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Glossary

Name Description

Diffuse The movement of ions or molecules from an area of higher concentration to an area of lower
concentration

Point Pollution Any single identifiable source of pollution from which pollutants are discharged, such as a pipe

ORIGINS™ Farmers from Kellogg’s Origins Natural Heritage sites
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Units of Measurement

Unit Description

g/m?/yr Grams per metres squared per year
Kg Kilogram

kglyr Kilograms per year

kg/halyr Kilograms per hectare per year

kg TN/d Kilogram of Nitrogen per day

kg TP/d Kilogram of Phosphate per day

kg TN/yr Kilogram of Nitrogen per year

kg TP/yr Kilogram of Phosphorus per year
km Kilometre

ha Hectare

m Metres

m? Metres Squared

m?3 Metres cubed

Mi/d Megalitres per day

mg/l Milligrams per litre

mg TN/I Milligrams of Nitrogen per litre

mg TP/I Milligrams of Phosphorus per litre
SRP/halyr Orthophosphate per hectare per year
t/ha Tonnes per hectare

tlyr Tonnes per year

t N/yr Tonnes of Nitrogen per year

TN/yr Total Nitrogen per year

TN/halyr Total Nitrogen per hectare per year
TP/lyr Total Phosphate per year

TP/halyr Total Phosphate per hectare per year
Yr Year

% Percentage

£ Pound Sterling

£/ha Pound Sterling per hectare

£/kg Pound Sterling per kilogram

£lyr Pound Sterling per year

£/kglyr Pounds sterling per kilogram per year
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Executive Summary

Introduction and purpose of this report

Following the Dutch Nitrogen Joint Cases (‘Dutch-N’) in the Court of Justice of the European Union, which
ruled that where a European important site, i.e., Special Areas of Conservation and Special Protection
Areas, is failing to achieve condition due to pollution, the potential for a new development to add to the
nutrient load is necessarily limited.

Similarly, internationally important wetland sites which are designated as Ramsar sites have also been
caught up in the judgement as under national policy they are afforded the same protection as Special Areas
of Conservation and Special Protection Areas. The Dutch-N case has informed the way in which Regulation
63 of the Conservation of Habitats and Species Regulations 2017 (as amended) (Habitats Regulations
2017) should apply to pollution related incidents and has resulted in greater scrutiny of proposed
developments that are likely to increase nutrient loads to designated sites.

This report sets out suitable short, medium, and long-term mitigation options that could potentially be used
to offset the additional nutrient load from a new development within the catchment of the River Wensum
Special Areas of Conservation and/ or The Broads Special Areas of Conservation, including potential
strategic options to manage nutrient inputs and allow further residential development to proceed.

Potential nutrient mitigation options

Following a detailed review of scientific literature and best practice guidance, a range of different nutrient
management solutions have been identified. Following an initial screening exercise, in which the potential
viability of solutions was evaluated, the following types of solutions were identified as potentially viable for
use in the River Wensum and Broads catchment:

m  Nature-based solutions: solutions that would be implemented within a catchment to reduce diffuse-
source phosphate loadings.

m Drainage and wastewater-based interventions: solutions that apply to wastewater and drainage and will
require targeted interventions (excluding nature-based and wetland solutions) or specific local policies
to be implemented.

The following solutions are considered in this report:

m  Short-term solutions: taking land out of agricultural use; cessation of fertiliser and manure application;
riparian buffer strips; wet woodlands; cover crops; bringing forward planned wastewater improvements;
sustainable drainage systems; portable treatment works; alternative wastewater providers; retrofitting
more water efficient fittings; package treatment plants; and cesspools.

m Medium-term solutions: constructed wetlands; beaver reintroduction; farm management measures;
retrofitting sustainable drainage systems in existing developments; use alternative wastewater treatment
providers; and upgrade existing private sewage systems.

m Long-term solutions: broadland restoration; improve existing wastewater treatment infrastructure;
improve existing wastewater distribution infrastructure, i.e., reduce leakage from foul sewer network;
rectifying misconnections to combined systems; and incentivise disconnection from combined systems.

19 October 2023 PC3719-RHD-ZZ-XX-RP-X-0005 5
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Housing Projections

To understand the mitigation required to meet the upcoming housing requirements, a review of local plan
documents and housing projections was undertaken. The additional nutrient loading from the projected
housing was calculated using the Norfolk Nutrient Budget Calculator (Royal HaskoningDHV, 2022). The
outcome of the study determined 37,300 dwellings require mitigation until the end of the plan periods in
2038. This is equivalent to 4,760 kg/yr of phosphorus mitigation and 52,887 kg/yr of nitrogen mitigation.

Conclusions and next steps

The following sets out the next steps required to develop the solutions presented within this report to
functioning nutrient mitigation solutions.

Identification of the preferred solutions to be delivered and the likely costs, timescales, and delivery
mechanisms. The creation of a mitigation plan to formulate developer contributions.

A database or spreadsheet-based tracking tool to register and record the nutrient loading for each
development and through what schemes this will be mitigated.

A tracking tool could also be expanded to track ‘credits’ achieved through mitigation schemes that can
be used for biodiversity net gain, carbon offsetting and nitrogen mitigation.

Standardised legal agreements could be drawn up and used as a basis in future mitigation schemes.
Conservation covenants are one option that should be explored.

A Mitigation Plan should be established which would set out the key solutions and timescales for
expected delivery. This will allow for quantification of when and how many credits will be available.

19 October 2023 PC3719-RHD-ZZ-XX-RP-X-0005 6
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1 Introduction

1.1 Nutrient Neutrality and the Dutch Nitrogen Case

A joint legal case was brought to the Court of Justice of the European Union (CJEU) regarding authorisations
for schemes with respect to agricultural activities on sites protected by the EU Nature Law ‘The Habitats
Directive,” 1992 and where nitrogen (N) deposition levels already exceeded the critical load.

Following the Dutch Nitrogen Joint Cases (the ‘Dutch-N’) in the CJEU which ruled that where a European
important site, i.e., Special Areas of Conservation (SACs) and/ or Special Protection Areas (SPAs), is failing
to achieve condition due to pollution, the potential for a new development to add to the nutrient load is
“necessarily limited”. Similarly, internationally important wetland sites which are designated as Ramsar sites
have also been caught up in the judgement as under national policy they are afforded the same protection
as SACs and SPAs. The Dutch-N has informed the way in which Regulation 63 of the Habitats Regulations
2017 should apply to pollution related incidents.

The Conservation of Habitats and Species (Amendment) (EU Exit) Regulations 2019 brought the Habitats
Regulations 2017 into force from 1 January 2021. The Dutch-N ruling has resulted in greater scrutiny of
proposed developments that are likely to increase nutrient loads to internationally important sites where a
reason for unfavourable condition is an excess of a specific pollutant. The Dutch-N case applies to National
Site Network sites which are already in an unfavourable condition due to high nutrient levels in combination
with the importance of the designation. The following developments which are impacted include:

= New residential units, student accommodation, care homes;

m Tourist attractions including campsites, glamping pods, and holiday lets;
m  Commercial developments where overnight accommodation is provided;
m  Agricultural development including additional barns, slurry stores; and

= Anaerobic Digesters.

In March 2022 Natural England published updated guidance on water quality and nutrient neutrality advice
(NE785) which identified a further twenty protected sites that are adversely affected by nutrient pollution. As
a result, Local Planning Authorities (LPAs) in Norfolk are not able to grant planning permission for new
developments that provide overnight accommodation within the catchment of the River Wensum SAC and/
or The Broads SAC unless it can be clearly demonstrated that they will not have a detrimental impact in
terms of nutrient loading to the designated protected areas.

1.2 Purpose of this Report

This report discusses potential solutions that could be used to offset increased nutrient loadings and allow
development in the catchments of the River Wensum and Broads SACs to proceed whilst remaining nutrient
neutral. Section 2 of this report provides an overview of the River Wensum and Broads SACs and their
contributing catchments. It uses housing projections to identify likely mitigation requirements in each
catchment and LPA area. Potential nutrient management solutions are described in Section 3, and Section
4 provides a summary of the main findings of the report and recommendations for next steps.

Natural England have reviewed this report and note that it has been prepared for several of the Norfolk
Local Planning Authorities, and therefore, has not received agreement or endorsement from Natural
England. Furthermore, a Habitats Regulations Assessment may be required to demonstrate nutrient
neutrality.

19 October 2023 PC3719-RHD-ZZ-XX-RP-X-0005 7
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2 Background

2.1 Protected habitats in Norfolk

Norfolk has a number of European and Internationally important ecologically protected habitats, including
the River Wensum SAC and The Broads SAC (Figure 2.1). Natural England provide Conservation
Objectives for ecologically protected habitats. These are referred to in the Habitats Regulations 2017 and
provide a framework which informs the need for ‘Habitats Regulations Assessments’ (HRA).
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Figure 2.1 Map of Special Areas of Conservation in the study area Norfolk (source: Defra MagicMap, accessed March 2023)

211 River Wensum SAC

Natural England’s (2019a) supplementary advice about the European Site Conservation Objectives relating
to the River Wensum SAC (site code: UK0012647) summarises the habitat as a low gradient, groundwater
dominated river. The upper reaches are fed by springs that rise from the chalk and by run-off from calcareous
soils rich in plant nutrients. It is also designated as a Site of Special Scientific Interest (SSSI). The river
supports an abundant and diverse invertebrate flora and fauna in a relatively natural corridor.

The River Wensum rises close to the village of Whissonsett in North Norfolk and flows for 73km, primarily
in a south-easterly direction until it reaches its confluence with the River Yare in Whitlingham. The River
Wensum has a catchment area of approximately 685km? (Natural England, 2015"). The catchment is
primarily rural, with only a few urban areas such as Fakenham and Dereham. The river is recognised as
being one of the best examples of a lowland calcareous river in the world due to the diversity of its
internationally important flora and fauna.

The river flows over chalk, particularly in the upper reaches, and a complex sequence of superficial glacial
drift deposits of sands and gravels which increase in thickness in the lower reaches. As the river is often
separated from the chalk aquifer by these superficial glacial deposits, it does not exhibit some of the

1 River Wensum SSSI Diffuse Water Pollution Plan

19 October 2023 PC3719-RHD-ZZ-XX-RP-X-0005 8
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characteristics of classic chalk rivers. However, the chalk and run-off from calcareous soils gives rise to
beds of submerged and emergent vegetation characteristic of a chalk stream.

The landscape of the River Wensum catchment varies from areas of higher topography in the west (98 m
Above Ordnance Datum (AOD) to areas of lower topography in the southeast (c. 2 mAOD) but is generally
relatively flat. The catchment has relatively shallow slopes and the soil erosion risk is generally low across
most of the catchment, expect for some areas of increased risk as a result of increased connectivity and
steep slopes adjacent to watercourses. Water management and artificial drainage significantly affect the
levels of water and flow in the catchment.

The once meandering river has been modified and managed historically and the channel has been
straightened, dredged, diverted, impounded, and embanked. Some reaches have been subject to excessive
silt ingress, and/ or lack natural riparian vegetation. A qualifying habitat, of Annex | of the (Conservation of
Natural Habitats and of Wild Fauna and Flora) Habitats Directive (92/43/EEC), is water courses of plain to
montane levels with the Ranunculion fluitantis and Callitricho-Batrachion vegetation; rivers with floating
vegetation often dominated by water-crowfoot.

The qualifying features with respect to the SAC designation are described as:
m  S1016 Desmoulin’s whorl snail (Vertigo moulinsiana);
m  S1092 White-clawed (or Atlantic stream) crayfish (Austropotamobius pallipes);

m  S1096 Brook lamprey (Lampetra planeri); and
m  S1163 Bullhead (Cottus gobio).

2.1.2 Broads SAC

Natural England’s supplementary advice (2019b) about the European Site Conservation Objectives relating
to The Broads SAC (site code UK0013577) summarises the habitat as an example of nutrient-rich lakes
and contains 163 SSSIs. The study boundary contains eight Ramsar sites, 12 SACs, and nine SPAs, many
of which overlap (Figure 2.2).

nag@

———

Figure 2.2 Map of the Norfolk area showing overlap of statutory designations
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The Broads SAC designated under article 4(4) of the Directive (92/43/EEC) as it hosts the following SAC
qualifying features listed in Annex I:

m H3140 Hard oligo-mesotrophic waters with benthic vegetation of Chara spp. (calcium-rich nutrient-poor
lakes, lochs, and pools);

m H3150 Natural eutrophic lakes with Magnopotamion or Hydrocharition-type vegetation (naturally nutrient-
rich lakes or lochs which are often dominated by pondweed);

m H6410 Molinia meadows on calcareous, peat or clay-silt soil (Molinion caeruleae) (purple moor-grass
meadows);

m H7140 Transition mires and quaking bogs (very wet mires often identified by an unstable ‘quaking’
surface);

m H7210 Calcareous fens with Cladium mariscus and species of the Caricion davallianae (calcium-rich fen
dominated by great fen sedge, e.g., saw sedge);

m  H7230 Alkaline fens (calcium-rich spring water-fed fens); and

= H91EO Alluvial woods with Alnus glutinosa and Fraxinus excelsior (Alno-Padion, Alnion incanae, and
Salicion albae) (alder woodland on floodplains).

The site hosts the following species listed in Annex Il

m  S1016 Desmoulin's whorl snail (Vertigo moulinsiana);

m  S1355 Otter, (Lutra lutra);

m  S1903 Fen orchid, (Liparis loeselii); and

m  S4056 Little ram's-horn whirlpool snail (Anisus vorticulus).

The Broads SAC catchment is low-lying with highest elevations typically found in the north and west of the
catchment with a maximum elevation of around 100 mAQOD. It is usually gently sloping with steeper slopes

generally on the sides of the river valleys to the south and west. The underlying geology is chalk to the west
and a mix of gravel, sand, and silt to the east.

This catchment is largely covered by superficial glacial deposits of sand, silt, and clay. There is considerable
variability in soil type across the catchment, and even variations within adjacent fields. Although several
maijor rivers flow through the area, the flat nature of the topography and the proximity of the sea and its tides
means that flushing through is slow.

The Broads is fed by three major river catchments: the River Wensum, the River Bure and the River Yare,
with The Broads catchment covering much of mid and east Norfolk, including the city of Norwich as well as
the towns of Dereham, Wymondham, Aylsham, Fakenham, and Long Stratton.

2.1.3 Contributing catchments

The SSSI component site in the River Wensum SAC that is subject to nutrient neutrality guidance is the
River Wensum SSSI. The SSSI component sites in The Broads SAC that are subject to nutrient neutrality
guidance are:

m Bure Broads and Marshes;
m  Ant Broads and Marshes;

m  Upper Thurne Broad and Marshes;
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m  Trinity Broads; and

m  Yare Broads and Marshes.

The Bure Broads and Marshes, Ant Broads, and Marshes, Upper Thurne Broads and Marshes and Trinity
Broads and Marshes are located within the River Bure operational catchment. The Yare Broads and
Marshes is within the River Yare catchment, while the upstream catchment also includes the entire River
Wensum catchment, which has its confluence with the River Yare in Whitlingham.

The River Wensum, River Bure, and River Yare catchments (Figure 2.3) could supply nutrients into the
River Wensum SAC and The Broads SAC. This is based on surface hydrological catchments, i.e., the
natural drainage network, as defined by the Environment Agency as part of the Southeast River Basin
Management Plan (RBMP). Figure 2.3 also shows the component SSSI catchments of The Broads SAC
that are located within the Bure catchment.

However, nutrient supply paths are complicated by the artificial wastewater catchments that intersect natural
drainage patterns. This means that wastewater produced within a surface drainage catchment could
potentially be collected, treated, and discharged outside of that catchment. Conversely, the opposite could
also apply, with wastewater produced outside a surface drainage catchment being discharged inside that
catchment.

The catchments (Figure 2.3) have therefore been refined to reflect the foul water catchments and the
locations at which they discharge. The component SSSI sites in The Broads SAC are each subject to
nutrient neutrality guidance and their catchments are treated independently of each other. Mitigation must
be delivered within the same SSSI component catchment as the development.
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Figure 2.3 Norfolk nutrient catchment map
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The discharge location of wastewater is used to determine where a development will have the greatest
impact on nutrient concentrations. A development site may be located in one surface water, i.e., Wensum,
Yare or Bure, catchment but the wastewater discharge will be within a different surface water catchment.
Mitigation should also be provided upstream of the component SAC site in The Broads SAC catchment and
upstream of the point of impact, i.e., wastewater discharge, in the Wensum.

The Yare Broads and Marshes SSSI, a designated sites within The Broads SAC subject to nutrient neutrality
requirements, is located downstream within the Yare catchment. Any mitigation upstream of the Yare Broads
and Marshes SSSI can provide mitigation for the River Yare catchment, including within the River Wensum
catchment. The River Wensum SSSI is only designated for phosphorus (P) neutrality. However, the
Wensum is a tributary of the Yare catchment which is subject to both P and nitrogen (N) neutrality
requirements. Therefore, any development in the Wensum catchment must provide P mitigation within the
Wensum catchment and N mitigation within either the Wensum or Yare catchment.

2.2 Projected mitigation requirements

2.21 Methods and assumptions

A review of local plan data and housing projections supplied by the relevant LPA was undertaken to
understand the mitigation required to meet the upcoming housing requirements. The additional nutrient
loading from the projected housing was calculated using the Norfolk Nutrient Budget Calculator (Royal
HaskoningDHV, 2022). Worst-case scenarios were assumed to ensure the nutrient loading value is not
understated. For example, conservative assumptions were taken on future permit limits and land use types.

The following assumptions were made:

m LPAs are required by law to produce an annual report which demonstrates whether they have a
deliverable supply of homes to meet their planned housing requirement over the next five years. Nutrient
neutrality rules have affected the ability of the Norfolk LPAs to deliver housing, and therefore demonstrate
a five-year land supply. As such, the delivery of housing, rather than other accommodation types, is a
key pressure and is therefore the focus of this report;

= All new dwellings were assumed to be houses with an average occupancy of 1.88 persons per dwelling;

m [tis assumed by Natural England that anyone living in the nitrogen neutrality (NN) catchment also works
and uses facilities in the catchment. Therefore, wastewater generated by commercial and industrial
development is not considered, removing the potential for double counting of human wastewater arising
from different planning uses;

m Other types of overnight accommodation, e.g., campsites, holiday homes, hotels, etc., that do not fall
under the same use class as dwellinghouses (Class C) are not considered, as there are no projections
on the likelihood or number of these accommodation types being brought forward across Norfolk;

m The previous land use of the sites was derived from aerial imagery;

m  Where the land use type was uncertain, it was assumed to be general arable which represents one of
the dominant land use types in the catchment and has a runoff coefficient close to the average of all the
land uses;

m  The proposed land use was assumed to be urban;
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= The soil drainage type was derived from Soilscapes (Cranfield Soil and AgriFood Institute, 2018)? and
the dominant soil of the area was chosen, e.g., for the Wensum impeded/ slightly impeded, and for the
Bure, freely draining;

m The Water Recycling Centre (WRC) that a proposed development will drain to was estimated using
Geographic Information System (GIS) data on the existing catchment;

m  Where onsite treatment plants are to be used, default values of 5mg/I Total phosphorous (TP) and 25mg/I
Total nitrogen (TN) were used. These represent the likely effluent concentration from a typical Package
Treatment Plant (PTP) but are still conservative estimates of what P-stripping PTPs can achieve;

= A 20% buffer was applied to the calculations in line with Natural England guidance on nutrient neutrality
(Natural England, 2020); and

m The catchment that a development will contribute the nutrient loading to was determined by the location
of the WRC. Some developments will be located in one surface water catchment, but the wastewater
(and majority of the nutrient contribution) will drain to a different catchment.

The end dates of the Local Plans for the Norfolk LPAs do not align. In order to provide a standardised
approach, the housing projections for Breckland, West Norfolk and The Broads Authority were calculated
up to 2036 using Local Plan data and for the model it is assumed that house building will continue at the
same rate up to 2038. The housing projections for North Norfolk, Broadland, South Norfolk, and Norwich
were calculated up to the end of the Local Plan period in 2038.

The Great Yarmouth Local Plan covers the period up to 2030, however, no development is projected that
lies within the catchments subject to nutrient neutrality guidance. It was assumed that the affected projected
development will be evenly proportioned within each year up to and including 2038, with the exception of
North Norfolk which was modelled in line with the housing trajectory. The dwellings currently held up due to
nutrient neutrality are as follows:

m Breckland - 668;

m Broadland — 8,867;

m Broads Authority — 0O;

m  Great Yarmouth - 0.

= North Norfolk — 1,317;

m  Norwich — 1,878;

m  South Norfolk —4,275; and

= West Norfolk — 0.

The Greater Norwich Local Plan housing figures included an element of windfall, i.e., sites not specifically
allocated in the appropriate plan, therefore, windfall sites have been considered for Norwich City Council,
South Norfolk and Broadland Council, and Broadland Council. Windfall sites have also been considered for

Breckland and North Norfolk District Councils, so that the potential nutrient output of housing development
has been accounted for in the majority of the county.

There is currently insufficient information available across Norfolk on tourism uses that do not require the
construction of a dwelling to plan and account for tourism within nutrient calculations. This use has therefore

2 Soilscapes soil types viewer - Cranfield Environment Centre. Cranfield University (landis.orq.uk)
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been omitted from the calculations presented in this report. The development currently held up was cross
referenced against the development projected to come forwards in the various local plans.

It was assumed that all development currently held up would require nutrient mitigation by the end of 2025.
This assumption ensures that mitigation requirements reflect the realistic demand for mitigation. The
calculations consider reductions in permit limits that will take effect at the end of the Asset Management
planning (AMP)7 Cycle (December 2024).

Furthermore, proposed April 2030 permit limit reductions were also included following the Department for
Levelling Up, Housing and Communities announcement (18 November 20223). It was assumed that only
WRCs with a current Population Equivalent (PE) of greater than 2,000 residents would be operating at
Technically Achievable Limit (TAL) by 2030. The TAL for TP and TN is 0.25mg/I and 10mg/I, respectively.
It is assumed within the calculations that planned upgrades to WRCs will be implemented by 2030 at the
latest, however information on the target dates and scale of these improvements is pending confirmation.

2.2.2 Projected housing growth per Local Planning Authority area

The projected growth was derived from the respective Local Plans and previous housing data for each
district and is presented in Table 2-1. A total of 37,300 dwellings are projected to be constructed across the
entire nutrient neutrality catchment. Of these 17,005 are presently on hold. Within Table 2-1, the figures in
brackets represent the number of homes on hold in the planning system at the beginning of March 2023.

Table 2-1 Summary of the planned growth of dwellings on hold within the Nutrient Neutrality catchment in Norfolk

Dwellings (dwellings

District currently on hold)

Source

North Norfolk 3,753 (1,317) North Norfolk Local Plan allocations + windfall

Breckland 3,903 (668) Breckland Local Plan (2019) + Delayed applications provided by the LPA
West Norfolk 15 (0) King’s Lynn and West Norfolk Local Plan (2016)

Broads Authority 145 (0) Local Plan for The Broads (2019)

Broadland 14,311 (8,867) Greater Norwich Local Plan (under examination 2021 to 2023)

South Norfolk 7,258 (4,275) Greater Norwich Local Plan (under examination 2021 to 2023)

Norwich 7,915 (1,878) Greater Norwich Local Plan (under examination 2021 to 2023)

Total 37,300 (17,005) -

The expected phosphate and nitrate loading per year for each Local Planning Authority is provided in Table
2-2 and Table 2-3. These tables show the amount of additional mitigation that is required each year within
the defined period. The cumulative total for 2023 to 2038 is provided in the ‘Total’ column.

3 Press release: Plans to level up and build new homes tabled in Parliament. Available: https.//www.gov.uk/government/news/plans-
to-level-up-and-build-new-homes-tabled-in-parliament.
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The total additional TP load based on the Local Plan is predicted to be 4,760 kg/yr. In 2023 the required
mitigation is 895 kg/yr due to the number of dwellings currently delayed. Following the planned
improvements to WRC by 2030, the TP loading per year will be approximately 136 - 139 kg/yr. Similarly, the
additional TN load based on the Local Plan is predicted to be 52,887 kg/yr. In 2023 the required mitigation
is 11,320 kg/yr. This is approximately 951-958 kg/yr required post 2030.
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Table 2-2 Total phosphorus loading per LPA

District

North

Norfolk e

Breckland

West
Norfolk

Broads
Authority

Broadland 431

South 179
Norfolk

Norwich 82

Great
Yarmouth

Total* 895

72

132

897

81

71

430

175

890

24

206

33

215

Project related

Phosphorus loading per year (kg/yr)It

10 11

32 23 14
69
0.1
39
41
32
0
214 205 139 136 136 137

63

0.5

24

29

138

14

139

16

141

n
10 433
1,235

12
1,667

958

454

136 4,760

*The Totals may not directly equate to the total when the individual years are added up due to the differential caused by rounding. The Total column would be considered to be more accurate
than adding the individual years up when looking at the total figures.
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Table 2-3 Total nitrogen loading per LPA

Project related

Nitrogen loading per year (kg/yr)

932 977 962 317 456 437 295 91 84

North
Norfolk 5,139
Breckland 665 289 156 4,554
West
Norfolk 1 20
Broads
Authority 18 3 150
4,691 765 300
Broadland 19,835
South 2,692 2,691 236 66
Norfolk 9,611
Norwich 2,322 887 341 13,576
Great
Yarmouth 0 0
Total* 11,320 11,364 11,349 2,514 2,652 2,633 2,491 958 951 951 951 951 951 951 951 951 52,887

*The Totals may not directly equate to the total when the individual years are added up due to the differential caused by rounding. The Total column would be considered to be more accurate

than adding the individual years up when looking at the total figures.
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Table 2-4 outlines the permanent and temporary mitigation required, per LPA, assuming permit limits are
reduced to the TAL by 2030. Figure 2.4 and Figure 2.5 provide a visual representation of the permanent
and temporary mitigation required. A total of 1,407 kg/yr of temporary TP mitigation is required up to 2030,
which is approximately 30% of the total mitigation required. The temporary TN mitigation required is 31,178
kg/yr and approximately 60% of the total mitigation required.

Table 2-4 Mitigation required, per LPA, assuming permit limits are reduced to the TAL post 2030

Total TP Permanent TP | Temporary TP Total TN Permanent TN | Temporary TN
mitigation* mitigation mitigation (up mitigation* mitigation mitigation (up
to 2030) to 2030)
North Norfolk 433 287 146 5,139 1,941 3,198
Breckland 1,235 1,175 60 4,554 3,234 1,320
West Norfolk 1 1 0 20 20 0
Broads 12 8 4 150 49 101
Authority
Broadland 1667 1,068 599 19,836 6,421 13,415
South Norfolk 958 633 324 9611 3,008 6,603
Norwich 454 180 274 13,576 7,036 6,540
Great 0 0 0 0 0 0
Yarmouth
Total 4,760 3,353 1,407 52,887 21,709 31,178

*The Total mitigation may be different to totalling the permanent and temporary mitigation columns due to the differentials in
rounding.

Norfolk TP mitigation requirements
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Figure 2.4 Mitigation requirements for TP
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Norfolk TN mitigation requirements
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Figure 2.5 Mitigation requirements for TN

2.2.3 Projected housing growth per catchment

The projected nutrient loading from proposed developments has also been calculated for the Wensum, Yare
and Bure catchments (Table 2-5 and Table 2-6). The majority of the nutrient mitigation is required within
the River Yare catchment. This is primarily due to the discharge locations of WRC within Norfolk, particularly
Whitlingham treatment works which serves Norwich and the surrounding areas.
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Table 2-5 Phosphorus mitigation requirements per river catchment

Phosphorus loading (kg/yr)

District _
R R RS R
11
65 21 27 25 18 11 12 13 14 16 396

Wensum
Yare 754 753 749 152 102 3,787
Bure sub-catchment 71 69 29 30 32 25 22 527
Ant sub-catchment 4 7 6 4 6 8 1 48
Thurne sub- 06 0 2
catchment
Trinity sub-catchment 0 0
Total* 895 897 890 206 215 214 205 139 136 136 136 138 139 141 136 136 4,760

*The Totals may not directly equate to the total when the individual years are added up due to the differential caused by rounding. The Total column would be considered to be more accurate

than adding the individual years up when looking at the total figures.
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Table 2-6 Nitrogen mitigation requirements per river catchment
Nitrogen loading (kg/yr)

B [ [ [ [ ] e | [ [ e e [ [ ] e
375 341 219 47 46 47

*District

Wensum 1,086 271 4,885
Yare 9,361 9,360 1,824 688 41,573
Bure sub-
800 348 364 395 210 204 5,695
catchment
Ant sub- 68 113 98 70 104 53 12 719
catchment
Thurne
sub- 4 0 13
catchment
Trinity
sub- 0 0
catchment
Total* 11,320 11,364 11,349 2,514 2,652 2,633 2,491 956 951 52,887

*The Totals may not directly equate to the total when the individual years are added up due to the differential caused by rounding. The Total column would be considered to be more accurate
than adding the individual years up when looking at the total figures.
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Table 2-7 outlines the permanent and temporary mitigation required, per river catchment, assuming permit
limits are reduced to the TAL by 2030.

Table 2-7 Mitigation required, per river catchment, assuming permit limits are reduced to the TAL post 2030

District Total TP Permanent TP | Temporary TP Total TN Permanent TN Temporary TN
mitigation* mitigation mitigation (up mitigation* mitigation mitigation (up to
to 2030) 2030)

Wensum 396 256 140 4,885 1,390 3,495

Yare 3,787 2,600 1,187 41,574 15,649 25,925
527 468 59 5,695 4,455 1,240

Bure sub-

catchment

Ant  sub- 49 28 21 720 215 505

catchment

Thurne 2 0.9 0.8 13 0 13

sub-

catchment

Trinity 0 0 0 0 0 0

sub-

catchment

Total 4,760 3,353 1,407 52,887 21,709 31,178

*The Total mitigation may be different to totalling the permanent and temporary mitigation columns due to the differentials in rounding.

The expected TP and TN loading per year for each LPA within the Wensum, Yare and Bure catchments are
provided in Table 2-8 and Table 2-9. The greatest TP mitigation is required in Breckland and Broadland.
Despite Breckland having much lower development aspirations than Broadland, the lack of current and
future P stripping at WRC results in large TP loads.

For example, a significant proportion of the development proposed in Breckland will drain to Shipdham
WRC, which currently serves a population of 1,946. This is below the 2,000 threshold for mandatory TAL in
2030, which would make a significant difference to the permanent TP loading in the district. The greatest
TN mitigation requirements are in Norwich Broadland and Breckland. The modest proposed development
within the nutrient neutrality catchments for West Norfolk and The Broads Authority results in low mitigation
requirements.
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Table 2-8 Phosphorus mitigation requirement breakdown per river catchment for each LPA

Phosphorus loading (kg/yr)

37 6 12 10 8 1 2 & 5 6 1 164

Wensum
Ny Bure 27 15 16 18 11 8 219
Norfolk
Ant 4 7 6 4 6 3 1 48
Thurne 0.6 2
Wensum 24 14 10 215
Breckland
Yare 108 55 53 1,020
West
Norfolk Wensum 0.1 1
SeEck Bure 0.1 0 1
(AL Yare 1 0 11
Wensum 4 0.3 0.2 16
Broadland Yare 383 24 11 1,344
Bure 43 42 15 13 307
South Yare 179 175 41 29 958
Norfolk
Norwich Yare 82 81 32 9 454
Great .
Yarmouth Trinity 0 0
Total* 895 897 890 206 214 205 139 138 4,760

*The Totals may not directly equate to the total when the individual years are added up due to the differential caused by rounding. The Total column would be considered to be more accurate

than adding the individual years up when looking at the total figures.
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Table 2-9 Nitrogen mitigation requirement breakdown per river catchment for each LPA

Nitrogen loading (kg/yr)

622 102 206 171 50 1

District

10 11

Wensum 1 2,487
North Bure 238 145 161 192 68 62 1,919
BRI Ant 68 113 98 70 104 53 12 719
Thurne 4 0 13
Wensum 347 161 31 1,967
Breckland
Yare 318 128 124 2,587
West
Norfolk Wensum 1 20
Biezek Bure 3 1 33
Authority Yare 14 2 17
Wensum 116 7 4 411
Broadland Yare 4,015 559 156 15,682
Bure 559 199 140 3,743
South Yare 2,692 236 66 9,611
Norfolk
Norwich Yare 2,322 887 341 13,576
Great -
Yarmouth Trinity 0 0
Total* 11,320 11,364 11,349 2,514 2,652 2,633 2,491 958 951 951 951 951 951 951 951 951 52,887

*The Totals may not directly equate to the total when the individual years are added up due to the differential caused by rounding. The Total column would be considered to be more accurate
than adding the individual years up when looking at the total figures.

19 October 2023 PC3719-RHD-ZZ-XX-RP-X-0005 24



Project related

7"’Royal

HaskoningDHV

3 Potential Nutrient Management Solutions

3.1 Types of nutrient management solution

This section outlines potential solutions that can be used to achieve nutrient mitigation for the purpose of
allowing planning applications to proceed. Solutions where there is the potential to comply with Natural
England’s HRA tests (detailed below) were assessed further. The solutions have been classified into the
following categories:

m Nature-based solutions: solutions that aim to use natural processes (physical, chemical, and biological)
to reduce diffuse- and point-sources of nutrients from within a catchment;

m  Runoff management solutions: solutions that aim to reduce nutrient supply through the management of
surface runoff and sediment supply (excluding nature-based solutions);

m  Wastewater management solutions: solutions that aim to manage wastewater as a source of nutrients
(excluding nature-based solutions); and

m Demand management solutions: solutions that aim to reduce nutrient loadings by reducing the
production of wastewater at source, e.g., reduced water usage of residential properties.

Some established solutions for nutrient management at a catchment-scale do not provide the certainty that
is required for mitigating new developments and therefore have not been assessed. Examples of established
solutions include:

m  Methods adopted by Catchment Sensitive Farming (CSF) which is a government land management
initiative (Natural England, 2022) that provides support such as:

o farm advice.

o training and capital grants targeted at priority catchments to help reduce soil erosion and nutrient
losses to water (air and soil).

m Norfolk River Trust webpage summarises a study on the effect of tramline management (Cranfield, 2018)
which indicates that wheels and tramlines are a pathway for soil and nutrients as surface run-off within
arable land.

o controlled traffic movements practice is described on the Soil Quality webpage as traffic control to
confine soil compaction to smaller portions of a field, rather than random (uncontrolled) farm traffic
patterns which create soil compaction across a wider field area.

o controlled traffic movements can improve water infiltration and plant root growth.

The following section presents a brief overview of the potential short, medium, and long-term nutrient
management solutions that are considered and describes how they are appraised (Section 3.2). This is
followed by a more detailed description and appraisal of Nature-based Solutions (Section 3.3), Runoff
Management Solutions (Section 3.4), Wastewater Management Solutions (Section 3.5) and Demand
Management Solutions (Section 3.6).

3.2 Potential Nutrient Management Solutions

3.21 Overview

The potential nutrient management solutions that are considered are listed in Table 3-1. This overview table
provides an indication of the timescales in which the solution could be delivered. A full description of each
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solution is provided in the subsequent sections of this report, as indicated by the cross references provided
in Table 3-1. Natural England advice on mitigation principles which was issued to LPAs in March 2022 was
used to assess the suitability of solutions and to facilitate the solutions in meeting the requirements of the
Habitat regulations.

Table 3-1 Potential Nutrient Management Solutions

Type Solution Er(:(ievsigle ::r::::;tion
Silt traps Short-term Section 3.3.1
Riparian buffer strips Short-term Section 3.3.2
Constructed wetlands Medium-term Section 3.3.3
Wet woodlands Short-term Section 3.3.4
Nature-based solutions
Willow buffers Short-term Section 3.3.5
Beetle banks Short-term Section 3.3.6
Broadland restoration Long-term Section 3.3.7
Beaver reintroduction Medium-term Section 3.3.8
Taking land out of agricultural use Short-term Section 3.4.1
Solar farms Short-term Section 3.4.2
Cessation of Fertiliser and Manure Application Short-term Section 3.4.3
Eczjlzzgn?anagement Farm management measures Medium-term Section 3.4.3
Cover crops Short-term Section 3.4.5
Installing SuDS in new developments Short-term Section 3.4.6
Retrofitting SuDS in existing developments Medium-term Section 3.4.7
Expedite planned improvements to treatment works Short-term Section 3.5.1
Improve existing wastewater treatment infrastructure Long-term Section 3.5.2
II;nagl)(lz);/: :zi;tifgi Ivgjz:vit;\r/v (;irskt;'ibution infrastructure (reduce Long-term Section 3.5.3
Install portable treatment works Short-term Section 3.5.4
Wastewater Rectifying misconnections to combined systems Long-term Section 3.5.5
management solutions Incentivise disconnection from combined systems Long-term Section 3.5.6
Use alternative wastewater treatment providers Medium-term Section 3.5.7
Install package treatment plants Short-term Section 3.5.8
Upgrade existing private sewage systems Medium-term Section 3.5.9

Install cesspools and capture outputs from private sewage

Short-term Section 3.5.10

systems
Retrofl.t water. saving megsures in eIX|st|n.g propertles (local Short-term Section 3.6.1
authority, registered providers, public buildings)

Demand management Retrofit water saving measures in existing properties (private

solutions . .g ) ) g prop P Short-term Section 3.6.2
housing, commercial and industrial premises)
Incentivise commercial water efficiency Medium-term Section 3.6.3
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3.2.2 Description of nutrient management solutions

The terminology used to describe the characteristics, performance and evidence base for each option in
the subsequent sections is set out in Table 3-2.

Table 3-2 Description of nutrient management solutions

Descriptor Definition

This section provides an overview of the nutrient management solution and the activities required for its
implementation.

Description of solution

Delivery timescale

Duration of operation

Nutrient removal

Applicability

Management and
maintenance

Additional benefits

Best available
evidence

Wider environmental
considerations

Evidence of
effectiveness

Precautionary

Securable in
perpetuity

19 October 2023

Delivery timescales are classified as follows:

Short: The solution could potentially be implemented in one year or less. Planning permission,
policy changes and significant funding are not likely to be required, although it may be necessary to
obtain third party consents and agreements.

Medium: The solution could potentially be implemented over a period of one to five years. Planning
permission, policy changes and/ or third-party funding are likely to be required, alongside other
third-party consents and agreements.

Long: It is likely to take more than five years to implement the solution. Environmental Impact
Assessment (EIA), major policy changes and/ or significant funding are likely to be required,
alongside other third-party consents and agreements.

The longevity of the solution is classified as follows:

Temporary: The solution is likely to remain in place for up to five years and could be secured
through interim or temporary agreements with third parties.

Impermanent: The solution is likely to remain in place for between five and 10 years, secured in
agreement with third parties.

Permanent: The solution is likely to remain in place for more than 10 years and could be secured in
perpetuity through long term agreements with third parties.

This section provides a summary of the nutrient removal that the solution could potentially deliver.
Removal rates of TP and TN are the same where TP and TN have not been distinguished between, and
one figure/ estimate is presented.

This section provides a high-level summary of the potential applicability of the solution in the catchment(s),
including constraints posed by farm type, land use, etc.

This section describes the management and maintenance activities that are required to maintain the
effectiveness of the solution.

This section provides a description of any additional secondary benefits that could be delivered alongside
the primary nutrient management aim of the solution.

Sufficient reliable evidence which provides certainty that mitigation may be effective.
It should be noted, with some types of mitigation there will be, (particularly with novel or complex
mitigation), uncertainty as to the exact effectiveness the mitigation may deliver.

This section provides a description of any wider environmental constraints that could be associated with
the solution. Potential unintended consequences are considered within this section.

This section summarises any evidence available to demonstrate the effectiveness of the solution in
managing nutrient supply.

The precautionary principle is an approach to ensure sufficient certainty via application of a precautionary
an efficacy value based on the evidence can be applied, or provision of greater mitigation than required.
For example, monitoring efficacy of a mitigation measure may provide evidence and therefore certainty
which can be relied upon.

Natural England Nutrient Neutrality Principles guidance (Wood et al., 2022) defines ‘in perpetuity’
timeframe between 80-125 years and ‘securable’ is defined as practical certainty that the mitigation
measures will be implemented and in place at the relevant time.

Mitigation measures which can be secured through legally binding obligations that are enforceable are
understood to be securable in perpetuity. Likewise, a mitigation measure which can offer tax relief or a
grant for example, although not legally enforceable, is considered to offer a degree of security.
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Descriptor Definition

This section provides an outline estimate of the costs associated with implementing the solution. Costs
are given over 80 years (the lifetime of the development) to allow for direct comparison with long-term
solutions. Costs typically exclude administration and legal costs which are likely to apply to all solutions.

Costs also exclude development of monitoring regimes to measure the effectiveness.

Cost estimate

3.2.3 Monitoring

Nutrient removal data, which in some circumstances can be used as baseline data, has been obtained from
various literature sources (see references provided in Section 5) and other public domain data providers.
The data compiled within this study is relevant to the catchments. At this stage of the project the mitigation
measures are high level and have not been assigned to specific sites.

It is not possible to determine if site specific baseline data is available or in the absence of published data,
a monitoring programme would be required. The nutrient removal values provided within the wastewater
management solutions and demand management solutions are based on present outputs from WRCs and
population data. The water company initiatives to reduce nutrient output from WRCs may change the
baseline in the near future and the findings presented here may be outdated.

Cost estimates are included for some of the solutions, e.g., riparian buffer strips where costs have been
easily derived from Farmscoper Version 5 (updated in January 2022) (Farmscoper Tool). The varying
parameters of monitoring requirements according to the solution (or combination of solutions), site-specific
detail and available relevant data mean it is not possible to provide costs for monitoring effectiveness, i.e.,
nutrient removal) for solutions at this stage.

However, as part of site selection for mitigation solutions it may be prudent to undertake site-specific
baseline P and N soil and water measurements early on in the design and planning stage. Monitoring
typically would require ‘wet weather’ sampling over at least one year in order to recognise seasonal
difference and include laboratory analysis of at least total N and total P and in some circumstances nitrate
(NO3-N), nitrite (NO2-N), ammonia-nitrogen (NHs-N), dissolved P and orthophosphate (PO4*) (SRP).

3.3 Nature-based solutions

3.3.1 Silt traps

3.3.1.1 Description of solution

Silt traps can be installed on farms to catch sediment bound phosphates that would be periodically cleaned.
Silt traps are basins set upstream that capture sediments. Fine sediments to which phosphorus is bound
become physically immobilised, i.e., deposited, behind a barrier due to a reduction in flow energy,
decreasing the volume of sediment and therefore phosphorus within the watercourse.

As a result of its early removal, there is also a reduced potential for phosphorus to become soluble further

downstream and detrimentally impact water quality. The benefits of silt traps for water quality are well
established, i.e., they trap and retain sediment and nutrients, thereby improving water quality.
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Table 3-3 shows key considerations associated with silt traps. Examples of different types of silt traps are
presented in Figure 3.1and Figure 3.2.

Table 3-3 Key considerations of silt traps

Key considerations

Description of solution

Delivery timescale

Duration of operation
Nutrient removal

Applicability

Management and maintenance
Additional benefits

Best available evidence

Wider environmental considerations

Evidence of effectiveness

Precautionary

Securable in perpetuity

Cost estimation

.

Silt traps are basins set upstream that capture sediment bound phosphates, enabling
them to be removed from the watercourse. As a result of its early removal, the
potential for phosphorus to become soluble further downstream and detrimentally
impact water quality is reduced

Short-term
Impermanent

TP removal potential: 25-75%
TN removal potential: <25%

All farm typologies applicable

Regular de-silting will be required

Water quality

No, explained under Evidence of effectiveness

Sediment containing collected nutrients and chemicals, and its removal and transport

This solution is effective beyond reasonable scientific doubt. Although there is
evidence to indicate effective sediment capture, the effectiveness can vary
considerably under different conditions, poor design and poor management. As such,
there is currently uncertainty regarding nutrient removal rate

This method is precautionary

Yes — management agreements will likely need to be put in place, especially where
land in leased
Replacements may be required if the lifetime is less than the developments

Capital costs: £1,000 - £4,000
Maintenance costs: £500/yr

i ’anﬁvbf water &

Figure 3.1 Silt trap installed in a stream (Source: IRD Duhallow, 2015)
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Figure 3.2 Silt fencing installed on agricultural fields (Source: HY-TEX, 2022)

3.3.1.2 Nutrient removal

In general, data is available in relation to the silt capture rate, however, currently there is a large degree of
uncertainty in relation to nutrient removal rate as it is dependent on multiple variables such as location, soil
type, rainfall, frequency of de-silting and is likely to differ between locations. Quantitative nutrient data is
required according to site-specific variables to seek optimal locations. Pilot trials should be undertaken to
determine the design of silt traps, their installation and array type to optimise their usage.

Reducing sediment runoff should be a matter of farming good practice where there is a serious risk of fine-
grained sediment pollution. Therefore, mitigation schemes should not promote soil erosion or be installed
at locations where ongoing soil erosion is currently taking place because locations such as these should be
managed in line with farming good practice. Furthermore, a silt trap scheme should not be reliant upon water
supply from one single upstream surface water source as this does not provide sufficient certainty of the
long-term nutrient removal.

The Environment Agency (2012) Rural Sustainable Drainage Systems (RSuDS) guidance indicates that TP
removal is regularly reported between 25-75% for well-designed and sited systems during design condition
events. TN removal is typically reported to be less than 25%.

3.3.1.3 Delivery timescale

Silt traps require limited infrastructure and, depending upon their location, may not require any
environmental permits. They can therefore be delivered in the short-term.

3.3.1.4 Duration of operation

Silt traps are considered to be an impermanent solution, provided that they are adequately maintained
throughout their lifetime.

3.3.1.5 Applicability

This nature-based solution is applicable for all farm typologies, particularly farms which have a high risk of
silt runoff.
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3.3.1.6 Management and maintenance requirements

Maintenance costs are dependent on the loading rate and location of the silt traps, however undertaking
periodic clearance every two to five years, the costs are likely to be in the order of £500 per year. Returning
the silt to land as a replacement for fertiliser may lead to overall financial savings for farmers. There is a
possibility that in the future this solution would also be covered as part of countryside stewardship
agreements that could provide additional financial benefits.

3.3.1.7 Additional benefits

Silt traps are effective in improving the quality of water in the drainage network by reducing sediment supply
to downstream watercourses. This can result in improved habitat quality for aquatic plants, invertebrates,
and fish, particularly those that are sensitive to high turbidity or require coarse substrates for part of their life
cycle.

3.3.1.8 Wider environmental considerations

Periodic removal of the sediment containing nutrients and any other chemicals which have collected requires
consideration with particular respect to re-use or waste disposal in addition to any environmental
considerations related to removal and transport.

3.3.1.9 Evidence of effectiveness

Although there is considerable evidence that supports the use of silt traps as effective measures to remove
sediment from flowing water, e.g., Environment Agency (2011), there is limited evidence of their
effectiveness in removing nutrients. The solution is likely to have some effectiveness in the removal of
sediment-associated nutrients, it is less likely to be effective at removing nutrients transported in the
dissolved phase.

The solution is therefore likely to be more effective in removing P than N, although there is a large uncertainty
regarding its effectiveness. As such, monitoring and potentially pilot trials would be required to provide
representative data which measures nutrient removal rate potential.

3.3.1.10 Deliverability and certainty

There is a large amount of uncertainty regarding removal rate. This is dependent upon a number of
parameters which determine variable success, for example water flow rates and storm events.

3.3.1.11 Cost estimate

Capital costs are between £1,000-£4,000 with additional maintenance costs of £500 per annum. Table 3-4
and Table 3-5 provide an indication of the likely mitigation that could be delivered and associated costs in
each sub-catchment. This assumes a silt trap removes 25% of the TP and TN load from one cereal field
and the costs outlined above. This assumes that 100% of the flow is treated by a series of silt traps.

Table 3-4 Estimated TP mitigation and associated costs in each sub-catchment

Dwellin Cost £/kg £/dwelling £/kg TP/yr £/dwelling
Sub-catchment | Mitigation i 9 estimation TPlyr for for each over 80 over 80
equivalent
(£/ha) each year | year years years
Wensum 0.18 3 500 2,740 186 219,178 14,868
Yare 0.09 1 500 5,882 399 470,588 31,923
Bure 0.02 0 500 33,333 2261 2,666,667 180,895
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Table 3-5 Estimated TN mitigation and associated costs in each sub-catchment

Dwellin Cost £/kg £/dwelling £/kg TN/yr £/dwelling
Sub-catchment | Mitigation . 9 estimation TN/yr for for each over 80 over 80
equivalent
(£/ha) each year | year years years
Wensum 5.94 & 500 84 159 6,737 12,694
Yare 4.81 3 500 104 196 8,320 15,678
Bure 6.44 & 500 78 146 6,214 11,708

3.3.1.12 Summary

The key considerations for silt traps are presented in Table 3-3.

3.3.2 Riparian buffer strips

3.3.2.1 Description of solution

Riparian buffer zones are strips greater than 5m wide composed of permanent grass and/ or woodland
cover that act as a separation barrier between the agricultural field and a watercourse. They can also act as
a filter between point sources of nutrients and the surface drainage network. Nutrient reductions are
achieved through sedimentation of nutrient-bound particles and uptake via vegetation. Vegetation within
buffer strips increases surface roughness and reduces runoff rates, which in turn promotes infiltration
(Hoffman et al., 2009).

Figure 3.3 Aerial view of a riparian buffer strip (Source: lowa State University Forestry Department, 2016).

3.3.2.2 Nutrient removal

Table 3-6 shows a summary of recent published research on P removal using buffer strips. Buffer strips
composed of woody material as opposed to herbaceous material can store significant amounts of biomass
phosphorus (Fortier et al., 2015), whilst woody buffers are more effective at trapping sediment than grasses
(Hoffmann et al., 2009, Anguiar et al., 2015).
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Woodland buffers, particularly those containing willow, also have less onerous maintenance requirements
than grassland buffers. The phosphorus removal rate is greatest during the first few metres of the buffer
strip. However, the highest total removal rates are typically only achieved in buffer strips 15m to 20m wide.

Vought et al., (1994) found that in grass buffer strips the phosphorus removal in the first 8m was 66%, and
by 16m, 95% removal was achieved. To obtain maximum nutrient retention a buffer width of 10m to 20m is
needed, alongside a density of vegetation (Vought et al., 1994). Wide buffer strips can also allow for the
restoration of wetlands in wet lying areas and the creation of small scrapes alongside tree planting.

Table 3-6 outlines the P removal efficiency achieved by riparian buffer strips depending on their soil types
and width (Zabronsky, 2016). Figure 3.4 confirms that removal efficiency increases with buffer width and
that buffer widths of 15m to 20m are most favourable. Beyond 20m the removal efficiency does not
dramatically increase, and it may not be viable for the agricultural land take required.

Table 3-6 Riparian buffer effectiveness depending on buffer width and soil type (edited from Zabronsky (2016))

Study

Chaubey et al., 1995

Meals, 1996

Lee et al., 1998

Lim et al., 1998

Dillaha et al., 1989

19 October 2023

Vegetation cover

Grass

Grass

Grass

Grass

Grass

Grass

Grass

Grass

Grass

Grass

Grass

Grass

Grass

Grass

Grass

Buffer width

efficiency (%)

31

6.1

9.2

15.2

21.4

Unknown

3

6.1

12.2

18.3

€L

4.6

39.6

58.4

74.0

86.8

91.2

86

39.5

35.2

55.2

49.4

76.1

90.1

93.6

79

61

Phosphorus removal Major soil type

Silt
Silt
Silt
Silt
Silt
Clay
Loam
Loam
Loam
Loam
Silt
Silt
Silt
Silt loam

Silt loam

PC3719-RHD-ZZ-XX-RP-X-0005

33



Project related

o

Royal
HaskoningDHV
Buffer Strip Efficiency
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Figure 3.4 Buffer strip efficiency (Edited from Tsai et al., 2016)

Site-specific factors also play a role in controlling nutrient reductions from riparian buffer strips and should
be considered when considering the most appropriate location for buffer strip placement. For example, the
orientation of the buffers and the adjacent agricultural activity are both important considerations. Typically,
riparian buffers adjacent to agricultural land used for cropping will achieve the greatest real-world reduction
rates due to the potential to remove a high degree of phosphate bound sediment in the runoff.

There is considerable evidence within the scientific literature regarding the effectiveness of buffer strips as
solutions for nitrogen removal. Figure 3.5 shows the relationship between riparian buffer width and N
removal for all studies.
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Figure 3.5 Relationship of nitrogen removal effectiveness and buffer width in for all vegetation types (From Mayer et al., 2005)
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Lv & Wu (2021) found that beyond widths of 15m, N reductions within buffers did not substantially change.
Assuming an optimum buffer width of 15m, Figure 3.5 predicts an average removal rate approximately 65%.
Table 3-7 presents some of the typical removal rates observed within the literature. Mayer et al., (2007)
conducted a substantial review of riparian buffer strip literature with a variety of vegetation types and
locations.

The results identified that N removal is positively correlated with the width of the buffer, but other factors
affected the effectiveness. Their non-linear regression model indicated that TN removal efficiencies of all
vegetation types (grass, forest, grass/ forest, wetland, forest/ wetland) of 50%, 75% and 90% would be
achieved at widths of 3m, 28m and 112m. The results also indicated that grass and forest buffers were more
effective than only grass buffers. Table 3-8 suggests that a 20m grass/ forest buffer would achieve an
average removal efficiency of 75%.

Table 3-7 Typical nitrogen removal rates

Nitrogen removal

Vegetation cover Buffer width (m) Major soil type

efficiency (%)

All 3 50 =
Mayer et al., 2005 All 28 75 -
All 112 90 -
Grass 3 28 Loam
Lee et al., 1998
Grass 6 46 Loam
Poplar 15 65.1 -
Lv & Wu, 2021 Poplar 30 65 -
Poplar 40 66. -
Grass 9.1 73 Silt loam
Dillaha et al., 1989
Grass 4.6 54 Silt loam

Table 3-8 Effectiveness of different types of buffer strip in removing TN (Edited from Mayer et al., 2005)

Approximate buffer width by predicted

Mean TN removal i
Buffer vegetation effectiveness

effectiveness (%)

All vegetation types 74.2m 3m 28m 112m
Grass 53.3m 16m 47m 90m
Grass/ forest 80.5m 5m 20m 47m

3.3.2.3 Delivery timescale

Buffer strips do not require extensive infrastructure or investment, although fencing may be necessary where
used in livestock farming. They do not require any planning or environmental permits and can therefore be
delivered in the short term.

3.3.2.4 Duration of operation

Buffer strips are likely to be operational over long timescales, depending upon landowner agreements.
However, because they do not require any specific infrastructure, they are considered to be impermanent
and subject to changes in farming practices.
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3.3.2.5 Applicability

This is applicable to the catchments as a proportion is located within agricultural land where riparian buffers
could be grown.

3.3.2.6 Management and maintenance requirements

Riparian buffer zones need continued maintenance to ensure they achieve the desired loading rates —
maintenance is mainly limited to cutting vegetation and removal of accumulated sediment. This is an
important process to prevent the area from becoming a nutrient source rather than a sink. Where input flows
are too great to promote infiltration, ponds could be added to remove sediment and would also need to be
de-silted.

Monitoring of management practices and water quality may be required following establishment to
determine functionality. Riparian buffer strips could be implemented as a short-term bridging solution or as
a longer-term solution.

3.3.2.7 Additional benefits

Riparian buffer strips also have the added benefit of stabilising riverbanks and reducing erosion. This is
achieved by dissipating energy in river flows and through stabilisation of soils by roots (Cooper et al., 1990).
This will also lead to a reduction in particulate bound nutrients entering rivers, although quantification of the
reduction is difficult to predict. Buffer strips also provide important habitats for wildlife.

3.3.2.8 Wider environmental considerations

The establishment of buffer strips will not require planning permission or any environmental permits. Buffer
strips could potentially support sensitive species or ecological communities, and as such may need to be
managed carefully to avoid damaging these communities. In addition, the establishment of fenced-off buffer
strips may limit access to a water source by grazing livestock.

It may therefore be necessary to provide an alternative source and/ or defined drinking points. If there are
important routes used by wildlife through the area of proposed buffer strips, a fenced path may be created
as a throughway.

Furthermore, new woodland in parts of The Broads is not welcomed by the sailing community due to wind
shadow. Therefore, consideration on the impact to such stakeholders would need to be considered during
the screening of suitable locations. Additionally, the species of trees proposed for planting in these locations
would need to be carefully considered, following the ‘right tree, right place, right reason’ mantra of the
Forestry Commission (2020).

3.3.2.9 Evidence of effectiveness

Riparian buffer strips are an established nature-based solution for pollution control within catchments and
have been employed for multiple years. Section 3.3.2 provides literature evidence of the expected nutrient
removal rates which are based of multiple examples in differing locations, soil types and vegetation types.

3.3.2.10 Deliverability and certainty

Riparian buffer strips are typically located at field margins and are, therefore, more likely to be adopted by
farmers. Riparian buffer strips are likely to involve tree planting and fencing off from existing fields. This
provides good certainty that the land use will be maintained and not revert back to agriculture.

Furthermore, riparian land is typically on the less productive margins of fields. Long-term management of

the land as a riparian buffer can be secured through legal agreements to provide further certainty. The
upstream sources are important to maintaining the predicted removal rates from the buffer strips.
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If these sources are altered or removed, then the nutrient removal of the buffer could be adversely impacted.
A minimal amount of monitoring will be required to confirm removal rates are consistent with the predicted
rate. This is likely to comprise six months to yearly for approximately the first five years, then every 10 years
for the lifetime of the scheme.

Nutrient credits are earned by reducing nutrient outputs to below quota targets. The lower the nutrient output
of a source, the greater number of quota targets are met, and credits earned. Therefore, should a riparian
buffer strip outperform its predicted design capacity, this will be identified by the monitoring process and
allow the additional nutrient removal to be used as nutrient credits.

The monitoring will also identify if the maintenance of the buffer is ensuring nutrient removal is maintained.
There are few consents which will be required for riparian buffer creation. Where groundworks are operating
within a flood zone then it is important that the flood storage area is not reduced. Key considerations of
riparian buffer strips include the following:

m  Where buffer strips are used as a long-term, in perpetuity solution, the long-term management of the
adjacent fields presents a risk. Should the adjacent land be taken out of agricultural use or significant
changes in agricultural practices, e.g., conversion to solar or wind farm, this could reduce the phosphorus
sources and subsequent removal potential.

m Improper upkeep of buffer strip vegetation; fencing and excess silt could reduce the removal potential.

m  Should overland flow not be maintained, and flow becomes channelised, the buffer strip will not operate
at optimum removal rates.

m Farmers may be unwilling to commit to 80-year agreements initially. Therefore, shorter agreements, e.g.,
20-30 years, may be necessary to establish this solution, with the ability to renew agreements.

Management agreements or a conservation covenant agreement could offer a route to securing this
solution. A conservation covenant agreement is described as a private and voluntary agreement made
between the landowner and responsible body and is legally binging executed as a deed and registered on
the local land charges register. A conservation covenant agreement must offer benefit to the public in some
way in addition to having a conservation purpose, although provision of public access does not need to be
a feature of such an agreement.

Part of the agreement could include an obligation to make sure that money is available to cover maintenance
costs. To be considered as meeting securable in perpetuity goal for landowners who have a freehold title or
a leaseholder with >80 years remaining on the lease. The duration of a conservation covenant can be
considered as indefinitely if a timescale is not expressly set out in the agreement.

A responsible body can be a public body or charity or private sector organisation where the main function
relates to conservation or a Local Authority, and it is their responsibility to submit an annual return. DEFRA
guidance for how to apply to become a responsible body should be available from early 2023.

3.3.2.11 Cost estimate

Costs were derived from Farmscoper Tool which is an industry good practise tool for assessing mitigation
solutions. Typical costs for establishing new buffer strips are shown in Table 3-9.
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Table 3-9 Summary buffer strip costs (from Farmscoper Tool)

Upfront costs

Measure (] ha) Annual cost (£/ ha)

Loss of production - 889

Seasonal cutting of buffer strip - 200 (estimate made from £0.02/ m)

No crop management - -383

Establishment of buffer strip 163 40

Soil testing (for analytical laboratory cost only 20 10 to 40 (cost varies between grassland and arable
and exclusive of sample collection costs) land and based on minimum of seven tests/ year)
Total 183 786

Additionally, Table 3-9 outlines the rates received by farmers under the current Countryside Stewardship
Grants.

Table 3-10 Annual Countryside Stewardship grants for riparian buffer strips

Option Description £/halyr £/ha/80yr

SW11 Riparian Management Riparian buffer up to 12m in width. Prohibits application of

Stri fertiliser and pesticides and use of permanent fencing to exclude 440 35,200
P livestock
SW4 12 to 24m buffer on 12 to 24m buffer strip excluding vehicles or stock and prohibiting
. . - 512 40,960
cultivated land fertiliser and pesticides

Where riparian buffer strips are already present within the catchment, through stewardship and
environmental land management schemes, nutrient ‘credits’ cannot be achieved as this is likely to represent
double counting. However, buffer strips under stewardship and environmental land management schemes
are typically up to 10m in width whereas the optimum width for buffer strips for nutrient mitigation are 15-
20m.

Therefore, riparian buffers for land management schemes could be extended to those for nutrient mitigation.
A credit-based approach which utilises elements of the existing model could be established for new buffer
strips. Riparian buffer strip grants are available under Mid-tier and Higher tier Countryside Stewardship
Scheme (CSS).

These grants have a typical term of five years, after which point new grants can be applied or from 2024 the
Environment Land Management Scheme (ELMS) will be in place. At the end of agreements, existing riparian
buffers could be improved and extended for nutrient mitigation instead of payment schemes. This would
reduce the need for significant areas of new riparian buffer strips.

3.3.2.12 Mitigation potential

Table 3-11 and Table 3-12 provide an indication of the likely mitigation that could be delivered and
associated costs in each sub-catchment. This assumes a 1ha buffer strip that is adjacent to a cereal farm
and the costs outlined in Table 3-9.
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Table 3-11 Estimated TP mitigation and associated costs in each sub-catchment

Mitigation Dwellin Cost £/kg £/dwelling £/kg TPlyr £/dwelling
Sub-catchment 9 ; 9 estimation TPlyr for for each over 80 over 80
(kg/halyr) equivalent
(£/ha) each year | year years years
Wensum 4.4 64 786 181 12 14,452 982
Yare 2 30 786 388 26 31,028 2,107
Bure 0.36 5 786 2,198 149 175,815 11,928

Table 3-12 Estimated TN mitigation and associated costs in each sub-catchment

Mitigation Dwellin Cost £/kg £/dwelling £/kg TN/yr | £/dwelling
Sub-catchment 9 . 9 estimation TN/yr for for each over 80 over 80
(kg/halyr) equivalent
(£/ha) each year | year years years
Wensum 167.3 89 786 5 9 382 710
Yare 18515 72 786 6 11 470 877
Bure 152.6 81 786 5 10 418 778

3.3.2.13 Summary
Key considerations are summarised in Table 3-13.

Table 3-13 Riparian buffer strips key considerations

Key considerations

Riparian buffer strips are zones of permanent grass and/ or woodland cover that act as a
separation barrier and filter between an agricultural field and a watercourse. Nutrient
reductions are achieved through sedimentation of nutrient-bound particles and uptake via
vegetation, which also increases surface roughness and reduces runoff rates

Description of solution

Delivery timescale Short-term
Duration of operation Impermanent

TP removal potential: Median TP retention rates of 67% (Hoffmann et al., 2009)

Nutri I
utrient remova TN removal potential: 65% removal for a 15m buffer (Mayer et al., 2005)

Applicability All farm typologies applicable
Management and maintenance Cutting/ vegetation removal

Stabilised riverbanks

Water quality

Reduced erosion

Habitat creation

Improved amenity value

Biodiversity net gain (BNG)

Carbon offsetting — potential for stacking ecosystem services credits carbon offsetting
and BNG could provide an additional revenue stream, similar to the Countryside
Stewardship payment scheme

Additional benefits

Best available evidence Yes
Evidence of effectiveness This method is effective beyond reasonable scientific doubt

Buffer strips may support sensitive species or communities and may need management to
avoid damaging these. Fenced-off buffer strips may limit livestock’s access to a water
source and wildlife throughways. Alternative water sources and fenced throughways may
be required

Wider environmental
considerations
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Key considerations

New woodland in parts of the Broads may affect the sailing community. The impact on
stakeholders must be considered during the screening of suitable locations and tree
species

Precautionary Yes

Yes — management agreements may be needed where the solution is intended to provide
medium/ long term solutions to ensure it does not revert back to agricultural use and is
maintained correctly

Conservation covenant agreement can be a mechanism for securing perpetuity

Securable in perpetuity

Typical costs are £786/ha. This is fairly well constrained with annual Countryside
Stewardship Grants that are paid at £440 - £512 hal/yr

Cost estimation* A conservation covenant agreement can be used to secure income and funding for
conservation activities

Costs per dwelling are provided in Table 3-73 and Table 3-74.

3.3.3 Constructed wetlands

3.3.3.1 Description of solution

Constructed wetlands (CW) have been used for nutrient removal and water treatment since the 1950s, with
a proliferation of applications in the 1980s and 1990s in North America and Europe for improving water
quality from industrial and agricultural water sources (Vymazal, 2010). CWs are designed to facilitate natural
processes that can remove nutrients from the influent water source(s) to a wetland (Vymazal, 2010). There
are various types of CW, which are described in Table 3-14.

It should be noted that whilst previous research studied the nutrient removal potential of all the types of the
wetland detailed in Table 3-14, this report has focussed more on the Integrated Constructed Wetland (ICW)
type as it can deliver the greatest number of additional benefits compared with other wetland types
(Harrington & Mclnnes, 2009).

Table 3-14 Types of constructed wetland used for the treatment of polluted water sources (after Dotro et al., 2017, Hickey et al.,
2018)

Type Description

m  Influent water flows horizontally through a sand- or gravel-based filter

m  Water is kept below the wetlands surface

m  Plants (emergent macrophytes5) grow in the filter media6 and help to promote
nutrient removal processes

m  Filter media is mainly saturated, with anaerobic (oxygen-free) conditions
dominating nutrient removal processes

Horizontal Subsurface Flow (HF)

m  [nfluent water is pumped intermittently onto a filter and percolates vertically
through the filter
Vertical Subsurface Flow (VF) m  Between pumping of water, air re-enters the filter and aerobic (oxygen-rich)
conditions dominate
m  Emergent macrophytes are grown at the surface of the wetland

m  Combine HF and VF wetland types

Hybrid wetlands m  Most commonly a VF compartment is followed by an HF compartment

4 Environment Agency. 2015. Cost estimation for land use and run-off — summary of evidence (Report —SC080039/R12).
(https://assets.publishing.service.gov.uk/media/6034eefdd3bf7f264e517436/Cost_estimation_for_land_use_and_run-off.pdf)

5 A plant that has adapted to live in an aquatic (water) environment, both freshwater and saltwater. The term macrophyte is used to
distinguish them from algae and other microphytes.

6 A type of filter that uses a bed of sand, peat of man-made materials such as tyres, foam, crushed glass, or geotextile membranes to
filter water for drinking aquaculture or other purposes to improve water quality.
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Type Description

m  Resemble natural wetlands, with shallow water and emergent macrophytes
m  FWS can either be engineered rectangular waterbodies or can be designed to
Free water surface (FWS) fit in with landscape and termed ICWs
m  Water is retained for longer in FWS (longer hydraulic residence time (HRT))
than in other types of wetlands

3.3.3.2 Nutrient removal

Nutrient removal in wetlands occurs through a suite of natural processes. These processes are physical,
biogeochemical, and biological. The removal of N in wetlands is largely a biogeochemical process. Organic
forms of N are sequentially converted to ammoniacal nitrogen (ammonification), nitrite and nitrate
(nitrification), before being converted to di-nitrogen gas (denitrification; Dzakpasu et al., 2011).

Incomplete denitrification can also result in the release of nitrogen dioxide (a greenhouse gas). The
conversion of N to gaseous forms results in the complete removal of N from the water within a wetland,
providing in perpetuity mitigation of the N load removed by this mechanism. Ammonia volatilization and
anammox are also processes active in wetlands that convert N to gaseous forms (Dzakpasu et al., 2011),
resulting in permanent removal from a wetland.

Physical processes of N retention in wetlands include ammonia sorption to sediments and the burial of
organic forms of N, while biological retention occurs through N fixation by plants and the assimilation of N
in plant tissues (Dzakpasu et al., 2011). P retention in wetlands occurs through physical processes such as
soil/ sediment accretion, sediment adsorption, chemical precipitation, and burial of organic P (Vymazal,
2007). Biological processes include microbial and plant uptake, while the biogeochemical cycling of P
between organic and inorganic forms, termed mineralization, converts P into forms that are available for
biological uptake.

It should be noted that unlike N, P does not cycle to gaseous forms and thus is retained within wetlands,
rather than being permanently removed. There is large body of research on the efficacy of wetlands for
nutrient removal. It should be noted that in the context of Nutrient Neutrality, studies are most valuable
where they report reductions in N and P from wetlands in terms of nutrient load removed (in units of mass
per year). However, some studies are reported here that only include the efficacy of wetlands in terms the
reduction in N and P concentrations between the influent water source and the effluent from the wetland.

In a recent and seminal review of wetlands for nutrient removal, Land et al., (2016) summarised the results
from 93 studies of 203 wetlands. These wetlands were in various countries, though the majority were in
North America and Europe. The wetlands were predominantly treating agricultural sources of water, with
wetlands for secondary or tertiary treatment of wastewater being the second most common type in the
review.

Land et al., (2016) concluded that CWs have median removal efficiencies for TN and TP of 37% (95%
confidence interval of 29-44%) and 46% (95% confidence interval of 37-55%), respectively. This review also
reported removal rates of 930 kg/ha/yr 12 kg/hal/yr for TN and TP, respectively. As environmental variables
such as temperature and precipitation can have a large impact on nutrient removal processes, it is useful to
consider examples of wetlands preferably from the UK and Ireland.

A review of wetlands treating effluent from WRCs in Ireland compared the concentrations of TN and TP in

the effluent from 44 CWs and compared this with effluent concentrations from mechanical WRCs (Hickey
et al., 2018). This analysis showed that ICWs performed best out of all types of CWs and where ICWs were
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designed in line with more rigorous guidance, they also outperformed mechanical treatment in a WRC for
both TP and TN.

A systematic review of on-farm wetlands, comprising both HF and FWS types, for agricultural pollution
management in the UK and Ireland also concluded that these wetlands can be very effective for nutrient
removal (Newman et al., 2015). This review reported mean SRP reductions of 58.3 + 40.7% and load
removal rates of up to 1,393 kg SRP/halyr, though most were markedly lower. Studies of TP removal were
more limited but mean reductions of 81.7 + 22.7% were reported, with load removal rates of the order of 1-
2kg TP/halyr.

Ammonia and TN removal efficiencies of 98% and 83%, respectively for on-farm ICWs. Nitrate removal was
considerably more variable, with an average removal efficiency of -58% for ICWs, suggesting that many of
the studied ICWs were actually sources of nitrate. Analysis of this nitrate source behaviour of on-farm ICWs
suggested that this was seen where nitrate inputs to a wetland were very low (€1 kg/halyr), such that a small
increase in nitrate concentration or load between the inlet and outlet of a wetland resulted in large negative
percentage efficiencies (Newman et al., 2015).

A study of two ICWs treating sewage effluent in Ireland reported this behaviour for one wetland system,
where the ICW was a source of nitrate when the influent to the wetland was at low nitrate concentrations
and then switched to a nitrate sink when the influent concentrations increased (Kayranli et al., 2010). The
potential for wetlands to switch from sinks to source of nutrients means that questions are often raised in
the literature as to the long-term efficacy of wetlands for nutrient removal. Land et al., (2016) reported that
some studies show CWs retaining good performance for periods of 10+ years, while some show declines
in nutrient removal performance over time.

While some studies have raised concerns over the long-term efficacy of CWs for nutrient removal, well
designed CWs that continue to receive high nutrient input loads can sustain high nutrient removal
efficiencies. A study of 12 ICWs treating livestock wastewater found that these wetlands averaged SRP
removal efficiencies of > 80% over and eight-year period, with 11 of the 12 averaging removal efficiencies
> 90%. An intensive monitoring campaign of an ICW designed to treat raw sewage from the village of
Glaslough, Ireland, has also shown sustained N removal over a two-year study (Dzakpasu et al., 2011).

This study showed a sustained 98% and 97% removal rate for ammonium and nitrate, respectively, with a
total of 2,802 kg NH3-N and 441 kg NOs-N removed by the wetland over two years, equating to a removal
rate of 1,621.5 kg N/yr. As this study only accounted for ammonium and nitrate, the TN removal rate for this
ICW may be higher, though it is noted that nitrite and organic N tend to be smaller components of TN in
sewage.

A follow up study assessing the performance of the Glaslough wetland for TP removal after four-years of
operation showed a TP removal efficiency of 93.5% (Dzakpasu et al., 2015). The wetland received a TP
mass loading of 16.4 + 0.96 g/m?/yr, with an effluent TP load of 1.4 + 0.39 g/m?/yr. Scaling this mass removal
rate by the wetland area of 3.25ha equates to an average TP removal of 453.75 kg TP/yr.

Recent studies have also been published for ICWs treating final effluent from two Anglian Water Services
(AWS) WRCs in Norfolk, both of which are in Norfolk but outside of the Broads and Wensum catchments.
In 2014, the Norfolk Rivers Trust (NRT) deployed an ICW to treat final effluent discharge from the Northrepps
WRC’. Analysis of monitoring data from the first 18 months of operation at this wetland reported high nutrient

7 Norfolk Rivers Trust | Frogshall: Creating an Integrated Constructed Wetland (ICW). (n.d.). Retrieved December 30, 2022, from
https://norfolkriverstrust.org/projet/upper-mun-restoration-frogshall-wetland-project/
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removal efficiencies, with TP concentrations reduced by 78%, SRP reduced by 80%, and total oxidisable
nitrogen and nitrate reduced by 65% each (van Biervliet et al., 2020).

Following the success of the Northrepps WRC scheme, AWS and NRT have developed another ICW
scheme at the Ingoldisthorpe WRC which was built in 2017 (Cooper et al., 2020). Six-month sampling
campaigns at the Northrepps WRC and Ingoldisthorpe WRC ICWs in 2019 provided an assessment of the
performance of each wetland in terms of nutrient load reductions (Cooper et al., 2020). This study reported
load reductions for nitrate and phosphate at Ingoldisthorpe WRC and Frogshall WRC of 2,239 kg NOs-N/yr
and 153kg PO4-P/yr, and 1,976kg NOs-N/yr and 292kg PO4-P/yr, respectively.

It was noted that the Frogshall WRC ICW appears to still be providing a considerable amount of N and P
removal after five years of operation and with minimal maintenance. It was also observed that the Frogshall
ICW received nearly half the inflow volume as the Ingoldisthorpe ICW and yet recorded nearly double the
amount of P removal and only 12% less N removal. This is due to the phosphate and nitrate concentrations
of the inflow from each WRC, which averaged 2.04 mg/l and 28.4 mgl/l, respectively, at Ingoldisthorpe and
8.65 mg/l and 60.7 mgl/l, respectively, at Frogshall (Cooper et al., 2020), highlighting the relative benefit that
can be achieved by siting a CW in locations where the inflow source has high concentrations of N and P.

There is a strong evidence base highlighting the potential for CWs to provide nutrient mitigation for N and
P. Furthermore, where wetlands have been well designed and receive consistent sources of higher
concentration effluent, the evidence suggest that high rates of nutrient removal can be sustained over long
time periods. Owing to the strength of the evidence supporting CWs as nutrient mitigation solutions, Natural
England, with the Rivers Trust and Constructed Wetlands Association, have recently published a framework
describing the key information that should be included in proposals for CWs to deliver nutrient removal
(Johnson et al., 2022).

3.3.3.3 Delivery timescale

CWs require engineering design and construction, which in turn may require planning permission and an
Impoundment Licence. Depending on data availability to inform the design, a monitoring campaign may also
be required. It is likely that the following permits and consents will be required to deploy a CW scheme:

m Flood defence consents (varies depending on main river or ordinary watercourse);

m  Flood Risk Activity Permit;

m Environmental Permit; and

= Impoundment License.

A recent Environment Agency Regulatory Position Statement (RPS) has eased the environmental permitting
requirements for CWs treating effluent from WRCs?®. The Environment Agency will no longer take
enforcement action against operators of CWs designed specifically for nutrient removal who do not hold an
environmental permit for the wetland, providing the operator of the wetland complies with the RPS and

informs the Environment Agency that they are using the RPS. Compliance with the RPS has the following
broad requirements:

m  Wetlands should be appropriately designed and maintained, in line with the Natural England wetland
framework (Johnson et al., 2022);

m Proposals should show that the wetland will protect surface water and groundwater from pollution;

8 Environment Agency. (n.d.). Using wetlands to improve treated effluent discharge: RPS 260 - GOV.UK. Retrieved December 30,
2022, from https://www.gov.uk/government/publications/using-wetlands-to-improve-treated-effluent-discharge-rps-260/using-
wetlands-to-improve-treated-effluent-discharge-rps-260
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m  Proposal should show that the wetland will not have an any adverse effects on conservation sites;

m  Wetlands require monthly monitoring of the influent and effluent to the wetland for a suite of water
quality parameters;

m Proposal should include a decommissioning plan for the wetland, in line with the Natural England
wetland framework (Johnson et al., 2022); and

m  Wetland operators must keep records showing how they have complied with the RPS.

Due to various design, planning/ permitting and construction requirements, it is estimated that a CW scheme
for nutrient removal will take between one to two years to complete. The first P treatment wetlands for
Nutrient Neutrality in England, deployed by Herefordshire Council, has recently gone online and took around
two years to complete, including six months of monitoring and dealing with issues related to environmental
permitting. The RPS will help to reduce some of the time required for permitting a CW treating effluent from
a WRC.

Wetlands treating agricultural runoff are likely to be the least complex in terms of both design and planning/
permitting and thus are likely to be the fastest to deliver. CWs treating water abstracted from rivers and
streams (online CWs) are likely to the slowest to deliver as they will require assessments and licencing
related to the river abstraction, as well as detailed flood risk assessments (FRA) due to their location next
to a watercourse.

3.3.3.4 Duration of operation

As stated above (Section 3.3.3.2), there are few studies of CWs that have assessed their nutrient removal
capacity for more than 10 years. However, there are various studies that have shown that even with minimal
intervention, CWs have maintained a high percentage removal efficiency for N and P, e.g., Cooper et al.,
2020. Continual functioning of the processes that remove N and P from CWs can also be promoted through
wetland maintenance.

Thus, it seems likely that with an appropriate management and maintenance plan, CWs will be able to
provide nutrient mitigation in perpetuity. The potential risks associated with reductions in the efficacy of a
wetland over time can be managed through the design process by taking precautionary estimates of the
amount of mitigation a wetland will deliver.

3.3.3.5 Applicability

The Norfolk Broads and Wensum catchments are intensively farmed and thus there are likely to be sources
of agricultural runoff that would be suitable for deployment of agricultural wetlands. Agricultural wetlands
should ideally be sited in locations of intensive agriculture that are more likely to result in a large nutrient
source to the wetland, which in turn will increase the mitigation potential of the wetland. There are also many
WRCs in the affected catchment areas what could be potential sites for CWs treating WRC sewage effluent.

AWS have also previously supported CW creation at their Northrepps and Ingoldisthorpe WRCs and have
announced an ambitious programme of wetland creation (AWS, 2022). NRT are also a motivated rivers trust
with the in-house experience to push forward wetland projects and have previously done so in partnership
with AWS. As such, the Broads and Wensum catchments are likely to be ideal areas for the development
of CW schemes at WRCs, assuming suitable land can be found around WRC sites.

CWs treating WRC sewage effluent would have the greatest removal rates when treating effluent which is
not discharging at low effluent concentrations, e.g., <0.5mg/l.
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3.3.3.6 Management and maintenance requirements

Wetlands require periodic maintenance to remove sediment build up, e.g., approximately every five to ten
years, and to replace vegetation at timescale appropriate to the lifecycle of the vegetation that the wetland
is planted with. Removing sediment and dead vegetation should help to reduce the risk of wetlands switching
from a nutrient sink to a nutrient source. Natural England’s wetlands framework provides details of the
aspects of a management and maintenance plan that will be needed for CW for nutrient removal (Johnson
et al., 2022).

A management and maintenance plan will need to cover silt management, vegetation management,
maintenance of hydraulic structures, and bed and bank maintenance. CWs are subject to cycles of uptake
and release of nutrient. Monitoring will be required to understand how a maintenance regime can be tailored
over time to achieve optimal nutrient removal.

This process of adaptive management should enable a CW to maintain effective nutrient removal in
perpetuity (Johnson et al., 2022). Compliance with Natural England’s wetland framework and the
Environment Agency’s RPS for CWs will require a mix of visual and water quality monitoring, both of which
can be used to inform an adaptive management programme.

3.3.3.7 Additional benefits

As stated above (Section 3.3.3.1), the ICW wetland type can deliver the largest number of additional
benefits. A well designed and located ICW can provide biodiversity improvements, water quantity and quality
(additional to nutrients) management, flood hazard management, carbon offsetting, and amenity and
landscape aesthetic benefits (Harrington & Mclnnes, 2009). Other types of wetlands detailed in Table 3-14
can generally provide a subset of these additional benefits.

3.3.3.8 Wider environmental considerations

Natural England’s wetland framework (Johnson et al., 2022) provides a detailed description the
requirements of a feasibility assessment that will form part of a CW proposal. The feasibility criteria are a
range of wider environmental considerations and readers should refer to the wetland framework for full
details. The environmental considerations can be summarised under the following main areas:

m  Topography;

m  Soils (including nutrient content), geology and hydrogeology;

m Hydrology and flood risk;

m Infrastructure; and

m Nature, landscape, and archaeological conservation.

CWs are best suited to an environment where the topography is relatively flat, where there is sufficient clay-
rich soil to form a natural liner on-site, where the CW will avoid significant and regular flooding and where
existing constraints do not prevent an obstacle to land use change. Some of these wider environmental
considerations may be pivotal to the nutrient removal delivered by a wetland. For example, Land et al.,

(2016) reported that wetlands deployed on soils that have high P content were most likely to be sources of
P to the environment.

3.3.3.9 Evidence of effectiveness

As detailed above (Section 3.3.3.2), there is a large body of literature that provides evidence of the
effectiveness of CWs for nutrient removal, which is supported by the recently release of Natural England’s
wetlands framework which is expressly aimed at supporting the development of wetlands for nutrient
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mitigation. It is key that wetlands are designed well, following the principles laid out in the Natural England
framework, to provide more confidence of effectiveness for nutrient removal.

3.3.3.10 Deliverability and certainty

The Natural England wetland framework provides a detailed, six stage process that will underpin the delivery
of a CW for nutrient removal with the required certainty. Readers should refer to the framework for full details
of each stage, which are as follows:

1. Design objectives — detailing what a CW is designed to deliver, which in the context of Nutrient Neutrality
will be nutrient removal.

2. Feasibility — an assessment of numerous environmental and regulatory considerations.

3. Design process — an iterative process that marries design objectives with constraints to arrive at the
initial estimate of what a wetland can deliver.

4. Detailed design — which will produce an engineering specification for construction of a CW.
5. Implementation — a plan will be required for how a CW will be deployed and managed.

6. Monitoring and evaluation — a plan will be required detailing the monitoring programme for the CW and
how this will be used to evaluate wetland performance and inform adaptive management.

It should be noted that the feasibility assessment may show that a potential wetland site is not deliverable,
e.g., if flood risk is too high or topography does not support a wetland draining under gravity. The design,
implementation and monitoring and evaluation stages will provide the certainty that a wetland will deliver
the estimated amount of nutrient mitigation. The P treatment wetland being deployed at Luston WRC by
Herefordshire Council was designed with a precautionary estimate of the amount of P that will be removed
by the wetland.

A further 20% of the P removal estimated through the wetland design process is not being used for P
mitigation to support development to provide betterment for the River Wye and Lugg SAC. This approach
will aid the delivery of the wetland with the required certainty. Dzakpasu et al., (2015) provide a good
example of how wetland design can impact nutrient removal, reporting reduced TP and SRP removal when
the inflow rate to a wetland in Ireland increased above a threshold due to precipitation and ice melt.

This highlights the need to account for factors in wetland design that may impact the efficacy of nutrient
removal processes. The wetland framework is designed to assess the certainty of wetland schemes and
release a percentage of the predicted removal as credits prior to monitoring. Nutrient credits can only be
claimed where the source is controlled, inflow rates are predictable, incoming concentrations are well
understood, water levels are controlled, and hydraulic retention time can be defined.

This typically applies to wetlands that have a well-defined source such as those receiving foul water or other
wetlands where the best practice was applied, and the wetlands designed to receive water in a controlled
way. Where the hydrology is more dynamic and control is more challenging, e.g., farm wetlands, SuDS
wetlands, then the nutrient credits cannot be claimed without monitoring.

3.3.3.11 Cost estimate

Costs for wetland schemes can vary significantly but tend to increase broadly in line with the size of the
wetland. Some examples of costs from case study projects are provided in Table 3-15.
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Table 3-15 Example costs for ICW schemes. All these examples are for ICWs treating WRC effluent

Capital costs for a 1.1ha wetland reported as:
®  Planning, design & management £15,000
m  Construction £161,000

m  Wetland planting £18,000

m  Total cost £194,000

Cooper et al.,(2020)
and CaBA, (n.d.) —
Ingoldisthorpe ICW

Total cost of the scheme suggested to be £500,000, which is assumed to include maintenance and
monitoring

Capital costs for a 0.3ha wetland reported as:

m  Planning, design & management £1,305
Cooper et al., (2020)— = Construction £21,712
Frogshall ICW m  Wetland planting £7,004

m  Total cost £30,021

Note that the land for this site was donated

Reported that construction could cost up to £495,000, with £100,000 allowed in this sum for contingency.
Herefordshire Council This is for a 3ha wetland. This project will have also incurred additional costs for planning, design,
(2022) — Luston ICW planting, management, maintenance, and monitoring. Note that the literature does not typically provide

maintenance costs.

An analysis of the cost-effectiveness of CWs for treating agricultural nutrient pollution in Sweden has
highlighted that the most cost-effective CWs were sited in locations where they received the highest input
of N and P (Djodjic et al., 2022). Wetlands sited in areas of low N and P sources had to be significantly
larger to deliver a similar amount of N and P removal than those treating high N and P sources, thus
increasing the cost per kg of N and P mitigation. This highlights the importance choosing suitable locations
for wetland deployment.

3.3.3.12 Mitigation potential

Table 3-16 outlines the cost benefit for building a 1ha CW, assuming a conservative removal rate of 12kg
TP/halyr and 930kg TN/ha/yr and a conservative cost estimate of £500,000/ha.

Table 3-16 Mitigation potential for CWs

. P Dwelling Cost estimation £/kglyr over 80 | £/dwelling
Nutrient Mitigation (kg/yr) equivalent (£) years over 80 years
TP 12 177 £500,000 £41,667 £2,826
TN 930 494 £500,000 £538 £1,013

3.3.3.13 Summary
Key considerations for constructed wetlands are summarised in Table 3-17.

Table 3-17 Constructed wetlands key considerations

Key considerations

CWs are designed to facilitate natural processes that can remove nutrients from the influent
water source(s) to a wetland. The types of CW are Horizontal Subsurface Flow, Vertical

Description of solution Subsurface Flow, Hybrid wetlands, and FWS, detailed in Table 3-14. The Integrated
Constructed Wetland type can deliver the greatest number of additional benefits compared
with other wetland types.

Delivery timescale One to two years (Medium term)

Duration of operation 80+ years, assuming continued maintenance and management (Long term)
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Key considerations

TP removal potential: Median removal rate of 46% (Land et al., 2016), however rates of > 90%
often reported
TN removal potential: Median removal rate of 37% (Land et al., 2016), however rates of > 90%
often reported

Nutrient removal

Applicability All farm typologies applicable

Silt removal, vegetation removal, maintenance of hydraulic structures, and bed and bank

Management and maintenance .
maintenance

Biodiversity improvements, water quantity and quality (additional to nutrients) management,

Additional benefits flood hazard management, carbon offsetting, and amenity and landscape aesthetic benefits

Best available evidence Yes

The environmental considerations can be summarised under the following main areas:
m  Topography;

Soils (including nutrient content), geology and hydrogeology;

Hydrology and flood risk;

Infrastructure; and

Nature, landscape, and archaeological conservation.

Wider environmental
considerations

Natural England’s wetland framework (Johnson et al., 2022) provides a detailed description
the requirements of a feasibility assessment that will form part of a CW proposal

Evidence of effectiveness This solution is effective beyond reasonable scientific doubt
Precautionary Yes

Yes — management and maintenance plans will be needed to show that the wetland will

S T continue to deliver nutrient removal in perpetuity

Varies significantly depending on wetland size — costs for a wetland providing a strategic

LRI In U mitigation option are likely to be between £250,000-£750,000

3.3.4 Wet woodlands

3.3.4.1 Description of solution

Wet (floodplain) woodlands occur on soils that are permanently or seasonally wet, either because of
flooding, or because of the landforms and soil type. They are found on river floodplains, in peaty hollows
and at the margins of fens, bogs and mires (Woodland Trust, 2022). Nutrient removal strategies utilising wet
woodlands involve working with either restoring existing floodplain woodland or creating new areas of
planting (Figure 3.6).

Natural Flood Management (NFM) interventions can also be used to divert water out of the channel and into
the floodplain wetland (Figure 3.7) to enhance sediment and nutrient deposition. The role of wet woodlands
in water quality management is to increase hydraulic roughness, which slows flow velocities and allows
sediment and particulate bound pollutants to fall out of suspension and enter storage on the floodplain, or
in a designed wetland setting. Riparian woods reduce diffuse pollution by trapping fine sediment runoff
generated by agricultural practices (Cooper et al., 2021).

19 October 2023 PC3719-RHD-ZZ-XX-RP-X-0005 48



7",

Project related

Royal

HaskoningDHV

Figure 3.7 Traditional NFM structures, such as leaky barriers, can be used to enhance channel-floodplain connectivity to encourage
nutrient deposition

Reversion of areas to floodplain woodland could deliver nutrient mitigation of land which is naturally wet.
This would not only reduce the impact of runoff from the agricultural land but would also increase the
connectivity of the woodland, which would likely achieve greater nutrient reductions than purely the change
of land use would predict. Similar gains (for managing diffuse pollution and flood risk) can be expected from
extending fingers of riparian woodland into upstream source areas and intermittent flow/ run-off pathways,
although few data are available to quantify impacts at a catchment scale (Nisbett et al., 2011).

In the UK, the most suitable trees for creating wet woodlands are native species best suited to boggy ground.
For the main canopy this includes alder (Alnus glutinosa), crack willow (Salix fragilis), white willow (Salix
alba), and downy birch (Betula pubescens). Understory species may typically include grey willow (Salix
cinerea), osier (Salix viminalis) and a range of grasses, e.g., purple moor grass (Molinia caerulea)
(Woodland Trust, 2022). It is uncertain how these species cycle and potentially uptake floodplain nutrients.

3.3.4.2 Nutrient removal

Data on nutrient removal rates in wet woodlands are scarce. Olde Venterink (2006) analysed various
floodplain communities in terms of their relative abilities to influence water quality through nutrient retention
and denitrification. The results showed that productivity and nutrient uptake were high in reedbeds,
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intermediate in agricultural grasslands, ponds, and semi-natural grasslands, and very low in woodlands
(only understorey).

Furthermore, rehabilitation of agricultural grasslands into ponds or reedbeds is likely to be more beneficial
for downstream water quality than into woodlands or semi-natural grasslands. Note that this study refers to
woodland, not wet woodland, so comparisons are uncertain and do not necessarily reflect UK soils or
climate. This study does not consider more effective sediment trapping in wet woodlands and associated
standing water.

Due to the lack of reliable literature, TP removal rates are assumed to have some similarities to riparian
buffer strips. N removal rates are highly variable in wet woodlands, ranging from 12-80% of surface water
N (Yates and Sheridan 1983; Brusch and Nilsson, 1993). Greater reductions can occur in the groundwater
(Burns and Nguyen, 2002). Table 3-18 presents examples of TN removal from wet woodlands (Mayer et
al., 2005).

Table 3-18 Nitrogen removal from wet woodland buffers

Flow path (Bn:J)ffer Uil TN removal (%) | Soil type

Surface - 81 Sand Yates and Sheridan, 1983
Subsurface 31 59 Sand Hanson et al., 1994
Subsurface 38 78 Sandy loam Vellidis et al., 2003
Subsurface 14.6 84 Sandy mix Simmons et al., 1992
Subsurface 5.8 87 Sandy mix Simmons et al., 1992
Subsurface 5.8 920 Sandy mix Simmons et al., 1992
Subsurface 6.6 97 Sandy mix Simmons et al., 1992
Subsurface 30 100 Loamy mix Pinay et al., 1993
Surface 20 12 Clay loam Brusch and Nilsson, 1993
Surface 20 74 Peat/ sand Brusch and Nilsson, 1993
Subsurface 5 76 Stony silt loam Clausen et al., 2000
Subsurface 5 52 Stony silt loam Clausen et al., 2000
Subsurface 1 96 Clay loam/ clay Burns and Nguyen, 2002
Subsurface 200 95 Silt/ sand/ gravel Fustec et al., 1991
Subsurface 40 100 Fine to coarse sand Puckett et al., 2002

3.3.4.3 Delivery timescale

Wet woodlands do not require extensive infrastructure or investment. They do not require any planning or
environmental permits and can therefore be delivered in the short term. However, the relatively slow growth
rate of trees means that it may take some time before they become fully effective.

3.3.4.4 Duration of operation

Wet woodlands are likely to be operational over long timescales, depending upon landowner agreements.
Because of the long timescales required for them to become established, wet woodlands are considered to
be permanent features.
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3.3.4.5 Applicability

Wet woodlands can be created on riparian land holdings that are likely to be inundated regularly, e.g., within
the functional floodplain and/ or Flood Zone 3, as defined by the Environment Agency.

3.3.4.6 Management and maintenance requirements

Wet woodlands by their nature thrive on non-intervention and limited to no management. Light management
includes:

m Coppicing some areas to create a more diverse woodland structure with some clearings;
m Allowing woodland edges to grade upwards from grass, through scrub, to woodland;

m  Coppicing to provide wood fuel;

m Managing areas of willow and scrub to maintain some open areas and wet scrub;

m Controlling invasive species, e.g., Himalayan balsam (Impatiens glandulifera).

3.3.4.7 Additional benefits

Wet woodland creation, or expansion of existing riparian woodland, has several co-benefits, such as: carbon
sequestration, flow regulation and flood risk management, biodiversity conservation, landscape and
amenity, air pollution reduction and reduced flood risk (Nisbett et al., 2011). One of the major potential
benefits of using woodland to improve water quality is the opportunity to supplement farm income by utilising
short rotation coppice for biofuel (Mackenzie and Mcllwraith, 2013).

3.3.4.8 Wider environmental considerations

Planting wet woodland will not require planning permission or any environmental permits. Once established,
wet woodland could potentially support sensitive species and as such may need to be managed carefully to
avoid adversely affecting these species. Care should be taken to ensure that the creation of wet woodlands
does not contribute to the spreading of invasive species.

New woodland in parts of the Broads may not be welcomed by the sailing community due to wind shadow.
Therefore, consideration on the impact to such stakeholders would need to be considered during the
screening of suitable locations. The species of trees proposed in these locations would need to be carefully
considered, following the ‘right tree, right place, right reason’ mantra of the Forestry Commission (2020).

3.3.4.9 Evidence of effectiveness

There is limited scientific evidence to demonstrate with certainty that wet woodlands are effective at
mitigating TP. Evidence summarised in Table 3-13 demonstrates that although wet woodlands can be
effective in the removal of TN, removal rates vary considerably (possibly reflecting local conditions).

3.3.4.10 Deliverability and certainty

It is anticipated that this solution will be suitable for the lifetime of the development. Land that is suited to
wet woodland is very unlikely to revert to any other land use.

3.3.4.11 Cost estimate

Bare root stock suitable for tree planting programmes for typical wetland species are in the range of £2-£3
per tree. Typically, bulk orders from suppliers reduce these unit costs to less than £1. Bulk order tree guards
are a similar price. For broadleaved trees, planting density is recommended 1,600 to 2,500 trees per hectare
respectively (Creating Tomorrow’s Forests, 2021).

However, these figures are for general woodland creation, not floodplain wet woods where additional space
may be needed for wetland landscaping, e.g., pools and scrapes. Typical planting costs (trees + guard) may
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be ~£5,000 per ha. Grants of up to £10,000/ ha could be available through the government’s England
Woodland Creation Offer (Gov.uk, 2022) and nutrient mitigation credits may need to match this figure.

3.3.4.12 Summary
Table 3-19 presents a range of considerations for using wet woodlands for nutrient offsetting.

Table 3-19 Wet woodlands key considerations

Key considerations

Wet woodlands occur on soils that are permanently or seasonally wet. Wet woodlands
increase hydraulic roughness, which slows flow velocities and allows sediment and
particulate bound pollutants to fall out of suspension and enter storage on the floodplain, or
in a designed wetland setting. Riparian woods reduce diffuse pollution by trapping fine
Description of solution sediment runoff generated by agricultural practices
Nutrient removal strategies involve either restoring existing floodplain woodland or creating
new areas of planting. Natural Flood Management interventions can divert water out of the
channel and into the floodplain wetland

Delivery timescale Short-term

Duration of operation Permanent

TP removal potential: Uncertain — likely to be similar to riparian buffers

Nutrient removal TN removal potential: Uncertain — 12-80%

Applicability Riparian land holdings (within flood zone 3)

Minimal — some coppicing to encourage understory growth; removal on invasive species,

Management and maintenance .
e.g., Himalayan balsam

Recreation

carbon sequestration
Biodiversity conservation
Air pollution reduction
Flood risk reduction
Biofuel

Additional benefits

Once established, wet woodland could support sensitive species and as such may need

) . management. Potential contribution to the spreading of invasive species must be considered
Wider environmental

CRIERLIELS New woodland in parts of the Broads may affect the sailing community. The impact on

stakeholders must be considered during the screening of suitable locations and tree species

Best available evidence No — there is doubt over removal rates (lack of research and data)

Yes - although there is evidence to indicate effectiveness, the effectiveness can vary
considerably under different conditions. As such, there is currently uncertainty regarding
nutrient removal rate and monitoring is likely to be required.

Evidence of effectiveness

Precautionary
Securable in perpetuity

Cost estimation

Yes
Yes — land suited to wet woodland is very unlikely to revert to any other land use

Up to £10,000/ hectare

3.3.5 Willow buffers

3.3.5.1 Description of solution

Short-rotation willow coppice can be used to treat wastewater whilst producing woody biomass for energy
purposes. The solutions can be used to treat domestic and industrial wastewater. The solutions comprise
vegetation filter strips of short-rotation willow coppice irrigated with wastewater.
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The willow is harvested on a two-to-five-year cycle, although most commonly every three years. The
irrigation system will not completely eliminate wastewater pollution as some wastewater by run off or
percolate into groundwater. As a result, timing and irrigation rates must be considered.

Evapotranspirative willow systems have zero discharge and are an alternative to irrigated systems and are
typically used to treat domestic wastewater from small settlements or individual households. When designed
properly, all influent wastewater and precipitation are evapotranspired on an annual basis. They provide
efficient wastewater treatment and do not require skilled personnel for operation and maintenance.

3.3.5.2 Nutrient removal

Short-rotation willow coppice filter strips achieve TP removal rates of 67-74% (Larsson et al., 2003; Perttu,
1994), although initial reduction rates are often closer to 95%. Lachapelle et al., (2019) suggested a
significant increase in available phosphate in the soil, suggesting the soil can become saturated over time.
In the case of evapotranspirative willow systems, wastewater is constantly applied and stored as an elevated
water level.

P accumulation is expected and results in a P rich substrate which can be reused as fertiliser. Initial studies
suggest that TP stored in woody biomass is between 31 — 45% of the influent, whereas TP stored in soll,
roots and leaves is between 55 — 69% (Istenic and Bozic, 2021). The recommended TP application to
prevent saturation of soils is 24 kg/hal/yr (Caslin et al., 2015), which is typically lower than what is applied
directly from domestic wastewater. This solution could be used as a form of secondary treatment after
domestic PTPs.

Although many species of willow have low N requirements, they often have a high uptake capacity. Previous
research found a willow-soil system treating 200 kg TN/ha/yr (Kuzovkina and Quigley, 2005). Similarly, in a
study by Mohsin et al., (2021), willow showed 41-60% TN and 32-50% TP removal when subjected to foul
water irrigation. The results are in line with the findings of Holm and Heinsoo (2013), who reported willow
take up of 58% TN and 70% of TP under the application of foul water.

3.3.5.3 Delivery timescale

Willow buffers are unlikely to require extensive infrastructure, planning permission or environmental permits,
and can therefore be delivered in the short term. The rapid growth rate of willows means that a functional
solution could be delivered more rapidly than a traditional wet woodland.

3.3.5.4 Duration of operation

Willow buffers could potentially be operational over long timescales. Because they need to be regularly
managed to maintain effectiveness and trees need to be periodically replaced, willow buffers are considered
to be impermanent features.

3.3.5.5 Applicability

Willow buffers are applicable to the catchments as the rural land which dominates the landscape allows this
to be a feasible option. Further detail can be sought to the location of biomass energy plants to better
determine how relevant this could be, however initial indications suggest that biomass energy plants are
operational within Norfolk.

3.3.5.6 Management and maintenance requirements

Harvesting of willow would be required every three to five years and replanting every 20-25 years. This
solution typically sees a 30% increase in biomass yield (Buonocore et al., 2012).
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3.3.5.7 Additional benefits

There are additional benefits of improved water quality and a gain in biodiversity due to improved habitat.

3.3.5.8 Wider environmental considerations

Transport of biomass to energy production plants should be considered and implications of waste disposal
from the energy plant output.

3.3.5.9 Evidence of effectiveness

There is the potential for phosphate saturation within soils and limited evidence to determine the efficacy of
such a scheme.

3.3.5.10 Deliverability and certainty

A level of uncertainty is associated with the success of planting and growth. The harvest cycle may lead to
variance in uptake. It is likely that a phase of ‘trial and error’ with respect the successful growth of particular
willow species.

3.3.5.11 Cost estimate

The cost for establishment is typically £2,500/ha. Operational costs including ploughing and cultivation and
are likely to £200 - £300/ha/yr. Potential returns vary hugely depending on many variables including price
received for crop and drying requirements. Rising energy costs of oil and gas may provide greater future
opportunities for willow chips as a fuel source.

3.3.5.12 Summary

Table 3-20 presents the key considerations for the use of willow buffers for nutrient reduction and/ or
offsetting.

Table 3-20 Willow buffers key considerations

Key considerations

Short-rotation willow coppice can be used to treat wastewater by comprising
vegetation filter strips irrigated with wastewater, whilst producing woody biomass
for energy purposes through a coppicing cycle. Timing and irrigation rates must
. ) be considered for this method
Description of solution
Evapotranspirative willow systems have zero discharge and are an alternative to
irrigated systems and are typically used to treat domestic wastewater from small
settlements or individual households

Delivery timescale Short term
Duration of operation Impermanent

Nutrient removal TP removal potential: 70% long-term
TN removal potential: 41-60% TN

Applicability All farm typologies applicable

Management and maintenance Harvesting every two to three years

Water quality

Additional benefits SRS

Best available evidence No — monitoring will be required to determine nutrient removal

Transport of biomass to energy production plants and implications of waste

Wider environmental considerations .
disposal from the energy plant output

The solution is effective beyond reasonable scientific doubt. There is the potential

EdceisRiCEe e for phosphate saturation within soils
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Precautionary Yes
Securable in perpetuity Yes
Cost estimation Capital costs: £2,500/ha, operational costs £200 - £300/ha/yr

3.3.6 Beetle banks

3.3.6.1 Description of solution

A beetle bank is a densely grassed mound approximately 3m to 5m wide and a least 0.4m high constructed
on agricultural land to control runoff. They can be planted across long or steep slopes or along natural
drainage ways to minimise runoff and soil erosion. Beetle banks present a similar scenario to a riparian
buffer (Section 3.3.2)

3.3.6.2 Nutrient removal

Calculations have not been undertaken to determine the level of nutrient removal. An assumption is made
the nutrients are removed via both the removal of small areas of farmland which would ordinarily be subject
to application of nutrient containing fertilisers and the uptake of nutrients via the tussock grass on the bank.
Nutrient removal rates are likely to be similar to Riparian Buffer strips.

3.3.6.3 Delivery timescale

Beetle banks do not require extensive infrastructure, planning permission or environmental permits, and can
therefore be delivered in the short term.

3.3.6.4 Duration of operation

Once installed and established they are anticipated to be a permanent feature.

3.3.6.5 Applicability

The agricultural nature of the catchment means this could offer plausible although possibly small-scale
solutions. The location of beetle bank installation may be limited by parameters such as soil type, which
should be suitable to form a free-draining raised bank.

3.3.6.6 Management and maintenance requirements

Best practice beetle bank construction is designed in order to achieve wider environmental benefits. The
earth ridge size, measuring between 3m to 5m wide and at least 0.4m high, should be maintained and once
a tussocky grass mixture has been established after the first year of construction, following grass cutting
several times in the first year to help grass establish. Annual grass cutting to be undertaken after 15 August
to protect nesting invertebrates and control woody growth and suckering species. The upper bank area
should be dry and therefore constructed of free-draining soils to allow insects to hibernate securely.

3.3.6.7 Additional benefits

Beetle banks provide increased biodiversity in the form of nesting and foraging habitats for pollinators, small
mammals, some farmland birds, and beneficial insects which feed on crop pests. In order to achieve wider
environmental benefits beetle banks do not require, and indeed the Countryside Stewardship grant funding
prohibits application of fertilisers, manured and/ or lime and pesticides (excepting herbicides used to weed-
wipe or spot-treat control of injurious weeds, invasive non-natives, nettles, or bracken). Beetle banks can
help to slow down or stop soil erosion.
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3.3.6.8 Wider environmental considerations

Earthworks and associated machinery fuel and transport requirements will be required. Grass cut from the
annual maintenance would need to be removed from the beetle bank area to remove nutrients, which has
transport costs in terms of fuel and carbon to be considered.

3.3.6.9 Evidence of effectiveness

Significant monitoring is likely to be required and there is a high level of uncertainty. There is also unlikely
to be a high uptake amongst farmers because they need to be positioned in more productive areas in the
centre of fields rather than in the margins.

3.3.6.10 Deliverability and certainty

There are many site-specific location parameters required to deliver a successful beetle bank scheme, in
addition to maintenance (of size structure of the beetle bank and grass cutting activities) and monitoring.
There is a high level of uncertainty of success. Monitoring for Countryside Stewardship grant could act as a
mechanism for securing obligations; however, this is not a firm legally binding enforceable agreement.

3.3.6.11 Cost estimate

There is government incentive scheme via a Countryside Stewardship Grant which could be used to
supplement the cost for this option if the selected site is on current arable or temporary grassland. In order
to take advantage of a government grant scheme, declarations are required to confirm the prohibited
activities, e.g., fertiliser and pesticide application, have not been applied on the beetle bank and record
evidence to demonstrate delivery of the scheme.

3.3.6.12 Summary

Significant monitoring is likely to be required and there is a high level of uncertainty. There is also unlikely
to be a high uptake amongst farmers because the location recommendations advise that beetle banks
should be positioned in open landscape in larger fields, which is possibly the more productive areas in the
centre of fields rather than in the non-productive margins. Table 3-21 presents the key considerations for
the use of beetle banks for nutrient reduction and/ or offsetting.

Table 3-21 Beetle banks key considerations

Key considerations

A beetle bank is a densely grassed mound approximately 3m to 5m wide and a
least 0.4m high constructed on agricultural land to control runoff. They can be
planted across slopes or along natural drainage ways to minimise runoff and soil
erosion. Beetle banks present a similar scenario to a riparian buffer strip.

Description of solution

Delivery timescale Short-term

Duration of operation Permanent

Nutrient removal Unknown at this stage
Applicability All farm typologies applicable
Management and maintenance Annual grass cutting

» ) Biodiversity net gain potential
Additional benefits . .
Soil erosion

Best available evidence No

Earthworks and associated machinery fuel and transport. Grass cut during
Wider environmental considerations maintenance must be removed from the area to remove nutrients, likely incurring
fuel and carbon usage.

Evidence of effectiveness Not possible to determine at this stage
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Key considerations
Precautionary Not possible to determine at this stage
Securable in perpetuity No
Cost estimation Costs are assumed to be as provided for Riparian buffer strips (Section 3.3.2)

3.3.7 Restoration of The Broads

3.3.7.1 Description of solution

The Broads restoration aims to recreate clear water with healthy aquatic plant growth, which provides a
habitat for wildlife (Broads Authority, 2022). The present situation is that high nutrient levels encourage
algae to grow, which leads to cloudy water in the lakes and rivers. The population of water flea (Daphnia),
which eats the algae and helps prevent cloudy water conditions developing, is negatively impacted by high
concentrations of fish that eat the fleas.

As a nutrient solution, restoring the quality of The Broads watercourses presents an opportunity for a
significant amount of phosphorus to be removed. As a large proportion of phosphorus is sediment bound,
the restoration of clear water will involve reducing and removing sediment-bound phosphorus from the
watercourses, positively impacting nutrient levels across the district.

Key areas for intervention in terms of environmental restoration include:

m Suction dredging — removing nutrient-rich mud from the bottom of rivers and lakes;

m Biomanipulation — removing the fish which eat water fleas, giving the water fleas a chance to graze algae
and clear the water; and

m Educating users of the water environment about the importance of reducing nutrient inputs into the
watercourses, e.g., eliminating or reducing the direct discharge of grey water from toilets including those
installed on boats.

The existing Broads restoration programme is delivered through the Lake Restoration Strategy (Broads
Authority, 2008), which has three ecological principles:

m To achieve low nutrients, minimal contaminants and native wildlife;

m To capture and deliver sufficient freshwater flow; and

m To connect a diverse landscape of habitats and create protective buffers along river corridors.

These principles support:

m  The development of resilience of habitats and species to adapt to climate change or invasive species;
m Protection and enhancement of biodiversity across the wetland and adjacent habitats; and

m Delivery of ecosystem services.

Solutions identified by the Lake Restoration Strategy Action Plan are outlined. To date, two restoration
solutions have been used:

m  Sediment removal; and

= Biomanipulation.
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These solutions have been used on Barton Broad, which is fed by the River Ant. Although improvements in
water quality began in the 1970s through the reduction of sewage point sources, nutrients remained locked
in lake bed sediments. From the mid-1990s, suction dredging was employed at Barton Broad to remove this
nutrient rich sediment.

Over six years, 305,000m?® of sediment was removed from the broad and transferred to settlement tanks.
Dredging removed 50 tonnes of phosphorus from the sediment in Barton Broad, which is equivalent to ~20
years of phosphorus inputs from the River Ant catchment. Experiments showed a 50% decrease in
phosphorus release from the sediment after dredging. Dredging has contributed towards lower phosphorus
levels and fewer algae in the water.

Biomanipulation is a standard restoration technique in shallow freshwater lakes suffering from
eutrophication. Biomanipulation often involves removing fish species that eat zooplankton, e.g., roach and
bream, and stocking with piscivores (carnivorous) fish, such as pike and perch (Sgndergaard et al., 2007).
These measures reduce the number of fish-eating zooplankton. In shallow lakes without aquatic plants, fish
that eat zooplankton often predominate, reducing the number of zooplankton that might otherwise suppress
algal growth (Broads Authority, undated).

Biomanipulations resulting in increased abundances of daphnia and macrophytes were most likely to
achieve stable clear water states and maintain improved water quality (Sendergaard et al., 2007). Intense
grazing on phytoplankton by Daphnia leads to greater water clarity, which in turn allows macrophytes to
become the dominant primary producers, whereas phytoplankton is suppressed (Kasprzak et al., 2002).
Removing fish from Barton Broad proved difficult as a wide channel must remain open for navigation.

Fish were removed from enclosures, which were separated from the main lake by fish curtains.
Biomanipulation resulted in lower fish numbers, and zooplankton began to thrive and significantly reduced
the algae population inside the enclosures, creating clear water. However, when fish got into the enclosures,
clear water was lost rapidly. Where the water remained clear, submerged plants grew, while there was
almost total absence of submerged plants throughout the other areas of the broad.

3.3.7.2 Nutrient removal

Experiments showed a 50% decrease in phosphorus release from sediment following dredging. The work
at Barton Broad did not measure nitrogen removal, but it is likely the direct removal of sediment would
contribute significantly to reduced nitrogen levels.

3.3.7.3 Delivery timescale

Delivery timescales for effective broadland restoration are tied to the amount of funding available. The Lake
Restoration Strategy sets out timescales for sediment removal and biomanipulation based on different
investment scenarios from 2008/9 onwards. With annual investment of £500,000 or £250,000, £100,000 or
£10,000 for sediment removal, full restoration would take nine, 18, 36 or 60 years. For biomanipulation and
the same investment, restoration would take four, seven, 15 or 71 years. These figures are based on
projections made in 2008 and may no longer be accurate.

3.3.7.4 Duration of operation

Measurable improvements in water quality through sediment removal and biomanipulation can be achieved
in relatively short periods. However, scaling up from trial enclosures across The Broads lakes, and
maintaining improved water quality over long timescale would require investment over decades (as
described above).
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3.3.7.5 Applicability

Sediment removal and biomanipulation are standard techniques for restoring shallow freshwater lakes with
high nutrient levels. Both methods have been ftrialled and proved successful in Barton Broad. Further
research is required to establish a framework for scaling up across all broadland lakes.

3.3.7.6 Management and maintenance requirements

Both methods require ongoing maintenance, and long-term research of restored lakes in Denmark and the
Netherlands (Sendergaard et al., 2007) has shown that lasting benefits can be difficult to achieve. In terms
of sediment removal, this will need to be repeated if external loadings from wider catchment areas remain
high.

Also, in Barton Broad, surficial phosphorus concentrations quickly returned to pre-dredged levels as
disturbed sediment resettled. It may be necessary to repeatedly dredge to remove nutrient rich material.
Research has also show that for biomanipulation, long-term effects (> 8—10 years) are less obvious and a
return to turbid conditions is often seen unless fish removal is repeated Sgndergaard et al., 2007).

3.3.7.7 Additional benefits

Additional benefits from this solution include the improvement of water quality which will contribute to
achieving Water Framework Directive (WFD) targets and increasing water depth for to allow easier
navigation.

3.3.7.8 Wider environmental considerations

Dredging at Barton Broad increased water depth and made navigation easier. However, suspended material
in shallow waters, such as Barton Broad, is highly influenced by wind and boats (Broads Authority, undated).
This means that dredging and greater ease of navigation could have impacts on suspended sediment levels
in the water column.

Wave energy from boating also contributes to bank erosion, loss of reed swamps and increased sediment
yield to lakes. Work at Barton Broad also highlighted the importance of reducing scrub encroachment and
shading effect at lake margins, where reed swamps grow. An actively growing reed swamp margin provides
valuable habitat for invertebrates such as dragonfly larvae and snails, refuges for daphnia, and spawning
sites for fish, as well as helping to resist erosion.

3.3.7.9 Evidence of effectiveness

A summary of detailed, long-term studies of biomanipulation in Danish lakes (Sendergaard et al., 2007)
concluded that long-term effects (>10 years) of lake restoration seem unlikely. Kasprzak et al., (2007)
suggest the reasons for the relatively short-term effects remain uncertain, but the need to reduce the
external loading further, as well as the internal loading capacity are probably important factors. This means
that lake-specific interventions, such as biomanipulation and sediment removal, would need to be
implemented alongside catchment wide initiatives to tackle diffuse and point sources of nutrient pollution,
i.e., external loadings to The Broads.

For example, although dredging in Barton Broad removed 50 tonnes of phosphorus, ongoing high external
P loads from diffuse catchment-wide sources would quickly undo any improvements. Sgndergaard et al.,
(2007) conclude that insufficient external loading reduction, internal phosphorus loading and absence of
stable submerged macrophyte communities to stabilize the clear-water state are the most probable causes
for this relapse to earlier conditions.
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3.3.7.10 Deliverability and certainty

Both sediment removal and biomanipulation are well established and proven methods of lake restoration,
with a high degree of certainty in the medium-term, but would very likely require repeating, in conjunction
with catchment wide interventions to avoid a return to the original turbid state. Deliverability is likely to be
dependent on funding and the ease of upscaling measures to all broadland lakes. Insufficient funding may
limit the applicability of these measures to deliver nutrient neutrality.

3.3.7.11 Cost estimate
Based on previous broad restoration projects cost estimates are:

m  Sediment removal: £60,000/ha (best estimate) to £50,000/ha to £100,000/ ha (lower/ upper estimates);
and

m Biomanipulation: £6,500/ha (best estimate) to £3,00/ha £15,000/ha (lower/ upper estimates).

However, these figures date from 2008. The Bank of England inflation calculator (2023) suggests costs
today would be approximately £90,000/ha (best estimate for) sediment removal, and approximately £10,000
for biomanipulation.

3.3.7.12 Summary
Key considerations for Broadland restoration are summarised in Table 3-22.

Table 3-22 Broadland restoration key considerations

Key considerations

Broadland restoration aims to recreate clear water with healthy aquatic plant growth, which
provides a habitat for wildlife. Key areas for intervention in terms of environmental restoration
include:
Description of solution m  Suction dredging — removing nutrient-rich mud from the bottom of rivers and lakes;
m  Biomanipulation — removing the fish which eat water fleas, giving the water fleas a
chance to graze algae and clear the water; and
m  Educating boat users about environmentally friendly boating

Delivery timescale Minimum is likely to be one to two years/ lake
Duration of operation Up to several decades, depending on funding

TP removal potential: Experiments showed 50% decrease in phosphorus release from
sediment after dredging

Nutrient removal
TN removal potential: Work at Barton Broad did not measure N removal, but it is likely that
the direct removal of sediment would contribute significantly to reduced N levels.

Shallow freshwater lakes. Further research is required to establish a framework for scaling

Applicability up across all Broadland lakes

Management required to repeat dredging and biomanipulation to achieve success beyond 10

Management and maintenance years, with further repetition over decadal timescales

Water quality improvements will contribute to achieving WFD targets; water quality increased

(ACRILE LI water depth for navigation

Best available evidence Yes

Dredging and greater ease of navigation could impact suspended sediment levels in the water
column. Wave energy from boating also contributes to bank erosion, loss of reed swamps
and increased sediment yield to lakes. Reducing scrub encroachment and shading effect at
lake margins, where reed swamps grow is important for dragonfly larvae, snails, daphnia, and
fish, as well as helping to resist erosion.

Wider environmental
considerations
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Evidence of effectiveness Yes — beyond reasonable scientific doubt
Precautionary Yes
Securable in perpetuity Yes — assuming appropriate funding

Best estimates are £6,500/ha and £60,000/ha for biomanipulation and sediment removal,

Cost estimation )
respectively.

3.3.8 Beaver reintroduction

3.3.8.1 Description of solution

The Eurasian beaver (Castor fiber) was once common in UK riverscapes but has been largely extirpated
across the UK and Europe. Beavers are recognised as ecosystem engineers and ‘keystone species’ that
can have a disproportionate impact on the hydrology, geomorphology, water quality and aquatic ecology of
rivers (Figure 3.8) (Brazier et al., 2021). As such, there is now an increased interest in conservation
strategies that include beaver reintroduction as part of wider river restoration and catchment management
strategies.

Figure 3.8 Conceptualisation of the geomorphic changes beaver damming can have on incised streams:
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a) beavers dam an over-deep and straightened river channel; b) channel widening and greater sediment mobilisation reconfigures
the channel with vegetation establishment within new marginal channel areas; c) a wider channel reduced high flow peaks, enabling
more stable dams to be built; d) vegetation establishment and sediment accumulation combined with small dam ‘blowout’ establishes
a system of ponds; e) process repeated with more dam building, channel widening resulting in an increase in water table height that
reconnects the river to its floodplain; f) further establishment of vegetation communities and sediment deposition results in a multi-
thread channel with an increase in pond areas and areas of reduced flow that provide wetlands habitats. (Source: Brazier et al.,
2021).

The damming of streams by beavers’ results in the creation of ponds behind the dams. These ponds are
locations of increased sediment deposition, which can in turn result in a set of linked processes that together
can remove or retain N and P within the beaver pond complexes. Because the nutrient removal processes
that are associated with beaver impacts on rivers require beavers to construct and maintain large dam and
pond complexes, they cannot be relied upon to deliver nutrient removal in perpetuity.

Engineered logjams have the potential to support the same set of processes that that remove nutrients as
are seen in beaver dam and pond complexes but unlike beaver impacts, they are not supported by a large
body of academic research into their water quality impacts (most research focusses on logjams for flood
risk management). Because engineered logjams have a greater ability to be managed and maintained in
the long-term, the sections below will consider them as an alternative practical solution to beaver
reintroduction, using the literature on the impacts of beaver damming on nutrient removal as the evidence-
base for beaver reintroduction/ logjams as a nutrient mitigation option.

3.3.8.2 Nutrient removal

Recent reviews of the impact of beavers on river systems presents contrasting evidence on the impact of
beaver impacts on N and P removal. In a meta-analysis of studies from across North America and Eurasia,
Ecke et al., (2017) suggest that beaver have a little impact on N and P removal in streams, with more
consistent reductions seen for N. Brazier et al., (2021) detail how beaver impacts cause changes to
hydrology and geomorphology that are linked to nutrient removal.

They cite numerous studies that have provided evidence of N and P removal in rivers as a result of beaver
activities and discuss the concept of ‘beaver meadows’: an end state of beaver damming where infilling of
beaver ponds by sediment and then progressive vegetation growth results in an altered landscape akin to
that shown in Figure 3.8d. Progression to beaver meadows is likely to result in more sustained N and P
removal.

Reviews by Geris et al., (2020) and Larsen et al., (2021) also support the potential for beaver impacts to
result in N removal but corroborate the findings of Ecke et al., (2017) that suggest P removal is less
consistent® (Figure 3.9). Geris et al., (2020) found more consistency in studies that showed that particulate
forms of P were deposited and retained, at least temporarily, in ponds behind beaver dams, but that
subsequent release of SRP from sediments results in inconsistent results for reductions in dissolved P
concentrations downstream of beaver dams.

9 Note that most studies focus on the impacts of beaver on SRP removal and there are few studies that assess the impact on total
phosphorus removal.
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Figure 3.9: Number of studies reporting increases, decreases or no change in SRP (POus-), nitrate (NOs-) and ammonia (NH4+)
concentration as a result of beaver activity.

Each bar shows the number of studies for different study designs that sampled either before/ after beaver introduction, sampled a
paired reference catchment or sampled upstream/ downstream of beaver impacts.

The processes that retain P within beaver dam and pond complexes are predominantly related to P
deposition of the P fraction that is attached to sediments. Some adsorption of P to sediments occurs in
beaver ponds due to exchange of surface water with subsurface flow pathways in pond sediments, however
where subsurface flow pathways encounter anaerobic conditions, this can also result in the release of P
that is bound to sediments and has been hypothesised as the reason for inconsistent results for SRP
removal by beaver activities (Larsen et al., 2021).

This review also suggests that the main process of N removal beaver dam and pond complexes is
denitrification, however they also note the importance of sediment and organic matter deposition and the
potential for the degradation of organic matter to release ammonia. Whilst various studies have reported
ammonia releases from beaver ponds (Figure 3.9), it is thought that the denitrification rates seen in beaver
ponds are sufficient for them to mainly be N sinks.

Most studies of the impacts of beavers on nutrient removal focus on studies from North America. It has been
noted that differences in population density and the intensity of agricultural land use in the UK and some
European countries means that there are differences between the impacts of beavers in North America and
Europe that may limit the relevance of American studies in a European context (Brazier et al., 2021). Studies
of the impact of beaver on nutrient dynamics in UK rivers have been conducted by Puttock et al., (2017,
2018) and Law et al., (2016), both of whom reported reductions in N and P concentrations and/ or loads in
rivers where beavers have created dam and pond complexes.

Similarly, Ciuldiene et al., (2020) and Smith et al., (2020) present results from studies in Europe that also
show beavers have the potential to cause reductions in N and P downstream of damming activity. Table
3-23 collates key information from these studies and highlights that each study recorded N and P reductions
resulting from beaver activities, with a wide range of reductions recorded across the different study sites.
Puttock et al., (2018) studied the accumulation of sediments and N in a complex of beaver dams and ponds
in Devon and reported that a total of 910 kg TN accumulated in 13 ponds that were built over period of five
years.

Table 3-23 Results from studies of beaver impacts on nitrogen and phosphorous in rivers in the UK and Europe

Upstream to downstream Nutrient concentration

reductions Accounted for

Location _
seasonality?

Puttock et al.,
(2017)

Devon, UK 1year  35% TON reduction 80% PO, reduction Yes

19 October 2023 PC3719-RHD-ZZ-XX-RP-X-0005 63



Project related

7-Royal

HaskoningDHV

Upstream to downstream Nutrient concentration
reductions

Accounted for
seasonality?

Location

'(‘;g‘g g)t al. Blairgowrie, Scotiand ~ 1year  32% NO; reduction 25% PO, reduction Yes
Smith et al., Brandenburg, o . 46% PO, reduction and 13%

(2020) Gy 1year  3.8% NOj; reduction TP reduction Yes
((;l(L)JI2dO|()ene etal, Northwest Lithuania ;e1ar 60% TN reduction 20% TP reduction No

Previous research has shown that beaver impacts on streams can result in the removal of N and P, including
in a UK context, but that for P, and to a lesser extent N, this removal is not always consistent and removal
efficiencies may not be that high. It is noted that there is very limited research on the impact of logjams on
nutrient dynamics in rivers. However, if a series of logjams was designed that created a similar ponding
effect to that created by beavers where they dam rivers, the same nutrient removal processes could
potentially be created at similar removal efficiencies.

3.3.8.3 Delivery timescale

Puttock et al., (2017) reported that following the introduction of a breeding pair of beavers to a stream in
Devon (2010), there was a four-year period of construction during which 13 dams were built. Once
constructed, the beavers maintained the dams, i.e., there was no new dam construction, just repair activities.
Furthermore, the flooded area behind the dams reached its maximum extent within five years of the beaver’s
release.

As N and P removal has been suggested to increase with pond area (Puttock et al., 2017), the timescales
reported for the beaver reintroduction programme in Devon suggests that it may take four to five years for
a beaver reintroduction scheme to reach peak nutrient removal efficiency. It should also be noted that a
beaver scheme for nutrient mitigation will also need to allow time for finding a suitable release site, which is
likely to take at least six-months and potentially longer.

Engineered logjams can be deployed in a complex of dams in one go, which may help a logjam scheme to
reach peak nutrient removal efficiency faster than a beaver reintroduction scheme. It is likely that a logjam
scheme would take six to nine months to deliver, allowing for site assessments, surveys, design, land
acquisition and deployment.

3.3.8.4 Duration of operation

It is difficult to estimate the period over which beavers may remain in situ and therefore how long a beaver
reintroduction scheme may continue to provide nutrient mitigation for, assuming it is effective for N and P
removal to begin with (noting issues detailed above with some studies showing beaver activities can be
sources for N and P). However, if beavers change a river environment sufficiently to result in the
establishment of a beaver meadow, the impact may be self-sustaining. There is a lot of uncertainty over
how long a beaver reintroduction scheme may continue to provide nutrient mitigation for.

Engineered logjams can be designed to increase the probability that they will remain in place in the long-
term, assuming the location and design of a logjam accounts for energy of stream and its capacity to wash
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the dam away. Being able to maintain logjams also increases the chance of long-term operation and nutrient
removal. The potential for dam blowout and large-scale sediment release and/ or the change from a sink to
a source of nutrient are the key issues that may impact the long-term operation of a logjam scheme.

3.3.8.5 Applicability

Beavers previously had a range that spanned much of Europe and would be suitable to release in Norfolk.
Indeed, the Norfolk Rivers Trust have a beaver reintroduction scheme in North Norfolk'. It is important to
recognise that beavers will not dam rivers where they have deep enough water to remain safe. In larger,
deeper rivers beaver will burrow into banks and not build dams, removing the key activity that increases
nutrient removal processes.

As such, beaver reintroduction schemes for N and P removal are best suited to small, low order streams
which they are more likely to dam. Beaver reintroduction and logjam schemes are best applied to low
gradient streams as these will help to minimise flow energy during high flow events, and therefore reduce
the risk of dam blowouts and associated sediment and nutrient releases.

3.3.8.6 Management and maintenance requirements

For beaver reintroduction schemes, the scheme should require little maintenance of management and there
are limited possible interventions if beavers migrate around a catchment or die and are not replaced by
offspring. Beavers are often released to enclosures initially, to facilitate their establishment in a new
environment, but for conservation purposes beaver should be able to expand their range and are unlikely
to be kept in enclosures for the long-term.

Logjams provide a better ability for management and maintenance. Most management and maintenance
will be adaptive and in response to dam failures. Management plans for logjams should include a monitoring
programme using visual inspections to check the integrity of dams and trigger remedial work to fix dams
and maintain ponding if dams start to fail. Inspections following periods of medium and/ or high flow events
will be most effective to target maintenance efforts.

Water quality monitoring could also be used as part of an adaptive management regime that could trigger
remedial work such as sediment removal should nutrient removal efficiencies be seen to reduce. Monitoring
of water quality and flow may also be able to show if a scheme is performing better than expected, thus
releasing additional mitigation.

3.3.8.7 Additional benefits
Beaver reintroduction schemes may have a variety of additional benefits (Brazier et al., 2021), including:

m NFM — dams increase in-channel water storage, hydraulic roughness and lateral connectivity with
floodplains resulting in the attenuation of flood peaks;

m Biodiversity improvements — beaver dam and pond complexes increase habitat diversity, which has in
turn been linked to increased plant and invertebrate biodiversity, and better habitats for fish; and

= Amenity value — beaver reintroduction can result in an increase in wildlife tourism.
Similar NFM and biodiversity benefits are likely to be delivered by a well-designed logjam scheme, however

these schemes are less likely to have the same level of amenity benefit as people tend to be attracted to
macro-fauna such as beavers compared with increases in plant, invertebrate and fish abundance.

10 https.//norfolkriverstrust.org/beavers/, accessed on 23/01/2023.
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3.3.8.8 Wider environmental considerations

Beaver reintroduction and engineered logjam schemes will result in localised increases in flood risk due to
increased floodplain connectivity in the area of beaver dams/ logjams. Increased water table height may
also have an impact on the ability to cultivate riparian areas that are not inundated with water. There will be
a need for a FRA to support a beaver reintroduction/ logjam scheme.

Engagement with landowners and land managers regarding the change to local hydrology will also be
required. Owing to the issues that can be caused by loss of riparian land and from beavers eating crops and
forestry trees, there can be issues with the perception of beavers in rural environments (Brazier et al., 2021).
Logjams scheme do not have the same issue with risks of crop and tree loss but would have similar impacts
on the loss of riparian land due to more permanent rewetting.

Both beaver and logjam schemes will impact the hydrology, geomorphology, water quality and ecology of a
stream. Although these impacts are likely to be positive, if the scheme is planned for deployment on WFD
waterbody, a WFD Assessment will be required. Depending on the proximity to designated Habitats Sites,
a HRA may also be needed.

Installation of logjams may need construction work and the use of machinery within the boundary of a river
channel. If a logjam scheme is planned for a main river, permission may be required from the Environment
Agency to complete the works. In summary, the following environmental considerations and assessments
may be required for deploying beaver/ logjam schemes:

m FRA —for flood risk;
m  WFD - for potential impacts on WFD status of a protected water body;
m  HRA - for potential impacts on Habitats Sites; and

m Engagement with landowners and managers to tackle perception issues.

3.3.8.9 Evidence of effectiveness

The evidence for demonstrating the effectiveness of beaver reintroduction/ logjam schemes is based on a
literature review of research that has assessed the impacts of beavers on water quality in rivers. The
evidence is mixed and more consistent for removal of N by beaver activity when compared to the evidence
of P removal. However, studies in the UK support the potential for beaver activities to reduce both N and P
concentrations and loads in rivers (summarised in Figure 3.9).

Based on the range of N and P removal efficiencies reported in the literature, estimates of the efficacy of
beaver reintroduction/ logjam schemes will need to be suitably precautionary if a percentage efficiency is
set prior to the delivery of a scheme.

3.3.8.10 Deliverability and certainty

There are likely to be barriers to the deliverability of beaver reintroduction schemes. Finding suitable sites
and managing the process of reintroduction is likely to be quite resource intensive, requiring highly
specialised ecology services. It is noted, however, that the Norfolk Rivers Trust have already done a beaver
reintroduction scheme in the county and may be able to support other schemes.

Logjam schemes are likely to be more deliverable, as once suitable sites are found the design process for
a scheme is simpler, without the added complexity of releasing animals into the wild. Certainty of nutrient
removal is hard to secure with a beaver reintroduction scheme. Releasing the beavers into enclosures will
help to reduce the risk they move to other areas of catchment, but there is always a risk that the beavers do
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not survive the reintroduction process and how effective they will be at damming a river cannot be predicted
in advance.

Certainty of nutrient removal is easier to achieve with logjam schemes. A correctly designed logjam scheme
that promotes ponding behind logjams should promote the processes that remove nutrients in beaver dam
and pond complexes. For both beaver and logjam schemes, certainty needs to be considered within the
bounds of the evidence-base for the impact of beavers on nutrient removal, especially noting the issues with
P removal detailed above.

3.3.8.11 Cost estimate

Information on the cost for beaver reintroduction schemes is not that readily available, likely in large part
due to a relatively small number of these projects in the UK. One of the flagship beaver reintroduction
schemes in England, the Devon Beaver Project, has estimated cost of reintroduction as up to £700,000"".
It is noted that the Devon Beaver Project is a large research project and costs for a nutrient mitigation
scheme involving beaver release are likely to be lower.

More information is available for costs associated with the deployment of engineered logjams. Table 3-24
shows that these schemes have relatively low deployment costs, however they do not account for the
potential land costs associated with buying land that may be inundated by a scheme, so are likely to be
underestimates. Owing to the uncertainties associated with the amount of N and P mitigation a logjam
scheme would deliver, it is not possible to estimate cost mitigation for 1kg of N or P.

Table 3-24 Example costs for the deployment of engineered logjam schemes

Reference Project Costs

Tittesworth, Peak District National Park — installation of
logjams along 700m length of small tributary

Mott (2006) Approx. £25,000

River Trent at Wolseley Bridge, Staffordshire — input of

L) mature beech tree to river as part of bank reprofiling

Small part of wider £21,000 scheme

£821 per 100m for four logjam deflectors per
100m reach. Costs do not include site
surveys and assessments

Not project specific — Environment Agency cost

Keating et al., (2015) estimates for installation of logjams

3.3.8.12 Summary
Key considerations for beaver reintroduction are summarised in Table 3-25.

Table 3-25 Summary beaver reintroduction key considerations

Key considerations

The Eurasian beaver was once common in UK and are recognised as ecosystem engineers
and a ‘keystone species’ that can have a disproportionate impact on the hydrology,
geomorphology, water quality and aquatic ecology of rivers. Their damming of streams results
in the creation of ponds behind the dams, which can remove or retain N and P due to linked
processes. As such, there is now an increased interest in conservation strategies that include
beaver reintroduction as part of wider river restoration and catchment management strategies.

Description of solution

For beaver reintroduction schemes, likely between 4.5-6 years. Logjam schemes could be

Delivery timescale . . .
Y delivered in six to nine months

" https.//www.rewildingbritain.org.uk/blog/englands-only-wild-beavers-need-our-help, accessed on 23/01/2023.
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Key considerations

Beaver reintroduction schemes are unlikely to last in perpetuity. Logjams with appropriate

Duration of operation maintenance may provide long-term, in perpetuity nutrient mitigation

TP removal potential: Variable, with some studies reporting P sources from beaver ponds
while UK and European studies reporting P removal efficiencies between 20%-80%. Most
) studies also report SRP and not TP
Nutrient removal
TN removal potential: Variable, with UK and European studies reporting P removal efficiencies
between 4%-60%. Studies report a mix of N fractions, not always providing data on TN

Applicability NA

Beaver reintroduction requires little management and maintenance. Logjams require

Management and maintenance maintenance to repair dams should they become damaged by high flows

Additional benefits NFM, biodiversity and amenity benefits
Best available evidence Yes, but evidence is more limited for UK applications

The following environmental considerations and assessments may be required for deploying
beaver/ logjam schemes:

Wider environmental m  FRA - for flood risk;

considerations m  WFD - for potential impacts on WFD status of a protected water body;

m  HRA - for potential impacts on Habitats Sites; and

m  Engagement with landowners and managers to tackle perception issues

Evidence of effectiveness Yes, but only if assuming very precautionary estimates of N and P removal
Precautionary Yes
Securable in perpetuity Beaver reintroductions — no, engineered logjams — yes

No reliable estimate for beaver reintroduction

Cost estimation Engineered logjams in the range of £5,000-25,000, not including land purchase if required

3.4 Runoff management solutions

3.4.1 Taking land out of agricultural use

3.4.1.1 Description of solution

Taking land out of agricultural use involves replacing high nutrient exporting agricultural land with low
exporting land such as semi-natural grassland, woodland, or energy crops, e.g., willow or Miscanthus. Soll
erosion which can lead to nutrient mobilisation is also likely to decrease with time as soil is stabilised by
more continuous vegetation cover. Reversion of previously agricultural land to a more natural state will
eventually reduce P and N leaching to natural background rates.

In addition, measures can be imposed which actively uptake nutrients and limit the impact of legacy
phosphates. One method is to propose uptake by vegetation, which will also reduce the risk of soil erosion.
Vegetation may include using the site for woodland, energy crops or cover crops.

Other methods include blocking drains on drained land (or alternatively installing a field-wetland). Sharpley
(2003) and Dodd et al., (2014) suggested that ploughing to reduce nutrient stratification and redistribute and
dilute enriched topsoil can decrease concentrations by half leading to reduced surface runoff losses.
Monitoring may also be able to demonstrate that nutrient loading is returning to background levels.

Woodland planting is one mechanism of accelerating the transition to background nutrient concentrations.
Natural England advice suggests that woodland planting is a viable mitigation method that can be easily
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implemented. There is a minimum requirement for 20% canopy cover at maturity, which is equivalent to
approximately 100 trees per hectare.

Maintenance of woodland is easy to verify and well established. Woodland planting may be secured without
land purchase. Native tree species would also be the preferred choice, although it may be necessary to
consider climate resilience and the use of non-native species to account for long-term climate change
effects. Nutrient reductions would be calculated using the Norfolk Nutrient Budget Calculator (Royal
HaskoningDHV, 2022) and assuming a runoff coefficient of 0.02kg TP/ha/yr and 3kg TN/ha/yr.

Energy crops such as Miscanthus (silvergrass/ elephant grass) are generally considered to have a higher
soluble nutrient uptake than woodland and should be considered. Miscanthus is also ideally suited to
marginal land that provide little value for generating income, e.g., it can be grown for biofuel. There is also
the possibility to harvest the Miscanthus after five to 10 years.

However, this would have a lower biodiversity benefit and would be unable to retrieve as much income
through potential monetised biodiversity schemes as more natural planting would.

3.4.1.2 Nutrient removal

The nutrient reduction calculations assume that farms will be operating according to best practice and not
polluting. This is to ensure that potential pollution from agriculture is not traded to another sector, which
would then discharge this load back in the catchment in the form of new housing. This will also ensure that
mitigation schemes do not compromise the ability to deliver long term WFD targets.

The Norfolk Nutrient Budget Calculator (Royal HaskoningDHV, 2022) can be used to determine the nutrient
mitigation achieved. Alternatively, Defra’s Farmscoper Tool can be used to calculate nutrient reductions and
the associated cost. The Tool was developed by ADAS (Agricultural Development and Advisory Service)
for Department for Environment Food and Rural Affairs (DEFRA) to enable the assessment of the cost and
effectiveness of one or more diffuse pollution mitigation methods at the farm scale.

The tool estimates baseline emissions of a suite of different pollutants and predicts the mitigation potential
against these pollutants and quantifies potential benefits for biodiversity. The tool can be set up to model
most basic farm types by changing livestock numbers, crop areas, fertiliser rates, soil type and climate. In
this way the effects of taking land out of production or changing land use can be assessed. The typical
catchment characteristics for the River Wensum, Yare and Bure sub-catchments are presented in Table
3-26.

Table 3-26 Typical rainfall and drainage characteristics of the Wensum, Yare and Bure catchments derived from the Norfolk Nutrient
Budget Calculator (Royal HaskoningDHV, 2022)

Sub-catchment Rainfall (mm/yr) Drainage type Nitrate Vulnerable Zone (NVZ)?
Wensum 700-750 Slightly Impeded Yes
Yare 650-675 Slightly Impeded Yes
Bure 675-700 Freely draining Yes

Assuming the catchment characteristics outlined in Table 3-26, the typical agricultural nutrient runoff rates
for each catchment are presented in Table 3-27.
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Table 3-27 Typical agricultural nutrient runoff rates in the Wensum, Yare and Bure sub-catchments

Phosphorus runoff coefficient (Kg TP/halyr) Nitrogen runoff coefficient (Kg TN/halyr)

tand Use Wensum Wensum

Dairy 0.41 0.27 0.14 17 23 36
Lowland grazing 0.22 0.15 0.10 14 11 18
Mixed livestock 0.60 0.29 0.09 24 21 85
Poultry 0.70 0.39 0.16 178 159 229
Pig 0.72 0.35 0.08 73 65 90
Horticulture 0.66 0.31 0.05 19 1 23
Cereals 0.73 0.34 0.06 24 19 26
General arable 0.64 0.29 0.05 22 17 28

The east of England is dominated by cereal farms, which account for 51% of the total farmed area and
general cropping farms which account for 33% of the farmed area (DEFRA, 2021). The River Wensum sub-
catchment results have the greatest phosphorus runoff coefficients within the Norfolk nutrient neutrality
catchment as a result of the higher annual rainfall. A cereal farm within the Wensum catchment has a runoff
coefficient of 0.73 kg TP/ha/yr compared to a comparable farm in the Bure catchment with a runoff coefficient
of 0.05 kg TP/halyr.

N runoff rates are greatest in the Bure sub-catchment due to the freely draining nature of the soil. Cereal
farms within this sub-catchment have a runoff rate of 26 kg TN/ha/yr. The difference between the agricultural
land runoff rate (typically 0.06 — 0.73 kg TP/ha/yr and 19 — 26 kg TN/ha/yr) and the future runoff rate (which
would be 0.02kg TP/hal/yr and 3kg TN/halyr) is generally small which results in a large amount of land
required to offset developments. However, cereal farms and general arable farms typically have some of
the highest nutrient runoff rates for both phosphorus and N.

There are some conditions where nutrient loading rates from agricultural land are higher, and the land take
is not as significant, e.g., pig and poultry farming. However, there is likely to be limited availability of taking
these lands out of use within the catchment due to a relative lack of abundance within the areas impacted
by nutrient neutrality.

Due to the significant land take that would be required to deliver this solution as a long-term measure, it is
unlikely that at a strategic scale this would provide anything more than a short-term solution to bridge the
gap until more efficient and effective longer-term solutions can be developed. There is the potential for land
to be leased on short term solutions without the need for purchase. Management agreements are likely to
be needed to ensure the land remains out of agricultural use.

3.4.1.3 Delivery timescale

Taking agricultural land out of use can be implemented over short-term timescales. Identification of suitable
land, willing landowners and agreeing terms are likely to be the most time-consuming tasks in the
implementation process of this solution.

3.4.1.4 Duration of operation

This solution could potentially be implemented over a variety of timescales. It could be used as a temporary
measure, with land taken out of production but otherwise unchanged. Alternatively, it could also be used as
alonger-term (impermanent) reversion from agriculture, or as a permanent solution that could be maintained
in perpetuity if the land is used for non-agricultural purposes.

19 October 2023 PC3719-RHD-ZZ-XX-RP-X-0005 70



Project related

7"’Royal

HaskoningDHV

3.4.1.5 Applicability

Unlikely to be applicable to indoor pig or poultry farms, but applicable to most other farm types.

3.4.1.6 Management and maintenance requirements

Miscanthus takes one to two years to establish, during which time no additional fertiliser is required. Once
established, Miscanthus needs less fertiliser than most other farming practices. Harvesting needs to be
completed every two to four years. Energy Crop Schemes are available.

3.4.1.7 Additional benefits

Energy crops can be used for coppice and provide fuel for renewable energy and therefore carbon offsetting.
Schemes will provide carbon sequestration and will qualify for biodiversity net gain as well as nutrient
neutrality credits.

3.4.1.8 Wider environmental considerations

Implementation of this option is unlikely to be significantly constrained by wider environmental factors.
Should the solution be used to provide a significant amount of long-term mitigation or used to provide a
substantial amount of short-term mitigation then this could impact on regional food production in Norfolk.
Removing agricultural land which will achieve minimal nutrient reductions, e.g., some agricultural land in the
Bure catchment, should be considered against the impact of food supply and maintaining the agricultural
characteristic of the County.

There is the potential for long term inflated agricultural land prices if this solution requires land to be out of
agricultural use for more than one to two years, i.e., it is used as a long-term solution. This could be further
exacerbated when coupled with the impact of mandatory biodiversity net gain which is expected to be
adopted in November 2023 through the Environment Bill 2020. Biodiversity net gain credits will be available
in a similar way to nutrient credits. As such, land with high biodiversity credit potential will become sought
after by developers to provide offsite BNG, increasing its market value.

3.4.1.9 Evidence of effectiveness

Repeated applications of fertilizers and animal waste results in the build-up of P in soil (commonly known
as ‘legacy P’). N build up in soil can still occur, but N is typically more mobile and does not present such a
long-term problem. Long-term field experiments have shown that a large proportion (> 70%) of the surplus
P added via fertilisers remains in the soil, some in forms not readily available to crops (Pavinto et al., 2020).

Taking land out of agricultural use has an immediate impact on its nutrient output, i.e., a reduction in fertiliser
application will lead to reduced concentrations of both P and N in the surface water runoff following rainfall
events. However, some legacy nutrients will be retained in the soil and will be transported to watercourses
via runoff at a later date. Legacy nutrients can increase the assumed future runoff coefficient, and therefore
the desired nutrient removal may not be achieved.

The time taken for soils to reduce to agronomic targets and background concentrations varies depending
on soil types and nutrient concentrations (Dodd et al., 2012). A study by McCollum (1991) indicated that soil
concentration may not be reduced to background concentrations for at least 17 years, based on fine sandy
loamy soils in arable production in the United States. Loamy soils in arable production are typical of the
characteristics seen in large parts of the Bure catchment.

Gatiboni et al., (2021) found that the median time to reach agronomic targets was <1 year but as high as 11
years. However, the time taken to reach environmental targets purely by cessation of phosphorus fertiliser
would be 26 — 55 years. This is consistent with Dodd et al., (2012) which estimated that following cessation
of P application to grassland, the time taken for surface runoff to reduce to acceptable levels is 23 — 44
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years. However, legacy nutrients can be mitigated by allowing some biomass to continue to grow on the
land (refer to Section 3.4.3)

3.4.1.10 Deliverability and certainty

Certainty regarding cessation of arable farming can be easily secured and verified using aerial imagery and
site visits. Where grazing land is taken out of use, in order for there to be an actual reduction in nutrient
loads, then it is assumed that livestock numbers would also need to be decreased and the livestock/ hectare
rate maintained. However, it is assumed that farms typically operate close to optimal stocking densities and
livestock reductions would be needed to maintain this.

Where this solution is used as a temporary measure, livestock can be temporarily located outside of the
catchment. However, changes to grazing practices and stocking densities are more difficult to monitor and
enforce in comparison to arable reversion to woodland or energy crops, and therefore provide a lower
degree of certainty with regards to their effectiveness.

Furthermore, consideration would need to be given where potentially polluting agricultural activity is moved
to another location where the land parcel is smaller and could increase the pollution risk. Norfolk, as an
area, is a major food producer for the UK and this may impact the actual uptake of this solution by
landowners. As a result, financial incentives will need to be attractive and agreements likely to be temporary
or impermanent.

3.4.1.11 Cost estimate

There are two main types of agricultural tenancies:

m Full agricultural tenancies, which are subject to the Agricultural Holdings Act 1986.
m Farm business tenancies, which are subject to the Agricultural Tenancies Act 1995.

Most tenancy agreements made after 1 September 1995 are subject to the Agricultural Tenancies Act 1995
and are commonly known as Farm Business Tenancies.

Table 3-28 presents the rental rates for farming types across England for 2019 and 2020 (the latest data

available at the time of writing). Note that there is a degree of fluctuation in prices between the different

years.

Table 3-28 FBT rental rates (£/ ha) for farming types in England (Source: Defra, 2022)
Rental price (£/ ha)

Farm Type
2019

Cereal 263 261
General cropping 298 367
Dairy 271 283
Grazing livestock 79 81
Lowland grazing 128 166
All Farms 222 239

The average rental price in the East of England during 2019 is £231/ha. The average removal potential is
approximately 0.5kg/halyr. It is expected that a short-term price inflation of agricultural land will increase
the rental price above the baseline figures presented in Table 3-29.
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Table 3-29 FBT rental rates (£/ha) for FBT farms in the East of England (Source: Defra, 2021)
Rental price (£/ ha)

Farm Type

2019 2020
East of England FBT 281 314
England 222 239

The East of England average value of all arable land types is estimated to be £24,500/ha in 2022 (Savills,
2022). Farmscoper Tool was used to identify the likely cost from loss of production. A cost of £506/ha is
assumed which is derived from a loss of production (£889) offset against the saving from no crop/ field
management (£383).

Agricultural land may qualify for agricultural tax relief, and it is likely that taking land out of agricultural
production long term could have a tax implication which may cause this to be economically unviable and a
barrier to delivery. Some solutions may cease to be eligible for agricultural relief and may qualify for financial
benefits via the CSS. Other capital costs associated with woodland planting, grass conversion and planting
cover crops may result in a short-term negative cash flow. Maintenance costs, e.g., harvesting, cutting, are
expected to be minimal and offset by sales of products.

3.4.1.12 Mitigation potential

Table 3-30 and Table 3-31 present an example of the mitigation achieved and equivalent housing for taking
land out of agricultural use. This assuming that land is taken out of a cereal use and put into woodland/
semi-natural grassland use. The housing equivalent assumes a phosphorus permit limit of 1 mg/l and a N
limit of 25 mg/l. The cost estimate assumes that land is purchased and also accounts for loss of production.
No monitoring costs are assumed as this may only be necessary for some applications.

The number of houses mitigated/ cost of mitigation is provided for both P and N. The cost estimate indicates
that a solution provides more N than P. As such, the more expensive P cost estimate is the most relevant
costs estimation to review regarding this solution because a development has to mitigate both P and N. A
solution that achieves P mitigation will likely deliver an excess of N mitigation and therefore not be
considered to achieve nutrient neutrality balance.
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Table 3-30 Phosphorus mitigation and cost estimation for taking various agricultural land out of use

£lkg g/dwellin
Sub- Mitigation (kg Dwelling Cost estimation | TPiyr 9
. over 80
catchment TPlyr) equivalent (£) over 80
years
years
1 0.71 10 25,006
5 3.6 52 125,030
Wensum 35,220 2,389
10 71 105 250,060
25 17.8 262 625,150
1 0.3 5 25,006
5 1.6 24 125,030
Yare 78,144 5,301
10 3.2 47 250,060
25 8 118 625,150
1 0.04 1 25,006
5 0.2 3 125,030
Bure 625,150 42,407
10 0.4 6 250,060
25 1 15 625,150

Table 3-31 Nitrogen mitigation and cost estimation for taking various agricultural land out of use

Sub- Mitigation (kg Dwelling Cost estimation £/dwelling
; over 80
catchment TN/yr) equivalent (£)
years
1 20.8 11 25,006
5) 103.8 55 125,030
Wensum 1,205 2,272
10 207.5 110 250,060
25 518.8 275 625,150
1 16.2 9 25,006
5 81.2 43 125,030
Yare 1,541 2,903
10 162.3 86 250,060
25 405.8 215 625,150
1 22.8 12 25,006
5 113.8 60 125,030
Bure 1,099 2,071
10 227.5 121 250,060
25 568.8 302 625,150
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Table 3-30 highlights the difference the location can have on the amount of P mitigation that can be achieved
by taking agricultural land out of use. Approximately 17 times more mitigation can be achieved in the
Wensum sub-catchment compared to the Bure sub-catchment, which leads to a marked difference in the
cost.

Table 3-31 indicates that N removal rates are consistent across the sub-catchments and typically have a
lower £/dwelling cost compared to P mitigation. In order to be ‘nutrient neutral,” a development must satisfy
both the excess P and N. Therefore, the costs to achieve P neutrality is more representative of the likely
costs incurred from a development to achieve nutrient neutrality.

3.4.1.13 Summary
Table 3-32 presents a range of considerations when taking land out of agricultural use for nutrient offsetting.

Table 3-32 Taking land out of agricultural use key considerations

Key considerations

Taking land out of agricultural use involves replacing high nutrient exporting agricultural land
with low exporting land such as semi-natural grassland, woodland, or energy crops, e.g.,
willow or Miscanthus. Reversion of previously agricultural land to a more natural state will
eventually reduce P and N leaching to natural background rates. In addition, measures, such
as uptake by vegetation, can be imposed which actively uptake nutrients and limit the impact
of legacy phosphates.

Description of solution

Delivery timescale Short-term
Duration of operation Temporary, impermanent, permanent

TP removal potential: Average mitigation removal rate of 0.04 — 0.71 kg TP/ha/yr

Nutri |
utrient remova TN removal potential: Average mitigation removal rate of 16 — 23 kg TN/ha/yr

Applicability Unlikely to be applicable to indoor pig or poultry farms, but applicable to other farm types

For Miscanthus growing — no fertiliser needs to be added until it is established and less
needs to be applied than most farming practices

Harvesting needs to be completed every two to four years

Energy Crop Schemes are available

Management and maintenance

m  Energy crops can be used for coppice

Additional benefit
tional benetits ®  Biodiversity net gain potential

Yes — Although some doubt may remain over legacy phosphates and may require further

Best available evidence
research or monitoring to gain a better understanding

Significant long-term or substantial short-term use of this solution could impact regional food
production in Norfolk. There is the potential for long term inflated agricultural land prices if
this solution requires land to be out of agricultural use for more than one to two years.

Wider environmental
considerations

Evidence of effectiveness Yes — beyond reasonable scientific doubt

Precautionary Yes

Yes — However, it is unlikely this solution would be used for long term solutions
Securable in perpetuity Plantations may need to prove they can be in place for the lifetime of the development or
offer a fallback option with an equivalent nutrient removal

The average rental price in the East of England for farms is £314/ha
The average purchase price in the East of England for farms is £24,500/ha
. The cost from the loss of production is estimated to be £506/ha
Cost estimation
The cost estimate per dwelling is approximately £2,389, £5,301 and £42,407 for the
Wensum, Yare ad Bure catchments, respectively
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3.4.2 Conversion of agricultural land to solar farms

3.4.2.1 Description of solution

A solar farm is a renewable energy installation with a large number of solar panels which are set up in order
to generate electricity. Solar farm installation can reduce P input by:

m areduction in number of grazing livestock and therefore P manure in livestock output by either reducing
the density of grazing animal or removal of livestock from agricultural land; and

m removal of agricultural land usage and therefore removal of nutrient inputs from fertiliser or waste applied
to land from agricultural benefit to enhance crop growth.

A solar farm installation can also be used for provision of nutrient credits. The lifetime of such a scheme can
be estimated as approximately 40 years.

Planning developments ‘autonomous measure’ position

Nutrient neutrality principles may be met with schemes such as conversion of agricultural land to solar farms.
However, to achieve compliance with the Habitats Regulations 2017, any proposed development identified
at the planning stage that may have an adverse effect on the integrity of a site’s habitat, e.g., the proposed
mitigation is not specifically for the purpose of nutrient mitigation, may not be agreed that ‘in principle’ as a
mitigation measure complaint with the Habitats Regulations 2017.

The 'Dutch N’ case made the following distinctions:

m an ‘autonomous measure’ is such that unless solar farms are installed for the singular reason of nutrient
mitigation, i.e., those which are likely to come forward regardless of any proposed development which
might have adverse effects on the integrity of a site’s habitats.

m ‘bespoke’ mitigation measures, developed specifically to mitigate impacts of a proposed development,
i.e., a scheme which are being delivered in combination and through a related proposed development,
e.g., a residential development, to mitigate the nutrients from the primary proposed development.

Natural England may be able to comment upon a scheme and the supporting justification and/ or evidence.
However, the position is that if the primary purpose of scheme is for power generation for example, with the
unintended consequence of providing mitigation, and the primary intent is not to provide nutrient mitigation,
the scheme may not be considered as acceptable nutrient mitigation.

3.4.2.2 Nutrient removal

P is removed or reduced according to the cessation of usage of land as agricultural land or reduction
correlated with reduction of grazing animal density. The Norfolk Nutrient Budget Calculator (Royal
HaskoningDHV, 2022) has been used to estimate the effectiveness of this solution.

These calculations would need to be refined using Farmscoper Tool and site-specific information input
related to fertiliser type and/ or manure application. The initial calculations undertaken provide the following
ranges:

m Total P Average mitigation removal rate of 0.04 — 0.71 kg TP/halyr; and
m Total N removal potential Average mitigation removal rate of 16.23 — 22.75 kg TN/halyr.
3.4.2.3 Delivery timescale

An estimated timeframe of less than five years is required to gain approval and install a solar farm. Solar
farms are a less intensive land use than typical agricultural operations and produce significantly fewer
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nutrients. Therefore, solar farms have a lower environmental and nutrient impact, meaning existing or
imminent solar farms could be used for nutrient mitigation in the short-term.

3.4.2.4 Duration of operation

A solar farm is estimated to operate for approximately 40 years, and the change of land use is therefore
considered to be permanent following the definitions set out in Table 3-2. However, it is important to note
that operation and maintenance costs could potentially exceed the cost for renewal of the solar farm after
40 years. As such, the solution may not reach the threshold to be classified as ‘securable in perpetuity’ (80-
125 years) unless a longer-term agreement between the operator and landowner is in place, e.g., to replace
photovoltaic cells with new infrastructure at the end of their economic lifespan.

3.4.2.5 Applicability

Solar farm installation is applicable to areas of Norfolk where there is available agricultural land which can
be used, available connections to the National Grid and planning applications have been received for such
schemes within Norfolk.

Some key considerations when proposing a solar farm installation in Norfolk, some areas of which are
heavily designated or protected, primarily include visual impacts on the landscape and/ or character of the
area, and heritage assets. A farm would need to be located and designed so it does not have an
unacceptable impact on these receptors.

3.4.2.6 Management and maintenance requirements

Once land is no longer in agricultural use, further land management and maintenance is not anticipated.
Should land be retained as both agricultural land and solar farm usage with reduced livestock density, it will
be necessary to monitor livestock numbers. It may be necessary to determine a threshold number for
specific grazing animal species and monitor in order to keep the number below the threshold.

If the land is not kept in agricultural use, the occasional cutting of vegetation will be necessary to avoid
shading of the solar panels. The solar arrays will also require maintenance to ensure that they remain
operational and are working efficiency.

3.4.2.7 Additional benefits

Renewable energy, e.g., solar panels, can be provided in addition to nutrient mitigation, which has a small
carbon footprint than energy generated by such as fossil fuels. Therefore, solar farms provide an affordable
and feasible nutrient mitigation option as they are simple to install.

Solar farms may also offer opportunities for biodiversity net gain by changing land use, e.g., from a grass
monocrop, and presenting an opportunity to create diverse plant assemblages that would not ordinarily be
present or survive in an open field.

3.4.2.8 Wider environmental considerations

Available sunlight in the United Kingdom is a limiting factor on investment in solar farms which outweigh the
returns on the purpose for energy production. The construction of the solar farm infrastructure can have a
negative impact on the environment, e.g., natural resource depletion and use of fossil fuels, in other
countries, to manufacture the solar panels, and localised pollution through poor environmental management
practices during the construction phase use.

Priority sites for installation of solar farms should ideally be brownfield land, which can be challenging to

repurpose. Providing incentive to develop solar farm on agricultural land could disincentivise installation and
therefore usage of brownfield land.
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3.4.2.9 Evidence of effectiveness

Indicative calculations which have not been subject to review have been undertaken using the nutrient
calculator using available data and the evidence indicates this can be an effective solution. Further
information on the effectiveness or removing land from agricultural production is provided in Section 3.4.1.

3.4.2.10 Deliverability and certainty

Reducing the stocking density of livestock on agricultural land reduces P and N output over time. However,
reducing stocking density provides less certainty than complete conversion from agricultural land. Therefore,
complete conversion from agricultural land to solar farm is a more viable and certain solution. There is
potential for the lease and planning permission as a mechanism to secure a legally enforceable scheme.

3.4.2.11 Cost estimate

Land rental or lease costs and construction costs can be offset against energy sale price per watt. Reference
should be made to the cost estimate in Section 3.6.1.11.

3.4.2.12 Summary
Table 3-33 presents the key considerations for the option to convert agricultural land to solar farms.

Table 3-33 Conversion of agricultural land to solar farm key considerations

Key considerations

A solar farm is a renewable energy installation with many solar panels which generate
electricity. Solar farm installation can reduce P input by:

®  areduction in number of grazing livestock and therefore P manure in livestock
output by either reducing the density of grazing animal or removal of livestock
from agricultural land; and

m  removal of agricultural land usage and therefore removal of nutrient inputs from
fertiliser or waste applied to land from agricultural benefit to enhance crop
growth.

Description of solution

A solar farm installation can also be used for provision of nutrient credits
Delivery timescale Short-term
Duration of operation Permanent

TP between 0.04 — 0.71kg TP/ha/yr
TN between 16.3 — 22.8kg TN/hal/yr

Nutrient removal

Applicability All available agricultural land

Management and maintenance Livestock number monitoring

m  Renewable energy
Additional benefits m  BNG potential
m Water quality

Best available evidence No

The construction cost of the solar farm infrastructure can cause pollution,
environmental degradation, and pressure on natural resources in other areas or
countries. Solar farms should ideally be installed on brownfield land, which can be
difficult to repurpose.

Wider environmental considerations

Yes, when using the evidence presented in Section 3.4.1 Taking land out of

Evidence of effectivity

Precautionary
Securable in perpetuity

Cost estimation

19 October 2023

agricultural use as a proxy
Yes - Precautionary principles can be adopted
Yes

Costs are variable between landowners
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3.4.3 Cessation of fertiliser and manure application

3.4.3.1 Description of solution

Where full land abandonment is not available, a change of farming practices or cessation of fertiliser
application may be applicable. Stopping fertiliser or manure application will have an immediate short-term
impact by reducing the amount of soluble nutrient runoff that is usually lost following application, particularly
during rainfall events. There will also be a longer-term impact on particulate P loss should the solution be
implemented for consecutive years due to a reduction in soil P reserves. Particulate forms of P are typically
lost through soil erosion when P is bound to soil.

In a study of long-term, i.e., 45 years, land use, cropping without fertilisation reduced legacy phosphorus
significantly (Zhang et al., 2020). This was also confirmed in Zhang et al., (2020) where after 11 years of
cultivation, in which the yield and phosphorus uptake by maize-soybean crops was not affected by
withdrawal of phosphate fertilizer down to the critical level, legacy phosphorus was significantly reduced.
The study also found that reliance on legacy phosphorus improved farmers’ economic margins and reduced
the soil test phosphorus levels to safe levels for surrounding catchments.

Legacy phosphorus does serve as a potential source for crop use and could potentially decrease the
dependence on external fertilisers. An alternative option to ceasing fertiliser application would be to apply
the correct amount of fertiliser that is required rather than applying a constant amount. However, the nutrient
removal is more variable, and the release of credits would only be available following soil sampling.

Nutrient mitigation achieved is also likely to be less than ceasing fertiliser application all together. This
solution would only be applicable to farmers who currently apply at constant rates. This solution could be
employed as a temporary solution and validated through monitoring of soils.

3.4.3.2 Nutrient removal

Cessation of fertiliser allows land to still be farmed whilst also providing nutrient reductions, with the loss of
productivity from the lack of fertilisation balanced by income from nutrient mitigation. This could be secured
as a short-term bridging solution by planning conditions. Legal agreements to cease fertiliser application for
a set area and duration will be required and spot checks undertaken to monitor farming practices and
nutrient concentrations in runoff.

Monitoring will be required to ensure that estimated nutrient removal rates are achieved and validate that
fertiliser/ manure application has ceased. This is likely to comprise three to four visits per year, including an
initial round of sampling to establish the baseline conditions. This solution would be best implemented on
farms in arable use as removing a biomass will reduce legacy P values.

However, it could also be extended to farms with grazing and mixed livestock. This method would have a
significant impact on crop yields, with the greatest impact on responsive crops such as potatoes and some
vegetables, which may increase the cost of this solution for these farming types. Where implemented on
livestock farms, the soils should have P indices of two.

P levels can be farmed down through cutting for silage without fertiliser application which will quickly reduce
excess P. This would prevent approximately 30kg/ha of P application that would normally be added after
each cut (Agriculture and Horticulture Development Board, 2022). Particulate P runoff reductions from the
cessation of 100% of fertiliser application is estimated to be 50% (Newell Price et al., 2011).

White and Hammond (2009) found that particulate P accounts for 40% of the TP loss from improved
grassland. However, on arable land particulate forms of phosphorus typically have more of an influence
than on grassland areas, due to the lack of dense vegetation preventing particulate loss. Neal et al., (2010)
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studied the relationship between soluble and particulate phosphorus in nine major UK Rivers and found that
particulate P in agricultural and rural setting made up 50% of the TP.

As such, it was assumed that particulate P makes up 50% of TP. Therefore, the TP removal values for
cessation of fertiliser and manure application is assumed to be 25%. Newell Price et al., (2011) estimates
that nitrate losses would be approximately 90% from the cessation of fertiliser. The P and N removal that
can be achieved for each farming typology is presented in Table 3-34 and Table 3-35.

Table 3-34 Phosphorus removal from the temporary cessation of fertiliser and manure application

Phosphorus removal from cessation of fertiliser / manure

Farm type application (kg TP/halyr)

Dairy 0.10 0.07 0.04
Lowland grazing 0.06 0.04 0.03
Mixed livestock 0.15 0.07 0.02
Poultry 0.18 0.10 0.04
Pig 0.18 0.09 0.02
Horticulture 0.17 0.08 0.01
Cereals 0.18 0.09 0.02
General arable 0.16 0.07 0.01

Table 3-35 Nitrogen removal from the temporary cessation of fertiliser and manure application

Nitrogen removal from cessation of fertiliser / manure
application (kg TN/halyr)

I 2] I

Farm type

Dairy 15.5 20.5 323
Lowland grazing 12.3 101 16.3
Mixed livestock 21.7 18.9 31.1
Poultry 160.1 142.9 205.8
Pig 65.9 58.1 80.8
Horticulture 17.2 13.95 20.4
Cereals 21.38 17.31 23.18
General arable 19.6 15.7 25

The impact of legacy P limits the reduction potential that can be achieved through ceasing fertiliser
application, i.e., because P is more readily retained in the soil it will be regularly captured by and
encountered in surface water runoff. P concentrations are also more difficult to remove and mitigate in
comparison to increased quantities of N that can be easily removed and provide a more viable solution.

Table 3-36 and Table 3-37 provide an indication of the likely mitigation that could be delivered and
associated costs in each sub-catchment. This assumes a 10ha cereal farm would cease fertiliser application
and the costs outlined in Table 3-38.

Table 3-36 Potential phosphorus mitigation and associated costs
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Sub- o Dwelling Cost £/kg £/dwelling £/kg TPlyr £/dwelling

Mitigation § .. TPlyr for for each over 80 over 80
catchment equivalent estimation (£)
each year | year years years

Wensum 1.8 27 12,744 6,983 474 558,637 37,896
Yare 0.85 13 12,744 14,993 1,017 1,199,426 81,364
Bure 0.2 2 12,744 84,959 5,763 6,796,747 461,062

Table 3-37 Potential nitrogen mitigation and associated costs

Dwellin Cost £/kg £/dwelling £/kg TN/yr | £/dwelling
Sub-catchment | Mitigation . 9 L. TN/yr for for each over 80 over 80
equivalent estimation (£)
each year | year years years
Wensum 213.8 113 12,744 60 112 4,770 8,988
Yare 1731 92 12,744 74 139 5,891 11,100
Bure 231.8 123 12,744 65 104 4,399 8,290

The N mitigation that can be achieved through the cessation of fertiliser application is likely to cost more
than taking agricultural land out of use completely. However, allowing crop production to continue could be
more appealing to farmers and will not have as detrimental of an impact on food supplies. The phosphorus
mitigation is limited and leads to significant costs for mitigation.

3.4.3.3 Delivery timescale

This solution does not require any investment in infrastructure, planning permission or environmental
permits. It can therefore be implemented in very short timescales.

3.4.3.4 Duration of operation

This solution is envisaged as a temporary measure for use while longer-term solutions are developed and
implemented. Prolonged cessation of fertiliser application may be similar to taking land out of agricultural
use (Section 3.4.1).

3.4.3.5 Applicability
This solution is applicable to all types of arable agriculture where natural or synthetic fertilisers are applied.

3.4.3.6 Management and maintenance requirements
No maintenance required.
3.4.3.7 Additional benefits

Land could be selected strategically to help buffer from other pollution sources, e.g., suspended sediment.

3.4.3.8 Wider environmental considerations

Implementation of this option is unlikely to be significantly constrained by wider environmental factors. If the
solution is over-used, then the reduced yield could result in localised food supply issues. However, this
would not have the same impact as taking land out of agricultural use as crops are still being produced.

3.4.3.9 Evidence of effectiveness

Information on the effectiveness or removing land from agricultural production is provided in Section 3.4.1.
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3.4.3.10 Deliverability and certainty

Certainty that fertiliser application has ceased can be provided through soil sampling which could be
conducted in Spring (following typical spring application) for each year the solution is in place.

3.4.3.11 Cost estimate

Table 3-38 outlines the likely costs associated with this solution, both for arable and grassland farming.
Cessation of fertiliser application to arable land is estimated to have a 50% reduction in yield on the affected
area. Similarly, cessation to grassland is assumed to have a reduction of 30% to an average yield of 8t/ha
(Newell Price et al., 2011). The actual costs per farm are likely to differ due to the variety of variables, such

as fertilisation rates, soil types, crop types, etc.

Table 3-38 Cessation of fertiliser/ manure cost estimation

Description

Saving in fertiliser

Reduced use of fertiliser spreaders

Reduced yield / forage replacement

Soil testing

Total

3.4.3.12 Summary

Cost (£/halyr)
Arable Grassland
-100.82 -35.96
-6.65 -6.65
781.86 311.12
600 600
1,274.39 868.51

Table 3-39 presents a range of considerations for cessation of fertiliser/ manure application for phosphate

offsetting.

Table 3-39 Cessation of fertiliser and manure application key considerations

Key considerations

Description of solution

Delivery timescale

Duration of operation
Nutrient removal

Applicability

Management and maintenance

Additional benefits

Best available evidence

Wider environmental
considerations

19 October 2023

Where full land abandonment is not available, a change of farming practices or cessation
of fertiliser application may be applicable. Stopping fertiliser or manure application will
have an immediate short-term impact by reducing the amount of soluble nutrient runoff
that is usually lost following application, particularly during rainfall events.

There will also be a longer-term impact on particulate P loss should the solution be
implemented for consecutive years due to a reduction in soil P reserves. Particulate
forms of P are typically lost through soil erosion when P is bound to soil.

Short-term
Temporary

TP removal potential: 0.02 — 0.2 kg/ha/yr
TN removal potential: 17.3 — 21.4 kg/ha/yr

Arable and Grassland
None

Positioning of farms could be strategic to help buffer from other pollution sources (e.g.
suspended sediment)

Yes — monitoring likely to be needed to confirm

Implementation of this option is unlikely to be significantly constrained by wider
environmental factors. If the solution is over-used, then the reduced yield could result in
localised food supply issues, but to a lesser degree than taking land out of agricultural
use.
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Evidence of effectiveness Yes
Precautionary Yes
Securable in perpetuity No - likely to be utilised as a bridging solution
Cost estimation Arable: £1,274 halyr

3.4.4 Farm management measures

3.4.4.1 Description of solution

Farm management measures which are specific to individual farms could be relevant in reducing P and N
being released into watercourses. The focus of farm management techniques is generally related to
sediments, rather than nutrients, however, the nutrients are associated with suspended solids runoff so
therefore the two are inter-related.

Fertiliser management using Defra Fertiliser Recommendations in the Nutrient Management Guide RB209
(updated 2022), are calculated according to season and agronomic calculations for planned crop production
sowing and crop uptake, baseline P in soil, field slope, fertiliser application timing etc. Detailed information
with respect to taking land out of agricultural use and cessation of fertiliser or manure application is detailed
in Sections 3.4.1 and 3.4.3 respectively.

To manage the supply of surface water runoff, sediment, and nutrients from agricultural fields into the
drainage network, the following measures laid out in Table 3-40 can be considered.

Table 3-40 Surface water runoff, sediment, and nutrient farm management measures

Nutrient Method Description

Controlled grazing and pasture management reduces the concentration of nutrients
found in manure in a single area which reduces nutrient overloading, reduces
sediment runoff through minimising soil compaction, and allows the regrowth of
covering vegetation.

Grazing management plans are specific to each farm and may help to achieve more
days grazing per year using grazing rotations, therefore reducing hay
supplementation. Plans are likely to include the use of fencing to distribute grazing
pressure and promote plant regrowth.

Controlled grazing

Trees and shrubs along watercourses help stabilise banks as well as offer habitat for
Bank stabilisation fish, insects, bird, and mammals. Techniques can include vegetative revetment to
slow erosion rates.

Nutrient reduction to watercourses can be achieved via the design of field drains. For
example, where the outfall pipe of a field drain is left short of the watercourse, so that

Field drainage and ditch management percolation through a natural floodplain allows nutrient capture and uptake into
vegetation. Buffer zones such as this also have additional benefits such as filtering
soil, silt, and other material.

Farm traffic management can reduce soil compaction and issues associated with this

and reducing use of heavy machinery close to watercourses which can damage
Farm traffic management banksides, bankside vegetation and destabilise banks.

Management may include rotating the use of farm tracks throughout the year,

reducing overuse of certain tracks.

Detention ponds are basins/depressions which are usually dry and are designed to
temporally store and slowly release runoff water to meet flow and water quality
Detention ponds criteria. Water leaves the basin via a restricted outflow control leading to a longer
detention time and improved particulate pollution sedimentation. Pollution removal
improved by including features such as pre-treatment sediment traps, deeper areas
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Nutrient Method Description

at or near inlets and low flow channels. These can also provide flood control by
providing additional flood detention storage.

3.4.4.2 Nutrient removal

There is a large degree of uncertainty in relation to nutrient removal rate, as it is dependent on multiple
variables such as location, soil type, rainfall, frequency of de-silting and is likely to differ between locations.
Quantitative nutrient data is required according to site-specific variables to seek optimal locations. Pilot trials
should be undertaken to determine the best management measures to optimise their usage.

3.4.4.3 Delivery timescale

Short to medium term to establish farm management measures. A survey from a qualified and experienced
ecologist would be required to the relevant river stretch ahead of commencement of construction works
which establish management measures. Works may need to be limited outside of breeding seasons, for
example, to avoid vulnerable times such as spring/ summer for some birds and mammal fish spawning.

3.4.4.4 Duration of operation

Once the farm management measures have been established it is assumed that they will be long term
solutions.

3.4.4.5 Applicability

This nature-based solution is applicable for all farm typologies.

3.4.4.6 Management and maintenance requirements

Management and maintenance requirements are likely to include periodic cutting vegetation, clearing and
dredging of artificial ditches. Ditch maintenance may need to be on a rotational basis to minimise damage
to ditch banks. This would be done by the farm operator.

3.4.4.7 Additional benefits

Dependent on the measures selected by the farm operator, the solution can reduce the sediment supply to
downstream watercourses, this can result in the following additional benefits:

m  The amount of land being lost to erosion can be reduced;
m Improvement of soils and therefore crop yields, animal health and production;
= BNG; and,

m The reduction in pollution and therefore better compliance with legislation.

3.4.4.8 Wider environmental considerations

Periodic removal of the sediment containing nutrients and any other chemicals which have collected requires
consideration, with respect to re-use or waste disposal in addition to any environmental considerations
related to removal and transport.

3.4.4.9 Evidence of effectiveness

There is limited evidence of the effectiveness of farm management measures in the removal of nutrients.
The solution is likely to have some effectiveness in the removal of sediment-associated nutrients, it is less
likely to be effective at removing nutrients transported in dissolved phase. The solution is therefore likely to
be more effective in removing P than N, although there is a large uncertainty regarding its effectiveness. As
such, monitoring and potentially pilot trials would be required to provide representative data which measures
nutrient removal rate potential.
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3.4.4.10 Deliverability and certainty

There is a large amount of uncertainty regarding the removal rate. This is dependent upon several
parameters which determine variable success. Furthermore, many of the options, e.g., farm ftraffic
movements, do not have the required certainty to provide nutrient neutrality mitigation.

3.4.4.11 Cost estimate

The cost of farm management measurements can vary dependent on the contractor undertaking the works

and what measures are being implemented.

3.4.4.12 Summary

Key considerations for farm management measures are summarised in Table 3-41.

Table 3-41 Farm management measures key considerations

Key considerations

Description of solution

Delivery timescale
Duration of operation
Nutrient removal

Applicability

Management and maintenance

Additional benefits

Best available evidence

Wider environmental
considerations

Evidence of effectiveness
Precautionary
Securable in perpetuity

Cost estimation

19 October 2023

Farm management measures which are specific to individual farms could be relevant in
reducing P and N being released into watercourses. The focus of farm management
techniques is generally related to sediments, rather than nutrients.

To manage the supply of surface water runoff, sediment, and nutrients from agricultural
fields into the drainage network, the following measures can be considered:

m  Controlled grazing;

m  Bank stabilisation;

m  Field drainage and ditch management;” and

m  Farm traffic management

Short/medium term
Permanent

Large uncertainty
All applicable

Periodic cutting vegetation
Clearing and dredging of artificial ditches
Ditch maintenance

The amount of land being lost to erosion;
Improvement of soil quality

BNG; and,

Reduction in pollution

No

Periodic removal of the sediment containing nutrients and any other chemicals which
have collected requires consideration, with respect to re-use or waste disposal in addition
to any environmental considerations related to removal and transport.

Yes — the effectiveness can vary considerable under different conditions, poor design,
and poor management.

Yes

No — the solutions do not have the required certainty to meet the requirements of the
Habitat Regulations.

Can vary depending on the management measure selected.
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3.4.5 Cover crops

3.4.5.1 Description of solution

Surface runoff and erosion represents a principal mechanism for nutrient loss from many agricultural
systems. The risk of runoff is primarily controlled by timing, rate and method or fertiliser or manure
application, as well as post-application rainfall. Natural factors such as slope, surface roughness, infiltration
capacity and magnitude of erosion also have a strong control. Bare soils are very prone to erosion and cover
crops help maintain soil cover during the autumn and winter or any time of the year including drier months
and cover crops can also be sown in Springtime.

They are especially useful to mitigate erosion on high-risk sloping land. Cover crops act to encourage
infiltration and reduce overland flow velocity. They are best employed when land would otherwise be left
bare during the crop rotation process. They are typically used either prior to main production cycle, e.g.,
potatoes, sugar beet, or post-harvest, e.g., cereals. Validation of cover crops can be achieved through
satellite imagery, photographs, and drive by visits. Due to the uncertainty in removal values, soil sampling
and monitoring may be required to establish the baseline and phosphate reduction.

3.4.5.2 Nutrient removal

Published P reduction rates are variable within the literature. Some studies suggest significant phosphorus
removal can be achieved, such a study by Novotny and Olem (1994) which suggested phosphorus removal
of 30-50% and Sharpley and Smith (1991) which found an average reduction of 77% from four different
studies. However, other investigation concluded that changes to phosphorus losses were not significant,
e.g., Kleinman et al., 2005.

Published N reductions values are also variable within the literature. Kaspar and Singer (2011) studied
nitrate reductions from cover crops for 16 studies and found that the reduction in leaching losses ranged
from 6 to 94%. Spier et al., 2022 found that cover crops consistently reduced tile drain nitrate loss by 27-
72%. Similarly, Hanrahn et al., (2018) measured median nitrate savings of 69-90% compared to fields
without cover crops during winter/ spring. Kaspar et al., (2012) observed nitrate reductions of 48% over five
years using rye winter crop.

Numerous studies have demonstrated that cover crops' uptake of N lowers the possibility of nitrate losses
due to leaching over the winter. Having less soil runoff also means having less phosphate linked to soil
particles to lose. Examples of these studies include:

m A study conducted by The New Farming Systems (NFS) Project with a view to explore ways of improving
the sustainability, stability and output of conventional arable farming systems started in 2007 with
additional study in 2011 on a sandy loan soil at Morley in Norfolk.

Research has shown advantages in terms of improved soil properties, favourable yield responses, and
increases in financial margins over fertiliser input related with the employment of particular cover crop
systems.

m A study conducted by NFS over two seasons with farmers from Kellogg’s Origins Natural Heritage
(Origins™) in sites in Leicestershire have revealed mean N leaching reductions of approximately 43%
(mean values for 2015 and 2016 were approximately 40% and 46%, respectively, or 38kg/ha and 25
kg/ha, respectively, of N).

The results of other studies in this field are consistent with this. To help crops and the larger soil system,
this N will be kept in the soil. For this use, a variety of fast-growing cover crops are appropriate (Stobart,
2016).
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m  Another study was conducted on a 143ha commercial arable farm in Norfolk, UK, to determine the
effectiveness of cover crops in reducing farm-scale nutrient losses with a cover crop of winter oilseed
radish (Raphanus sativus).

Various observations were made from the year 2012 to 2015 and according to the results, oilseed radish
had no effect on phosphate (P) losses but reduced nitrate (NOs-N) leaching losses in soil water by 75-
97% in comparison to the fallow land (Cooper et al., 2017).

Table 3-42 and Table 3-43 provide an indication of the likely mitigation that could be delivered and
associated costs in each sub-catchment. This assumes 1ha of cover crops on cereal land and that payments
are equivalent to £124 per hectare.

Table 3-42 Estimated TP mitigation and associated costs in each sub-catchment

Dwellin Cost £/kg £/dwelling £/kg TPlyr £/dwelling
Sub-catchment | Mitigation § 9 .. TPlyr for for each over 80 over 80
equivalent estimation (£)
each year | year years years
Wensum 0.22 3 124 566 38 45,297 3,073
Yare 0.10 2 124 1,216 82 97,255 6,597
Bure 0.02 0 124 6,889 467 551,111 37,385

Table 3-43 Estimated TN mitigation and associated costs in each sub-catchment

Dwellin Cost £/kg £/dwelling £/kg TN/yr | £/dwelling
Sub-catchment | Mitigation . 9 L. TN/yr for for each over 80 over 80
equivalent estimation (£)
each year | year years years
Wensum 71 4 124 17 33 1,392 2,624
Yare 5.8 8] 124 21 41 1,720 3,240
Bure 7.7 4 124 16 30 1,284 2,420

3.4.5.3 Delivery timescale

This solution does not require any investment in infrastructure, planning permission or environmental
permits. It can therefore be implemented in very short timescales.

3.4.5.4 Duration of operation

This solution is envisaged as a long-term change in agricultural land management practices. However, in
the absence of any significant infrastructure, long term investment or mechanisms for binding agreements
with landowners, it is considered to be impermanent.

3.4.5.5 Applicability

This solution is applicable to all types of arable agriculture, particularly where fields are left bare and thus
vulnerable to surface water runoff and erosion after the harvest of the main crop.

3.4.5.6 Management and maintenance requirements

There will be annual maintenance requirements associated with preparation, planting, destruction, and
cultivation of cover crops.

3.4.5.7 Additional benefits

Reduces soil erosion, improves water quality, and increases biodiversity due to habitat creation. Cover crops
also provide winter cover and habitat for birds, mammals, and insects.
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3.4.5.8 Wider environmental considerations

Implementation of this option is unlikely to be significantly constrained by wider environmental factors.

3.4.5.9 Evidence of effectiveness

Although there is scientific evidence to suggest that cover crops are effective in reducing the supply of
phosphorus and N from agricultural land, estimates show considerable variation (Section 3.4.5.1). There is
therefore a degree of uncertainty associated with the effectiveness of this solution. It is expected that a
conservative removal rate of 30% could be applied for cover crops. Monitoring would then be required to
access ‘credits’ for removal rates above 30%.

3.4.5.10 Deliverability and certainty

Certainty that the solution has been delivered and will continue to be delivered can be provided through site
visits, aerial imagery, and submission of photos from landowners. Monitoring of local watercourses can be
conducted to confirm the predicted removal rates are achieved.

3.4.5.11 Cost estimate

Annual maintenance costs estimated to be £150/ha/yr (AHDB, 2020) £124/ha.

3.4.5.12 Summary

Table 3-44 presents a range of considerations for using cover crops for nutrient offsetting.

Table 3-44 Cover crops key considerations

Key considerations

Description of solution

Delivery timescale
Duration of operation
Nutrient removal
Applicability

Management and maintenance

Additional benefits

Best available evidence

Wider
considerations

environmental

Evidence of effectiveness

Precautionary

Securable in perpetuity

Cost estimation

19 October 2023

Surface runoff and erosion represents a principal mechanism for nutrient loss from many
agricultural systems. Cover crops help maintain soil cover and are especially useful to
mitigate erosion on high-risk sloping land. They are best employed when land would
otherwise be left bare during the crop rotation process.

Short-term

Impermanent

Large uncertainty - Assumed to be 30% removal

Arable farms (particularly cereals)

Time and money costs associated with preparation, planting, destruction, and cultivation.

m Water quality
m  Habitat creation

No — phosphate reduction estimates are highly variable

Implementation of this option is unlikely to be significantly constrained by wider
environmental factors

Yes
Yes

Yes — management agreements will likely need to be put in place, especially where land in
leased

Maintenance costs: £150/ha/yr (AHDB, 2020)
£124/ha
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3.4.6 Installing Sustainable Drainage Systems in new developments

3.4.6.1 Description of solution

SuDS are efficient sediment traps and reduce the amount of runoff entering watercourses. The fundamental
principles of SuDS are to slow flow and promote infiltration, allowing rainfall to enter the groundwater where
it falls. Examples include basins and ponds, filter strips and swales, constructed wetlands, soakaways,
infiltration basins, gravelled areas, and porous paving. SuDS systems require design specific to a
development site and the phosphate reduction efficacy can vary between options.

3.4.6.2 SuDS typologies

SuDS systems that promote infiltration of water and settlement of sediment will have the greatest benefit for
phosphorus removal. Similarly, SuDS that provide an environment for vegetation to uptake phosphorus will
achieve good phosphorus removal rates. SuDS used in combination and that are linked in a treatment train,
often culminating in a SuDS wetland, represent the most favourable scenario.

SuDS wetlands should typically comprise of an initial sediment fallout pond, a variety of deeper zones and
shallow macrophyte zones (Figure 3.10). The wetlands should also be able to accommodate additional
volume for excess rain. Regular wetland maintenance is also essential to ensure that removal rates are
maintained and to ensure that an accumulation of phosphorus enriched sediment does not become a source
rather than a sink. Indicative cost estimates are presented in Section 3.4.6.12.

Shaliow bench Linet (if requived) Shallow bench

Figure 3.10 Example of SuDS wetland (Source: Susdrain)

Swales are shallow, relatively wide, and vegetated depressions that are designed to store and convey runoff
and remove pollutants. They can also be used as conveyance structures to transfer runoff into the next
stage of the SuDS treatment process. They are fairly easy to incorporate, with low capital costs and simple
maintenance. They are best suited to low gradients on both sides and can be enhanced by placing check
dams across the swale to reduce flow rate (Figure 3.11).
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Tree Planting along
edge of swale (optional)

Pianting (optional)

Topsoil

Infiltration
Figure 3.11 Example of swales and conveyance channels (Source: Susdrain)

Filter strips are gently sloping, vegetated strips of land that slow conveyance and promote infiltration. They
typically lie between hard-surfaces and a receiving stream/ surface water collection (Figure 3.12). Runoff is
primarily by overland sheet flow. They are easy to construct and have low capital costs. They are unsuitable
where the slope gradients are too steep

Figure 3.12 Example of filter strips (Source: Susdrain)

Bioretention areas are landscaped depressions which use enhanced vegetation and filtration to remove
pollution and reduce runoff (Figure 3.13). They are aimed at managing and treating runoff from frequent
rainfall events. They are very effective at removing pollutants and flexible to install into the landscape.
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Figure 3.13 Example of a rain garden (Source: Welshwildlife.org)

Source control is also a key method in reducing runoff. Permeable paving can attenuate flow and increase
infiltration. Green roofs also provide interception storage and treat some of the more frequent but smaller,
polluting rainfall events. The latest advice provided by Natural England suggests that they may be able to
give more details on how SuDS should be incorporated into the calculator and the mitigation potential this
may have. Further details to this solution will be given following the guidance from Natural England. SuDS
can be best incorporated into new developments where they can be designed from an early stage to achieve
the greatest impact.

The use of SuDS should be encouraged as this will treat excess phosphorus on site. Furthermore, the
Norfolk County Council (as Lead Local Flood Authority) drainage design standards for highways'? indicate
Norfolk County Council seeks to reduce the rate of surface water run-off through the use of SuDS and the
Norfolk Local Flood Risk Management Strategy (2015) encourages SuDS approaches in new developments
and considers retrofitting SuDS within existing settlements.

The Strategy takes information from Authorities respective Surface Water Management Plans (SWMP) '3
some of which identify SuDS to be used where appropriate. This is likely to be most applicable larger urban
areas such as Dereham, Wymondham, Aylsham, and Norwich where the SuDS manual (CIRIA, 2015) sets
out further design approaches. Other areas such as Poringland in South Norfolk may not be appropriate for
SuDS as the use of infiltration methods could create new or aggravate existing local groundwater flooding
problems by increasing the rate at which rainwater enters the ground.

12 hitps://www.norfolk.gov.uk/rubbish-recycling-and-planning/planning-applications/highway-quidance-for-development/drainage
'3 https://www.norfolk.gov.uk/what-we-do-and-how-we-work/policy-performance-and-partnerships/policies-and-
strategies/environment-and-planning-policies/flood-and-water-management-policies/surface-water-management-plans
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Urban retrofitting can be used to install SuDS. To accommodate surface water run-off from existing
developments and built-up areas Strategic driven retrofitting can achieve phosphorus reductions and can
be combined with the need for urban regeneration and flood reduction.

3.4.6.3 Nutrient removal

Many of the components of a SuDS design do not have a strong evidence base to determine removal
efficiencies. Lucke et al., (2014) reported total phosphorus removal of 20 - 23% under runoff simulation.
Lucke et al., (2014) reviewed a range of other published data and found slightly higher mean TP reduction
of 48%. Moderate phosphorus reductions associated with swales suggest they would be best used
alongside a suite of other measures to achieve a greater cumulative impact and achieve neutrality, e.g., as
a part of SuDS schemes used in new housing developments.

As such, Construction Industry Research, and Information Association (CIRIA) guidance (2022) on SuDS
provides more information on the likely TP reduction rates. SuDS are well-established and familiar to many
developers and are likely to be an attractive method for achieving on-site mitigation.

3.4.6.4 Delivery timescale

A requirement to implement SuDS as part of all new developments can be established in the short term.

3.4.6.5 Duration of operation

Once installed, SuDS are assumed to be permanent drainage and nutrient management solutions.

3.4.6.6 Applicability

This solution is applicable to all new dwellings in the catchment and should be designed from an early stage.
The size of the site will control the design and nutrient removal potential. Retrofitting of SuDS is more
location specific to ensure the greatest return.

3.4.6.7 Management and maintenance requirements

The long-term performance of SuDS would also need to be secured through maintenance agreements, e.g.,
via Section 106 rather than planning conditions given the required duration of these commitments. Key
maintenance tasks are outlined in Table 3-45. Sedimentation will eventually compromise some aspects of
the SuDS function and rejuvenation measures will be necessary (Kadlec and Wallace, 2009).

Table 3-45 SuDS maintenance tasks

Activity Indicative frequency Typical tasks

. m litter picking
Routine/ regular Monthly (for normal care of m  arass cuttin
maintenance SuDS) 9 g

inspection of inlets, outlets, and control structures

silt control around components

vegetation management around components

suction sweeping of permeable pav