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1. INTRODUCTION 

 

1.1 Project Scope  

 

1.1.1 Thomas Consulting Ltd has been commissioned to carry out a Flood Risk Assessment for 

a proposed residential development off Clitheroe Road, Barrow, Lancashire.   

 

1.1.2 It is understood that this Flood Risk Assessment will be submitted to the Planning 

Authority and Environment Agency (Agency, hereafter) as part of a planning application.  

Specifically, this assessment intends to: 

 

a) Carry out an assessment of the practical use of sustainable drainage (SUDS) measures 

using the relevant soil maps, software and other literature; 

 

b) Determine the existing surface water drainage regime across the site using appropriate 

methods;  

 

c) Develop a post-development management plan/drainage strategy for surface water 

across the site, which considers the use of SUDS and alternative methods of surface 

water disposal; 

 

d) Make an assessment of the flood risk to the site during return period events up to the 

climate change enhanced 1 in 100 year storm event and recommend mitigation 

measures accordingly; 

 

e) Carry out an appraisal of flood risk from any other sources such as groundwater as 

required by NPPF; 

 

f) Report findings and recommendations. 

 

1.1.3 This assessment is carried out in accordance with the requirements of the National 

Planning Policy Framework (NPPF) and associated Technical Guidance, both dated March 

2012.  Other documents which have been consulted include: 

 

•  DEFRA/EA document entitled Framework and guidance for assessing and 

managing flood risk for new development Phase 2 (FD2320/TR2), 2005; 

  

•  Woods-Ballard., et al. 2007. The SUDS Manual, Report C697.  London: CIRIA. 

 

•  DEFRA/Jacobs 2006. Groundwater flooding records collation, monitoring and risk 

assessment (ref HA5).   
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2. DATA COLLECTION 

 

2.1 To assist with this report, the data collected included: 

 

•  Ordnance Survey 1:10,000 street view map obtained via Promap (Thomas Consulting 

Ltd OS licence number 100020411). 

 

•  British Geological Survey, Groundwater Flooding Susceptibility Map obtained via Promap. 

 

•  British Geological Survey, Online Geology of Britain Viewer. 

 
•  1:250,000 Soil Map of Midland and Western England (Sheet 3) published by Cranfield 

University and Soil Survey of England and Wales 1983. 

 
•  1:625,000 Hydrogeological Map of England and Wales, published in 1977 by the Institute 

of Geological Sciences (now the British Geological Survey). 

 
•  Flood Risk Assessment and Drainage Strategy for part of the site carried out by Thomas 

Consulting dated July 2014 (ref: P5021/3). 

 
•  Topographical survey carried out by Chris Partington Land Surveyors (Drawing Number 

250714JC-01). 

 
2.2 All third party data used in this study has been checked and verified prior to use in 

accordance with Thomas Consulting Ltd Quality Assurance procedures. 
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3. SITE CHARACTERISTICS  

 

3.1 Existing Site Characteristics and Location  

 

3.1.1 The site is located off Clitheroe Road, Barrow, Lancashire.  The approximate Ordnance 

Survey (OS) grid reference for the site is 373599 437757 and the location of the site is 

shown on Figure 1.   

 

 
Figure 1: Site location plan (Source: Ordnance Survey, 2014) 

 

3.1.2 The site is irregular in shape and covers a total area of approximately 1.24 ha and is 

split between Phase 1 0.45 ha and Phase 2 0.79 ha.  The site currently comprises open 

fields located immediately to the east of Clitheroe Road which runs in a north to south 

direction between the villages of Barrow and Whalley. 

 

3.1.3 The western frontage of the site is bounded by Clitheroe Road from which access onto 

the site is achieved.  The eastern frontage of the site is bounded by farmland, woodland 

and Whalley Industrial Park.  The north frontage of the site is also bounded by farmland 

and in part residential dwellings.  The southern frontage of the site is bounded by 

Whalley Industrial Park.  An access track which serves the site from Clitheroe Road 

bisects the site and continues towards other areas of Whalley Industrial Park.  A 

watercourse flows in a south westerly direction adjacent to the eastern frontage of the 

site and through a part of the site to the south.  

 

3.1.4 A topographical survey has been carried out by Chris Partington Land Surveyors and can 

be seen on Drawing Number 250714JC-01.  By consulting the topographical survey it 

Site 
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can be seen that ground levels across the site fall in a south westerly direction from 

75.62m AOD to 69.81m AOD at an approximate gradient of 1:40.   

 

3.2 Site Proposals      

 

3.2.1 It is the Client’s intention to develop the site with 16 residential dwellings (9 on the 

north site and 7 on the southern approved site) together with gardens, driveways, 

garages, open space and access roads.  The existing access track which bisects the site 

will be widened in order to continue to serve the development from Clitheroe Road but 

does not serve the northern plot a new private drive access is proposed directly off 

Clitheroe Road.  Proposed dwellings adjacent to Clitheroe Road will each be accessed 

directly from Clitheroe Road. 
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  4. BASELINE INFORMATION  

 

4.1 Environment Agency Flood Zone Map 

 

4.1.1 The Environment Agency Flood Map (Figure 2) shows that the site is located within the 

NPPF Flood Zone 1, ‘Low Probability’ which comprises land as having less than a 1 in 

1000 year annual probability of fluvial or tidal flooding (i.e. an event more severe than 

the extreme 1 in 1000 year event).  NPPF states that all uses of land are appropriate in 

this zone. 

 

  
Figure 2: Environment Agency Flood Map (Source: Environment Agency, 2014) 

 

4.2 Catchment Characteristics 

 

4.2.1 The FEH CD-ROM Version 3 (Figure 3) shows the location of the site within the 

catchment.  Catchment descriptors for extracted from the FEH CD-ROM Version 3 (Figure 

4) indicate that the area receives a standard average annual rainfall (SAAR) of 1122mm.  

The attenuating influence of small ponds and lakes on flows is not significant and results 

in a FARL value of 1.  The catchment has a steep gradient (DPSBAR = 42m/km) and is of 

high elevation (ALTBAR = 80). 

 

4.2.2 It can be seen on Figure 3 that the watercourse which runs adjacent to the eastern 

frontage of the site and partially through the southern part of the site is not shown on 

Site 
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the FEH CD-ROM as the watercourse at this location has an upstream catchment area 

less than 0.5 sq km. 

 

  
Figure 3: Location of site in relation to catchment watershed (Source: FEH CD-ROM 

Version 3) 

 

Site 

Catchment 
watershed 
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Figure 4: Catchment descriptors (Source: FEH CD-ROM Version 3) 

 

4.3 Fluvial Flood Risk 

 

4.3.1 The previous flood risk assessment, carried out by Thomas Consulting in July 2014 (ref: 

P5021/3) for the area of the site to the south of the existing access track, investigated 

the flood risk from the watercourse in more detail. 

 

4.3.2 The flood risk assessment (excerpts in Appendix A) identified that the watercourse flows 

through twin 0.4m diameter culverts beneath the access track and that during the 

climate change 1 in 100 year event the watercourse and culverts have sufficient capacity 

to convey the catchment flows without presenting a flood risk to the site.   
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5. OTHER SOURCES OF FLOODING 

 

5.1 Groundwater Flooding 

 

5.1.1 In order to assess the potential for groundwater flooding during higher return period 

rainfall events, the Jacobs/DEFRA report entitled Strategy for Flood and Coastal Erosion 

Risk Management:  Groundwater Flooding Scoping Study, published in May 2004, was 

consulted, together with the guidance offered within the document entitled Groundwater 

flooding records collation, monitoring and risk assessment (ref HA5), commissioned by 

DEFRA and carried out by Jacobs in 2006. 

 

5.1.2 According to Cobby et al (2009), groundwater flooding can be defined as flooding caused 

by the emergence of water originating from subsurface permeable strata.  The greatest 

risks of groundwater flooding are considered to be from either: 

 

•  a rise of groundwater in unconfined permeable strata, such as Chalk, after 

prolonged periods of extreme rainfall; 

 

•  a rise of groundwater in unconsolidated, permeable superficial deposits, which are 

in hydraulic continuity with local river water levels and where the hydraulic 

gradient of the water table is low.      

 

5.1.3 As described above, it is widely accepted that groundwater flooding generally occurs 

from both permeable strata (e.g. Chalk) and superficial deposits (e.g. sands and 

gravels).  In particular, unconfined water-bearing deposits (i.e. those with permeable 

soils above them) are susceptible to a rise in groundwater during prolonged, extreme 

rainfall and during periods of high recharge throughout autumn and winter.  Antecedent 

conditions, such as, above average groundwater levels prior to the rainfall event, are 

also a contributing factor to a variation in the water table. 

 

5.1.4 Permeable superficial deposits can also hold quantities of groundwater, although these 

tend to be insignificant compared to the stored quantities within consolidated aquifers. 

Unconsolidated deposits such as sand and gravels are sufficiently permeable to store 

water; however such deposits which yield a low quantity of water are commonly termed 

a non-aquifer.   

 

5.1.5 Deposits comprising a mixture of permeable and impermeable soils can lead to a 

presence of perched water.  Perched water tables are located above less permeable 

deposits such as clay and are located within water-bearing soils such as sand and gravel.  

If perched water is unconfined then the potential for recharge and groundwater flooding 

can be high.  If the perched water is confined by less permeable clay deposits, then the 

clay deposits will have a buffering effect on percolating surface water and thus the 

recharge potential and rise in the water table is low. 

 

 Soil and Geology at the Site 

 

5.1.6 It can be seen from the various soil and hydrogeological data, listed in Section 2, that 

the soil types across the site comprise clayey Till deposits overlying Limestone.                 

 

5.1.7 Table 6 and equation 12 of the ADAS document entitled Pipe Size Design for Field 

Drainage, 1980, indicates that the soils have a low Winter Rain Acceptance Potential 

(WRAP) and high Winter Runoff Potential.  
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Groundwater Flooding Potential at the Site 

 

5.1.8 There have been no recorded groundwater flood events across the area between 2000 

and 2003, as indicated by the Jacobs study.  The BGS Groundwater Flooding 

Susceptibility Map (Figure 5) indicates that there is “Potential for Groundwater Flooding 

of Property Situated Below Ground Level” across most of the site, however, part of the 

eastern frontage of the site is shown to have “Potential for Groundwater Flooding to 

Occur at Surface”. 

 

5.1.9 The Ribble Valley Borough Council Strategic Flood Risk Assessment (SFRA, hereafter) 

carried out in 2010, suggests that there is no indication that groundwater flooding forms 

a significant risk within the borough.   

 

5.1.10 It is unlikely that during periods of prolonged or heavy rainfall the water table will have 

the capacity to rise and breach the ground surface, particularly as the soils across the 

site generally have an overall low permeability which will reduce the recharge potential 

of the water table below the site.  It is considered that the evidence suggests an overall 

low risk of groundwater flooding to the site.  

 
Figure 5: BGS Groundwater Flooding Susceptibility (Source: Promap, 2014) 

Site 



Flood Risk Assessment                                       

____________________________________________________________________________  
                                                                 
 

____________________________________________________________________ 

 
Thomas Consulting Ltd 
www.thomasconsulting.co.uk 

   10 
 

 

  Thomas Consulting  

 

5.2 Surface Water Flooding and Sewer Flooding 

 

5.2.1 Surface water and sewer flooding across urban areas is often a result of high intensity 

storm events which exceed the capacity of the sewer thus causing it to surcharge and 

flood.  Poorly maintained sewer networks and blockages can also exacerbate the 

potential for sewer flooding.  Surface water flooding can also occur as a result of 

overland flow across poorly drained rural areas. 

 

5.2.2 The Agency’s Surface Water Flooding Map (Figure 6) indicates that there is generally a 

very low surface water flooding risk across the site.  However, Figure 6 shows that a 

high area of surface water flood risk follows the watercourse at this location.  This is 

expected considering the watercourse forms a low point in the catchment for overland 

flows to congregate and therefore does not reflect a surface water flood risk across the 

site. 

 

5.2.3 Figure 6 also shows that the site is located sufficiently higher and outside of the parts of 

Clitheroe Road shown to be at risk to the south of the site. 

 

 
Figure 6: Surface Water Flooding Map (Source: Environment Agency, 2014) 

 

5.3 Reservoirs, Canals And Other Artificial Sources  

 

5.3.1 The failure of man-made infrastructure such as flood defences and other structures can 

result in unexpected flooding.  Flooding from artificial sources such as reservoirs, canals 

and lakes can also occur suddenly and without warning, leading to high depths and 

velocities of flood water which pose a safety risk to people and property.  

  

5.3.2 The Environment Agency’s “Risk of flooding from reservoirs” map suggests that the site 

is not at risk from such features. 

 

Site 
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6. SURFACE WATER DRAINAGE AND SUDS  

 

6.1 Introduction 

 

6.1.1 Planning policy recommends the maximum practical use of Sustainable Drainage 

Systems (SUDS) within proposals for new sites.  There is a requirement that sustainable 

drainage systems (SUDS) be installed where appropriate, in order to limit the amount of 

surface water runoff entering drainage systems and to return surface water into the 

ground to follow its natural drainage path.   

 

6.1.2 The National Planning Policy Framework (NPPF) and the Agency require that the effects 

of climate change to be considered in any assessment of flood risk for developments.  

When considering the impacts of climate change on rainfall intensity, NPPF advises that 

when designing surface water drainage systems for developments, an allowance of 30% 

for climate change should be included and when designing surface water drainage 

systems.  

 

6.2 Existing Surface Water Drainage  

 

6.2.1 It has been determined that surface water runoff from the existing site occurs mainly in 

a south westerly direction.  A proportion of the surface water landing across the site will 

be infiltrating into the soils of the site and this proportion is denoted by an SPRHOST 

catchment descriptor value of 38.7 as shown on Figure 4 (i.e. 38.7% of the surface 

water landing on the site typically runs off leaving 61.3% to infiltrate).      

 

6.2.2 In order to quantify the existing runoff rate from the site, the methodology outlined 

within the Institute of Hydrology Report Number 124 (IoH 124) entitled Flood Estimation 

for Small Catchments, has been adopted.  This document together with the guidance 

stipulated in the Interim Code of Practice for Sustainable Drainage Systems, compiled by 

the National SUDS Working Group in July 2004, suggests that an estimation of peak 

runoff rates from areas below 50 ha, and up to 200 ha, can be derived from the 

calculated mean annual flood flow, QBAR.     

 

6.2.3 The ICPSUDS function within the Microdrainage software Version 2014.1.1 can be used 

which implements IoH 124 method with a pro-rata below 50 ha.  The SAAR value of 

1122mm has been determined from the catchment descriptors taken from the FEH CD-

ROM Version 3.  The soil value has been determined using the information from the 

Winter Rain Acceptance Potential (WRAP) map within the Flood Studies Report, 1975, 

together with Table 6 and equation 12 of the ADAS document entitled Pipe Size Design 

for Field Drainage, 1980.  The resultant soil value of 0.40 was also checked for 

consistency with the digital geographical data within the Microdrainage software.  The 

results can be seen on Figure 7. 
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Figure 7: Greenfield runoff rates for the existing site (Source: Microdrainage Version 

2014.1.1) 

 

6.3 Soil Types and SUDS Suitability 

 

6.3.1 By consulting the information outlined in Section 5.1 the soils at the site comprise clayey 

Till deposits overlying Limestone.   

 

6.3.2 The soil types and infiltration rates across the site are not considered sufficient for the 

practical use of infiltration devices such as soakaways or pervious surfaces.  BRE Digest 

365 requires that the time taken for infiltration devices to empty to 50% should be 

greater than 24 hours.  This requirement is unlikely to be achieved.    

 

6.3.3 Pervious surfaces could be used to cleanse and store surface water from proposed 

(private) hardstanding areas such as driveways.  Surface water from building roofs could 

then be drained onto, or into, these surfaces directly.  This approach is described further 

in CIRIA 582 entitled Source control using constructed pervious surfaces.   

 

6.3.4 The access roads across the site would be constructed using conventional building 

materials and the on-site pipe system would be located beneath these surfaces.  The 

surface water from the access road and pervious surfaces could be directed via the on-

site pipe system and be stored within below ground oversized pipes or attenuation tanks 

prior to discharge into the watercourse at Greenfield rates. 

    

6.3.5 The Environment Agency’s website indicates that the site is not located within a Source 

Protection Zone associated with a groundwater abstraction point.  Nevertheless, it is 

imperative that the pollution risk from any surface water soaking into the ground from 
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hardstanding areas (which can carry pollutants such as oils and soap suds etc), is 

mitigated to prevent soil and water contamination. 

 

6.4 Pervious Surfaces  

 

6.4.1 The proposed hardstanding areas comprising driveways and any other private 

hardstanding areas could be constructed using pervious surfaces such as permeable 

block paving or similar which will be used for attenuation rather than infiltration.  

Surface water from the proposed building roofs could then be drained onto, or into, 

these surfaces directly.  This approach is described further in CIRIA 582 entitled Source 

control using constructed pervious surfaces. 

     

6.4.2 Pervious surfaces act as an effective way to store surface water and have also been 

shown to act as a filter and retainer for pollutants, in particular oil.  This has been 

investigated and documented within the Quarterly Journal of Engineering Geology and 

Hydrogeology, Volume 37, November 2004, in which this approach can also be 

implemented when considering the protection of groundwater.  CIRIA have reported that 

approximately 70-90 percent of hydrocarbons can be removed by this technique.   

 

6.4.3 The Interpave document entitled Understanding permeable paving: Guidance for 

designers, planners and local authorities dated 2010, suggests that permeable paving 

can permit a flow rate of up to 4000mm/hr.  The system shown on Figure 8 allows for 

the complete capture of water using an impermeable, flexible membrane placed on top 

of the subgrade level and up the sides of the permeable sub-base. 

 

6.4.4 The maximum gradient of the pavement should not be greater than 1 in 20 unless check 

dams or terracing is incorporated.  A hydraulically bound coarse aggregate base will be 

required to withstand heavy vehicles.  Figure 9 shows the typical dimensions of the 

permeable paving for this load category. 
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Figure 8: Section through a permeable surface (Source: Interpave Permeable 

pavements – guide to the design construction and maintenance of concrete 

block permeable pavements dated 2010) 

 

 
Figure 9: Section through a permeable surface for expected load category (Source: 

Interpave Permeable pavements – guide to the design construction and 

maintenance of concrete block permeable pavements dated 2010) 
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6.4.5 The system will be utilising full attenuation and therefore surface water will be 

temporarily stored within the permeable surface and a 100mm diameter outflow pipe will 

discharge surface water into the main surface water sewers beneath the proposed access 

roads. 

 

6.4.6 To provide an example of the performance of the pervious surface, using the design 

criteria outlined within CIRIA 697 The SUDS Manual and CIRIA 582 Source control using 

pervious surfaces, a proposed driveway (i.e. 107 sq m) has been modelled as a pervious 

surface within the Microdrainage – Source Control function, and the dwelling/garage roof 

area (which will drain onto or into this surface) also entered into the software (i.e. 133 

sq m for northern plot 1).       

 

6.4.7 In accordance with section 12.3.1 of CIRIA 697, a safety factor of 10 has been applied to 

the membrane percolation in the software to represent the gradual silting up effects of 

the concrete block paving joints over its design life.  The model was run to consider the 

extreme 1 in 100 year plus 30% climate change rainfall event and the DDF rainfall 

characteristics from the FEH CD-ROM Version 3 have also been entered into the 

software. 

 

6.4.8 The results can be seen in Appendix B.  The software has calculated the worst storm 

event to be the 15 minute winter storm and all of the surface water has been 

accommodated by the pervious surface during the extreme event and when considering 

silting up effects of the system.   

 

6.5 Attenuation  

 

6.5.1 By consulting the proposed site layout and topographical survey, it is recommended that 

surface water from all hardstanding areas of the site (including the access roads, roofs 

and driveways) would enter the pipe network located beneath the access roads and drain 

          in a southerly direction towards underground oversized pipes/attenuation tanks located 

within the vicinity of the watercourse and across the southern parts of the site. 

 

6.5.2 The SUDS measures and calculations outlined in this FRA consider the possibility of 

exceedence as outlined in CIRIA 635.  CIRIA C635 entitled Designing for exceedance in 

urban drainage – good practice, suggests that the extreme event is the rainfall event 

which results in exceedance flow.  Although the guidance does not specify a return 

period event, the extreme event is usually considered as the climate change 1 in 100 

year storm event as most drainage systems are not designed or sized for this return 

period. 

 

6.5.3 It is widely accepted that for a range of annual flow rate probabilities, up to and 

including the 1 in 100 year event, the developed rate of runoff from a site should be no 

greater than the existing rate of runoff for the same event.  In order to prevent an 

increase in flow rate within the watercourse, it is proposed that the discharge from the 

attenuation feature will be limited to the Greenfield equivalent.  

 

6.5.4 By consulting the proposed layout, the total contributing hardstanding area has been 

calculated to be 0.4612 ha.  The equivalent Greenfield runoff rate has been calculated 

using the same methodology outlined in Section 6.2 and the results are shown on Figure 

10. 
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Figure 10: Greenfield runoff rates for the hardstanding area of the proposed site 

(Source: Microdrainage Version 2014.1.1) 

 

6.5.5 CIRIA 697 and the Interim Code of Practice for Sustainable Drainage Systems suggest 

that it is important to match runoff volumes as well as runoff rates from a development 

with its Greenfield equivalent.  Without employing a wide range of infiltration systems, 

there will be an increased runoff volume from the site which could increase the volume 

of floodwater within a receiving watercourse.  Therefore, as recommended by Box 3.1 of 

CIRIA 697 and page 49 of the Interim Code of Practice for Sustainable Drainage 

Systems, it is preferable to limit the discharge from the attenuation feature during all 

return period events up to the 1 in 100 year event to the QBAR value or 2 l/s/ha, 

whichever is the greater. 

   

6.5.6 By reviewing the Greenfield runoff results for the proposed site as shown on Figure 10, 

the corresponding Greenfield runoff rate for QBAR is 2.7 l/s.  However, it may be difficult 

to attenuate to such a low discharge rate of 2.7 l/s as the DEFRA/EA technical document 

entitled Preliminary rainfall runoff management for developments, Revision E, dated 

2013 states that generally a minimum of 5 l/s from a vortex flow control (e.g. 

hydrobrake) is a satisfactory compromise between attenuating to a low flow rate while 

keeping the risk of blockage to an acceptable level.  The minimum size of orifice for 

controlling flow from an attenuation device should normally be 150mm as this also 

reduces sedimentation. 

 

6.5.7 In order to quantify the approximate volume of surface water needed to be stored within 

an attenuation feature up to the climate change enhanced 1 in 100 year storm event, 

the Source Control – Quick Storage Estimate function within the Microdrainage software, 

Version 2014.1.1, has been used together with the DDF rainfall characteristics from the 

FEH CD-ROM Version 3.  The results can be seen on Figure 11.  
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Figure 11: Storage volume during 100 year plus climate change event 

6.5.8 It is considered that flood routing can be investigated further at the detailed design 

stage and that the above measures provide sufficient reassurance that there is scope 

when designing for exceedence at this site.  This element could be conditioned as part of 

any planning approval. 

 

6.6 Pollution Prevention  

 

6.6.1 Permeable paving will sufficiently cleanse surface water from driveways and car parking 

areas.  Roof water draining to the permeable paving is also considered to be of a suitable 

quality and will not be required to be subjected to additional pollution prevention 

measures. 

 

6.6.2 Surface water entering the attenuation device from the access road area will need to 

undergo pre-treatment in order to suitably clean the surface water which could contain 

heavy metals and other pollutants from the road surface.  A catchpit could be provided 

before the attenuation device in order to allow the settlement of suspended solids and 

other pollutants.  Figure 12 shows a standard detail of a catchpit which could be used at 

the site.  
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Figure 12: Catchpit Detail 

  

 

 

 

6.7 Adoption 
 

6.7.1 CIRIA 687 entitled Planning for SUDS – Making it Happen, published in 2010, states that 

the Flood and Water Management Act 2010 aims to encourage Local Authorities to be 

responsible for the approval and eventual adoption of SUDS.  Therefore, the attenuation 

device could be adopted by the Local Authority as part of the Community Infrastructure 

Levy (Planning Act 2008). 

 

6.7.2 Furthermore, the on-site pipe system could be adopted by United Utilities as most of the 

surface water entering the pipe system will be from a domestic source, and it may 

therefore be preferable that any attenuation features are offered to the sewerage 

undertaker.  The permeable paving will be privately adopted and maintained.  

 

 

 

 

 



Flood Risk Assessment                                       

____________________________________________________________________________  
                                                                 
 

____________________________________________________________________ 

 
Thomas Consulting Ltd 
www.thomasconsulting.co.uk 

   19 
 

 

  Thomas Consulting  

 

7. CONCLUSIONS 

 

•  A review of the relevant guidance documents and various types of data collected at the 

site has enabled a full assessment of the flood risks to be quantified. 

 

•  The site is located within the Flood Zone 1 therefore all uses of land are appropriate in 

this zone. 

 

•  This assessment has investigated the possibility of groundwater flooding and flooding 

from other sources at the site.  It is considered that there will be low risk of groundwater 

flooding across the site and low risk of flooding from other sources.   

 

•  An assessment of the practical use of sustainable drainage techniques has been carried 

out.  As soil types will not support the effective use of infiltration devices, it is proposed 

that surface water is attenuated through the use of permeable paving and oversized 

pipes/attenuation tank prior to discharge into the watercourse.   
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Page 1

Pervious surfaces

Date 09/10/2014 15:48 Designed by Rupert Evans

File pervious.srcx Checked by

Micro Drainage Source Control 2014.1.1

Summary of Results for 100 year Return Period (+30%)

©1982-2014 XP Solutions

Half Drain Time : 5 minutes.

Storm

Event

Max

Level

(m)

Max

Depth

(m)

Max

Infiltration

(l/s)

Max

Control

(l/s)

Max

Σ Outflow
(l/s)

Max

Volume

(m³)

Status

15 min Summer 0.231 0.231 0.0 8.9 8.9 3.2 O K
30 min Summer 0.217 0.217 0.0 8.5 8.5 2.8 O K
60 min Summer 0.183 0.183 0.0 7.6 7.6 2.0 O K

120 min Summer 0.145 0.145 0.0 6.0 6.0 1.3 O K
180 min Summer 0.127 0.127 0.0 4.9 4.9 1.0 O K
240 min Summer 0.116 0.116 0.0 4.2 4.2 0.8 O K
360 min Summer 0.106 0.106 0.0 3.2 3.2 0.7 O K
480 min Summer 0.093 0.093 0.0 2.5 2.5 0.5 O K
600 min Summer 0.079 0.079 0.0 2.2 2.2 0.4 O K
720 min Summer 0.071 0.071 0.0 1.9 1.9 0.3 O K
960 min Summer 0.060 0.060 0.0 1.6 1.6 0.2 O K

1440 min Summer 0.050 0.050 0.0 1.2 1.2 0.2 O K
2160 min Summer 0.044 0.044 0.0 0.9 0.9 0.1 O K
2880 min Summer 0.039 0.039 0.0 0.7 0.7 0.1 O K
4320 min Summer 0.033 0.033 0.0 0.5 0.5 0.1 O K
5760 min Summer 0.030 0.030 0.0 0.4 0.4 0.1 O K
7200 min Summer 0.028 0.028 0.0 0.4 0.4 0.0 O K
8640 min Summer 0.026 0.026 0.0 0.3 0.3 0.0 O K

10080 min Summer 0.024 0.024 0.0 0.3 0.3 0.0 O K
15 min Winter 0.242 0.242 0.0 9.2 9.2 3.5 O K
30 min Winter 0.217 0.217 0.0 8.5 8.5 2.8 O K
60 min Winter 0.169 0.169 0.0 7.2 7.2 1.7 O K

Storm

Event

Rain

(mm/hr)

Flooded

Volume

(m³)

Discharge

Volume

(m³)

Time-Peak

(mins)

15 min Summer 163.746 0.0 6.9 12
30 min Summer 99.272 0.0 8.4 20
60 min Summer 60.184 0.0 10.3 36

120 min Summer 36.487 0.0 12.6 64
180 min Summer 27.227 0.0 14.2 94
240 min Summer 22.120 0.0 15.4 124
360 min Summer 16.506 0.0 17.3 184
480 min Summer 13.411 0.0 18.7 248
600 min Summer 11.415 0.0 19.9 306
720 min Summer 10.007 0.0 21.0 368
960 min Summer 8.070 0.0 22.5 478

1440 min Summer 5.959 0.0 24.9 714
2160 min Summer 4.400 0.0 27.6 1100
2880 min Summer 3.548 0.0 29.6 1460
4320 min Summer 2.660 0.0 33.1 2188
5760 min Summer 2.169 0.0 35.8 2848
7200 min Summer 1.851 0.0 38.0 3552
8640 min Summer 1.626 0.0 39.9 4368

10080 min Summer 1.458 0.0 41.5 4984
15 min Winter 163.746 0.0 7.7 13
30 min Winter 99.272 0.0 9.5 21
60 min Winter 60.184 0.0 11.6 36



Page 2

Pervious surfaces

Date 09/10/2014 15:48 Designed by Rupert Evans

File pervious.srcx Checked by

Micro Drainage Source Control 2014.1.1

Summary of Results for 100 year Return Period (+30%)

©1982-2014 XP Solutions

Storm

Event

Max

Level

(m)

Max

Depth

(m)

Max

Infiltration

(l/s)

Max

Control

(l/s)

Max

Σ Outflow
(l/s)

Max

Volume

(m³)

Status

120 min Winter 0.128 0.128 0.0 5.0 5.0 1.0 O K
180 min Winter 0.112 0.112 0.0 3.8 3.8 0.8 O K
240 min Winter 0.105 0.105 0.0 3.1 3.1 0.7 O K
360 min Winter 0.084 0.084 0.0 2.3 2.3 0.4 O K
480 min Winter 0.070 0.070 0.0 1.9 1.9 0.3 O K
600 min Winter 0.060 0.060 0.0 1.6 1.6 0.2 O K
720 min Winter 0.055 0.055 0.0 1.4 1.4 0.2 O K
960 min Winter 0.050 0.050 0.0 1.2 1.2 0.1 O K

1440 min Winter 0.043 0.043 0.0 0.9 0.9 0.1 O K
2160 min Winter 0.036 0.036 0.0 0.6 0.6 0.1 O K
2880 min Winter 0.033 0.033 0.0 0.5 0.5 0.1 O K
4320 min Winter 0.028 0.028 0.0 0.4 0.4 0.0 O K
5760 min Winter 0.025 0.025 0.0 0.3 0.3 0.0 O K
7200 min Winter 0.023 0.023 0.0 0.3 0.3 0.0 O K
8640 min Winter 0.022 0.022 0.0 0.2 0.2 0.0 O K

10080 min Winter 0.021 0.021 0.0 0.2 0.2 0.0 O K

Storm

Event

Rain

(mm/hr)

Flooded

Volume

(m³)

Discharge

Volume

(m³)

Time-Peak

(mins)

120 min Winter 36.487 0.0 14.2 66
180 min Winter 27.227 0.0 15.9 94
240 min Winter 22.120 0.0 17.3 122
360 min Winter 16.506 0.0 19.4 186
480 min Winter 13.411 0.0 21.0 244
600 min Winter 11.415 0.0 22.4 306
720 min Winter 10.007 0.0 23.6 360
960 min Winter 8.070 0.0 25.3 490

1440 min Winter 5.959 0.0 28.0 726
2160 min Winter 4.400 0.0 31.0 1096
2880 min Winter 3.548 0.0 33.2 1432
4320 min Winter 2.660 0.0 37.2 2204
5760 min Winter 2.169 0.0 40.3 2856
7200 min Winter 1.851 0.0 42.8 3552
8640 min Winter 1.626 0.0 44.9 4328

10080 min Winter 1.458 0.0 46.8 4976
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Pervious surfaces

Date 09/10/2014 15:48 Designed by Rupert Evans

File pervious.srcx Checked by

Micro Drainage Source Control 2014.1.1

Rainfall Details

©1982-2014 XP Solutions

Rainfall Model FEH
Return Period (years) 100

Site Location GB 373950 438100 SD 73950 38100
C (1km) -0.025

D1 (1km) 0.393
D2 (1km) 0.367
D3 (1km) 0.405

E (1km) 0.300
F (1km) 2.455

Summer Storms Yes
Winter Storms Yes

Cv (Summer) 0.750
Cv (Winter) 0.840

Shortest Storm (mins) 15
Longest Storm (mins) 10080

Climate Change % +30

Time Area Diagram

Total Area (ha) 0.024

Time

From:

(mins)

To:

Area

(ha)

0 4 0.024
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Pervious surfaces

Date 09/10/2014 15:48 Designed by Rupert Evans

File pervious.srcx Checked by

Micro Drainage Source Control 2014.1.1

Model Details

©1982-2014 XP Solutions

Storage is Online Cover Level (m) 0.580

Porous Car Park Structure

Infiltration Coefficient Base (m/hr) 0.00000 Width (m) 10.0
Membrane Percolation (mm/hr) 400 Length (m) 10.0

Max Percolation (l/s) 11.1 Slope (1:X) 40.0
Safety Factor 2.0 Depression Storage (mm) 5

Porosity 0.30 Evaporation (mm/day) 3
Invert Level (m) 0.000 Cap Volume Depth (m) 0.000

Pipe Outflow Control

Diameter (m) 0.100 Roughness k (mm) 0.600 Upstream Invert Level (m) 0.000
Slope (1:X) 100.0 Entry Loss Coefficient 0.500

Length (m) 1.000 Coefficient of Contraction 0.600
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