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1

Introduction
Wallingford HydroSolutions (WHS) have been contracted by South Bucks District Council (SBDC) to
investigate the hydrological functioning of the Burnham Beeches Special Area of Conservation
(SAC) and to evaluate the sensitivity of the site to the potential hydrological impacts associated
with development within the catchments for streams draining into the Beeches. Based on this
evidence base, planning guidance has been formulated to inform development proposals within
these catchments. This guidance is focused on maintaining the current hydrological conditions
within the SAC.
Burnham Beeches was designated a National Nature Reserve (NNR) in 1993 and a SAC in 2005, as
presented in Section 2. The legal requirements for the competent authority, to ensure that the
qualifying interests are not impacted upon by development, both within the SAC and in areas that
lie outwith the SAC are also discussed within this section.
Ownership of Burnham Beeches is divided between the City of London who own the southern
portion of the site designated as an NNR and the Portman Estate who own the northern portion of
the site, see Figure 1. For the avoidance of doubt, within this report “Burnham Beeches” shall refer
to the entire area of the SAC and the subdivisions referred to as either “the Portman Estate land”
or “the Nature Reserve”. Concerns have been raised regarding recent developments increasing
urbanisation within Farnham Common by increasing the density of housing stock. There is
potential for such developments to have an adverse impact on the qualifying interests within the
Beeches SAC through reductions in water quantity and quality. These potential impacts are
discussed within Section 3. SBDC refer all developments within 500m of Burnham Beeches to the
City of London (as site owners) and Natural England for their comments.
Previous hydrological investigations of Burnham Beeches (see Appendix 1) have examined
groundwater levels and flows within the southern area of the Nature Reserve. However, the
objectives of these studies were not to investigate the groundwater flows through Burnham
Beeches as a whole and so work remains to establish this aspect of Burnham Beeches hydrology.
This study has sourced data from a wide range of sources (including the previous reports) to
assess the hydrogeology of Burnham Beeches and this is discussed in further detail in Appendix 1.
The surface water hydrology and hydrogeology assessments have formed the basis of a conceptual
model of Burnham Beeches hydrology, considering how water moves into and through the SAC. A
summary of the conceptual model is provided in section 4 and the model is presented in full within
Appendix 1. As discussed, the potential effects of continuing urbanisation upon the SAC is an issue
of concern to those responsible for the management of Burnham Beeches and so the legal context
of development impacts on SACs is described in sections 2 and 3. Section 5 draws upon the
conceptual model and legal context to outline guidance applicable to proposed developments within
the vicinity of Burnham Beeches so as to minimise or negate any adverse impacts to the SAC
arising from alterations to the hydrology of the area.
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2

Burnham Beeches SAC
Burnham Beeches is designated as a SAC for the Annex I habitat, Atlantic acidophilous beech
forests, that it supports. The Atlantic acidophilous beech forest is the primary reason for the
selection of this site and there are no species or secondary habitats included within the
designation. SACs are part of the network of Natura 2000 sites set up under the EC Habitats
Directive 1992 (Council Directive 92/43/EEC) and are protected in the UK by the Conservation of
Habitats and Species Regulations 2010 (SI No. 2010/490) (as amended), often referred to as ‘the
Habitats Regulations’.
The Habitats Regulations require that any plans, projects or activities which are proposed which
may significantly affect a SAC must be subject to special scrutiny and first require an ‘appropriate
assessment’. The competent authority1 must use the outcomes of the appropriate assessment to
ascertain whether the project will have an adverse effect on the integrity of the site. The integrity
of a site is defined within EC and UK guidance as “the coherence of the site’s ecological structure
and function, across its whole area, that enables it to sustain the habitats, complex of habitats
and/or populations of species for which the site is or will be classified”. An adverse effect on site
integrity can be described as any effect that may reasonably be predicted as a consequence of a
plan or project that may affect the conservation objectives of the qualifying interests for which the
site has been designated.
This report considers the areas in Figure 1, which lie outwith the SAC.

3

Potential effects of urbanisation
The potential hydrological effects of urbanisation within the streams draining into Burnham
Beeches are associated within the alteration of water balance and reduced water quality. These
potential impacts, detailed below, are upon the draining streams which flow through the SAC. A
small proportion of the designated features, the beech trees, are situated within close proximity to
the stream network and hence sensitive to changes in water balance and water quality.

3.1

Alteration of water balance
Urban surfaces reduce catchment permeability and the presence of drainage networks may be
expected to remove runoff from urbanised catchments. The incorporation of Sustainable Drainage
Systems (SuDS) into developments may minimise these effects and replicate the natural drainage
pattern (see Section 5 and Appendix 3). Water main leakage and sewer infiltration may also
influence the water balance within urban catchments; leakage may represent a net import of water
whilst sewer infiltration may remove water. Further consideration is given to all these factors
within the conceptual model summarised in Section 4.

3.2

Reduced Water Quality
The long term potential effects of urbanisation within a catchment include the potential reduction in
water quality through sedimentation, effluent discharges and pollution, as well as increases in
water temperature.

1

competent authority, as defined by the Habitats Regulations, is a Minister, government office, statutory
undertaker or public body
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During construction of a development there is the temporary potential for reductions in water
quality through sedimentation. These arise from the necessary ground disturbance resulting in an
increased sediment supply and the potential mobilisation of this sediment, resulting in wash off into
the stream network and subsequent increased in-stream concentrations. The consequences of
ground disturbance have to be considered both in the context of areas where the ground would be
disturbed and how stockpiled soils would be managed. During excavation works, it may be
necessary to control groundwater levels to ensure the excavations do not fill with water, either by
the use of cut-off drains or dewatering (removing free water). Any direct or pumped runoff from
the excavation works is likely to contain very high sediment concentrations.
There would also be the potential for pollution from the accidental spillage/loss of chemicals and
materials such as cement, fuel, oils and lubricants during the construction period. Polluting
materials could enter and contaminate surface watercourses or superficial groundwater from these
sources as a result of accidental spillage, leakage of stored materials, incorrect use of toxic
substances and runoff during storm events. Measures to minimise the risk of contamination from
these potential sources should be put in place during the construction period.

4

Conceptual hydrological model
The conceptual hydrological model of Burnham Beeches is formed of three components: regional
groundwater; water within superficial geological deposits and surface water. The conceptual model
is described in greater detail in Appendix 1 and summarised within this section.
The regional groundwater system beneath Burnham Beeches consists of a chalk aquifer which
sustains river flows within the Thames basin and is accessed for public water supply. The water
level within the chalk aquifer is approximately 30m aOD (equivalent to approximately 40m below
ground level at Burnham Beeches) and the general flow is southerly towards the River Thames
during all seasons.
A study by the Institute of Hydrology provides the best insight to the hydrogeology of the
superficial deposits beneath Burnham Beeches. Data from a network of wells within the southern
area of the Nature Reserve indicates that the superficial aquifers receive localised recharge from
the upslope southern area of the Nature Reserve and the Withy catchment outwith the Nature
Reserve. Although not in hydraulic connection with the underlying chalk aquifer, aquifers within
the superficial geology are in connection with one another and so water moves from one superficial
aquifer to another in a southerly direction. Superficial aquifer levels exhibit a clear seasonal
pattern characterised by summer recession and winter recharge driven by the seasonality of
rainfall and evaporative demand. Recorded water levels in the superficial aquifer fluctuate across a
range of approximately 1.5m.
Surface water is delivered to Burnham Beeches by four catchments. From south to north, these
are: the Withy Stream; the Nile; the unnamed stream; and the Portman Estate stream. These
catchments are described in detail in Appendix 1. The Withy Stream has the smallest catchment
area, from which water flows through three ponds along the course of the stream. Comparison of
pond and groundwater levels indicates that the ponds are unlikely to receive significant
groundwater inflows and that the surface water system responds to rainfall inputs. The Withy
Stream and Nile catchments are heavily urbanised outside of the SAC and the presence of water
mains and sewers may be expected to alter the water balance. Mathematical consideration of
enhancement of runoff by urban surfaces and removal of runoff by drainage networks based on a
review of the scientific literature determined that the further urbanisation of the Withy and Nile
catchments would serve to reduce the natural runoff rates to Burnham Beeches SAC.
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Consideration of water main leakage and sewer infiltration indicated that leakage may be expected
to represent a minimal import of water to the catchments, largely negated and possibly exceeded
by sewer infiltration.
To provide for easy interpretation by the general public, the hydrologically defined catchments
identified within Appendix 1 have been redrafted for the purposes of providing planning guidance.
Where possible, the redrafted catchment boundaries follow roads as these provide a readily
understandable urban delineation. In low elevation areas, such as these, road drainage can
significantly alter natural drainage patterns thus supporting the use of roads for this delineation.
The redrafted catchments to which the planning guidance applies are presented in Figure 1.

Figure 1 Location map of Burnham Beeches SAC, planning catchments, swallow holes and
watercourses. Contains Ordnance Survey data. © Crown copyright and database right 2013.
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Guidance for prospective developers
The aim of this section is to provide developers with detailed practical guidance on how to
sustainably manage surface water from new developments proposed within the vicinity of Burnham
Beeches. This guidance has been based on the principles set out in national and regional policies.
The overall aim is to minimise or negate any adverse impacts to the SAC arising from alterations to
the hydrology (both quantity and quality) caused by new development and help maintain the
natural hydrological functioning within Burnham Beeches.

5.1

Construction best practice
Construction activities in or near water have the potential to cause pollution, impact upon the bed
and banks of a watercourse, and impact upon the quality and quantity of the water. The reduction
of these potential impacts should form an inherent part of the layout design of any new
development. The layout constraints should include an 10 m exclusion zone in the vicinity of a
river, lake or wetland in accordance with Environment Agency guidance (2), or additional site
specific mitigation measures would be required.
The Environment Agency has prepared a range of Pollution Prevention Guidance Notes (PPGs) to
set out best practice and indicative mitigation measures to minimise potential impacts of
construction works. Contractors and sub-contractors at any development site should adhere to the
following PPGs:

•
•
•
•
•

PPG01: General guide to the prevention of water pollution;
PPG05: Works in, near or liable to affect watercourses;
PPG06: Working at construction and demolition sites;
PPG21: Pollution incident response planning; and
PPG 22: Incident response - dealing with spills.

Use of the Sustainable Drainage Systems (SuDS), as detailed in section 5.2, can help to remove
pollutants and sediment from development runoff. In addition to the use of SuDS, the following
construction pollution prevention measures would reduce the potential impact upon water quality:

•
•
•
•
•
•
•
•
•

2

Equipment to be provided to contain and clean up any spills in order to minimise the risk of
pollutants entering watercourses, lakes or wetlands.
Refuelling of vehicles and plant machinery to be confined to the designated fuelling areas and to
be carefully controlled.
Vehicles, plant machinery and equipment to be cleaned at designated washout areas.
Equipment, materials and chemicals should not be stored within the vicinity of watercourses.
At storage sites, fuels, lubricants and chemicals to be contained within an area bunded to
110 %. All filling points to be within the bund or have secondary containment. Associated
pipework to be located above ground and protected from accidental damage.
Drip trays to be placed under standing machinery.
All solid and liquid waste materials to be properly disposed of in controlled landfill sites.
No unapproved discharge of foul or contaminated drainage either to groundwater or any surface
waters, whether direct or via soakaway.
Routine mechanical maintenance of vehicles to be carried out off-site or in a suitable designated
area of the site.

Pollution Prevention Guidelines 5 (2007). Works and maintenance in or near water
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•
5.2

Sanitary facilities to be provided and methods of disposal of all waste to be approved by the
Environment Agency.

Drainage design recommendations
Developers are required to adopt the principles of Sustainable Drainage Systems (SuDS) when
submitting development proposals within the planning catchments identified in Figure 1. SuDS is a
versatile design approach which seeks to replicate natural drainage patterns from a site prior to
development and to reduce pollution from runoff. When submitting proposals, developers should
seek to mitigate runoff using the following measures which are listed in order of preference:

•
•
•

Provision of permeable source controls promoting infiltration
Provision of on-site storage in the form of ponds
Provision of on-site attenuation in the form of swales

Consideration should be given to local ground conditions, groundwater levels and hydrology to
establish which SuDS measures are most appropriate. Evidence of the suitability of the proposed
SuDS measures should be made available as part of the planning application in order to satisfy
local planning guidance such as the Buckinghamshire County Council Local Flood Risk Management
Strategy. Supporting evidence may include pre- and post-development runoff rates and volumes,
design horizons for predicted runoff rates and volumes and infiltration tests to establish the
permeability of the site.
Detailed discussion and further references relating to drainage design may be found in Appendix 3.
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Appendix 1 Conceptual Hydrological Model

1

Introduction
The general topography of Burnham Beeches is flat although some incised valleys exist and are
associated with surface water channels on the site, as evidenced by the contours in Figure 2. This
reflects the regional topography, which may be typified as gently sloping towards the south. Using
a 50m digital terrain model (DTM) the surface flow paths leading to Burnham Beeches may be
defined and the resulting upstream catchments are also presented within Figure 2. There are three
small catchments situated to the east of Burnham Beeches feeding the unnamed stream, the Nile
and the Withy Stream. A larger catchment drains much of the Portman Estate land and the area
immediately to the west. This catchment terminates at a large swallow hole in the south of the
Portman Estate land and so the water from this catchment drains into the SAC as surface water but
does not drain into the Nature Reserve as surface water. The area to the west of Burnham
Beeches drains in a southerly direction such that no surface water enters the Beeches from the
west. The surface water flow to and within Burnham Beeches is discussed in further detail in
section 5, and the catchments detailed in Figure 2 shall be used as the basis for quantifying the
hydrological effects of urbanisation.

Figure 2 Location map of Burnham Beeches SAC, natural catchments, streams and swallow holes.
Contains Ordnance Survey data. © Crown copyright and database right 2013.

www.hydrosolutions.co.uk

7

Burnham Beeches Hydrology Study

2

Review of previous work
There are two previous studies outlining the current state of knowledge regarding the hydrological
functioning of Burnham Beeches.

2.1

Institute of Hydrology hydrogeology monitoring
In 1988 an application was made to extract sand and gravel from a site in East Burnham,
approximately 400m to the south of Burnham Beeches. The Corporation of the City of London
objected to this application on the grounds that the proposed development may alter groundwater
levels beneath Burnham Beeches. The Corporation of the City of London commissioned the then
Institute of Hydrology to undertake a preliminary study to ascertain the hydrological implications of
the development. Following rejection of the planning application, the Institute of Hydrology were
further retained to undertake a detailed study of the groundwater levels beneath the Nature
Reserve and the proposed extraction site in anticipation of the developer appealing the planning
decision. The Institute of Hydrology’s findings are presented in two reports (Institute of Hydrology,
19913; 19934).
A series of boreholes were installed from 1989 so as to determine the geology underlying the study
area and to monitor groundwater levels. The boreholes were drilled to a range of depths between
6m and 11.5m. Water levels were initially read weekly and this practice continued until 1998.
Between 1998 and 2006, the borehole water levels were recorded fortnightly and since 2006 water
levels have been monitored monthly. Monitoring continues to the present day at some of the
boreholes. Borehole locations and designations are presented within Figure 3.

3
4

Institute of Hydrology (1991). Hydrogeological Investigation – Final Report. NERC.
Institute of Hydrology (1993). Burnham Beeches Groundwater Monitoring 1989 - 1993. NERC.
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Figure 3 Borehole locations at Burnham Beeches. Contains Ordnance Survey data © Crown
copyright and database right 2013.

The data from these boreholes was used in conjunction with borehole data collected to the south of
Burnham Beeches to determine the geology and hydrogeology underlying this area. The geology
data are presented in Figure 4. Each of the layers defined in Figure 4 has an associated aquifer
unit. Groundwater in the area was considered to flow southwards and cascade downwards from
one aquifer unit to another until it ultimately reaches the basal chalk aquifer.
The
interrelationships within the aquifer system were shown to be complex in that only some layers are
hydraulically connected. Intermediate layers may provide an indirect hydraulic connection between
two layers not connected to one another. For example, the Lambeth sands permit a hydraulic
connection between the Winter Hill and Boyn Hill gravel layers.
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Upper Pond

Middle Pond

Hawthorn Lane

Figure 4 Geology of southern Nature reserve and adjacent areas determined from borehole
investigations. From Institute of Hydrology (1991).

2.2

Haycock Associates study of Withy Stream catchment
In 2011, Haycock Associates were commissioned to report upon the hydrology of the Withy Stream
catchment and remediation of the ponds in the south of the Nature Reserve. Using Ordnance
Survey contour data, this report determined that the Withy catchment has a small urbanised
upstream catchment. Haycock (2011)5 examined Thames Water drainage maps and concluded

5
Haycock Associates (2011). Burnham Beeches: Repair and Upgrade of Outflows Associated with Upper Pond
and Middle Pond.
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that much of the surface water within the urban area in the upper reaches of the Withy catchment
was exported from the catchment via a combined sewerage system. A storm drain on Green Lane
was presumed to supply all the water to the Withy Stream. The contributing catchment was
therefore truncated to exclude most of the urban area (0.135km2) within the Withy Stream
catchment, and only that area immediately adjacent to the Green Lane storm drain was assumed
to contribute surface water to the Withy Stream. The mean annual flood event at Middle Pond was
calculated as having a peak flow of 0.27m3/s.
Haycock also reported upon the hydrology of the Mire, the area situated to the east of the Upper
Pond. The soil within the Mire is saturated in marked contrast to surface conditions across the rest
of Burnham Beeches. Peat coring undertaken by Haycock revealed that the areas of the Mire
adjacent to Withy Stream were underlain by approximately 0.2 – 0.3m of peat, with some localised
depths of up to 0.75m to the western end of the Mire. An annual water budget was calculated for
the Mire based upon local precipitation data, 10km2 modelled evapotranspiration rates modified for
representative land cover and Haycock’s own definition of ground and surface water catchments.
This concluded that groundwater inputs were greater than surface water inputs, partly attributable
to the truncation of the surface water catchment. However, Haycock’s methodology did not
consider the hydrogeological context of the Nature Reserve as a whole, defining the groundwater
catchment to be contiguous with the natural surface water catchment. Furthermore, the truncation
of the surface water catchment is a simplistic treatment of the influence of urbanisation on surface
runoff. None of the boreholes shown in Figure 3 are located within the Mire. So as to monitor Mire
water levels, Haycock installed 6 shallow dipwells to depths of 0.55 – 1.00m within the Mire for the
benefit of the City of London’s ongoing hydrological monitoring programme.

3

Site visits to Burnham Beeches
WHS have undertaken 3 separate visits to Burnham Beeches, as detailed below.

3.1

Initial site visit
Andy Young attended a meeting with City of London, South Bucks District Council and Environment
Agency staff at Burnham Beeches on 5th July 2013. During this meeting it was agreed to alter the
programme of work. A walkover of the Nile catchment was conducted to inform the revised work
programme. Key features within the watercourses were located and photographed. The Nile was
walked to the headwaters of stream. The stream is first evident at the road culvert adjacent to
Stewarts Drive. At the time of the site visit the stream was then observed to be flowing for the
entire length of the walkover survey, although there is evidence of a significant swallow hole in a
mire area located on the map of the Nile stream (Figure 2). Below the source of the stream and to
the boundary of the reserve the stream flows through a narrow wooded valley between residential
properties in the western area of Farnham Common.

3.2

Site walkovers
Jon Kelvin conducted site walkovers and collected data during two visits on 2nd and 8th August
2013. On the visit on the 2nd August, detailed walkovers of the Withy, Nile and unnamed stream
catchments within the Nature Reserve were undertaken. These walkovers offered project staff the
opportunity to ground truth surface water flow paths within the Nature Reserve and to inform
subsequent investigations. Georeferenced photographs were taken of relevant features, some of
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which are presented within this report. The locations of important features were also recorded with
a GPS device.
During the visit on 8th August, a walkover survey of the northern portion of the SAC was
undertaken following access being granted by the Portman Estate, who own this land. As with the
Nature Reserve walkover, particular attention was paid to topography and evidence of surface
water flow paths. Further georeferenced photographs were taken within the northern SAC and
features of interest were located using GPS. Water chemistry samples were also taken from the
Upper Pond and the Nile and unnamed streams. These samples formed the dry weather baseline
set for analyses and the results will be included within the final report. The Withy Stream was dry
along its entire length and so it was not possible to retrieve a water sample for this stream.
Finally, soil coring was undertaken within the Nile catchment to determine the depth and nature of
the soil in this region of the Nature Reserve. All coring locations were recorded on GPS and photos
of samples were collected. All cores demonstrated that the soil consisted of shallow peat overlying
the geology. The maximum peat depth recorded was approximately 0.4m, but in most instances
the soil was less than 0.1m deep.

4

Groundwater Hydrology

4.1

Regional Geological context
Examination of BGS 1:50,000 solid geology data (Figure 5) and borehole scans reveals that the
area around Burnham Beeches is underlain by a layer of chalk. This chalk layer constitutes an
aquifer which sustains river flows within the Thames basin and is accessed for public water supply.
Borehole scans available through BGS indicate that the chalk is approximately 30m below ground
level (equivalent to approximately 60m aOD) in the northernmost extremities of the Portland
Estate land and approximately 10 – 15m below ground level (45 – 50m aOD) to the south of the
Nature Reserve. The chalk beneath Burnham Beeches is overlain by a layer of slowly permeable
clays, silts and sands belonging to the Lambeth group, with the exception of a small area in the
south west of the Nature Reserve in which the chalk is exposed due to historical quarrying. The
vegetation species present in the region of the exposed chalk indicates that the chalk does not
influence the vegetation community. The Lambeth group was formerly known as Reading Beds,
and so this layer is equivalent to the Reading Beds identified by the Institute of Hydrology study
(see section 2.1). To the east of Burnham Beeches there is a layer of slowly permeable London
Clay overlying the Lambeth layer.
BGS 1:50,000 drift geology maps (Figure 6) indicate that there are a variety of superficial deposits
in the vicinity of Burnham Beeches. These are all sand and gravel deposits which will typically be
permeable and facilitate percolation of water within these layers to the basal chalk aquifer. It is
interesting to note that the surface water streams within Burnham Beeches coincide with those
areas lacking drift geology and hence exposing the slowly permeable Lambeth geologies. The solid
and drift geology data corroborate the findings of the Institute of Hydrology study (Section 2.1).
The absence of drift geologies within the Nile basin serves to reinforce the findings of the soil
coring undertaken in this area. The geology also serves to explain the location of the swallow
holes. These features are confined to areas where the solid geology is exposed and thus represent
locations at which surface water drains directly into the aquifer system.

www.hydrosolutions.co.uk

12

Burnham Beeches Hydrology Study

Figure 5 Solid Geology layers in the vicinity of Burnham Beeches. Contains Ordnance Survey data ©
Crown copyright and database right 2013. Geology data © NERC. All rights reserved. CM-00255260

Figure 6 Drift Geology layers in the vicinity of Burnham Beeches. Contains Ordnance Survey data ©
Crown copyright and database right 2013. Geology data © NERC. All rights reserved. CM-00255260
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Examination of 1:250,000 Soil Survey maps6 (Soil Survey of England and Wales, 1984) indicates
that the area around Burnham Beeches is dominated by Essendon and Sonning 2 associations.
Essendon Association soils are typified as being seasonally waterlogged flinty loamy over clayey
soils. Waterlogging is a result of being located over slowly permeable geologies such as those
beneath Burnham Beeches. Sonning 2 Association soils are by contrast well drained flinty loamy
over gravelly earths.

4.2

Regional groundwater context
The regional groundwater system is dominated by the chalk aquifer. Contour maps of water levels
within the chalk were sourced from BGS, and an example is presented in Figure 7. Data for
different periods was provided by BGS and examination of all data indicated no significant seasonal
variation in the water level contours. Beneath Burnham Beeches, the water level is approximately
30m aOD (equivalent to approximately 40m below ground level). The contours indicate that the
general flow direction is southerly towards the river Thames in all seasons. The direction of flow
corroborates the findings of the Institute of Hydrology Report (Section 2.1).

Figure 7 Chalk aquifer water level contours (m aOD) for the Burnham Beeches area, September
1976. Data courtesy of British Geological Survey. © NERC. All rights reserved.

6

Soil Survey of England and Wales (1984). Soils and their use in South East England. Harpenden.
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4.3

Burnham Beeches Groundwater context
The Institute of Hydrology report (Section 2.1) provides the best available appraisal of
groundwater levels and flow within the Burnham Beeches Nature Reserve. Subsequent modelling
of groundwater levels by BGS have shown the water levels within the Lambeth group layer and the
gravels to fluctuate within a range of approximately 2m. Borehole records are sparse on the
Portman Estate land and northern portion of the Nature Reserve and offer little evidence of the
presence of water within the upper geological layers forming superficial aquifers.
The wells installed by the Institute of Hydrology are presently maintained and monitored by
Corporation staff, offering the most complete record of groundwater levels within the southern part
of the Nature Reserve. A selection of this data is shown in Figure 8. These measurements are
taken within the Winter Hill Gravel (Figure 3 and Figure 6) and are typical of the borehole readings
within this area. The Institute of Hydrology reports provide a comprehensive review of the geology
but the key issue for this report is that these superficial aquifers are receiving localised recharge
and are not in direct hydraulic continuity with the regional groundwater of the underlying chalk
aquifer. Furthermore, given the nature of the topography and the incised valley of the Nile within
the Beeches, the course of the Nile will form a natural boundary to this recharge zone. The coring
undertaken as part of the site walkover (See Appendix 2) identified that whilst there are isolated
batches of sands/gravels/clays there is solid gravel outcrop close to the surface indicating that near
surface groundwater is likely to occur in isolated areas within the Nile.
Thus the superficial aquifers will be receiving recharge from the upslope southern area of the
Beeches and the catchment of the Withy Stream outwith the Beeches. Potentially there may be
some contribution from the Nile catchment above the head of the incised valley although the
presence of an open water channel, the more marginal valley topography and the presence of
London Clay within this area would suggest otherwise.
A clear seasonal pattern is evident, in which water levels recede during the summer period and
are raised during the winter period. This is as would be expected; groundwater levels respond to
winter recharge and recess during the late spring, summer and early autumn when evaporative
losses are significant and recharge ceases. Evaluation of rainfall data shows some seasonality of
rainfall, with approximately 55% falling in the winter period (October – March) and 45% in the
summer. Water levels fluctuate across a range of approximately 1.5m during the period examined
and show a strong seasonal dependency which is driven by evaporation demand and the marginal
seasonality of rainfall. Water levels respond to the onset of recharge in the autumn and reach a
peak at the end of the recharge season in early spring as evaporation demand starts to build.
Lowest groundwater levels are apparent in the late summer. The Institute of Hydrology (1991)
determine this area of the Winter Hill Gravel to be in hydraulic connection with the Reading Beds
Silt, thus accounting for the rapid loss of water by drainage to another aquifer within the system.
The differences in the water level depths reflect the surface contours between these wells and all
depths are within approximately 3m of the surface during the summer and approximately 1.5m
during the winter.
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Figure 8 Water levels at boreholes on the Nature Reserve

5

Surface water inputs to Burnham Beeches

5.1

Withy Stream
The Withy Stream basin is shown in greater detail in Figure 9. The contributing catchment for the
Withy Stream lies to the east of Burnham Beeches and covers an area of 0.102km2 in the south of
Farnham Common. Water enters the Nature Reserve through a small culvert running beneath
properties on Green Lane (Figure 10). The Withy Stream then runs due west through a culvert
beneath Bedford Drive, through the Mire and into the Upper Pond. At the outflow from the Upper
Pond, the Withy stream runs towards the south west towards Middle Pond and through a culvert
under Hawthorn Lane. The Withy Stream terminates at Swilly Pond adjacent to Crow Piece Lane.
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Figure 9 The Withy Stream basin and upstream catchment.

Contains Ordnance Survey data.

©

Crown copyright and database right 2013.
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Figure 10 Culvert supplying water to Withy Stream

During the site visits in July and August 2013 (Section 3) the Withy Stream was observed to be dry
along its entire length. A review of the Hydrological Summary for the UK7 reveals below average
rainfall during the preceding months across the southern UK. During the period April – June 2013,
rainfall within the Thames basin was 73% of the 1971 – 2000 average. The channel is well defined
and the provision of footbridges across the channel at various locations is indicative of some flow
within the channel, during wetter periods and during the winter months. A small area of standing
water was observed on 2nd August 2013 within the Mire (blocked culvert in Figure 9). At this
location, the channel is crossed by a boardwalk mounted above a blocked culvert representing an
obstacle to flow within the channel. The Middle and Upper Ponds were observed to have levels
below the outflow weirs, hence these structures represent the controls on downstream flows within
the channel. Boggy areas at the upstream ends of each pond (Figure 11) are possibly evidence of
recent seasonal recession of pond levels (Figure 13). Swilly Pond was completely dry, allowing
access to the pond bed. A stageboard was installed by the Institute of Hydrology in Swilly Pond in
2003 and historical readings show that Swilly Pond only occasionally has water within it during the
winter and spring periods. A swallow hole was observed within the dry bed of Swilly Pond (Figure
12). Discussion with Corporation staff revealed that this feature has developed within the last year
and that previously surface water seeped into the surface layers throughout the entire Swilly Pond
bed.

7

NERC, 2013. Hydrological Summary for the United Kingdom; June 2013.
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Figure 11 Boggy area immediately of upstream of Middle Pond, looking downstream

Figure 12 Swallow hole feature within the bed of the ephemeral Swilly Pond
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As part of the Institute of Hydrology monitoring, stageboards were installed within Upper and
Middle Ponds in 2003. Stageboard readings of pond levels are presented in Figure 13 alongside
rainfall totals extracted from a daily 1km grid derived from Met Office raingauge data and the
groundwater levels extracted from the data for the IH borehole BB30.
BB30, which lies
downstream of the Middle Pond is the best indicator of underlying geological conditions and the log
shows that it has been drilled through alluvium and into the underlying Clay. This rainfall data was
used instead of the data gathered at Burnham Beeches due to gaps within the Burnham Beeches
raingauge record. The decreasing density of rainfall data apparent within Figure 13 is due to the
alteration in the monitoring regime (see Section 2.1). This data demonstrates a maximum range
of pond levels of 0.58m in the Upper Pond and 0.48m in the Lower Pond.
The levels in both ponds fluctuate in phase with one another and typically exhibit a fall during high
summer (when evaporation demand is highest) and subsequent recovery as evaporation demand
reduces. Recovery of pond levels precedes the recovery of the groundwater levels in the
underlying superficial aquifers and thus the ponds are unlikely to receive significant inflows from
groundwater during the autumn and winter periods. Although some of the recovery appears to be
in response to high rainfall totals (for example late 2003 and early 2010), not all high rainfall totals
are associated with a rise in pond levels. Such events may be raising the pond levels high enough
to overtop the weirs at the outlets of each pond, resulting in spillage of water into the lower
reaches of the Withy Stream. Thus each of the ponds has a effective upper limit to water levels, of
approximately 66.01m AOD in the Upper Pond and 61.10m AOD in the Middle Pond. The variation
within BB30 shows a similar pattern but generally over a greater period of time. This suggests that
both the pond levels and groundwater are receiving similar recharge patterns but the streams are
responding more quickly to these patterns.
This suggests that the surface water system responds to rainfall inputs and is therefore not
controlled by the groundwater system. Data are not presented for the Swilly Pond since this pond
was dry for much of the study period, with water only occasionally being present in the winter and
spring periods.
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Figure 13 Pond levels, groundwater levels and rainfall totals within the Withy Stream catchment

The upstream catchment of the Withy Stream is heavily urbanised (Figure 9). This is likely to alter
the natural water balance of the catchment since street drainage will export water from the
catchment. Conversely, leakage from water supply infrastructure will serve to import water to the
catchment (see Section 6).

5.2

Nile
The Nile basin is shown in detail in Figure 14. The contributing catchment is 0.931km2 and lies to
the east of Burnham Beeches. A walkover of the Nile catchment found the source of the Nile to be
at Barn Close, at which point the stream emerges from a culvert. Flooding has been previously
observed in this area. The Nile then flows in a southerly direction with residential properties
(Hammond End) on the right bank and an area of woodland on the left bank. Just to the north of
Cages Wood Drive the Nile converges with a drain emerging from under Beaconsfield Road to the
east. This drain serves to convey water draining from an area to the east of Beconsfield Road.
Residents have reported water flowing from playing fields to the north of Farnham Common Junior
School towards this drain. Downstream of the confluence with the drain, the main channel runs
adjacent to Beeches Drive, within a shallow valley and is culverted underneath The Avenue and
channelised within residential properties that can be observed from the road. Water enters the
Nature Reserve from a culvert beneath Stewarts Drive (Figure 15), which conveys water under a
residential property. The Nile runs due west for approximately 500m through an incised channel
within a steep-sided wooded valley. Under low flow conditions the Nile appears to terminates at a
swallow hole which also lies on the course of the unnamed stream (Section 5.3), although there is
a defined channel downstream of this swallow hole with areas of standing water observed during
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the site visit. In winter and during summer rainfall events the Nile will continue to flow through
the Beeches. During extreme rainfall events the Nile has been seen flowing as far as Pumpkin Hill
to the south west of the SAC.

Figure 14 The Nile basin and upstream catchment.

Contains Ordnance Survey data.

© Crown

copyright and database right 2013.
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Figure 15 Downstream face of culvert under Stewarts Drive feeding Nile stream.

During the site visits (Section 3) the Nile was observed to maintain a steady flow. Although this
was a low flow rate equivalent to a depth of a few centimetres, the degree to which the channel is
incised is indicative of greater flows within the Nile. There is only one structure in the Nature
Reserve within the Nile basin; a crossing point located as shown in Figure 14. At this crossing
point, the Nile passes through a culvert underneath a footpath (Figure 16). A section of the culvert
has partially subsided, although this does not presently impede the flow through the culvert.
Within the same crossing point is a dual bore culvert located higher than and on the left bank of
the present Nile channel, suggesting that the course of the channel may have been altered at some
point in the past. Downstream from the culvert structure beneath the footpath, the Nile channel
becomes broader, less incised and meanders. Approximately 375m downstream of the culvert the
volume of water within the channel appreciably declines until there is no visible water beyond a
wooden footbridge structure. Although no obvious surface feature was observed, this coincides
with the location of a swallow hole on the OS mapping (Figure 14). This is therefore assumed to
be a swallow hole representing the end of the Nile during dry weather although it is known to
extend beyond this swallow hole during wet weather and winter. This is evidenced by the defined
channel downstream. Within the Nature Reserve, the Nile flows through a deep valley underlain by
the Lambeth clays and sands (section 4.1). Soil coring undertaken during the 8th August site visit
(Appendix 1) showed the soils to be shallow, having a maximum depth of approximately 0.4m and
the underlying geology to be a mixture of locations where the geology is a mix of
sands/gravels/clay and others where chalk bedrock was encountered. The Lambeth formation is
likely to be thin and not spatially contiguous in the vicinity of the valley. Upstream, outwith the
Beeches the mapped drift geology is London clay which will be the reason why the Nile catchment
presents as a stream rather than a dry valley.
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The deeply incised nature of the Nile Valley within the reserve, the presence of swallow holes
within the valley bottom and the thin soils and patchy superficial geologies would indicate that the
channel is draining the valley and thus the beech woodlands on the upper slopes of the Nile valley.

Figure 16 Downstream face of culvert conveying Nile under footpath

As the upstream catchment of the Nile is adjacent to that of the Withy Stream, the Nile catchment
is also urbanised. However, the properties within this catchment are less dense than those in the
Withy Stream catchment. This urbanisation can be expected to impact upon the water balance of
the Nile catchment.

5.3

Unnamed stream
The unnamed stream basin is shown in detail in Figure 17. The catchment upstream of the Nature
Reserve is 0.48km2 and lies within and to the east of the Portman Estate land. The local
topography suggests the upstream extent of this catchment lies in the vicinity of Ponds Wood. The
unnamed stream enters the Portman Estate land over a small weir from a residential property
(Figure 18). A steady flow was observed at this location on 8th August 2013.
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Figure 17 The unnamed catchment basin and upstream catchment. Contains Ordnance Survey data.
© Crown copyright and database right 2013.
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Figure 18 Unnamed stream entering Portman Estate land from residential property

The channel meanders through a wooded valley in a generally south westerly direction parallel to
the boundary fence separating the Nature Reserve and the Portland Estate land. There are several
boggy areas of land adjacent to the channel, characterised by dense vegetation (typically sedges)
at ground level (Figure 19), in contrast to the dead litter layer present on much of the valley floor.
The unnamed stream channel converges with two dry channels (running from the north and west)
as indicated in Figure 17 and diverts to a southerly course before crossing onto the Nature
Reserve. The dry channels were tracked back to source and found to drain the land to the south of
a large swallow hole which is discussed in Section 5.4. At the point the unnamed stream crosses
onto the Nature Reserve there is no impediment to flow. Within approximately 20m of crossing
onto the Nature Reserve, the unnamed stream passes thorough a lengthy (approx 25m) culvert
structure under Dukes Drive (Figure 20). Although the upstream and downstream ends of the
culvert show some signs of degradation the culvert is clear and does not represent an impediment
to the flow within the unnamed stream. Downstream of the Dukes Drive culvert the unnamed
stream continues generally southward and a small pond is evident as indicated in Figure 17. There
is no flow downstream of this point, although a defined channel is evident. It is therefore assumed
that this indicates the presence of a concealed swallow hole. Another, much larger, swallow hole is
clearly evident downstream of this point (Figure 21). Immediately south of this point there was no
clearly defined channel and the land sloped upward, indicating there is no surface flow path beyond
the large swallow hole and that the area beyond the swallow hole represents a new catchment
within the Nature Reserve.
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Figure 19 Wet area adjacent to unnamed stream channel

Figure 20 Upstream face of culvert conveying the unnamed stream beneath Dukes Drive
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Figure 21 Large swallow hole in unnamed stream basin

The unnamed stream catchment is less urbanised than either the Withy Stream or Nile catchments
and so the natural flow regime is less likely to be altered by impermeable surfaces, artificial
drainage and mains leakage (see section 1).

5.4

Portman Estate stream
The Portman Estate catchment is shown in detail in Figure 22. This stream drains a large area of
the Portman Estate land and an area to the west of the Portman Estate land, totalling 2.44km2.
The only identifiable channel within this catchment runs entirely within the Portman Estate land.
The entire channel was observed to be dry on 8th August 2013.

www.hydrosolutions.co.uk

28

Burnham Beeches Hydrology Study

Figure 22 The Portman Estate catchment basin and upstream catchment. Contains Ordnance Survey
data. © Crown copyright and database right 2013.

The Portman Estate stream rises in the north east of Burnham Beeches SAC. Although dry, a
clearly defined channel was observed draining a ridge in the east of the catchment and extending
approximately westward.
This channel appears to mark the boundary between woodland
dominated by deciduous species to the south and coniferous species to the north. Another less
well defined channel drains an area of high ground in the north of the Portman Estate land and
extends south. These two channels both lead to a dry pond (Figure 23) which is aligned along a
north east-south west axis. The pond appears to be an artificial feature. At the south western end
is a small earthern dam, the downstream face of which is fronted with corrugated metal. A small
break within the dam would permit the flow of water from the pond when full (Figure 24). A
channel extends southward from the dry pond and intersects a public footpath approximately 125m
downstream of the dam. A small culvert extends beneath the public footpath, but this is blocked
by mud and leaf litter at either end and would therefore restrict the flow of water within the
channel (Figure 25). Erosion of the footpath surface indicates that water in the channel is diverted
across the footpath by the culvert blockage and thus the movement of water downstream is not
impeded. Immediately to the south of the public footpath is a wet glade area in which the wooded
vegetation thins and abundant vegetation was observed at ground level. The ground surface was
moist and some standing water was observed within the channel. The wet glade area extended
south of the permissive footpath (Figure 22), downstream of which woody vegetation begins to
thicken and the ground surface dries out. The channel meanders towards a large bowl feature with
a southern flank approximately 8m high (Figure 26). This feature represents the lowest surface
level in the immediate vicinity and is believed to be a swallow hole representing the termination of
the Portman Estate stream.
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Figure 23 Dry pond within Portman Estate basin

Figure 24 Downstream face of dam at southern end of dry pond
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Figure 25 Downstream face of culvert under public footpath

Figure 26 Large bowl feature containing swallow hole marking the termination of the Portman
Estate basin
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5.5

Natural Flow regimes
The LowFlows model8 was applied to the catchments described in this section so as to define the
natural flow regimes for the streams at the points they enter the Nature Reserve. A summary of
this information is provided in Table 1 and demonstrates the nature of these streams as small
watercourses with typically low annual runoffs. The Withy, Unnamed and Portman Estate
catchments all have similar runoffs. The runoff is less within the Nile catchment. The Base Flow
Index (BFI) as determined from the HOST9 categories (a combination of geology and soil types) is
indicative of the responsiveness of the catchment to rainfall events. A low BFI indicates a highly
responsive catchment. The low BFI values for the Withy, Nile and Unnamed catchments are due to
the presence of slowly permeable geologies which serve to inhibit percolation of rainfall within the
catchments and promote surface runoff. By contrast, the Portman Estate catchment further to the
north has a higher proportion of a high storage mineral soil which decreases the responsiveness of
the catchment (as indicated by the increased BFI value). Whilst The HOST mapping appears to be
consistent with the geological data for the Nile it is less consistent with the Withy which appears to
be rising on the Lambeth group which is more permeable.
Table 1 Summary catchment characteristics and annual runoff for watercourses entering Burnham
Beeches

Stream

Easting

Northing

Area

BFI

(km2)

Annual
Runoff
(mm)

Withy

495807

184806

0.102

0.325

244.1

Nile

495783

185208

0.931

0.392

210.5

Unnamed

495368

185648

0.48

0.388

251.8

Portman Estate

495273

185797

2.44

0.519

248.3

8
Young A. R., Grew R. and Holmes M.G.R. 2003. Low Flows 2000: A national water resources assessment and
decision support. Water Science and Technology, 48 (10).
9
Boorman, D.B., Hollis, J.M. and Lilly, A. 1994. Hydrology of Soil Types: a Hydrologically-based Classification of
the Soils of the United Kingdom. IH Report 126.
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6

Impacts of urbanisation on flow regimes

6.1

Literature review
6.1.1

Perturbations of natural recharge processes

As urbanised areas develop within a catchment, large areas are covered with impermeable layers,
such as asphalt and concrete, disrupting the natural hydrological processes. The covering of land
surface by a large proportion of impervious materials reduces the infiltration capacity of the
catchment leading, potentially to a reduction in soil water content and any recharge mechanisms.
Thus a much higher proportion of any rainfall forms immediate runoff10. Marsalek et al (2006)11
conceptualise this increase in runoff volume as playing a large part in urban flooding and reducing
recharge of groundwater aquifers. Where groundwater is withdrawn for water supply, aquifers are
often overexploited and land subsidence may occur. The reduction in groundwater recharge lowers
the groundwater table and reduces the base flows in watercourses. The effect on a watercourse’s
regime is dependent on the extent of the impervious area (Shaw, 1983)12.
Runoff from roofs and paved areas within urban areas is routed to surface water via storm drains.
These may be separate or combined with the wastewater sewer system and commonly in urban
areas these are a mixture of the both. A typical combined system conveys both surface water
runoff and wastewaters in a single pipe. Whereas within the separate system, the surface water
runoff is transported by storm sewers and discharged into the receiving waters (with or without
treatment) and the wastewater is conveyed directly to the treatment works. In dry weather, within
the combined system, the entire flow is transported to the sewerage treatment plant and treated.
However in wet weather, as the runoff inflow into the combined sewer increases, the capacity of
the collection system is exceeded and the excess flows are allowed to escape into the receiving
waters through combined sewer outfalls (Marsalek et al, 2006)11.
As urban areas develop there are extreme changes in runoff conveyance. Natural channels are
replaced by man-made channels and sewers, increasing the hydraulic efficiency of runoff
conveyance. Conveyance networks are often oversized in the upstream parts, often culverted and
characterised by a straight layout to limit routing path lengths. Drains are often constructed with
significant gradients to decrease drain sizes and improve its self-cleansing (Marsalek et al, 2006)11.
In general the quick routing of runoff through the sewer system increases the speed of runoff
giving rise to higher flood peaks. The lag time between precipitation peak and discharge peak can
be reduced by a factor of up to 8 in urban areas13. The corollary of this is that increased
conveyance within river channels reduces low flows, however this is unlikely to the case in
marginal streams such as those draining to the Beeches SAC which will have minimal in channel
storage.
All drainage systems leak to a greater or lesser extent and hence, outside of precipitation events, it
is likely that some of the natural recharge will continue to be intercepted by infiltration into the
drainage system. However the opposite may also occur; if a sewer below the water table is not

10

Hall, M.J. 1984. Urban Hydrology. Elsevier. Applied Science Publishers Ltd, Essex.
Marsalek, J., Jimenez-Cisneros, B.E., Malmquist, P.A., Karamouz, M., Goldenfum, J., and Chocat, B. 2006.
Urban water cycle processes and interactions. International Hydrological Programme. Technical Documents in
Hydrology No. 78.
12
Shaw, E.M. 1983. Hydrology in Practice (2nd Edition). Stanley Thornes Ltd, Cheltenham.
13
Wohl, E (2000). Inland flood hazards. Cambridge University Press, Cambridge
11
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water tight (which is often the case) it may suffer from groundwater infiltration and essentially
drain groundwater aquifers and saturated soils (Marsalek et al, 2006)11.
The impact on the natural flow regimes is therefore a change in the distribution of the flows; with
experimental evidence to support high flows being increased and, the natural corollary is that the
base flow potentially being decreased. This potential impact on low flows may be exacerbated by
channelisation of watercourses to improve flood conveyance and infiltration of groundwaters into
the sewer system. The development of sewer systems within the UK progressively took place
within the late 19th and 20th centuries; prior to this many streams within urban areas were grossly
polluted and commonly were culverted and incorporated into the sewer system, hence potentially
adding to the reduction of natural flow in previously confluent water courses.
Discharges to the receiving waters from the sewerage network consist of either treated discharges
via a sewerage treatment plant or untreated through both combined sewer outfalls and storm
sewers. The discharge points for these systems may be some distance from the urban area of
interest. Urban drainage systems may cross natural topographic catchment with intercepted
precipitation being transferred across watersheds through the drain network. This will lead to an
augmentation of flows within the catchment receiving the outfall from the drainage system and a
loss of flow within the catchment from which the transfer occurs.
The Urban Pollution Management Manual (1998)14 discusses the use of simplified urban pollution
models, such as SIMPOL, which can take account the variability in rainfall, river conditions and
waste water discharges. However, this is used for specific storm events, and requires detailed
knowledge of the sewerage system.
Considering the impact on mean flow and the flow duration curve, the transfers will occur generally
at higher flows (unless there are very significant soil moisture deficits and the precipitation is low).
The result will be higher than expected flows in the receiving catchment and lower than expected
flows within the catchment from which the water is transferred. This will obviously have an impact
on the mean flow within both catchments. The marginal impacts on low flows are likely to be low
as the impact on low flows will be driven by reductions in natural recharge, which is primarily
dependent on the fact that precipitation is captured by the drainage system and not on which
catchment the surface water drainage is discharged in to.

6.1.2

Modelling the impact of urbanisation on low flows

The majority of the research literature on modelling the impacts of urbanisation focuses on
enhanced flood risk as urbanisation will increase the runoff volume within an event and reduce the
catchment response time (e.g. Chow, 198815 and Hall, 198410). The various formulae that have
resulted from the individual studies are only applicable to the areas where they have been derived
and it is not advisable to use them for the areas with different climates and topography11.
Small urban catchments are more affected by the urban runoff flows than large catchments flowing
through a large city, where local urban runoff contributes to a small proportion of the river flow16.
A two year study on the impact of urbanisation on a small catchment (19.3km2) in Slovenia
showed an increase in impermeable surfaces through urbanisation gave the expected effect of

14

Urban Pollution Management Manual. 1998. 2nd Edition. Foundation for Water Research.
Chow, V.T., Maidment, D.R. and Mays, L.W. 1988. Applied Hydrology. McGraw-Hill Publishing Co., New York.
16
Maksimovic, C. and Tucci, C. 2001. Urban drainage in specific climates. Urban drainage in humid tropics,
Volume I. IHP – V, Technical documents in hydrology UNESCO, Paris, 40, 227pp.
15
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faster runoff and enlarged stream discharges. It was shown that the urbanisation enabled the
runoff generation during low precipitation and accelerated runoff in general17. These two studies
unfortunately do not state either the percentage runoff or impervious extents used.
A comprehensive review of many studies is given by Packman (1980)18 on the effects of
urbanisation on flood hydrology. This highlighted that the development of generic methods for
predicting the impacts of urbanisation are hampered by four principle problems:

•
•
•
•

an increase in the complexity of the hydrological cycle;
the problem of a suitable parametric description of urban development;
a general lack of reliable data; and
difficulty in generalising the results.

Whilst these points are made with reference to flood hydrology they are equally pertinent to the
impacts on the wider flow regime with the proviso that sub daily routing effects can be ignored,
which is a reasonable assumption for the case in hand. This removes a lot of the hydraulic
complexities of the problem and the focus on time to peak, where much of the research effort has
been expended to date.
In comparison, less effort has been concentrated on quantifying the effect of urbanisation on flood
runoff volumes. Kjeldsen (2009)19 presents a simple and intuitive extension to percentage runofftype loss model based upon Packman (1980)18. This explicitly incorporates the effect of
urbanisation on percentage runoff, considering the total percentage runoff (PR) as a sum of the
contributions for the rural and urbanised parts of the catchment, as follows:

  









Equation 1

Where PRr is the rural percentage runoff, I is the overall percentage imperviousness of the
catchment, and PRu is the percentage runoff from impervious areas.
All previous literature in the UK (e.g. Kjeldsen, 200919 and Packman, 198018) has focused on
estimating runoff volumes. Ragab et al. (2003)20 considers infiltration through road surfaces. It is
quite often assumed that urban infiltration is zero and runoff is 100% of the rainfall, which leads to
an assumed over estimation of road runoff volume and an underestimation of direct recharge to
groundwater. Ragab et al. (2003)20 demonstrates that infiltration through road surfaces can be in
the region of 6 to 9% of annual rainfall within Wallingford in the Thames catchment.
Perry and Nawaz (2008)21 investigated the impact of increasing imperviousness in suburban areas
through hard surfacing of domestic gardens in an area of Leeds, UK. Over a 33 year study period
an increase of 13% in impervious areas was observed within the 1.16km2 study area. The study
used the L-THIA (long-term hydrologic impact assessment) model, which estimates runoff based
on the relationship between the nature of land surface, the daily rainfall and the soil type (Lim et

17

Brilly, M., Rusjan, S., Vidmar, A. 2006. Monitoring the impact of urbanisation on the Glinscica stream. Physics
and Chemistry of the Earth 31(17) 1089-1096.
18
Packman, J.C. 1980. The effects of urbanisation on flood magnitude and frequency. IH Report No 63.
Institute of Hydrology, Wallingford.
19
Kjeldsen, 2009. Modelling the impact of urbanisation of flood runoff volumes. Water Management 162 (5)
329 – 336.
20
Ragab, R., Rosier, P., Dixon, A., Bromley, J. and Cooper J. D. 2003. Experimental study of water fluxes in a
residential area: 2. Road infiltration, runoff and evaporation. Hydrological Processes 17 (12) 2423 – 2437.
21
Perry, T., and Nawaz, R. 2008. An investigation into the extent and impacts of hard surfacing of domestic
gardens in an area of Leeds, United Kingdom. Landscape and Urban Planning, 86 1-13.
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al., 2006)22. This model was successfully used to assess the impact of urbanisation in Merseyside,
UK by Whitford et al. (2001)23. This study investigated the ecological performance of urban areas
and hence required a simple model of runoff with minimal input data, and used aerial photography
to define the percentage land-cover.
The rainfall-runoff model CLASSIC (Climate and Land-use Scenario Simulation in Catchments) was
originally written to simulate the impacts of climate and land-use change on large UK catchments
(Naden et al., 1996)24. CLASSIC incorporates impermeable surfaces through two methods. The first
deducts a value for potential evaporation of up to 0.5mm, as in MORECS (Thomson et al., 1982)25,
from the rainfall for a grid square to determine the effective rainfall (Crooks and Naden, 2007)26.
The second PDR (percentage of direct rainfall), is a factor which allows a proportion of the
precipitation falling on semi-impermeable surfaces to become effective rainfall without being routed
through the soil-moisture module (Naden et al., 1996)24.
The CLASSIC drainage model also includes an urban function for impermeable, paved surfaces
which is modelled as a one-component store. The total output flow from each grid square at time t
is a sum of the flow from permeable soils, the quick and slow flows from semi-permeable soils and
the flow from urban areas26. This study used HOST type to map 5 soils types to the IHACRES
model27.

6.1.3

Definition of impermeable areas

General experience dictates that the percentage runoff from impervious areas during precipitation
events in an urban environment is between 60% and 90%, with a value of 70% being used in the
UK28.
For catchments larger than 2 km2, a typical urbanised area is considered to be 30% impervious18.
The use of a rainfall-runoff model within a catchment requires a definition of the extent of an
impermeable areas and its impact upon the runoff. Chormanski et al. (2008)29 evaluated different
methods for estimating the impact of impervious surfaces on the prediction of peak discharges
determined by a fully distributed rainfall-runoff model in a 31km2 Belgian catchment. One of the
most important inputs for a spatial distributed rainfall-runoff model in urbanised areas is the area
and distribution of impermeable areas. Although the rainfall-runoff model proposed for use within
this study is a lumped model, this study still provides valuable information on the mapping of

22
Lim, K.J., Engel, B.A., Tanga, Z., Muthukrishnan, S., Choi J. and Kim K. 2006. Effects of calibration on L-THIA
GIS runoff and pollutant estimation. Journal of Environmental Management. 78 (1) 35-43.
23
Whitford, V. Ennos, A.R. and Handley J.F. 2001. “City form and natural process”—indicators for the ecological
performance of urban areas and their application to Merseyside, UK. Landscape and Urban Planning. 57 (2) 91103.
24
Naden, P., Crooks, S., and Broadhurst, P. 1996. Impact of climate and land use change on the flood response
of large catchments. Proc. 31st MAFF Conference of river and coastal engineers. 2.1.1-2.1.16.
25
Thomson, N., Barrie, I.A., and Ayles, M. 1982. The Meteorological Office Rainfall and Evaporation Calculations
System: MORECS. Hydrological Memorandum No. 45, Met Office, Bracknell.
26
Crooks, S. M.; Naden, P. S. 2007 CLASSIC: a semi-distributed rainfall-runoff modelling system. Hydrology
and Earth System Sciences, 11 (1). 516-531.
27
Littlewood, I.G. and Jakeman, A.J. 1994. A new method of rainfall-runoff modelling and its applications in
catchment hydrology. Environmental Modelling Volume II 143-171. Edited by P. Zanetta. Computational
Mechanicals Publication, Southampton.
28
Department of Environment. 1981. Design and analysis of urban storm drainage – the Wallingford
Procedures, 4 Volumes, Standing Technical Committee Reports 28-31, National Water Council.
29
Chormanski, J., Voorde, T.V., Batelaan, O., and Canters, F. 2008. Improving Distributed Runoff Prediction in
Urbanized Catchments. Sensors, 8, 910-932.
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impermeable areas. There is no standard method for deriving these estimates and there is high
variability in the amount of imperviousness within the same land-use class.
Using land-cover information derived from satellite imagery, Chormanski et al. (2008)29 compared
an average percentage of imperviousness for the urban area as a whole (scenario 1); an average
percentage of imperviousness for different types of urban land use (scenario 2); and a local
percentage of imperviousness for every 30m cell within the urban area (scenario 3). Scenario 1
found that impervious areas were significantly higher than the default 30% at an average of 45%.
Scenario 2 uses three different levels of imperviousness for the different types of urban land use:
30% for low density built up area, 50% for infrastructure, high density built up area, roads and
highways and 70% for city centre and industrial areas. The paper compared the use of highresolution and medium-resolution estimates of land-cover. Both resolutions produced similar
estimates of the average degree of imperviousness within the catchment. Although the difference
between the peak flow produced by the high and medium resolution land-cover increases within
the semi- and fully-distributed approaches.
As stated earlier Packman (1980)18 defines a typical urbanised area to be 30% impervious, using
the URBAN extent extracted from 1:50k Ordnance Survey maps. The FEH CD-ROM provides a
simple to use, widely accessible method of extracting information on the urban extent for a
catchment. The FEH CD-ROM V1 presented a new urban descriptor, URBEXT1999, which reduces
the influence of the sub-urban element with a weight of 0.5. Thus the relationship between URBAN
and URBEXT1990 was reported as URBAN = 2.05 URBEXT199930. The latest coverage of urban
areas is defined within version 2 of the FEH CD-ROM by URBEXT200031, which updates the land
coverage from that of the Land Cover Map 2000 and incorporates an additional class of inland bare
ground. Given the broad relationship between URBAN and URBEXT1999 and the similarity between
URBEXT1999 and URBEXT2000 (allowing for development over time), it is thought that the factor
of 2.05 is also applicable to URBEXT2000.

6.1.4 Impacts of water supply and sewage treatment on flows within
urbanised catchments
The leakage from water supply pipes and leakage from, and infiltration to sewer systems should be
considered in the context of the impacts of urbanisation as, certainly in the case of leakage from
water supply pipes, this water can represent a significant import of water to an urban area.
Water supply for urban areas may originate from a number of sources including; ground water
abstractions within the catchment, upstream surface water abstractions/supply from upstream
impoundments and imports from other catchment. Unaccounted for losses “main leakage” are
generally in the order of 15-20% of water entering into supply and thus represent a significant
import of water into the urban catchment.
Sewers and water mains commonly run in close proximity and hence the import of water into a
catchment through mains leakage is offset by infiltration into the sewer network. When recorded

30

Bayliss, A.C. 1999. Volume 5: Catchment descriptors. Flood Estimation Handbook. Institute of Hydrology.

31

Bayliss, A.C., Black, K.B., Fava-Verde, A. and Kjeldsen, T.R. 2007. URBEXT2000 - A new FEH catchment
descriptor: Calculation, dissemination and application. Defra/EA R&D Technical Report FD1919/TR. Defra,
London, 49pp.
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sewer flow data are available, methods such as those published by Armstrong et al. (1996)32 can
be used and the UPM also presents methods.

6.2

Review of drainage maps
Access was obtained to Thames Water drainage maps. Surface water drains and combined sewers
within the Withy Stream and Nile catchments are shown in Figure 27. There are no such features
within the unnamed and Portman Estate catchments. An extensive network of foul sewers exists
within Farnham Common, although these are not shown within Figure 27 for clarity. Surface water
drains conduct water to local watercourses whilst combined sewers remove surface and foul water
to waste water treatment plants. The only combined sewer listed on the Thames Water maps has
approximately 5m of its length within the Withy Stream catchment and is therefore unlikely to
significantly affect the runoff within this catchment. There are two surface water drains in the
Withy catchment. The surface drain in the south west of the catchment drains into the Withy
Stream itself and so does not export any water from the catchment. The surface drain in the west
of the catchment drains into the stream to the east of Farnham Common and so will export some
water from the Withy Catchment. However, since this drain only extends approximately 25m into
a peripheral region of the catchment, it is not believed that this represents a significant export of
water. Within the Nile catchment, there are four surface drain systems, three of which drain to the
Nile and therefore will not remove water from the catchment. The surface water drain in the east
of the Nile catchment drains to a stream running east from Farnham Common. This drain extends
approximately 200m into the Nile catchment and so will remove some water. However, since the
drain is privately owned no information relating to dimensions are available and thus thwarting any
conveyance calculations. For the analyses within this report it has therefore been assumed that no
water is removed from the catchment by this drain.

32

Armstrong, R.J. 1996. Modelling dry weather flow. WaPUB User Note No. 33. 6pp. www.wapug.org.uk
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Figure 27 Surface water and combined sewers within the Withy and Nile catchments. Contains
Ordnance Survey data ©Crown copyright and database right 2013.

The Haycock report highlighted the presence of a combined sewer network within the Withy
Stream catchment. The Thames Water drainage maps indicate that combined sewers identified by
Haycock are in fact foul sewers. The presence of a combined sewer system prompted Haycock
Associates to reduce the size of the Withy surface water catchment accordingly to simulate the
removal of water from the natural catchment by artificial drainage.
Buckinghamshire County Council were also contacted regarding highway drainage within Farnham
Common. Buckinghamshire County Council possesses no definitive information relating to the
position or depth of highway drainage infrastructure in the area of interest. However, site visits
have confirmed that highway drainage provisions do exist. The analysis shall therefore proceed on
the assumption that urban runoff is intercepted by the drain network and removed from the
catchment, as detailed in Section 6.1.
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6.3

Alteration of runoff by urbanisation
6.3.1

Urban extents

Part of the rainfall incident upon impermeable surfaces will be captured by the drainage network
and exported from the catchment whilst the remainder will percolate through cracks and from the
edges of paved areas and form the natural part of the water balance as discussed in Section 5.5.
The Land Cover Map 2000 was used to identify urban areas within the catchments of interest. The
Land Cover Map 2000 details habitat types at 25m resolution. For the purposes of these
calculations, urban areas were identified as belonging to either the “suburban/rural developed”
subclass (17.1) or the “continuous urban” subclass (17.2). The extents of urban areas within the
Withy and Nile catchments are shown in Figure 28 and the urban areas for all catchments are listed
in Table 2.

Figure 28 Urban extents for the Nile and Withy catchments derived from the Land Cover Map 2000
(left panel) and aerial photography of the Nile and Withy catchments (right panel). Contains
Ordnance Survey data ©Crown copyright and database right 2013.

Within the Withy catchment the urban extents defined by the 1:50k Ordnance Survey maps and
the Land Cover Map 2000 are similar (0.094km2 and 0.090km2, respectively) The urban area of the
Nile catchment extracted from 1:50k Ordnance Survey maps is 0.59km2, whilst the Land Cover
Map 2000 defines 0.497km2 of the Nile catchment as urban. The Land Cover Map 2000 is
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therefore plotted at a finer resolution than the OS 1:50k data and permits enhanced discrimination
between impervious and permeable surfaces. On the basis of this comparison and for the purposes
of this study a value of 31% impervious is an appropriate figure to use for the Land Cover Map
2000 urban mapping classes within the Withy catchment, and 36% impervious an appropriate
figure to use for the Nile catchment. For this assessment a worst case of 36% is used. As there is
a good correspondence between the URBAN extent and the LCM defined extent we will not use the
2.05 and the small differences are captured by the change in impervious extent proposed.

6.3.2

Adjusted runoff totals

If the urban fraction is Urban area from the Land Cover Map 2000 divided by total contributing
area and percentage runoff from the rural area is substituted for by the ratio of LFE estimation of
runoff (RO) divided by rainfall (SAAR) and percentage runoff to drains from impervious areas is
0.7*SAAR divided by SAAR then substituting into Equation 1 yields a fractional change in mean
flow of:

..






 ..



Equation 2

where AREA = contributing area.
To evaluate a worst case scenario for assessing the impact of urbanisation within the streams
draining into the Beeches one is only concerned with the first term in this equation and thus the
reduction in natural mean resulting from urbanisation is:
..






Equation 3

On this basis Withy urbanised estimation of mean flow would be 78% of natural mean flow or put
another way runoff reduction would be 22% of natural runoff (as MF in LFE = RO*AREA). The
results of this analysis are also presented in Table 2. The Withy and Nile catchments are,
proportionally, the most urbanised of the four catchments. As a consequence it is predicted that
urban drainage accounts for, at maximum, the removal of 53.9mm of annual runoff from the Withy
and 28.3mm from the Nile. As discussed, the majority of the surface water drains within the Nile
and Withy streams are effluent within the catchment. Since runoff within the Withy catchment is
attenuated by the wetlands and the ponds this may not result in a significant reduction in terms of
the water balance of the SSSI. However, any contaminants within the drained runoff will also be
conveyed, with little attenuation by natural catchment processes to the wetlands.
Within the SAC the Nile is a draining catchment and thus the impacts on the qualifying features will
be negligible in terms of stream chemistry but could have a minor impact upon the catchment
water balance.
In the less urbanised unnamed and Portman catchments smaller quantities of annual runoff are
lost to drainage.
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Table 2 Natural and urban adjusted runoff totals for all catchments

Catchment

Total Area
2

(km )

6.4

Urban Area
2

(km )

Natural
Annual
Runoff

Urbanised
Annual
Runoff

(mm)

(mm)

Withy

0.102

0.090

244.1

190.2

Nile

0.931

0.497

210.5

182.2

Unnamed

0.48

0.013

251.8

250.1

Portman Estate

2.44

0.107

248.3

245.6

Alteration of runoff by mains leakage and sewer infiltration
Publicly available figures33 show Thames Water’s annual per capita consumption (PCC) to be
161L/h/d and annual leakage is 669ML/day.
Assuming a domestic supply population of
8,532,13534 within the Thames Water area, per capita daily leakage is 78 l/h/d i.e. 48.7% of per
capita consumption.
Population data were acquired from the Office for National Statistics for the Lower Super Output
Areas (LSOA) coincident with the catchments of interest. The population of each catchment was
calculated using weighted averages based on the proportional extent of each LSOA within the
catchment. These population data were then combined with the Thames Water leakage and
consumption data to estimate catchment specific annual leakage totals. Annual leakage totals are
presented in Table 3. As a rule of thumb infiltration to sewers is assumed to occur at a rate (x) of
between 25 and 50% of the dry weather flow into sewers35
This infiltration (i) will comprise mains leakage (as sewers and mains often are carried within the
same trench or within the vicinity of one another) and natural groundwater inflow. Dry weather
flow is the sum of infiltration and foul effluent. If the per capita foul effluent is assumed to be the
per capita consumption figure then:

   

!

Equation 4

thus






Equation 5

thus if x= 0.25






Equation 6

33

Thames
Water
(2013).
Draft
Water
Resources
Management
Plan
2015
–
2040.
http://www.thameswater.co.uk/tw/common/downloads/wrmp/WRMP_A4_36_page_WEB.pdf
34
Thames Water (2013). Thames Water Draft Water Resources Management Plan 2014.
http://www.thameswater.co.uk/tw/common/downloads/wrmp/section-3-dwrmp14-current-and-future-demandfor-water.pdf
35
Ertl, Th., Spatzierer, G., Wildt, St. 2008. Estimating groundwater infiltration into sewerages by using the
moving minimum method – a survey in Austria. 11th International Conference on Urban Drainage.
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and if x = 0.5

  

Equation 7

Anthropogenic water balance is therefore the difference between water imported through leakage
and exported through infiltration. Since leakage has been approximated as 0.5PCC, equations 6
and 7 indicate that a conservative upper limit for anthropogenic import of water to a catchment is
15.4% of per capita consumption, assuming that all infiltration is mains leakage.
Leakage, infiltration rates and anthropogenic runoff totals are presented in Table 3. Consistent
with the above equations, the lower sewer infiltration rate is insufficient to remove the leakage
from water mains leading to a net import of water in all catchments. This net import is at
maximum equivalent to 22.1mm and 20.4mm in the Withy and Nile catchments. The higher sewer
infiltration rate, assuming all infiltration is mains leakage, is sufficient to negate this leakage.

Table 3 Annual totals of mains leakage and sewer infiltration for all catchments

Catchment

Total
Population

Annual
Leakage

Annual sewer infiltration
(mm)

Leakage infiltration (mm)

(mm)
x = 0.25

X=0.5

x = 0.25

X=0.5

Withy

251

70.1

48.0

144.0

22.1

-73.9

Nile

2108

64.8

44.4

133.1

20.4

-68.3

Unnamed

884

52.7

36.0

108.1

16.7

-55.4

Portman Estate

182

2.1

1.5

4.4

0.6

-2.3
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Appendix 2 Soil coring within Nile catchment
Soil coring was undertaken within the Nile catchment on 8th August 2013. 13 cores were taken in
a series of four transects either side of the channel of the Nile.
All cores revealed a shallow layer of soil overlying solid rock. The deepest soil (approximately
0.4cm) was encountered on the right bank of the Nile close to the culvert (Figure 14). The soils at
all sites comprised of dry incohesive peat containing fibrous materials. At some sites the deepest
layers of the soil core contain a thin layer of coherent sand or clay (Figure 29).

Thin layer of clay at bottom of core

Incohesive peat soil

Figure 29 The deepest soil core within the Nile catchment

The coring serves to confirm the absence of superficial clay and sand geologies within the Nile
catchment, as suggested by the BGS data. Lambeth clays and sands are present within the Nile
catchment, although the soil cores indicate this is a thin and irregular layer within the Nile
catchment. Previous geological surveys in this area have indicated that the chalk layer lies
approximately 10m below the surface in the vicinity of the Nile and the vegetation species present
are not indicative of surface chalk geologies. The shallow bedrock encountered is therefore likely
to be an outcrop of the Winter Hill Gravel overlain by a shallow peat soil. The banks of the incised
Nile channel also exhibit evidence of the outcropping of the superficial geologies (Figure 30).
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Figure 30 Left bank of the incised Nile channel, revealing the underlying geology
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Appendix 3 SuDS Guidance for Developers
1

Purpose of the Guidance

1.1

Objectives
The aim of this section is to provide developers with detailed practical guidance on how to
sustainably manage surface water from new developments proposed within the vicinity of Burnham
Beeches. This guidance has been based on the principles set out in national and regional policies.
The overall aim is to minimise or negate any adverse impacts to the SAC arising from alterations to
the hydrology (both quantity and quality) caused by new development and help maintain the
natural hydrological functioning within Burnham Beeches.
The key objectives of this guidance are;

•
•
•
•

To contribute to the current and future use of sustainable drainage within the Burnham Beeches
area as an alternative to traditional piped drainage systems.
To incorporate the use of SuDS infrastructure into new drainage schemes to ensure surface
water runoff from developments can be sustainable managed on-site to mimic pre-development
runoff regimes.
To improve water quality associated with development runoff by use of appropriate construction
best practices and utilising the SuDS management train and associated SuDS techniques to help
remove pollutants and sediment from development runoff.
To promote the benefits of SuDS for use in and around Burnham Beeches.

This supplementary guidance provides a national and local policy context which has guided its
formulation, explains what sustainable drainage is,the implications for developers and/or
landowners, and provides examples of specific sustainable drainage methods and techniques that
should be applied to alleviate the problems with traditional surface water drainage and help
maintain the natural hydrological functioning of Burnham Beeches.

1.2

Towards Sustainable Drainage: Environmental Context
The expansion and development of urban areas and the continued reliance on traditional piped
drainage systems for collecting surface water runoff from hard surfaces (eg roofing and hard
paving) is placing additional pressure on natural water systems, and in particular, water absorption
into the ground. This type of historical drainage practice has led to many often quite harmful
effects including;

•
•
•
•
•

Lowering of groundwater table
Pollution of watercourses
Destruction of aquatic habitat
Flooding further downstream
Erosion of watercourses

The realisation of the damaging effects of surface water runoff has led to the search for alternative
management solutions and ‘sustainable drainage’ methodologies have been identified through
research as a practical solution with many surprising benefits which are covered later in this
section.
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2

Policy Context

2.1

Government Policy: The National Planning Policy Framework (NPPF)
Government policy is set out in Planning Policy Guidance Note 25 (PPG25, Development and Flood
Risk, 2001 and its recent update The National Planning Policy Framework (NPPF). The NPPF
provides much less detailed guidance on flood risk management than PPS25 but retains the main
principles of flood risk being a material planning consideration on all development proposals. This
guidance recognises the problems associated with traditional drainage systems in accommodating
run off from developed areas, and the potential for sustainable drainage systems (SuDS) to control
surface water as near source as possible.

2.2

Part H Building Regulations
Incorporation of SuDS has been reinforced as part of the development process by changes to
building regulations. These came into effect from 1st April 2002. Revisions to Part H of the Building
Regulations 2000 now require that, in order of priority, rainwater run-off should discharge into one
of the following:
1) An adequate soakaway or some other infiltration system (where that is reasonably
practicable);
2) A watercourse (where that is reasonably practicable);
3) A sewer.

2.3

Buckinghamshire County Council: (Draft) Local Flood Risk Management Strategy
(LFRMS)
Buckingham County Council (BCC) has prepared a Draft Local Flood Risk Management Strategy
which is aimed at providing sustainable guidance to manage flood risk in the area. Policy 11 of the
BCC’s flood risk management strategy states36;
Sustainable Drainage Systems (SuDS) should be used in new and existing
developments as appropriate to reduce the rate and volume of surface water runoff.
The design of SuDS will need to meet national standards in order to be adopted by the
SAB. They are expected to provide some natural removal of pollutants and sediments,
promote aquifer recharge, enhance biodiversity and add aesthetic value to local
communities.
This document supports the national policy’s outlined above about the management of surface
water and defines clearly that the use of sustainable drainage infrastructure is an essential part of
the development design and planning process.

2.4

National SuDS Standards and (SABs)
As a result of the Flood and Water Management ACT (2010), Local Authorities will have to establish
SuDS Approving Bodies (SABs) to oversee future sustainable drainage planning proposals. The Act
will require SAB approval for all new drainage systems for new and re developed sites and
highways to be obtained before construction can of SuDS drainage can commence. It also requires
that the proposed drainage system meets the new National Standards for Sustainable Drainage.

36

Buckinghamshire County Council. Draft Local Flood Risk Management Strategy. October 2012
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The Government has been working closely with the Environment Agency, Local Authorities and
House Builders to develop a set of National Standards for sustainable drainage. The standards will
reflect the need to reduce flood risk from surface water, improve water quality, improve the
environment, and also ensure that the SuDS systems are robust, safe, and affordable and that
requirements are predictable.
The National Standards will set out the requirements for the design, construction operations and
maintenance of SuDS within Wales and England. The standards will apply to commercial and
domestic developments and redevelopments which will require approval from a SAB. They will set
out guiding principles that will help designers, developers and Local Authorities in SuDS design and
decision making.
These National Standards and their accompanying guidance were consulted in early 2012 and are
currently being finalised by Defra. It is likely that this guidance will be published sometime in late
2013 and most likely become mandatory in early 2014. When these standards are published it will
become mandatory for all new development to use these standards for SuDS design and
implementation which will ultimately have to be approved by the SAB before any new SuDS
infrastructure can be adopted.

3

Sustainable Drainage Systems (SuDS)

3.1

SuDS Background
Sustainable Drainage Systems (SuDS) are a design approach which aim to replicate natural
drainage patterns from a site prior to development and to reduce pollution from runoff. A holistic
SuDS scheme gives equal consideration to improving water quality, controlling water quantity and
providing opportunities for amenity and biodiversity.
Just as in a natural catchment, a combination of drainage techniques are linked together to both
control flows and volumes as well as treat surface water runoff in stages. This principle is referred
to as the management or treatment train. The use of such a system ensures that runoff has to
pass through various treatment stages before infiltrating into the ground or being released into a
watercourse. Runoff volumes and flow rates are controlled by attenuating, storing and infiltrating
surface water locally within each SuDS component, reducing the need for large storage facilities at
the end point of the system. Runoff from the development is managed on site equal to the runoff
prior to development (or Greenfield runoff rate) ensuing rain water is returned to the natural water
environment as close to source as possible.
In summary, the benefits of SuDS are;

•
•
•
•
•
•

Reducing flood risk from development (Water Quantity Control)
Minimising Pollution from surface water run-off, both dispersed and to groundwater (i.e. water
quality control)
Minimising Environment Damage, e.g. bank erosion
Maintaining groundwater levels
Often producing cost savings as compared to more traditional drainage systems
Enhancing the nature conservation and amenity (and therefore economic) value of
developments

SuDS drainage should be the first option for all developments requiring surface water drainage
infrastructure to deal with additional surface runoff. It can only be excluded for implementation
where sufficient justification is demonstrated on the grounds of implacability or otherwise.
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3.2

SuDS Approaches
SuDS systems are extremely versatile and can be designed to fit most urban settings. The options
available should be considered at the early stages of development, and should take full account of
the surface water management train (see Figure 31), with the objective of exhausting all measures
at the top of the management train before considering other control options. The management
train starts with prevention, or good housekeeping measures, for individual premises; and
progresses through local source controls to larger downstream site and regional controls. Runoff
need not pass through all the stages in the management train. It could potentially flow straight to
a site control, but as a general principle it is better to deal with runoff locally, returning water to
the natural drainage system as or near source as possible.

Figure 31 SuDS Management Train Diagram. (Source, CIRIA: The SuDS Manual C697)

It is well documented that there should be a SuDS approach adopted for every situation to deal
with excess surface water from new developments, although the suitability of each will depend on
the type of scheme, catchment area, local hydrological conditions and geology of the area. There
are numerous different ways SuDS can be included into a development and the most commonly
found components of a SuDS system are outlined in Table 4. For a full list and description of
applicable SuDS techniques please refer to the CIRIA publication ‘The SuDS Manual (C697)’
available online from their website: www.ciria.org.
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Table 4 SuDS Components

SuDS Component

Description

Pervious Surfaces

Surfaces that allow inflow of rainwater into the underlying construction or
soil.

Green Roofs

Vegetated roofs that reduce the volume and rate of runoff and remove
pollution

Filter Drains

Linear drains consisting of trenches filled with a permeable material, often
with a perforated pipe in the base of the trench to assist drainage, to store
and conduct water; they may also permit infiltration

Swales

Shallow vegetated channels that conduct and retain water, and may also
permit infiltration; the vegetation filters particulate matter.

Basins, Ponds and
Wetlands

Areas that may be utilised for surface runoff storage.

Infiltration Devices

Sub-surface structures to promote the infiltration of surface water to the
ground. They can be trenches, basins or soakaways.

Bio-retention Areas

Vegetated areas designed to collect and treat water before discharge via a
piped system or infiltration to the ground.

4

Site Considerations

4.1

General Considerations
Not all SuDS techniques are suitable for every site, their effectiveness being dependent on local
ground conditions, ground water levels and hydrology. It is important that developers establish the
soil conditions and hydrology of the site on a bespoke basis (storm water run-off, water table
height, water quality) and consider appropriate SuDS at an early stage in the site evaluation and
design processes. This will ensure that the best drainage solution for a particular site is found and
incorporated into the final designs.

4.2

Local Ground Conditions
Examination of BGS 1:50,000 solid geology data (Figure 32) and borehole scans reveals that the
area around Burnham Beeches is underlain by a layer of chalk. This chalk layer constitutes an
aquifer which sustains river flows within the Thames basin and is accessed for public water supply.
Borehole scans available through BGS indicate that the chalk is approximately 30m below ground
level (equivalent to approximately 60m aOD) in the northernmost extremities of the Portland
Estate land and approximately 10 – 15m below ground level (45 – 50m aOD) to the south of the
Nature Reserve. The chalk beneath Burnham Beeches is overlain by a layer of slowly permeable
clays, silts and sands belonging to the Lambeth group, with the exception of a small area in the
south west of the Nature Reserve in which the chalk is exposed. To the east of Burnham Beeches
there is a layer of slowly permeable London Clay overlying the Lambeth layer.
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Figure 32 Solid Geology layers in the vicinity of Burnham Beeches. Contains Ordnance Survey data
© Crown copyright and database right 2013. Geology data © NERC.

All rights reserved.

CM-

00255260

Where permeability is low, as on clays, swales and ponds are more likely to be more effective than
infiltration devices, but the solutions will depend on the space available. Other subterranean
solutions will always possible. Infiltration rates can be measured and related to different types of
technique during outline SuDS planning stage.
Similarly, assessments should consider the topography of the site, whether it has been previously
developed or contaminated, its relationship to watercourses on or adjacent to the site (be they
natural, culverted or channalised), existing marshy or wet areas on or near the site, ecology in the
locality, and groundwater levels and protection zones.

5

SuDS and Planning
Sustainable provision of Surface water drainage is a material consideration when determining
planning applications. The Local Planning Authority and the Environment Agency should be
consulted at the earliest possible stage in the development planning/design to discuss the drainage
proposals and will provide basic guidance on the appropriateness of SuDS techniques for the
specific development site.
BCC will expect all new surface water drainage arrangements to incorporate SuDS in the design to
ensure that the volumes and peak flow rates of surface water leaving a developed site are no
greater than the rates prior to the proposed development. Policy 11 of the BCC Local plan deals
with flooding and surface water run-off. In line with this policy and other national policies outlined
earlier in this section the following criteria will apply;
If infiltration is not viable then provision should be made for on-site storage and
attenuation to restrict the developed rate of runoff to no more than the existing rate of
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runoff for all storm events up to the 1% probability event (1 in 100 years). This should
include an appropriate precautionary allowance for climate change in accordance with
the sensitivity levels set out in table B.2 of PPS 25.
The developer should also consider improving the amenity and ecology of the site, this is
particularly important where works are proposed which would affect a watercourse. Full details of
any alterations and/ or improvements to watercourses must be submitted to the appropriate
drainage authority prior to any works commencing.
To mimic natural catchment processes the use of SuDS and the surface water management train
should be used in planning any drainage infrastructure. BCC will require all proposals to apply this
principle to drainage on any new development site to establish which elements are feasible. It is
the techniques at the top of the hierarchy that are preferred so that prevention and control of
water at source should always be considered before site or regional controls.
When seeking a planning permission for a development the LPA and EA must be provided in any
application with specific reference to how SuDS are going to be implemented so that the council
can be satisfied that no adverse effects on the water environment and flood risk will result from the
development.

6

References and Guidance
For more guidance on SuDS, the following documents and websites and recommended as a
starting point in any SuDS schemes being proposed;

•
•
•
•
•
•
•

Planning Policy Guidance Note 25 - development and flood risk (2001). DTLR
Building Regulations - approved document H3 (2001). DTLR
The SUDS Manual C697 (CIRIA, February 2007)
Sustainable Urban Drainage Systems - design manual for England and Wales C522 (2000)
DETR/CIRIA
Sustainable Urban Drainage Systems - an introduction. SEPA, EA and Heritage Service
Buckinghamshire County Council. Draft Local Flood Risk Management Strategy. October 2012
‘The SUDS Manual’, CIRIA available at http://www.ciria.org/downloads.htm
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