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Executive Summary 

The Flood Risk Consultancy Ltd has been appointed by Mr M Wells to provide a Flood Risk 
Assessment and Sustainable Drainage Strategy in support of outline planning for a residential 
development at Swainson House Farm in Goosnargh. 

The site is shown to be situated within Flood Zone 1 of the Environment Agency Flood Map. 

An initial assessment indicates that the primary flood risk at the proposed development is from 
an ordinary watercourse located along the north boundary of the site; plus, surface water flow 
routes and an increase in surface water flows as a result of the proposed development. 

Fluvial Flooding: 

An ordinary watercourse flows west along the north boundary of the site. 

Undertaking a simple assessment of channel capacity using Manning’s equation it is 
concluded that the channel has limited capacity to hold and convey flood flows. 

In order to determine flood levels within the watercourse a simple 1D model has been 
prepared using cross sections derived from LiDAR information. 

Flood flows have been estimated using ReFH2 for a range of return period flood events. 

The resulting water levels were compared against the ground levels at the boundary fenceline 
(topographical survey); and it was noted that for all cross sections, the site is elevated above 
the 1 in 100-year + 70%; and 1 in 1000-year water levels. 

It is concluded that the ordinary watercourse presents a low flood risk at the application site. 

Surface Water Flow Routes  

Surface Water Flood Maps indicate that there is an area of ponding located within the south 
west corner of the site, which causes inundation to Goosnargh lane during the 1 in 1000-year 
event. 

This is caused by a localised area of low topography; and overall is concluded to present a 
low risk to the application site. 

A larger area of surface water flooding is identified along the north boundary of the 
development site. The anticipated flood depth is 0.15-0.6m during the 1 in 1000-year event, 
with the greater depths located nearer to the site boundary and route of the ordinary 
watercourse. 

A swathe of landscaping has been incorporated within the development plan, in excess of 
the statutory 6m easement, along the north site boundary to provide a buffer; and ensure that 
there is minimal impact to the development from this flood source. 

In addition a green/blue corridor is provided centrally within the site to provide protection to 
existing trees, and maintain a flood route for surface water to reach the watercourse during 
the extreme surface water flood event. 
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Drainage: 

Site is 6.2 Hectares comprising undeveloped agricultural land, and a farmstead area 
comprising farmhouse, farmyard and numerous outbuildings and barns. 

Existing greenfield runoff rates have been calculated using the ICP SUDS Method: 

 Site Area = 6.2 Hectares 
 Urban – 1.1/6.2 = 0.18 
 QBAR = 55.6l/s 
 1 in 1 year = 48.4l/s 
 1 in 30-year = 90.1l/s 
 1 in 100-year = 106.2l/s 

Building Regulations hierarchy for disposal of surface water runoff: 

 Infiltration - Desk-top study concludes that infiltration is not feasible 
 Watercourse – Local ordinary watercourse is located along the north boundary of the 

development 
 Sewer – no surface water sewer located in close proximity to the development site. 

For the purposes of developing a drainage strategy for the development, it is recommended 
that surface water is directed to watercourse. 

SUDS act to reduce the impact of surface water runoff from the development by limiting runoff 
volumes and rates from leaving the site.  

It is recommended that permeable paving is utilised within the private and shared driveway 
areas; and rainwater harvesting is considered to promote rainwater re-use.  

The preliminary development layout does not provide any open public space suitable for 
placement of open storage e.g. detention basin or similar; and therefore, most of the surface 
water attenuation will need to be provided by large diameter pipes within the access road 
areas. 

A gravity outfall to watercourse is preferred, however is dependent on the pipe diameters 
required to provide runoff attenuation, and invert level within the receiving channel. 

Calculations estimate that during the 1 in 100-year + 40% climate change rainfall event 1521-
2449m3 of attenuation volume will need to be provided. 

The drainage strategy recommends using 2no outfalls in order to minimise drainage run lengths 
and keep the depth of the proposed surface water drainage system as shallow as possible to 
achieve the preferred gravity connection. 

Proposed Diversion 

An existing land/surface water drainage system flows in a north-east direction through the 
development site and discharges into the watercourse located along the north boundary of 
the site. 

To facilitate the development, the drainage system will need to be diverted. The capacity of 
the diverted pipework must not be reduced in a comparison to the existing system. 
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The existing system comprises 150mm diameter pipes; and therefore due to elongation of the 
drainage runs, the diversion will need to comprise 225mm diameter pipes. 

Foul Drainage  

It is recommended that foul flows from the site are to be directed to the 150mm diameter 
public foul sewer Ref: 3801, approximately 30m east of the site, located within Goosnargh 
Lane. 

A type 3 pumping station will be required, which offers twin pumps to provide a backup; plus 
24 hours storage in case of failure. 

Mitigation Measures  

In accordance with the NPPF, finished floor levels for habitable buildings located within Flood 
Zone 1 should be set to no less than 150mm above external ground levels; or 600mm above 
the 1 in 100-year plus 70% climate change flood level within the local watercourse, whichever 
is the highest. 

Secondary sources of flooding such as artificial water sources; groundwater; infrastructure 
failure; overland flows; and ponding have been investigated; and are deemed in general to 
present a low risk of flooding at the proposal site. 
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1.0 Introduction 

1.1 Terms of Reference 

Flood Risk Consultancy Ltd has been appointed by Mr M Wells, to provide a Flood Risk 
Assessment in support of a planning application for a new residential development at 
Swainson House Farm off Goosnargh Lane in Preston. 

The red-line boundary containing the development site covers an area approximating 6.2 
Hectares and is shown to be situated within Flood Zone 1 of the Flood Map for Planning. 

The Long Term Flood Map indicates that there is some surface water flood risk at the 
development site. 

Definitions of the different Flood Zones are provided within Section 2.2.2 of this report. 

It is usual for objections to be raised by Statutory Consultees for development works of this 
nature within the floodplain, or Zones 2 and 3 of the flood maps until the issue of flood risk has 
been properly evaluated.   

1.2 Objectives 

The objective of this assessment is to evaluate the following issues in regard to flood risk at the 
application site. 

 Suitability of the proposed development in accordance with current planning policy. 
 Identify the risk to both the proposed development and people from all forms of 

flooding. 
 Provide a preliminary assessment of foul and surface water management. 
 Increasing the risk of flooding elsewhere e.g. surface water flows; flood routing; and loss 

of floodplain storage. 
 Recommendation of appropriate measures to mitigate against flooding both within 

the proposed development, and neighbouring land and property. 

1.3 Data Sources 

This assessment is based on desk-top study of information from the following sources: 

 National Planning Policy Framework 
 Planning Practice Guidance at www.gov.uk
 Building Regulations Approved Document H 
 Flood Map for Planning 
 Long Term Flood Risk Maps 
 Central Lancashire Level 1 SFRA (2007) 
 Preston District Flood Report (2017) 
 British Geological Society – Historic Borehole Logs 
 Cranfield University’s Soilscape Viewer 
 CIRIA C697 The SUDS Manual 
 Internet search 
 MicroDrainage Windes 
 FEH Web Service 
 Flood Modeller Pro Version 4.3 
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2.0 Planning Policy Context 

2.1 Approach to the Assessment 

The project will be submitted for planning approval to Preston City Council and owing to the 
size of the red-line development area i.e. over 1 Hectare, a detailed site-specific flood risk 
assessment is required; with emphasis placed on the management of surface water runoff 
from the development. 

A Level 2 Scoping Study is designed to provide a qualitative and quantitative appraisal of 
flood risk both within the application site and any potential impact that the development will 
have on flood risk elsewhere; and provide recommendations for mitigation measures which 
may be included within the development proposals to reduce the overall risk of flooding. 

An initial assessment indicates that the primary flood risk at the proposed development is from 
pluvial sources i.e. increase I surface water runoff due to the development; and surface water 
flooding. Given the proximity of a local watercourse to the northern boundary of the 
development, fluvial flood risk will also need to be evaluated.  

Consideration has also been given to the site flooding from secondary sources such as pluvial, 
groundwater; artificial water bodies; infrastructure failure; overland flow and ponding. 

2.2 National Planning Policy Framework (NPPF) 

The requirements for undertaking site specific flood risk assessments are generally as set out in 
Guidance Point 10 from the Planning Practice Guide – Flood Risk & Coastal Change 
(www.gov.uk). 

The information provided in the flood risk assessment should be credible and fit for purpose.  

Site-specific flood risk assessments should always be proportionate to the degree of flood risk 
and make optimum use of information already available, including information in a Strategic 
Flood Risk Assessment for the area, and the flood risk maps available on www.gov.uk. 

A flood risk assessment should also be appropriate to the scale, nature and location of the 
development. 

2.2.1 Sources of Flooding 

 Rivers (fluvial): Flooding occurs when flow within river channels exceeds capacity; and 
the type of flood event experienced e.g. flash flooding; depends upon the 
characteristics of the river catchment. 

 The Sea (tidal): Flooding at low lying coastline and tidal estuaries is caused by storm 
surges and high tides; with overtopping and breach failure of sea defences possible 
during extreme storm events. 

 Pluvial (surface flooding or overland flows): Heavy rainfall, which is unable to soak away 
via infiltration or enter drainage systems can flow overland, resulting in localised 
flooding. Topography generally influences the direction and depth of flooding caused 
by this mechanism. 

 Groundwater: Caused when ground water levels rise to the surface; and is most likely 
to occur in low lying areas underlain by aquifers. 

 Sewers and drains: Generally occurs in more urban areas; where sewers and drains are 
overwhelmed by heavy rainfall or blocked pipes and gullies. 
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 Artificial Sources (reservoirs, canals, lakes and ponds): Reservoir and canal flooding 
may occur as a result of capacity exceedance or structural failure. 

Figure 2.1: The Flood Map for Planning 

Source: https://flood-map-for-planning.service.gov.uk 

2.2.2 Flood Zones 

 Flood Zone 1: Low probability (less than 1 in 1000 year (<0.1% AEP) annual probability 
of river or sea flooding in any year. 

 Flood Zone 2: Medium probability (between 1 in 100 year (1.0% AEP) and 1 in 1000 year 
(0.1% AEP) annual probability of river flooding; or between 1 in 200 year (0.2% AEP) and 
1 in 1000 year (0.1% AEP) annual probability of sea flooding in any year). 

 Flood Zone 3a: High probability (1 in 100 year (1.0% AEP) or greater annual probability 
of river flooding in any year or 1 in 200 year (0.5% AEP) or greater annual probability of 
sea flooding in any year). 

 Flood Zone 3b: This zone comprises land where water has to flow or be stored in times 
of flood. Land which would flood with an annual probability of 1 in 20 (5% AEP), or is 
designed to flood in an extreme flood (0.1%) should provide a starting point for 
discussions to identify functional floodplain. 

2.2.3 Vulnerability of Different Development Types 

 Essential Infrastructure: Transport infrastructure (railways and motorways etc…); utility 
infrastructure (primary sub-stations, water treatment facilities; power stations; and wind 
turbines). 

 Water Compatible Development: Flood control infrastructure; water and sewage 
infrastructure; navigation facilities. 

 Highly Vulnerable: Emergency services; basement dwellings; mobile home parks; 
industrial or other facilities requiring hazardous substance consent. 

 More Vulnerable: Hospitals; residential dwellings; educational facilities; landfill sites 
caravan and camping sites. 
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 Less Vulnerable: Commercial premises; emergency services not required during a 
flood; agricultural land. 

2.2.4 Sequential & Exceptions Test 

As set out in the National Planning Policy Framework, the aim of the Sequential Test is to steer 
new development to areas at the lowest probability of flooding.   

The Flood Zones are the starting point for the sequential approach. 

The Flood Map shows the development site to be within Zone 1; and is anticipated to have a 
low risk of flooding. 

Proposals for the application site involve residential development. 

In accordance with Table 2 ‘Flood Risk Vulnerability Classification’ of the Technical Guidance 
to the National Planning Policy Framework, residential property is defined as ‘more vulnerable’ 
and is deemed to have passed the Sequential Test. 

2.2.5 Climate Change 

The NPPF requires the application of climate change over the lifetime of a development.  

Goodnargh is located within the North-West Basin District; and the climate change allowances 
for this district are therefore tabulated below: 

Table 1: North-West Basin Climate Change Allowances1

Parameter 
Allowance 
Category 

2010 - 2039 2040 - 2059 2060 - 2069 2070 - 2115 

Peak Rainfall 
Intensity 

Upper end + 10% + 20% + 40% 

Central + 5% + 10% + 20% 

Peak River Flow 

Upper end + 20% + 35% + 70% 

Higher 
Central 

+ 20% + 30% + 35% 

Central + 15% + 25% + 30% 

2.2.6 Sustainable Urban Drainage Systems (SUDS) 

The key objectives in the NPPF are to appraise, manage and where possible, reduce flood risk.  

Sustainable Urban Drainage Systems (SUDS) are designed to reduce the potential impact of 
new and existing developments with respect to surface water drainage discharges, thereby 
providing a suitable way of achieving some of these objectives.  

The NPPF and Building Regulations Approved Document Part H direct developers towards the 
use of SUDS; and the Floods and Water Management Act 2010 also reinforces the requirements 
for SUDS to be implemented where practicable.  

1 Extracted from Tables 1-4 of the Technical Guidance for flood risk assessments: Climate change allowances Document (February 
2016) 
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Part H of the Building Regulations requires that surface water should be discharged from new 
development in accordance with the following hierarchy in order of preference: 

 By infiltration to the ground via soakaway or other infiltration device 
 To a watercourse 
 To a public sewer. 

A more detailed review of SUDS elements which may be considered for inclusion within any 
proposed development has been incorporated within Section 6 of this report. 

2.2.7 Local Planning Policy 

The Core Strategy was prepared jointly by Preston City Council, Chorley Council and South 
Ribble Council and was adopted in July 2012 and sets the overall strategic direction for 
planning within the area over the period 2010 to 2026, in line with national policies. 

The following planning policies relating to flood risk and drainage have been extracted from 
the Core Strategy document: 

Planning Policy 29 – Water Management 

Improve water quality, water management and reduce the risk of flooding by:  

a) Minimising the use of potable mains water in new developments;  
b) Working with the regional water company and other partners to promote investment 

in sewage water treatment works to reduce the risk of river pollution from sewage 
discharges;  

c) Working with farmers to reduce run-off polluted with agricultural residues into 
watercourses;  

d) Appraising, managing and reducing flood risk in all new developments, avoiding 
inappropriate development in flood risk areas particularly in Croston, Penwortham, 
Walton-le-Dale and southwest Preston;  

e) Pursuing opportunities to improve the sewer infrastructure, particularly in Grimsargh, 
Walton-le-Dale and Euxton, due to the risk of sewer flooding;  

f) Managing the capacity and timing of development to avoid exceeding sewer 
infrastructure capacity;  

g) Encouraging the adoption of Sustainable Drainage Systems;  
h) Seeking to maximise the potential of Green Infrastructure to contribute to flood relief. 
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3.0 Details of the Site 

3.1 Site Details 

Table 2: Development Location 

Site Name: Swainson House Farm 
Purpose of Development: Residential 
Existing Land Use: Agricultural 
OS NGR: SD 553 369 
Country: England 
County: Lancashire 
Local Planning Authority: Preston City Council  
Lead Local Flood Authority Lancashire County Council 
Critical Drainage Area No 
Internal Drainage Board: Not Applicable 
Other Authority (e.g. British Waterways/ 
Harbour Authority) 

Not Applicable 

Location Plan: 

Image produced from the Ordnance Survey Get-a-map service.  
Image reproduced with kind permission of Ordnance Survey and Ordnance Survey of Northern Ireland.

3.2 Site Description 

The application site is located on the north-western edge of Goosnargh, a rural village located 
approximately 7.25km north of central Preston. 

The existing site is formed by 2no distinctive areas. 
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 Area 1 – the farmstead area comprising farmhouse, and a number of barns, sheds and 
other outbuildings (Figure 3.1 blue outline)  

 Area 2 – undeveloped agricultural land (Figure 3.1 red outline) 

Vehicular access to the site is available via a from Goosnargh Lane, which will form the 
development access. 

A topographical survey has been provided for the development site, and has been used to 
inform the Flood Risk Assessment. Relevant ground levels have been extracted from the survey 
and are provided for reference below: 

 Road junction Goosnargh Lane – 64.12mAOD 
 North-west corner (fence line) – 60.90mAOD 
 North-east corner – 64.00mAOD 
 South-west corner (manhole) - 63.93mAOD 
 South-east corner – 60.39mAOD 
 Central development area = 61.75mAOD 

Figure 3.1: Existing Site Plan 

Source: Mr M Wells

The nearest watercourse to the application site is an unnamed watercourse located along the 
north boundary of the site. 

As expected, topography appears to fall generally in a north direction towards the 
watercourse. 
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Table 3: Boundaries

North 
Rural area, predominantly agricultural in nature. Beacon Fell is located a distance 
approximating 6km north of the application site. 

East 
Goosnargh village is situated immediately east of the development site, with the 
large town known as Longridge located a distance approximately 5km to the 
east. 

South 
Rural development with the north eastern fringe of Preston located approximately 
3km from the development site.  

West 
Again, land to the west of the site is largely rural in nature with the M6 located 
2.3km and Blackpool a distance of 23km from the site boundary. 

3.3 Proposed Development Details 

The preliminary layout indicates a residential development with approximately 126No 
dwellings, access road, private and shared driveways, landscaping and public open space. 

Figure 3.2: Preliminary Layout Plan 

Source: Mr M Wells
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4.0 Historic Flooding  

4.1 Internet Search 

An internet search for historic flooding within the area of Goosnargh in Lancashire found no 
results. 

4.2 Central Lancashire SFRA Level 1Final Report December 2007  

The Strategic Flood Risk Assessment (SFRA) was completed by Lancashire County Council in 
December 2007. 

Appendix F of the SFRA, Historic Flooding, does not identify any historic flood events within the 
vicinity of the propose development. 

4.3 Open Data Sources (www.gov.uk)  

4.3.1 Historic Flood Map 

Goosnargh lies outside of the area indicated to have been impacted by flooding within the 
Historic Flood Map. 

4.3.2 Recorded Flood Outlines 

Goosnargh lies outside of the area indicated to have been impacted by flooding within the 
Recorded Flood Outlines Map. 
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5.0 Initial Evaluation of Flood Risk  

5.1 The Environment Agency Flood Map  

The Environment Agency Flood Map illustrated within Figure 2.1, confirms that proposed 
development site is located predominantly in Flood Zone 3. 

The definition for each of the flood zones highlighted above is provided for reference within 
Section 2.2.2 of this report. 

5.2 Flood Mechanisms 

Table 4: Possible Flooding Mechanisms 

Source/Pathway Significant? Comment/Reason 

Fluvial Yes 
Unnamed Ordinary Watercourse located 
along the north boundary of the 
development 

Canal No No canals within proximity to Goosnargh 
Tidal/Coastal No Not applicable 

Reservoir No 
EA Map shows that the site is not affected by 
reservoir flooding 

Pluvial - Urban Drainage 
(On-site) 

Yes 
Increased drained area which requires to be 
managed preferably using sustainable 
drainage methods. 

Groundwater No 

Limited records of groundwater flooding 
occurring within the study area of the Central 
Lancashire SFRA; with those identified to be 
located to the south of Preston at Walton-le-
Dale, Penwortham and Bamber Bridge. It is 
considered therefore that groundwater 
flooding presents a relatively low risk at the 
application site. 

Pluvial - Overland flow No 

Predominantly rural area, and site located 
within a relatively flat valley area. It is 
concluded that overland flows present 
overall a low risk; and further consideration is 
not required. 

Pluvial – Surface Water 
Flood Routes 

Yes 

Long term flood mapping indicates that the 
highest risk of flooding from this source 
coincides with the route of the unnamed 
ordinary watercourse adjacent to the 
development site. Therefore, fluvial flood risk is 
considered to override pluvial flood risk at the 
application site. 
There is also a flood route indicated 
northwards centrally through the site; and an 
area of ponding located within the south-
west corner of the farmstead area. 
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Table 4: Possible Flooding Mechanisms 

Source/Pathway Significant? Comment/Reason 

Blockage No 

The watercourse is culverted upstream at the 
access crossing to Bradcroft Cottages 
upstream of the development site; and a 
number of farm access crossings within 
agricultural land downstream of the 
development. It is considered that the impact 
of any blockages within the culvert will be 
relatively localised, with excess water flossing 
across the bridge deck and back into the 
channel downstream of the bridge structure. 

Infrastructure failure Yes 
Possible capacity issues if connecting to 
United Utilities sewers 

Rainfall Ponding No South-west corner of the development site. 

From the initial assessment, it is concluded that the primary source of flood risk will be from 
fluvial i.e. Unnamed Ordinary Watercourse; and surface water flood routes. 

5.3 Review of Significant Flood Sources 

5.3.1 Fluvial Sources: Unnamed Ordinary Watercourse 

The watercourse rises to the east of Goosnargh at 3no locations: 

 Within land between Camforth Hall Lane and Field Foot Farm; 
 North-west corner of Fled Foot Farm; and  
 Within land west of Yew Tree Farm 

The small branches of the watercourse converge at a distance approximating 350m upstream 
of the development site. 

The watercourse flows generally in a west direction changing direction at the development 
site to flow north; and joins Westfield Brook at Middleton Hall 850m north west of the application 
site. 

5.3.2 Pluvial Sources: Surface Water Flood Routes 

Long term Flood Mapping indicates that the development site is subject to surface water flood 
risk; and as such further evaluation of the risk to the proposed development from this source 
has been undertaken within Section 6 of this report. 

Mapping indicates that most of the surface water flood risk is located along the north 
boundary of the development area. 

5.3.3 Pluvial Sources: Increase in Surface Water Runoff 

As a direct result of the development, surface water runoff rates and volumes from the 
development site will be increased; and in accordance with the NPPF should be managed 
sustainably to ensure that flood risk is not increased at the development site or elsewhere. 
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Figure 5.1: Surface water Flood Map 

Source: https://flood-warning-information.service.gov.uk/long-term-flood-risk/ 

5.3.4 Infrastructure Failure: Foul Sewer Capacity 

The United Utilities Sewer Records indicate the location of an existing 150mm diameter sewer 
within Goosnargh Lane. 

The manhole located at the upstream end of the sewer is referenced as MH3801. 
Unfortunately, there is no cover or invert level registered for the manhole, and therefore for 
assessment purposes, as it is located within the highway, it has been assumed to have a 
minimum cover depth of 1.2m; and will need to be checked prior to the next stage of the 
project. 

The capacity of the receiving sewer is unknown; and it is advised that any connection to the 
foul sewer will be subject to approval by United Utilities. 
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6.0 Quantitative Flood Risk Assessment 

6.1 National Planning Policy Framework 

The flood risk assessment must be undertaken in accordance with the checklist provided within 
the NPPF Planning Practice Guidance Paragraph: 068, updated in November 2016. 

6.2 Fluvial: Unnamed Watercourse 

6.2.1 Environment Agency Data 

There is no existing modelled data for the unnamed ordinary watercourse which is located in 
proximity to the development site; and therefore, a simple assessment of flood risk associated 
with this source has been undertaken. 

6.2.2 Estimation of Flows 

There are a number of methods available for estimating flood flows in watercourses, with the 
following typically utilised: 

 Statistical Method (Kjeldson) 
 ReFH2 (Revitalised Rainfall Runoff Method) 
 Hybrid of the 2no methodologies 

For the purposes of this assessment, the ReFH2 method has been utilised. 

Figure 6.1: Catchment Extent 

Source: FEH WEB SERVICE



Level 2 Scoping Study Flood Risk Assessment 
Proposed Development, Swainson House Farm, Goosnargh 
Report No: 2019-023-01 Revision B 

Registered Office: Flood Risk Consultancy Ltd 20 Church Street, Colne, Lancashire, BB8 0LG 

Registered in England & Wales No: 8895207 21 | P a g e

Catchment data has been obtained from the FEH Web Service and input into the ReFH2 
software to obtain a series of peak flood flows and hydrographs for the watercourse. 

The catchment boundary is shown to extend beyond the upstream extent which is mapped 
for the watercourse, within the upper extent located to the north east of Stump Cross. 

Relevant Catchment Descriptors are provided for reference below: 

 Downstream extent of study catchment 
o Easting: 355450 
o Northing 437200 

 Area (catchment drainage area) – 1.90km2

o Very small contributing catchment 
 BFIHOST (baseflow index/catchment responsiveness) – 0.447 

o Average baseflow index, indicating a catchment with medium permeability. 
 DPSBAR (catchment steepness) – 17.4m/km 

o Values less than 25 are considered to be relatively flat 
 FARL (flood attenuation of reservoirs & lakes) – 1.000 

o Values close to 1.0 indicate little to no influence, with values below 0.8 
indicating a substantial influence of reservoirs and lakes on flood response 
within a watercourse. 

 PROPWET (catchment wetness index) – 0.51 
o Ranges from 20% (dry catchments) to 80% (wet catchments), therefore the 

local watercourse lies somewhere in between 
 SAAR4170 (standard average annual rainfall 1941-1970) – 1048mm 
 SAAR6190 (standard average annual rainfall 1961-1990) – 1110mm 

o Increase in average rainfall noted 
 SPRHOST (standard percentage runoff – catchment permeability) – 37.05% 

o Value denotes a catchment with a relatively medium to high runoff response 
and medium to low permeability 

 URBEXT1990 (extent of urban land cover in 1990) – 0.0119 
 URBEXT2000 (extent of urban land cover in 2000) – 0.0561 

o Indicates overall an increase in urbanisation within the catchment; although it 
is still relatively rural in nature 

Results from the ReFH2 analysis are tabulated below: 

Table 5: Peak Flow Estimation Results for Local Watercourse

Return Period Flood Event Peak Flood Flow (m3/s) 
1 in 2 years 0.96 
1 in 5 years 1.35 

1 in 10 years 1.67 
1 in 25 years 2.17 
1 in 50 years 2.60 
1 in 75 years 2.88 

1 in 100 years 3.10 
1 in 100 years + 35% climate change 4.03 
1 in 100 years + 70% climate change 5.27 

1 in 200 years 3.63 
1 in 1000 years 5.00 

It is noted that with the application of climate change in accordance with NPPF requirements, 
the estimated peak flow for the 1 in 100-year + 70% climate change event, is higher than the 
extreme 1 in 1000-year event. 
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Therefore, any mitigation recommended to minimise the risk at the development from flooding 
associated with the watercourse, should be guided by the resultant flood levels which include 
the higher allowance for climate change.

6.2.3 Manning’s Equation 

The Manning’s equation is an empirical equation that applies to uniform flow in open channels 
and is a function of the channel velocity, flow area and channel slope. 

Q = VA 

Where, 

Q = discharge or flow rate through the channel (m3/s) 

V = average velocity of flow through the channel (m/s) 

A = flow area available within the channel (m2) 

And, 

V = k/n x (A/P)2/3 x S1/2 

Where, 

k = 1.0 (SI Units) 

P = wetted perimeter i.e. the length of channel section which is in contact with the water (m) 

S = longitudinal channel slope (m/m) 

The topographical survey undertaken to inform the development proposals has not been 
extended to include the channel of the watercourse; and therefore, LiDAR data and the cross-
section generator tool from Flood Modeller Pro has been used to create a series of cross 
sections through the local watercourse adjacent to the development site.  

A total of 39no cross sections have been generated over a length of 195m. The channel invert 
at the upstream end of the channel length reviewed has a level of 59.507mAOD; with 
58.867mAOD at the downstream end. Using this information, the channel slope for calculation 
purposes is taken as: 

Channel Slope S = (59.507 – 58.867) / 195 = 0.0032 or 1 in 305 

5no of the generated cross sections have been used to assess the capacity of the watercourse 
adjacent to the development. The cross sections have been references as XS1; XS2; XS3; XS4 
and XS5. 

A plan illustrating the locations of the cross sections is provided overleaf. 

It is noted that the proposed development lies on the left bank of the watercourse. 
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Figure 6.2: Cross Section Location Plan

Bankfull Channel Capacity @ XS1:

Figure 6.3: Cross Section 1 

Manning’s n Values: 

 Left bank (rough grass or mature crop) n = 0.050 
 Channel (clean, winding, with some pools, shoals; and some weeds & stones) n = 0.035 
 Right bank (pasture) n = 0.030 

Local 
Watercourse

XS1
XS3

XS2

Bankfull
59.812mAOD

XS4

XS5

Land Drain
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 Composite Manning’s n = 0.042 

Cross sectional Area = 0.7796m2

Wetted Perimeter = 3.4478m 

Bankfull Capacity XS1 = 0.468m3/s 

Flooding is likely to occur initially across the left river bank into the development site. 

Figure 6.4: Cross Section 1 – Manning’s Equation (Bankfull)

Bankfull Channel Capacity @ XS2:

Figure 6.5: Cross Section 2 

Manning’s n Values: 

 Left bank (rough grass or mature crop) n = 0.050 
 Channel (clean, winding, with some pools, shoals; and some weeds & stones) n = 0.035 
 Right bank (pasture) n = 0.030 
 Composite Manning’s n = 0.039 

Bankfull
59.474mAOD
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Cross sectional Area = 0.3225m2

Wetted Perimeter = 2.3322m 

Bankfull Capacity XS1 = 0.125m3/s 

Flooding is likely to occur initially across the right river bank into land located to the north side 
of the watercourse. 

Figure 6.6: Cross Section 2 – Manning’s Equation

Bankfull Channel Capacity @ XS3:

Figure 6.7: Cross Section 3

Manning’s n Values: 

 Left bank (rough grass or mature crop) n = 0.050 
 Channel (clean, winding, with some pools, shoals; and some weeds & stones) n = 0.035 
 Right bank (pasture) n = 0.030 
 Composite Manning’s n = 0.0343 

Bankfull
59.342mAOD
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Cross sectional Area = 0.2906m2

Wetted Perimeter = 2.3176m 

Bankfull Capacity XS1 = 0.120m3/s 

Flooding is likely to occur initially across the right river bank into land located to the north side 
of the watercourse. 

Figure 6.8: Cross Section 3 – Manning’s Equation

Bankfull Channel Capacity @ XS4:

Figure 6.9: Cross Section 4

Manning’s n Values: 

 Left bank (rough grass or mature crop) n = 0.050 
 Channel (clean, winding, with some pools, shoals; and some weeds & stones) n = 0.035 
 Right bank (pasture) n = 0.030 
 Composite Manning’s n = 0.0383 

Bankfull
58.994mAOD
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Cross sectional Area = 0.375m2

Wetted Perimeter = 2.3587m 

Bankfull Capacity XS1 = 0.163m3/s 

Flooding is likely to occur initially across the right river bank into land located to the north side 
of the watercourse. 

Figure 6.10: Cross Section 4 – Manning’s Equation

Bankfull Channel Capacity @ XS5: 

Manning’s n Values: 

 Left bank (rough grass or mature crop) n = 0.050 
 Channel (clean, winding, with some pools, shoals; and some weeds & stones) n = 0.035 
 Right bank (pasture) n = 0.030 
 Composite Manning’s n = 0.0383 

Cross sectional Area = 0.344m2

Wetted Perimeter = 3.188m 

Bankfull Capacity XS1 = 0.398m3/s 

Flooding is likely to occur initially across the right river bank into land located to the north side 
of the watercourse. 
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Cross sectional Area = 0.343m2

Wetted Perimeter = 3.188m 

Bankfull Capacity XS1 = 0.398m3/s 

Flooding is likely to occur initially across the right river bank into land located to the north side 
of the watercourse 

Figure 6.11: Cross Section 5

Figure 6.12: Cross Section 5 – Manning’s Equation

Bankfull
59.027mAOD
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Figure 6.13: Local Watercourse Viewed Downstream from Mill Lane

Overall Manning’s Equation indicates that the channel is insufficient to accommodate flood 
flows; and overtopping of the natural banks is considered likely. 

In order to review out of bank flooding a very simple 1D unsteady state model has been 
created using the cross sections generated using LiDAR to provide an indication of flood levels 
across the development site. 

The flood modelling has been undertaken using Flood Modeller Pro; with the upstream 
boundary defined by a ReFH2 unit; and the downstream boundary defined by a NCBDY unit 
(normal depth). 

Modelled flood levels for the 1 in 100-year; 100-year plus 70% climate change and 1 in 1000-
year flood events are tabulated below: 

Table 6: Modelled Flood Levels 

Cross Section 
Modelled Flood Level 

1 in 100-year 
1 in 100-year + 

70%CC 
1 in 1000-year 

XS1 60.097 60.203 60.139 
XS2 59.846 59.952 59.942 
XS3 59.722 59.814 59.805 
XS4 59.687 59.764 59.756 
XS5 59.309 59.404 59.395 

Undertaking a comparison against ground levels along the fence line at the north boundary 
of the site it is apparent that the modelled water levels for the 1 in 100 year + 70% climate 
change events are lower and therefore encroachment due to out of bank flooding is 
considered to be minimal. 

An extract from the topographical survey is provided overleaf. 

It is noted that the application is only outline at this stage; and it is recommended that during 
the detailed design stage of the project a more detailed hydraulic river model is prepared to 
ensure that proposed dwellings are set at an appropriate level to provide a minimum 600mm 
freeboard above the 1 in 100-year plus climate change flood level within the watercourse. 
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Figure 6.14: Extract from Topographical Survey – North East Boundary

6.2.4 Upstream Access Culvert 

There is a culverted section of watercourse upstream from the development site; which 
provides access to Bradcroft Cottage. The culvert is relatively short in length; however, its 
diameter is unknown; and therefore, the capacity of the pipe to accept flood flows cannot 
be ascertained. 

It is considered that any flood flows which exceed the channel and culvert capacity, will be 
elevated sufficiently to flow across the deck level of the culvert crossing, returning to the 
channel of the watercourse on the downstream side of the structure.  

Any blockages which may occur, are likely to have an impact on flood levels within the 
watercourse, however it is considered that overall the impact will be localised to the area 
surrounding the culvert structure, with negligible detrimental impact on the proposed 
development site. However detailed hydraulic modelling recommended during the detailed 
design stage or to supplement a reserved matters application for the development will be 
able to recreate a blockage scenario within the culvert upstream to check the impact on the 
neighbouring development.  

In conclusion the risk of flooding relating to blockage is considered to be low. 

6.2.5 Conclusion 

Overall it is considered that under unrestricted flood conditions, flood water levels during the 
1 in 100-year plus 70% climate change event are lower that the development boundary. 
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6.3 Pluvial: Surface Water Flooding 

Long term flood maps indicate that there is a surface water flood risk along the north boundary 
of the development (see Figure 5.1) 

6.3.1 High Risk Event 

Figure 6.15: 1 in 30-year Surface water Flood Map – High Risk Event

The above map indicates that surface water flooding only impacts the development within a 
very small area along the north boundary of the development site. The depth of flooding is 
shown typically to be 0.15-0.3m.; with the deeper area of flooding located closest to the banks 
of the watercourse. Water is shown to back up for a short distance within the land drain which 
joins the watercourse. 

6.3.2 Medium Risk Event 

Two small areas of ponding are shown to occur near to the developed area within the west 
half of the existing site; and are considered to be the result of topographical low spots. 
Following development, it is considered that these low spots will be engineered out, reducing 
the flood risk associated with ponding on-site. 

A larger flood route is noted along the north boundary. The flood route follows the path of the 
small watercourse west, and appears to surround a topographical high spot, flowing into the 
smaller drainage channel; and back into the watercourse. The flood depth at this location is 
anticipated to be 0-0.3m. 

Suitable mitigation will be required at this location to minimise the flood risk to the development 
and assist with maximising the development area available to facilitate the proposals. 
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Figure 6.16: 1 in 100-year Surface water Flood Map – Medium Risk Event

6.3.3 Low Risk Event 

Figure 6.17: 1 in 1000-year Surface water Flood Map – Low Risk Event

During the extreme 1 in 1000-year surface water flood event, the ponded area within the south 
west corner of the site is extended; and links across Goosnargh Road with an area of flooding 
located to the south side of the highway 
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The smaller area of ponding is isolated and does not appear to be linked with any other areas 
of flooding; and therefore, is considered to be the result of ponding within a topographical 
low point; and on ground which as low permeability. 

Following development, low spots within the topography will be engineered out, reducing the 
risk of flooding resulting from ponding at the development site. 

Along the north boundary the area of flooding is shown to increase slightly into the site and 
envelop the dry island, which is present during the 1 in 100-year surface water flood event. 

The depth of flooding at this location is anticipated to reach 0.15-0.6m; with the deeper water 
located adjacent to the risk banks, becoming shallower as it extends into the field. Suitable 
mitigation will be required to ensure the flood risk associated with this source is managed 
adequately. 

Conclusion 

Surface water flooding presents a low to medium risk of flooding on-site, with the largest area 
affected located along the north boundary. 

6.4 Pluvial: Surface Water 

6.4.1 Hierarchy 

Building Regulations Approved Document H, the Interim Code of Practice for SUDS and the 
NPPF, requires that a hierarchy is applied to development with regard to the disposal of surface 
water runoff from roof and paved areas; and is listed below in order of preference: 

 Infiltration to ground e.g. soakaway 
 Discharge to watercourse e.g. local ordinary watercourse 
 Discharge to sewer  

Infiltration: Desk-top Assessment

Following a non-intrusive desk top study infiltration at the site is not considered to be feasible, 
a review of Soilscape maps identifies the site to be located on land which is considered to be 
‘Slowly permeable seasonally wet acid loamy and clayey soils. 

Information from the British Geological Society indicates that ground at the site is comprised 
of: 

 Superficial deposits – Till, Devensian Diamicton 
 Bedrock – Mudstone (Hodder Formation) 

Historic Borehole Logs:

 SD53NE6 — NORTH WEST WATER AUTHORITY BH33 (June 1975) 
 356990,436830 Depth: 6m. 
 Sandy topsoil    0.00-0.40m 
 Firm clay    0.40-1.20m 
 Loose sand with bands of clay 1.20-3.80m 
 Silty, sandy clay   3.80-6.00m 
 Water strike at 1m below ground level 

 SD53NE9 — NORTH WEST WATER AUTHORITY BH36 (May 1975) 
 357600,436350 Depth: 8.45m. 
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 Topsoil     0.00-0.15m 
 Gravelly clay    0.15-0.60m 
 Stiff gravelly clay   0.60-8.45m 
 Borehole dry 

The desk-top assessment suggests that managing surface water using infiltration methods is not 
feasible, due to significant depth so of clay and/or high groundwater levels. 

Figure 6.18: Soilscape Map   

Source: Soilscape

Infiltration: Percolation Test 

Percolation testing has been undertaken at the development site to provide evidence of the 
suitability of not for the inclusion of soakaways within the drainage strategy for the 
development site. 

A pit with dimensions 1.0m (wide) x 1.20m (long) x 1.10m (deep) was dug and filled with water 
to a depth of 0.94m. The water depth and time were recorded periodically; and it was noted 
that depth of water within the pit reduced by 0.1m after 15 minutes; however, remained 
unchanged over the subsequent 6 hours. In conclusion the percolation test concluded to have 
failed. 
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Figure 6.19: Trial Pit 

Source: FRC

Watercourse 

The nearest watercourse to the application site is located adjacent to the north boundary. 

Sewer 

The sewer records obtained from United Utilities indicate that there are no public surface water 
sewers within proximity to the development site. 

However, there is an existing land drainage/private surface water system which serves the farm 
and discharges into the watercourse. 

A plan illustrating the system is provided overleaf for reference. 

Conclusion 

In accordance with the surface water management hierarchy, runoff from the new 
development should be directed to the watercourse. 

Furthermore, the existing land drainage system will need to be diverted through the proposed 
site. 
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Figure 6.20: Existing Drainage 

Source: Google

Figure 6.21: Existing MH1 

Cover Level: 64.10mAOD (topographical 
survey) 
Depth to Invert: 1.00m 
Invert Level: 63.10mAOD 
Inlets: 3no 100mm diameter pipes at invert 
level & 1no 150mm diameter pipe at high 
level 
Outlet: 100mm diameter pipe at invert level 
under Goosnargh Lane 

Source: FRC Ltd

Existing open 
channel & piped 
land drainage 
system

Existing 100mm dia. 
land drain from field 

Existing 150/225mm dia. 
surface water drain 

Outfall to 
watercourse 

MH1

MH2

MH3
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Figure 6.22: Existing MH2 

Cover Level: 64.10mAOD (topographical 
survey) 
Depth to Invert: 1.15m 
Invert Level: 62.95mAOD 
Inlets: 1no 150mm diameter pipe; and 1no 
tiled field drain at invert level. 
Outlet: Tiled field drain under field 

Source: FRC Ltd

Figure 6.23: Existing MH3 

Cover Level: 63.54mAOD (topographical 
survey) 
Depth to Invert: 1.85m 
Invert Level: 61.69mAOD 
Inlets: 1no 150mm diameter pipe at invert 
level; and 2no 150mm diameter pipes at 
higher invert levels within the manhole 
chamber 
Outlet: 150mm/225mm diameter pipe 
through field to outfall 

Source: FRC Ltd

Figure 6.24: Existing Outfall 

Cover Level: 59.56mAOD (topographical 
survey) 
Depth to Invert: 0.9m 
Invert Level: 58.66mAOD 
Outlet: 150mm diameter pipe into the 
channel of an open watercourse

Source: FRC Ltd
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6.4.2 Sustainable Urban Drainage Systems (SUDS) 

SUDS act to reduce the impact of surface water runoff from the development by limiting runoff 
volumes and rates from leaving the site.  

Undertaking an assessment using the SUDS Planner Module within MicroDrainage Windes 
revealed that a number of different methods could be used within the development. A 
summary of the results is tabulated below: 

Table 7: SUDS Planner 

SUDS Criteria Rank 1 Rank 2 Rank 3 

Hydrological 
Permeable 
Pavements 

Green Roof; 
Infiltration 

Trench/Soakaway; 
Infiltration Basin 

Wet Ponds 

Land Use 
Infiltration 

Trench/Soakaway 

Bioretention Area; 
Infiltration Area; 

Infiltration Basin; Dry 
Detention; Wet 

Ponds; Stormwater 
Wetlands; 

Online/Offline 
Storage 

Green Roof; 
Permeable 

Pavements; Grassed 
Swales 

Site Features 
Green Roof; 

Online/Offline 
Storage  

Permeable 
Pavements 

Filtration Techniques 

Community & 
Environment 

Online/Offline 
Storage 

Grassed Filter Strips; 
Bio-retention Area 

Permeable 
Pavements; Grassed 

Swales; Infiltration 
Trench/Soakaway; 

Filter Drains; Filtration 
Techniques 

Economics & 
Maintenance 

Permeable 
Pavements; Green 

Roof; Grassed 
Swales; Wet Ponds 

Infiltration 
trench/Soakaway; 

Infiltration basin; Dry 
Detention; Grassed 
Swales; Stormwater 

Wetlands 

Filter Drains; Filtration 
Techniques; Bio-
retention Area 

Total 
Permeable 

Pavements; Green 
Roof 

Online/Offline 
Storage 

Filtration Techniques 

1. Source Control 

The inclusion of source control in SUDS schemes is one of the more important principles of SUDS 
design, and source control components should be upstream of any pond, wetland or other 
SUDS component.  

Source control can help provide interception storage which can handle and treat some of the 
more frequent but smaller, polluting events (at least 5mm). 
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Most source control components will be located within the private properties or highway 
areas. Their purpose is to manage rainfall close to where it falls, not allowing it to become a 
problem elsewhere.  

The main types of source control include: 

• Green roofs 
• Rainwater harvesting 
• Permeable paving 
• Other permeable surfaces 

Source control methods look to maximize permeability within a site to promote attenuation, 
treatment and infiltration, thereby reducing the need for off-site conveyance.  

a) Green Roofs  

Green roof solutions generally comprise of a multi-layered system that covers the roof of a 
building with vegetation cover, and/or landscaping over a drainage layer, designed to 
intercept and retain rainfall. 

The incorporation of green roofs is to be decided by the architect/developers during the final 
design stage and is largely dependent on the final building design.  

The likelihood of green roofs being utilised is considered to be low due to the increase in 
structural cost of the development. 

b) Rainwater Harvesting 

Rainwater harvesting provides a source of non-potable water, for purposes such as car 
washing; and landscaped area irrigation etc… and can be used for some industrial processes 
to reduce consumption of water from conventional supplies.  

This SUDS solution, like green roof technology, is also designed to provide interception storage 
i.e. acts to reduce the volume of surface water leaving the proposed development; thereby 
helping to alleviate the current pressures on the receiving watercourse. 

Rainwater harvesting can be installed at relatively low costs dependant on the chosen system, 
providing that the development site has scope. 

c) Permeable Paving 

Pervious surfaces can be either porous or permeable. The important distinction between the 
two is: 

Porous surfacing is a surface that infiltrates water across the entire surface. Permeable 
surfacing is formed of material that is itself impervious to water but, by virtue of voids formed 
through the surface, allows infiltration through the pattern of voids. 

Pervious surfaces provide a surface suitable for pedestrian and/or vehicular traffic, while 
allowing rainwater to infiltrate through the surface and into underlying layers. 

The water can be temporarily stored before infiltration to the ground, reused, or discharged to 
a watercourse or other drainage system. Surfaces with an aggregate sub-base can provide 
good water quality treatment. 
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It is recommended that permeable paving is considered for use within the private and shared 
driveway areas within the site; and advised that permeable paving is not considered 
appropriate for highways which are to be offered for adoption to the Local Highway Authority 
i.e. Lancashire County Council. 

2. On/Offline Storage  

On-line or offline storage may be provided by large diameter pipes, geo-cellular crate systems, 
or via open storage such as detention basins. 

Large diameter pipes are appropriate for placement under the access road areas; crate 
systems should be located within public open space, or areas where traffic loading is relatively 
light; and open storage again within areas set aside for public open space. 

3. Filtration Techniques 

Filtration and removing sediment or other particles from surface water runoff is one of the main 
treatment methods for sustainable drainage. This may occur through trapping within the soil 
or aggregate, on plants or on geotextile layers within the construction. The location of any 
filtration will depend upon the structure of the particular SuDS component. The components 
that are classified under filtration include: 

 Filter strips 
 Filter trenches 
 Bioretention area 

It is highlighted that filtration techniques are designed to provide an element of pollution 
control and are relatively poor for managing surface water runoff rates and volumes. 

6.4.3 Restricted Discharge Rates  

Discharge to watercourse must not exceed existing greenfield runoff rates. 

The site covers a total area of 6.2 Hectares: 

 Approx 1.1 Hectare – farmyard, farmhouse and assorted barns and outbuildings 
 Remaining 5.1 Hectares – undeveloped agricultural land 

ICPSUDS Microdrainage Source Control: 

 Site Area = 6.2 Hectares 
 Urban – 1.1/6.2 = 0.18 
 QBAR = 55.6l/s 
 1 in 1 year = 48.4l/s 
 1 in 30-year = 90.1l/s 
 1 in 100-year = 106.2l/s 

Flows in excess of this will need to be attenuated on-site prior to discharge 

6.4.4 Proposed Areas  

The development plan is currently indicative, however suggests an impermeable area 
approximating 65% i.e. 6.2 x 0.65 = 4.03 Hectares 
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6.4.5 Indicative Attenuation Requirements 

Microdrainage Source Control Quick Storage Estimate indicates that for the 1 in 100-year + 
450% climate change rainfall event a storage volume of 1521-2449m2 would be required to 
attenuated flows to greenfield runoff rates. 

6.4.6 Drainage Strategy  

Reviewing the indicative proposals provided there is little scope to provide a large open 
attenuation feature such as a detention basin within the surface water drainage strategy. 

As such it is recommended that source control measures are adopted such as permeable 
paving within driveways areas, and rainwater harvesting to encourage re-use of rainwater for 
non-potable uses such as car washing, garden irrigation, an even toilet flushing. 

For site control therefore surface water attenuation will be provided by large diameter pipes 
within the access road areas (adoptable highway); with outflow to watercourse regulated by 
Hydrobrake units or similar vortex flow control devices. 

Permeable paving will also provide some attenuation capacity within the site; and as such the 
lower volume estimate of 1521m3 has been used to approximate the sizes required for 
attenuation pipework. 

 1800mm diameter pipe: 597m required; or 
 2100mm diameter pipe: 439m required; or 
 Twin 1200mm diameter pipes: 672m required; or 
 Twin 1500mm diameter pipes: 430m required; or 

The indicative drainage strategy suggests 2no outfall locations to the watercourse along the 
north site boundary. 

A gravity connection provides the most sustainable solution; however, this the suitability of this 
will be dependent on the sizes of the attenuation pipes needed to provide suitable 
attenuation volumes within the access road, and the level of the receiving watercourse. 

Foul flows should be directed to the public foul sewer located within Goosnargh Lane. The 
manhole for connection is only very shallow; and therefore, a pumped solution will be required. 

Given the scale of the proposed development a Type 3 pumping station and compound will 
be required to meet sewer adoption standards (SfA 6th Edition). 

6.4.7 Residual Flood Risk  

The proposed drainage system should be designed such that attenuation will be provided to 
accommodate surface water runoff for storms with a return period of up to the 1 in 30-year 
event, some flooding is permissible during the 1 in 100-year plus 40% climate change rainfall 
event; however, flooding is not be allowed to inundate property within the development; or 
migrate beyond the boundary of the site, thereby increasing flood risk elsewhere. 
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6.4.8 Maintenance  

 Within the curtilage of each property, the responsibility for maintenance will lie with the 
owner. 

 For SUDS elements such as permeable paving, or private drainage systems, located 
within communal areas of the site, such as shared driveways responsibility will remain 
with the Developer. It recommended in this instance that a maintenance contract is 
set up to ensure the efficacy of the on-site drainage system, to minimise the risk of 
failure and potentially flooding 

 For drainage offered for adoption to United Utilities user a Section 104 agreement, 
maintence will be the responsibility of the Sewerage Undertaker. 

6.5 Existing Surface Water Drain – Diversion Works 

An existing surface water drainage system currently traverses through the site; and picks up 
land drainage and surface water discharges from Swainson House Farm. The drain flows in a 
north easterly direction and discharges into the ordinary watercourse which flows along the 
north boundary of the site. 

An illustration of the existing system is provided within Figure 6.20. 

In order to facilitate the development, and maintain a route to the watercourse the drain will 
need to be diverted through the site. 

The existing drain is formed by150mm diameter lengths of pipe; and the proposed diversion 
will need to be designed to match the existing capacity of the system, in order to minimise a 
potential risk of flooding due to incapacity issues. 

The capacity of the existing system between MH2 and the outfall to watercourse; and 
indicative pipe sizes for diversion works have been estimated below: 

 MH2 – MH3:  
o 150mm diameter pipe 
o Existing Length – 104.4m 
o Upstream IL: 62.95mAOD 
o Downstream IL:61.69mAOD 
o Gradient: 1 in 82.9 (0.0121) 
o Pipe-full flow capacity: 19.5l/s 
o Proposed length (approx.) = 230m 
o Proposed gradient = 1 in 182.5 (0.0055) 
o Pipe diameter required for diversion: 225mm 

 MH3 – Outfall: 
o 150mm diameter pipe 
o Length – 135.2m 
o Upstream IL: 61.69mAOD 
o Downstream IL:58.66mAOD 
o Gradient: 1 in 44.6 (0.0224) 
o Pipe-full flow capacity: 26.7l/s 
o Proposed length (approx.) = 175m 
o Proposed gradient = 1 in 57.8 (0.0173) 
o Pipe diameter required for diversion: 225mm 
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6.6 Foul 

It is recommended that foul flows from the site are to be directed to the 150mm diameter 
public foul sewer Ref: 3801, within Goosnargh Lane. 

A type 3 pumping station will be required, designed and constructed in accordance with 
Sewers for Adoption 6th Edition; with twin pumps for back-up, and 24-hour storage provision in 
case of failure. 
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7.0 Mitigation Measures 

7.1 Ground Floor Level 

The development plots are located within the area which has the lowest risk of flooding from 
fluvial and/or pluvial sources within the site/ 

Finished floor levels must be set at a minimum of 150mm above external ground levels or 
600mm above the 1 in 100-year plus 70% climate change flood levels within the nearby 
watercourse, whichever is the highest.

7.2 Requirement for Safe Access and Egress 

In accordance with the requirements set out within the National Planning Policy Framework, it 
is essential to ensure that the route into and out of the application site will not present a danger 
to people during a flood event.  

Reviewing the location of the development in the context of the Environment Agency Flood 
Map, it appears that surface water flooding during the 1 in 1000-year return period event will 
impact the proposed site access, and therefore dry access and egress may not be available 
at all times. 

The depth of flooding within Goosnargh Lane is anticipated to reach 0.15-0.3m; and only 
occurs for a very short length of the highway and during extreme conditions. 

A secondary dry access/egress route for the site is not therefore considered to be required. 

7.3 Ordinary Watercourse Land Drainage Consent 

Lancashire County Council is responsible for ordinary watercourse regulation within the county. 
Ordinary watercourses include drains, streams, ditches, and passages through which water 
flows that do not form part of main rivers, which are managed by the Environment Agency. 

Construction work or works to make alterations to a watercourse requires permission from the 
County Council, under the Land Drainage Act 1991 (sometimes known as land drainage 
consent). 

The Statutory Easement is 6m from the top of the river bank. 

It is highlighted that a swathe of land in excess of the standard easement requirements has 
been incorporated within the development plan, for landscape purposes. 

7.4 Section 104 Sewer Adoption 

Under Section 104 of the Water Industry Act 1991, the developer may offer the foul and surface 
water drainage system to United Utilities for adoption; where maintenance of the sewers will 
become the Statutory Undertakers responsibility. 

Sewers to be offered for adoption must be designed and constructed in accordance with 
Sewers for Adoption 6th Edition. 
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8.0 Conclusions & Recommendations 
The Flood Risk Consultancy Ltd has been commissioned to undertake a Flood Risk Assessment 
in accordance with National Planning Policy Framework to support an outline planning 
application for residential development at Swainson House Farm in Goosnargh. 

Flood Mapping for Planning and the Environment Agency Map illustrates that the site is located 
within Flood Zone 1 and therefore has low risk from fluvial flooding. 

Long term mapping however indicates that there is a risk from surface water flood sources. 

Fluvial Flooding: 

Detailed assessment has been undertaken to evaluate the risk of flooding from the ordinary 
watercourse which flows west along the north boundary of the site. 

Peak flows for a range of return period events were estimated using catchment data obtained 
from the FEH (Flood Estimation Handbook) website; and ReFH2 software. 

LiDAR data has been utilised to consider channel geometry and a small number of cross 
sections through the watercourse have been generated.  

Using Manning’s Equation, the bankfull capacity of the cross sections has been assessed; and 
calculations indicate that the channel has limited capacity to contain all return period flood 
events, including the 1 in 100-year plus 70% climate change event. 

To evaluate further a simple 1D hydraulic model was prepared using Flood Modeller Pro 
software to obtain water levels for the 1 in 100-year; 100-year + 70% climate change; and 1000-
year flood events. 

Undertaking a comparison against site levels from the topographical survey, it was concluded 
that water levels are not elevated sufficiently to cause overtopping of the river bank and large-
scale inundation within the site. 

Further analysis indicates that a small culvert upstream, although likely to be sensitive to 
blockage is unlikely to cause an increase in flood risk at the application site; as flooding is likely 
to overtop the structure and rejoin the channel downstream. As such any impact is likely to be 
localised. 

It is concluded following completion of the assessment, that the risk of flooding associated with 
the watercourse is low. 

Surface Water Flooding: 

Mapping indicates that there are ponding and surface water flood routes across the 
development. Ponding is located within the south west corner of the site and is considered to 
be the result of localised low topography. 

It is considered that this will be engineered out during progression of development at the site; 
and as such overall, ponding is not considered to present a significant flood risk. 

A larger flood route is noted along the north boundary. The depth of flooding during the 1 in 
1000-year event is predicted to be 0.15-0.6m, with the greater depths of water located nearest 
to the watercourse channel. 
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A shallow flood route is also apparent at a central location within the site. 

In order to mitigate against flood risk from this source, a swathe of landscaping in excess of the 
Statutory 6m easement has been incorporated within the development plan along the north 
boundary; and a blue/green corridor has been provided within the central part of the 
proposed development to accommodate existing trees; and maintain the natural extreme 
flood route through the site. 

Finished floor levels within development plots should be set at a level which will minimise 
impact from this source. 

Drainage: 

Site is 6.2 Hectares comprising undeveloped agricultural land, and a farmstead area 
comprising farmhouse, farmyard and numerous outbuildings and barns. 

Existing greenfield runoff rates have been calculated using the ICP SUDS Method: 

 Site Area = 6.2 Hectares 
 Urban – 1.1/6.2 = 0.18 
 QBAR = 55.6l/s 
 1 in 1 year = 48.4l/s 
 1 in 30-year = 90.1l/s 
 1 in 100-year = 106.2l/s 

Building Regulations hierarchy for disposal of surface water runoff: 

 Infiltration - Desk-top study concludes that infiltration is not feasible 
 Watercourse – Local ordinary watercourse is located along the north boundary of the 

development 
 Sewer – no surface water sewer located in close proximity to the development site. 

For the purposes of developing an indicative drainage strategy for the development, it is 
recommended that surface water is directed to watercourse. 

SUDS act to reduce the impact of surface water runoff from the development by limiting runoff 
volumes and rates from leaving the site.  

It is recommended that permeable paving is utilised within the private and shared driveway 
areas; and rainwater harvesting is considered within the next stage of the project, to promote 
rainwater re-use.  

The preliminary development layout does not provide any open public space suitable for 
placement of open storage e.g. detention basin or similar; and therefore, most of the surface 
water attenuation will need to provided by large diameter pipes within the access road areas. 

A gravity outfall to watercourse is preferred, however is dependent on the pipe diameters 
required to provide runoff attenuation, and invert level within the receiving channel. 

Calculations estimate that during the 1 in 100-year + 40% climate change rainfall event 1521-
2449m3 of attenuation volume will need to be provided. This is based on an approximate 
increase in impermeable surfacing to 65% of the gross site area. 

This will need to be re-evaluated during the detailed design stage of the development 
proposals. 
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Existing land/surface water drainage system will need to be diverted through the development 
site. The existing pipework is currently 150mm diameter and crosses in a north easterly direction 
across the site and discharges into the watercourse. 

The proposed diversion must maintain sufficient capacity to accommodate existing flows; and 
therefore due to elongation, the proposed diversion should comprise 225mm diameter pipes. 

Foul Drainage  

It is recommended that foul flows from the site are to be directed to the 150mm diameter 
public foul sewer Ref: 3801, approximately 30m east of the site, located within Goosnargh 
Lane. 
A type 3 pumping station will be required, which offers twin pumps to provide a backup; plus 
24 hours storage in case of failure. 

Mitigation Measures  

In accordance with the NPPF, finished floor levels for habitable buildings located within Flood 
Zone 1 should be set to no less than 150mm above external ground levels; or 600mm above 
the 1 in 100-year plus 70% climate change flood level within the local watercourse, whichever 
is the highest. 

Secondary sources of flooding such as artificial water sources; groundwater; infrastructure 
failure; overland flows; and ponding have been investigated; and are deemed in general to 
present a low risk of flooding at the proposal site. 
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