesesespedies aredexpeotel to behefitdroma i |
physical restoration of the river.
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6 of
nd

A further driver for the restoration of the Wensum is its status as a Protected Area under the Water
Framework Directive. This means that measures have to be included in the Anglian River Basin
Management Plan in 2009 to address hydromorphological pressures that prevent it from achieving its
environmental objectives.

Conclusions of the restoration strategy

Finalised in November 2007, the restoration plan identified the 14 redundant mill structures along the
Wensum as the most significant factor affecting the morphology of the river channel as 67% of the
river is backed up behind these structures. Out of a total fall in head along the Wensum of 34 metres
(from above Sculthorpe Mill to downstream of Hellesdon Mill), 60% of the drop occurs at mill
structures, rather than progressively along the channel.

Most of the changes to the natural channel morphology took place between 1200 AD and 1900 AD at
mill sites. Historically, working mills stored water upstream and used the head to drive water wheels
or turbines. As a result sediment was flushed downstream on a regular basis and was unable to
accumulate behind the mill dams. However, the last of the mills ceased to operate by the end of the
1960s. Since then, mill owners have tended to operate sluices infrequently or to keep them closed.
As water levels do not fluctuate on a regular basis and silt ingress has significantly increased over
recent decades, upstream mill ponds are characterised by sluggish flows and deep accumulation of
sediment.

Further key influences have been channel dredging (deepening and widening - 35% of the river
length is assessed as more than 5 metres wider than it should be); straightening; and the presence of
embankments. Only about 20% of the surveyed channel remains largely unmodified (for example,
parts of the lower course of the Langor Drain and sections of the Wensum between Lenwade Mill and
Attlebridge Hall, and downstream of Taverham Mill). Catchment influences include increasingly
intensive agriculture in the upper catchment, generating run off of silt and nutrients, and an extensive
network of drainage channels in the floodplain, affecting flows and water levels.

Recommended measures

Works at mill-structures are an essential component of the River Wensum Restoration Strategy. If the
restoration of the whole river is to be sustainable, these works need to be completed prior to any
channel restoration up and downstream. A timeframe for restoration work is set out in Table 7. This
proposes the following sequence of measures:

1) Lower water levels at mill structures through alteration of operational regimes (between
0.1m at Fakenham and 1.36m at Elsing). This would require limited structural work, and it
would reduce the ponded length of river by 18km. The effects should be monitored to
inform further work at (2) and (3) below.

2) Bed-raising and other channel enhancements linked to the lowering of redundant mill
structures. Silt management could include creation of berms (redistribution of silt) along
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channel margins where it is currently over wide. Woody debris could be introduced where
appropriate.

3) Carry out physical modifications (lowering or removal of structures) at most of the 14 mills
(see Table 9), each one to be carefully assessed and planned, taking account of by-
passes and multiple channels. This would substantially remove ponding throughout.

4) In the upper Wensum, re-meandering in four reaches and reconnection of 8km of river to
its original channel.

5) Targeted channel narrowing and bed raising, where the river channel is showing little sign
of natural recovery.

Costs

The costs per kilometre have been estimated: bed-raising £180,000; channel narrowing £200,000;
and restoring meanders/former channel £150,000. Because of the high costs, it is recommended that
these measures are carefully targeted. The costs for modifying or removing mill structures will vary
from one to the other: the River Wensum Water Level Management Plan estimates that the main
structural changes required could be achieved with a total budget of £4 million.

Synergies

Synergies have been identified between the River Wensum Restoration Plan and a wide range
projects and local initiatives including:

The Broadland Rivers Catchment Flood Management Plan (Environment Agency).

The Flood Risk Management Strategy, including lowering of mill structures as a cost-
effective means of reducing flood risk at Fakenham and Lyng (Environment Agency).

The Water Level Management Plan (2007) prepared by the Environment Agency for the
River Wensum SSSI.

The Fisheries Action Plan prepared by the Environment Agency.
The Wensum Catchment Sensitive Farming initiative (Natural England).

== = = = =

Recommendations

The report makes the following recommendations:

1) The River Wensum Restoration Strategy Steering Group should now take forward the
project to an implementation stage. This is important to select the optimal delivery
mechanism, identify funding sources and identify the organisation(s) which would best
lead the project.

2) More detailed consultation with stakeholders is needed early in the next stage, both to
promote the overall vision, and to discuss how local changes would be implemented.

3) Discussions with stakeholders that want to implement works on the river in the very near
future, including Anglian Water, NACA (angling club) and the Environment Agency flood
risk management team, should be continued at the earliest opportunity.

4) Further study is required on how to implement the proposed changes in water levels at
mills. It would seem appropriate that this should be progressed as part of the
implementation of the River Wensum Water Level Management Plan, but this aspect must
remain an integral part of the River Wensum Restoration Strategy.

5) Plans should be made for a demonstration site where the operating level at a mill can be
progressively lowered. The changes in the river should be monitored to establish how
lowering of water level can be achieved without creating unsightly muddy banks, or
causing silts to be deposited on high quality gravel bed downstream of the mill.

6) During the development of the restoration strategy there were uncertainties in the
methods used for calculating reference river widths and depths. Monitoring of the initial



works under the plan should be undertaken to refine the prediction techniques and the
most effective way of achieving river improvements.

7) The effects of potential restoration works on the flooding regime should be studied in more
detail.

8) The River Wensum Restoration Strategy could be promoted as a pilot for improvement of
river condition under the Water Framework Directive.

9) Personal accounts of observed changes in the river (such as in Appendix 4) have been
useful to this study. Effort should be made to collate similar accounts for other rivers.
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The River Wensum is one of 31 rivers in Engl ant

Scient i fi c | n.titeassetetted {(n EeBognitipni®df being one of the best examples of an
6enriched cal car Whlst Bngldand cehtans mimarousvegamples of chalk river,
particularly in the south, East Anglia and up to Lincolnshire and Yorkshire, they have a limited
distribution throughout the rest of Europe (UK Biodiversity Steering Group, 1995). Owing to their
international importance, UK chalk rivers, such as the River Wensum, have been identified as a
priority habitat by the UK Biodiversity Steering Group. They are also recognised as being a
unique and irreplaceable part of English heritage and landscape. Chalk rivers and their
underground aquifers provide water resources for domestic, industrial and agricultural usage and
they are often world famous for their fly-fishing. However, they face mounting pressure from
water abstraction, urbanisation, flood defence, agriculture and industry. These pressures threaten
to damage the characteristic habitats that are considered typical of chalk rivers (UK Biodiversity
Action Plan Steering Group for Chalk Rivers, 1994).

The River Wensum, whilst an attractive looking river to the casual visitor, has been adversely
affected by physical maodifications that limit its ecological potential to support chalk river habitat.
The vision of the River Wensum Restoration Strategy is to reverse some of these changes and
enhance the natural functioning of the river. This will produce multiple benefits in the form of a
richer riverine environment, improved fisheries and a more naturally functioning hydrological
regime that will assist with the management of water resources and flood control in Norwich.
Unlike many river restoration projects undertaken in the UK that tend to be localised, one-off
schemes, the River Wensum Restoration Strategy envisages large scale modifications to 71km of
river channel. It may not be possible to carry out improvements at all locations simultaneously but
there will undoubtedly be benefits in identifying the key issues in the catchment, producing a clear
vision of what is desirable and an understanding of how this may be achieved when planning
individual schemes at a local scale.

The River Wensum SSSI designation covers 393ha. It recognises the presence of a rich
assemblage of aquatic and emergent plants (with over 100 species of vascular plant recorded),
and a rich invertebrate fauna. It includes the river channel up to the first major change in bank
angle, and 20 parcels of land which were included within the boundary as they are hydrologically
linked to the river and support semi-natural vegetation (including fen, reed bed, floodplain
grassland and carr woodland). Whilst the river is of rich ecological and cultural value in its present
state, the features of special interest of the River Wensum SSSI are currently regarded as being

i n an o6unf av o ulmoadbritoaeach tavodrable coaditién, a wide range of issues need
to be addressed including those relating to water quality, water quantity and channel form and
function.

In 2000, the River Wensum was transmitted to Europe as a candidate Special Area of

Conservation (SAC) and the site was confirmed as a SAC in 2005. European features supported
by the River Wensum SAC include Annex | habitat (watercourses of plain to montane levels with
Ranunculion fluitantis and Callitricho-batrachion vegetation) and Annex Il species (white-clawed
crayfish, Desmoulindés whorl .snail,|, bull head

A wide range of government bodies have a statutory interest in the River Wensum and its
floodplain, including:

i1 The Environment Agency.

River Wensum Restoration Strategy 1
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9 The Norfolk Rivers Internal Drainage Board (NRIDB) which includes the former River
Wensum IDB and which is a member of the Water Management Alliance (WMA).

9 Natural England (formerly the Rural Development Service, the Countryside Agency and
English Nature).

1.6 Previously each agency had its own agenda in relation to the management of the river and its
floodplain and, hence, it was difficult to develop a unified vision for the river. This was highlighted
in a meeting of the River Wensum Forum in November 2002.

1.7 Natur al England have identified a wide range of
unfavourable condition of the river and have liaised with other organisations in order to find
solutions and mechanisms to remedy these issues. The Government has set a Public Service
Agreement (PSA) target to attain 95% of SSSis in favourable (or unfavourable recovering)
condition by 2010. This has given the impetus for all public bodies and agencies to work together
towards a shared vision for the river. Additional objectives, such as those of the Fisheries Action
Plan and the Water Level Management Plan for the River Wensum, are compatible with Natural
Engl andds objective of tfeeondition Inthigcontektghe Rivev er t o f a
Wensum Restoration Strategy will form a pilot scheme for the development of catchment scale
restoration plans that address unfavourable condition.

1.8 In 2005, English Nature and the Environment Agency drafted proposed guidelines for the
restoration of physical and geomorphological favourable conditions on river SSSls in England
(Fraser et al., 2005). The guidelines highlight the need for a restoration plan for each river that is
technically feasible, practical and capable of being costed. Experiences gained through the River
Wensum Restoration Strategy pilot will help to inform the development of these guidelines.

1.9 Guiding principles for restoration proposals are that they should conserve the characteristic
ecology (flora and fauna) of the river type. The working assumption is that, generally, increasing
physical naturalness and reducing morphological modification will improve ecological conditions.
Ecological studies have shown that whilst localised river restoration works may have benefits for
target species, these are very much limited by the level of maodification to the whole river system
which may be poor elsewhere. The argument for a whole river approach is thus supported by the
biological evidence. The aim in the River Wensum Restoration Strategy is to restore natural river
form and process in order to improve the chalk river habitat throughout the catchment, whilst
recognising that the River Wensum is part of a wider, historic landscape whose character it is
important to retain.

Study area

1.10 Figure 1 shows the location of the River Wensum catchment to the north west of Norwich. The
River Wensum Restoration Strategy covers all sections of the channel within the River Wensum
SSSI. The study catchment area is approximately 650km2 and the site extends approximately
71km, from just upstream of the City of Norwich at Hellesdon Mill (TG 198 105) to near its source
at Pear Tree Corner (TF 898 237). It incorporates the lower part of the River Tat and the
downstream reaches of the Langor Drain and the Guist Drain.

1.11 The River Wensum is a low gradient, groundwater dominated river. It flows at an average slope
of 0.00082 over Senonian Chalk that has been overlain by a complex sequence of glacial drift,
sands and gravels. These deposits tend to increase in thickness towards the lower end of the
catchment. As the river is often separated from the chalk aquifer by considerable depths of
superficial material, it does not exhibit fsome o
southern England. Intensive arable land-use dominates the landscape on the higher plateaus and
valley sides, and grazing marsh, fen, reedbed, scrub and scattered woodland characterise the
floodplain. Unusually for a lowland river, much of the floodplain of the River Wensum is still
traditionally managed and relatively natural, although there are a series of flooded gravel pits,
particularly in the vicinity of Costessey, Lenwade, Lyng, Fakenham and Great Ryburgh. Views of
the River Wensum and its floodplain are shown in Plate 1.
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Figure 1 Location of study area

1.12  Whilst the hydrological regime of the Wensum is that of a groundwater fed river, water
management and artificial drainage significantly affect the levels of water and flow in the
catchment. The current river channel is the product of a long history of modification and
management. Since clearance of the floodplain forests for settlement and agriculture
approximately 4,500 years ago, sections of the post-glacial meandering and sometimes

anastomosing channel were straightened and dredged, diverted, impounded and embanked. For
many centuries, the waters of the Wensum have been harnessed to provide power for water mills

and, whilst there are no working mills remaining, 14 mill structures are still present along the
course of the river. Anthropogenic influences have had a dramatic effect on the ecology and

hydrology of the River Wensum, in particular at sites up and downstream of mill structures, sites

affected by excessive silt ingress, sites that are heavily maintained and sites that lack natural
riparian vegetation.

Project objectives

1.13 Jeremy Benn Associates Consulting (JBA) was commissioned by English Nature (now a part of
Natural England), in October 2005, to produce an outline restoration strategy and vision for the

River Wensum SSSI. The wider project objectives have been developed through a project
steering group. These included:

9 Development of the River Wensum Restoration Strategy for the whole of the SSSI (this
report).

9 Development and implementation of reach based delivery plans, including consultation and

involvement of stakeholder interests (to be undertaken as a separate exercise after
completion of the strategy).

River Wensum Restoration Strategy



Plate 1 Views of the River Wensum. Left: Ranunculus vegetation; Right: Winter flooding of grazing
marshes

Approach to the study

1.14 The approach used in producing the River Wensum Restoration Strategy includes:

9 A review of all available information, including the following supplied primarily by Natural

England and the Environment Agency:

i River Rehabilitation Feasibility Study for the Wensum (Ecological Consultancy, 1999).

i Water Level Management Plan for the River Wensum SSSI (Environment Agency, 1999 -

currently being rewritten).

Macrophyte Survey of the River Wensum SAC (Centre for Agquatic Plant Management,
2002).

Condition Assessment, including River Habitat Survey (RHS) data (English Nature, 2002).
Conservation Objectives for the River Wensum (2002) and revised objectives in draft
(2007).

Hydrological Model of the River Wensum and the Upper River Wensum Strategy Study
(Babtie, Brown and Root, 2003 - hydraulic modelling completed by JBA Consulting).
Fisheries Action Plan for the River Wensum (Environment Agency, 2003).

River Wensum SAC Geomorphological Audit by GeoData Institute (completed in 2005),
published in 2006 as English Nature Research Report 685 - A Geomorphological Appraisal
of the River Wensum Special Area of Conservation. This document is referred to as the
6Geomorphol ogical Appraisalé in the remainder
appraisal is referenced to GeoData (2006).

Broadland Rivers Catchment Flood Management Plan (JBA, ongoing).

Previous river restoration or flood risk management works undertaken in the River
Wensum catchment and, where relevant, management works undertaken on other chalk
rivers.

9 In addition, consideration has been given to the UK Common Standards Monitoring
guidance, the Strategic Environmental Assessment Directive and the principles of the
Water Framework Directive (WFD).

i On-going consultation with the River Restoration Centre (RRC) and steering group members

(Table 1).

9 Development of an understanding of the characteristic geomorphology and habitat/ecological
communities of chalk rivers.

i Mapping of current conditions in the Wensum and comparison to semi-natural conditions

expected in Norfolk rivers (for example, relating to impounded reaches/silt accumulation,

channel width and depth etc.).

Site visits to relevant stretches of the River Wensum.

An assessment of constraints that may curtail restoration plans.

= =4 = = = =
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A review of reaches and restoration measures proposed in the Geomorphological Appraisal.

Collation of all data related to each reach and at each mill structure site and recording of data,
decision rules and recommendations for restoration in summary tables.

The placing of each River Wensum Restoration Strategy reach into an approximate cost band
and identification of potential sources of funding.

I niti al consultation with 6Kk esuppliedloytha Steeiingdi vi d
Group).

i Technical report production.

= =2 =4

1.15 The strategy has been developed without detailed scenario modelling (that is, without use of the
Upper Wensum Strategy (2003) flood model). However, modelling will be necessary during the
development of reach based restoration schemes.

Table 1 Steering group members and advisors

Organisation Steering Group Title
Member
English Nature/ David Withrington ~ Senior Freshwater Officer

Natural England Richard Leishman  Conservation Officer, Norfolk

Environment Agency Rob Dryden Technical Specialist, Fisheries Recreation
and Biodiversity Team
Phil Usher Technical Specialist, Asset Systems
Management

Johanne Steward Team Member 1, Flood Risk Management

Water Management Alliance (WMA) Lou Mayer Conservation Officer
Tony Goodwin Engineer
Jeremy Benn Associates (JBA) Tony Green Project Manager
Anna Curini Geomorphologist
DEFRA Rural Development Dougal McNeill Wensum Catchment Sensitive Farming
Services/Natural England (Advisor to steering  Officer
group)
River Restoration Centre (RRC) Martin Janes RRC Centre Manager
Jenny Mant RRC Projects Adviser
(Advisors to steering
group)

Project outcomes

1.16 The River Wensum Restoration Strategy is presented in this technical report using a series of
maps that are suitable for consultation. All maps are presented in A4 format in Appendix 11 at the
end of this report to aid clarity. A summary map is provided to illustrate the changed vision for the
River Wensum SSSI post-restoration. This map is linked to tables giving more detailed, reach-
scale or site-specific information where necessary (Appendices 1 and 2, respectively). A brief
ecological analysis is also provided to describe the expected benefits of the restoration measures
to characteristic biological communities. A Microsoft PowerPoint presentation of the proposals
was also produced and used during the initial consultation exercise with key stakeholders.
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Report structure

1.17 Section 2 of this report summarises the main findings of the Geomorphological Appraisal
(GeoData, 2006) and goes on to analyse in more detail some of the main issues and problems in
the Wensum catchment. Section 3 considers the baseline condition for restoration of the
Wensum and explains the method used to develop the River Wensum Restoration Strategy.
Given numerous parallel initiatives, schemes and strategies in the Wensum catchment, Section 4
describes where integration with these and the River Wensum Restoration Strategy may be both
possible and beneficial to the strategy. Constraints to restoration within the River Wensum SSSI
are discussed in Section 5. The last section in this technical report is key. It describes the
strategy, its recommended timeframes, scales and plan of implementation. It also provides details
of initial costs and potential sources of funding.



2 Catchment characteristics
and Issues

Catchment characteristics

2.1 A comprehensive Geomorphological Appraisal of the River Wensum was conducted by GeoData
(2006). This document provided a starting point for development of the River Wensum
Restoration Strategy (refer to Appendix 3 for a summary).

2.2 The main characteristics of the catchment currently include:

91 The River Wensum has a low energy, meandering channel as a consequence of its subdued
relief and groundwater dominated hydrology (the base flow index at Fakenham and
Costessey is 0.82 and 0.73, respectively). The flow regime is similar to that of a typical chalk
stream, although the influence of overlying drift deposits is increasingly obvious downstream
of Fakenham.Geomor phol ogically, the ¢ he@hamdbplanfors, c | a.
long profile, cross sectional form, coarse bedforms and connectivity with the floodplain are
relics of past processes from an earlier climatic regime, and, as a result, the river will not
naturally recover to a pre-disturbance state.

i Typically, the soils of the upper catchment and valley sides are well drained and have been
intensively farmed for arable crops, livestock and, more recently, outdoor pig units. On the
floodplain, low intensity grazing has dominated as a consequence of the higher water table
and the poor agricultural quality of this land. The floodplains are generally a mosaic of
pasture, scrub, gravel pits (mainly disused but remaining as lakes), wetlands and scattered
woodlands.

9 Whilst important parts of the River Wensum floodplain are considered to be traditionally
managed and relatively unmodified, the channel has been subject to a high degree of
modification over the past 4,000 years. Water level management, the presence of water mills
and an extensive drainage network have significantly affected levels and flows. Further
modifications to the flow regime are related to abstractions (both surface water and borehole)
and discharges.

9 The influence of the mills is the most significant factor directly affecting the morphology of the
channel. The mill sluices and their millponds generate stepped bed and water surface profiles
that are steeper downstream of the mills and less steep in the ponded stretches upstream.
Backwaters can be extensive at low flows.

9 Activities such as channel dredging (deepening and widening), straightening and
embankment building have also altered natural river channel form and process in the
Wensum. Further, contemporary channel management (including weed-cutting) and land-use
have modified the hydrology, sediment production and transport, and channel morphology.
Only about 20% of the surveyed channel remains largely unmodified (for example, parts of
the lower course of the Langor Stream, sections of the Wensum between Lenwade Mill and
Attlebridge Hall, and downstream of Taverham Mill).

9 A visual assessment of bed sediments in the Wensum suggests a dominance of fine silts and
sand throughout the channel length and only short reaches of gravel substrate (mostly
downstream of mills). Where semi-natural, the gravel bed and channel morphology are
amongst the highest value conservation features on the River Wensum. The mill ponds are
the main traps of fine sediment and their management will be an essential part of restoring
the natural physical processes and related ecological communities in the catchment.

i Clay to coarse sand-sized sediments are the main materials entering the channel system and
tend to be derived from the wider catchment, rather than from sources local to the channel,

River Wensum Restoration Strategy 7



such as the bed/banks of the river. Catchment sediment sources include runoff from eroding
arable fields and pasture, roadside verges, heavily stocked floodplain meadows, pig farm
units, and recently cleared drains. Points of ingress occur where runoff from the catchment
surface intersects with the main channel, possibly via a drainage network or road system.
These points include tributary confluences, field or road drains, footpath/tracks and runoff
from hill-slopes. The main locations of sediment ingress to the river include the headwaters to
Great Ryburgh, around Lenwade and around Taverham. However, there are many ingress
points that have not been identified on the system of tributaries. The River Wensum is
included in Defrads Engl and Cat chm€heobje@wnofsi t i v
this initiative is to change farmer behaviour and control diffuse pollution, thereby improving
riverine ecology.

i Natural processes of river channel narrowing and recovery of natural channel form in the
Wensum are dominated by fine sediment deposition and the growth of aquatic vegetation.
Lateral sediment accumulation and berm building is extensive along stretches of the River
Wensum, and is often associated with dense stands of Glyceria maxima. Fine sediment
deposition into the channel may actually provide a cost efficient resource for natural channel
recovery, particularly in stretches that are over-wide but have not been over-deepened.
However, an intensive maintenance regime would prevent or slow down this type of natural
recovery.

i Conversely, the presence of emergent and submerged macrophytes in association with low
flow discharges, degraded channel morphology and a high fine sediment load can result in
excessive deposition in the channel and the infilling and blanketing of gravel substrate with
fines. The maintenance regime must strike a fine balance.

Summary of key issues

2.3 Information from the Geomorphological Appraisal, the Ecological Consultancy Habitat Survey
(ECON, 1999) and the English Nature Condition Assessment (English Nature, 2002) were
reviewed as part of this study. The main issues that are identified in these investigations and
which must be addressed by the River Wensum Restoration Strategy include:

Artificial long profile and barriers to fish passage at mill structures.
Silt accumulation - especially upstream of mills.

The over-wide nature of much of the channel, lack of diversity of velocity, flow structure and
habitat.

The over-deep nature of much of the channel, and loss of gravel bed material.
The channel has been straightened and embanked along much of its length.
The lack of aguatic, marginal, bankside and floodplain vegetation.

Historical land drainage activities which have modified hydrology and silt ingress.
Pollution.

Depleted fisheries.

The colonisation and spread of non-native species.

=2 =204 -9-9_2 = =4 =9

2.4 Some of these issues are discussed in more detail below.

Mill structures and backwaters

2.5  There are currently 14 mill structures along the River Wensum (excluding Guist Mill which is
currently flooded by the structure at Bintry) and the study area includes 13 of them. The final
structure, New Mills, is downstream of Hellesdon and outside the boundary of the SSSI and so is
not included in this study. However, it may still have an influence on the geomorphology of the
reach above and can influence water levels at Hellesdon.

2.6 The Geomorphological Appraisal highlights that the main changes to the morphology of the river
channel took place between 1200 and 1900 at mill sites, including channel straightening,



2.7

2.8

2.9

2.10

River Wensum Restoration Strategy

deviation, enlargement, impoundment and flood defence. The influence of mills on the River
Wensum system is summarised in Appendix 3, including local changes to channel dimensions,
flow velocity and sediment distribution.

Historically, working mills stored water upstream and used the head of water to drive water
wheels or turbines. As a result, there were marked daily fluctuations in water levels upstream and
downstream of the mills. Sediment was flushed downstream on a regular basis and was unable
to accumulate in the mill dams. Further, structures at mills were opened during high flows to
evacuate floodwaters. However, as the mills became outmoded, they fell into disrepair and were
abandoned. Since then, mill owners have tended to operate sluices infrequently or keep them
closed, thereby retaining constant high water levels upstream of the mill structures. The last of
the mills ceased to operate by the end of the 1960s. As water levels do not fluctuate on a regular
basis and silt ingress has significantly increased over recent decades, upstream mill ponds are
characterised by sluggish flows and deep accumulations of sediment.

Fine sediment accumulation can have a negative impact on the ecological communities upstream
of the River Wensum mills (for example, through the infilling of spawning gravels). There are
additional detrimental impacts to channel aesthetics, recreation/angling interests and flood risk
management.

The extent of the influence of mill backwaters on the Wensum has been investigated further as a
part of this study. The backwater from mills was assessed using the ISIS model developed
originally for the Environment Agency for flood investigation in the Upper River Wensum Strategy
Study (2003; Figure 2). This was used to determine backwater lengths upstream of the main mill
structures given an average flow. No information was available to assess backwater at South Mill
at the upper end of the catchment as this is beyond the Main River limit of the Environment
Agency. The structure at this location is known to be a small sill across the bed and, as the river
becomes steeper in the upper catchment, any associated backwater is assumed to be negligible.

Out of a total fall in water head along the Wensum of 34.2m (from above Sculthorpe Mill to
downstream of Hellesdon Mill), 60% of the drop occurs at mill structures, rather than occurring
progressively along the channel. The result is a stepped profile, with impounded reaches
upstream of mills and short, steeper reaches downstream. Between Shereford and Hellesdon,
67% of the River Wensum (45.7km) is affected by backwater conditions (Figure 3 and Table 2).
Due to the relatively small distance between many of the mills, there is an almost uninterrupted
impoundment of river channel between Sennowe Hall (upstream of Bintry Mill) and Lenwade. The
longest stretch of river with no backwater effect is between Lenwade and Ringland. This is
because the distance between Lenwade and Taverham mills is relatively large (13.2km) and the
channel is able to recover and maintain a more naturally functioning regime downstream of
Lenwade before being influenced by the ponded water upstream of Taverham Mill.
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Figure 2 Long profile of the River Wensum showing average flow
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Table 2 Drop in head of water and backwater length at mills

Structure Length of channel to Drop at structure  Backwater Backwater
mill upstream (km) (summer flows) length length
(m) (km) (as % of length of
channel to mill
upstream)
New Mills 4.50 1.95 4.50 100%
Hellesdon Mill 5.00 1.21 4.35 87%
Costessey Mill 4.00 1.10 2.25 56%
Taverham Mill 13.23 1.41 4.33 33%
Lenwade Mill 5.02 1.50 3.16 63%
Lyng Mill 3.25 1.50 3.25 100%
Elsing Mill 5.00 1.85 4.71 94%
Swanton 3.66 0.64 3.17 87%
Morley Mill
Elmham Mill 6.34 1.90 5.25 83%
Bintry Mill 5.48 1.88 4.09 75%
Great 6.57 291 3.02 46%
Ryburgh Mill
Fakenham Mill 3.52 1.22 2.20 62%
Sculthorpe 2.69 1.16 1.44 53%
Mill
TOTAL 68.25 20.23 45.72 67%

Catchment and bed sediments

2.11 A second major issue to be highlighted in the Geomorphological Appraisal report was the extent
of sediment ingress into the channel and the accumulation of fine silt in the channel, especially
upstream of mill structures.

2.12 Figure 4 shows locations throughout the catchment where the Geomorphological Appraisal

12

identified points of sediment ingress into the river channel. The main sources of sediment are the
headwater reaches of the river, where the floodplain is relatively narrow and unable to act as an
adequate buffer between the arable fields and the river, and at the confluence with some of the
tributaries. Silt from the tributaries is transported from their own headwaters and, in the case of
smaller water bodies, can also be derived from direct runoff into the channel from the surrounding
land. It is also apparent that during rainfall events, the road network becomes an extension of the
drainage system that can act as a conduit for the transportation of sediments between wider
catchment sources and the Wensum or its tributaries. Sources and points of entry are
summarised in Appendix 3. Overall, fine sized sediments are the main source of materials from
the catchment.
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2.13 The Water Level Management Plan for the River Wensum SSSI (Environment Agency, 1999)
stated that annual maximum concentrations of suspended material in the river have increased
threefold since recording began in 1977. The reasons cited (after Boar, 1994) include:

T The cessation of milling il sthrea olgsthdsgsterhvhhi ¢ h

9 The cultivation and drainage of floodplain grassland, which has increased inputs of fine silty
sediments to the river.

9 Surface drainage from roads, housing and other developed areas.
i Sand and gravel working on the floodplain.

2.14 More recent information from the Geomorphological Appraisal suggests that large volumes of silt
enter the river from the upland catchment. This silt can be transported considerable distances
before being deposited in the river channel.

2.15 In Figure 5 the types of bed sediment observed during the macrophyte survey (2002) are shown.
Many locations appear to be predominantly silty, such as along the River Tat and between
Fakenham and Elsing, although there are areas where the bed was composed largely of gravel
(downstream of Sculthorpe, Fakenham, Bintry and Elsing mills and in the free-flowing stretch
downstream of Lenwade Mill). It is to be expected that sediment (particularly fines) is mobilised
by high in-bank flows in a natural river. However, where velocity is reduced by ponding (for
example, upstream of mills) deposition will occur and will be a significant factor affecting the
condition of the river.

River Wensum Restoration Strategy 13
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Figure 5 Bed sediment types

Channel dimensions

2.16

2.17

14

A third major issue to be highlighted in the Geomorphological Appraisal was the generally over
widened and over deepened cross-sectional area of the river channel throughout the catchment.
A long history of channel dredging and annual maintenance, including weed-cutting, has
increased the width and depth of the channel beyond natural dimensions. Related problems
include uniformity of channel form, loss of riverside vegetation (for example, trees) and a loss of
both flow and habitat diversity. Further, an increase in channel cross-sectional area also results in
a reduction in flow velocity, encouraging an increase in fine sediment deposition. This, in
combination with the removal of relic gravel bed materials during dredging, has reduced the
extent of the ecologically valuable gravel substrate and glide/riffle features that are characteristic
of chalk rivers and which are required as spawning and feeding grounds for a number of the fish
species that are native to the Wensum. Appendix 4 includes an account written by a local
resident to describe changing maintenance and channel regimes and their perceived impacts on
the Wensum fisheries since the 1950s.

Widths and depths in a river obviously vary with the flow rate. In the analysis completed here,
channel size r ef er s Thisis astdndard kefenercé poiot that @ typicallg usedd
in geomorphological analysis. Knighton (1998) states that it is reasonable to suppose that natural
river channels are adjusted on average to a flow that just fills the available cross section. This

flow is also known as the dominant discharge, or the discharge that performs the most work by
transporting the most sediment, and it is often given morphological significance by equating it to
the bankfull flow. Leopold et al. (1964) found that the frequency of bankfull flow is approximately
once every 1.5 to 2 years.



Width

2.18

2.19

Quantitative data on bankfull channel widths were collected at spot locations in each reach
assessed during the Geomorphological Appraisal. Widths were found to be highly variable
(between 5m and 50m). The Geomorphological Appraisal also provided a regression curve
relating catchment area to bankfull width in semi-natural channels in Norfolk. However, this curve
is only applicable for areas in the mid to upper catchment. As part of this study, options for a
reliable predictor of natural channel width throughout the Wensum catchment were investigated
further.

Equation 2.1 after Soar (2000) was chosen for use in this study for a number of reasons. It
provides a relationship between median annual maximum flood (QMED) and bankfull width and it
is suitable for use in UK gravel bed rivers. QMED is regarded as a better indicator of bankfull
flows than catchment area. Further, the equation produces a range of width values (that is, within
error bands based on channels with both erodible and resistant bank materials, where resistant
materials include those with high clay content or banks that are resistant as a result of the root
strength provided by bank-side vegetation). This allows for natural variability in the channel width
at the reach-scale and highlights that any relationship between flow and channel dimensions
should only be viewed as indicative. For instance, a variation of channel width of around 35% can
be expected within a meander bend.

Equation 2.1

w = (2.48 + 1.27V) Q%® e+%%!

where:

2.20

2.21

w = bankfull width (m)

V = 1 (banks grass lined with less than 5% tree/shrub cover) or
0 (bank tree lined with at least 5% tree/shrub cover)

Q= median discharge (m®s)

e= exponential.

Figure 6 illustrates the regression curve provided by the Geomorphological Appraisal. This is
compared with the relation of Soar (2000) for resistant and erodible banks. The
Geomorphological Appraisal curve falls between the two Soar curves but tends to an unrealistic,
constant value at higher flows. The semi-natural widths recorded in the ECON (1999) survey of
the Wensum channel compare well with the Soar (2000) curve for resistant banks.

Figure 7 shows the extent of narrowing that is required along the River Wensum to return bankfull
widths to a more natural condition. Given that chalk streams generally have a large width to depth
ratio compared to other UK gravel bed rivers, these requirements are based on width calculations
for banks with erodible materials. Initial calculations in the River Wensum and River Tat suggest
that approximately 65% of the channel requires less than a 5m reduction in width, 21% requires
between 5 and 10m reduction and 14% more than a 10m reduction to return it to an average
semi-natural condition. Narrowing requirements are greatest upstream of mills, though some
degree of narrowing is generally required throughout the length of the SSSI (Figure 7).

River Wensum Restoration Strategy 15
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Figure 6 Width of semi-natural lowland rivers in Norfolk

2.22 Provided that they are not removed during maintenance activities, fine sediment deposition
occurs along the margins of over-widened sections of the River Wensum. The growth of marginal
plants on these silt berms can help to further consolidate them due to fine sediment accumulation
around the base of the plants. In turn, this has, in certain locations, narrowed the channel through
natural processes. The best developed berms have previously been recorded between Great
Ryburgh and North EImham, and between Taverham and Hellesdon. The timescale of narrowing
is not known in great detail on a catchment basis but anecdotal evidence suggests that a 5m
wide berm may take between 10 to 15 years to develop and that they are often vegetated with
Glyceria maxima. A record of vegetated sediment berm locations observed during the
Geomorphological Appraisal is shown in Figure 8. It should be noted that, if the channel is overly
deep as well as overly wide, the berm will sit within a two-stage channel. The top of the berm will
stabilise at the approximate level of a two year return period or bankfull flow level but will sit
below the current bank top as the channel is artificially incised due to past river engineering.

16
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Figure 7 Approximate bankfull channel narrowing requirements for the River Wensum SSSiI

Depth

2.23

River Wensum Restoration Strategy

Quantitative data on channel depth recorded in the Geomorphological Appraisal was related to
depth of flow on the day of survey rather than bankfull depth, as the values provided were
relatively small and did not vary significantly throughout the catchment. The ISIS flow model
generated by JBA during the development of the Upper River Wensum Strategy Study (2003)
was used to estimate current maximum bankfull depths at key locations (using bankfull elevation
minus the lowest elevation on the bed in each cross section). Comparison of this data with a
regression equation for bankfull depth in UK rivers was not possible without more detailed
information regarding bed material gradation, including sediment size distribution and an average
sediment size (Hey and Thorne, 1986). Instead, the Manning equation was used to provide
predicted bankfull depth values (Equation 2.2). Given that chalk streams generally have a large
width to depth ratio compared to other UK gravel bed rivers and, therefore, tend to be relatively
shallow, these depths are based on width calculations for banks with resistant materials. It is
believed that this approach is appropriate and likely to have a greater certainty than typical
regression relationships that have been established elsewhere.

17



Marth

[Motto Scale]

Seuttiorps Ml

Fakeniam Ml

7 Tt iy L vl
LU Pl \
2
 Great Rzburgh Ml
AN
e )Oﬂ#sfm
A g Biniras Wil

10

8 4

7

W, Hort Bmiam win

1,
3

} Ling Ml ;ﬂ\
Svanton More; M "
m _J,{_\ﬂ 0

3

Biing Mil

12

LEGEMND

RiverWensum catchment [

Riverwensum 5551 channel

Reach dividers and code £

Will J Mame

Berm width 2 - 8m
25-3m
2-248m
0.2-2m

Lanvads Ml

o 3
| o

‘B Tavartiam Ml
Cortery Ml
Dh}/a:\ g oMt
Fo
S
- Pt

Hellardon Ml g

Note: For larger version of this figure (A4-size), refer to Appendix 11 at back of this report. Data from GeoData (2006).

Figure 8 Location of vegetated sediment berms

Equation 2.2
d= (Qn/WSO.5)3/5

where:

2.24 Estimated depths derived from the I1SIS model show that existing maximum bankfull depth ranges
between 1 and 2.5m. While lesser bankfull depths tend to occur upstream, there is a high degree

bankfull depth (m)

median discharge (m?/s)

bed slope from ISIS model.

bankfull width (m), as predicted from Soar (2000)

Manning resistance coefficient (m) from ISIS model

of variability in the data. In comparison with expected values, bankfull depth is generally much

greater than would be expected in a natural regime channel (0.5 to 1.5m). At the upper end of the
catchment, predictions suggest that bankfull depth should be about 0.7m. At the lower end of the

catchment, bankfull depth should be about 1.7m (Figure 9).
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Figure 9 Bankfull depth calculations for the River Wensum based on Manning equation

2.25

Comparison of the actual with the predicted bankfull depths suggests that relatively constant bed
raising of about 0.5m is desirable throughout much of the River Wensum catchment. Any bed
raising will need to be carried out using material of a size that could be transported in extreme
events. Bed raising should include consideration of glide and riffle/pool features to ensure a
suitable degree of channel heterogeneity. Further information on restoration techniques is
provided in Appendix 5 of this report. Specific details regarding the location and design of gravel
bed features will need to be considered during the implementation phase of the restoration
strategy.

Conservation value

2.26

2.27

In 1993, 393 ha of the River Wensum catchment (71km length of channel) were notified as a

6whol e riTwer rS32Ir6 was notified as dédan exampl e
€ probably the best whole river .Afdetailedsitatibrpywase i n
drawn up by English Nature and is reproduced in Appendix 6. In terms of area, the majority of the

River Wensum SSSI consists of floodplain land parcels (woodland, grassland and fen/marsh),

with only 29% of the SSSI being river channel (Figure 10). Whilst, such floodplain land parcels

would not individually merit notification, together they form an integral and dependent part of the

river system.

In 2000, 382 ha of the River Wensum were submitted to Europe as a candidate Special Area of
Conservation, the status of the site being confirmed as a Special Area of Conservation in 2005.

For details of the designation see Appendix 7. The site supports five European features: Water

courses of plain to montane levels with the Ranunculion fluitantis and Callitricho-Batrachion

vegetation, white-c | awed crayfi sh, Desmoul i n6s wh.Whilst snai
particular species may form part of the designation for a site, their requirements would normally

only be catered for to an extent characteristic of the habitat type (Mainstone, 2006, Section 3).

The ecological and environmental preferences of the European features of the Wensum SAC are
described in Appendix 8.

River Wensum Restoration Strategy 19
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Note: For larger version of this figure (A4-size), refer to Appendix 11 at back of this report. Data from English Nature (2002).
Figure 10 Habitats and JNCC River Community Types

2.28 A condition assessment of the River Wensum SSSI was undertaken by English Nature in 2002
and a summary of the results is given in Table 3. Of the total SSSI area, only 41% was found to
be in favourable condition. However, it should be noted that whilst much of the terrestrial habitat
is in favourable condition, all river units are in unfavourable condition. The main reasons listed for
adverse condition in non-river units include inappropriate scrub control, under or overgrazing and
inappropriate cutting or mowing. These are issues that are being addressed through agri-
environment schemes.
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Table 3 Percentage area of the River Wensum SSSI in favourable condition

Habitat Type Percentage area of each habitat Percentage area of River Wensum
type in a favourable condition SSSl in a favourable condition

Broadleaved, mixed and yew 32% 2%

woodland - lowland

Fen, marsh and swamp 50% 8%

Neutral grassland - lowland 63% 31%

Rivers and streams 0% 0%

Total 41%

Table 4 Condition of river SSSI units

3
: 5 o -
. 2 . 2 S 5 2 2
S 8 s 8 § F O o T35 S8 g
5 o @ 5> % 8 & 8 g% o3 3z ¢
> = = 58 = > 8 Q8 cE£ S99 o &
x O 2 u® » 5 =2 < Oh mo T =
45 897238-875280 Upstream Wensum to U U U U F F F F F
Tat confluence
46 850288-875280 River Tat from U U - - F F F F F
Broomsthorpe to
Wensum confluence
47 875280-918293 Tat Confluence to Bridge - - - U - - - - -
Farm, Fakenham
48 To 963269  To Great Ryburgh Mill U U U U U F F F F
49 To0 999242  To Bintry Mill U U - - U U F F F
50 To 003204 To North EImham Mill U U - - U U F F F
51 To 050177  To Elsing Mill U U U U U U U F F
52 To 100181  To Lenwade Mill U U - - U U U F F
53 To 158138 To Taverham Mill U U U U U F F
54 To 199105  To Hellesdon Mill U U U U U U U F

NOTE: Condition F = favourable; U = unfavourable.

2.29 For the river units of river SSSIs to be regarded as being in favourable condition, targets on a
number of basic attributes must all be met. A summary of the findings of the River Wensum SSSI
river unit condition assessment (carried out in 2002) is given in Table 4. No river units of the River
Wensum are currently in a favourable condition. Since the 2002 condition assessment, the
Langor Drain has been recognised as a separate river unit (Unit 55).

2.30 Ingeneral:

9 All units were in an unfavourable condition with respect to water quality (indications of
eutrophication and, in many cases, high phosphate levels).
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All units were in an unfavourable condition with respect to siltation (with over 50% of the river
channel comprising silt, reductions in coarse gravel substrate and no mechanisms in place to
reduce soil erosion or silt ingress at that time). Particular loci for siltation were found to be
Sennowe Hall to Bintry Mill (3.5km stretch of 100% silt cover), and Swanton Morley road
bridge to Elsing Mill (4.5km stretch).

In 1980, the River Wensum was surveyed by Holmes at 10 locations (along 1km reaches) to
confirm the INCC River Community Type (refer to Grieve et al. (2002) for information). The
1980 survey indicated that in its upper reaches it was dominated by JNCC Type IlI (lowland
chalk and oolite rivers with generally stable flow regimes), with a transition downstream to
JNCC Type | (lowland rivers with minimal gradients on mixed geology in England). During a
repeat macrophyte survey (Grieve et al., 2002), a number of the reaches where these JNCC
surveys were carried out were reassessed, which indicated that their condition had degraded
at four out of the five survey sites. The lower reaches had become similar in type to the
middle reaches (degraded from JNCC Type Ic to lic) and the upper reaches had degraded
from JNCC Type llIb to IVa (base rich/neutral impoverished rivers, normally close to source).

Access (artificial barriers to upstream migration) was poor at all but the most upstream units
on account of the presence of mill structures.

Channel structure was a mixture of modified and natural in all units. In downstream units the
extent of natural channel features was poor, and impoundment, embankments and an over
widened/deepened channel were increasingly evident.

A lack of self sustaining fish populations and the invasion of non-native plant or animal
species was increasingly problematic downstream.

Flow requirements tended to be met 100% of the time in upstream reaches and 90% of the
time in the middle reaches. However, there were major impacts on flow in the lower reaches
as a result of the public water supply abstraction at Costessey.

Overgrazing and poaching was not believed to be an issue in the SSSI, and in fact there is a
tendency towards abandonment of floodplain pastures. The weed-cutting regime follows
Environment Agency guidelines (agreed with Natural England) and all units were in a
favourable condition with respect to management.

The condition of the European SAC features was also considered unfavourable as a result of:

1 The dominance of INCC Types lIb and llc - upstream, many characteristic species of
Ranunculus were absent or rare and there was a high frequency of algae and other
negative indicators.

i A predominantly modified river channel, although recovery is evident in some places from
silt berms.

9 A high particulate load that, in combination with modified channel form and sluggish flows,
has resulted in a predominantly silt dominated channel.

Fisheries

2.31

22

Between 1940 and the 1970s, the River Wensum had a national reputation as a roach fishery.
Phase | of the ECON study (Perrow and Punchard, 1998) concluded that there has been a major
modern decline in the abundance of a number of native fish species in the river (for example,
roach, dace, perch and trout). Failure to recruit was identified as the prime cause of decline, and
this was attributed to:

)l
T

Sedimentation of spawning gravels - this particularly affects dace, brown trout, brook lamprey
and bullhead, all of which are lithophilous (gravel spawning).

Increased concentrations of ammonia and nutrients.

A reduction in the complexity/diversity of habitat - the co-existence of a number of fish
species, whose habitat requirements alter with life stage and season, depends on habitat
complexity.

A reduction in the number and quality of nurseries for larvae and fry (backwaters, structurally
diverse dykes and side streams, as well as marginal and submerged macrophytes).



2.32 Where habitat quality is a limiting factor, large species such as chub dominate (they have
expanded their population and range and now dominate the middle/lower reaches of the river).
There has been widespread concern, amongst anglers, fisheries specialists and members of the
Norfolk Anglers Conservation Association (NACA) that the value of the Wensum fishery
continues to decline.

2.33 For this reason, the River Wensum Fisheries Action Plan group was established by the
Environment Agency as a mechanism to address fisheries related issues, and to involve
stakeholders in this process. Increasing physical habitat diversity is seen as one of the best ways
of improving the quality of the fishery. Methods to achieve this and associated benefits include:

9 The creation of gravel glides/riffles - used as foraging and spawning habitat. These provide
flow diversity (including slack flow of use to fry as resting sites when moving upstream) and,
hence, habitat diversity. An added advantage is that the bed becomes self-flushing due to
local shallowing (and, therefore, greater stream power), so is kept free of silt and aerated,
thereby enabling species with a higher water quality preference to colonise.

9 The rehabilitation/creation of marginal features to provide shelter (nursery and refuge habitat,
particularly for juvenile fish), temperature gradients and flow diversity. Improvements to river
margins, such as development of wetland plant communities, more extensive plant cover and
interaction with the river channel, also help to improve channel habitat as a more diverse
range of ecological niches are created.

91 The creation of off-river supplementary units - provide fish fry with cover, food, warmth and
refuge from high velocity flows and predators.

2.34 The creation of gravel glides/riffles, the rehabilitation/creation of marginal features and the
creationofoff-r i ver supplementary units are al/|l compat
restoring the river to favourable condition.

2.35 River restoration is a key objective in attempts to establish a self-sustaining population of barbel

but it should be carried out so as to recreate river channels with a form and function that are
characteristic of a chalk river in Norfolk.
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3 Baseline for restoration

Defining restoration

3.1 Restoration is defined as, firest or disturbance o f chann
conditions o (Takleo6lln Hoavever,2h@ Bbfective of the River Wensum Restoration
Strategy is not to restore the river to a form that was characteristic of a particular point in time.
This would be unrealistic given the complex and lengthy history of anthropogenic changes in the
River Wensum catchment and the cultural, heritage and social values that continue to be
associated with many of these changes. Rather, the objective is to restore as much
geomorphological function to the river as possible, within current constraints, in order to provide
the conditions necessary for chalk river habitats and characteristic species to flourish. The term
0resomd aits used in the River Wensum Restoration

9 Inthe general sense, as an all-embracing term that defines the practice of returning the river
channel to a more natural state. This includes activities such as re-meandering, rehabilitation,
enhancement and assisting natural recovery in specific sections or reaches of channel.

9 In the more specific sense, restoration means re-creating form and function along a
previous/original course of the river (for example, such as by moving the river from its existing
course to a previous, more natural course).

3.2 To date there has been a relatively ad hoc approach to habitat restoration on the River Wensum.
Several relatively small scale schemes with varying objectives and methods have been
implemented by a number of interested parties, including the Environment Agency and NACA, as
and when opportunities arose. The existence of the River Wensum Restoration Strategy will
provide a more integrated approach to management of the river as a whole and will ensure that
future restoration schemes developed at the local scale bear the catchment-scale objectives in
mind. It will allow agencies, land owners or fisheries managers to initiate restoration schemes that
are in keeping with the overall strategy.

Reference condition

3.3 The aim of the River Wensum Restoration Strategy is to deliver a vision for restoration that can
move the River Wensum from its current modified state towards a more naturally functioning and
ecologically sustainable system. The channel must be restored to an appropriate river type or
reference condition. This will encourage natural processes, including the creation of a self-
regulating and dynamic river channel that minimises management interventions but maximises
habitat diversity.

3.4  The English Nature/Environment Agency proposed guidelines for the restoration of physical and
geomorphological favourable condition on river SSSIs in England (2005) assumes that, generally,
an increase in physical naturalness and a reduction of morphological modification will improve
ecological conditions. To this end, the Geomorphological Appraisal attempted to define
naturalness for the River Wensum catchment wusing
river flowing from chalk geology with overlyingg | ac i al . Alsenpnay of the réference
reach conditions and management implications suggested in the Geomorphological Appraisal is
provided in Appendix 3. Reference conditions for chalk streams are also discussed in the Chalk
Rivers Handbook (Mainstone, 1999). Further, Mainstone (2006) summarises characteristics,
physical impacts and benefits of restoration in lowland, low gradient rivers (JNCC Type I) and
chalk rivers (JNCC Type llI).

3.5  The main points to note with regard to chalk rivers are as follows:
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1)

2)

3)

4)

5)

6)

7

8)

Under natural circumstances, UK chalk rivers would have an anastomosed planform (multiple
channels) running through a floodplain dominated by carr and fen habitat. Due to a lack of
coarse sediment supply and stream power, they would have a relatively impoverished
geomorphology compared to other UK gravel bed rivers, although relic gravel bed forms
would have been inherited from glacial and peri-glacial geomorphology, providing suitable
habitat for salmonid spawning.

A pragmatic reference condition (low anthropogenic impact) for chalk river catchments that
inherently have low hydraulic energy is that of a meandering channel with a relatively high
width to depth ratio (fairly shallow), a high occurrence of gravel substrate (that is, low silt
content) and glide habitat. In addition, the land-use on the floodplain should be low-intensity
pasture (with a high water table and frequent winter inundation of the floodplain) and riparian
fen.

Any lengths of channel that remain in fen and carr habitat should be conserved as natural
expressions of the river type. Gravel shoals and riffles/pools are of high value (for example,
for invertebrates and fish) and should be retained.

Finer substrates have their place in natural chalk river systems and they provide important
habitat conditions for a range of species, including nursery habitat for the ammocoete larvae
of the brook lamprey. Silt is expected to accumulate locally behind natural structures, such as
logs and woody debris, as side berms and increasingly on the bed towards the lower end of
the catchment. A reduced silt ingress from catchment sources and a relaxation of channel
maintenance operations will ensure that silt is accommodated in the system naturally.

Key restoration measures in the River Wensum will be to remove or lower in-channel control
structures (that is, weirs and sluices) to manage silt and to augment impoverished beds with
gravel. These actions will assist in restoring characteristic bankfull water depths and current
velocities and will reduce the silt content and continued accumulation of silt in upstream
gravel bed substrates.

The shallow cross sectional profile and low scouring energy of the restored channel will
encourage a specialist range of in-channel and marginal plants that are typical of the chalk
river type and provide habitat conditions required by invertebrates and fish. These include
water crowfoots (Ranunculus spp.), starworts (Callitriche spp.), water-cress (Rorippa
nasturtium-aquaticum), brooklime (Veronica beccabunga) and water forget-me-nots (Myosotis
spp). The mosaic of submerged plants and gravels will enhance scouring between the plant
beds and will help ensure that the restored gravel substrate is flushed free of silt.

Marginal vegetation characteristically encroaches into the channel as flows recede from
spring through summer, thereby reducing effective channel width and maintaining current
velocities in the main channel. Over the winter this vegetation is scoured out and the process
begins again in the spring.

Woody debris is considered an important characteristic of chalk rivers, as is the co-
occurrence of a mosaic of wooded and open river margins. As chalk rivers have strong lateral
connectivity into riparian areas, herbaceous plants should dominate due to high floodplain
water tables and marsh habitat will also exist in open groundwater pools on the floodplain.
Development of such a range of habitat types (exposed tree roots, woody debris/leaf litter,
varying light and temperature regimes, riparian scrub, grazed/ungrazed margins etc.) should
ensure a characteristic and highly varied species assemblage following restoration.

3.6 It must be noted that the River Wensum is not a typical chalk river catchment. It is overlain by
deposits of boulder clay on higher plateau ground and glacial sands and gravels on the valley
flanks. As a result, the reference condition of the River Wensum is not that of a classic chalk river
type but of a 6 c h a Rdgressioneguations forbankfull charve dirheasiohs 6
(see Section 2) were based on observations of semi-natural reaches in the River Wensum
catchment in order to deal with this issue.
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Geomorphological Appraisal - restoration

proposals

3.7

The restoration plans proposed in this study build on those presented in the Geomorphological
Appraisal, which divided the study length of river into just under 120 geomorphological reaches of
varying length. Multi-Criteria Analysis was conducted at each to define indices of modification and

naturalness (refer to Appendix 3 for details). The reache s

were then classifi

(natural, semi-natural, recovering, recovered, damaged, degraded, severely degraded, artificial),
which were mapped in a GIS format. 80% of the channel was identified as being either damaged
or degraded and no reaches were identified as being completely natural (Figure 11).
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Figure 11 Geomorphological Appraisal reach status

3.8

3.9
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The statusof eachre ach was t hen assoc
monitor, conserve and monitor, assist natural recovery, rehabilitation, enhancement, restoration -
definitions provided in Appendix3) and a short
o pt i.®he &ndl output of the Geomorphological Appraisal was a summary table (Table 5)
supported by a series of GIS map layers.

ed

iated with a 6reach

statementatihescr i

The Geomorphological Appraisal reaches included river sections at mills. Suggested
management options at mills were generally to lower the level of the mill structures and integrate
bed levels or management options up and downstream. The option to remove mill structures
completely was only considered at Hellesdon, Taverham and North Elmham.
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Table 5 Example of River Wensum Geomorphological Appraisal output table

W201 Degraded Rehabilitation Fix sediment ingress points. Remove Taverham Mill 325 225
Sluice. Augment gravel bed.
W202 Damaged Assist natural Fix sediment ingress points. Desilt reach. Remove 9 9
recovery embankments, narrow channel and establish wet
woodland on floodplain/riparian margins. Raise bed
levels once Mill level removed. (see ECON 1999)
W203 Damaged Assist natural  Desilt reach. Narrow reach and augmentation of gravel  31.5 22.5
recovery bed. Establish wet woodland/riparian margins. (See
ECON 1999)
W204 Damaged Assist natural  Fix sediment ingress points. Remove embankment and  32.5 22.5
recovery narrow where possible.
W205 Semi- Protect and Initiate monitoring. 27.5 22.5
natural monitor
W206 Damaged Assist natural  Narrow existing channel and raise bed levels using 225 225
recovery dredged materials where possible. Establish patchy
wooded riparian margins. Option exists to create an
asastomosed (multi-channel) river system along the
possible former course of old river Wensum channels in
the floodplain. Remove embankments.
W207 Damaged Assist natural  Restore old course of Wensum along north bank 225 225
recovery downstream of Attlebridge following a boundary. Use
dimensions from old channel to narrow existing channel
and retain as anastomosed (multi-channel) with wet
woodland and floodplain. Establish patchy wooded
riparian margins. Remove embankments.
W208 Damaged Assist natural Reduce maintenance regime to allow narrowing. Use 225 225
recovery downstream old course as a guide to channel
dimensions. Remove embankments.
W209 Semi- Protect and Establish riparian patchy wooded margin and reduce 27.5 22,5
natural monitor maintenance to allow woody debris to influence channel
processes.
W210 Damaged Assist natural  Fix sediment ingress points. Establish riparian patchy 32.5 225
recovery wooded margin and reduce maintenance to allow woody
debris to influence channel processes.
W300 Semi- Protect and Initiate monitoring - replace fishery enhancement weirs 19 9
natural monitor with debris structures.
W301 Semi- Protect and Fix sediment ingress points. Initiate monitoring. Replace 31.5 22.5
natural monitor fishery enhancement weirs with CWD structures.
Note: From GeoData (2006).
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Preparing the Restoration Strategy

3.10

3.11

3.12

28

Whilst the Geomorphological Appraisal provides a useful reference, there are some
inconsistencies in its output. For instance, in Table5,r eaches ¢l assified as
recoveryd have indicative r e suteanaiatgnancerregimetso dllawn s

narrowing6é (w208) t o OWit thd ainroEmakirlg dcccommandatsorsd ( w2 0

consistent on a catchment scale, the River Wensum Restoration Strategy has integrated the
information provided by previous studies on the River Wensum catchment with information from
the Geomorphological Appraisal, analysis of river section data, site visits and discussion with key
stakeholders. The starting point was to collate all geomorphological, rehabilitation and restoration
information provided in previous studies (mainly the Geomorphological Appraisal but also the
ECON (1999) report). This information was used to reduce the number of reaches to 41 (38 on
the River Wensum and one reach on each of the River Tat, the Langor Drain and the Guist
Drain). To distinguish between Geomorphological Appraisal reach codes, the revised reach code
numbers were prefixed by RWRS (standing for River Wensum Restoration Strategy). All

information available for each ummahy waAppeehdixe @
1), including:

9 Reach code and Geomorphological Appraisal codes.

i Location details (including map of reach).

9 Current condition, including English Nature condition assessment (2002).

| Constraints.

9| Previous works or recommended works.

Works at mill structures are a priority consideration since these will dictate the restoration
requirements upstream and downstream. As a result, the reaches at mill structures are treated as
separate entities in this study. Information relating to the mills is summarised and recorded on
o6mi I I s ummaAppgndis), mdudisgd (

I Ownership and heritage details.
9 Type of water control structure, by-pass channels and operational details.
9| Previous works or recommendations.

The assumption in the Geomorphological Appraisal that restoration of the River Wensum
catchment does not necessarily include removal of all mill structures is upheld in this study. The
mills represent an important part of the heritage of the Wensum valley and some of them have
been in place for centuries. Restoration requires that the site-specific issues at each mill be
identified and dealt with. All options for restoration have been considered, from re-instating
disused structures to removal, lowering and by-passing.

6a
t h
7)



4 Relationship between the
River Wensum Restoration
Strategy and other catchment
Initiatives, studies, schemes
and strategies

Introduction

4.1 The rich environment of the Wensum valley is highly valued and there are already a number of
initiatives and projects that link with the restoration objectives. Through development of the River
Wensum Restoration Strategy by a Steering Group that contains representative from key
organisations, the principles and rationale adopted in the strategy have also been adopted in the
development of other initiatives in the catchment. Many strategies are now moving forward
together to deliver river restoration in the widest sense and multiple benefits can potentially be
realised.

4.2 Allriver units on the River Wensum SSSI are currently regarded as being in unfavourable
condition, and there are a wide range of adverse condition reasons relating to channel form,
water quality and water quantity on which these river units currently fail. It is necessary for a
range of Section 28G Authorities (defined in the Wildlife and Countryside Act 1981 as publicly
funded bodies) to address these issues in the normal execution of their duties. The mechanisms
that need to be put in place have been capheur e
River Wensum Restoration Strategy is, therefore, linked with all the other mechanisms and must
be integrated so as to dovetail with each of these other initiatives, including:

9 Water Resource Management, including Broadland Rivers Catchment Abstraction
Management Strategy (CAMS).

The Environment Agency Review of Consents under Regulation 50 of The Conservation
(Natural Habitats & c.) Regulations 1994.

The Water Level Management Plan (WLMP).

The Wensum Catchment Sensitive Farming Project.

The Broadland Rivers Catchment Flood Management Plan (CFMP).

River Basin Management Plans (RBMP).

Agri-environment Schemes.

The Wensum Fisheries Action Plan (FAP).

Habitat Restoration Schemes, both privately funded and those funded by the Environment
Agency.

Maintenance Programmes by the Environment Agency and Norfolk Rivers Internal Drainage
Board.

The Norfolk Biodiversity Action Plan (BAP).

Regional Spatial Strategy and Ecological Network Mapping.

Broads Authority Sediment Management Strategy.
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