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Executive Summary 
 
Norbury Park River Restoration Pre-Feasibility Study 

 
 
This Pre-Feasibility Study assesses outline options for restoring or 
re-naturalising Norbury Brook as it flows through Norbury Park, in 
the London Borough of Croydon. The brook currently flows 
through the park in a culvert and concrete channel.   
 
A variety of options for restoring the river channel have been 
assessed according to their ability to improve the morphological 
and habitat quality of Norbury Brook, increase the biodiversity and 
amenity value of Norbury Park, enhance opportunities for flood 
storage within Norbury Park, contribute towards the delivery of 
London river restoration policies and key objectives from the 
Thames CFMP, and contribute towards the delivery of key Water 
Framework Directive objectives.   
 
It is recommended that the exiting culvert and concrete channel 
should be replaced with a new meandering multi stage channel 
which crosses the park. This channel should have a natural 
planform and bank profile and accommodate a diverse range of 
conditions capable of supporting a range of in-channel and riparian 
habitats.  This will provide the opportunity for BAP habitats such as 
reed beds and standing water to be established. The channel will 
provide a reduced level of flood risk within the catchment through 
an increase in capacity together with the benefit of a flood bund 
located within the park.   
 
It is also recommended that a flood bund is constructed around 
the edge of the park, and that enhancement works are undertaken 
within the channel immediately upstream of the park.   

Christopher Smith and Ian Dennis Royal Haskoning 
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1 Introduction 
 
The Environment Agency commissioned Royal Haskoning to undertake a Pre-Feasibility Study 
assessing outline options for restoring or re-naturalising Norbury Brook as it flows through Norbury 
Park. The project could potentially improve the environmental, flood risk management and 
aesthetic value of the watercourse, and promote greater community interaction with the brook and 
the habitats it can potentially support. This pre-feasibility study will identify and determine the 
viability of the proposed river restoration and flood risk management scheme for Norbury Park.  
This pre-feasibility study will inform a more detailed feasibility study and the design process if it is 
recommended that a project should be progressed.   
 
The pre-feasibility study will evaluate a range of outline options against specific project objectives, 
select a preferred option and investigate potential sources of funding. The preferred option will aim 
to provide a balanced, integrated and sustainable solution for the community, enabling greater 
interaction with the water and natural environment. Key constraints and opportunities that may 
influence the choice of option and the business case (including the indicative Defra Flood Risk 
Management ’Priority Score’ and Outcome Measures assessment) will be identified at this early 
stage.  
 

The problem 
 
Norbury Park is located in the London Borough of Croydon, to the south of the Greater London 
area (Figure 1.1). Norbury Brook flows through Norbury Park within two concrete-lined channels, a 
culvert, and a short reach along which the banks are protected with wooden toe boarding.  The 
open channels have high, steep sides, and are fenced off to prevent public access to the 
watercourse. Norbury Brook is therefore disconnected from both the wider environment and the 
local community and is currently of low habitat value.   
 
In addition to achieving biodiversity gains, previous studies have demonstrated that river 
restoration schemes undertaken in public parks have also resulted in considerable increases in 
visitor numbers and public participation in those areas.  For example, local Environment Agency 
staff have stated that the number of visits made to Sutcliffe Park in Eltham increased by 78% 
following restoration works on the River Quaggy.  It is anticipated that proposed works at Norbury 
Park will form a central part of a suite of additional enhancements for the benefit of the wider 
environment and the local community. The early identification of environmental objectives in this 
study will help establish the scope for future assessment.  
 

Project objectives 
 
The London Plan, Creating a Better Thames, the London River Restoration Strategies, London 
River Restoration Action Plan and policies such as the Thames Catchment Flood Management 
Plan and London Biodiversity Action Plan all set out a series of objectives for the enhancement of 
London’s river network.  Six specific objectives have been identified for the Norbury Park river 
restoration project, which will contribute towards the delivery of the policies that drive river 
restoration in London.   
 
The primary objectives of this project are:   
 

• To improve the morphological and habitat quality of Norbury Brook;   
• To increase the biodiversity of Norbury Park;   
• To enhance the amenity value of Norbury Park;   
• To enhance opportunities for flood storage within Norbury Park;   
• To contribute towards the delivery of London river restoration policies;  and  
• To help improve the ecological potential of the waterbody, and contribute towards the 

delivery of key Water Framework Directive objectives.   
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Figure 1.1:  Location map, showing Norbury Park and surrounding areas 
 

Norbury Park 
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These objectives have been used to develop a series of potential options to restore Norbury Brook 
as it flows through Norbury Park, and to assess the viability of these options.   
 
In addition, two further objectives will be addressed in this investigation: 
 

• To identify a preferred option that delivers the greatest possible benefits to the site, as 
assessed using the six primary objectives listed above; and 

• To identify potential sources of external funding (i.e. non-Environment Agency) for the 
preferred river restoration option.   

 

Policy context 
 
Consideration of relevant policy is critical when considering options for river restoration.  Works to 
improve and restore the quality of rivers in London are driven by a variety of regional policies.  A 
brief summary of each of the key policies that have been consulted in this project is provided in 
Table 1.1.  This provides details of the key aim of the policy, in the context of the proposed outline 
options for river restoration in Norbury Park.  Further details of the individual policies are provided 
in Appendix A.   
 
 
Table 1.1: Key aims of each policy 

Policy Key aim 
London Plan: Blue Ribbon Network To enhance the environmental and amenity value of 

London’s waterways 
Improving Londoner’s Access to Nature To improve natural public open spaces 
South London River Restoration Strategy To promote the restoration of rivers in south London 
London River Restoration Action Plan To identify opportunities for river restoration in 

London 
Creating a Better Thames To improve and promote public access to the 

environment 
Thames CFMP To improve flood risk management in the catchment 
Wandsworth, Merton, Sutton and Croydon 
SFRA 

To promote policies to mitigate flood risk 

London BAP To protect and enhance biodiversity in London 
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2 Baseline conditions 
 

Study location 
 
Norbury Brook is a small a tributary of the River Wandle that flows in a north westerly direction from 
its source in Thornton Heath, Surrey towards Streatham Vale (Figure 1.1).  The brook becomes the 
River Graveney upstream of its confluence with the River Wandle at Wandle Park in Colliers Wood.  
The river is heavily modified along much of its course and flows through a series of concrete 
channels and culverts.  The river includes a number of surface water outfalls whose inputs vary the 
flow and water quality of Norbury Brook as it passes through the urban development along its 
length.   
 
Norbury Park is owned and maintained by the London Borough of Croydon. The park consists of 
an area of amenity grassland and is crossed by several sealed tarmac footpaths (Figure 2.1). The 
park gently slopes to the east but there is limited formal landscaping within the site. Norbury Park is 
bounded by residential development on the northern, western and south western sides, a 
secondary school to the east and allotments on the southern side.   
 
This pre-feasibility study is focussed on a reach of Norbury Brook as it flows through Norbury Park, 
between the national grid references “TQ3114369575” and “TQ3061569949”. This section includes 
the culverted reach, and is described in more detail in the subsequent section.   
 

Fluvial geomorphology 
 
A walkover geomorphological survey was undertaken of Norbury Brook from the most upstream 
point of the study area, the railway line (south of Norbury Avenue), to its downstream exit from the 
western boundary of the park, adjacent to Granville Gardens (Figure 2.1). The walkover survey 
identified five geomorphological reaches that can be used to describe the existing form and 
function of the river:  
 

• Reach 1: Concrete channel upstream of Norbury Park; 
• Reach 2: Open channel through allotments; 
• Reach 3: Culvert through Norbury Park; 
• Reach 4: Concrete channel adjacent to Norbury Park; and 
• Reach 5: Culvert Downstream of Norbury Park.   

 
The characteristics of each reach are described in the subsequent table.   
 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.1:  Map of Norbury Park, with relevant features of the water course indicated 
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Reach 1: Concrete channel upstream of Norbury Park 

 

Upstream of Norbury Park, Norbury Brook is heavily channelised, disconnected from its floodplain and constrained by 
urban development.  The brook is culverted under the upstream railway line, and continues northwards in an open, steep-
sided concrete channel towards Norbury Avenue.  There is a second culvert under Norbury Avenue, downstream of 
which the brook flows in a narrow concrete channel adjacent to a commercial garage.  The river then passes between an 
area of allotments (owned by London Borough of Croydon) on the right hand bank with residential properties on the left 
hand bank.  At the downstream end of the reach, there is a concrete access bridge to the allotments.  This structure has 
concrete piers on each bank, which prevent lateral movement of the channel.  This reach has very low morphological 
diversity, with only a small amount of sediment deposited within the concrete channel.  This does not support any 
significant habitats and no plant life or macro invertebrates were observed during the site visits.   
(Photo: Concrete channel adjacent to the garage in Norbury Avenue, looking downstream)) 

Reach 2: Open channel through allotments 

 

Downstream of the concrete access bridge, the river exits the confined concrete channel and flows in a semi-natural open 
channel through a second area of allotments.  The channel has not been realigned and therefore has a slightly 
meandering platform.  The banks are steep and well-vegetated with grasses, brambles and ground-cover vegetation.  
The banks are protected at the base with wooden toe boards, which are generally in a poor condition.  The channel bed 
is composed of sands and fine gravels along much of this reach, although areas of coarser gravels and small cobbles are 
evident along several stretches.  This channel retains a greater degree of morphological diversity than the reaches 
upstream and downstream.   
 
 
(Photo: Open channel through allotments, looking upstream) 

Reach 3: Culvert through Norbury Park 

 

Norbury Brook is culverted for a length of approximately 115 metres under Norbury Park.  The watercourse flows into the 
reinforced concrete box culvert at the edge of Norbury Park.  After a short distance, the culvert bends northwards towards 
the north western edge of the park.  Where it meets the northern boundary of the park, the brook exits the culvert and 
after turning at an angle of approximately 90 degrees, enters an open concrete channel adjacent to the park boundary.   
 
 
 
 
 
(Photo: Culvert through Norbury Park, looking upstream) 
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Reach 4: Concrete channel adjacent to Norbury Park 

 

The concrete channel has vertical sides and a concrete bed, which is lined with sands, fine gravels, and occasional 
cobbles.  The brook re-enters a concrete culvert at the downstream limit of the park.  The concrete channel is fenced off 
from the public with no access to the watercourse.  The right bank of the channel is bounded by residential development, 
while the left bank is bounded by a line of mature trees, within Norbury Park.   
 
 
 
 
 
(Photo: Concrete channel along the edge of Norbury Park, looking upstream) 

Reach 5: Culvert downstream of Norbury Park 

 

Norbury Brook becomes the River Graveney when it exits from the culvert at the downstream end of Norbury Park having 
passed beneath the A23 trunk road.  The river then flows through a short section of open channel, before entering 
another culvert beneath the main London to Brighton railway line.  The river continues to flow in an open channel 
downstream of the railway line and is bounded on both sides by residential development.   
 
 
 
 
 
(Photo: Culvert downstream of Norbury Park, looking downstream) 
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Historical development 
Examination of historical Ordnance Survey maps (dated c.1872) of the site and its surroundings 
demonstrates that considerable changes have occurred over the last 130 years (Figure 2.2).  
Upstream of the study reach, Norbury Brook occupied approximately the same course as it does in 
the present day.  The river flowed through open fields and partially wooded areas to the south of 
the railway line at Thornton Heath. The channel then widened into a small, narrow lake in front of 
Norbury Hall, before flowing northwards under the railway line into what is now Norbury Park.  
Norbury Brook then flowed in a north westerly direction in a broad arc towards London Road (A23).  
The downstream end of this course remains occupied by the current channel, as it flows through 
the council owned allotments.   
 

 

Figure 2.2: OS First Edition map of the area (1872) 

 

Water quality 
 
The water in Norbury Brook is periodically of poor quality, with several incidents recorded in the 
study reach since 2007 (EA, pers. comm.). During summer and autumn 2007, large amounts of 
sewage fungus (a community of fungi, bacteria and protozoa that is indicative of sewage 
contamination) and solid waste were observed on the bed of the river as it flows through the 
allotments.  Investigations by the Environment Agency and Thames Water determined that waste 
from a surcharging foul sewer was entering the surface water sewer that discharges into the 
allotments, resulting in the contamination of the river with untreated sewage. The problem was 
rectified by Thames Water and subsequently the channel bed was cleaned.   
 
During winter 2007/08, sewage fungus was again observed in the river as it flows through the 
allotments and immediately upstream. However, this had disappeared when the reach was 
resurveyed two weeks later. Investigations by the Environment Agency suggest that this 
contamination was attributable to the discharge of untreated sewage into the river, although the 
precise source of this contamination was not identified.  The most likely source was thought to be a 
foul sewage pumping station which is located adjacent to the contaminated reaches, although the 
equipment was functioning fully at the time of the inspection.   
 
In addition to occasional discharges of untreated sewage, the water that enters the river from the 
surface water outfall in the allotments is of persistently low quality. The problem is compounded by 
the urban nature of the catchment contributing poor quality surface water runoff.  This is likely to be 
attributable to misconnections from domestic sources such as sinks and washing machines.  This 
problem has been identified by the Environment Agency, and is due to be rectified by Thames 
Water during 2009. 
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Flood risk 

Fluvial flood risk 
The primary risk of flooding to the study area is from the Norbury Brook, which further downstream 
becomes the River Graveney and from there flows northwards into the River Wandle.  Details of 
the risk of fluvial flooding to the study area from the Norbury Brook have been obtained from the 
Environment Agency’s interactive indicative flood maps and from the London Boroughs of 
Wandsworth, Merton, Sutton and Croydon Draft Strategic Flood Risk Assessment (hereafter 
referred to as the SFRA; Scott Wilson, 2007).  Details of the Flood Zones and the fluvial flood risk 
to the study area are indicated in Figure 2.3. 
 

 
Figure 2.3: Environment Agency Flood Map of the site (redrawn from the Wandsworth, 
Merton, Sutton and Croydon SFRA) 

 
These flood maps indicate that primarily, there is a risk of fluvial flooding to the site from the 
Norbury Brook in the south western corner and along the southern boundary of the study area and 
that it is anticipated to be a flood risk of 1 in 100 year or greater.  Due to the local topography there 
is minimal risk of flooding to the eastern and northern parts of the study area.  Figure 2.6 supports 
this, as it indicates the study area is located in Flood Zone 1 (1 in 1,000 year or greater risk of 
flooding).   
 
Flooding within the study area is typically limited by the nature of the upstream and downstream 
reaches of the river. Upstream of the study area the Norbury Brook flows through a number of 
culverts that limit the volume of water able reach the study area. Therefore the risk of flooding to 
the site will be dependent on the capacity of the upstream culvert together with a degree of 
overland flow that reaches the river prior to entering the park. Once the river has left Norbury Park 
there are further downstream culverts and these will regulate the outflow from the park.  
Consequently, the volume of water that can be encountered during a flooding event is limited to the 
maximum capacity able to enter the park minus the maximum capacity that the outflow from the 
park is able to discharge. Based on these limitations on the flow conveyance of the system there is 
a finite limit to the amount of flood storage that can be achieved within Norbury Park. 

Norbury Park 
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The SFRA notes that the Flood Zones should be currently regarded as indicative only until their 
revision through the re-modelling of the River Wandle catchment. Further to this uncertainty the 
Environment Agency has commissioned an update to the hydraulic model for the River Wandle.  
The timely release of the ISIS hydraulic model by the Environment Agency has ensured that this 
pre-feasibility study identifies in greater detail the extent of the flood risk in relation to the study 
area for the completion of the outline economic analysis.   
 

Sewer flood risk 
From the detailed services maps obtained it has been identified that there are Thames Water 
sewer systems present around the boundary of the study area, although none are located 
immediately underneath Norbury Park itself.   It is recommended that further details on the capacity 
of the sewerage system are obtained to identify the rainfall event that can be accommodated by the 
existing system.  
 
The SFRA notes that: 
“Many of the sewer systems in the Boroughs discharge directly, or via some degree of attenuation, into 
the natural watercourses of the area. These point discharges can locally increase flood levels in some 
reaches and by delivering water rapidly to the watercourse, be an important component of overall flood 
volume” (Scott Wilson, 2007).   
 
Details of sewer flooding were taken from Thames Water records and the resulting maps indicate 
there have been between 1 and 2 sewer flooding events in the past 10 years affecting reach 2 and 
5+ events affecting reach 4 (Figure 2.4). However it should be noted that the scale of these maps is 
such that although sewer flooding has occurred in the last 10 years this may not have directly 
impacted on the study area. 
 

 
Figure 2.4: Sewer flooding incidents recorded by Thames Water in the last 10 years (figure 
redrawn from the Wandsworth, Merton, Sutton and Croydon SFRA) 

Norbury Park 
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Surface water flood risk 
From the services maps available it has been identified that there are a number of surface water 
discharges into the Norbury Brook in the locality. Two of these are located upstream of the study 
area, whilst one discharges into the river within the allotments. A further surface water pipe 
discharges into the river immediately upstream of the culverted section of the Norbury Brook and a 
further two surface water discharges enter the channel consisting of a concrete lined open channel 
section.   
 
Surface water flooding typically arises as a result of intense rainfall, often of short duration, that is 
unable to soak into the ground or fully enter surface water drainage systems. In an urban area such 
as this, surface water is likely to run over land quickly often resulting in localised flooding in the 
southern sections of the park at the lowest points and at channel constrictions. There is a risk of 
flooding from overland flow directly entering the channel and also as a result of the surface water 
drainage system which enters the Norbury Brook at a number of points within the study area. This 
has been identified as an increased risk of surface water flooding in the SFRA (Figure 2.5).   
 

Other sources of flood risk 
Artificial sources include any water bodies not covered by the previous categories and identified in 
Planning Policy Statement 25 (PPS25) as including canals, lakes, and reservoirs.  Within the study 
area there are no known artificial sources and therefore there is likely to be limited risk of flooding 
from these alternative sources.   
 

 
Figure 2.5: Surface water flooding (figure redrawn from the Wandsworth, Merton, Sutton and 
Croydon SFRA) 

 

Norbury Park 
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Residual Flood Risk and Mitigation 
Taking into account the above potential sources of flood risk, it is likely that in line with PPS25 
there is a need to assess the residual flood risk to the site and identify ways in which these can be 
mitigated further.  Any proposals to reduce the risk of flooding will not have a direct benefit within 
Norbury Park as there are no houses or receptors at immediate flood risk.  The main impact of 
reduced flood risk will be afforded to those receptors located both up and downstream of the park.  
 

 

Utility services 
 
A utility search was carried out for the Norbury Park area. The following Utility providers issued 
services information: 
 
London Borough of Croydon Southern Gas Networks 
Atkins Telecom Fisher German 
EDF Energy British Telecom 
National Grid Company Atkins NRSWA Department 
NTL: Telewest Thames Water Utilities Ltd. 
EDF Cablewatch Colt 
 
From the documentation received via the Environment Agency it can be seen that there are no 
services present within Norbury Park apart from Thames Water surface drainage outfalls 
discharging into the channel at four locations (Appendix B).   
 

1. 1000m diameter outfall in the upstream allotments; 
2. A small outfall immediately upstream of the culvert across the park; and 
3 and 4. Two small outfalls (one of 300mm diameter, the other of unknown diameter) into the 

open concrete channel along the edge of the park, downstream of the culvert.   
 
Depending on the extent of the new works required for the preferred option, one or more of these 
discharge points are likely to be affected.  This will require the extension of the existing pipe work 
as well as the construction of new outfalls. 
 
In addition to the four outfalls described above, two pipes presently cross Norbury Brook at the 
entrance to the down stream culvert under the car park adjacent to the A23, in the western corner.  
 
The pipes are of a sufficient diameter and height within the watercourse to clearly cause an 
obstruction of flow either during high volume events or once debris becomes trapped against the 
pipes. Future feasibility studies are recommended to consider this obstruction and any mitigation 
measures that are possible to assist in alleviating potential blockages. 
 

Flora and fauna 
 
The majority of Norbury Park comprises an area of cultivated amenity grassland fringed by mature 
trees, including a mixture of native and planted species (e.g. silver birch and black poplar).  The 
main east to west footpath is lined by smaller, well-spaced trees.  In addition, several small areas 
of woodland have been planted on the site, predominantly close to the southern boundary.  These 
stands contain a mixture of native species, including oak (Quercus spp.), hawthorn (Crataegus 
monogyna), ash (Fraxinus excelsior), field maple (Acer campestre) and Scots pine (Pinus 
silvestris).  Where grass is not regularly cut, common wild flowers such as common knapweed 
(Centaurea nigra), cat’s ear (Hypochaeris radicata) and creeping buttercup (Ranunculus repens) 
have colonised the area (London Wildweb, 2008).  A variety of common bird species have been 
observed on the site, including wren (Troglodytes troglodytes), goldfinch (Carduelis carduelis), 
greenfinch (Carduelis chloris), blackbird (Turdus merula), carrion crow (Corvus corone) and 
woodpigeon (Columba palumvbus).   
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Routine fish surveys by the Environment Agency have demonstrated that a number of important 
fish species are abundant in the River Wandle catchment, including eel (Anguilla anguilla) and 
bullhead (Cottus gobio) (Environment Agency, 2008 - London State of the Environment).  Other 
species are present in smaller numbers, including brown trout (Salmo trutta morpha fario), dace 
(Leuciscus leuciscus), and barbel (Barbus barbus).  However, many of these species are unlikely 
to be present in Norbury Brook, due to the heavily modified nature of the water body.   
 

Recreation 
 
Norbury Park comprises of open amenity grassland, on which informal recreational activities take 
place.  A single basketball court is provided at the western edge of the park, and a sports pavilion 
is situated on the northern side.  A small children’s playground is located in the north eastern edge 
of the site, adjacent to the school playing fields.  The park appears to be widely used for dog 
walking and other informal recreational activities.  The open sections of the river channel are 
currently fenced off from public access in order to protect public safety.   
 
Norbury Park is crossed by several formal, metalled footpaths.  One runs across the centre of the 
park from London Road on the south western side to Green Lane on the north eastern side.  The 
second runs from this path to Harefield Road and Green Lane in the north, and the third links 
Harefield Road with Kensington Avenue in the east.  This path network provides a link between the 
residential areas that border the park and the shops on London road, Norbury Railway Station, and 
the secondary school.  Several wooden benches and refuse bins are provided in the park.   
 

Land use, landscape and visual amenity 
 
Norbury Park currently consists of an area of amenity grassland.  The site is surrounded by 
residential development, a secondary school and approximately 1.5 hectares of Council allotments.  
The area is designated in the 2001 land classification as an “urban settlement” (MAGIC, 2008).   
 
Norbury Park is a designated Site of Nature Conservation Importance (SNCI).  This means that it is 
locally important for nature conservation purposes, and is identified for planning purposes in the 
local development plan.  The site does not currently meet the criteria for designation as a Site of 
Metropolitan or Borough Importance (SMI or SBI, respectively), but is locally important to people 
living in the vicinity.  The site retains the potential to be designated as an SMI or SBI, if conditions 
at the site improve sufficiently to warrant re-designation.  It is not stated why the site does not 
reach SBI level, although it is likely that, by creating new habitats, this project could help towards 
reaching the required status.   
 
Biggin Wood, situated approximately 300 metres to the north east of the park, has been defined as 
Ancient and Semi-Natural Woodland (ASNW) by Natural England.  This means that it has had 
continuous tree cover since at least 1600 AD, and contains native tree and shrub species that have 
not been planted.  The site is also on the Forestry Commission’s National Inventory of Woodland 
and Trees.  The options being considered as part of this pre-feasibility study will be confined to the 
boundaries of Norbury Park.  As such, they are unlikely to affect conditions at Biggin Wood.   
 
The site and its surroundings are designated in Natural England’s Landscape Typology as “urban” 
areas, and as such are heavily developed.  The site lies on the boundaries of the Inner London and 
Thames Basin Lowlands Joint Character Areas (JCAs), as defined by Natural England.  These 
areas provide a context for local planning and development, and are defined according to their 
physical characteristics, land use, and historical and cultural attributes.  The Inner London JCA 
(112) is characterised by the broad Thames Valley and associated terrace units, and is heavily 
urbanised.  The Thames Basin Lowlands JCA (114) is characterised by gently sloping topography 
and farmland fragmented by dense urban development.   
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Cultural heritage, archaeology and material assets 
 
There are two Archaeological Priority Zones (APZs) adjacent to Norbury Park.  The first, ‘Norbury 
Manor’, is situated on the south eastern boundary of the site, on land currently occupied by a 
secondary school.  The second, ‘London – Brighton Road’, is situated at the south western 
boundary of the park (following the route of the current A23 arterial road).  APZs identify the areas 
that are likely to contain surviving aspects of archaeological heritage, and are intended to ensure 
that aspects of archaeological heritage are considered when planning applications are assessed.  
Although the proposals do not directly impact on the designated APZs, there may be some 
potential for disturbance of archaeological remains within the park.   
 
Norwood Grove, a Registered Historic Park, is situated approximately 600 metres to the north of 
the site.  Since the works under consideration in this pre-feasibility study are confined within the 
boundaries of Norbury Park, they will not affect conditions in Norwood Grove. 
 

Traffic and transport 
 
The western edge of the park is bounded by the main A23 trunk road (London Road and Streatham 
High Road).  The B273 (Green Lane) runs along the northern boundary of the park, and Norbury 
Avenue, a residential street, runs along the southern boundary.  The main London to Brighton 
railway line is located immediately to the south of Norbury Avenue.  Norbury railway station is 
located immediately to the south of the park, on Norbury Avenue.   
 

Soils, geology and hydrogeology 
 
The National Soil Research Institute’s Soilscape simplified soil map for England and Wales shows 
that soils in Norbury Park and surrounding areas fall into two broad types (MAGIC, 2008).  The first 
(type 22) can be classified as “loamy soils with naturally high groundwater”.  These generally wet 
soils have a low natural fertility.  The second (type 18) can be classified as “slowly permeable 
seasonally wet slightly acid but base-rich loamy and clayey soils”.  These loamy soils have 
impeded drainage, and have a moderate natural fertility.   
 
The area is underlain by the London Clay formation, which is predominantly composed of fine 
grained silty clay deposits.  The relatively impermeable bedrock is overlain by a layer of more 
permeable river terrace deposits.  Many of the watercourses in the area are spring-fed, indicating 
groundwater levels are at or very close to the ground surface in some locations. 
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3 Outline options appraisal 
 

Development of initial options 
 
The outline option development stage discussed a wide range of options for the park that 
considered relevant opportunities and constraints for the river restoration proposals in line with the 
Environment Agency’s brief. 
 
Opportunities to improve the management of flood risk were identified within the park and focussed 
on improving the hydraulic conductivity of Norbury Brook by altering or removing the culvert in 
which it flows.  A new channel could replace the two sharp angles that the culvert currently 
includes, to enable more efficient flows through the park.  Secondly, a new open channel provides 
the opportunity to provide greater capacity in the channel, as this will provide some mitigation to the 
area’s typical high intensity, short duration rainfall events.  
 
Any opportunity to restore Norbury Brook should not be considered solely on the basis of flood risk 
reduction but also on the advantages and justification for the improvement of the habitat, ecology 
and amenity of the park.  Any options for further consideration will need to accommodate these 
criteria, as communicated in the project’s objectives in Section 1 of this report. 
 
The key finding from the outline option development stage is the realisation of the potentially 
insignificant ratio of flood damage reduction (or damages) compared with any potential scheme 
cost.  Under current Defra / Treasury guidelines, a benefit cost ratio of 5:1 is required as a 
minimum.  To this end, it is clear that any range of options will need to incorporate features that 
provide more than just a reduction of flooding benefit to the wider community in order to obtain 
sufficient funding from other sources. 
 
The option to implement a large flood storage area across Norbury Park has been discounted at 
this stage of the pre-feasibility report for a number of reasons.  It is clear from investigations of the 
Wandle ISIS model that creation of a flood storage area will be heavily constrained by the culvert 
and fixed points at both up and downstream locations.  Any flood storage area will be need to be 
designed to fully incorporate the varied peak and quantity of flows across the catchment, all the 
while, constrained by the downstream culvert.  The creation of a specific flood storage area will 
require prohibitively expensive control structures and is unlikely to benefit a sufficient number of 
properties to be economically justifiable. 
 
In addition, the creation of a flood storage area is unlikely to be able to satisfy the project’s 
objectives, particularly in reference to providing a sustainable environmental and amenity 
improvement to the area.  This is primarily due to the low discharges that are commonly observed 
in the brook, which effectively reduces the potential for environmental and recreational 
improvement. 
 
It is recommended, in recognition of the potential for flood storage, that any new channel proposed 
should include a sufficient cross section that increases the capacity of the brook. Any excavated 
material should be utilised to provide a bund at the lower western end of the park to ensure flood 
water is routed back into the channel where possible. 
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Cross section and planform configuration 
 
Following the initial concepts discussion, it was concluded that the planform of any new channel 
would be critical to the success of a preferred option for Norbury Park.  Two concepts were 
considered for the cross-sections, a single stage channel and a multi stage channel (Figure 3.1).   
 
Figure 3.1: Schematic channel cross sections 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Schematic A shows a straight forward approach to channel design which satisfies basic habitat, 
ecology and amenity needs whilst benefiting from reduced construction costs.  The channel can be 
designed to a range of flood storage and conveyance parameters. 
 
The multi-stage channel design (Schematic B) incorporates and builds on the positive factors 
associated with a single stage channel.  This option ensures that a diverse range of in-channel and 
riparian habitats can be established and promoted throughout the river corridor, and the graded 
channel sides allow greater community interaction, resulting in added amenity benefits.  This cross 
section ensures that a range of flood storage and conveyance capacities can be achieved within 
the design whilst accommodating lower flows in the summer months, with reduced compromise to 
the channels characteristics.  This option is likely to be more expensive than a single stage 
channel, due to the excavation of greater volumes of material than a single stage channel, 
However, after mobilisation costs, the difference will be minimal and outweighed by the benefits 
that the cross-section would bring.  
 
In addition, two different planform configurations were also considered (Figure 3.2).   
 

A. Schematic single stage channel 

B. Schematic multi stage channel 
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Figure 3.2: Schematic channel planforms 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Schematic planform A ensures the banks are profiled so that they follow the bends of the river 
channel.  This is of a simple design that is simple to construct.  Alternatively, the channel can 
meander within a straighter bank line (B).  This will provide a more natural situation and greater 
opportunity for the development of low units adjacent to the channel.   
 

Cost considerations  
 
In order to better analyse the various options for Norbury Park, a number of considerations have 
been made regarding costs associated with designing and constructing a river restoration scheme.  
For each option an indicative calculation has been made in order to provide a range for the likely 
construction cost.  The costs are built up from elements that consider material, plant and labour.  In 
addition, the following percentages have been added to the sub-total to ensure a fair cost range is 
calculated: 
 

Preliminaries 20% 
Contractor’s Overheads & Profit 17.5% 
Contingency 10% 

 
In order to provide a relative comparison, and in recognition of the pre-feasibility phase of the 
study, a number of assumptions have been made to determine the cost ranges: 
 

a) The existing culvert and concrete channel may be in-filled where there is no requirement to 
convey flow as a result of the construction of a new channel.  In order to reach the 
concrete channel, the existing fence would have to be removed over the affected length. 

 
b) Access for vehicles and pedestrians will need to be retained across the park for any of the 

new options.  The options have therefore been costed assuming a new bridge will be 
required as part of the new channel works.  Cost savings could, however, be achieved by 
retaining a 5m length of the existing culvert as a crossing point.  To accommodate these 
works, the footpaths may have to be locally diverted. 

A. Schematic bank planform: banks follow channel 

B. Schematic bank planform: channel meanders within banks 

Bank top = black dashed lines 
Lower units = green dashed lines 
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c) A majority of the options will require diverting the flow during part of the construction 

phase.  An amount (£10,000) has been included for over-pumping the flow during 
construction. 

 
d) The two surface runoff pipes which enter the concrete channel downstream of the culvert 

will need to be diverted in some instances.  A sum of up to £10,000 has been included for 
this. 

 
e) It has been assumed that all excavated material could be redistributed around the site as 

part of a landscaped flood bund.  It has been assumed that this material is not 
contaminated.  An additional sum of £5,000 has been included for any extra landscaping 
works and planting (including trees).   

 
f) For any options that require the removal of the top of the culvert, preliminary calculations 

show that the culvert sides will remain stable once the top is removed.  This would need to 
be investigated in further detail if this option is carried forward. 

 
g) New fencing or handrailing will be required along all lengths of channel with vertical sides 

(i.e. when the culvert top is removed).  If fencing is required around all earth and concrete 
channels, this may add up to £20,000 to the cost estimates.   

 
h) Costs have been estimated using 2008 rates. With energy prises rises, the cost of plant 

and some materials are likely to increase significantly.  
 
Maintenance of the channel once constructed has been included in the option appraisal using 
indicative measures for channel maintenance.  The costs are considered relatively between options 
and should be used as a guide at this stage only.  Future maintenance requirements have been 
considered in the appraisal of the suitability of each option.   
 
In addition, the following items were considered, as well as their likely frequency of occurrence: 
 

• Channel clearance / blockage removal, 
• Grass and weed cutting; 
• Bank repairs; 
• Inspection and clearance of trash screens; 
• Inspection and maintenance of bridges; 
• Inspection and clearance of drainage; and 
• Maintenance of signage, fencing and other items.   

 
An approximate sum for each item was estimated from experience of other, similar, projects and 
averaged over a year to determine an annual cost for each option. 
 
The requirement for trash screens and security screens will need to be investigated further in order 
to determine a more definitive annual maintenance cost for this element.  It has been assumed that 
there will be one screen to maintain for each option at this stage. 
 
It has been assumed that any placing of excavated material for landscaping (including a possible 
flood bund) will be designed in such a way that it could be mowed by standard equipment. 
 
In general, open vegetated channels cost more to maintain than concrete culverts and channels.  
Therefore the maintenance costs for the preferred option will be higher than for the existing 
situation. 
 
The maintenance costs have not been included in the economic analysis. 
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Potential added value 
 
A number of potential savings have been identified within the adoption of a number of options as 
follows: 
 

• Around £25,000 could be saved by retaining a 5m section of the existing culvert as a 
bridge.  However, the suitability of the structure would need to be assessed as well as the 
need for a trash screen and long footpath diversion. 

 
• Approximately £10,000 cost could be reduced by constructing a ford through the river and 

thus only providing a pedestrian bridge for access.  
 

• A saving of up to £5,000 could be afforded by blocking the original culvert at either end 
instead of infilling it.  However, this saving may be reduced by the necessity to dispose of 
approximately 500 m3 extra material.   

 
 

Public Safety Risk Assessment and Operational Risk 
Assessment 
 
Although there will always be risks related to working near river channels, none of the options 
considered are inherently unsafe to either build, use or maintain.  This consideration has received 
sufficient analysis to ensure the suitability of options proposed.  
 
Typical safety measures will need to be taken in order to minimise and mitigate these outstanding 
risks in accordance with Environment Agency Public Safety Risk Assessment (PSRA) & 
Operational Risk Assessment (ORA) procedures.  These include: 
 

• Shallow slopes (indicative to 1:3) to facilitate access & maintenance (i.e. grass-cutting); 
• Fencing around any steep drops (i.e. channels); 
• Safe access to trash screens and other structures; and 
• Warning signs near the water’s edge and structures.   

 
A value has been included in the outline costs for each of these items.  Any further development of 
options beyond the pre-feasibility stage will require consideration under the latest Construction, 
Design and Maintenance Regulations.  
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Option appraisal 
 
The options that have been considered are described in the following tables.  As required for all 
Environment Agency schemes, the ‘No active intervention’ option is considered as the baseline 
option.  Also considered is a ‘minimal intervention’ option in which the existing conditions will be 
maintained and a range of additional options for the enhancement of Norbury Brook and its 
associated habitats.   
 
In addition to providing an outline description of each option, the tables provide an initial 
assessment of the opportunities and constraints that each option provides.  The options are 
assessed according to their potential to achieve the primary objectives of the project: 
 

• To improve the morphological and habitat quality of Norbury Brook;   
• To increase the biodiversity of Norbury Park;   
• To enhance the amenity value of Norbury Park;   
• To enhance opportunities for flood storage within Norbury Park;   
• To contribute towards the delivery of London river restoration policies;  and  
• To help improve the ecological potential of the waterbody, and contribute towards the 

delivery of key Water Framework Directive objectives.   
 
A colour coded system has been used to indicate the degree of opportunity to achieving the 
identified objectives.   
 
 

 
 
 

 Key opportunity to achieve objectives 
Limited opportunity to achieve objectives 
Constraint / No opportunity to achieve objectives  

 
The contribution of the action towards the implementation of London river restoration policies and 
WFD targets to improve the status of water bodies is also considered using the same colour coded 
system.   
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Main scheme options 
 
The following tables present a series of options for the restoration of Norbury Brook as it flows 
through Norbury Park.   
 

Option 1 No active intervention 

Description Maintenance of the channel in Norbury Park will be abandoned.  The structures will be allowed to fail over time, 
with only remedial health and safety works undertaken as and when required by the operating authority.   

Indicative 
map 

 
Cost Construction: nil  

Maintenance: £1,000 

Morphological 
and habitat 
quality 

This option does not offer any opportunities for morphological enhancement.  Lack of maintenance is likely to 
cause the deterioration and eventual failure of the wooden toe boarding in the channel upstream of the culvert.  
This will leave the banks vulnerable to erosion, and is likely to cause channel instability.   

Biodiversity This option does not offer any opportunities for biodiversity enhancement.  However, cessation of maintenance 
may lead to the natural development of new habitats within the channel and riparian zone.   

Amenity This option does not offer any opportunities for amenity enhancements.  The amenity value of the park is likely 
to be adversely affected if the existing structures are allowed to deteriorate, with a likely reduction in the 
aesthetic value of the site.   

Flood storage This option does not offer any opportunities to reduce flood risk in the River Graveney catchment.  While the 
structures are still functional, channel capacity is likely to remain approximately 20 m3s-1.  However, 
morphological changes associated with the likely eventual failure of the structure may increase flood risk by 
increasing the likelihood of obstructions occurring in the culvert and concrete channels.   

Policy 
delivery 

This option does not offer any opportunities to deliver London river restoration policies.   

Water 
Framework 
Directive 

This option does not offer any opportunities to improve the ecological potential of Norbury Brook.   

 

Allow existing 
conditions to 
deteriorate 
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Option 2 Minimal intervention 

Description This option considers continued maintenance of the existing river channels until such time that the existing 
structures require total replacement.  The minimal intervention works would encompass clearing accumulated 
debris in the culvert, vegetation clearance, and minor repair works to the wooden bank toe protection and 
concrete channels.   

Indicative 
map 

 
Cost Construction: nil 

Maintenance: £10,000 

Morphological 
and habitat 
quality 

This option does not offer any opportunities for morphological enhancement, and the existing morphology will 
remain unchanged.   

Biodiversity This option does not offer any opportunities for biodiversity enhancement.   

Amenity This offer does not offer any opportunities for amenity enhancements.   

Flood risk Whilst the existing culvert and bank protection is in operation the water levels and flows are likely to remain 
similar to the existing baseline state (maximum flow c. 20 m3s-1).  There will be no change in the flood storage 
capacity of the channel in this option which may become a problem in the future in light of predicted climate 
change.   

Policy 
delivery 

This option does not offer any opportunities to deliver London river restoration policies.   

Water 
Framework 
Directive 

This option does not offer any opportunities to improve the ecological potential of Norbury Brook.   

 

Maintain 
concrete 
channels 

Maintain culvert 

Repair bank 
protection 
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Option 3 Remove top section of culvert 

Description This option considers removing the top of the culvert, with a 4 m wide section remaining in place to provide a 
crossing point.  The existing concrete base and bank protection would be retained throughout the length of the 
340m channel.  This stretch of river would continue to be maintained to its current standard after works were 
complete.   

Indicative map 

 
NB – red line shows indicative channel course only 

Cost Construction: £60,000  
Maintenance: £11,000 

Morphological 
and habitat 
quality 

This option does not offer any significant opportunities for morphological enhancement.  Removal of the culvert 
top may compromise the structural integrity of the culvert, leading to an increased potential for collapse and 
subsequent blockage of the river channel.  Concrete removed from the culvert top could be used to increase in-
channel morphological diversity, but only at the expense of channel capacity.   

Biodiversity Although this option will increase the amount of open water in the park, it does not offer any significant 
biodiversity enhancement opportunities.   

Amenity This option will provide access to open water, slightly increasing the amenity value of the park.  Topsoil 
removed from the culvert top could be used for construction of a flood bund around the edge pf the park.  The 
open channel will be a barrier to free access across the park, although crossing points will be provided.   

Flood risk During normal flow conditions, flow will be retained within the existing channel.  However, removal of the culvert 
top increases the potential for surface flood storage in the park.  However, flood risk is likely to be increased if 
the remaining parts of the culvert structure collapse and impede flow.   

Policy delivery This option presents a slight opportunity to adapt to climate change pressures, by allowing water to leave the 
culverted channel during flood conditions.  However, the option does not offer any significant opportunity to 
deliver other London river restoration policies.   

Water 
Framework 
Directive 

This option does not offer any opportunities to improve the ecological potential of Norbury Brook.   

Remove top 
of culvert 
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Option 4 Replace culvert with new straight channel 

Description This option considers the complete removal of the culvert, and its replacement with a straight channel.  The new 
channel will be designed to operate with the same maximum capacity as the culvert (c. 20m3s-1), and will have a 
length of 330m.  Access across the channel will be provided by a 15m span crossing for vehicles and 
pedestrians.  In areas where the new channel runs parallel to the allotments or park boundary, additional 
fencing will be required to prevent public access.   

Indicative map 

 
NB – red line shows indicative channel course only 

Cost Construction: £120,000 
Maintenance: £11,500 

Morphological 
and habitat 
quality 

Morphological conditions will be enhanced by the removal of the concrete culvert.  The removal of the concrete 
provides the opportunity for natural morphological processes to take place.  The banks can be reconstructed 
with a more natural profile.  Concrete from the culvert could potentially be used to provide bank protection, if 
necessary.  However, the new straight channel will not follow a natural planform.  The channel is therefore likely 
to adjust, changing the existing dynamics of flow and altering the sediment regime, unless the new channel is 
adequately reinforced.   

Biodiversity The removal of the concrete channel will allow natural in-channel and riparian habitats to develop.  However, by 
limiting morphological diversity, the provision of a straight channel may limit the range of habitats that can 
develop in the river channel and riparian zone.   

Amenity This option will provide access to open water, and may increase the amenity value of the park.  The provision of 
a more natural bank profile will help to improve the aesthetics of the park, although the morphology will not 
resemble that of a natural channel.  The open channel will provide a barrier to free access across the park, 
although crossing points will be provided.   

Flood risk The provision of an open channel will allow Norbury Brook to overtop under flood conditions, providing a slight 
increase in flood storage potential.  However, this may increase flood risk in the neighbouring residential 
development.  The removal of the bend in the existing culvert will improve the hydrology of the channel and 
reduce the potential for blockages to occur.   

Policy delivery This option offers limited opportunities to deliver London river restoration policies, by removing the culvert and 
providing access to open water.  However, the opportunity is severely limited by the unnatural channel 
configuration.   

Water 
Framework 
Directive 

This option offers limited opportunities to improve the ecological potential of the water body, by replacing a 
culverted section with an earth channel.  However, the opportunity is severely limited by the unnatural channel 
configuration.   

Create new 
straight channel 
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Option 5 Replace culvert with new meandering channel (short) 

Description This option considers the creation of a new meandering channel along the approximate course of the culvert, 
between the downstream end of the allotments and the upstream end of the concrete channel on the northern 
boundary of the park.  This channel will have a length of approximately 150 m.  The existing concrete channel 
along the north western boundary of park will be retained.   

Indicative 
map 

 
NB – red line shows indicative channel course only 

Cost Construction: £180,000 
Maintenance: £12,000 

Morphological 
and habitat 
quality 

Morphological conditions will be enhanced by the removal of the concrete culvert, which provides the opportunity 
for natural morphological processes to take place.  The banks can be constructed with a more natural planform, 
increasing the morphological diversity of the channel and riparian zone.  In addition to these opportunities, a 
multi-stage channel will also provide the opportunity for the creation of low units adjacent to the river channel.  
These opportunities will be maximised if the channel is made to meander within a straighter bank line, allowing a 
range of varied and more natural morphological conditions to develop.   

Biodiversity This option provides the opportunity for the development of a range of new in-channel, marginal and riparian 
habitats.  BAP priority red bed and standing water habitats could be created adjacent to the river, and marginal 
wetland habitats and scrapes could also be created.  The opportunities will be maximised by the creation of a 
multi-stage river channel, which will allow for the development of a greater range of marginal habitats.   

Amenity This option provides several opportunities for the enhancement of the amenity value of the park, by creating an 
area of natural, open water capable of supporting a range of habitat types.  The banks can, in places, be profiled 
with a suitable gentle gradient to promote access to the water’s edge.  Opportunities to promote public access to 
the river are likely to be maximised if a multi-stage channel were to be constructed.  The creation of an open 
channel will provide a barrier to free access across the park.  Provision will therefore need to be made for a 
public crossing points and maintenance and/or vehicular access, for example using a 15m span bridge.   

Flood risk The new meandering form will increase the capacity of Norbury Brook, therefore providing increased flood 
storage potential.  A multi-stage channel offers increased potential for in-channel retention of peak flood flows.  
The provision of an open channel will allow water to be stored in the park, although this may increase flood risk 
to neighbouring residential development.   

Policy 
delivery 

This option provides opportunities to contribute towards the delivery of the London river restoration policies by 
creating a reach of open natural channel with capacity to support a range of new habitats.   

Water 
Framework 
Directive 

This option provides opportunities to improve the ecological potential of the water body, by returning a heavily 
modified section to a more natural condition that is capable of supporting a greater range of biological quality 
elements (e.g. benthic invertebrates and macrophytes).   

 

Create new 
meandering 
channel 
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Option 6 Replace culvert with new meandering channel (medium) 

Description This option considers the creation of a new meandering channel between the downstream end of the allotments 
and the bend in the concrete channel on the northern boundary of the park.  This channel will have a length of 
approximately 200 m.  As in Option 5, this option will consider both a single stage and a multi-stage channel.  
The redundant stretch of the existing concrete channel between will be infilled, and the remainder will be 
retained.  The culvert will be removed completely.   

Indicative map 

 
NB – red line shows indicative channel course only 

Cost Construction: £165,000 
Maintenance: £13,000 

Morphological 
and habitat 
quality 

Morphological conditions will be enhanced by the removal of the concrete culvert, which provides the 
opportunity for natural morphological processes to take place.  The banks can be constructed with a more 
natural planform, increasing the morphological diversity of the channel and riparian zone.  In addition to these 
opportunities, a multi-stage channel will also provide the opportunity for the creation of low units adjacent to the 
river channel.  These opportunities will be maximised if the channel is made to meander within a straighter bank 
line, allowing a range of varied and more natural morphological conditions to develop.   

Biodiversity This option provides the opportunity for the development of a range of new in-channel, marginal and riparian 
habitats.  BAP priority red bed and standing water habitats could be created adjacent to the river, and marginal 
wetland habitats and scrapes could also be created.  The opportunities will be maximised by the creation of a 
multi-stage river channel, which will allow for the development of a greater range of marginal habitats.   

Amenity This option provides several opportunities for the enhancement of the amenity value of the park, by creating an 
area of natural, open water capable of supporting a range of habitat types.  The banks can, in places, be 
profiled with a suitable gentle gradient to promote access to the water’s edge.  Opportunities to promote public 
access to the river are likely to be maximised if a multi-stage channel were to be constructed The creation of an 
open channel will, however, provide a barrier to free access across the park.  Provision will therefore need to be 
made for a public crossing points and maintenance and/or vehicular access, for example using a 15m span 
bridge.   

Flood risk The new meandering form will increase the capacity of Norbury Brook, therefore providing increased flood 
storage potential.  A multi-stage channel offers increased potential for in-channel retention of flood waters.  The 
provision of an open channel will allow water to be stored in the park, although this may increase flood risk to 
neighbouring residential development.   

Policy delivery This option provides opportunities to contribute towards the delivery of the London river restoration policies, by 
creating a reach of open natural channel with capacity to support a range of new habitats.   

Water 
Framework 
Directive 

This option provides opportunities to improve the ecological potential of the water body, by returning a heavily 
modified section to a more natural condition that is capable of supporting a greater range of biological quality 
elements (e.g. benthic invertebrates and macrophytes).   

Create new 
meandering 
channel 

Infill concrete 
channel 
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Option 7 Replace culvert with new meandering channel (long) 

Description This option considers the creation of a new meandering channel between the downstream end of the allotments 
and the upstream end of the culvert in the north western corner of the park.  This channel will have a length of 
approximately 320 m.  As in Options 5 and 6, this option will consider both a single stage and a multi-stage 
channel.  The culvert will be removed completely, and the existing concrete channel on the north western 
boundary of the park will be infilled.   

Indicative map 

 
NB – red line shows indicative channel course only 

Cost Construction: £195,000 
Maintenance: £14,000 

Morphological 
and habitat 
quality 

Morphological conditions will be enhanced by the removal of the concrete culvert, which provides the 
opportunity for natural morphological processes to take place.  The banks can be constructed with a more 
natural planform, increasing the morphological diversity of the channel and riparian zone.  In addition to these 
opportunities, a multi-stage channel will also provide the opportunity for the creation of low units adjacent to the 
river channel.  These opportunities will be maximised if the channel is made to meander within a straighter bank 
line, allowing a range of varied and more natural morphological conditions to develop.  At the downstream end 
of the park (D), the channel design may be limited by existing features such as the trees, water main and 
basketball court.  In addition, the transition between the open channel and culvert will need to be considered 
carefully to avoid potential maintenance issues.   

Biodiversity This option provides the opportunity for the development of a range of new in-channel, marginal and riparian 
habitats.  BAP priority red bed and standing water habitats could be created adjacent to the river, and marginal 
wetland habitats and scrapes could also be created.  The opportunities will be maximised by the creation of a 
multi-stage river channel, which will allow for the development of a greater range of marginal habitats.   

Amenity This option provides several opportunities for the enhancement of the amenity value of the park, by creating an 
area of natural, open water capable of supporting a range of habitat types.  The banks can, in places, be 
profiled with a suitable gentle gradient to promote access to the water’s edge.  Opportunities to promote public 
access to the river are likely to be maximised if a multi-stage channel were to be constructed.  The creation of 
an open channel will provide a barrier to free access across the park.  Provision will therefore need to be made 
for a public crossing points and maintenance and/or vehicular access, for example using a 15m span bridge.   

Flood risk The new meandering form will increase the capacity of Norbury Brook, therefore providing increased flood 
storage potential.  As the channel will now run through the park rather than its perimeter, if the channel should 
exceed its capacity flood waters could utilise an increased area of the park for flood storage.  This should 
minimise any possible increases in flood risk to adjacent residential development.  In addition, a multi-stage 
channel offers increased potential for in-channel retention of flood waters.   

Policy delivery This option provides opportunities to contribute towards the delivery of the London river restoration policies, by 
creating a reach of open natural channel with capacity to support a range of new habitats.   

Water 
Framework 
Directive 

This option provides opportunities to improve the ecological potential of the water body, by returning a heavily 
modified section to a more natural condition that is capable of supporting a greater range of biological quality 
elements (e.g. benthic invertebrates and macrophytes).   

Create new 
meandering 
channel 

Infill concrete 
channel 
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Additional scheme options 
 
The following tables outline a series of additional options that could be implemented in addition to 
the main scheme options in order to further enhance the environmental quality of the site and help 
to mitigate flood risk.  These options are intended to be considered alongside the previous options, 
and are likely to bring additional benefits to the scheme.  The additional scheme options have been 
investigated at the request of the Environment Agency and Croydon Council.   
 

Option 8 Channel improvements in the downstream allotments 

Description This option considers works to enhance Norbury Brook as it flows through the downstream set of allotments.  
The toe boarding, which is currently in a poor state of repair, will be removed, allowing for the development 
of a more natural bank profile.  Debris that has built up on the channel bed and banks will be removed.   

Indicative map 

 
Cost Construction: £10,000 

Maintenance: £10,000 

Morphological 
and habitat 
quality 

This option provides the opportunity to enhance the existing morphology of the reach, by removing 
redundant toe boarding.  Small scale reprofiling works may be required as a result.  Morphological 
improvements are constrained by the allotments which bound the channel on both sides.  Works will 
therefore confined to within the existing channel and riparian zone, and are not intended to alter the existing 
land use.   

Biodiversity The removal of debris and damaged bank protection will allow more natural in-channel and riparian habitats 
to develop.  However, the potential for habitat creation is limited by the close proximity of the allotments to 
the river channel, since habitat development will be confined to the channel and immediate riparian zone.  
The works will, however, help to maximise the length of channel that is suitable for habitat development, and 
contribute towards an increase in river continuity.   

Amenity This option will improve the aesthetic value of the river channel in this reach.  However, the works will offer 
limited opportunities to improve the amenity value of the site, since public access to this reach is restricted.   

Flood risk This option does not provide any opportunities for additional flood risk mitigation within this reach of the 
river.   

Policy delivery This option provides opportunities to contribute towards the delivery of London river restoration policies, by 
improving the morphology of the channel and enhancing the riparian habitat.   

Water 
Framework 
Directive 

The removal of redundant bank protection will contribute towards improving the ecological potential of the 
water body, by returning the banks to a natural state that is capable of supporting a greater range of 
biological quality elements (e.g. benthic invertebrates and macrophytes).   

 

Remove toe 
boarding 
and reprofile 
banks 
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Option 9 Creation of a new channel in the upstream allotments 

Description This option considers works to enhance Norbury Brook as it flows through the upstream set of allotments.  
The existing concrete channel in this reach will be replaced with a natural channel that follows a meandering 
planform.   

Indicative map 

 
NB – red line shows indicative channel course only 

Cost Construction: £40,000 
Maintenance: £10,500 

Morphological 
and habitat 
quality 

This option provides the opportunity to increase morphological diversity.  The creation of a new channel will 
have the greatest effect, although bank reprofiling works will allow morphological diversity to be increased 
markedly in comparison to the existing channel.   

Biodiversity This option provides the opportunity for the development of a range of new in-channel, marginal and riparian 
habitats.  BAP priority red bed and standing water habitats could be created adjacent to the river, and 
marginal wetland habitats and scrapes could also be created.  The opportunities will be maximised by the 
creation of a multi-stage river channel, which will allow for the development of a greater range of marginal 
habitats.   

Amenity This option will have a significant adverse impact on the existing amenity value of the area, by having a 
detrimental impact on the allotments which border the right bank of the channel.  If works are limited to 
reprofiling, this will only affect the allotments adjacent to the channel.  However, if a new channel is 
constructed, a large number of plots may need to be relocated.   

Flood risk This option provides the potential to increase flood storage within this area, particularly if a multi-stage 
channel is constructed.  The rerouting of the channel away from the residential development on the left bank 
will also help to reduce flood risk to these properties.   

Policy delivery This option provides opportunities to contribute towards the delivery of London river restoration policies, by 
improving the morphology of the channel and enhancing the riparian habitat.   

Water 
Framework 
Directive 

This option offers the opportunity to improve the ecological potential of Norbury Brook, although this is 
limited by the retention of the concrete channel.  However, if undertaken in combination with other options in 
Norbury Park and the downstream allotments, this option also offers to maximise the area of potential 
benefit and enhance river continuity.   

 

Create new 
meandering 
channel 
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Option 10 Works within the existing channel in the upstream allotments 

Description This option considers works to enhance Norbury Brook as it flows through the upstream set of allotments.  
The concrete channel in this reach will be enhanced with the addition of new flow deflectors, to increase 
morphological and habitat diversity.   

Indicative map 

 
Cost Construction: £10,000 

Maintenance: £10,500 

Morphological 
and habitat 
quality 

This option provides the opportunity to increase morphological diversity within the existing concrete channel.  
Morphological improvements are constrained by the existing land use on each side of the current channel 
(residential development on the left bank, allotments on the right bank).  Works are therefore constrained to 
within the existing concrete channel, which forms the boundary between the allotments and residential 
properties.   

Biodiversity The provision of flow deflectors will provide the opportunity for the development of in-channel habitats.  
Once a suitable substrate forms behind the deflectors, a range of aquatic plants and organisms will be able 
to colonise the channel.   

Amenity The proposed option will deliver some improvements to the aesthetic value of the river channel.  In addition, 
these works will not adversely impact the allotments on the right bank of the channel.  However, the works 
will offer limited opportunities to improve the amenity value of the site, since public access to this reach is 
restricted.   

Flood risk The proposed works will be of a small scale and will be easily overtopped during high flow conditions.  
However, this option will reduce the capacity of the existing concrete channel, which may lead to an 
increase in flood risk.  This option is unlikely to offer the opportunity to decrease flood risk.   

Policy delivery This option offers opportunities to deliver the London river restoration policies, by helping to increase 
biodiversity in the channel.   

Water 
Framework 
Directive 

This option offers the opportunity to improve the ecological potential of Norbury Brook, although this is 
limited by the retention of the concrete channel.  If undertaken in combination with other options in Norbury 
Park and the downstream allotments, this option also offers to maximise the area of potential benefit and 
enhance river continuity.   

 
 

Install flow 
deflectors 
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Option 11 Works to enhance the flood storage capacity of the park 

Description This option considers the construction of a low bund around the western edge of the park.  This could be 
constructed from material derived from the construction of a new meandering river channel.  This feature is 
likely to be approximately 10 m wide, with a maximum height of 1 m.   

Indicative map 

 
NB – red line shows indicative location only 

Cost Construction: £10,000 
Maintenance: nil 

Morphological 
and habitat 
quality 

This option does not offer any significant opportunities for morphological enhancement.   

Biodiversity This option offers limited opportunities for biodiversity enhancement.  However, new habitats could be 
established on and around the proposed bund.   

Amenity This option offers limited opportunities for amenity enhancement.  However, the feature could be 
constructed with gently sloping sides and revegetated in order to minimise its visual impact.   

Flood risk This option presents the opportunity to reduce the risk of the properties that surround the park flooding if 
water overtops the new open channels proposed in Options 3 to 7.  However, this option is not in itself 
intended to create a flood storage basin within the park.   

Policy delivery This option provides opportunities to contribute towards the delivery of London river restoration policies, by 
improving flood storage capacity in the river corridor and surrounding open ground.   

Water 
Framework 
Directive 

This option does not offer any opportunities to improve the ecological potential of Norbury Brook.   

 
 

Create bund 
around edge 
of park 
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Consultation 

Scope 
Royal Haskoning has undertaken consultation on each of the options outlined above with internal 
Environment Agency functions, in accordance with guidance provided by the National 
Environmental Assessment Service (NEAS).  A copy of the Scoping Consultation File note can be 
found in Appendix C.  Consultation was coordinated by NEAS, and details of consultees can be 
seen in Table 3.1.   
 
Table 3.1: Environment Agency functions from which responses were received 

Function Primary contact 
NEAS officer Louise Forder 
Biodiversity Joanna Heisse 
Fisheries Tanya Houston 
Landscape Ruth Eales 
Archaeology Stephen Kemp 
Planning Liaison Oliver Roden 
Groundwater, Hydrology and Contaminated Land Jaime Smith 
Environment Officer Peter Ehrmann 

 
In addition, agreement was obtained from the Environment Agency Project Officer and NEAS 
officer to undertake limited consultation with representatives of Croydon Council, in order to secure 
their support for the proposed scheme and ensure that their concerns were noted at an early stage.  
As such, the Scoping Consultation File note was also sent to the Senior Urban Design Officer and 
Nature Conservation Officer with responsibility for Norbury Park and the surrounding area.   
 

Summary of responses 
The subsequent sections provide a brief summary of the responses that were received from 
internal Environment Agency consultees and consultees from Croydon Council.  A detailed 
summary of consultation responses is provided in Appendix 2.   
 
Nature and extent of channel restoration 
The culvert and concrete channel in the park should be replaced with an open channel, which 
follows a natural meandering planform.  The channel should be as long as possible, ideally linking 
the downstream end of the allotments with the culvert at the downstream edge of the park.  If this is 
not possible without extensive tree clearance, the next longest channel option should be adopted.  
If possible, the channel should have a multi-stage cross section.  The selected option should 
incorporate as wide a range of flow and morphological conditions as possible, including a varied 
bank profile, pool-riffle sequences, and a gravel bed.  In addition, the consultees also recommend 
that works are undertaken to improve the morphological value of the river as it flows through the 
upstream and downstream allotments.  However, they are not in favour of works that will have a 
major negative impact on the allotments themselves.   
Supported options:  6, 7, 8 and 10 
 
Types of habitat 
The preferred option should include as varied in-channel habitat as possible, to allow the area to 
support a wide range of aquatic flora and fauna.  Similarly, the bank profiles should be varied in 
order to allow natural vegetation sequences to become established (e.g. wet marginal areas and 
drier bank tops).  Reed beds, wetland mosaics or scrapes should be incorporated into the multi-
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stage channel design, or should be established adjacent to a single stage channel.  However, 
areas of open standing water are unlikely to be suitable for the site.   
Supported options: 7, 8 and 10 
 
Flood storage potential 
Flood storage potential within the park should be explored as fully as possible.  Online flood 
storage capacity can be provided within a multi-stage channel, with potential for further widening of 
the banks in selected reaches for further flood storage.  Works to improve flood storage will need to 
avoid increasing flood risk to the commercial and residential properties adjacent to the park.   
Supported options: 7, 11 
 
Impacts on recreation and amenity 
The proposed works are likely to have a positive effect on the recreational use of Norbury Park, 
and the river restoration scheme can form a central part of a wider enhancement.  The river banks 
should be profiled in places to allow and encourage public access to the water course.  If possible, 
two crossing points should be included to create a circular walk around the park.  In addition, new 
footpaths and information boards could be incorporated into the scheme.  The proposed works are 
not constrained by existing land use in the park, although options within the allotments are 
constrained by the existing usage.   
Supported options: 6, 7, 8, 10 
 
Additional options 
Additional options that could be incorporated into the scheme include the creation of new terrestrial 
habitats, including the creation of a wildflower meadow and the plating of native trees.  Works to 
improve water quality in the brook may be necessary, particularly since the public are being 
encouraged to get closer to the river.   
 
Additional consultees 
Additional consultation should be undertaken with Natural England and the Norbury Allotment 
Association as the project progresses.   
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Initial appraisal of options 
 
The options outlined in this section have been assessed according to their ability to deliver the key 
project objectives, as outlined in Section 1.  The performance of each option in achieving the 
project objectives has been assessed using the tripartite system shown below.   
 

 
 
 

 Option achieves the objective 
Option does not achieve the objective 
Trivial or inconsequential contribution 

 
The results of the assessment of the proposed scheme options are presented in Table 3.2.  This 
table indicates that several of the options initially suggested do not offer any opportunities for 
enhancement in the park and instead present constraints or negligible impacts.  These options will 
therefore not be considered for the preferred option.   
 
Main scheme options not considered for the preferred option: 1, 2, 3 and 4 
Additional scheme options not considered for the preferred option: 9 
 
The remaining options offer a range of opportunities to deliver the project objectives.  There relative 
merits will therefore be considered further when the preferred option is selected.   
 
Main scheme options considered for the preferred option: 5, 6 and 7 
Additional scheme options considered for the preferred option: 8, 10 and 11 
 
 
 



 

 

Table 3.2: Initial appraisal of options 
 

Options Description Morphology Biodiversity Amenity Flood risk 
Policy 

delivery 
WFD Consultation 

1 No active intervention        

2 Minimal intervention        

3 Remove top section of culvert        

4 
Replace culvert with new straight 
channel 

       

5 
Replace culvert with new meandering 
channel (short) 

       

6 
Replace culvert with new meandering 
channel (medium) 
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7 
Replace culvert with new meandering 
channel (long) 

       

8 
Channel improvements in the 
downstream allotments 

       

9 
Creation of a new channel in the 
upstream allotments 

       

10 
Works within the existing channel in 
the upstream allotments 
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11 
Works to enhance the flood storage 
capacity of the park 

       

 
 



 

 

4 Preferred option 
Identification of the preferred option 
 
The previous section demonstrates that three of the main scheme options provide opportunities to 
enhance Norbury Brook as it flows through Norbury Park: 
 

• Option 5: Replace culvert with new meandering channel (short); 
• Option 6: Replace culvert with new meandering channel (medium); and 
• Option 7: Replace culvert with new meandering channel (long).   

 
The construction and maintenance costs associated with each option are likely to be within a 
similar range.  The environmental enhancement opportunities are, however, maximised when 
channel length is increased.  Although it is difficult to quantify the environmental benefits 
associated with each option in numerical terms, it is possible to use the likely length of naturalised 
river channel as a proxy.  A comparison of relative costs versus length of enhanced channel is 
provided in Table 4.1.   
 
Table 4.1: Comparison of costs and benefits of each option 

Option Length of enhanced channel 
(m) 

Construction cost 
(£) 

Cost per m enhanced 
channel (£) 

5 150 180,000 1200 
6 200 165,000 825 
7 350 195,000 560 

 
This demonstrates that Option 7 has the lowest cost per metre of enhanced river channel.  This 
means that this option provides the greatest opportunities for enhancement (when assessed 
against the key project objectives) for the lowest proportional expenditure.   
 
It is therefore recommended that Option 7 is adopted as the preferred option.   
 
In addition, three of the additional scheme options also offer considerable opportunities to deliver 
the key project objectives: 
 

• Option 8: Channel improvements in the downstream allotments; 
• Option 10: Works within the existing channel in the upstream allotments; and 
• Option 11: Works to enhance the flood storage capacity of the park. 

 
Options 8 and 10 will maximise the environmental enhancement opportunities that are available 
within the site.  Option 11 will help to increase the surface water flood storage capacity within the 
park, preventing any increase in flood risk.   
 
It is therefore recommended that Options 8, 10 and 11 are considered in addition to the 
preferred option.   
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Preferred option 

Outline description of main scheme option 
Option 7 has been selected as the preferred option, because it offers the greatest opportunities to 
enhance Norbury Brook.  A brief description of the likely components of this option is provided 
below. 
 

• Morphology:  The preferred option will consist of a new meandering channel between the 
downstream end of the allotments and the upstream end of the culvert in the north western 
corner of the park.  The channel will have a multi stage design, with a small low flow 
channel and a series of low riparian units which will be inundated during periods of higher 
flow.  The channel will meander within the confines of a wider bank line.  The channel 
profile and bank line will be varied and non-uniform along the length of the channel.  The 
channel will have a gravel bed, and, if possible, incorporate natural pool and riffle 
sequences.  This will reflect the channel configuration found in many natural river 
channels, and provide opportunities for the development of a range of in-channel and 
riparian habitats.   

 
• Biodiversity:  As described above, the preferred option will incorporate a wide variety of 

morphological conditions.  This will allow a range of in-channel and riparian habitats to 
develop in the river corridor.  In addition, this option also provides the opportunity for the 
establishment of BAP priority reed bed and standing water habitats within the park, 
potentially in the form of riparian reed fringes and off line ponds.   

 
• Amenity:  The preferred option will provide an area of open water and improved habitat, 

which will improve the amenity value of Norbury Park.  In addition, the river banks will, in 
places, be gently profiled in order to promote public interaction with the river channel and 
encourage “natural play”.  Public access across the park will be maintained by the 
provision of one or more bridges across the new open channel.   

 
• Flood risk: The preferred option will provide a new channel with a capacity at least equal to 

that of the existing culvert and concrete channel.  It will not, therefore, increase flood risk to 
Norbury Park and surrounding properties.  Furthermore, the multi-stage channel design will 
provide opportunities for additional flood storage within the river corridor.   

 
• Policy delivery: The preferred option will provide opportunities to contribute towards the 

delivery of London river restoration policies by: 
 

� Creating 350 m natural river channel (London Plan, South London River 
Restoration Strategy); 

� Enhancing riparian biodiversity and providing the opportunity for the development 
of BAP habitats (London Plan, London BAP, London HAPs); 

� Improving the natural environment and encouraging people to explore the 
recreational value of open water (London Plan, Improving Londoner’s Access to 
Nature, Creating a Better Thames); and  

� Removing a culvert and helping to reduce flood risk (South London River 
Restoration Strategy, Thames CFMP, Croydon CFMP).   

 
• WFD: The preferred option will provide a range of new morphological and habitat 

conditions.  It therefore offers the possibility to improve the ecological potential of Norbury 
Brook.   
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Outline description of additional options 
Options 8, 10 and 11 have been selected as additional options that could be implemented to bring 
additional environmental and flood risk benefits to the study site.  A brief description of the likely 
components is provided below: 
 

• Option 8: Channel improvements in the downstream allotments.  These will consist of 
debris clearance works in the river channel, removal of broken bank protection, and 
targeted clearance of scrub vegetation.  This will improve the morphology of the river and 
allow natural habitats to develop, without impinging on the adjacent land use.   

 
• Option 10: Works within the existing channel in the upstream allotments.  A number of flow 

deflectors will be installed within the existing channel, to increase flow diversity and allow 
sediment to build up naturally.  This will promote the development of in-channel habitats.   

 
• Option 11: Works to enhance the flood storage capacity of the park.  A low bund, with an 

indicative height of 1 m and width of 10 m will be constructed around the edge of the park, 
using material excavated during the construction of the new channel.  This will help to 
contain any surface flood waters that leave the confines of the open channel.   

 

Site Appraisal Plan and Indicative Landscape Plan 
A Site Appraisal Plan has been produced for Norbury Park, in conjunction with the Environment 
Agency (Appendix D).  This provides details of the present-day landscape characteristics of 
Norbury Park, and highlights the main features associated with the river channel.  This has been 
used as a basis for the development of an Indicative Landscape Plan of the preferred option 
(Appendix D), which provides an indication of the form the suggested option may take if 
constructed.  Also included in Appendix D are two schematic cross sections of the proposed new 
meandering channel and a photomontage of how the river may look once restored.  It should be 
noted that these are for illustrative purposes only, and should not be taken as a final indication of 
how the scheme may look.   
 

EIA requirements 
 
The restoration and enhancement of river channels is not included as a separate development type 
in the Town and Country Planning (Environmental Impact Assessment) (England and Wales) 
Regulations 1999, SI 1999 No. 293.  The proposed works are likely to fall under the Environmental 
Impact Assessment (Land Drainage Improvement Works) Regulations 1999, SI 1999 No. 1783 (as 
amended by SI 2005/1399 and SI 2006/618) and, if so, will be advertised accordingly.  The EIA 
Prioritisation Form produced by NEAS for this scheme can be found in Appendix E.   
 

Planning requirements 
 
Any major construction of new channels is likely to require planning permission as the site does not 
fall within Environment Agency operational land.  However, this requires that confirmation from the 
Local Planning Authority (LPA).  Early consultation with Croydon LPA suggests that this will be the 
case with the preferred option.  Works of a similar nature elsewhere in the River Wandle catchment 
have required planning permission, which is likely to have set a precedent for future river 
restoration activities.   
 
 



 

Environment Agency   Norbury Park Pre-feasibility Study 40 

5  Economic appraisal 
 
Approach to Benefit Assessment 

General Approach 
As part of the pre-feasibility study, an economic appraisal has been conducted for the preferred 
option only as the assessment is of an outline nature.  It should be noted that in accordance with 
the requirements of a pre-feasibility study the options have been developed to an indicative stage 
and therefore the subsequent economic appraisal should be treated as such.  Traditionally a more 
thorough development of detailed design would be undertaken to produce an economic analysis to 
latest Treasury guidelines.  To this end, the economic appraisal of the preferred option should be 
considered as indicative only, and be used in combination with other factors when considering the 
progression of the preferred option.  The following economic appraisal follows as closely as 
possible Defra’s Project Appraisal Guidance methodology. 
 
The preferred option scheme benefits are taken as the Present Value Damage (PVd) avoided by 
the implementation of the option.  The PVd is calculated from the Annual Average Damage (AAD), 
both of which have been calculated in accordance with Defra guidelines. 
 
The impact of the project has been analysed by comparing a baseline reference ‘no active 
intervention’ option scenario, against a ‘do something’ option scenario.  The ‘no active intervention’ 
scenario normally assumes no expenditure whatsoever, however, this is not permissible, due to 
health and safety procedures which requires maintenance of certain flood prevention works when it 
is irresponsible not to do so.  Therefore, the ‘no active intervention’ option in this case will, in fact, 
be ‘minimal intervention’ option where maintenance of any existing defences will continue.  The 
preferred option benefits (damages avoided by implementation of the option) will be determined by 
comparing the ‘minimal intervention’ option with the ‘do something’ options. 
 
The following subsections describe the background information used in the calculation of the 
damages.  Additional information can be found in Appendix F.   
 

Flood threshold levels 
A LiDAR survey was used to provide a range of spot heights of the ground levels to interpolate the 
threshold levels of the properties within the study area.  Threshold levels are likely to vary as the 
exact household thresholds have not been individually surveyed.  Should this project progress, a 
topographic survey of doorstep levels should be undertaken. 
 

Flood levels 
The depth of flooding to properties for the varying return periods (1 in 5, 20, 50 and 100 year) 
under the ‘minimal intervention’ scenario was determined from the Wandle ISIS model, as issued 
by the Environment Agency in June 2008.  The ISIS programme was used to determine the flood 
depths in the study area at a number of cross sections in response to fluvial flooding.  The flood 
zones were subsequently plotted on an OS Master Map at the identified water depth along the 
contours of the study area. 
 
The depth of flooding to properties under the preferred ‘do something’ option has been estimated 
by reducing the flood levels determined from the ‘minimal intervention’ scenario.  By altering the 
Wandle ISIS model to incorporate the preferred option cross-sections indicates that flooding to the 
study area will be reduced by a value ranging between 0.01 and 0.05 metres when compared to 
the ‘minimal intervention’ scenario.  At this pre-feasibility stage, the lower bound and upper bound 
values (0.01 and 0.05 metres respectively) have been applied uniformly to the ‘minimal 
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intervention’ results to indicate the depth of flooding under the preferred ‘do something’ option.  
Further modelling will need to be undertaken should the project advance to the next stage to 
provide confidence in producing a value that can be used in a detailed economic analysis. 
 

Climate change 
A 20% increase in current rainfall intensity leading to a 20% increase in river flow has been 
estimated and included in the AAD calculations to represent the effects of climate change over the 
100 year appraisal period.  Increasing the river flow by 20% leads to an approximate increase in 
water level of 0.1 metres for the 1 in 100 year return period. 
 

Present Value Damages (PVd) 
The PVd avoided was calculated from the total ‘minimal intervention’ AAD minus the ‘do something’ 
AAD. 
 

Discount Rate 
A varying discount rate has been applied over a 100 year period to provide the PVd.  Table 5.1 
shows the discount rates used. 
 
Table 5.1: Discount rates. 

Year Range Discount Rate 
0-30 3.5% 
31-75 3.0% 
�76 2.5% 

 

Benefit Assessment 

Damage to residential and non-residential properties 
The damage assessment to residential and non-residential properties (NRPs) arising from flooding 
has been calculated using the depth damage relationships developed in The Benefits of Flood and 
Coastal Risk Management: A Manual of Assessment Techniques, Flood Hazard Research Centre 
(The ‘Multi Coloured Manual’).  The flood damage assessment has been undertaken assuming that 
flooding lasts less than 12 hours for fluvial flooding events. 

Property information 
OS Master mapping was used to provide information regarding the properties within, or near, the 1 
in 100 year flood extent (including an allowance for climate change). 
 
Residential property age and type information was derived from site visits, photographs, and 
property search engines.  Property types were matched to codes defined within the Multi Coloured 
Manual. 
 
The location and type of NRPs were not easily identifiable and are likely to be conservative.  Where 
NRPs were identified, plot areas (in m2) were measured directly from an OS map.  Property types 
were matched to codes as defined within the Multi Coloured Manual.   

Property damage assessment 
Table 5.2 below presents the number of residential and NRPs affected and damages incurred 
according to return period under the ‘minimal intervention’ scenario. 
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Table 5.2: Number of properties flooded and estimated damages according to return period 
(minimal intervention) 

Return Period (yrs) 5 20 50 100 
Residential No. 5 136 156 199 
Non-Residential No. 1 1 2 6 
Total Property No. 6 137 158 205 
Value of Damages (£) 56,245 3,603,008 4,354383 6,396,670 

 
Tables 5.3 and 5.4 below present the number of residential and NRPs affected and damages 
incurred according to return period under the preferred ‘do something’ option scenario.  Table 5.3 
shows the results as a consequence of a 0.01 metre reduction in flood levels (lower bound) whilst 
Table 5.4 shows the results as a consequence of a 0.05 metre reduction in flood levels (upper 
bound). 
 
Table 5.3: Number of properties flooded and estimated damages according to return period 
(do something, lower bound estimate 0.01m) 

Return Period (yrs) 5 20 50 100 
Residential No. 5 135 156 199 
Non-Residential No. 1 1 2 6 
Total Property No. 6 136 158 205 
Value of Damages (£) 54,670 3,345,583 4,339,940 6,392,152 

 
Table 5.4: Number of properties flooded and estimated damages according to return period 
(do something, upper bound estimate 0.05m) 

Return Period (yrs) 5 20 50 100 
Residential No. 5 130 147 199 
Non-Residential No. 1 1 2 5 
Total Property No. 6 131 149 204 
Value of Damages (£) 54,670 3,242,945 4,243,379 6,289,354 
 

Benefit Assessment Summary 
The summary of the benefit assessment is presented below in Table 5.5.  PVd for each scenario 
has been calculated from AAD values generated from Tables 5.2, 5.3 and 5.4 (Appendix F).  The 
damages avoided by implementation of the ‘do something’ option represents the PV benefits (PVb) 
of the option.  It should be noted that the estimation and interpolation of data to ascertain the 
benefits have been in the majority over estimated.  Any further study is likely to reduce this benefit 
figure. 
 
Table 6.5: PVd and PVb summary table (1 in 100 year return period) 

 

 
The PVb determined in Table 6.5 are based on a simple ‘do something’ PVd assessment.  The 
difference between the lower bound and upper bound PVb indicate how sensitive the benefits are 
between a 0.01 and 0.05 metres reduction in water level.  Whilst the assessment is acceptable at 

PVd (£) Scenario 
 Lower 

Bound 
Upper 
Bound 

Minimal Intervention 15,495,355 
Do Something 14,695,786 14,310,795 
PVb (PVd Avoided) 799,569 1,184,560 
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this pre-feasibility stage, further modelling will be required in the future to establish definitive 
results.   
 

Costs Assessment  
An estimate of the basic construction cost was prepared for the preferred option.  The basic 
construction cost excludes any allowance for risk or other uncertainties.  The basic cost estimate 
compiled by Royal Haskoning is based on the likely requirements for the option and is indicative 
therefore prices may vary.  It should be noted that future maintenance costs are not included in this 
economic appraisal.  
 
The basic construction cost for the scheme is £195,000.  Discussion on how this figure is realised 
can be found in Section 3. 
 

Economic analysis 

Introduction 
The following economic analysis is based on the benefit and cost assessments as above.  As 
stated earlier, the reliability of the PVb determined above are constrained by the simple method 
used to determine the ‘do something’ PVd.  The method used provided a likely range (lower bound 
to upper bound) in which to carry out the economic analysis.  

Benefit Cost Ratio 
Table 5.6: Economic Summary 

PV Benefits (£) PV Costs (£) Net PV BCR 
Lower Bound 799,569 604,569 4.10 
Upper Bound 1,184,560 

195,000 
989,560 6.07 

Priority Score  
The priority score calculation has been applied to the preferred option’s upper and lower range.  It 
should be noted that this is a pre-feasibility assessment and the final scores are likely to change 
once further investigated in a feasibility stage, this is particularly in light of a likely reduction in 
benefits and an increase in costs. 
 
Table 5.7: Priority score summary and calculation 

Score Element 
Lower 
Bound 

Upper 
Bound 

Calculation 

Economics 7.20 11.14 Lower Bound BCR = 4.10, Upper Bound BCR = 
6.07 

People 0 0 Base people score = 75 x No. of properties 
where flood risk significantly reduced/cost (£k) 
= No properties receive ‘significant’ reduction. 

 0 0 Public safety risk. No adjustment. As not very 
high or high risk  

 0 0 Vulnerability of people = deprivation ward score 
is 2,969 therefore score is 0. 

Environment 0 0 No environmentally designated areas or heritage 
sites will be protected. 

Totals 7.20 11.14  
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6 Outcome Measures 
Background 
 
Defra has introduced nine agreed Outcome Measures, as developed by the Making Space for 
Water Programme.   
 
The calculation of Outcome Measures continues to use the existing methodologies for determining 
costs and benefits of any proposed options or scheme. The following five Outcome Measures are 
considered in this pre-feasibility study: 
 
OM1 Overall benefits 
OM2 Households at risk 
OM3 Deprived households at risk 
OM4 Nationally important wildlife sites 
OM5 UK Biodiversity Action Plan (BAP) habitats 
 
As described in the Economic Appraisal section of the pre-feasibility report, the scores calculated 
for the Outcome Measures are formed on the basis of conclusions from the outline option design. 
Uncertainties remain on the basis that the preferred option has been developed to pre-feasibility 
stage and that a number of assumptions have been made during this process.  
 
Scores stated for each of the Outcome Measures should be considered in the context of a pre-
feasibility study with acknowledgement that further study and development is required to attain a 
more precise set of Outcome Measure scores.  
 
The subsequent section provides a brief outline of the outcome measure scores, and 
recommendations for further work.  Full details of the process used to derive the scores are 
provided in Appendix G.   
 

Scores and further investigation 

OM1 – Overall benefits 
On the basis of an upper and lower bound for estimating PVb, two ratios have been produced. 
 

PVb (£) PVc (£) OM1 ratio 
Lower Bound 799,596 4.10 
Upper Bound 1,184,560 

195,000 
6.07 

 
The ratio has been calculated to two decimal places. It should be noted that due to the 
assumptions used to produce the values a more realistic range is in the region of 4:1 to 6:1 for 
OM1.  The proposed target is a minimum 5:1 ratio. Whilst the upper bound would seem to satisfy 
the minimum, the lower bound is below the minimum target ratio.  
 
From the calculation of the outline design, it can be seen that the preferred option for Norbury Park 
is very close to the minimum ratio as required by the CSR07 to enable the project to be able to 
apply for FDGiA funding. It has been stated that the Wandle ISIS model is considered to be 
possibly over estimating water levels which may have led to an artificially high PVb score. Similarly, 
the costs are of an extremely indicative nature and are likely to be underestimated at this stage, 
therefore possibly reducing the PVc score.  Further investigation is required to define the ratio for 
OM1, however it is unlikely to be above the minimum of 5:1. 
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OM2 – Households at risk 
This Outcome Measure requires reporting in three categories as detailed below.  
 
OM2 – Lower Bound 
Outcome Measure 2 Categories Number of Households 
911B – Total number of households with reduced probability 
of flood risk 
 

199 

911D – Number of households moved out of any flood 
probability to a lower one 
 

0 

911F / OM2 – Number of households moved from the very 
significant or significant flood probability category to the 
moderate or low category. 

0 

 
OM2 – Upper Bound 
Outcome Measure 2 Categories Number of Households 
911B – Total number of households with reduced probability 
of flood risk 
 

199 

911D – Number of households moved out of any flood 
probability to a lower one 
 

9 

911F / OM2 – Number of households moved from the very 
significant or significant flood probability category to the 
moderate or low category. 

0 

 
Similar to Outcome Measure 1, this Outcome Measure requires detail modelling and level 
information to ensure the correct number of properties in the right locations is suitably considered. 
In order to efficiently carryout this assessment, early clarification of the probability categories would 
be required. This pre-feasibility study considered the probability categories after the economic 
appraisal had been undertaken leading to the condition that the properties were interpolated from 
the appraisal. On the basis that more detailed modelling work will need to be undertaken in the 
future together with the clarity of detailed design, a more accurate number of properties for the 
Outcome Measure score would be achieved.  
 

OM3 – Deprived households at risk 
There are 32,482 SOAs ranked by the index of Multiple Deprivation. The lowest ranked 20% of 
SOAs are between 1 (the lowest) and 6,496. On this basis the SOA Croydon 003D qualifies in the 
lowest 20%. The 5 properties located within this SOA have been investigated as calculated in the 
Economic Appraisal section of this study.  
 
Of the properties identified, none have their probability of flooding reduced sufficiently to be moved 
from the significant probability category to the moderate of low flood risk probability category.  
Whilst the study area includes a suitably ranked SOA, the properties within it do not count towards 
OM3. The score is therefore zero. 
 
It is recommended that further study is undertaken to clarify whether the properties located in the 
deprived SOA is moved from the significant to the moderate probability category. It has been 
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expressed previously that the level of flooding is possibly over estimated by the model reducing the 
chance that the preferred option will deliver the properties into a lower flood risk category. 

OM4 – Nationally important wildlife sites 
The score is zero on the basis of no present SSSI within the study area.  No further investigation is 
required. 
 

OM5 – UK Biodiversity Action Plan habitats 
It has been estimated on the basis of the cross-sectional area that approximately 0.5 hectares of 
created reed bed would be achieved if the option is suitably progressed.  0.5 hectares is therefore 
proposed. 
 
The precise cross-sectional area and size of the reed bed margins need to be considered as part of 
the detailed design process.  Once considered a more accurate hectare value (to the nearest 
0.1hectares) can be calculated. 
 

Conclusions 
From the data collected and applied to the five Outcome Measures two scenarios have been 
progressed.  Both scenarios draw data from the previous economic appraisal within this report that 
allows some confidence in the Outcome Measure scoring.  It should be noted however, in order to 
increase confidence in the scores offered further investigation is required in a number of areas.  
Firstly, further development of the outline design is required which in turn can be fed into an 
accurate fluvial model for the area.  This will allow greater understanding as to which individual 
properties are affected by flooding over various return periods in line with the Outcome Measure 
probability categories.  Secondly, the development of design will lead to the better understanding of 
the costing as developed through the Environment Agency’s Project Appraisal Report (PAR) 
process. 
 
The Outcome Measures scores have demonstrated a close to the minimum ratio for the economic 
analysis of the preferred option. This will be an area that requires close consideration as to the 
suitability for the option to be progressed. Outcome Measure 2 and 3 also has the potential to 
generate a score following closer inspection of the flood levels and property data. From an 
environmental perspective, whilst the project does not include any SSSIs in the vicinity, the 
potential to create BAP habitat should be further quantified to contribute to the National target. 
 
The upper and lower bound scenarios are carried over to the following table, as an example of how 
the Norbury Park River Restoration preferred option would be considered within an Outcome 
Measures scoring summary table.  
 
 
 



 

 

 

Thames Outcome Measure Summary for CSR07 OM1: Benefit / Cost of Project against 
Do Nothing Counterfactual 

OM1: Benefit / Cost of Project against 
Do Minimum Option 

Project Name 1B1S 
Ref 

CWD 
Ref 

Area Delivery Team Funding Code PV Cost of 
Project (against 

Do Nothing) 
£000s 

Total Flood PV 
Benefit (against 

Do Nothing) 
£000s 

PV Cost of 
Project (against 

Do Minimum) 
£000s 

Total Flood PV 
Benefit (against 

Do Minimum) 
£000s 

Norbury Park River Restoration  
(Lower Bound) 

- - South 
East 

ASM DEF 195,000 799,596 

Norbury Park River Restoration  
(Upper Bound) 

- - South 
East 

ASM DEF 195,000 1,184,560 
NO LONGER REQUIRED 

 
OM2 Part A: Probability of households at Flood Risk OM3: Households in Deprived 

Communities at reduced flood or 
coastal erosion risk 

OM4: Contribution 
to improving SSSIs 

OM5: Net 
BAP gain 
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7 Funding opportunities 
 
There are a range of potential sources of funding for a river restoration project that includes 
elements of environmental enhancement, flood alleviation, and improvements to community access 
to natural, open spaces.  These include: 
 

• Access to Nature Grant Scheme (Big Lottery Fund and Natural England) 
• Community Spaces Programme (Big Lottery Fund and Groundwork UK) 
• Parks for People (Heritage Lottery Fund) 
• Awards for All England (Arts Council, Big Lottery Fund, Heritage Lottery Fund and 

Sport England) 
• EU LIFE+ Programme 
• Other EU funding streams 

 
Assessment of funding opportunities 
 
Further details of potentially suitable schemes are provided in Appendix H.  The background of 
each grant scheme is described, together with the eligibility criteria and available funding.  An 
assessment of the likely relevance of each scheme is also made, using the classification scheme 
outlined below.   
 

 
 
 

 Preferred option likely to fulfil criteria 
Preferred option unlikely to fulfil criteria 
Potential source of funding, but with further considerations 

 
 

Recommended funding option 
 
A summary of the likely relevance of each grant scheme is provided in Table 7.1.  This 
demonstrates that, although there is the potential for funding to be secured from a number of 
sources, the Access to Nature Grant Scheme administered by Natural England is the most 
relevant.   
 
Table 7.1: Likely relevance of potential sources of funding 

Grant Scheme Eligibility Funding Relevance 
Access to Nature Grant Scheme    
Community Spaces Programme    
Parks for People    
Awards for All England    
EU LIFE+ Programme    
Other EU funding streams    

 
The preferred option will contribute towards a considerable increase in the morphological, 
biodiversity and amenity value of the park and as such will help to fulfil the following key aims of the 
grant scheme: 
 

• Increase the number and diversity of people benefiting from the natural environment;  
• Allow people to learn about the natural environment; and  
• Increase the number of wildlife-rich natural places that are sustainably managed and meet 

the needs of the local community.   
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Additional options to enhance the wider park, for example habitat creation schemes outside the 
riparian zone considered in this report, may also need to be considered in order to increase the 
likelihood of a successful application.   
 
Grants are available to cover the majority of the costs associated with the preferred option, 
although it will be necessary for the applicant to provide a degree of match funding in the form of a 
direct financial contribution or an in-kind contribution.  In addition, the applicant will have to 
demonstrate that they are working in partnership with other organisations and to provide some 
match funding in the form of a financial or in-kind contribution.   
 
It is therefore recommended that the Environment Agency works in conjunction with a body such 
as the London Borough of Croydon in order to develop the scheme and submit an application for 
an Access to Nature Grant, in which river restoration options could be funded as part of a wider 
suite of improvements to the habitat and amenity value of Norbury Park.   
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8 Key recommendations 
 

• The culvert in Norbury Park should be replaced with an open, meandering channel.  
This channel should follow a multi stage design, with a small channel to contain low 
flows and adjacent riparian units which can become inundated during periods of higher 
flow.  The channel should meander within the confines of a larger bank line.   

 
• Any preferred option that incorporates a multi stage channel will require significant 

excavation of material.  It is expected that this material will be kept and recycled on 
site, in line with the Environment Agency’s policy on waste.  This material can 
subsequently be used as part of the parks landscaping requirements, including the 
provision of a flood bund, predominantly in the north west end of the park.   

 
• Additional channel restoration works should be undertaken in Norbury Brook as it flows 

through the allotments.  Flow deflectors should be installed within the concrete 
channel, and debris clearance and removal or replacement of existing bank protection 
should be undertaken in the earth channel.  These works could be undertaken without 
detriment to the adjacent allotments.   

 
• River restoration works should be considered as an integral part of a wider scheme to 

enhance the environmental and amenity value of Norbury Park.  Royal Haskoning, in 
conjunction with the Environment Agency, have produced a Site Appraisal Plan which 
provides details of the current conditions at the site, and an indication of the form that 
the preferred option may take if it is constructed (Appendix D).  These diagrams and 
the  pre-feasibility report clearly demonstrate a link to the initial design concepts for the 
wider park that are currently being produced by the Environment Agency.   

 
• Opportunities for the creation of BAP habitats as part of the river restoration scheme 

should be explored further.  Specifically, the potential for the creation of riparian reed 
beds and eutrophic standing water should be investigated.   

 
• These proposals have been developed as part of pre-feasibility study, to give an 

outline indication of a likely preferred option, including project costs and flood risk 
reduction and environmental benefits.   

 
• This pre-feasibility study has demonstrated that there is reasonable justification for the 

progression of river restoration options within Norbury Park, whether funded by the 
FDGiA or external funding sources as investigated in this report.   

 
• To this end, further investigation is required to determine the optimal design of the 

channel, to ensure that the option is technically feasible, economically viable, and 
environmentally sustainable.   
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List of abbreviations 
 
AAD Annual Average Damage 
APZ Archaeological Priority Zone 
ASNW Ancient and Semi-Natural Woodland 
BAP Biodiversity Action Plan 
CFMP Catchment Flood Management Plan 
Defra Department for Environment, Food and Rural Affairs 
EA Environment Agency 
EIA Environmental Impact Assessment  
EU European Union 
FCDPAG Flood and Coastal Defence Project Appraisal Guidance 
HAP Habitat Action Plan 
JCA Joint Character Area  
LPA Local Planning Authority 
NEAS National Environmental Assessment Service 
NRP Non-residential Property 
OM(s) Outcome Measure(s) 
ORA Outline Risk Assessment 
OS Ordnance Survey 
PPS25 Planning Policy Statement 25 
PSRA Public Safety Risk Assessment 
PVd Present Value Damage 
SBI Site of Borough Importance 
SFRA Strategic Flood Risk Assessment 
SMI Site of Metropolitan Importance 
SNCI Site of Nature Conservation Importance 
WFD Water Framework Directive 
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Would you like to find out more about us,  
or about your environment? 
 
Then call us on  
08708 506 506 (Mon-Fri 8-6) 
 
email  
enquiries@environment-agency.gov.uk  
 
or visit our website  
www.environment-agency.gov.uk 
 
incident hotline 0800 80 70 60 (24hrs) 
floodline 0845 988 1188 
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