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Executive summary
Introduction
The River Nar is a 42 km long watercourse which rises from the North West Norfolk Chalk and flows
west to enter The Wash at King’s Lynn, having dropped from the higher ground into fenland below
Narborough. Almost all of the river has been designated a Site of Special Scientific Interest (SSSI), in
recognition of the valuable habitats and diverse assemblage of species they support – particularly
the fact that both ‘classic’ chalk stream (upper reaches) and fenland river (lower reaches)
ecosystems are represented. Compartments of land hydraulically connected with the river also form
part of the designated protected area.
However, a long history of channel modifications has contributed to an assessed conservation
condition of ‘unfavourable’ for the full length of the river SSSI. The Department for Environment,
Food and Rural Affairs has a Public Service Agreement to commence action to remediate this by
December 2010, via a River Restoration Project.
This River Restoration Strategy and Plan will guide measures to bring the Nar into favourable
condition, with benefits for wildlife, recreation, flood risk, water quality and the landscape, by:
Presenting a complete assessment of the current state of the river, drawing together all
currently available information and findings of a dedicated survey;
Developing a vision of the ideal future condition of the Nar;
Identifying the issues which need to be addressed in order to realize this vision;
Presenting solutions to these issues both on a whole river and a reach-by-reach scale, while
highlighting the major constraints on what can be implemented and suggesting delivery
mechanisms by which some of these solutions may be achieved.

Vision of the restored river
It should be the aim of restoration measures to reinstate natural morphological processes which
allow the river to sustain and repair itself, rather than to attempt to recreate conditions from any
one previous point in time. From academic and historical evidence, and consultation with major
stakeholders, the following high level vision of restoration objectives has been developed:
I.

A river that is dynamic, sustaining a diverse range of appropriate physical features
with minimal intervention, but without compromising flood protection.

II.

A river that is a haven for wildlife, in favourable ecological condition, supporting
healthy communities of the vibrant flora and fauna (including healthy populations of fish) for
which chalk streams and fenland rivers are celebrated.

III.

An integrated, functioning river corridor which sustains rich adjacent wetlands
and active floodplains which will naturally manage flood risk and intercept sediment.

IV.

A river that reflects its heritage, both in past and future landscapes, and in cultural,
recreational and spiritual value.

V.

A system that is resilient to change and will continue to deliver objectives I-IV in
the context of the environmental and human pressures it will face in the future.
i

Specific target physical characteristics are then presented separately for the upper ‘classic chalk
stream’ and lower, ‘low gradient fenland river’, parts of the Nar.

Issues and impacts
There are a range of restrictions on the natural processes of erosion, deposition and ecological
succession which would otherwise provide the full suite of physical features, such as cliffs, berms,
pools, islands and woody debris, which support the diversity of habitats and aesthetic value of a
naturally functioning river. On mainly groundwater-fed rivers such as the Nar, these processes tend
to occur at relatively slow rates, owing to the rather stable flow regime, and this limits the ability of
the channel form to correct itself.
Of particular significance are:
Canalization (straightening, deepening and widening), which creates a uniform channel with
very little habitat diversity and, owing to the slower flows due to an increase in crosssectional area, encourages sediment deposition which smothers the naturally gravelly bed.
Impoundments, often associated with historic mills, which hold back water, again
encouraging sedimentation and also preventing organisms from moving down-, and
particularly, upstream. This prevents migratory species such as Sea Trout from establishing.
High sediment input from agricultural ditches and roads. Together with the impact of
dredging, which keeps water and sediment off floodplains for more of the time, this
increases the number and extent of depositional silt- and sand-dominated features at the
expense of desirable gravel substrates which support a greater diversity of plants and
animals.
Vegetation management. Via shading effects, riparian and in-stream plant growth are
closely linked, and complete absence of bankside trees in places results in extensive weed
growth, rather than the more patchy distribution desired. Removal or spraying of aquatic
vegetation where it is consolidating sediment and narrowing an over-wide channel may also
be counter-productive. The lack of riparian trees also removes the source of woody debris
to the channel, which is a key driver of morphological processes and valuable habitat.
However, in places, cover from even-aged stands of trees presents dense shade which
significantly limits the establishment of in-stream plants.

Solutions and benefits
Measures to address these issues are divided into changes to management regimes and physical
modifications to the channel form. The specific recommendations for shorter reaches (termed
‘Restoration Units’) are given in Appendix G of the strategy document, where a range of options of
varying cost and extent of impact on identified constraints can be found. A selection of the most
suitable remedies is given below.
Changes to management
Allow woody debris (currently frequently removed from the channel), which will create a diversity
of flow types, introducing local scour and a more variable bed form, which will create a wider variety
of habitats and drive an active morphology.
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Allow in-stream vegetation to narrow the channel. Where appropriate, natural encroachment of
vegetation can be allowed to trap sediment and lead to local narrowing and increased flow
velocities, creating a self-cleansing bed and habitat diversity in a similar way to woody debris.
Relaxing the management of water level control structures, e.g. leaving boards out of certain
sluices, will reduce the impact of barriers to migration as well as ponding and subsequent
sedimentation. Current management regimes may be a relic of now obsolete objectives, but the
effects should be monitored closely for undesirable outcomes.
Allowing the natural development of wet woodland, establishing new patches, or reviewing
management of existing areas will benefit both terrestrial and river wildlife. This cover is typical of
the Nar valley, and where reasons for tree removal are now obsolete, opportunities for reestablishment should be exploited.
Physical modifications to the channel
Removal or mitigation of weirs. There are a number of structures blocking the full width of the Nar,
often associated with historic mills and lakes, which prevent the movement of organisms and
nutrients down- and upstream. Their ponding effect often extends far upstream, causing siltation
which smothers the natural river bed on long reaches of channel, and sometimes increases flood risk
to properties. The original purpose of many of these structures has long since disappeared, and so
their removal, or where that is not possible, mitigation via bypass channels or structural
modifications such as notching or lowering, should be sought. The far-reaching impacts of these
channel impoundments dictate that they should be investigated as a priority over local restoration
measures on nearby reaches.
Cutting a new, more sinuous (meandering) course, or restoring to the old course, where evident, is
a reliable way of restoring natural processes where the river has been straightened (and often
diverted). This also allows more appropriate cross-sections to be designed where dredging and
widening have occurred, allowing the restoration of floodplain connectivity where desired, and the
associated benefits of reduced downstream flood risk and sediment delivery. Where the channel
may be diverted through existing wet woodland, there will be added benefits.
Introducing ‘pseudo-sinuosity’ within the existing channel where it is more constrained, by resculpting the banks and/or bed with an excavator, will create diversity in flow types and velocities,
channel form and thus habitat diversity, where this may have been previously absent.
Setting back flood banks as far as possible from the channel will allow a more natural diversity of
habitats associated with a more active river-floodplain system, while maintaining the level of flood
protection to surrounding areas. Indeed, making more space for the water is likely to impart great
flood mitigation benefits on downstream areas like Setchey and King’s Lynn, though the extent of
earth moving required and the ‘land take’ involved may make these quite long-term aspirations.
In-stream structures such as flow deflectors and brushwood mattresses are considered less
desirable than measures which will reinstate long-term processes more directly and over larger
areas, but there will be places where they are the only practical option. In such cases, structures
should aim to mimic natural woody debris (i.e. retain dense branches), and be sourced from local
trees. In this way, they will both kick-start morphological processes and create new micro-habitats.
iii

Constraints
The strategy recognizes the constraints of flood risk, current land use and recreational use,
abstraction, climate change, funding, historical sites and infrastructure, as well as short term
negative impacts on the current ecology. Recommendations for the reach-specific options
presented in Appendix G are dependent on which of three scenarios is most applicable:
Long-term aspirations are to execute measures to return the river to the most un-impacted
state possible, in the scenario that all but the most insurmountable constraints can be
eliminated or circumvented, and that money is not limiting.
Pragmatic recommendations propose what might be done in the near future with a
reasonable investment, in the scenario that perhaps some minor constraints can be mitigated.
Interim measures are those which represent minimal intervention but which will have
significant benefits for the river.

Conclusions
This plan, where implemented, will be a major step toward bringing the SSSI into favourable
condition. Together with the wider strategy, it provides guidance such that any opportunities arising
in the future may be exploited with the result of creating a resource which is valued even more
greatly for its rich wildlife, aesthetics and recreational opportunities, but is also more capable of
responding to future pressures such as climate change and population growth in such a way as to
retain this value.
The document has been developed with the input of many of those with a vested interest in the
River Nar, though if its implementation is to deliver multiple benefits, local engagement should be
considered at all stages of its implementation. Indeed, though mechanisms such as Environmental
Stewardship and monies dedicated to implementing the Water Framework Directive are identified in
this plan, volunteer work and local action groups can achieve significant gains on the ground, and
foster new interest in and appreciation of this nationally important river system.
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1 Introduction
The River Nar is a 42 km long watercourse which rises from the North West Norfolk Chalk in its
headwaters near the village of Mileham, passing through a beautiful historic landscape via Castle
Acre and West Acre, before emerging into the fenlands downstream of Narborough and eventually
discharging into The Wash via a short section of the Great Ouse in King’s Lynn.
A baseflow dominated stream, with its perennial source at around 60 m above sea level, it is a low
energy system on average, by comparison to many others in Great Britain. In most of the initial 20
km down to West Acre, however, the gradient is between 0.002 and 0.003, and surface water can
also make up a relatively large proportion of the flow. In these upper reaches, the Nar has been
reported to have exhibited areas with moderate riffle-pool sequences, which represent an unusual
morphology for archetypal chalk streams [1], though their extent was not found to be significant
during surveys for this plan.
The diversity of habitats produced by these features, and other peculiarities of the river and
landscape, supports a wealth of wildlife, and the national and international importance of this is
recognized and protected by the Nar’s notification as a Site of Special Scientific Interest (SSSI).
However, there are many areas where contemporary and historical management restrict the natural
dynamic processes which create and sustain the river morphology. The river has a long and
fascinating history of modification to meet our needs, and it is currently managed by both the
Norfolk Rivers Internal Drainage Board (IDB, in the upper reaches) and Environment Agency (EA,
downstream of Narborough).
Where management interventions are no longer necessary or may be modified to be more
sympathetic to the river system, there are opportunities to help restore natural process and thus
enable the river to recover to a more natural state. Indeed, the SSSI status of the Nar confers a
statutory obligation to conserve its biological features of interest, which depend on the habitats due
to these natural processes, and the river’s current conservation status has been judged to be
unfavourable. This document sets out a strategic approach for returning the river channel and
floodplain to a more naturally functioning system. It identifies opportunities for river restoration
and also provides guidance so that these, and any others identified in the future, can be effectively
exploited. The result should be a river which is richer in wildlife, recreation, aesthetic and
conservation value, and should be better able to adjust to future pressures.

1.1 Rationale for Restoration
1.1.1 The River Nar SSSI
Most of the 42 km length of the River Nar was afforded SSSI status in 1992. SSSIs are the country’s
very best wildlife and geological sites, often standing out as the last remaining areas of natural
habitat in our modern countryside. The Nar was notified as a whole river site primarily for its
transition from chalk to fenland river. The juxtaposition of these two quite different river types
represents an extremely rare ecotone. The former of these represents a characteristic habitat of
international importance owing to its scarcity in the rest of Europe, which is listed in the UK
Biodiversity Action Plan (BAP) as a priority for conservation. This report will examine the extent to
which these reaches may be improved for wildlife and the public.
1

The protected area of the Nar SSSI extends from where the river crosses the Mileham road, at
TF897198, to the tidal sluice in the outskirts of King’s Lynn (TF621183). In recognition of the
heterogeneity of the system, the river SSSI has been divided into four fluvial units – numbers 40 to
43, inclusive (for assessment and reporting purposes). Unit 40 incorporates the upper appr. 4 km, in
which the Nar is essentially a ditch running through land with a fairly high water table. Unit 41 is the
next, short (appr. 2 km) reach downstream of Litcham, which runs through improved grassland. Unit
42 represents the majority of the typical chalk stream section of the river, encompassing a good
range of habitats between Lexham Hall and Narborough. The embanked fenland reaches stretching
to King’s Lynn constitute Unit 43. All four of these units are currently in ‘unfavourable condition’
(see Appendix B).
While it is the river which contains the habitat features of interest, in accordance with guidelines [2],
the SSSI includes terrestrial areas of swamp, sedge swamp, reed bed, flush, wet woodland and
lowland meadow which are linked with the river and dependent on it for their continued existence.
A great many of these habitats are also BAP priorities. It was this hydrological dependence which
was the reason for their inclusion, and as such, they were selected against less stringent criteria than
is the case for the selection of sites supporting such vegetation communities in their own right.
There are currently 38 terrestrial units, totalling 180 ha, adjoining fluvial units 40 and 42. Together
with the fluvial units, the site encompasses 233.43 ha.
Although the chalk river habitats of the upper River Nar are a recognized conservation priority, the
lower, fenland reaches of the river are particularly heavily modified, as is typical of this river type. In
these areas, the river has been canalized (dredged and straightened) and isolated from the
floodplain by high earth banks, and this, among other factors, precludes them from qualifying as BAP
priority habitat. The river has been significantly modified in many other places for land drainage,
industry, agriculture, navigation, fisheries, infrastructure, flood protection and aesthetic purposes
over its long history (described in more detail in section 3.2). The principal effect of such changes to
the river has been to limit the natural dynamic processes of the system. The more natural channel
form of the river would include the coexistence of all stages in the development of features such as
meander bends, berms, pools and islands. This range of more or less transient physical features is
what supports the diversity of habitats and thus species, as well as the aesthetic value of a naturally
functioning river.
The changes and modifications to the River Nar – which include, for example, dredging, weirs, dams
or other channel structures and inland flood defence works – have over a long period of time
adversely affected the optimal functioning of the river to support varied habitats for characteristic
wildlife communities. For this reason, all four management units of the river SSSI have been
designated as being in ‘unfavourable condition’ (and neither declining nor recovering – these terms
are defined in Appendix B). Indeed, of the 38 associated terrestrial SSSI units, only 61% (23 sites;
109 ha) are in favourable condition, with the rest (15 sites; 72 ha) classed as unfavourable (4
recovering and 11 with no change). The vast majority of failing terrestrial units are in such a
condition owing to lack of connectivity with the river.
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Figure 1: Extent of the River Nar SSSI and catchment, with fluvial units labelled. Source: [3]
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Natural England (NE), the statutory body responsible for coordinating the management of SSSIs,
have objectives for ‘favourable condition’ which have been set out in common standards by the UK
conservation agencies and apply equally to Special Areas of Conservation and SSSIs. These address
the functioning of the river rather than conditions which might favour a particular species, and the
specific objectives for the Nar are detailed in Appendix A. NE has enforcement responsibilities and
powers to ensure the conservation of SSSIs.
1.1.2 The need for restoration
For rivers which have been significantly modified over time, restoration techniques can help to
recover a river which functions in a more natural way, with benefits such as improved water quality
and wildlife, whilst not compromising requirements for flood risk management. In fact, such
techniques typically reduce flood risk where it is most required.
As the River Nar has been classified as a SSSI in unfavourable condition, there is a need to improve
the current state of the fluvial units. As part of a national programme, the Department for
Environment, Food & Rural Affairs (Defra) has a target to bring 95 % of all nationally important
wildlife sites (SSSIs) in England into favourable condition by 2010. This is being undertaken through
Public Service Agreement 3 (PSA3).
NE has a ‘remedies’ programme which includes ‘river restoration projects’ as a mechanism for
achieving favourable condition. A database has been compiled (known as "ENSIS") which details, for
sites not currently in favourable condition, the reasons why this is the case, what action needs to be
taken to restore the site to favourable or ‘unfavourable, recovering’ condition, and which
organisations are responsible for taking this action forward. Indeed, requirements of the EU Water
Framework Directive are generally very similar to SSSI objectives, and this legislation will continue to
be a driver for river habitat enhancement beyond the life of Service Agreement.
For the River Nar, the PSA3 remedies include river restoration, as well as other measures to improve
water quality. It is noted:
“A river restoration strategy drawn up by the Norfolk Rivers IDB and the EA will be an important step
towards bringing the River Nar into favourable condition.”
NE and the EA have drafted proposed guidelines for the restoration of physical and
geomorphological favourable condition on river SSSIs in England (see section 0 and Appendix C). It is
suggested that these guidelines are applied to river SSSIs where physical modification is identified as
a reason for unfavourable condition. Within these guidelines, Fluvial Audit and River Habitat Survey
are seen as building blocks for developing an action plan. Prior to the publication of these
guidelines, restoration projects have been undertaken on rivers at reach scale, in an opportunistic
way. The suggested approach to river restoration is at a whole-river scale, recognizing potential
problems which may arise in future if the wider context is not explicitly considered, although only
certain sections may need to be restored.
In 2004/5, NE commissioned a Geomorphological Appraisal of the River Nar SSSI [4] in partnership
with the EA and the Norfolk Rivers IDB (part of the Water Management Alliance), which included a
Fluvial Audit within its methodology [5]. The IDB undertook a study in early 2008 into the water
control structures in the upper Nar [6], and a similar study covering the lower Nar, commissioned by
4

the EA, was completed in April 2009 [7]. NE is keen that the next step is to produce a river
restoration plan for the whole of the River Nar.
The restoration strategy concentrates on aspects of channel modification, particularly issues of
isolation from the floodplain, the presence of structures to impound water and straightening. The
removal or modification of the many weirs, sluices and mill structures is discussed in section 3.3.3.1.
The reinstatement of a more natural channel morphology will not only immediately improve the
assessed condition of fluvial units, but also reintroduce natural floodplain processes which will
nurture and sustain the SSSI’s designated terrestrial features of interest. The measures, especially if
combined with changes in management practices where appropriate, should lead to the target
condition of 'unfavourable, recovering', and ultimately, favourable condition. Wider issues of
abstraction, pollution and invasive species all contribute to the unfavourable condition of the fluvial
units, however, and these will be considered within the strategy document.

1.2 Audience
There are many people and organisations who are interested in the River Nar and the progression
towards bringing the river into favourable condition. The river restoration strategy has been
commissioned by the Water Management Alliance (WMA, encompassing Norfolk Rivers IDB), who
are the authority responsible for management of the part of the river upstream of Narborough.
There is a Steering Group, which comprises WMA, EA, NE, some of the landowners and the project
team of KR Fisher Consultancy Ltd and River Restoration Centre. The guiding principles for this
project (see section 1.4.1) were drawn up by this Steering Group and the project team linked these
to the requirements and stages for restoration planning which can be seen in Table 1.
As part of developing the strategy, the project team have undertaken consultation with
stakeholders. This has taken the form of sending a flyer to landowners and stakeholders giving
broad information about the project and inviting them to a series of meetings where the concepts
for the different reaches of the river were explained (see Appendix H). In addition to this, a drop-in
session was promoted and advertised to a wider audience – both invited and interested parties and
the general public. Appendix H summarises the response to that drop-in session.

1.3 Project objectives
The objectives of the entire strategic river restoration planning project are listed below:
1. Production of a river restoration plan which will include:
a. Outline river restoration plan and vision for the river Nar, including approximate
costings;
b. Consultation exercise with stakeholders;
c. Final river restoration plan, incorporating the results of the consultation exercise.
2. Production of a hydrological and hydraulic model for the whole river, to establish the
existing river flows, levels and flood risk and model any changes put forward in the
restoration plan.
3. Development of a detailed design and method statement for a section of the Upper Nar
between East Lexham and Litcham on the Lexham Hall Estate.
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This main document covers most of objectives 1.a and 1.c, which are further elaborated in
Appendices G and H. Details of the consultation sessions are presented in Appendix H, and
modelling is summarized in Appendix I and addressed fully in a separate report (in preparation).
Detailed concept plans (objective 3) have been prepared for six sites and are reported separately,
though extracts are used to illustrate some of the recommended techniques in section 3.3.

1.4 Approach
The approach for the project was as follows:
1. Understand the river geomorphology and associated ecology of the river.
2. Generate a vision for the river.
3. Describe the habitat characteristics of the river, establishing the reference condition and
achievable restoration condition.
4. Consultation with stakeholders.
5. Establish and implement finalised river restoration plan and reach-based delivery plans.
Understanding of the river geomorphology and associated ecology has been undertaken by expert
interpretation of the existing information from the river and in particular the Fluvial Audit [4]. In
addition, a walkover survey of the whole of the river was conducted, which provided valuable insight
into the existing condition and potential for the river. The assessment of the river is detailed in
section 2 of this report.
A series of consultation meetings generated valuable information about what was required from
landowners and stakeholders and this, together with a walk-over survey and extensive desk-based
study by the project team, enabled a vision for the river to be identified, which is detailed in section
3.1.
1.4.1 Guiding principles
As part of the initial discussions over the river restoration strategy, a series of guiding principles
were established by the steering group. These are intended to set the overall direction of the
project and give it a focus in terms of what is considered as being important on the River Nar. The
overall aim of these guiding principles is to bring the river back into favourable condition. They are
presented below and in Table 1, where links are made to the location in this document where the
guiding principles are addressed.
1. Adopting chalk stream form and function.
More sustainable in the long term/no increase in maintenance costs.
Moving the river forward into favourable condition, not looking back to recreate history.
2. Cost/Benefit appraisal.
Focused on chalk stream/SSSI.
Primary focus on addressing issues due to hard engineering – use natural processes for
those sections that will recover naturally.
Work with opportunities that arise.
Look to deliver multiple benefits.
3. Be aware of EA study into flow conditions.
4. Take into account climate change.
6

5. Take landowner/other aspirations forward.
6. Opportunities for fisheries enhancements taken in account.
7. Take into account landscape/historical features/English Heritage listings.
8. NE/EA have an agreed best practice for maintenance of the lower Nar. Flood risk model and
guidance to be reviewed.
9. PSA targets met.
10. No increase in flood risk/flooding – unless Landowner agrees.
No detriment to land drainage.
No detriment to integrity and functioning of existing assets.
The final river restoration plan in this document includes a strategic overview and vision for the
river, and generic solutions to the problems identified. For each part of the river, options and
constraints have been identified. These options consider the wide range of possibilities even if they
may not be feasible in the foreseeable future. The options have been split into longer term
‘aspirations’ and more pragmatic options for the shorter term. Care has been taken to try and
match the shorter term options to the longer term aspirations to ensure that measures which are
undertaken in the short term are a step forward to achieving a longer term aspiration, and do not
compromise the ability to achieve the vision for the river. For some reaches where there are
particularly good opportunities for restoration works in the short term, more detailed concept and
reach-based delivery plans are presented.
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1

2

3

4

5

2
2.1.3.1
3.1

3.2
Pressures and impacts (on function, form and ecology)

3.3
Solutions

Apx. G
Stages in SSSI restoration planning

Geomorphological appraisal and associated ecological
interpretation
Generating a whole-river vision

Categorisation of management requirements
according to delivery mechanisms
Consultation

Establishment/implement finalised whole-river plan
and reach-based delivery plans

River restoration plan document

Background

Fluvial/ecologial audit

Vision

Reach specific proposals

Costings

Table 1: Guiding principles for river restoration planning on the River Nar, and where they are addressed in this document.
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No detriment to integrity and
functioning of existing assets
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No detriment to land drainage

No increase in flood risk/flooding –
unless Landowner agrees

PSA targets met

NE/EA have an agreed best practice
for maintenance of the lower Nar.
Flood risk Model and Guidance is to
be reviewed.

Take into account
landscape/historical
features/English Heritage listings

Ops for fisheries enhancements
taken in account

Take landowner/other aspirations
forward

Take into account climate change

Be aware of EA study into flow
conditions

look for delivering multiple benefits

work with opportunities that arise

Primary Focus on hard engineering –
use natural process for sections that
will recover naturally.

Focused on Chalk Stream/SSSI

Cost/Benefit

Moving the river forward not
looking back to recreate history

More sustainable in the long
term/no increase in maintenance
costs

Chalk Stream form and function

1
IDB agreed GUIDING PRINCIPLES for river restoration plan
2
3 4 5
6
7
8
10

1.5 Links to other plans and initiatives
The success of the strategic river restoration plan will require that it is informed by, and can be
coordinated with other relevant planning strategies in force, or soon to be so. The following section
lays out how this plan will contribute to an integrated approach to managing the River Nar.
1.5.1 Water Framework Directive and River Basin Management Plans
The UK, having adopted EU directive 2000/60/EC (known as the Water Framework Directive (WFD)),
is obliged to improve and maintain its rivers to ecological standards which take into account
hydrology, morphology and continuity, as well as chemical and biological metrics. The assessment
of pressures against meeting these standards, and the proposed measures to manage these, across
sectors from water companies to agriculture, are set out in River Basin Management Plans (RBMPs).
The River Nar comprises two WFD waterbodies (GB105033047791 and part of GB105033047792)
within the North West Norfolk catchment of the Anglian river basin district (see Appendix D), both of
which have been recognized as heavily modified. However, the exceptionally good biological and
physico-chemical status of the reaches downstream of Setchey results in the somewhat counterintuitive situation where only the upper waterbody is officially designated ‘heavily modified’. The
upper unit (to Setchey) is currently assessed as having moderate ecological potential, with the
objective of achieving good by 2027, while the 2015 objective for the lower waterbody is to maintain
its current good status.
The Nar’s underlying groundwater also comprises two waterbodies – the North West Norfolk Chalk
(GB40501G400200) and North West Norfolk Sandringham Sands (GB40501G400400). The former of
these, on which most of the river’s low flows crucially depend, is currently of poor status, with the
objective of achieving good by 2027, while the latter, sand aquifer is assessed to be in good
condition, and has the 2015 objective of maintaining this.
Identified pressures and risks to failing to achieve these ‘good status’ objectives are identified in
Annex G of the Anglian RBMP and summarized in Table 2, below.
Although physical or morphological alteration is identified as one of the issues affecting the
ecological condition of the Nar, abstraction and diffuse pollution are also particularly prominent.
Strategic river restoration through allowing freedom of natural processes can serve to reduce
pressures from most types of riverine diffuse pollution, and may also constitute a control on invasive
species under some circumstances. It will of course also alleviate morphological pressures, and this
restoration plan is a named measure for the delivery of a number of actions proposed in Annex C of
the RBMP.
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Pressure
Abstraction and other artificial flow pressures
(rivers)
Abstraction and flow regulation - Impact on
surface water (groundwater)
Abstraction and flow regulation - Impact on
water balance (groundwater)
Abstraction and flow regulation - Impact on
terrestrial ecosystems (groundwater)
Invasive non-native species (rivers)
Combined source pressures - Total oxidised
nitrogen (rivers)
Diffuse source pressures - Nitrates
(groundwater)
Diffuse source pressures - Phosphate
(groundwater)
Combined source pressures - Phosphorus
(rivers)
Diffuse source pressures - Phosphorus from
agriculture (rivers)
Diffuse source pressures – Sediment (rivers)

Nar risk category
Probably at risk

Physical or morphological alteration (rivers)

Probably at risk (upper) & At risk (lower)

At risk (chalk) & Not at risk (sands)
Probably at risk (chalk) & Probably not at risk
(sands)
At risk
- not assessed - not assessed At risk
Probably at risk (chalk) & Probably not at risk
(sands)
- not assessed - not assessed - not assessed -

Table 2: River Basin Management Plan identified pressures and risks to failing to achieve good ecological potential on
the River Nar

1.5.2 Water resources
Water resources in the Nar catchment are heavily exploited. This report takes into account the live
Catchment Abstraction Management Strategy and the initial findings of an extensive programme to
investigate the sustainability of abstractions, in light of their effects on the protected areas of the
North West Norfolk region (Restoring Sustainable Abstraction or RSA). This resource status and the
importance of the public water supply abstractions within the catchment are recognized as possible
constraints to restoration measures, and discussed in more detail in section 3.4.1.
1.5.3 Water level Management Plans
Water Level Management Plans (WLMPs) are prepared so that the water level requirements for a
range of activities in a particular area, including agriculture, flood defence and conservation, can be
balanced and integrated. The purpose of a WLMP is to achieve the water level management
appropriate to restore favourable condition of the SSSI conservation features. It allows a balanced
and integrated view of the water level requirements for a range of activities, such as agriculture,
conservation and flood risk management, within the SSSI, where possible.
The main objective in terms of water level management plan for the River Nar SSSI [3], is to
undertake river restoration which will restore the hydrological relationship between the river and
terrestrial units on the floodplain. This will be achieved through structural changes to the river
channel, such as raising the riverbed, narrowing the channel, addition of gravel, removal of
impounding structures, etc., as well as exploiting opportunities to restore the river to its original
course where diversions have isolated pockets of important floodplain habitat.
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The WLMP includes water level requirements for designated habitat along the River Nar SSSI and
outlines the possible conflicts between the needs of the SSSI and other interests. A balance is
sought in the document between these different objectives.
1.5.4 Catchment Sensitive Farming (CSF)
The Nar is a priority catchment under Defra’s CSF Delivery Initiative for England, which aims to
reduce diffuse pollution pressures via supporting changes in agricultural land management. This is
delivered by the provision of capital grants to farmers for activities such as resurfacing of farm tracks
and items such as sediment ponds and traps.
The CSF Catchment Officer was engaged in the consultation phase of this plan, and was made aware
of the land management issues of particular relevance to restoration of the river’s physical form –
principally, the high sediment input to the watercourse. As such, the officer has agreed to raise the
priority of capital grants which will particularly address these issues. It is recommended here that
future restoration measures should be aware of the activities of the CSF programme, and seek to
pursue solutions via land management, i.e. as far upstream as possible, wherever relevant.
1.5.5 Norfolk Wet Woodland Project
This partnership project is funded by The Forestry Commission East England Conservancy, Norfolk
County Council Environment Department, the Norfolk Biodiversity Partnership and the EA, and was
set up to respond to the progressive loss of wet woodland, a national and local priority habitat, over
time due to clearance and drainage. It is focused on the catchments of the Wensum, Blackwater
(Gressenhall) and the Nar, and aims to assess the extent and condition and promote the value of wet
woodland. It is also an objective to establish at least 10 ha of new habitat and bring more than 40 ha
of existing woodland into more appropriate management.
The restoration of hydrologically contiguous woodland with the river is seen as being of strong
benefit to the Nar itself. As such, Rory Hart, of the Project, has been consulted and provided advice
on how this might be achieved, some important aspects of which are contained within this report.
1.5.6 Catchment Flood Management Plans
The Great Ouse Catchment Flood Management Plan (CFMP) [8] is a high level strategic plan that
assesses how flood risk might change and be managed over the next 50-100 years. This document is
currently at consultation stage, though the results of analysis show that at a regional level, river
basin and even catchment scale, climate change has the greatest significance for future levels of
flood risk due to the large increases in fluvial flows. The three key drivers which define future
scenarios are land management, urban development and climate change. The CFMP identifies how
each of these drivers may change in the future and aims to identify the most sustainable flood risk
management approaches for the catchment through identification of preferred policies for different
parts of the catchment. River restoration measures suggested here are in line with these policies,
and indeed represent some of the most sustainable approaches, by allowing for restored floodplain
functioning.
1.5.7 Other designated conservation sites
The study area for this report is the River Nar SSSI, but there are a number of other officially
recognized conservation areas closely associated with the river, and these should be taken into
account in the planning of any restoration activities. It will be desirable not to impact any of these
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negatively, and indeed, nearly all the measures suggested in the current report are likely to enhance
the conservation value of them, however, in some cases a careful evaluation of the benefits of river
restoration against costs of disturbing established habitat may be necessary in specific areas of
conflict. The relatively rapid recovery time of some dynamic river habitats as compared to more
slowly developing terrestrial ones may be noted.
Specifically, there is a Local Nature Reserve bordering the current course of the river at Litcham;
more than 10 County Wildlife Sites bordering the river; and BAP priority habitats of ‘Purple Moor
Grass and Rush Pasture’ at Mileham and Narborough, ‘Lowland Heathland’ at Litcham and Castle
Acre Common, ‘Lowland Dry Acid Grassland’ at Narborough, and ‘Lowland Meadow’ and ‘Floodplain
Grazing Marsh’ throughout the river system.
1.5.8 Nar Ouse Regeneration Area
The Nar Ouse Regeneration Area (NORA) is a partnership, led by the Borough Council of King’s Lynn
and West Norfolk, which is part of a £250 million initiative to regenerate the King's Lynn area. The
partnership includes the East of England Development Agency, Homes and Communities Agency
(formerly English Partnerships), Norfolk County Council, the EA and Morston Assets, who are owners
and developers of parts of the area.
At the confluence of the Rivers Nar and Ouse, a waterfront regeneration area is proposed which is
an exciting vision for the redevelopment of the Boal Quay. It encompasses proposals for the
generation of housing, retail, commercial and employment opportunities together with the creation
of a high quality marina. During 2008-2009 the council has been working in great detail to deliver
technical studies which will further clarify and refine the recommendations. Tasks have included
ground site investigations, examination of surface water issues, utilities appraisals, land acquisitions
and branding of the area, all of which are vital in the preparation of the site for development.
Along the River Nar, the NORA project has plans for a riverside park in the area immediately
adjacent to the river, and then new homes, retail and employment areas and a proposed railway
station and park and ride just upstream of the A47 crossing.
Following the completion of the Marina Masterplan in 2007, further technical work has been
completed and led to the publication of a revised masterplan for the Waterfront Regeneration Area
in January 2009. This revised plan has looked at the technical options by using an existing hydraulic
model of the River Nar. The technical studies concluded that only one option delivers the full
aspirations of the urban design of the development. Therefore the most noticeable change from the
2007 to the 2009 masterplan is the River Nar being disconnected from the marina basin and it being
re-routed across the southern part of the site, with an outfall to the River Great Ouse. The proposed
River Nar diversion represents the preferred option for managing surface water for both the NORA
Millennium Community and the southern part of the waterfront site.
It is proposed that if any of the restoration strategy recommendations on the downstream reaches
of the Nar are implemented, further investigation and integration of the NORA proposals and
restoration strategy is undertaken to ensure that all proposals are fully considered and compatible.
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1.6 Implementation
The methods of implementing the restoration plans will depend on a number of factors, principally
landowner agreement, constraints such as those identified in this report, and cost.
All suggestions made here will have to be subject to more detailed design and feasibility studies,
though concept plans have already been drawn up for 6 specific reaches where projects could be
implemented and gains could be made towards the overall vision of the river at relatively low cost.
It is suggested that these projects could be seen as being demonstration or pilot sites where
restoration techniques could be shown and monitored with a view to similar techniques being
undertaken across a wider part of the catchment. A number of these reach-specific projects have
been developed in consultation with the fishing clubs at Castle Acre and Narborough. The funding
mechanisms for these proposals are not yet clear but the amounts of money are not particularly
large (between £2,000 and £10,000). Some suggested funding sources may be found in Appendix C,
and are summarized in Table 3.
For the short term proposals, sources of funding may include, for example, IDB gains from
withdrawing maintenance, fishing club budgets, and agri-environment schemes such as Higher Level
Stewardship.
Funding mechanisms for longer term programmes may originate from, e.g., EA flood risk
management and/or fisheries funds, the English Woodland Grant Scheme, Heritage Lottery Funds,
IDB savings made on reducing expenditure on previous practices, or monies set aside for measures
to achieve Good Ecological Status/Potential under the WFD (e.g. LIFE+ and INTEREG).
In implementing the plans, it is desirable to keep strong ties with local stakeholders at all stages.
Engagement with community groups may uncover opportunities for project delivery by local
volunteers, promoting a sense of ownership and responsibility, and potentially reducing costs.
A final issue to note is that of monitoring, discussed further in section 3.3.1, some degree of which
will be necessary at all restoration sites, in order both to prescribe further adaptive management
and to determine which restoration measures deliver the greatest benefits on the particular system
of the River Nar. Often neglected, this factor can be key to the ongoing success of projects.
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Category of works

Major channel/bank
measures

Major measures on
riparian land

Small scale in-channel
and riparian measures

Measure

EA flood risk
management
capital works

EA / IDB
maintenance

Restore appropriate substrate
Re-profile channel
Removal/modification of artificial
barriers
Removal of hard bankside defences
Re-meandering
Re-alignment of flood defence banks
Prevention of poaching by livestock
Prevention of access of cattle to river
Establishment of riparian
margin/buffer zone
Coppicing of trees
Establishment of riparian trees
Conversion from arable to seminatural habitat
Establishment of appropriate riparian
grazing
Introduction of coarse woody debris
in channel
Maintenance of aquatic macrophytes
in channel
In-stream flow-modifying structures
Soft engineered bank
reinforcement/repair
Breaking up of concreted substrate
Desilting
Cutting of river bank vegetation

*
*
*

*

NE
Environmental
Stewardship

Local
landowners/
Interest
groups

* (cessation of
maintenance)

*
*
*
*
*
*
*

*
*
*

*
*

*
*

*

*

*

*

*
*

*
*

Table 3: Sample suggested delivery/funding mechanisms for restoration measures (after NE).
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*
*
*

European or
Lottery
funding

Direct
Defra
funding

*
*
*

*
*
*

*
*
*

*
*
*

2 Current state of the River Nar
Before developing a vision of what we wish to be achieved through the implementation of this plan,
it is necessary to develop a comprehensive baseline which will inform the selection of measures
proposed and allow truly strategic, whole-river scale planning.

2.1 Assessment methodology
The process of gathering the necessary information for this work has been a collaborative venture
between the IDB, NE, EA and external contractors, and has progressed over a number of years, using
a combination of first-hand survey and more widely available second-hand data. For this final stage
in drawing up the strategy, this information was consolidated and recommendations made for
restoration measures, informed by a full and detailed survey of the river and stakeholder
consultation.
2.1.1 Walk-over survey
The current morphology, substrate, vegetation and broad character of the full length of the river
were surveyed from upstream of Mileham (TF897198) to the recently installed rock weirs near
Pentney Priory at Abbey Farm (TF697121) on the 1st, 2nd and 15th of February 2010, by Nigel Holmes
(Alconbury Environmental Consultants) and James Holloway (The River Restoration Centre), initially
with the assistance of Julia Masson and Jen Small (NE).
Further point assessments of character were carried out at High Bridge (TF670135) and Setchey
(TF636135), and at various points downstream to the tidal structures, by Karen Fisher (KR Fisher
Consultancy Ltd).
The exercise was conducted to:
a. assess the current morphological condition of the river, and any contextual factors
pertaining to this;
b. identify opportunities and develop initial ideas for restoration;
c. Split the river into reaches which are broadly homogeneous in terms of possible restoration
measures – these reaches are referred to as ‘restoration units’ (RUs) in the remainder of this
report; and
d. ground-truth management option recommendations emerging from the multi-criteria
analysis of Sear et al. [4].
2.1.2 Geographic data
To aid the survey and its interpretation, a number of geographic datasets were prepared and maps
made of the study area. These form a deliverable of the project, and are supplied as A3 Portable
Document Format files in Appendix J. They display:
1:1000 Ordnance Survey digital drawings (licensed to the IDB);
1 or 2 m gridded digital surface model generated from filtered Light Detection and Ranging
(LiDAR) data collected on 11/09/2009 (licensed to the EA, and displayed with a ‘hillshade’
effect, to highlight elevation differences between adjacent cells and pick out detailed
topographic features of the floodplain such as relic channels);
0.25 m elevation contours generated from the above data;
location and aspect of photographs taken during the field survey;
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boundaries of the Restoration Units (see below); and
approximate position of surveyed cross-sections.
The comprehensive georeferenced photographic dataset of over 650 frames, recording of the
condition of the river and riparian corridor at the time of survey, may be available on request.
2.1.3 Desk-based study
Relevant information required for the development of this plan has been extracted from freely
available material relating to the following:
English Catchment Sensitive Farming Delivery Initiative
Historic mapping, including early Ordnance Survey and William Faden’s 1790-94 survey
Contemporary mapping
Contemporary and historical aerial photography
LiDAR elevation data
Topographic surveys (long- and cross-sections)
EA ecological surveillance monitoring
EA hydrometric surveillance monitoring
Previous EA River Habitat Surveys
Norfolk Wet Woodlands Project
Wild Trout Trust habitat assessments
Scheduled Ancient Monuments
Protected and invasive species
Local Nature Reserves
River basin management planning
IDB and EA records of recent works
River Nar Improvement Scheme (flood storage and diversion channel)
Academic literature, including degree theses
Flood risk management planning
Various water resource planning documents
Conservation planning documents
Norfolk Biodiversity Partnership
Norfolk Wildlife Trust
Nar Ouse Regeneration Area (Borough Council of King’s Lynn & West Norfolk)
2.1.3.1 Geomorphological Appraisal
As mentioned in the introduction, this strategic plan represents a progression of the 2005 study by
Sear et al. [4], the key findings of which inform a good deal of the current section of this report. The
following outlines the methodology of this work:
Fluvial Audit
This standard methodology, which involves the collection of data on surveyed and archived bank,
bed, flow and basic catchment attributes, was augmented by the use of a Geographic Information
System (GIS) and databases to record the field survey and secondary spatial data. Surveys were
conducted between November 2004 and February 2005, and reported within a river reach
framework.
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Geomorphological Dynamics Assessment
Four investigations were conducted specifically to investigate sediment dynamics:
1. Continuous turbidity monitoring at Marham Flume.
2. Storm event monitoring survey, to identify sediment ingress points and catchment sources.
3. Determination of the extent of fine sediment storage within potential fish spawning gravels.
4. Modelling the mobility of the river bed gravels.
Multi-Criteria Assessment (MCA)
Combinations of spatial data collected during surveys were undertaken within a subjective scoring
and weighting framework, to give relative indications of ‘naturalness’ and ‘modification’, as well as
an indication of whether the reaches were acting as sediment sources or sinks.
2.1.4 Key stakeholder consultation
Land owners and managers, local environmental officers and angling clubs were engaged following
the walk-over surveys and much of the desk-based review, in March 2010. This was undertaken in
order to gain further local knowledge of:
The current state of the river
Contemporary use and management of the river and riparian environment
Valued aspects of the river and its uses
Historic state and management of the river
Long-term dynamics, in terms of e.g. flooding and erosion
Furthermore, the consultation was designed to enable free discussion on stakeholders’ aspirations
for the river, and expression of views on the types of restoration proposals being formed. A brief
summary of the major outcomes is given in Appendix H.
2.1.5 “Drop-in” consultation
A drop in session for invited and interested parties was also held, where details of the strategy and
plan were available for the public to view and comment upon. The response to the strategy, plan
and pilot projects is summarised in Appendix H.
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2.2 Catchment
2.2.1 Geology, topography and soils
As previously mentioned, the Nar is of dual character - its upper catchment drains the plateau and
chalk scarp down to Narborough, while the lower reaches flow through an extensive, formerly tidal
alluvial basin. The difference in average gradient is marked, being around 0.002 (1 in 500) upstream
and 0.0003 (1 in 3,333) downstream (see Figure 2). The river flows over a range of geological
substrates overlain by quaternary sediments of mixed origin. Solid geology is best described as a
cretaceous chalk cuesta forming a west-facing scarp, where the underlying sequence of Lower
Greensand and Speeton and then Kimmeridge clay are exposed, as the chalk falls away gradually to
the east (Figure 3).
The landscape of the 260 km2 catchment has been shaped primarily by the Anglian (480-430 kyr BP)
and Wolstonian (300-130 kyr BP) glacial periods and periglacial conditions. The earlier of these led
to the deposition of chalky boulder clay in the upper catchment, while climatic fluctuations
associated with the later cold period was thought to be responsible for much of the valley-forming
processes on the plateau, as well as sedimentation behind an ice dam blocking the lower valley. The
land downstream of Narborough is only thought to have come into existence following the
regression of a sea that occupied the lower valley during the Hoxnian interglacial (425-375 kyr BP).
The major contemporary topographic features are the north-south scarp of the Chalk and
Greensand, and the east-west oriented valley of the upper river. There is also an extensive dry
valley network, with significant features joining the main valley at West Lexham and upstream and
downstream of Castle Acre.
A complex geological history has led to an equally varied distribution of soil series (Figure 4), strongly
influenced by topography. The Nar valley can be seen to be associated with an extensive intrusion
of peat from the fenland between Gayton, Wormegay and Marham, indicating extensive historic
waterlogging under the relatively subdued gradient, which appears, from examination of a more
detailed long profile, to progress in a more or less stepped fashion. While alluvial sands and
sometimes locally deep gravels (e.g. near Mileham) underlie the freshwater silts and sands of the
upper valley, further down into the Fen Basin beyond the peat-dominated soils, marine silts are of
strong influence. Also apparent are extensive areas of highly erodible sandy soils abutting the upper
and middle reaches of the valley.
Land use, both historical and contemporary, is described in section 2.5.
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Figure 2: Simplified long section of the River Nar. Red lines denote the reaches with the steepest gradient (>0.0025). Extension to the drainage network upstream of Mileham follows a
ditch along the bottom of a dry valley. The inset illustrates in greater detail the long section from Narborough to the King’s Lynn outfall (mAOD against km downstream). Source: [4]
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Figure 3: Solid geology of North West Norfolk. (After [9])

Figure 4: Distribution of soils within the Nar catchment. Map derived from NATMAP soilscapes
© Cranfield University (NSRI) and for the Controller of HMSO, 2010.
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2.2.2 Hydrology
Some key hydrological data relating to the catchment, as assessed at the Marham gauging station,
are presented in Table 4, Figure 5 and Figure 6. A summary of hydrological features is presented in
Figure 14, at the end of this section.
Dependent on, and buffered by, the North-West Norfolk Chalk aquifer, flow in the River Nar typically
rises slowly to peak around March each year, and is at its lowest at the end of August. Autumn
recharge is the principal controlling factor, but less permeable glacial deposits confer some degree
of quick run-off influence in the very top of the catchment. The Conservation Strategy drawn up in
1998 [10] recognized these reaches to be particularly sensitive to periods during which the water
table in the aquifer is low.

Statistic
Catchment area
Maximum altitude
Level of gauging station
Mean flow
95% exceedance flow (Q95)
10% exceedance flow (Q10)
Average annual rainfall (1961-1990)

Value
153.3 km2
91.0 m AOD
4.6 m AOD
1.15 m3s-1
0.421 m3s-1
2.086 m3s-1
682 mm

Table 4: Summary hydrological statistics for the gauging station at Marham (TF723119).
Source: National River Flow Archive

Figure 5: Sample hydrograph of gauged daily mean flows (2008, mean = 1.27 m3s-1) at Marham (TF723119). Note
logarithmic scale. Light shading indicates range over the period 1953-2008. Source: National River Flow Archive
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Figure 6: Flow duration curves for gauged daily mean flows at Marham (TF723119).
Note logarithmic scales. Source: National River Flow Archive

Though strongly linked to the slow rise and fall of the chalk aquifer, the River Nar’s hydrology is
complex and highly modified. For example, in its headwaters, the natural drainage system has been
vastly extended by the connection of agricultural drains. Wasting of upper peat soil layers due to
ditching and lowering of the water table is also likely to have had a runaway feedback effect,
drastically reducing soil water retention in the river’s floodplains, and increasing the rate of loss of
water from the catchment. Conversely, downstream of Setchey, soil hydraulic effects are mainly
responsible for seepage from the channel through the silt skirtlands, where wasting of the floodplain
has left the river perched.
Numerous small springs and flushes occur from well above Mileham right to the very edge of the
scarp, and those of The Broadwater at Lexham Hall (TF870177), downstream of the A1065 crossing
(TF835171), Fiddler’s Green (TF824161), Castle Acre (TF818142) and Narford Hall (TF766138)
contribute significant volumes to the river. It is presumed that many more smaller springs would
have been apparent in the past, before ditching and drainage lowered water tables in the vicinity of
the river to improve agricultural productivity. In some places on the upper Nar, however, fluvial
inundation and drainage were more formally controlled via engineered water meadow systems,
further discussed in Section 2.5.1.2.
Further to culverts installed at crossing points, major impounding structures are found along the
length of the river [6]. The first set of these are weirs associated with a suite of ornamental lakes at
Lexham Hall (TF866169). There is another ornamental lake system further downstream at East
Lexham Hall (TF845171), maintained by a complex system of sluices, before the first of several mills
is encountered. Newton Mill (TF831162) is followed downstream by another at West Acre
(TF789150), and then Narborough Mill (TF747132) and a set of penstocks associated with the nearby
Maltings (TF746134). The last major structures before the tidal part of the river are the disused
bone mill (TF732126) and the EA gauging station and public water supply abstraction point
(TF723120) near Marham. There are also numerous smaller structures along the whole course of
the Nar, and are discussed in further detail, along with those already mentioned, in section 3.2.2.
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Figure 7: Floodbanks on the Nar at Setchey. (Photo: N. Holmes)

Downstream of Narborough, the main river eventually becomes a high level carrier and enters a
complex engineered drainage network, controlled, in the lower parts, by a large pumping station at
Setchey (TF650135). The County Drain, which takes water from 57 km2 around Blackborough, East
Winch, West Bilney and Pentney, joins the Nar a little further upstream at High Bridge (TF670135).
Also here, on the southern side of the river, is an extensive flood storage area, discussed below.
With the main channel perched and almost completely isolated from its floodplain by high flood
banks by this point, the Puny Drain carries water from land downstream of Setchey, under the Nar
and directly into the Great Ouse at King’s Lynn, assisted again by pumping. The Middleton Stop
Drain, which drains a large area of land to the east of King’s Lynn, is pumped into the final reaches of
the Nar at TF622187.
The natural tidal influence over the lower 14 km or so is now regulated by a pair of flaps (Figure 8) at
the outfall to the Great Ouse in King’s Lynn, and a sluice at TF621183. These structures effectively
only allow one-way flow from the river, closing when levels on the Ouse side are above those of the
Nar, preventing much saline water entering the river. This water level control structure was installed
to prevent tidal flooding from the River Ouse passing upstream into King’s Lynn, and is designed to
hold back water to 6.3 m above ordnance datum (AOD). A pair of penstocks on the upstream side of
the large culverts is triggered if the flaps fail, though trash screens are cleaned and the culverts
maintained on a regular basis.
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Figure 8: Tidal flaps at outfall of the Nar into the Great Ouse. A: Flap on downstream side (1 of 2); B: Emergency
penstocks on upstream side. (Photos: K. Fisher)

Furthermore, the River Nar Improvement Scheme was completed early this century, comprising an
extensive designed flood storage area at High Bridge, embankment improvements as far upstream
as TF710119, and a 650 m gravity diversion channel linking the Nar to Great Ouse Flood Relief
Channel at TF615154 (Figure 9). The latter of these is used to drain the lower Nar when the outfall
at the tidal flap is tide-locked (the Flood Relief Channel is not significantly affected by tides). The
controlling penstocks are triggered at a set water level. The entire scheme has increased protection
standards from a 1-in-3-year to 1-in-25-year level.

Figure 9: Elements of the River Nar Improvement Scheme. A: Spillway to flood storage area at High Bridge; B:
Upstream penstocks on diversion channel to Ouse Flood Relief Channel. (Photos: K. Fisher)
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2.2.2.1 Abstraction and water resources
The EA Catchment Abstraction Management Strategy (CAMS, [9]) of 2005 divides the Nar and its
associated groundwaters into two Water Resource Management Units (WRMUs), with WRMUs 8
and 9 covering the areas upstream and downstream of Narborough, respectively. WRMU 8 was
assessed to be over-licensed for groundwater and over-abstracted for surface water, while WRMU
9’s groundwater was classified ‘no water available’, and its surface water, over-licensed1.
With a modest 682 mm annual average rainfall, pressure on the Nar’s limited water resources is
indeed acute. Major abstractions and discharge consents, as identified in the CAMS, are presented
in Figure 10 and Figure 11.
Given the high conservation value of the River Nar and its hydrologically dependent habitats, major
investigations are currently being undertaken to better understand the impact of abstractions on
these natural features. At this stage, a groundwater model for the region has been developed, and
will be used to examine the interactions between surface waters and sub-surface abstractions. The
work is being undertaken under the EA’s Restoring Sustainable Abstraction (RSA) scheme, and
findings are likely to inform a review of the consents, if deemed necessary. It should be noted,
however, that the major abstractions are a fair distance downstream of the most valuable habitats,
and may be of limited influence. The current strategy is to allow no more groundwater abstraction,
and no further consumptive abstraction of flows above 32 % exceedance in the upper, and 59 % in
the lower Nar. Existing licenses may be increasingly time-limited, and voluntary resource recovery is
encouraged.
Few conclusions can be drawn until the results of these investigations are available. However, it can
be said that abstraction is a significant factor within the Nar system. Modelled flow data from the
CAMS investigations (Figure 12) would suggest that abstractions account for between a 5 and 10 %
reduction in what would be estimated to be natural discharge from the river (measured at Marham),
depending on the frequency of occurrence of that flow. The greatest impact can be seen at the
median (50 % exceedance) and lower (±95 % exceedance) flows. This would suggest that there are
other factors involved in the dramatic drop in flow volumes around Marham (05E 82), apparent in
Figure 13, quite likely seepage from the channel.

1

These status classifications are defined as follows:
Water available:
Water is likely to be available at all flows including low flows. Restrictions may
apply.
No water available:
No water is available for further licensing at low flows. Water may be available at
higher flows with appropriate restrictions.
Over-licensed:
Current actual abstraction is such that there is no water available at low flows. If
existing licenses were used to their full allocation, they could cause unacceptable
environmental damage at low flows. Water may be available at high flows, with
appropriate restrictions.
Over-abstracted:
Existing abstraction is causing unacceptable environmental damage at low flows.
Water may be available at high flows, with appropriate restrictions.
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Figure 10: Licensed abstractions in the Nar catchment and surrounding areas. Source: [9]

Figure 11: Consented discharges in the Nar catchment and surrounding areas. Source: [9]
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Figure 12: Modelled naturalised flow data for Marham, indicating estimated % reduction in flows due to abstraction.
Note that % reductions at extremely high or low % exceedance are likely to be artefacts. Data: EA

27

Figure 13: Flow accretion profiles for the River Nar, as measured in 2005. Source: [11]
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Figure 14: A summary of key hydrological features of the Nar catchment. Source: [4]
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2.3 Channel morphology and dynamics
More detailed discussion of the Nar’s current geomorphology and dynamics is presented in section
3.2, and an overview of how these were likely to be under minimal disturbance is suggested in
section I.
Typically, however, the river’s natural dynamics are restricted along most of its course, owing to
excavation of the bed and modifications to the banks. In most cases though, as is discussed later,
the moderating effect of the chalk aquifer also confers a fairly stable morphology. These
interventions, along with straightening, initially increase average flow velocities and conveyance, as
well as the bed gradient (removal of meanders). The steep sides left by ditching for land drainage
are prone to under-cutting and collapse. Left to develop further, this is a form of natural recovery,
although it has typically been seen as necessitating further management, resulting in gradual
widening. Poaching of banks by livestock has also contributed to widening in the past.
Good examples of where the planform of the river is actively adjusting due to higher bed levels and
low banks (though artificially in more cases than naturally) are upstream of Litcham, at around
TF891175 (Figure 15), and at the locations illustrated in Figure 22.
Sediment transport, and thus the composition of the bed of the river, is strongly controlled by the
gradient and cross-sectional area of the channel (via flow velocity). Catchment sediment sources are
also of great local influence, however. Broadly, the upper reaches have a mainly gravel and pebbledominated bed, with sand-dominated reaches through the Lexham Estate, Castle Acre Common and
upstream of the impoundments at Narborough, while the lower reaches show a progression from
gravels to sands to silts, which dominate by around Blackborough. In these downstream reaches,
the course of the river is fixed by large embankments, though their somewhat steep sides have been
prone to erosion in places. Where gradient is locally shallow in the upper reaches, and especially
where the river is wide, silt often smothers the bed.
2.3.1 JNCC classification
The standard river typology used by conservation agencies within Great Britain is the Joint Nature
Conservation Committee (JNCC) system, published in 1983 and revised in 1999, which is based on
macrophytes [12]. However, as river plant communities map strongly to morphological and physical
catchment characteristics and dependent ecology, this framework enables sites to be classified into
10 broad River Community Types (RCTs I-X), with further refinements into 38 sub-types. RCTs I-IV
are associated only with lowland, low gradient, and usually naturally eutrophic systems due to the
soft under-lying geology and thickness of drift deposits.
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Figure 15: More active, less ditched section of the river upstream of Litcham, at TF89131749, adjusting under the
influence of woody debris and sediment deposition. Photo: N. Holmes

Original surveys undertaken on the Nar in 1980 covered six sites. The upper site was classified as
ditch community IV, sub-type a (base-rich and close to source). The three other sites upstream of
the sluggish sections downstream of Narborough were classified as RCT III (chalk rivers and other
base-rich rivers with stable flows), sub-type b (with influence of more variable geology than
exhibited by the classic chalk river systems of Hampshire – the Itchen and Test). The two lower sites
were classified as RCT I (lowland, low-gradient rivers), sub-type c (very low-gradient, with fine
substrate). This varied typology identified the Nar as one of the best examples of a small chalk
stream that becomes a lowland fen ‘drain’ before entering the sea. For this reason it was notified as
a SSSI, replacing the Lark as a grade II example cited in the Nature Conservation Review [13].

2.4 Ecology
The assessed elements for the WFD give a reasonably good, integrated representation of the current
state of the ecology of the River Nar, being ‘high’ for macroinvertebrates in both up- and
downstream reaches, and ‘moderate’ and ‘good’ for fish in the upper and lower reaches,
respectively. A more detailed description of the river’s flora and fauna is presented below, however.
2.4.1 Flora
The distinctive Callitricho-Batrachion aquatic plant community supported by the base-rich,
groundwater-dominated upper reaches of the River Nar gets particular mention within the BAP
Priority Habitat Descriptions [14], and was a key motivation for the SSSI notification. There is also a
significant area of highly valued natural and semi-natural woodland and wet meadow hydrologically
connected with the river.
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2.4.1.1 In-channel
It is believed that only two formal catchment-wide macrophyte surveys of the Nar have been carried
out. The original survey was undertaken in 1980, as part of a nationwide programme of surveys that
were used to develop the JNCC typology, and also assist in the selection of rivers for designation as
SSSIs. Repeat surveys at four of the original sites were completed under contract by English Nature
to Scott Wilson in 2005, as part of the SSSI Condition Monitoring [15]. Both of these, and the RCTs
arising (i.e. types IVa, IIIb and Ic, working downstream), match observations of the flora made whilst
walking the river from its source to Setchey in early 2010.
Upstream of Litcham, the habitat structure and flora is limited, as is typical for most lowland streams
in the UK. Few genuine aquatic macrophytes are present. Where they do occur, they are species
such as Starwort (Callitriche), Water-Cress (Rorippa nasturtium-aquaticum) and Sweet-Grass
(Glyceria fluitans/notata), that are also capable of growing in damp conditions, or spreading into
intermittent waterbodies by re-seeding when conditions allow. Conditions in 1980, 2005 and 2010
show little variation from each other.

Figure 16: The Nar upstream of Litcham, with example of bed flora inset. (Photos: N. Holmes & J. Holloway)

Much of the Nar from upstream of Castle Acre to Narborough has a flora very typical of RCT IIIb, with
several stretches with dominant stands of Water-Parsnip (Berula sp.) or Crowfoot (Ranunculus spp.).
These are the archetypal species of small chalk streams. Of the 30 species that are most commonly
found in such waterbodies (see extract, Appendix E), all are present within this section of river.
Most importantly, Berula erecta, Callitriche obtusangula, Carex acutiformis (Lesser Pond-Sedge),
Ranunculus pseudofluitans and Veronica anagallis-aquatica agg. (Blue Water-Speedwell) were all
present, a combination listed as only typically found in RCT III in the JNCC classification [12].
Locally, the flora varies considerably from reach to reach, reflecting natural channel gradient and
also impacts of channel engineering, maintenance and catchment-wide agricultural practices. The
lower gradient sections have much less Crowfoot and Water-Parsnip, but more ribbon-leaved
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growth typified by Unbranched Burr-Reed (Sparganium emersum). Emergent reeds such as
Branched Burr-Reed (Sparganium erectum) and encroaching reeds such as Reed-Sweet-Grass
(Glyceria maxima) are also more common in these sections. Silt and sand blanketing the bed in such
areas is also a problem that not only favours the ribbon-leaved and emergent species, but the
blanketing yellow-green algae Vaucheria spp. as well. Where silt and clay forms the predominant
bed material, Mare’s Tail (Hippurus vulgaris) is often very common and crowfoot is rare or absent.
Nutrient enrichment from land-use and other discharges also leads to Blanket-Weed (Cladophora
agg.) often smothering the bed locally during certain periods of the year.
The repeat survey in 2005 of the site at West Acre (site 3) showed little change from the flora
typically recorded in 1980 and seen during the walk-over habitat assessments in 2010. The Scott
Wilson report states:
Channel: Higher plants dominated the vegetation.
There were wide marginal stands of Phalaris arundinacea, Glyceria maxima and Carex
rostrata.
There were also locally significant stands of Berula erecta and Veronica anagallis-aquatica.
The channel had extensive beds of Hippuris vulgaris, Callitriche obtusangula, Ranunculus
penicillatus ssp. pseudofluitans and Zannichellia palustris.
Filamentous green algae and Vaucheria spp. were rare.
It should be noted that it is assumed the recording of Carex rostrata is an identification error, and it
was Carex acutiformis that was common in 2005, as it was in 1980 and 2010. This is a species very
typical of chalk rivers and streams.

Figure 17: The Nar at West Acre. (Photo: N. Holmes)

The flora of much of the river downstream of Narborough is very different from the prevailing
conditions upstream of the town. Where there are some local shallower sections with firm pebble
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beds and reasonably high water velocity, a flora typical of chalk streams still occurs, though these
are very rare, and mostly within 2km of the town. A noteworthy feature of these areas is the
coincidence of two species of Crowfoot – Brook Water-Crowfoot, as upstream (Ranunculus
pseudofluitans), and also the River Water-Crowfoot (Ranunculus fluitans). A repeat survey of the
river at Narborough in 2005 (site 4, immediately downstream of the road bridge) noted a mixed
community of higher plants and bryophytes, the latter being present on the rocky bed where there
was good gradient. The community was similar to that noted in 1980, but a moss (Hygrohypnum
ochraceum) was very likely erroneously recorded (it has never previously been recorded in central or
southeast England).
In the lowermost reaches, the flora recorded in 1980 was typical of a fen drain/lake environment.
Pondweeds, both broad-leaved and narrow-leaved, were all common. The repeat survey of the
lowermost site (site 6, upstream of Kings Lynn) in 2005 noted the following:
Channel: Higher plants dominated the vegetation.
There were wide marginal stands of Glyceria maxima, Phalaris arundinacea, Phragmites
australis and Sparganium erectum.
The channel itself had extensive beds of Oenanthe fluviatilis, Sparganium emersum, Berula
erecta, Potamogeton pectinatus, P. perfoliatus, P. lucens, Sagittaria sagittifolia and Elodea
canadensis.
Enteromorpha intestinalis, Cladophora/Rhizoclonium agg. and filamentous green algae were
frequent.
This represents minimal change in 25 years.
The common occurrence of Fennel Pondweed (Potamogeton pectinatus) indicates enriched water.
River Water-Dropwort (Oenanthe fluviatilis) is also present in the lower sections of the Nar – it is an
internationally rare species confined to the British Isles, northern France and Belgium, where it is
present in calcareous waterbodies only. Another species present here that is rarely found in rivers,
but when it does occur is associated with calcareous low gradient rivers, is Fan-Leaved WaterCrowfoot (Ranunculus circinatus).
2.4.1.2 Riparian and floodplain
Along some reaches exist mature deciduous and conifer plantations, and Alders, Alnus spp.,
dominate tree cover immediately adjacent to the channel. In the lower reaches, the grassed
embankments are fairly intensively managed (mown), but support a reasonably diverse herbaceous
community (due in part to intentional seeding near the new flood storage at High Bridge).
Successional climax vegetation, often due to abandonment of historically managed land, is fairly
extensive in the riparian corridor of the Nar. It is dominated by those tree species that are adapted
to tolerance of an anoxic root zone and an ability to exploit opportunities created by disturbance
such as wind throw. Willow (Salix spp.) and Alder are the main genera found, and both are adapted
to wet soils and have an ability, in the case of Willows, to spread by vegetative means.
There are also several small Poplar plantations in the river corridor which, since their establishment,
have apparently become un-economical to harvest. The result is stands of over-mature trees of
great stature which, although not a natural part of the landscape, are quite often valued for their
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architecture. Currently in many places, however, those Poplars planted where the water table is
often close to the surface are falling (Figure 18).

Figure 18: Mature Poplar plantation in river corridor, showing collapse of many trees. (Photo: N. Holmes)

The presence of adjacent inundation communities and more open wetland habitats may either
depend on the permanently high water table afforded by the chalk’s flow moderating effect, or upon
seasonal inundation. Southern Marsh Orchid, Dactylorhiza majalis subsp. praetermissa, Yellow
Rattle, Rhinanthus minor, and Bogbean, Menyanthes trifoliata, are cited as having established in
conjunction with traditional management of some of the seasonally flooded meadows in the SSSI
citation.
Overall, around 18.2 km of the Nar’s roughly 42 km length (some 43 %) was shaded by trees in 2006,
but this tends to be distributed in long, heavily shaded reaches (mean length of fragments in 2006:
506 m). The upper parts of the catchment tend to support the greatest amount of riparian tree
cover (Figure 19). The influence of plantations just upstream of Narborough is particularly strong in
this respect. As discussed later in the restoration plan, this woody cover is perhaps the key driver of
natural dynamics on river of this type.
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Figure 19: Distribution of channel length with cover from trees in 2006.
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2.4.2

Fauna

2.4.2.1 Macro-invertebrates
Kick sample results from EA surveillance monitoring (Table 5) and that carried out by the
Narborough Trout Fishery as part of the Riverfly Partnership indicate a diverse community (high
numbers of different taxa) of in-stream invertebrates, particularly rich in taxa which are sensitive to
pollutants (very high BMWP2 scores, indicating very good water quality), but also representing more
resilient taxa (ASPT3 of around 5). Fairly low CCI4 scores, however, would suggest that the
macroinvertebrate community is not particularly rare within the local and national context. It should
be noted that there are marked differences between the middle, RCT IIIb, and somewhat more
impoverished upper and lower, RCT IVa & Ic, reaches and the LIFE5 scores accurately reflect the
differences in prevailing flow regimes between these reaches.
Further from the channel itself, an outstanding assemblage of dragonflies, as well as the rare
Desmoulin’s Whorl Snail Vertigo moulinsiana, is present in the river corridor.
2.4.2.2 Fish
The 1992 SSSI citation makes mention of the Nar’s apparently healthy population of Brown Trout,
Salmo trutta, which had increased steadily in size since 1985, and the fact that Roach, Rutilus rutilus,
and Eel, Anguilla Anguilla, were the dominant fish species. The most recent available data suggest
that Eels are still the most frequently occurring fish on the lower Nar, but that Dace, Leuciscus
leuciscus, had taken over from Roach as the second most dominant. Pike, Esox lucius, and Tench,
Tinca tinca, make up a very significant proportion of the biomass, however, and the lower reaches
support varied population of coarse fish throughout, with Perch, Perca fluviatilis, Gudgeon, Gobio
gobio, Rudd Scardinius erythrophthalmus, Ruffe, Gymnocephalus cernuus, Spined Loach, Cobitis
taenia, Stone loach, Barbatula barbatula, and Chub, Leuciscus cephalus, also represented. The fish
population of the upper river is now dominated by Brown Trout, although high numbers of larval
Eels and Bullhead, Cottus gobio, were present during this 2007 survey, with the former constituting a
significant proportion of the biomass.
Triploid Brown Trout are stocked by the Narborough Trout Fishery in the reach delimited by the
Marham flume and the Narborough penstocks and mill. The thriving Salmo sp. fishery of the upper
Nar appears to be self-sustaining, however. The benefit of impounding structures which confine
these populations to where they are highly valued should not be over-looked. Both fisheries are
committed to improving habitat for fish wherever opportunities arise, and it is an ambition to make
the Narborough fishery sustainable without stocking.

2

BMWP:

3

ASPT:

4

CCI:

5

LIFE:

Biological Monitoring Working Party – a method which interprets samples of the river bed
invertebrate community to give an integrated measure of water quality.
Average Score Per Taxon – a BMWP statistic giving the average sensitivity-to-pollution score
(1-10) of the invertebrate taxa recorded.
Community Conservation Index – a measure of the local and national rarity of a
macroinvertebrate community.
Lotic-invertebrate Index for Flow Evaluation – a measure of the tendency for a
macroinvertebrate community to typify flowing, as opposed to standing waters.
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BMWP

ASPT

Number
of Taxa

CCI

LIFE

No.
samples

Avg

Max

Avg

Max

Avg

Max

Avg

Max

TF90601880 1995-2007

18

59

88

4.1

4.9

14

19

4.7

19.1 6.41 6.81

TF88801740 1990-2007

28

71

125

4.3

5.3

16

24

4.6

8.0

TF83791697 1992-2008

24

126

202

5.1

5.7

25

37

7.1

13.8 6.62 7.00

TF81911483 1992-2007

23

124

195

5.0

5.6

25

35

8.8

23.2 6.88 7.32

WEST ACRE ROAD BRIDGE

TF77931476 1990-2009

32

124

171

5.5

6.2

23

31

7.7

14.4 7.14 7.60

NARBOROUGH RD.BR.

TF74681318 1990-2009

32

121

174

5.4

6.1

22

31

8.0

17.7 7.15 8.00

1990-2004

25

128

210

5.1

6.2

25

36

8.2

16.5 6.40 6.78

TF67001350 1992-2007

21

115

173

4.8

5.4

24

33

6.4

11.0 6.15 6.47

TF63601345 1990-2009

19

105

174

4.6

5.4

22

33

9.7

23.0 6.24 6.59

Site name
B1145 ROAD BRIDGE
MILEHAM

NGR

LITCHAM ROAD BRIDGE
WEST LEXHAM ROAD
BRIDGE
CASTLE ACRE ROAD
BRIDGE

MARHAM GAUGING
STATION
HIGHBRIDGE WORMGAY
(BLACK'GH END)
A10 RD.BR SETCHEY

TF72401200

Date range

Table 5: EA macroinvertebrate monitoring - summary of results.
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Avg

Max

6.35 6.88

2.4.2.3 Birds
The significant amount of wet woodland, rough fen and scrub, where land hydraulically contiguous
to the river has not been reclaimed as pasture or for arable, constitutes a habitat corridor of
nationally very high value to mobile fauna, particularly birds. The original SSSI citation gives specific
mention to Reed Warblers, Acrocephalus scirpaceus, Teal, Anas spp.,Marsh Harriers, Circus
aeruginosus, and Willow and Marsh Tits, Poecile montanus and P. palustris. The Nar Valley
Ornithological Society, founded in 1976, has been undertaking surveys for a significant length of
time, and may be consulted for further information.
2.4.2.4 Protected species
Limited data on surveys for protected species have been collected from the EA and, though these
represent but a very small cross-section, they are worth noting as documented indications of some
of the other fauna supported by the River Nar.
The 2 most recent of 8 surveys for Water Voles, Arvicola amphibius, have recorded their presence in
the vicinities of the Marham flume and the Narborough Trout Fishery. It is thought that the species
has been lost from the upper Nar owing to predation by North American Mink, Mustela vison. There
is however anecdotal evidence of their return to the vicinity of Castle Acre, following the success of a
Mink control project.
Evidence of the presence of Otter, Lutra lutra, has been found at 4 out of 18 sites surveyed, spread
between TF635136 (Setchey) and TF764143 (Narford Hall). Despite a high density of surveys around
Castle Acre and East and West Lexham, only negative results have been reported.
Great Crested Newts, Triturus cristatus, have been sighted in the wet meadows bordering the river
in the vicinity of Castle Acre, and it is likely that some adjacent wetlands to the river represent high
quality candidate habitat for this species.
14 surveys for White-clawed Crayfish, Austropotamobius pallipes, have been undertaken throughout
the upper reaches of the river, but all have returned negative results. There is, however,
unconfirmed anecdotal evidence for their presence in the disused reservoir at East Lexham. It
should perhaps be mentioned here that the upstream spread of the invasive Signal Crayfish,
Pacifastacus leniusculus, may be currently prevented by the impoundments at Narborough and
Marham.
2.4.2.5 Invasive species
Though the North American Signal Crayfish does occur in the lower reaches of the river, its
population is well confined at present, and the Nar is fortunate to be fairly free from many
aggressive non-native colonizers. This of course only serves to increase the SSSI’s value as a refuge
for quintessential East Anglian wildlife.
There have been outbreaks of Giant Hogweed, Heracleum mantegazzianum, in the vicinity of
Newton Mill, at West Acre and just downstream of the A1065 road crossing, but this appears to have
been effectively controlled by the IDB. Plants were discovered on the latter reach during the
walkover survey, but no other signs were noted elsewhere. Himalayan Balsam, Impatiens
glandulifera, also occurs widely in the upper reaches. Discussion with stakeholders identified a
possible occurrence of Parrot’s Feather, Myriophyllum aquaticum, in the marginal wetland habitat
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just downstream of Mileham, and Australian Swamp Stonecrop, Crassula helmsii, was noted at the
Narborough Trout Lakes. Though the Norfolk Biodiversity Partnership are undertaking a campaign
to tackle these invasives in the wider area, these particular incidences should be noted and every
effort made to keep them contained.
Mink is the other notable non-native animal particularly prevalent on the Nar. Control measures
(traps) are in place, however, and preliminary evidence suggests that these measures are having
some success.

2.5 Human and historical context
Having appraised the natural environmental context of the River Nar, it is necessary at this point to
note the most influential human factors. This will both aid an understanding of the management
issues affecting the catchment and river, and identify some of the constraints to implementing
remedies to these issues.
2.5.1 Historic land use
Though river restoration does not imply the return to any previous state, the long history of land
management in the catchment goes a long way to explaining the contemporary situation.
2.5.1.1 Faden’s map
Previous editions of Ordnance Survey maps of the area would appear to indicate that the basic
pattern of land use has little changed in the past hundred years (as far as can be determined from
the available information), though it is likely that the balance of livestock and arable, as well as the
types of crops grown, have changed significantly. There has been very little change in the planform
of the river (its course) in the past 100 years.
A valuable resource which dates back a little further is the inch-to-the-mile map drawn up by William
Faden, following his surveys of the County of Norfolk between 1790 and 1794. This has now been
digitally redrawn, and is available online. Of note is the particularly low area of woodland recorded,
although the extensive, separately represented, common lands are likely to have been wooded to a
greater or lesser extent. Many wooded areas have clearly been spared heavy harvesting due to
ownership by one of the large estates in the area.
The course of the river, it seems, had been subject to a good deal of modification even by this point,
though a much more meandering planform is evident. Of particular interest are the areas at the
large manor houses which are now ornamental lakes. The peculiar split flows between Narborough
and Narford Hall, where there is now a large, spring-fed lake, are apparent in Figure 20.
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Figure 20: Extract from William Faden's map of 1979, showing split flows prior to the construction of the great
ornamental lake at Narford Hall. © 2005 – 2010 Andrew Macnair

2.5.1.2 Water meadows and grazing
Though a common feature of the chalk streams of Wessex, ‘floated’ water meadows were not
adopted in the same way in the east of England. This system of diverting rivers to irrigate floodplain
meadows via a complex arrangement of carriers and drains was adopted on the Nar extensively at
West Lexham and then Castle Acre (Figure 21), and effectively brought forward the beginning of the
grazing season. However, this complex engineering of the river and floodplain was encouraged by
large estate-holders and agriculturalists, rather later than it began in the West Country, and was
done so with the promise of valuable prizes for those who could irrigate the greatest acreage [16].
Though most river restoration works suggested in this report are likely not to affect significantly the
archaeological legacy of these meadows, it should be taken into consideration. More than anything
else, it serves to give an appreciation of the extent to which the River Nar has been engineered and
modified in its past, particularly in these areas.
Whether engineered and irrigated or not, it is clear that the Nar’s floodplain has been used
extensively for grazing livestock through the ages. More recently, areas of ‘improved grassland’
have been established, typically through the installation of drainage, though many such pastures
have since been abandoned, or at have at least been managed far less intensively recently
(discussed further below).
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Figure 21: High resolution elevation data, showing the complex topographic legacy of early 19th century floated water
meadows, just south-east of Castle Acre, and east of West Lexham (inset)

2.5.1.3 Designed landscapes
As mentioned above, the grounds of Lexham Hall, West Lexham Manor and Narford Hall all border
the river. In these areas the river has been impounded to create ornamental lakes. In the case of
Lexham Hall and West Lexham, the impoundments have created are complicated inter-related lake
systems. During discussion with the current landowners, it was agreed that these are now integral
parts of the designed landscapes and architectural heritage of these estates and, despite problems
with sedimentation and eutrophication, should be maintained for the foreseeable future. Moreover,
a recent study has also highlighted the conservation value of these East Anglian ornamental lakes,
particularly for their diversity of Characeae [17].
The major issue, from the point of view of restoring riverine processes and dynamics, is the
discontinuity effect on the river of the impounding structures associated with these lakes, although
they do however offer considerable benefits in terms of settling out, intercepting and storing
sediment washed from cultivated land and other sources. This reduces the smothering of gravels
and the need for removal from the channel downstream, but the gradual accumulation of silt in
these lakes represents a considerable problem for their owners/managers.
Though long-term aspirational options for completely removing such standing waterbodies are
sometimes considered in Appendix G, there are usually opportunities for mitigating the negative
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effects of these structures while leaving the lakes intact. The options for the lakes at Lexham Hall
and West Lexham were discussed in further details in the options considered by Fisher et al., in the
2008 structures report.
2.5.2

Contemporary land use

2.5.2.1 Arable
Arable land now dominates the Nar catchment, occupying about 75 % of the area. The main crops
grown are winter wheat, spring barley, sugar beet and winter barley. The 2009 Catchment Appraisal
[18] also note that uptake of agri-environment schemes has been high. Arable land is rare
immediately adjacent to the river, but is connected in many places via extensive drains and
tributaries, which are frequently not buffered against run-off in such a way. In the case of the lower,
RCT Ic reaches, the flood banks effectively isolate the river from the adjacent arable.
2.5.2.2 Livestock
Rough pasture is most dominant along the upper half of the river, with sheep generally grazed,
apparently at fairly low density. Poaching of river banks by livestock has been identified as an issue
by NE in the past, and they have successfully promoted the adoption of lower-impact stocking
regimes. Pig farming is not widespread, but is an activity within the catchment, and presents a
major source of erosion and potential sediment input to the Nar. Data supplied by NE in 2008
suggest this is more prevalent in the extreme south and east of the upper catchment.
As mentioned above, vast areas of the Nar’s floodplain have clearly been actively grazed or common
pastureland throughout history, but for various reasons, the grazing intensity and management has
now been dramatically reduced. Where there was once grassland, there are now extensive reed
beds, sedge and reed scrub and mixed marsh/fen. The extent of this regeneration of such
phreatophyte communities (plants rooted to below the water table) is a feature which makes the
River Nar exceedingly special and nationally important.
2.5.2.3 Sand, gravel and chalk extraction
There are a large number of disused pits of varying sizes, mostly now lakes or ponds, adjacent to the
River Nar, as well as active sites at South Acre and Blackborough End. The latter of these are most
extensive and the main sites of significance with respect to the River Restoration Plan. Those nearer
the headwaters have tended to be for the extraction of chalk, while further downstream, sands are
quarried. These pits have frequently been sited near the river, where erosion has brought strata
closer to the surface, and of course gravels have been deposited.
The re-sculpting of the floodplain and the sediment risk due to the active sites are the most
important effects of these activities to be taken into consideration.
2.5.2.4 Forestry
The upper Nar Valley, as mentioned previously, supports extensive woodland, and much of this may
have originally been planted for harvest and since been somewhat neglected in terms of
management. There are, however, areas which are clearly more actively managed, as well as fair
extent of conifer plantation.
The main areas of significance (i.e. adjacent or hydrologically connected) to the river are through ‘Big
Wood’, upstream of West Acre Mill (TF796150); ‘The Carr’ and ‘The Oaks’, just downstream of the
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West Acre road crossing (TF772147); and Bradmoor Plantation, alongside the Narford Hall lake
(TF760141).
2.5.3 Fishing and recreation
The River Nar is locally well known for its Brown Trout fishery above Marham. Above Narborough,
the Brown Trout population is assumed to be wild as no stocking applications have been received by
the EA. There are active fishing clubs based at Narborough, West Acre and Castle Acre, which
predominantly fish for trout, carry out river habitat improvement works, monitor the fly life in and
around the river and provide a valuable amenity for the local members.
2.5.3.1 Fish farms
In addition to fishing directly on the river, there are two fish farms, at TF767146, and the
Narborough Trout Lakes at TF748134, with additional fishing lakes just north of the latter, on the
right bank of the river but displaced some distance from it. The former, upstream farm appears to
be fed mainly by springs and only discharges into the river, while the Narborough operation is both
fed by, and discharges into, the mill branch of the river. Neither of these is perceived to be a
particularly great pollution (nutrient enrichment) risk to the river under their current management.
2.5.3.2 Hunting and conservation
As with the rest of Norfolk, there is a strong tradition of wildfowling (shooting) and hunting within
the Nar Valley, and it continues to be a popular pursuit that takes place particularly in the riparian
corridor. Vegetation is managed in the very upper reaches of the river to provide cover for the
quarry, and supplemental feeding takes place throughout much of the upper river. There are
dedicated shooting stations throughout the Lexham Estate.
There is also a history of nature conservation within the valley, with the Nar Ornithological Society,
for example, having been established in the 1970s at a small private nature reserve at West Acre.
2.5.3.3 Cultural heritage and tourism
The River Nar is important for its cultural heritage value. In the past, the Nar Valley has been
dubbed “the Holy Land” owing to its large number of religious houses along its length (Sommerville
1988). Several of these are scheduled as Ancient Monuments by English Heritage, such as Castle
Acre Priory and West Acre Priory.
Castle Acre could be considered a ‘honey pot’ for tourists, with the Priory and Castle located so close
to the medieval walled village, which lies at a strategic point where the Peddars Way (an old Roman
road, now a long distance footpath) crosses the River Nar. In fact the word "Acra" is a Saxon word
for stream or running water and it is clear that the river played an important part in the history of
the village.
As well as the Peddars Way, there is a medium distance footpath through the valley, a 34 mile walk,
running from the historic port of King's Lynn to the Gressenhall Farm and Workhouse near East
Dereham, and contained almost entirely within the watershed of the River Nar. This ‘Nar Valley
Way’ follows the river closely in places and in others it leaves the river to explore the valley. Some
sections of the path are permissive rights of way.

44

3 River Nar Restoration Plan
3.1 Vision of the restored river
The focus of this strategic river restoration for the River Nar is on geomorphological process and
functioning, rather than the re-creation of the conditions of the river at any single point in time. The
environmental, ecological and human context of any river inevitably change, and this is especially
true in a system with such an extensive range of uses and stakeholders as has been described in the
preceding sections. It should be the aim of all future interventions on the River Nar to attempt to
restore as much dynamic functioning of the channel as possible within the recognized limiting
factors. These constraints may be physical or due to any conditions/circumstances that relate to
essential requirements for users of the river and its floodplain.
3.1.1 High level vision
At the most fundamental level, restoration should seek to achieve:
I.

A river that is dynamic, sustaining a diverse range of appropriate physical features
with minimal intervention, but without compromising flood protection.

II.

A river that is a haven for wildlife, in favourable ecological condition, supporting
healthy communities of the vibrant flora and fauna (including healthy populations of fish) for
which chalk streams and fenland rivers are celebrated.

III.

An integrated, functioning river corridor which sustains rich adjacent wetlands
and active floodplains which will naturally manage flood risk and intercept sediment.

IV.

A river that reflects its heritage, both in past and future landscapes, and in cultural,
recreational and spiritual value.

V.

A system that is resilient to change and will continue to deliver objectives I-IV in
the context of the environmental and human pressures it will face in the future.

3.1.2 Reference conditions
Though it may never be possible to restore a completely natural system, it is, however, necessary to
set appropriate objectives for the geomorphological form and function to be reinstated. This
process can be aided by the concept of ‘reference conditions’. The definition of such baselines is
hampered, though, by the inherently interactive nature of forms and processes. There are also very
few, if any, UK rivers which have had very low or no modification and management and so can be
used to define reference conditions. The lack of examples of ‘quasi-natural’ chalk streams and
fenland rivers is particularly acute.
Nonetheless, a number of details can be extracted with a good deal of confidence from the available
literature for chalk streams. Sear et al. [4] present a review of the information, the main conclusions
of which are summarized in Table 6. Furthermore, the study’s MCA outputs ‘naturalness’ and
‘modification’ scores for the surveyed reaches, based mainly upon channel dimensions, ponding and
sediment-related features. These reach-scale assessments are included in Appendix G.
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Chalk river type: Cohesive silt/clay banks
Non-cohesive peat/sandy banks
(UPPER NAR)
(MIDDDLE - LOWER NAR)
Planform
Irregular meandering
Irregular meandering
6
Local sinuosity up to 1.3
Local sinuosity 1.2 – 1.3
Width : depth ratio
< 10
10 – 18
Cross-sectional form
Rectangular
Steep, shallow banks with wide, gravel-dominated bed
Substrate
Weakly armoured gravels, with
Weakly armoured gravels, with
fine sediment abundance
fine sediment abundance
determined by geology and ability determined by geology and ability
to mobilize bed sediment
to mobilize bed sediment
Fine sediment likely to be more
abundant in higher w:d ratio
channels
7
Pool-riffle features
Few
No rhythmic spacing except on steeper gradients
Location controlled by scour around large woody debris
and tight meander bends
Dominant flow types
Run8/Glide9
Large woody debris
Yes – persistent
Yes – persistent
Isolated trees, perpendicular to
Isolated trees, perpendicular to
flow
flow
Smaller coarse woody debris
Smaller coarse woody debris
accumulations as islands and small accumulations as islands
dams
Depositional features
Few
Isolated fine gravel and sand as point bars10
Mid-channel accumulation downstream of large woody debris islands
Erosional features
Limited erosion of outer banks of bends and associated with woody
debris
Macrophyte structure
Locally abundant and strongly controlled by shading
Can block the channel in summer
Floodplain community
High floodplain water table with dominance of
herbaceous inundation-tolerant plants
Patchy wet woodland
Standing pools of groundwater where springs up-well
Table 6: Natural physical characteristics of chalk streams. After [4]

6

Sinuosity is the length of channel per straight line distance between two measured points.
A natural sediment transport sequence in gravel bed rivers. Scoured material from pools (usually associated
with meanders and woody debris or other channel irregularities) is deposited downstream, leaving a shallow
section with fast, shooting flows which maintain clean gravels.
8
Fast-moving water with a rippled surface but no other major features of turbulence.
9
Similar to a run, but on smoother substrates. Turbulence is much less evident.
10
Point bars are low exposed areas of unconsolidated sediment on the inside of meanders, which grade gently
into the bed.
7
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It is noted that, under the influence of woody debris and channel macrophytes, and in areas of less
cohesive soils, a wide and ever evolving, anastomosing11 system is likely to have been the natural
channel form. The small islands resulting from sediment trapping by aquatic vegetation and woody
debris would have promoted gradual migration of the channel and provided areas of both
deposition and scour.
Some photographic examples of areas of the upper Nar which have been least impacted by
modification and management are presented in Figure 22.
With regard to the lower reaches of the Nar, with its fen drain typology, much less information is
available on reference conditions. Indeed, the contemporary land, water and flood risk
management requirements for this part of the river are almost entirely prohibitive to the restoration
of a functioning, dynamic river system, with the tidal structures being the principal control.
However, though the vision for the restoration of these reaches may differ vastly from natural
reference conditions, an understanding of these will aid the vision’s development and may be a
valuable long-term aspiration.
Tidal reaches would obviously have exhibited temporal variability in water levels, and thus flow
velocities and sediment transport. Fine sediment deposition is the major controlling factor, and
both the sediment type transported and through which the channel flows are important. Through
less cohesive substrates (i.e. the sandy soils between Narborough and Setchey), alternating shallow
and steep bank profiles may have led to frequent point bars and small cliffs, with a wider, shallower
channel section, while a more clay-silt-dominated floodplain, as exists downstream of Setchey,
would be associated with narrower, steeper channels with more confined inter-tidal habitats.
Coarse substrate material would be increasingly scarce downstream.
What is quite certain is that the planform would have exhibited very high sinuosity in these lower
reaches. This is visible within newly planted fields in aerial photography of areas adjacent to the
river, particularly at TF656138, and in the courses of historic boundary lines and roads. Also
apparent from aerial photography is the very highly branched, fractal nature of the channel. These
areas would have supported extensive salt-marsh, reed bed, scrub and wet wood- and grassland
communities as one progresses upstream.

11

The branching and rejoining of channels to form a net-like pattern.
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Figure 22: Reaches of the River Nar which are already exhibiting recovery due to natural processes. A: Downstream of
the A1065 road bridge. B: At West Acre. C: Adjacent to 'The Carr', TF773148. (Photos: A & B - N. Holmes; C - J.
Holloway)

3.1.3 Target morphology
With reference to the above reference conditions, the high-level vision and the major
insurmountable constraints, more specific aspects of the vision can be set out.
For the upper, RCT III reaches of the Nar, the aim should be to restore, where possible:
1)

A sinuous planform, with more gently winding reaches through areas of locally high
gradient (sinuosity of approx. 1.3), and tighter meanders in more sluggish reaches (>1.5).
Where evident, remnant meanders should be restored, or used as a model for newly cut
channels.

2)

High width : depth ratios

of between 10 and 18, increasing as one moves

downstream from the uppermost RCT IV sections, with shallow beds at higher, more natural
levels than those to which they may have been previously dredged, thereby increasing
connectivity with the floodplain and creating and sustaining wetland habitats.
3)

Longitudinal continuity,

with all impounding structures removed or fully mitigated

against, allowing free passage to species which need to move up- and/or downstream, and
eliminating long ponded stretches of channel.
4)

Patches of mixed-structured riparian wet woodland,

to provide dappled

shade to limit in-channel macrophyte growth, cover for larger fauna, and woody debris to
introduce bed and bank scouring and deposition, maintaining a dynamic channel.
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5)

Gravel-dominated substrate with patchy depositional features

of finer

substrates, which are allowed to vegetate and narrow the channel locally, thereby increasing
flow velocities and maintaining clean gravels.
For the downstream, RCT I reaches, the aim is to restore, where possible:
1)

Connection to the floodplain, via setting-back or removal of flood banks, restoring
inundation plant communities and associated habitats.

2)

A sinuous planform,

where possible excavating and reconnecting old meanders or,

more likely, introducing a degree of sinuosity within set-back or existing flood banks.
3)

A self-cleansing channel, allowed to narrow naturally locally, with discrete vegetated
depositional features, thereby reducing the need for dredging, but having minimal impact on
flood storage and conveyance.

4)

Longitudinal continuity,

with impounding structures removed or fully mitigated

against, allowing free passage and eliminating ponded stretches.
5)

Patches of mixed-structured woody cover, to provide dappled shade to limit inchannel macrophyte growth, cover for larger fauna, and some woody debris.

3.2 Generic issues and impacts
In general terms, the restrictions of the natural dynamic processes of the Nar’s fluvial system
prevent the coexistence of all stages in the development of features such as meander bends, berms,
pools and islands. This range of physical features is what supports the diversity of habitats and thus
species, as well as the aesthetic value of a naturally functioning river.
For example, on natural sinuous channels, slight migration across floodplains occurs. On the outside
of meander bends, steep, unvegetated cliffs provide the only suitable habitat for kingfisher,
sandmartin and a whole host of solitary burrowing insect species. On the inside of the meander,
sediment is trapped to form shallow bars, initially unvegetated and colonized by many specialist
invertebrates, such as beetles, and annual plants. As they vegetate, wetland ledges form, supporting
totally different plant and animal communities to those found on steeper, man-made banks. These
processes progress slowly and often imperceptibly, but the same processes help 'heal' a river from
previous management impacts such as over-widening. In such a case, edge vegetation will trap
sediment and gradually restore the former, natural size, shape and diversity of structure.
It should also be recognized that many riverine animal species’ habitat requirements differ
depending on stage within the life cycle. Brown trout, Salmo trutta, presents a typical example,
requiring clean, well aerated gravels for spawning and early larval development, low current
velocities and good cover for protection from predation as fry, and deeper water and a diversity of
flow velocities for both feeding and resting as juveniles and adults.
The morphological characteristics of chalk streams make them particularly sensitive to certain types
of management interventions. The following is adapted from Sear et al. [4]:
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1) A low catchment drainage density (stream length per unit area) presents few opportunities
for sediment input and thus sustains a relatively small sediment budget. However it also
makes these rivers highly sensitive to new inputs from drains, roads etc.
2) This sediment limitation together with non-flashy hydrology results in a relatively
impoverished geomorphology when compared to other river types, but also greatly reduces
ability to recover naturally from channel modifications.
3) Stable, relatively high flows convey sediment readily through the system, thus, local
sediment sources have widespread impact downstream, and reduction in flows due to
abstraction or climate change will increase the residence time of sediments.
4) Physical habitat diversity will be highly localized and sensitive to local controls such as
planform variation, structures, debris and aquatic macrophytes.
Furthermore, Mainstone [1] identifies some of the biological consequences of channel modifications
on chalk streams. Key effects of, for example, increased siltation and a reduction of flow, substrate
and depth diversity, result in reduced scope for self-sustaining fish populations and reduced
macrophyte and invertebrate diversity. The consequence of this is to lose mostly those species
inhabiting coarse substrates. Land drainage and loss of hydrological continuity with the floodplain
will also be immediately detrimental to over-wintering and breeding wetland bird populations. This
occurs via not only the loss of physical habitat, but also the loss of riparian, various wetland and wet
meadow plant and associated invertebrate species, with consequences throughout the food web. In
such a way, it can be seen that a modified river channel will have biological effects, via a densely
interconnected ecosystem, extending throughout the floodplain and beyond. The same issues apply
to fenland rivers such as the lower Nar, though the species impacted may be different.
A wide range of issues, covering an equally wide range of temporal and spatial scales, currently
affect the natural dynamics of the Nar, limiting its conservation interest and contributing to its being
in unfavourable condition. These are summarized in the following sections.
3.2.1 Canalization
This suite of channel modifications includes straightening, deepening and widening, often with the
addition of bank protection, although this is relatively absent in the Nar. The impact of such
operations, besides the reduction in habitat and biodiversity due to uniformity, discussed above, is
to increase sedimentation via the lower flow velocities due to an increased cross-sectional area.
3.2.1.1 Navigation
Long before the heavily engineered drainage systems of the present day lower Nar catchment, the
river had been canalized to make it navigable to small barges. Straightening, deepening and
widening had already taken place to Setchey and then Narborough long before the major scheme
implemented in 1757 under Judge Spelman of Narborough Hall, which saw further dredging and
bank-building, along with 10 staunches in the 5 miles below Narborough, as well as the pound-lock
in the town which can still be seen today, beneath the main road [19]. Smaller-scale channel
excavation for navigation is likely to have extended at least to Castle Acre, some of which is likely to
date back to the Roman era.
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3.2.1.2 Drainage
Besides navigation, straightening, deepening and augmenting cross-sectional area have been
conducted throughout the river for the purposes of land drainage and agricultural production,
though works on the main channel have mainly been conducted on the upper Nar. The connection
of field drain networks has affected the full length of the river, with the effect of increasing the
drainage density and thus hydrological response and sediment load of the upper, and the actual
absolute size of the lower catchment, with similar effects.
3.2.1.3 Flood storage and conveyance
Though navigation had all but ceased on the lower Nar by 1932, there has been increased
agricultural and urban development in the catchment. The wasting due to drainage of the peaty
fenland soils has lowered the floodplain well below the river in downstream reaches. The levees or
flood banks constraining the river here have been successively reinforced and augmented to manage
the associated flood risk. This is certainly the case downstream of Pentney Priory, where additional
channel storage is afforded by embankments to a height of approximately 2 m above the floodplain,
containing the widened channel (Figure 23), and the more recently completed floodplain flood
storage areas upstream and downstream of High Bridge.
Canalization for the sake of conveyance is also associated with reaches upstream of some powerharnessing structures on the upper Nar, particularly the mill at West Acre. Local consultation has
revealed that mills were often operated for shorter periods sequentially, with a ‘slug’ of water,
having been released (with the opening of a sluice) to drive a mechanism upstream, then utilized
further downstream. Though low gradient often dictated the need for long artificial channels for
mill off-takes, and a straight planform was perhaps the most convenient way to construct these, it is
known that at least the reaches upstream of West Acre Mill (TF797151 to TF789151) were
specifically designed to convey these ‘slugs’ with minimal energy losses.

Figure 23: High capacity channel due to large embankments, adjacent to flood storage reservoir at High Bridge. (Photo:
N. Holmes)

3.2.2 Impoundments
There are more than twenty structures which obstruct the full width of the channel on the River Nar,
the major ones being associated with the mills at Narborough (TF747132), West Acre (TF789150)
and Newton (TF831162), as well as ornamental lakes at West Lexham (TF845171) and East Lexham
(TF866169). The many others may have been associated with past industrial (particularly other
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milling ventures and the maltings at Narborough), agricultural (particularly in the case of the floated
water meadows at Castle Acre), and other water management activities. More recent impounding
culverts have been installed as a measure to prevent sediments moving downstream to more
sensitive areas. In addition, there are numerous culverts and constrictions to flow, associated with
crossing points and bridges, which may have significant ponding effects under certain conditions,
such as if they should they be blocked by weeds, rubbish or other debris.
These structures, their impacts and possible options for mitigation are discussed in reports by Fisher
et al. [6] and Beach [7].
Though the benefits of such structures in terms of e.g. oxygenation, local scour, control of invasive
species, aesthetics and indeed habitat provision should not be overlooked, there are several
associated problems. The most immediate impact is that they constitute physical barriers to
animals, particularly fish, which need to move up- and downstream to utilize different habitats. This
also limits dispersal of species, such that a population crash in an isolated reach may be unable to
recover. The tidal flaps represent a very significant barrier to the upstream passage of anadromous
species such as Sea Trout, which may be able to pass, but only under very specific flow and tide
conditions.
Structures like weirs also have the effect of impounding water upstream. This can dramatically
reduce flow velocities for extended distances (often hundreds of metres) upstream, sapping kinetic
energy and causing excessive deposition of sediment, choking coarser substrates. The relatively
rapid build-up of sediment behind these structures necessitates regular dredging, and may increase
the risk of flooding. The nutrient build-up associated with this sediment can also, in some cases,
promote the progression to eutrophic conditions.
Many structures on the Nar have fixed crest levels, but where they can be adjusted, levels are often
kept high to retain water during low flow (summer) periods, and lower in the winter, to move more
water on, more quickly. In some cases, such as at the derelict bone mill near Marham (TF732125), a
head of water is allowed to build up, before being released suddenly, such that the ensuing high
velocities flush downstream gravels of fine sediment. This sediment inevitably then simply becomes
trapped by the next impounding structure downstream, unless there are more natural opportunities
for in-stream storage in features such as point bars or vegetated marginal fringes.
3.2.3 Modifications to sediment budget
The expansion of the drainage network, via ditches, roads and tracks, has led to unnaturally strong
connections between the river and the catchment slopes of the Nar, on which fine sediment-laden
runoff is generated from sources such as those identified by Sear et al. [4], below:
Erosion of road side verges and deposits on the road network.
Pig farm units.
Runoff from arable and pasture fields including maize.
Runoff from aggregate works.
Erosion of unmetalled tracks and footpaths where these discharge onto road network.
Erosion of recently cleared drainage channels.
Figure 24 presents an assessment of the distribution of these catchment sources, as well as limited
suspended sediment monitoring data.
52

Figure 24: Modelled and monitored sediment risk in the River Nar catchment. Inset: Wider context for sediment input values. Source: [18]
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These potential sources only become actual sources if they are connected in some way to the
watercourse. The following ingress points to the river have been identified:
Tributary confluences (ordinarily, few in chalk streams).
Road crossings where road drains discharge into the River Nar.
Footpath/track/fords crossing the river network.
Points where the channel is intersected by dry valley network without the presence of a
floodplain.
Confluences with IDB main drains.
IDB Pumping stations
Hillslope discharges into the main river network in the absence of a floodplain
Poor land management around springs which connect to the main river.
The Geomorphological Appraisal makes the points that the presence of a wide, low intensity land
use floodplain would have otherwise buffered the upper river against these sources. Isolation
afforded by the high banks of the lower river offers protection from diffuse sediment sources, such
that points of ingress are localized to confluences with the main drains.
Though there were significant problems with the sediment monitoring exercise within the
Geomorphological Appraisal, some of the data may suggest that at least some of the increase in
sediment loads of the river has occurred in recent years. Figures 25 and 26 together show increases
in turbidity independent of discharge occurring in the periods around February 2000 and January
2002.

Figure 25: Time series of turbidity and discharge at Marham flume. Turbidity data show fluctuations due both to
seasons and rainfall events. Source: [4]

54

Figure 26: Double mass plot of cumulative flow and turbidity, indicating periods of increased turbidity independent of
changes in flow. Source: [4]

It is clear that sediment inputs to the river are much higher than they would be in an undisturbed
chalk stream, and more than is desirable within the vision of the restored river, owing to the
smothering of desirable gravel substrates. The increased number and extent of depositional
features, where these occur (for example, behind impoundments), increases the need for dredging
operations, which are in general detrimental to the conservation interest, and exacerbate
morphology problems.
3.2.4 Vegetation management
The vast majority of contemporary operations on the River Nar relate to the management of plants
in the channel, on the banks and within the river corridor.
3.2.4.1 Removal from channel
In-stream macrophyte growth can be prolific in open areas of the river, often choking the channel.
This may be partly due to nutrient enrichment issues which exist on the river, but is also strongly
controlled by shading. A channel obscured by heavy weed growth goes counter to angling and other
interests, particularly in terms of flood risk associated with loosened material clogging channel
constrictions downstream. As a result, the IDB regularly physically remove local areas of thick instream growth, and spray marginal vegetation. The EA also remove the majority of in-channel
vegetation from the lower river, where it may pose a problem to the gauging weir at Marham, and
may be perceived to have an adverse effect on conveyance and flood protection.
Several approaches may be taken, and in general, cutting regimes seek to leave at least 40% of the
channel growth uncut. This does not seem to be the case further downstream, however, where
complete removal of aquatic macrophytes appears to have been the norm. In the reaches leased to
the Narborough Trout Fishery, a different regime tends to be followed, with alternating sections of
no intervention in terms of weed removal and then complete removal from the full channel width,
the aim being that the remaining, ‘choked’ sections hold back deeper water refuges for fish in low
flow months.
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As has been established in section I, in relatively low-energy systems, sediment trapping by aquatic
macrophytes is the key driver of morphological dynamics where woody cover is not a feature. In a
river such as the Nar, typified by over-widened channels and perhaps significant flow reduction due
to abstraction in places, the morphology is highly likely to be adjusting by these means. Thus,
removal of channel vegetation not only directly reduces the extent of one of the key features of
interest of the SSSI (the Callitricho-Batrachion flora), and the invertebrate and dependent fauna, but
reduces opportunities for the channel to decrease its cross-sectional area through the development
of side and mid-channel sediment features.
Where woody cover is extensive, large woody debris (generally fallen trees) is more often than not
removed from the channel when opportunities arise, or upon landowner request. This key driver of
morphological process, particularly in chalk streams, is responsible for complex constrictions which
initiate both scouring of the bed and bank, and deposition where flow velocities are reduced,
introducing variability to the channel form and the physical habitats available. Scouring processes
reveal and maintain clean gravel features which provide habitat for invertebrates such as caddis flies
and spawning areas for fish, while mid- and side-channel depositional features not only constitute
habitat for invertebrates, but allow vegetation to establish, fixing features and driving lateral
migration of the channel.
Bank scour and channel migration are not desirable in a great many situations, however, and the
complex issues surrounding vegetation and woody debris within channels cannot be considered
without regard to the multi-faceted spatio-temporal and human context within which they exist.
3.2.4.2 Removal from riparian corridor
The wet woodland which characterizes so much of the vegetation which would have existed
adjacent to the Nar has a significant role to play in flood attenuation, reduction of silt deposition to
the watercourse and improvement of water quality. It has a combination of conditions from mature
woodland through shrubby layers and herbaceous vegetation to open boggy ground and shallow
ephemeral water (Figure 27). This mosaic of habitats makes wet woodlands one of the most diverse
and species rich of British terrestrial ecosystems. In many cases, allowing the natural processes of
succession by minimal intervention is the most appropriate management strategy. Removal of wet
woodland is rarely beneficial to the riparian environment and could lead to a loss of all the benefits
listed above. Where Alder and Birch are encroaching upon a site of higher conservation priority,
however, then some control may be desirable, though wet woodland should not be regarded as low
value scrub. Reinstatement of rotational coppicing, especially on sites where there is historical
evidence of this management technique, may provide excellent results.

56

Figure 27: Existing wet woodland in Norfolk. A: Riparian; B: In vicinity of springs. (Photos: R. Hart)

Insofar as direct influences on the river channel, the late successional woody vegetation typical of
chalk river systems with low human impact is of influence in three main ways. As previously
discussed, the steady supply of course woody debris is vital for the maintenance of the variety of
physical habitats associated with an active channel. Not only this, but the complex root systems add
structural diversity to the floodplain, translating into high spatial variability of erosion. Secondly, the
shade imparted by mature vegetation, and its broken nature, due to the collapse of mature trees, is
a strong control over the in-channel vegetation of such systems. There are cases on the river Nar
where shading is either almost totally absent or heavy and continuous owing to dense, even-aged
stands of trees. The differences in aquatic macrophyte extent in the channel can be dramatic
between such locations. Indeed, in open areas, the extensive weed growth may demand
intervention in terms of removal from the channel. Finally, by taking up minerals from the soil and
incorporating small amounts of them irretrievably into their leaves, not to mention synthesizing
carbohydrates, riparian trees provide a reliable source of nutrients and chemical energy to the
channel system. Unlike the types of soluble nutrients which inevitably enter river systems from
agriculture and effluent, those associated with this biomass are less labile, remaining in stable forms
for longer and being decomposed and incorporated into the channel biomass over significant
periods of time.
3.2.4.3 Plantation and woodland management
There is a good deal of semi-natural and secondary woodland abutting the river, which is either still
actively managed, or has been so in the past, as well as significant areas of even-aged plantation.
Again, the key effects of these are enacted by influences on shading and input of woody debris and
organic matter. Areas most strongly affected are between West Acre and Narborough and through
Big Wood, upstream of the mill at West Acre, though management issues are important throughout
the upper catchment, where trees often line the banks of the river, within the context of an open
floodplain.
The issues with regards deviation from the vision arise from uniformity of management, and the
choice of species planted, in the case of plantations The dynamics of natural woodland are typified
by continual death and new recruitment, which results in a more or less mixed stand of trees of
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varying age, height and structure. Where such mixed stands interact with a river, they will provide a
continuous supply of woody debris over a length of channel, and areas of deep, dappled and no
shade, leading to a varied, patchy macrophyte community structure.
The economics of plantation forestry dictate not only that planting, thinning and harvesting
generally happen in a pulsed fashion, but that the operation is also rather ‘tidy’, with minimal losses
of resource and efficient operation of machinery. Management operations on secondarilydeveloped woodland tend also to be carried out all in one go. As a result, even-structured, managed
riparian woodlands are unlikely to input much woody debris at all (with virtually no natural tree fall),
or any inputs as a result of operations are likely to be pulsed, and comprise finer material.
In the case of designed plantations, the tall, fast-growing conifers typically selected present
unnaturally dense shade, and their height extends the area influenced by the canopy. Thus stands
may affect river channels even when some distance from the bank, and also the penetration of light
is restricted throughout the winter months. Furthermore, there is a possibility that the acidifying
effect upon soils of extensive conifer stands may also have and influence on chalk rivers. It should
be noted, however, that areas affected on the Nar are very limited, and plantation management
appears to be relatively sympathetic to the conservation interest of the river.

3.3 Generic solutions and benefits
Sear et al. [4] proposed management actions, including ‘restoration’, for fluvial audit reaches of the
River Nar, based upon the modification and naturalness score outputs from their MCA (Table 7 and
Table 8). These reach-by-reach suggestions are summarized in Appendix G. Though ‘restoration’, in
the sense of its use within this document, is focused on channel form, the means of achieving
changes in morphology actually cover all the management classes developed within the
Geomorphological Appraisal. In fact, recognition of the constraints (following section) and current
condition of the river would suggest that complete ‘restoration to a pre-disturbed state’, even at the
reach scale, may not be readily achievable on the Nar. Rather, future management should aspire to
work with the river’s natural capacity to adjust to past modification as far as possible.
3.3.1 Monitoring
At this juncture, the matter of monitoring should be mentioned. Appendix G sets out options, for
specific localities, within a framework of long-term aspirations (which assume most constraints can
be overcome), more pragmatic options (which consider current constraints, including financial) and
interim measures (the minimal interventions which will aid natural recovery processes).
Understanding and measuring the extent to which measures implemented are effective is a
necessary part of this hierarchical approach to planning.
Appendix I gives an example of how some of the benefits of restoration can be assessed using the
hydraulic model, but the outcomes of river restoration are hardly ever predictable in their entirety.
To guarantee success, an adaptive approach to management must be taken, informed by monitoring
which is considered in advance and tailored to specific management needs – there is no single
protocol suited to all environmental, administrative and financial situations. This monitoring will
help to build a clearer picture of which measures work best on the river and in specific locations, and
will be particularly important for building on the outcomes of one level of recommendations to
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achieve the next, or eventually, the long-term aspirations if possible and desired. Guidance on
planning targeted and effective monitoring of river restoration is in preparation by the RRC [20].
Of course, monitoring for SSSI condition assessments will continue, and opportunities for integrating
this with more targeted monitoring of river restoration sites should be exploited wherever possible.

Table 7: Management actions associated with reach classifications from multi-criteria analysis of fluvial audit. Columns
- naturalness score; Rows - modification score. Source: [4]

Term
Restoration
Rehabilitation
Enhancement
Protect & monitor
Assist natural recovery

Conserve

Definition
Restoration to a pre-disturbed state
Physical modification to the river form to recreate physical habitats (e.g.
re-meandering, riffle installation, bed level raising
Addition of structural features to improve physical habitat diversity (e.g.
narrowing, woody debris)
Afford legal protection to the site and monitor for change in status
Amplification of existing processes to encourage recreation of physical
habitats (e.g. encouraging berm formation to narrow channel, removal of
bank revetment to create sediment supply)
Protect site against further degradation, not necessarily with legal statute

Table 8: Definition of terms used in Table 7. Costs typically rise up the table. Source: [4]

The following presents discussions of the types interventions which will help progression towards
realization of the vision of the restored river, later assigned to specific RUs (see Section 2.1.1) in
Appendix G. Further general guidance can be found in The River Restoration Centre’s Manual of
Techniques [21].
3.3.2 Changes to current management
These measures should induce desirable changes in the channel morphology, generally with no
additional cost, or with cost saving.
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3.3.2.1 Allow woody debris
With large parts of trees presumed to be responsible for the majority of changes to the channel form
in natural chalk rivers, avoiding removal where they naturally fall into the channel is likely to have
immediate impact. Indeed, the benefits in terms of cleaner gravels and substrate and bed variability
were apparent where such features were encountered during the walk-over survey (Figure 28).

Figure 28: Exposed gravels (foreground, at right), and variability in depth and flow, downstream of woody debris on the
Nar. (Photo: J. Holloway)

As mentioned before, however, the resulting channel alteration may be undesirable and come into
conflict with constraints, for example where resulting bank erosion may result in local loss of
agricultural land. Where the measure of allowing wood in the channel is proposed, it is also
suggested that tree falls in risk areas should be examined on a case-by-case basis, and removed only
where the predicted channel adjustment is deemed to present a significant hazard to infrastructure
or property. In the absence of such immediate risk upon assessment, it is recommended that the
channel be left to adjust, and monitored if necessary. Indeed, a good deal of evaluation is already
necessary for removal operations, relating, for example, to occupational risk assessment and access
for machinery. Monitoring may simply need be no more than a brief visual inspection, perhaps by
the landowner, and so the adoption of this measure is likely to represent a significant cost saving in
terms of both labour and the associated assessments.
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Pre-emptive bankside tree management per se should be avoided unless there is a strong case to the
contrary. Felling and trimming of riparian trees does occur at the request of landowners, but the
ultimate role of these trees as woody debris providers and habitat restorers of the river should be
stressed – while intact, the river may be considered in ‘unfavourable, recovering’ condition from this
point of view. Tree removal constitutes a complete interruption of the major natural morphological
process in effect on rivers such as these, with very long-lasting effects.
3.3.2.2 Allow vegetation to narrow channel
Though it is observed that reliable, relatively high flows typical of chalk streams are effective at
conveying sediment, locally low gradient, impounding structures and the sheer volume of fine
sediment entering the river from the catchment’s sandy soils dictates that much of it will remain in
the channel system. Marginal and in-stream vegetation slows water velocities locally, and
encourages this sediment to settle out of the water column, representing a natural sink, and forming
dynamic morphological features such as bars, berms and islands.

Figure 29: Marginal vegetation naturally narrowing the channel (left bank, inside of the bend) at Castle Acre common.
(Photo: N. Holmes)

Though we would not wish the Nar to possess an excess of such features, strategically allowing them
to develop represents a way of working with natural processes to rehabilitate over-widened reaches.
The reach-based recommendations (Appendix G) identify where this should be allowed to occur and
how their occurrence should be managed. The general withdrawal of wholesale weed-cutting would
represent a very significant cost saving, even considering the additional requirement of monitoring
of developing depositional features, which may involve perhaps annual photographs taken from
fixed points.

61

As a rule, any in-channel vegetation cutting deemed to be essential should follow EA best practice
guidelines. Typically, this involves cutting 60% of the width, either leaving 20% on each side or
encouraging sinuosity by varying the banks from which virtually a 40% strip is left (i.e. recommended
on inside of meander bends).
The legacy of the extensive dredging which has taken place on the Nar should be mentioned at this
point. It is conceivable that natural narrowing in over-deepened reaches may, via increasing flow
velocities, increase scouring of the bed and further increase the channel depth, and so the
previously existing cross-section may not easily be recovered. Indeed, the only way to restore bed
levels is to replace the dredged material, which, to the extent required, is impractical. Moreover,
much of this material will have been lost downstream. This is why cutting a new channel, with more
appropriate bed levels, is frequently a more practical option (see below). Natural processes of bedlevel recovery depend on the consolidation of sediments by vegetation, and so there is a critical
depth at which this may not be possible (owing to the inability of suitable plants to establish).
3.3.2.3 Relax management of water level control structures
Apart from those which maintain large artificial lakes or ponds, there are a small number of
impoundments on the main channel of the river which are used to manage sediment. These
function either simply to intercept and hold fines until removal by machine, or to build a head of
water which may then be released in order to flush silt and sands from the bed downstream.
It is the ultimate aim to remove all such impoundments from the watercourse, or in practice,
perhaps remove the boards from them, having ameliorated the sedimentation problem within the
river. It is recommended that this be progressed in a staged fashion, with gradual removal of boards
which would normally be installed during the lower, summer flows, and monitoring the effects.
Where sediment trapping is deemed to continue to be necessary, it is suggested that more natural
solutions are investigated, such as that suggested for the tributary confluence at the western end of
the Lexham Estate (see also [6]).
Management of the tidal and flood relief infrastructure should be reassessed with any setting-back
of flood banks in the future. Indeed, the implementation of floodplain restoration in the upper Nar
may dramatically reduce the flood risk in these areas, reducing or removing the need for their
operation. As part of the ongoing Anglian Sea Trout Project, the installation of a modified flap within
an existing tidal gate on the River Stiffkey, further East from Kings Lynn on the North Norfolk coast, is
being trialled, which is hoped to ease fish migration. It is possible that a similar gate/flap could be
incorporated into the tidal structure at King’s Lynn.
3.3.2.4 Allow development of open wet woodland mosaic
A common solution to many of the issues on the River Nar is to allow the recovery of the diversestructured vegetation which would have established with minimal human intervention.
In
particular, Poplar plantations which have fallen out of management may present opportunities to reestablish the more natural Alder/Willow carr woodland. There are a certain key points to be taken
into consideration when implementing this measure.
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Figure 30: Natural regeneration of wet woodland in north Norfolk. (Photo: R. Hart)

Wet woodland management falls into one of three options: maintain, restore or create. Site
appraisal is of critical importance:
A. The landowner/manager should be enthusiastic and supportive of the proposal suggested.
B. The hydrology should lead to intermittent periods of flooding or high water table.
C. There should be no adverse effects of the scheme proposed. It should not threaten other
priority habitats, site designations or existing management agreements.
D. Preference when siting new woods should be given to locations that expand an existing
wood.
E. Where possible, new woods should link existing ones, thereby reducing habitat
fragmentation.
F. Where changes to current management are being suggested, there must be clear
reasons/advantages for the change. An example could be the removal of non-native stems
to allow expansion of ground flora and/or woody regeneration.
G. All proposals should conform to The Forestry Commission’s felling licence criteria and to
requirements of the English Woodland Grant Scheme.
When creating new areas of wet woodland, establishment by natural regeneration should always be
the first means chosen (Figure 30). Seed of local provenance may be gathered and distributed onto
the receiver site, which may have been lightly cultivated to expose some areas of open soil.
Cultivation should not take place on botanically diverse sites or where there are records indicating a
site of historical interest (see above site appraisal factors).
If planting is to be the preferred means, stock of local/British provenance should be used, protected
from grazing pressure and planted at random spacing. Deer are an increasing threat to new
plantings and coppice regeneration, and so fencing may be a consideration. The use of herbicide to
ease weed competition during establishment should be avoided whenever possible.
Some light thinning to encourage structural diversity may be appropriate on sites where stands are
of uniform age class. Alternatively, and where wet wood-pasture is to be established, pollarding
may be practiced. This management activity, in contrast to coppicing (in which stems are cut to the
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base – see Figure 31), involves the cutting back of limbs at about human head-height. In this way,
new growth cannot be accessed by grazing and foraging animals. Sustainable utilisation of
harvested timber, e.g. wood fuel, via such traditional, low-intensity methods, provides an incentive
for retention and should be supported.
New or restored wet woodland will not only impart the direct benefit of additional priority habitat,
with the possibility of developing resilient wildlife corridors, but will also affect channel morphology
by the provision of woody debris and controlling in-stream macrophyte cover, providing the patchy
structure desired within the vision of the restored River Nar (section 3.1.3). This vegetation type has
additional benefits for priority species as disparate as bats and Desmoulin’s Whorl Snail.
Note that, although very commonly suggested in the reach-by-reach recommendations, continuous
cover of wet woodland along the entire length of the river is not an aim of this strategy – in
particular, the BAP priority floodplain grazing meadows should also be preserved, along with other
habitat types. More, establishing wet woodland is presented as an aspiration in so many cases
because it is assumed that it will not be possible in all of the RUs, even though they may all be
suitable.

Figure 31: Re-introduction of Alder coppicing in Norfolk. (Photo: R. Hart)

3.3.3 Physical modifications to channel form
There are many points on the River Nar where the extent of the removal of material has left the
channel so deep and/or wide that recovery of form through natural processes is limited. In such
locations, it may be desirable either to manipulate the existing, or cut a new channel with earthmoving equipment. The objective is, in most cases, to reduce cross-sectional area, even if only
locally. This reduction in channel capacity not only improves in-channel habitat, where properly
implemented, but also constitutes a means of reconnecting the floodplain in high flows, which will
serve as a more natural and sustainable sediment sink during out-of-bank flows.
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3.3.3.1 Weir removal & mitigation
3.3.3.1.1 Removal
Assessments of, and recommendations for the major impounding structures on the Nar are detailed
in Appendix F. Of the half dozen or so of these, complete removal is not an option in the immediate
future, owing to archaeological interest and the fact that they form part of the integral structure of
mill properties. However, for other structures such as the gauging flume at Marham, opportunities
for removal may arise in future, and this should be considered as the ultimate aspiration for all
structures for the restoration of the river. Indeed, many of the smaller structures may be removed
quite readily, and there are already plans to dismantle one at TF83781697 as part of a pilot scheme
for the delivery of the recommendations here.
Detailed guidance and advice is available, and any removal projects will have to be subject to
comprehensive study, survey and planning, but the following are key issues to be considered:
i.
ii.
iii.

iv.

v.
vi.

Sediment built up behind the structure will have to be removed, and may contain
contaminants which require isolation from the main river and specialist disposal.
The channel bed must be graded back, with some erosion protection if steep. An option to
reduce this gradient may be provision of a longer, meandering channel.
Reduction in water levels and increases in velocity upstream will tend to encourage bank
erosion, and significant work to address this may be required, particularly if there is a risk of
infrastructure being undermined.
Depending on the height of the structure, quite a significant length of channel upstream may
be affected, with possible ramifications for protected species inhabiting banks, such as
Water Vole, Arvicola amphibious, and White-Clawed Crayfish, Austropotamobius pallipes.
Lowering of the water table upstream may also result in loss of adjacent wetland habitat.
Resulting improved longitudinal connectivity may increase the spread of invasive species.

3.3.3.1.2 Mitigation
A large number of options are available for mitigating the environmental effect of weirs, and may be
appropriate for application on the River Nar. The following measures may be considered:
1. Lowering of the weir crest elevation.
2. Cutting of a new bypass channel or enhancement of an existing bypass. The head loss is
spread over a significant length of channel, usually without any areas of super-critical flow
velocity. There should be sufficient velocity and flow at the outlet to attract migrating fish.
3. Construction of (multiple, if necessary) small downstream (rock) weirs which are passable to
fish, to drown out some of the head loss. This has already been applied on the Nar near
Pentney Priory (TF697121).
4. Notching of the weir crest to provide a local area of lower head loss.
5. Installation of a fish pass. This is essentially a separate, small channel through which the
total head-loss of the weir is teased out into smaller steps, usually with small resting areas
between miniature weirs, notches or baffles.
6. Construction of a downstream cascade.
The relative suitability of these measures and the opportunity to implement them is dependent on
the individual weir site.
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3.3.3.2 Cutting a new, more sinuous course
This is generally more applicable and achievable in the upper reaches of the river, where ‘ditching’ of
the river has been carried out. Some indicative methods may be gleaned from the pilot project
suggested for the reach between Mileham and Litcham. Indeed, the lower reaches of the river
would benefit strongly from such intervention, but major constraints are likely to preclude this for
the foreseeable future.
In general, works should be guided by the following key principles:
i.

ii.

iii.

iv.

v.

Conduct works only where floodplain permits gradual planform migration and moderate
flooding (unless owners/occupiers wish to have more seasonal flooding of floodplain
grasslands and wetlands).
Base planform on remnant channels, where evident (i.e. from LiDAR/topographic survey,
historic mapping or landscape clues), to obtain appropriate level of sinuosity. Where
possible, restore to old course (unless the old remnant course now forms important and
distinctive habitat).
Design must be informed by future estimates of flows, in light of abstraction and climate
change predictions. Modelling may be necessary, and could be based on the model
developed by KR Fisher Consultancy (see Appendix I), though in many cases, flooding
impacts may be more predictable and could be informed simply by expert opinion.
New bed levels should be above old in most cases, to encourage out-of-bank flows, and
should grade smoothly in and out of the old bed, to avoid headward recession or downcutting. Deeper pools on the outside of meanders, and shallower glides or riffles at points of
inflexion between them are quasi-stable geomorphological features in natural systems,
however, and should be considered within the design, but with the recognition that they will
inevitably change.
Excavated material should be re-used on site whenever possible, to fill the old, straightened
channel. It will often be a beneficial option to leave parts of this un- or partially filled, as
new wet habitat and further sediment storage. Sections may remain connected as
‘backwaters’, or isolated as ponds or ‘scrapes’.

The cutting of a completely new channel may be a more practical remedy to a deeply dredged
channel, where suitable material for raising the bed level is not readily available, as the new bed
elevation can be set by the design.
3.3.3.3 Diversion through wet woodland
There are a number of points at which the River Nar runs adjacent to wet woodland, but is
hydraulically disconnected from it. This isolation may be due to a levee (if the river is at the same
level, or perched above the woodland), or the fact that the river has been deeply dredged, thus
draining the woodland. It would be desirable within the vision of the restored river to reinstate this
connectivity. This would likely reduce the structural strength of the substrate, re-introducing the
relatively rapid cycling of tree fall and regeneration. The debris associated with this cycling will drive
a reactive channel planform, sustaining a range of habitats.
Owing to the obstructions presented by trunks, roots, coppice stools and deadwood, such reaches of
the river are likely to have had naturally small, anastomosing channels, and this should be
considered in the design of any new cuts. Of course, any old routes evident (e.g. as visible in Figure
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32) may be suitable to be reinstated, but such reaches are likely to be rather dynamic, and so it may
be sufficient simply to create the upstream diversion and a downstream confluence based on LiDAR
elevation data, perhaps by breaching any levees, and allow the water to find its own course. This is a
good option where the existing woodland is of reduced value (such as old poplar plantation) and
new courses and wetlands can be created as they would have existed hundreds of years ago.
Such areas also present significant opportunities for flood storage and acting as sediment sinks.
Reinstatement in areas of no flood risk, no distinct channel, or a small, anastomosing system would
encourage deposition of silts and sands

Figure 32: Standing water indicating position of extinct channel through woodland, perched above the present,
artificially low stream bed (TF856169). (Photo: N. Holmes)

3.3.3.4 ‘Pseudo-sinuosity’ within current channel
Where opportunities for restoring to a more wandering planform do not exist, there may be scope
for manipulating the banks and/or bed of the existing channel to introduce some of the habitatforming erosion-deposition processes associated with these larger projects.
3.3.3.4.1 Modifications to banks
In the upper, ditch-like reaches of the Nar, simply pushing sections of bank into the channel may be
a suitable minimal impact option, mimicking the effect of exposed root balls of fallen bank-side trees
in kick-starting lateral erosion and deposition. Similar techniques may be employed further
downstream, although consolidation of the material used will be more of an issue here. Sections of
bank, or indeed floodplain, which are well bound by extensively rooted vegetation should be used
only, and the technique may not be appropriate in areas with the most sandy soils. Many sedges
(Cyperaceae) and Reed Canary Grass (Phalaris arundinacea) are particularly effective at binding such
translocated material. This is seen as a more immediate and reliable alternative to the deflectors
and brushwood mattresses which have already been installed in a number of places on the Nar
(Figure 33).
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Figure 33: Wooden flow deflectors on the Nar at Castle Acre (A) and Narborough (B). (Photos: N. Holmes)

Another consequence of chronic dredging and canalization is an unnaturally steep bank angle on
straight reaches (Figure 34), which increases the chances of undercutting and the need for bank
protection, and exacerbates the problems of an artificially over-wide cross-section. A solution for
areas where this is an issue may be to push in the bank toe, thereby forming a more gently sloping
bank profile, which will be less prone to lateral erosion. This technique is proposed as part of the
pilot project for the Narborough Trout Fishery.

Figure 34: Steep angle at bank toe through the Lexham Estate. (Photo: N. Holmes)

3.3.3.4.2 Modifications to bed
In much of the middle reaches of the Nar, where there is a coarse bed substrate, a sinuous channel
of more natural width may be achieved within the existing banks by redistribution of the bed
material, as illustrated in Figure 35. The newly created side bars are likely to establish vegetation
over the growing season following the work, and continue to accrete material, again, acting as
beneficial in-channel sediment storage.
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Figure 35: Introducing sinuosity by manipulating coarse bed material on over-widened reaches. The River Darent, Kent,
before (A), shortly after completion (B) and with vegetation having naturally established, 5 years on (C). (Photos: N.
Holmes)

Such work also provides opportunities to vary the longitudinal bed profile by forming deeper areas
(preferably at the apices of bends), and shallower riffles or glides. The example illustrated in Figure
35 uses alternate side bars to narrow the channel, but introducing variations to the bed without
narrowing will also be beneficial. More distinct pools may be excavated in suitable reaches, and if
spoil is deposited upstream, the increased flow velocities due to the resulting reduced crosssectional area are likely to induce a turbulent, scouring flow into the pools, such that they will be
self-sustaining to a large extent.
3.3.3.4.3 Modifications to banks and bed together
The techniques referred to above, however, are most effective and resilient when applied together,
as is proposed at Castle Acre and the Narborough Trout Fishery (see Figure 36). Employing a ‘double
shoulder’ constriction using vegetated chunks of the bank or floodplain is most appropriate where
lateral erosion is not desirable. The root network within these ensure the ‘shoulders’ stay in place
and constrict the channel sufficiently effectively to scour the pools downstream.
3.3.3.5 Setting back flood banks
Downstream of the Blackborough pits (TF6813), there may be opportunities for removing the
existing flood banks and reconstructing them at a greater distance from the channel, thereby
restoring a functioning, if limited, floodplain, but maintaining protection for the wider area. This will
of course require a good deal of land take and funding, but may be a feasible option in future if
agricultural land bordering the river declines in value, e.g., owing to peat wastage and degradation.
The increased flood storage capacity could deliver a considerable improvement of flood relief to
King’s Lynn, and would relax the required specifications for the newly constructed banks, relative to
those currently in place. The wetland habitats generated would be of great value to the
characteristic wildlife which would have been common in the area before extensive land drainage,
and would present recreation opportunities and dramatically increased aesthetic, recreation and
amenity value for users of the Nar Valley Way and the nearby proposed South Lynn Millennium
Community.
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Figure 36: Concept diagrams illustrating manipulation of bed and banks - digging pools and using excavated spoil to
narrow the channel upstream (from Castle Acre pilot project plans).
A: Pool dug and the soft spoil used to form upstream double – firming of shoulders by reeds from margin;
B: Pool dug and gravel/clay spoil used to form upstream double deflectors;
C: Pool dug and spoil used to form upstream single deflector – showing partial covering with reeds.

An example of where this has been done is depicted in Figure 37. A section of the left bank of the
river has been dismantled and rebuilt at a distance of around 200 m from the river, creating a new
area of wetland habitat which, via a penstock to the IDB drainage network, is a controlled and
significant area of flood storage. These plans are only indicative of the type of works which could be
pursued on the Nar, but similarities with the extensive and complex drainage network of the fens
are notable.
3.3.3.6 In-stream structures
Wherever possible, measures suggested in this document aim to avoid introducing structures to the
channel, and instead strive to achieve a more natural planform and cross-section by allowing the
development of vegetation, or by manipulating the banks and/or bed directly. However, there are
areas on the river where lack of access for the heavy plant required for the latter, or deep shading, in
the case of the former, dictate that better results may be achieved using structures. It is
recommended that materials used imitate natural woody debris as far as possible, and the type of
structures desirable may be up- or downstream-facing deflectors (generally for accreting or eroding
banks, respectively) or brushwood mattresses (see Figure 38).
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Figure 37: Setting-back of floodbanks on the Long Eau, at Manby, Lincs. Source: [21]
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Figure 38: In-stream structures mimicking natural woody debris. A: Deflector – mattress hybrid; B: Deflector.
(Photos: A. Frake)

Deflectors should be constructed from local trees wherever possible, and it will generally be
beneficial to retain as much of the branch structure as is feasible. Upstream-facing deflectors should
be employed where it is the aim to trap sediment and narrow the channel. In this case, one should
ensure that the deflectors are sufficiently well-bedded and also high enough that scour will not
occur from beneath or over the top of the structures. Flow may be deflected to the opposite bank
to initiate lateral erosion to some degree. However, where it is the primary objective to introduce
lateral erosion, and sediment trapping is secondary, downstream-facing deflectors are more
appropriate. These may even be constructed by the partial felling of bankside trees, leaving them
connected to the root mass, but trailing the main stem in the channel.
Brushwood mattresses have already been installed at one or two points on the Nar, and may be
used where extensive areas of sediment accumulation are required, usually in conjunction with
channel narrowing. These will only be effective if levels are set carefully and there is sufficient
sediment delivered by the watercourse to fill them, and should be composed of densely and finely
branched material. They may also be used for local areas of bed-raising, but again, will only be
effective if sufficient sediment is available. Ideally, these should only be placed where sediment will
be readily colonised by vegetation.
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3.4 Generic constraints
Though there are a great number of interventions with which we could make great progress towards
the realization of the Nar vision, their application is limited by a suite of constraints, discussed in the
following sections.
3.4.1 Abstraction and climate change
The extent to which water resources in the Nar catchment are under pressure has been described in
section 0. The future situation will depend on the outcomes of the RSA programme, but taking into
account regional climate change predictions (increased average temperatures, significantly reduced
summer precipitation and slightly increased winter precipitation), population growth in King’s Lynn
and the importance of the PWS abstractions, as well as increased demand for irrigation, it seems
possible that, though winter recharge may be slightly improved, low flows at the very end of
Summer, going into Autumn, may become more acute. At the same time, runoff-generated winter
peak flows may be higher than currently experienced. The overall outlook for the Nar’s hydrology is
change, but it will be very difficult to predict the specifics of how flows will be affected, though the
RSA work will aid understanding of the future groundwater situation, at least.
This uncertainty dictates that restoration measures should be resilient to change. Fortunately,
allowing for natural processes tends to accommodate the wide range of flow conditions which may
occur. The measures suggested in Appendix G and being taken forward in the pilot projects follow
this doctrine and will help the catchment better respond to extremes without impacting
infrastructure protection.
Again, it should be noted that currently, major abstractions are towards the lower reaches of the
river, while those reaches and associated terrestrial SSSI units sensitive to low flows are in the
uppermost reaches.
However, abstractions may be an increasingly significant factor if
recommendations for the lower reaches of the Nar are implemented (see Appendix G), or
abstractions licences are moved, as emerged as an ambition of at least one licence-holder consulted
in the course of this project. All such cases should be investigated very carefully on particularly
hydrologically-sensitive reaches, ideally with consultation of the models developed as part of this
current project and the RSA programme.
3.4.2 Flood risk
In a catchment which is so rural over most of its area, there are very few properties at risk of
flooding. The majority of those at significant potential risk are found in King’s Lynn, though this may
be set to increase with the development of the NORA. Any changes in flood risk due to restoration
actions may be investigated with the aid of the computer model developed for this current planning
exercise, and it is a prerequisite that any restoration measures are not associated with any
undesirable increase in flooding (i.e. to property or infrastructure). However, the targeted
floodplain storage associated with many suggested actions is likely to have downstream benefit.
An example of the way in which the model can be used to look at flood risk and the possible benefits
in the reach of interest and upstream and downstream are given in Appendix I.
Where local flood risk to infrastructure and properties dictate that more explicitly designed
measures must be implemented, it is recommended that as much room as possible should be
allowed for natural adjustment of the river channel. Designs should take into account conservative
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estimates of the full range of flow and level conditions likely in the future, referring to hydrological
investigations such as undertaken for the RSA programme. For example, it will be better to set back
flood defences further from the river as opposed to strengthening existing engineering which may
constrain the channel; or in designs to reconnect the channel with adjacent wetlands at specific
points, any hard engineering should not have fixed (non-adjustable) crest levels. The former will
more safely and effectively accommodate unforeseen peak flow events due to climate instability,
while the latter may allow the maintenance of floodplain hydraulic connectivity in altered flows due
to increased abstraction or climate change.
The principal way in which flood risk is likely to present conflict with restoration is via loss of grazing
at particular times of year in the upper, and loss of arable in the lower reaches (discussed below).
Furthermore, the urban reaches near the confluence with the Great Ouse essentially preclude any
large-scale works to reconnect the floodplain occurring in this area, and in particular, the tideregulating structures and diversion channel cannot be affected. Extensive drainage infrastructure
and the new flood storage at High Bridge, as well as the presence of roads and isolated properties in
this low-lying area, dictate that complete removal of the flood banks in the upstream approx. 12 km
from King’s Lynn is impractical for the foreseeable future. Setting back these banks may still be an
option in places, however.
Upstream of Blackborough, the raised banks were found to be have low points on the walkover
survey, maintained and exacerbated by poaching by livestock (Figure 39 – compare Figure 40). This
is taken as a sign that floodplain flooding may be less of an issue in these areas. Indeed, historical
evidence would suggest that the levees along this reach of the river were constructed for navigation,
rather than flood defence. Such areas of floodplain may present opportunities for encouraging
seasonal flooding on grassland, whereas downstream arable on former peat areas, which is often
lower than the river, still relies heavily on the type of defences seen in Figure 40.
Further upstream, restoration project planners should be aware of possible flood risk to small
numbers of properties in Narborough, Castle Acre, Newton Mill, East Lexham and Litcham. With the
aid of the flood model developed, however, it should be straightforward to design schemes which
reduce, rather than exacerbate, undesired flooding in these localities.

Figure 39: Low point in raised banks at TF71181190. (Photo: N. Holmes)
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Figure 40: Breach of flood banks several kilometres downstream of Figure 399. Source: [3] (Photo: D. Gillett)

3.4.3 Infrastructure
As mentioned, no works are recommended that would jeopardize the integrity of any existing major
infrastructure. The implementation of any restoration measures must involve a comprehensive
services search, and immediately identifiable constraints are detailed in the reach-specific proposals,
but major pieces of infrastructure which can be recognized at this point are identified in Error!
eference source not found..
Asset
Mileham road crossing (culverts)
Litcham road bridge
East Lexham road crossing (culvert)
West Lexham road crossing (type unknown)
A1065 road bridge
Newton Mill road crossing (culvert)
Newton road crossing
Defunct pumping station
Castle Acre sewage treatment works
Castle Acre road bridge
Castle Acre ford
Electricity pylon near river
Pumping station
Electricity pylon near river
West Acre upstream ford
West Acre downstream ford
West Acre road bridge
Narford Lane road bridge
A47 road bridge
Narborough road crossing (culvert)
Pumping station
Marham flume and public water supply

Grid reference
TF90611880 & TF90601875
TF88841742
TF85901701
TF84161700
TF83761698
TF83121625
TF82781538
TF82811530
TF824151
TF81911484
TF81571457
TF81431464
TF80891457
TF80711485
TF78871512
TF78361522
TF77951477
TF76441440
TF75031371
TF74621336
TF73391268
TF72351198
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Asset
High Bridge road crossing, County Drain confluence and EA flood
storage
Pumping stations
Setchey road bridge
Railway bridge and nearby high voltage pylons
Diversion channel
High voltage pylon near river
A47 road bridges
Tidal sluice

Grid reference
TF66971353
TF65021343
TF63611345
TF61811472
TF61571541
TF61781707
TF62151809
TF62111830

Table 9: Major infrastructure which may constitute constraints to restoration measures, working downstream.

3.4.4

Current land and river use

3.4.4.1 Grazing
This represents by far the most common use of riparian land in the catchment, with horses, deer and
cattle in the headwater reaches, and sheep the dominant stock in the middle reaches.
Though many of these species are able to cope well in wet pasture, there may be health issues for
the animals when water tables are particularly high, and this will be undesirable for livestock
farmers. For example, a manager of the Holkham estate highlighted during consultation that there
have been outbreaks of flukes in sheep flocks grazing the Nar floodplain when the pasture has been
too wet. There are also a number of Clostridial diseases associated with flooding. Encouraging and
increasing hydraulic continuity between the river and floodplain may, therefore, be limited by this
particular stakeholder interest.
However, certain compromises may enable the fulfilment of this aspect of the vision, for example by
switching from sheep to cattle, or careful planning of exactly where floodplain continuity could be
restored, or of spatio-temporal aspects of the grazing regime. Of course, one down side of
increasing the water table but maintaining grazing is the introduction of fines to the channel as a
result of trampling and poaching, particularly where there are field drains (though the upside of field
drains is better floodplain connectivity and sediment deposition in high flows).
The importance of grazing and browsing animals to forming structural habitat diversity in the
riparian zone should not be overlooked, however, and wholesale fencing of the river will not achieve
the vision for the Nar [22]. A more practical approach is to manage low stocking densities and/or
mobile compartmentalizing of stock using temporary fencing. Where particular areas are
consistently used by animals to access the river, the development of protected drinking areas could
be considered. These types of measures could be supported by funds available through, e.g.,
Environmental Stewardship schemes or Catchment Sensitive Farming capital grants.
The other area of conflict with the vision, equally affecting arable where it is close to the river, is the
issue of land loss associated with active lateral channel migration. However, over the longer term,
there should be no net loss, as erosion on the outside of bends will be matched by deposition and
gradual consolidation on the inside of meanders, though this may cause conflict when land
ownership differs between both sides of the river. In the case of over-widened channels as are
common on the Nar, there should be net reclamation of land, however. In order to benefit from
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this, land managers should control livestock access to actively forming depositional features with
fencing, as grazing and trampling will destabilize them.
3.4.4.2 Arable
Loss, or temporary loss due to inundation, of arable land represents the greatest constraint to
restoration measures in the lower part of the catchment. The region is extremely important
nationally for producing crops, and given the scale of infrastructure (particularly drainage) and
livelihood investment, this is likely to constitute an immoveable constraint in the lower-most
reaches, although temporary inundation may be able to be managed effectively between
Narborough and Blackborough. Indeed, the benefits of sediment deposition to soil and crop
nutrition should not be overlooked in this latter case.
In the long term, however, arable in this region is not sustainable without massively increasing
investment, owing to, e.g. peat wastage, sea level rise and less amenable precipitation and
evapotranspiration regime due to climate change. In this sense, it may become increasingly more
economical to withdraw intensive agriculture. In such a far-sighted scenario, allowing the recovery
of natural river and tidal processes in the region may become the most sensible option, and may
indeed promote the recovery of soils, allowing later reclamation and redevelopment of agricultural
land.
3.4.4.3 Aquaculture
There are two fish farms which depend on the Nar for abstraction and discharge, upstream of
Narford Lane (TF767147) and a larger operation at Narborough (TF748165), with further fishing lakes
on Broadmoor Common, the other side of the A47. The former is unlikely to be significantly
negatively affected by restoration works, beyond a possible need to relocate and/or modify off-takes
and discharges. They should of course be consulted in the planning of any such works.
The Narborough fishing lakes should benefit from upstream sediment reduction measures, but may
be significantly affected should there be an opportunity to reduce the impoundments due to
Narborough Mill or the pound lock beneath the road crossing. The drainage network of this area
appears very complex, and any weir/sluice mitigation would need to be informed by detailed
modelling, but the reduction in water levels in the mill leat may necessitate the relocation of offtakes further upstream for the sustained operation of the lakes.
3.4.5 Protected species
Any restoration work will have to be planned and executed in accordance to legislation relating to
protected species and habitats, and this may represent a constraint to works where mitigation
measures may not be possible or readily achievable. It is impossible to cover all cases here, but
special consideration should be given to those species already identified in Section 2.4.2.4, and
advice on mitigation is available from NE
(see http://www.naturalengland.org.uk/ourwork/regulation/wildlife/species/default.aspx).
Many restoration measures will involve disturbance of the river banks, and so conservation priority
species, particularly Water Vole, Avicola amphibious, which makes use of these habitats, may be of
concern during implementation of projects in certain localities. Great Crested Newts, Triturus
cristatus, may also be affected by works involving adjacent standing water, but again, sightings have
only been in very restricted areas, so this is unlikely to be a major constraint. Otter, Lutra lutra, is a
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key consideration on the lower Nar, and works on trees and woodland in the river corridor should be
aware of legislation relating to nesting birds and bat conservation. Consideration is also due to
species such as Desmoulin’s whorl snail, Vertigo moulinsiana, in adjacent wetlands.
Of course, measures suggested in this plan should involve an increase in the habitats used by these
species in the long term.
3.4.6 Cultural heritage and landscape
This area of Norfolk has a rich history and archaeology, and it should be acknowledged that river
restoration works involving the cutting of new channels may uncover new finds which require
preservation. Scheduled Ancient Monuments are identified as constraints in the reach-based
recommendations (Appendix G) but of particular note are moated sites at Newton and Castle Acre;
Castle Acre Castle; and Priories at West Acre, Pentney and Castle Acre. The architectural value of
structures close to the river, particularly the mills, most likely dictates that they may neither be
completely removed nor significantly altered from an aesthetic point of view.
Designed landscapes associated with the manor houses on the upper river, as well as the water
meadows mentioned in section 2.5.1.2 also constitute a significant part of the cultural heritage of
the river corridor, and it is likely that significant impacts on these due to river restoration will be
undesirable. The impact of trees on the landscape should also not be overlooked. Aesthetic effects
of the extensive riparian re-planting recommended in Appendix G will be relatively slow to develop,
as the trees grow, but the removal of previously conspicuous commercial plantings of e.g. Poplar
and Scots Pine, to restore more native vegetation communities, will be of immediate impact. How
this will be received by stakeholders is difficult to predict.
Measures recommended in this document should not adversely affect the preservation of protected
sites if/when taken forward. Consultation with local stakeholders, as well as the body responsible
for listed and scheduled ancient structures and sites (English Heritage), is strongly advised in the
vicinity of all valued historical and landscape sites.
3.4.7 Recreation
It has been mentioned earlier that parts of the Nar Valley could be considered tourist ‘honey pots’,
and a considerable proportion of the river’s length is used for recreation or leisure to some extent.
A constraint to consider, particularly with regard to channel diversions and major bank works, is
access for these activities. In any cases where public footpaths may be impacted by restoration
works, it will be necessary to consult the responsible local authority. Modifications to these rights
are possible, however (i.e. moving or temporarily closing a footpath), and it would be desirable in
most cases to reinstate footpaths to follow the new river course once vegetation has become well
established on any earthworks, for example, promoting public engagement with the river.
A further consideration, which is a particular issue at the fording points in Castle Acre and West
Acre, is recreational 4x4 vehicles entering the river off the main thoroughfare. This is of course not a
permitted activity, and causes very significant damage to river habitats, but is a threat and may
prohibit bank re-profiling works adjacent to roads which do not consider vehicle access
management. It is, however a very localized issue which is already being tackled by river managers
in partnership with the Highways Agency.
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4 Conclusions and recommendations
The report and its appendices present a plan for the restoration of the River Nar and the possible
options for restoration on a short, medium and long term basis.

4.1 Conclusions
The main conclusions and recommendations from the study and report are:
1. This river restoration strategy and plan will be an important step towards bringing the River Nar
SSSI and its associated terrestrial sites into favourable condition, as well as the ‘good ecological
status/potential’ demanded by the Water Framework Directive, which will take over from PSA3
as a policy driver.
2. The strategy has provided an opportunity to engage with the landowners and stakeholders on
the upper Nar and on some parts of the lower Nar. This has provided invaluable insights into the
context for this river and has allowed exciting ideas and possibilities to be explored and
discussed. Engagement with landowners and stakeholders downstream of Narborough has been
limited. Where the opportunity to engage has arisen, discussions have been held but further
engagement with landowners downstream of Narborough should be a priority.
3. The ecology and geomorphology of the river in its existing condition has been investigated by
various means from previous data and reports through to a walkover survey.
4. The guiding principles for the strategy on this river were established at the start of the project by
the steering group and have provided an important background and context for the way
forward. These have helped to crystallize the vision for establishing a river which can operate in
form and function as a chalk stream and which can be more sustainable in the long term, with
no increase (and very likely a decrease) in maintenance costs. The strategy aims to establish a
rich and valued river that is capable of responding to future pressures, including the effects of
climate change; it does not strive to recreate historical conditions.
5. A vision for the river has been established which tries to consider and appreciate the different
aspirations of all parties involved and the constraints that apply. There is a high level vision
which seeks to establish a dynamic river which is a haven for wildlife in an integrated,
functioning corridor whilst providing a system that is resilient to change and reflects its heritage.
This overall vision is broken down to more specific visions for the upper and lower reaches,
where the aims have to be different due to the differing nature of the river between these areas.
The more specific upper and lower Nar aims are framed in the context of reference conditions,
the high level vision and the constraints.
6. Generic issues, impacts, solutions, benefits and constraints are discussed in addition to specific
reach-based recommendations in Appendix G.
7. Out of these generic issues there are some things which have been noted. In many places, the
river is in a condition where it is recovering and if left it will continue to recover and provide
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good quality habitats, for example, at Big Wood, downstream of West Acre. In some places,
physical intervention is required on the river to assist in the natural recovery. This may be in the
form of moving the river onto the floodplain, e.g. upstream of Litcham and at Lexham Hall, or
removing structures, e.g. upstream of the A1065. This will help the river to become a more
natural size and shape. On the downstream reaches the embankments and the size, depth and
planform of the channel are limiting factors in being able to achieve a more naturally functioning
system. The embankments protect people, property and infrastructure so it is not feasible to
remove or lower them. In some places it may be possible to set back the embankments onto
the floodplain and/or create some in-stream features or investigate different maintenance
procedures, whilst ensuring that the flood capacity is maintained. The tidal flap at Kings Lynn is
currently an obstruction to migrating fish and the possibilities for mitigating this are being
investigated in a separate project.
8. The proposals for restoration should be reviewed when the work being undertaken under the
EA’s Restoring Sustainable Abstraction (RSA) scheme is completed. If the impacts on the river
due to abstraction are significant, such as is suspected at Marham and in the very upper,
ephemeral reaches, then the positive impact of any restoration works could be diminished if the
river is operating well below a normal hydrological regime.
9. There is some significant sediment ingress from the catchment which needs to be dealt with as
far upstream in the catchment as possible. The high sediment load leads to sediment deposition
behind structures and in reaches where the gradient and flow velocities are low. There are steps
being taken within the catchment, coordinated by the Catchment Sensitive Farming Officer, to
try and adapt farming practices and introduce measures such as buffer strips in fields. This will
help to slow down and limit the ingress of sediment. There are other measures suggested in the
report such as creating sediment traps on strategic tributaries which will catch some sediment
and settle it in reed beds. Many of the measures suggested will help to re-mobilise the sediment
by creating reaches where the velocities will be higher through narrowing or re-sectioning and
pushing more water, and therefore sediment, onto the floodplain. These measures should help
to alleviate sediment deposition issues on the whole river.
10. The focus of the strategy has been on the chalk stream and SSSI, primarily addressing issues
relating to river engineering and using natural processes for those sections that will recover
naturally. It is important to look for opportunities that arise to deliver multiple benefits, and
ideas and concepts for pilot projects have done just that.
11. From the reach-based recommendations in Appendix G, some more detailed pilot projects have
been identified and concept plans drawn up. The measures suggested in these areas are not
difficult to implement and could have a large positive impact, and so are suggested to follow up
as a priority. The suggested measures are mainly involved in giving the river more freedom to
adjust and come back to a more natural regime rather than using structures within the river.
Within these reach-based recommendations, long-term aspirations should ultimately be sought,
but compatible smaller-scale options are presented in recognition that full realization of the
vision for the river may not be achieved straight away.
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4.2 Recommendations
Further to the local recommendations in Appendix G, summarized in Table 10, below, key general
recommendations of this plan are summarized below:
1. Engage further with stakeholders on the lower Nar (this will be partly addressed in a planned
forthcoming open consultation session).
2. Where natural recovery has been identified, it should be encouraged and monitored.
3. Review restoration options following the conclusion of RSA studies.
4. Sediment ingress should be addressed as a priority, as close to source as possible.
5. Restoration should seek to deliver multiple benefits.
6. The approach to restoration of the River Nar should be to allow it to adjust to changes in its
environment, and to avoid introducing structures to the channel.
A high degree of stakeholder enthusiasm has led to the possibility of some of the pilot projects being
implemented in the very near future, and every effort should be made to maintain this momentum.
Continuing to involve the full complement of people with interests in the River Nar SSSI will help to
identify and exploit opportunities for enhancing this nationally and locally valuable asset in an
efficient way, under the guidance of, and using the ‘menu’ of options within this strategic
restoration plan.
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Restoration Unit

Name

1
Mileham Rd → Mileham
TF89691977 1550

2
Mileham Common
TF90611894 990

3
The Warren
TF90201809 1320

4
Litcham
TF89081747 460

5
Upstream
grid
reference

Approx. length (m)

Litcham → Lexham Hall Lakes TF88661731 1890

6
Lexham Hall Lakes
TF86951683 530

7
Lexham Hall →
East Lexham
TF86441685 590

8
East Lexham
TF85971702 520

9
West Lexham Banks
TF85541682 930

10
West Lexham Hall → A1065
TF84891690 1330

11
Emanuel’s Common
TF83761698 790

12
Newton Heath
TF83201669 1300

13
Newton Earthworks
TF83131576 270

14
Newton →
Castle Acre Meadows
TF82901564 550
Scale of
measure
Long-term
Interim
Long-term
Pragmatic
Interim
Long-term
Pragmatic
Interim
Long-term
Pragmatic
Interim
Long-term
Interim
Long-term
Pragmatic
Interim
Long-term
Pragmatic
Interim
Long-term
Pragmatic
Interim
Long-term
Pragmatic
Interim
Pragmatic
Long-term
Pragmatic
Long-term
Pragmatic
Interim
Long-term
Pragmatic
Interim
Long-term
Pragmatic

Table 10: Summary table of recommended measures for Restoration Units (continued over next 2 pages).
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Manage riparian trees for a mix of light
and shade

Withdraw management of riparian trees

Manage low density stocking or
livestock access to stream

Allow development of swamp and pond
habitat

Allow/encourage establishment of
native woody riparian vegetation

Allow/encourage development of wet
wood-pasture

Allow/encourage development of open
wet woodland mosaic habitat

Floodplain,
riparian &
catchment works
Allow/encourage development of wet
woodland

Highways improvements

Upgrade sewage treatment works

Establish buffer strips in arable fields

Block ditch(es)/drain(s)

Channel management
Create scrapes and ponds in floodplain

Sinuous weed cut

Cease/significantly reduce use of water
level control structure(s) and monitor

Allow vegetation to restore channel
form by withdrawing any in-channel
weed management

Channel works

Withdraw any removal of substrate

Allow woody debris

Intercept sediment at key points of
ingress

Create overspill to reconnect lake(s)

Set back floodbank(s)

Modify embankment(s)

Remove embankment(s)

Modify existing in-channel structures

Remove existing in-channel structures

Introduce woody debris

Introduce varied bed topology

Create 'pseudo-sinuosity' by narrowing
with large vegetated earth, also
excavating small pools

Push in banks with excavator to
encourage planform adjustment

Raise channel bed

Reduce impoundment from structure(s)

Remove water level control structure(s)

Entirely remove channel

Daylight' culvert

Bypass impounding structures

Bypass lake(s)

Divert through existing woodland

Restore to old course where evident

Cut new sinuous channel of more
appropriate cross-section and bed
elevation

Detailed options in structures report
(Appendix F)

Pilot project plans?

4.2.1 Summary of recommendations for Restoration Units
The following table very simply notes the measures for each level of recommendations for individual river reaches. Please note the many qualifications, constraints and issues, detailed in Appendices G and F, which must be taken into
consideration within the context of each Restoration Unit. The following is therefore only a guide, and similar but often significantly different measures have been grouped under one heading in places.

Floodplain, riparian & catchment management

Restoration Unit

Name
Upstream
grid
reference

15
Castle Acre Meadows
upstream of aqueduct
TF82601527 500

16
Castle Acre Meadows
downstream of aqueduct
TF82271498 570

17
Castle Acre Meanders
TF81851474 480

18
Castle Acre Ford →
South Acre Pits
TF81641459 930

19
South Acre Pits →
Castle Acre Common
TF80831454 860

20
Castle Acre Common
TF80701520 1020

21
Big Wood
TF79811512 890

22
West Acre Mill
TF79071495 340

23
West Acre Common
TF78851515 930

24
West Acre Priory
TF78411528 700

25
The Carr & The Oaks
TF77951477 890

26
Narford Estate
TF77201473 1930

27
Narford Lake → Narborough

28
Narborough →
Marham Flume
TF75571389

Approx. length (m)

1340 +
700

TF74681318 2780
Scale of
measure
Long-term
Pragmatic
Interim
Long-term
Pragmatic
Interim
Long-term
Pragmatic
Interim
Long-term
Pragmatic
Interim
Long-term
Pragmatic
Interim
Long-term
Interim
Long-term
Pragmatic
Interim
All
Long-term
Pragmatic
Interim
Long-term
Pragmatic
Interim
Long-term
Pragmatic
Interim
Long-term
Pragmatic
Interim
Long-term
Pragmatic
Long-term
Pragmatic
Interim
- see Appendix F -
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Manage riparian trees for a mix of light
and shade

Withdraw management of riparian trees

Manage low density stocking or
livestock access to stream

Allow development of swamp and pond
habitat

Allow/encourage establishment of
native woody riparian vegetation

Allow/encourage development of wet
wood-pasture

Allow/encourage development of open
wet woodland mosaic habitat

Allow/encourage development of wet
woodland

Highways improvements

Upgrade sewage treatment works

Establish buffer strips in arable fields

Block ditch(es)/drain(s)

Channel management
Create scrapes and ponds in floodplain

Sinuous weed cut

Cease/significantly reduce use of water
level control structure(s) and monitor

Allow vegetation to restore channel
form by withdrawing any in-channel
weed management

Withdraw any removal of substrate

Allow woody debris

Intercept sediment at key points of
ingress

Create overspill to reconnect lake(s)

Set back floodbank(s)

Modify embankment(s)

Remove embankment(s)

Modify existing in-channel structures

Remove existing in-channel structures

Introduce woody debris

Introduce varied bed topology

Create 'pseudo-sinuosity' by narrowing
with large vegetated earth, also
excavating small pools

Push in banks with excavator to
encourage planform adjustment

Raise channel bed

Reduce impoundment from structure(s)

Remove water level control structure(s)

Entirely remove channel

Daylight' culvert

Bypass impounding structures

Bypass lake(s)

Divert through existing woodland

Restore to old course where evident

Cut new sinuous channel of more
appropriate cross-section and bed
elevation

Detailed options in structures report
(Appendix F)

Pilot project plans?

Channel works
Floodplain,
riparian &
catchment works
Floodplain, riparian & catchment management

Restoration Unit

Name
Upstream
grid
reference

Approx. length (m)

29
Marham Flume →
Pentney Abbey
TF72341197 2610

29a
Pentney Abbey
TF69831200 350

30
Pentney Abbey →
Railway Crossing
TF69601217 9500

31
Railway Crossing →
King’s Lynn
TF61841467 3800
Scale of
measure
Long-term
Pragmatic
Interim
Long-term
Pragmatic 1
Pragmatic 2
Interim
Long-term
Pragmatic
Interim
Long-term
Pragmatic
Interim
Investigate value and structural integrity of historic structure
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Manage riparian trees for a mix of light
and shade

Withdraw management of riparian trees

Manage low density stocking or
livestock access to stream

Allow development of swamp and pond
habitat

Allow/encourage establishment of
native woody riparian vegetation

Allow/encourage development of wet
wood-pasture

Allow/encourage development of open
wet woodland mosaic habitat

Allow/encourage development of wet
woodland

Highways improvements

Upgrade sewage treatment works

Establish buffer strips in arable fields

Block ditch(es)/drain(s)

Channel management
Create scrapes and ponds in floodplain

Sinuous weed cut

Cease/significantly reduce use of water
level control structure(s) and monitor

Allow vegetation to restore channel
form by withdrawing any in-channel
weed management

Withdraw any removal of substrate

Allow woody debris

Intercept sediment at key points of
ingress

Create overspill to reconnect lake(s)

Set back floodbank(s)

Modify embankment(s)

Remove embankment(s)

Modify existing in-channel structures

Remove existing in-channel structures

Introduce woody debris

Introduce varied bed topology

Create 'pseudo-sinuosity' by narrowing
with large vegetated earth, also
excavating small pools

Push in banks with excavator to
encourage planform adjustment

Raise channel bed

Reduce impoundment from structure(s)

Remove water level control structure(s)

Entirely remove channel

Daylight' culvert

Bypass impounding structures

Bypass lake(s)

Divert through existing woodland

Restore to old course where evident

Cut new sinuous channel of more
appropriate cross-section and bed
elevation

Detailed options in structures report
(Appendix F)

Pilot project plans?

Channel works
Floodplain,
riparian &
catchment works
Floodplain, riparian & catchment management
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