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1.0 INTRODUCTION  

 

1.1 This Flood Risk Assessment has been prepared by Cole Easdon Consultants on behalf of 

Hyde Housing Association Limited in respect of a Planning Application for a residential 

development on Bells Field, St Mary Bourne, Hampshire. Refer to CEC Figure 

3633/500/Figure 1(A) [Location Plan] in Appendix 1.   

 

 Development Proposals 

1.2 The new application is to comprise eleven affordable houses and associated access, parking 

areas and landscaping.    

 

1.3 This study is based on Drawing Ref. 120909-150 prepared by Fowler Architecture and 

Planning, January 2015 

 

 Need for Study 

1.4 The purpose of this assessment is to demonstrate that the development proposal outlined 

above can be satisfactorily accommodated without worsening flood risk for the area and 

without placing the development itself at risk of flooding, as per National guidance 

provided within the National Planning Policy Framework document (NPPF). 

 

1.5 Accordingly, this study has been prepared to: 

i) assess flood risk to the development from fluvial sources; 

ii) assess flood risk to the development from other potential sources, including ditches, 

sewers, groundwater and overland flows; and 

iii) ensure that the proposed development will fully comply with the requirements of the 

Environment Agency's policy on the safeguarding of floodplains. 

 

1.6 A topographical survey of the site (referenced to Ordnance Datum) has been undertaken by 

Dando Surveying Ltd and has been reviewed as part of this study.   

 

 Scope of Study 

1.7 Pre-planning liaison has taken place with the Environment Agency.  They have provided 

comment on the first issue of this report.  Refer to Appendix 3.  This report (Issue 6) 

amends the previously outlined surface water drainage strategy following the confirmation 

that infiltration potential exists at the site.         
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1.8 In Section 2.0, we describe the characteristics of the proposed development site and 

surrounding area.  In Section 3.0, we assess flood risk issues.  Finally, conclusions are 

presented in Section 4.0. 

 

1.9 The following abbreviations are used in this report: 

 AOD    Above Ordnance Datum  

 EA  Environment Agency 

 FZM  Flood Zone Map prepared by the EA 

 NPPF  National Planning Policy Framework  

 SUDS  Sustainable Urban Drainage Systems 
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2.0 THE EXISTING SITE    

Refer to CEC Plan 3633/500(A) [Existing Site Layout] in Appendix 7. 

 
2.1 The proposed development site is a 0.41ha area of land located within St Mary Bourne, 

some 7km north east of Andover, Hampshire.  The site is situated on the southern side of 

the B3048, with Finkley Road forming the sites western boundary. Residential properties 

are situated along the northern boundary of the site, with open rural adjacent to the other 

boundaries of the site.     

 
2.2 The Bourne Rivulet is located on the north eastern side of the B3048 highway. Land use in 

the immediate vicinity of the site is primarily residential with agricultural land beyond. 

 
2.3  The land within the site is relatively flat, sloping away from the highway on the western 

boundary towards the south east of the site. Existing levels within the site vary from 80.1m 

AOD at the highest point along the western boundary to 79.3m AOD at the south eastern 

corner of the site. 

 
 Existing Drainage 

2.4 The site is comprised of greenfield land and features no formal drainage system. Greenfield 

runoff rates have been calculated to be 0.6 l/s for the 1:100 year event.  

 

Nearby Watercourses/Drainage Features 

2.5 The Bourne Rivulet, a tributary of the River Test, is located approximately 200m north east 

of the site, adjacent to the B3048 highway.  The watercourse is designated as a 'main river' 

through the village.  The watercourse flows past the site in a south easterly direction.   

 
2.6 St Mary Bourne Lake is located 300m south east of the site. The lake is man-made and fed 

by groundwater from the surrounding area which causes its water level to vary throughout 

the year. 

 
Existing Ground Conditions 

2.7 Records from the British Geological Survey indicate Chalk Formation bedrock with 

superficial river terrace deposits of sand and gravel in the vicinity of the site. Borehole 

records in the vicinity of the site from previous developments corroborate the BGS 

assessment. Refer to Appendix 2.  Preliminary site investigation works undertaken in 

January 2013, comprising three test pits to a depth of 1m established the existence of 

highly permeable flint strata.  
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3.0 FLOOD RISK ISSUES 

Refer to CEC Plan 3633/501(E) [Proposed Site Layout] in Appendix 7. 

  
3.1 This section presents an assessment of flood risk to the development from: 

a) external sources; and 

b) surface water discharge from the proposed development. 

 
3.2 Recommended flood risk mitigation measures appropriate to the level of perceived risk are 

included in the assessment.  The mitigation measures are summarised in Table 3.1 on page 

9. 

 
 Flood History 

3.3 In 2002, Halcrow Group Ltd prepared a report on the flooding of St. Mary Bourne on behalf 

of the EA. The report described the years 2000/2001 as the wettest water year (April – 

March) on record.  Rainfall events over the year were classified as rarer than 1:100 year 

frequency events.  Despite this, the flooding of 2000/2001 in St. Mary Bourne did not affect 

the development site.  Refer to Appendix 6.  In addition, according to local knowledge the 

site has not flooded in living memory.  

 
A) Assessment of Flood Risk to the Development Site from External Sources 

Ai) Assessment of Flood Risk from Fluvial Sources 

3.4 The Flood Zone Map (FZM) for the locality as produced by the EA is shown on CEC Figure 

3633/500/Figure 2(A) [Flood Zone Map] within Appendix 1.  According to the FZM shows 

that the site partially lies within Flood Zone 2 (medium risk).  

 
3.5 As the FZM is indicative only, 'J Flow' modelled 1:1000 year flood levels have been obtained 

from the EA.  Refer to Appendix 3.  The 'J Flow' levels suggest that a 1:1000 year flood 

conveyance route exists through the site to a typical depth of some 10 to 20mm. 1:100 year 

+ 20% climate change flood levels are not available.  However, based on the minor depths 

associated with the 1:1000 year flood conveyance route through the site, the site would not 

be anticipated to flood during the 1:100 year + 20% climate change event.  Notwithstanding 

this, flood mitigation measures are proposed and these are detailed below.   

 

 Fluvial Sources Flood Risk Mitigation Measures  

3.6 Flood protection measures have been selected in accordance with guidance published in 

the Communities and Local Government document 'Improving the Flood Performance of 

New Buildings – Flood Resilient Construction'.  Refer to Appendix 5 for relevant extracts 

from this document. 
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3.7 The EA advise that due to the absence of definitive modelled flood levels for the site, a 

conservative approach should be taken when considering fluvial flood risk mitigation 

measures.  Consequently, water resistance measures described within a 'Water Exclusion 

Strategy' will also be implemented.  The Strategy will protect the proposed dwellings if 

flood waters exceed the design level.  Water exclusion measures are described below.  

Refer to Appendix 5 for further details. 

 

 Flood Avoidance Strategy 

3.8 Finished floor levels will be set at least 150mm above finished ground levels.     

 

 Flood Exclusion Strategy 

3.9 The flood exclusion measures listed below should be considered.  Refer to Appendix 5 for 

further details: 

 In general, building materials with good resistance to water penetration, good drying 

ability and the ability to retain pre-flood characteristics should be selected up to floor 

slab level. Examples include engineering bricks and dense stone. 

 Where ground conditions are favourable, foundations should be ground supported not 

suspended types.  Floodwater and waterborne contaminants can become trapped 

beneath suspended floors.  If ground supported flooring is unsuitable, a suspended 

concrete slab floor as shown in Figure 6.5 in Appendix 5 is recommended. 

 Concrete blockwork should not be located below floor slabs.  Blockwork provides a 

potential path for water ingress into wall cavities and into dwellings.  

 Where possible, masonry walls should be constructed using engineering bricks up to 

floor slab level.  Blocks and dense facing bricks have much improved resistance to 

water penetration if rendered. 

 Insulation in the form of external insulated render or internal boards is preferable to 

cavity insulation. 

 Door thresholds should be raised, whilst complying with level access requirements.  

Sealed PVC external framed doors should be used where possible.   

 Periscopic air vents should be used. 

 Fittings that will not be significantly affected by water should be installed.  Fittings 

should be easily cleaned.  Fittings such as electrical appliances and gas ovens should be 

placed on plinths. 

 All service entries including electricity, communications, gas and water should be 

sealed with expanding foam or similar closed cell material.   

 Water, electricity and gas meters should be located above the predicted flood level. 
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 Electrical sockets should be installed above flood level.  Electric ring mains should be 

installed at first floor level with drops to sockets and switches. 

 Heating systems such as boilers should be located above the predicted flood level and 

preferably on the first floor of two storey properties. 

 Non return valves are recommended in the drainage system to prevent back flow of 

diluted sewage resulting from potential foul sewer surcharging.  Maintenance of these 

valves is required to ensure their effectiveness. 

 

Aii) Assessment of Flood Risk from Existing Sewers/Highway Drains  

3.10 Flooding of a number of domestic foul water drains and the public combined sewer located 

beneath the B3048 highway occurred in St. Mary Bourne during the winter of 2000/2001. 

However, the flooding was confined to properties a considerable distance from the site. 

The nearest sewer to the site is routed at a lower level than site ground levels.  

 

 Existing Sewer/Highway Drains Mitigation Measures 

3.11 Flood risk is considered to be low and no mitigation measures are necessary. 

 

  Aiii) Assessment of Flood Risk from Overland Flow 

3.12 Due to the existing site topography, there is potential for overland flow to enter the site at 

some points along its north and western boundaries in particular.  Despite this, due to the 

nature of much of the surrounding land, which comprises primarily of gardens, only minimal 

flow in the form of localised greenfield runoff will be generated. 

 

3.13 In extreme flood events it may be possible that surface water runoff may enter the site via 

the vehicular access from the Finkley Road highway.   

 

3.14 The Halcrow/EA report relates that during the winter 2000/2001 storm event (which 

exceeded the 1 in 100 year magnitude), the nearby B3048 highway became a flow path for 

runoff from surrounding areas and out of bank flow issuing from the Bourne Rivulet.  

However, the report shows that flooding of the road was contained to a section of highway 

remote to the site. 

 

Overland Flow Flood Risk Mitigation Measures 

3.15 Finished floor levels will be set at least 150mm above ground level.  The use of rumble 

strips within the access area will prevent the entry of overland flow into the site that may 

occur from the Finkley Road highway. 
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Aiv) Assessment of Flood Risk from Groundwater 

3.16 The Halcrow/EA report identified 2000/01 as the wettest water year on record with 

unusually high groundwater levels being recorded during this period with peak levels the 

following winter. The high groundwater level and high river flows from the exceptional 

rainfall resulted in the internal and external flooding of low lying properties. Despite this, 

the site was not highlighted as an area which suffered flooding, within the Halcrow/EA 

report. Refer to Appendix 6. 

 

3.17 Testpitting undertaken in January 2013 established groundwater levels at that time to be 

some 1m below ground level. Refer to CEC Plan 3633/501(E) [Proposed Site Layout] in 

Appendix 7. The summer of 2012 was significantly wetter than normal, followed by a wet 

winter.  The groundwater level recorded at the site at that time (January 2013) is therefore 

considered to provide a reliable indication of highest groundwater level at the site. 

Groundwater flood risk is therefore considered to be moderate.  

  

 Groundwater Flood Risk Mitigation Measures 

3.18 The flood proofing measures as described in paragraphs 3.8, 3.9 and 3.15 above will provide 

appropriate mitigation from this source of flooding.   

 

Av) Assessment of Flood Risk from Ditches 

3.19 There are no drainage ditches present on site or in the immediate vicinity. Therefore flood 

risk from this source is considered to be low. 

  

 Groundwater Flood Risk Mitigation Measures 

3.20 No mitigation measures are required. 

 

B) Assessment of Flood Risk Arising from Surface Water Discharge from the   

 Proposed Development    

Refer to CEC Plan 3633/501(E) [Proposed Site Layout] in Appendix 7. 

3.21 In order to mitigate flood risk posed by post development runoff, adequate control 

measures will be required within the site. 

 

3.22 The development site is currently greenfield land.  The existing 1:100 year greenfield 

runoff rate has been calculated to be 0.6 l/s.  
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 Bi) Surface Water Runoff Control 

 Refer to Appendix 4 for Calculations. 

3.23 The proposed development will introduce impermeable surfaces in the form of access roads 

and roof areas of some 0.188ha.  The additional runoff arising from development will need 

to be managed in accordance with sustainable drainage principles.  

 

 Infiltration Potential 

3.24 An initial review of site investigation records indicates that the site may be suitable for an 

infiltration based drainage strategy. This has been confirmed by site testpitting undertaken 

in January 2013 which showed the presence of flint strata at a shallow depth below ground 

level. However, the potentially high seasonal groundwater table (groundwater was 

encountered at 1m below existing ground level during the site testpitting undertaken in 

January 2013) requires land raising to be undertaken to ensure an adequate buffer between 

infiltration facilities and the groundwater table.  

 

3.25 The summer of 2012 was significantly wetter than normal, followed by a wet winter.  The 

groundwater level recorded at the site at that time (January 2013) is therefore considered 

to provide a reliable indication of highest groundwater level at the site. 

 

Drainage Strategy 

3.26 All surface water from the proposed development impermeable areas (comprising roofs and 

highways) will be discharged to infiltration SuDS (soakaways and permeable 

paving/surfacing) located throughout the development.  The surface water drainage 

scheme will be designed to accommodate and dispose of runoff from storms up to the 1:100 

year + 30% climate change event.  

 

3.27 Preliminary sizing of infiltration facilities has been undertaken using an assumed infiltration 

rate of 2.7x10-3m/s or 10m/hr, typical for flint strata. The actual infiltration rate will be 

confirmed by onsite infiltration testing, and the results used to inform detailed design. 

 

3.28 All surface water runoff from the roof areas will be discharge to gravel filled trench 

soakaways constructed in permeable strata. Each dwelling contributes between some 43 - 

64m2 of impermeable area. Runoff from this area can be provided in a soakaways varying 

from 1.0m wide x 1.0m long x 0.3m deep to 1.0m wide x 1.2m long x 0.3m deep, with 0.5m 

cover. Refer to CEC Plan 3633/501(E) [Proposed Site Layout] in Appendix 7  
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3.29 Soakaways must be placed a minimum of 5m away from any building, including garages.  

 

3.30 In order to accommodate the soakaways in the rear gardens of the dwellings land raising is 

required. Land raising of some 0.4m will ensure that a 0.5m buffer is maintained between 

the base of the soakaway and the highest groundwater level recorded in January 2013.   

 

3.31 Surface water runoff from the private drives/ access and car parking areas will be disposed 

of via permeable paving/surfacing. Hard-surfaced areas (for example the bell-mouth access 

area adjacent to Finkley Road) will be drained via dedicated soakaways. Preliminary 

calculations indicate that the permeable paving subbase aquifer depth required is some 

0.1m. Land raising of car park spaces and access areas of some 0.3m (assuming the 

highways are to be kerbed) will provide a 1m buffer from the base of the permeable paving 

to the highest groundwater level recorded in January 2013.   

 

3.32 All calculations have been undertaken using WinDES software. 

 

Adoption 

3.33 It is proposed that all on-site drainage and SUDS facilities will be maintained privately.  

 

 Water Quality 

3.34 The proposed development will utilise infiltration SuDS, comprising soakaways and 

permeable paving/surfacing. These devices are recognised pollutant removal facilities 

within the CIRIA 697 The SuDS Manual. 

 

 Table 3.1: Assessment of Flood Risk to the Development Site Arising from External Sources 
Source of Potential 
Flooding to the 
Development Site 

Flood Risk Mitigation/Comments 

 Bourne Rivulet Low  None required.  

 Ditches Low  

 Finished floor slab to be at least 
150mm higher than surrounding 
ground levels 

 Flood resilient construction 
measures to be incorporated into 
dwellings 

 Sewers/Highway 
Drains 

Low 

 Groundwater Moderate 

 Overland Flow Low 
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4.0 DISCUSSION AND CONCLUSIONS 

 

 Assessment of Flood Risk from External Sources 

4.1 Flood risk to the proposed development from various sources, such as fluvial, sewers, 

groundwater and overland flow has been considered in this study.   

 

4.2 Flooding from groundwater has been identified as a moderate risk. Mitigation measures as 

proposed in paragraphs 3.8, 3.9 and 3.15 will mitigate any risk associated with flooding 

from this source. 

 

4.3 Flood risk from fluvial, overland flow, ditches and sewers is considered to be low.  

However, precautionary mitigation measures as proposed in paragraphs 3.8, 3.9 and 3.15 

will mitigate any risk associated with flooding from these sources. 

  

Assessment of Flood Risk Arising from Surface Water Discharge from the Proposed 

Development  

4.4 Surface water runoff will be discharged via infiltration SuDS in the form of soakaways and 

permeable paving/surfacing. Gravel filled trench soakaways are proposed in the rear 

gardens of the properties to dispose of roof runoff. Soakaways are to be constructed in 

permeable strata. Permeable paving/surfacing is proposed for the car parking spaces and 

private driveways. Any hard surfaced areas (for example the bell-mouth access area 

adjacent to Finkley Road) will be drained via dedicated soakaways. 

 

4.5 The infiltration systems have been designed to contain and dispose of surface water runoff 

from the impermeable areas of the development for storms up to the 1:100 year + 30% 

climate change event without flooding.  

 

4.6 An infiltration rate of 2.7x10-3m/s (10m/hr) has been assumed based on the observed 

presence of permeable flint strata. A high groundwater table was also observed, within 1m 

of the existing ground level. 

 

4.7 In order to provide a buffer between the highest groundwater table and the base of the 

infiltration devices, land raising will be required on site. Rear gardens will need to be 

raised some 0.4m and areas of permeable paving will need to be raised by some 0.3m. Land 

raising will ensure that a buffer is provided between the base of the infiltration facilities 
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and the groundwater table.  The buffer depth will be 0.5m for house soakaways and 1.0m 

for permeable paving and any highway soakaways. 

 

4.8 Infiltration SuDS (soakaways and permeable paving) are recognised pollutant removal 

facilities within the CIRIA 697 The SuDS Manual. The surface water drainage system is to be 

privately maintained. 

 

4.9 This study has been undertaken in accordance with the principles set out in NPPF.  We can 

conclude that providing the development adheres to the conditions advised in paragraphs 

4.2 to 4.8 above, the said development proposals can be accommodated without increasing 

flood risk within the locality in accordance with objectives set by Central Government and 

the EA. 

 

 

Cole Easdon Consultants Limited 

January 2015 
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Location 
Point

Ground 
Level

Water 
Depth

Total

1 79.90 0.01 79.91
2 79.72 0.06 79.78
3 79.90 0.01 79.91
4 79.87 0.02 79.89
5 79.75 0.02 79.77

1:1000

JFLOW Levels for SU 41966 50399
in metres AOD



 

 
 
 
 
 
 
 
 
Mr Dean Frosoni 

 

 
 
Our ref: WA/2013/113874/01-L01 
Your ref: 3633 
 
Date:  04 January 2013 
 
 

 
Dear Mr Frosoni 
 
PROPOSED RESIDENTIAL DEVELOPMENT    
 
BELLS FIELD, ST MARY BOURNE, HAMPSHIRE, SP11       
 
Thank you for your enquiry re: draft Flood Risk Assessment  (FRA) for a proposed 
residential development at the above site , which was received on 20 December 2012. 
We have the following comments to make: 
 
In principle, the Environment Agency would have no objection to the proposed 
development in terms of flood risk providing the mitigation measures as detailed in the 
draft FRA, dated December 2012 are carried out. We would also have no objection with 
regard to the proposed surface water drainage scheme. 
  
Our comments have been made in response to the information submitted. Please be 
aware that we may raise additional issues when more detailed plans are submitted.  
 
If you have any queries, please do not hesitate to contact me.  
 
Yours sincerely 
 
 
Mr Gareth Johns 
Planning Officer 
Sustainable Places 
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York House, Edison Park 3633 St Mary Bourne

Dorcan Way Greenfield Runoff Rate

Swindon, SN3 3RB

Date 03/07/2014 11:51 Designed by jpockett

File 100YR CC TRENCH SOAKAWA... Checked by DF

Elstree Computing Ltd Source Control 2014.1

ICP SUDS Mean Annual Flood

©1982-2014 XP Solutions

Input

Return Period (years) 100 Soil 0.150
Area (ha) 0.410 Urban 0.000
SAAR (mm) 800 Region Number Region 7

Results l/s

QBAR Rural 0.2
QBAR Urban 0.2

Q100 years 0.6

Q1 year 0.2
Q30 years 0.4
Q100 years 0.6
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160 Aztec 3633 St Mary Bourne

Aztec West Prelim Trench Soakaway

Bristol  BS32 4TU Dwelling 1,3,8,9,10,11

Date 13/01/2015 15:04 Designed by jpockett

File 100YR CC TRENCH SOAKAWA... Checked by DF

XP Solutions Source Control 2014.1.1

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

©1982-2014 XP Solutions

Half Drain Time : 0 minutes.

Storm

Event

Max

Level

(m)

Max

Depth

(m)

Max

Infiltration

(l/s)

Max

Volume

(m³)

Status

15 min Summer 11.474 0.274 3.3 0.1 O K
30 min Summer 11.422 0.222 3.0 0.1 O K
60 min Summer 11.285 0.085 2.2 0.0 O K
120 min Summer 11.239 0.039 1.5 0.0 O K
180 min Summer 11.229 0.029 1.2 0.0 O K
240 min Summer 11.224 0.024 1.0 0.0 O K
360 min Summer 11.218 0.018 0.7 0.0 O K
480 min Summer 11.215 0.015 0.6 0.0 O K
600 min Summer 11.212 0.012 0.5 0.0 O K
720 min Summer 11.211 0.011 0.4 0.0 O K
960 min Summer 11.209 0.009 0.3 0.0 O K
1440 min Summer 11.207 0.007 0.3 0.0 O K
2160 min Summer 11.205 0.005 0.2 0.0 O K
2880 min Summer 11.205 0.005 0.2 0.0 O K
4320 min Summer 11.203 0.003 0.1 0.0 O K
5760 min Summer 11.202 0.002 0.1 0.0 O K
7200 min Summer 11.202 0.002 0.1 0.0 O K
8640 min Summer 11.202 0.002 0.1 0.0 O K
10080 min Summer 11.201 0.001 0.0 0.0 O K

15 min Winter 11.478 0.278 3.4 0.1 O K

Storm

Event

Rain

(mm/hr)

Flooded

Volume

(m³)

Time-Peak

(mins)

15 min Summer 122.433 0.0 10
30 min Summer 82.239 0.0 18
60 min Summer 52.662 0.0 32
120 min Summer 32.503 0.0 62
180 min Summer 24.118 0.0 94
240 min Summer 19.386 0.0 124
360 min Summer 14.268 0.0 186
480 min Summer 11.460 0.0 244
600 min Summer 9.659 0.0 304
720 min Summer 8.396 0.0 366
960 min Summer 6.724 0.0 484
1440 min Summer 4.907 0.0 732
2160 min Summer 3.573 0.0 1068
2880 min Summer 2.849 0.0 1400
4320 min Summer 2.067 0.0 2208
5760 min Summer 1.644 0.0 3752
7200 min Summer 1.377 0.0 2744
8640 min Summer 1.193 0.0 5000
10080 min Summer 1.056 0.0 4024

15 min Winter 122.433 0.0 10
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160 Aztec 3633 St Mary Bourne

Aztec West Prelim Trench Soakaway

Bristol  BS32 4TU Dwelling 1,3,8,9,10,11

Date 13/01/2015 15:04 Designed by jpockett

File 100YR CC TRENCH SOAKAWA... Checked by DF

XP Solutions 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

Volume

(m³)

Status

30 min Winter 11.365 0.165 2.7 0.1 O K
60 min Winter 11.246 0.046 1.8 0.0 O K
120 min Winter 11.229 0.029 1.2 0.0 O K
180 min Winter 11.222 0.022 0.9 0.0 O K
240 min Winter 11.218 0.018 0.7 0.0 O K
360 min Winter 11.214 0.014 0.5 0.0 O K
480 min Winter 11.211 0.011 0.4 0.0 O K
600 min Winter 11.209 0.009 0.4 0.0 O K
720 min Winter 11.209 0.009 0.3 0.0 O K
960 min Winter 11.207 0.007 0.3 0.0 O K
1440 min Winter 11.205 0.005 0.2 0.0 O K
2160 min Winter 11.204 0.004 0.2 0.0 O K
2880 min Winter 11.204 0.004 0.2 0.0 O K
4320 min Winter 11.202 0.002 0.1 0.0 O K
5760 min Winter 11.202 0.002 0.1 0.0 O K
7200 min Winter 11.201 0.001 0.0 0.0 O K
8640 min Winter 11.201 0.001 0.0 0.0 O K
10080 min Winter 11.201 0.001 0.0 0.0 O K

Storm

Event

Rain

(mm/hr)

Flooded

Volume

(m³)

Time-Peak

(mins)

30 min Winter 82.239 0.0 18
60 min Winter 52.662 0.0 34
120 min Winter 32.503 0.0 60
180 min Winter 24.118 0.0 92
240 min Winter 19.386 0.0 120
360 min Winter 14.268 0.0 192
480 min Winter 11.460 0.0 262
600 min Winter 9.659 0.0 304
720 min Winter 8.396 0.0 384
960 min Winter 6.724 0.0 494
1440 min Winter 4.907 0.0 792
2160 min Winter 3.573 0.0 1164
2880 min Winter 2.849 0.0 1600
4320 min Winter 2.067 0.0 2308
5760 min Winter 1.644 0.0 3992
7200 min Winter 1.377 0.0 2672
8640 min Winter 1.193 0.0 2864
10080 min Winter 1.056 0.0 5752
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160 Aztec 3633 St Mary Bourne

Aztec West Prelim Trench Soakaway

Bristol  BS32 4TU Dwelling 1,3,8,9,10,11

Date 13/01/2015 15:04 Designed by jpockett

File 100YR CC TRENCH SOAKAWA... Checked by DF

XP Solutions Source Control 2014.1.1

Rainfall Details

©1982-2014 XP Solutions

Rainfall Model FSR Winter Storms Yes
Return Period (years) 100 Cv (Summer) 0.750

Region England and Wales Cv (Winter) 0.840
M5-60 (mm) 20.000 Shortest Storm (mins) 15

Ratio R 0.350 Longest Storm (mins) 10080
Summer Storms Yes Climate Change % +30

Time Area Diagram

Total Area (ha) 0.006

Time

From:

(mins)

To:

Area

(ha)

0 4 0.006
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160 Aztec 3633 St Mary Bourne

Aztec West Prelim Trench Soakaway

Bristol  BS32 4TU Dwelling 1,3,8,9,10,11

Date 13/01/2015 15:04 Designed by jpockett

File 100YR CC TRENCH SOAKAWA... Checked by DF

XP Solutions Source Control 2014.1.1

Model Details

©1982-2014 XP Solutions

Storage is Online Cover Level (m) 12.000

Trench Soakaway Structure

Infiltration Coefficient Base (m/hr) 10.00000
Infiltration Coefficient Side (m/hr) 10.00000

Safety Factor 2.0
Porosity 0.30

Invert Level (m) 11.200
Trench Width (m) 1.0
Trench Length (m) 1.2

Slope (1:X) 1000.0
Cap Volume Depth (m) 0.300

Cap Infiltration Depth (m) 0.300
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160 Aztec 3633 St Mary Bourne

Aztec West Prelim Trench Soakaway

Bristol  BS32 4TU Dwelling 2,4,5,6,7

Date 13/01/2015 15:07 Designed by jpockett

File 100YR CC TRENCH SOAKAWA... Checked by DF

XP Solutions Source Control 2014.1.1

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

©1982-2014 XP Solutions

Half Drain Time : 0 minutes.

Storm

Event

Max

Level

(m)

Max

Depth

(m)

Max

Infiltration

(l/s)

Max

Volume

(m³)

Status

15 min Summer 11.456 0.256 2.8 0.1 O K
30 min Summer 11.406 0.206 2.5 0.1 O K
60 min Summer 11.280 0.080 1.8 0.0 O K
120 min Summer 11.239 0.039 1.3 0.0 O K
180 min Summer 11.230 0.030 1.0 0.0 O K
240 min Summer 11.224 0.024 0.8 0.0 O K
360 min Summer 11.218 0.018 0.6 0.0 O K
480 min Summer 11.215 0.015 0.5 0.0 O K
600 min Summer 11.213 0.013 0.4 0.0 O K
720 min Summer 11.211 0.011 0.4 0.0 O K
960 min Summer 11.209 0.009 0.3 0.0 O K
1440 min Summer 11.207 0.007 0.2 0.0 O K
2160 min Summer 11.205 0.005 0.2 0.0 O K
2880 min Summer 11.204 0.004 0.1 0.0 O K
4320 min Summer 11.205 0.005 0.2 0.0 O K
5760 min Summer 11.203 0.003 0.1 0.0 O K
7200 min Summer 11.202 0.002 0.1 0.0 O K
8640 min Summer 11.202 0.002 0.1 0.0 O K
10080 min Summer 11.202 0.002 0.1 0.0 O K

15 min Winter 11.460 0.260 2.8 0.1 O K

Storm

Event

Rain

(mm/hr)

Flooded

Volume

(m³)

Time-Peak

(mins)

15 min Summer 122.433 0.0 10
30 min Summer 82.239 0.0 18
60 min Summer 52.662 0.0 32
120 min Summer 32.503 0.0 62
180 min Summer 24.118 0.0 92
240 min Summer 19.386 0.0 122
360 min Summer 14.268 0.0 176
480 min Summer 11.460 0.0 240
600 min Summer 9.659 0.0 298
720 min Summer 8.396 0.0 360
960 min Summer 6.724 0.0 480
1440 min Summer 4.907 0.0 724
2160 min Summer 3.573 0.0 1076
2880 min Summer 2.849 0.0 1496
4320 min Summer 2.067 0.0 2176
5760 min Summer 1.644 0.0 3088
7200 min Summer 1.377 0.0 4488
8640 min Summer 1.193 0.0 3824
10080 min Summer 1.056 0.0 4080

15 min Winter 122.433 0.0 10
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160 Aztec 3633 St Mary Bourne

Aztec West Prelim Trench Soakaway

Bristol  BS32 4TU Dwelling 2,4,5,6,7

Date 13/01/2015 15:07 Designed by jpockett

File 100YR CC TRENCH SOAKAWA... Checked by DF

XP Solutions 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

Volume

(m³)

Status

30 min Winter 11.352 0.152 2.2 0.0 O K
60 min Winter 11.246 0.046 1.5 0.0 O K
120 min Winter 11.229 0.029 1.0 0.0 O K
180 min Winter 11.222 0.022 0.7 0.0 O K
240 min Winter 11.217 0.017 0.6 0.0 O K
360 min Winter 11.213 0.013 0.4 0.0 O K
480 min Winter 11.210 0.010 0.3 0.0 O K
600 min Winter 11.209 0.009 0.3 0.0 O K
720 min Winter 11.208 0.008 0.3 0.0 O K
960 min Winter 11.206 0.006 0.2 0.0 O K
1440 min Winter 11.205 0.005 0.2 0.0 O K
2160 min Winter 11.204 0.004 0.1 0.0 O K
2880 min Winter 11.203 0.003 0.1 0.0 O K
4320 min Winter 11.203 0.003 0.1 0.0 O K
5760 min Winter 11.202 0.002 0.1 0.0 O K
7200 min Winter 11.202 0.002 0.1 0.0 O K
8640 min Winter 11.202 0.002 0.1 0.0 O K
10080 min Winter 11.202 0.002 0.1 0.0 O K

Storm

Event

Rain

(mm/hr)

Flooded

Volume

(m³)

Time-Peak

(mins)

30 min Winter 82.239 0.0 18
60 min Winter 52.662 0.0 32
120 min Winter 32.503 0.0 60
180 min Winter 24.118 0.0 92
240 min Winter 19.386 0.0 126
360 min Winter 14.268 0.0 180
480 min Winter 11.460 0.0 250
600 min Winter 9.659 0.0 318
720 min Winter 8.396 0.0 364
960 min Winter 6.724 0.0 486
1440 min Winter 4.907 0.0 748
2160 min Winter 3.573 0.0 1156
2880 min Winter 2.849 0.0 1380
4320 min Winter 2.067 0.0 2084
5760 min Winter 1.644 0.0 3576
7200 min Winter 1.377 0.0 2392
8640 min Winter 1.193 0.0 5424
10080 min Winter 1.056 0.0 5096
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160 Aztec 3633 St Mary Bourne

Aztec West Prelim Trench Soakaway

Bristol  BS32 4TU Dwelling 2,4,5,6,7

Date 13/01/2015 15:07 Designed by jpockett

File 100YR CC TRENCH SOAKAWA... Checked by DF

XP Solutions Source Control 2014.1.1

Rainfall Details

©1982-2014 XP Solutions

Rainfall Model FSR Winter Storms Yes
Return Period (years) 100 Cv (Summer) 0.750

Region England and Wales Cv (Winter) 0.840
M5-60 (mm) 20.000 Shortest Storm (mins) 15

Ratio R 0.350 Longest Storm (mins) 10080
Summer Storms Yes Climate Change % +30

Time Area Diagram

Total Area (ha) 0.005

Time

From:

(mins)

To:

Area

(ha)

0 4 0.005
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160 Aztec 3633 St Mary Bourne

Aztec West Prelim Trench Soakaway

Bristol  BS32 4TU Dwelling 2,4,5,6,7

Date 13/01/2015 15:07 Designed by jpockett

File 100YR CC TRENCH SOAKAWA... Checked by DF

XP Solutions Source Control 2014.1.1

Model Details

©1982-2014 XP Solutions

Storage is Online Cover Level (m) 12.000

Trench Soakaway Structure

Infiltration Coefficient Base (m/hr) 10.00000
Infiltration Coefficient Side (m/hr) 10.00000

Safety Factor 2.0
Porosity 0.30

Invert Level (m) 11.200
Trench Width (m) 1.0
Trench Length (m) 1.0

Slope (1:X) 1000.0
Cap Volume Depth (m) 0.300

Cap Infiltration Depth (m) 0.300



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

Half Drain Time : 0 minutes.

Storm
Event

Max
Level
(m)

Max
Depth
(m)

Max
Infiltration

(l/s)

Max
Volume
(m³)

Status

15 min Summer 9.902 0.002 6.3 0.1 Flood Risk
30 min Summer 9.902 0.002 6.3 0.1 Flood Risk
60 min Summer 9.902 0.002 4.9 0.1 Flood Risk
120 min Summer 9.901 0.001 3.5 0.1 Flood Risk
180 min Summer 9.901 0.001 1.6 0.1 Flood Risk
240 min Summer 9.901 0.001 1.6 0.0 Flood Risk
360 min Summer 9.901 0.001 1.6 0.0 Flood Risk
480 min Summer 9.901 0.001 1.6 0.0 Flood Risk
600 min Summer 9.901 0.001 1.6 0.0 Flood Risk
720 min Summer 9.901 0.001 1.6 0.0 Flood Risk
960 min Summer 9.900 0.000 0.2 0.0 Flood Risk
1440 min Summer 9.900 0.000 0.2 0.0 Flood Risk
2160 min Summer 9.900 0.000 0.2 0.1 Flood Risk
2880 min Summer 9.900 0.000 0.2 0.1 Flood Risk
4320 min Summer 9.900 0.000 0.0 0.0 Flood Risk
5760 min Summer 9.900 0.000 0.0 0.0 Flood Risk
7200 min Summer 9.900 0.000 0.0 0.0 Flood Risk
8640 min Summer 9.900 0.000 0.0 0.0 Flood Risk

Storm
Event

Rain
(mm/hr)

Time-Peak
(mins)

15 min Summer 122.433 9
30 min Summer 82.239 16
60 min Summer 52.662 28
120 min Summer 32.503 58
180 min Summer 24.118 92
240 min Summer 19.386 110
360 min Summer 14.268 176
480 min Summer 11.460 256
600 min Summer 9.659 308
720 min Summer 8.396 288
960 min Summer 6.724 412
1440 min Summer 4.907 830
2160 min Summer 3.573 1132
2880 min Summer 2.849 1400
4320 min Summer 2.067 0
5760 min Summer 1.644 0
7200 min Summer 1.377 0
8640 min Summer 1.193 0
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Summary of Results for 100 year Return Period (+30%)

Storm
Event

Max
Level
(m)

Max
Depth
(m)

Max
Infiltration

(l/s)

Max
Volume
(m³)

Status

10080 min Summer 9.900 0.000 0.0 0.0 Flood Risk
15 min Winter 9.902 0.002 6.3 0.1 Flood Risk
30 min Winter 9.902 0.002 4.9 0.0 Flood Risk
60 min Winter 9.902 0.002 4.9 0.1 Flood Risk
120 min Winter 9.901 0.001 1.6 0.1 Flood Risk
180 min Winter 9.901 0.001 1.6 0.0 Flood Risk
240 min Winter 9.901 0.001 1.6 0.0 Flood Risk
360 min Winter 9.901 0.001 1.6 0.0 Flood Risk
480 min Winter 9.901 0.001 1.6 0.0 Flood Risk
600 min Winter 9.900 0.000 0.2 0.0 Flood Risk
720 min Winter 9.900 0.000 0.2 0.0 Flood Risk
960 min Winter 9.900 0.000 0.2 0.0 Flood Risk
1440 min Winter 9.900 0.000 0.2 0.0 Flood Risk
2160 min Winter 9.900 0.000 0.2 0.1 Flood Risk
2880 min Winter 9.900 0.000 0.0 0.0 Flood Risk
4320 min Winter 9.900 0.000 0.0 0.0 Flood Risk
5760 min Winter 9.900 0.000 0.0 0.0 Flood Risk
7200 min Winter 9.900 0.000 0.0 0.0 Flood Risk
8640 min Winter 9.900 0.000 0.0 0.0 Flood Risk

Storm
Event

Rain
(mm/hr)

Time-Peak
(mins)

10080 min Summer 1.056 0
15 min Winter 122.433 10
30 min Winter 82.239 21
60 min Winter 52.662 34
120 min Winter 32.503 68
180 min Winter 24.118 170
240 min Winter 19.386 108
360 min Winter 14.268 164
480 min Winter 11.460 330
600 min Winter 9.659 232
720 min Winter 8.396 430
960 min Winter 6.724 578
1440 min Winter 4.907 908
2160 min Winter 3.573 1192
2880 min Winter 2.849 0
4320 min Winter 2.067 0
5760 min Winter 1.644 0
7200 min Winter 1.377 0
8640 min Winter 1.193 0
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Summary of Results for 100 year Return Period (+30%)

Storm
Event

Max
Level
(m)

Max
Depth
(m)

Max
Infiltration

(l/s)

Max
Volume
(m³)

Status

10080 min Winter 9.900 0.000 0.0 0.0 Flood Risk

Storm
Event

Rain
(mm/hr)

Time-Peak
(mins)

10080 min Winter 1.056 0
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Rainfall Details

Rainfall Model FSR Winter Storms Yes
Return Period (years) 100 Cv (Summer) 0.750

Region England and Wales Cv (Winter) 0.840
M5-60 (mm) 20.000 Shortest Storm (mins) 15

Ratio R 0.350 Longest Storm (mins) 10080
Summer Storms Yes Climate Change % +30

Time / Area Diagram

Total Area (ha) 0.010

Time
(mins)

Area
(ha)

0-4 0.010
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Model Details

Storage is Online Cover Level (m) 10.000

Porous Car Park Structure

Infiltration Coefficient Base (m/hr) 10.00000
Membrane Percolation (mm/hr) 1000

Max Percolation (l/s) 27.8
Safety Factor 2.0

Porosity 0.30
Invert Level (m) 9.900

Width (m) 10.0
Length (m) 10.0
Slope (1:X) 10000.0

Depression Storage (mm) 5
Evaporation (mm/day) 3
Cap Volume Depth (m) 0.100
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Appendix 5 



6 Guidance on flood resilient design and construction 

6.1 General principles
Management of flood risk can be achieved during the planning and outline design
stages for any new development as discussed in Chapters 3 (Planning Policy and
Building Standards) and Chapter 4 (Design Strategies). This chapter is concerned
with measures aimed at achieving flood resilience that can be applied at the
building design level. This chapter provides technical guidance on building
materials and forms of construction (and to a lesser extent, on fittings) that are
appropriate for improving the flood resilience of buildings. It is the result of a
synthesis of information from a number of different sources: published literature,
review of existing practice, experiential information, and laboratory testing. Some
recommendations in this Guidance naturally differ from current standards, such as
those contained in the NHBC, in order to address the severity of exposure to flood
water which hitherto has not been considered.

Any resilience measures should be designed so that the building can be occupied
safely over its proposed lifetime taking climate change into account.

It is generally accepted that total prevention of water ingress or ‘dry proofing’ to a
building is very difficult to achieve. The strategies that are recommended to
minimise flood impact to buildings and their occupants are described in
Figures 4.2 to 4.4 of Chapter 4. In terms of achieving resilience, there are two main
strategies, whose applicability is dependent on the water depth the property is
subjected to (see Chapter 4).

● Water exclusion strategy – where emphasis is placed on minimising water
entry whilst maintaining structural integrity, and on using materials and
construction techniques to facilitate drying and cleaning. This strategy is
favoured when low flood water depths are involved (not more than 0.3m).
According to the definitions adopted in this Guidance, this strategy can be
considered as a resistance measure but it is part of the aim to achieve overall
building resilience

● Water entry strategy – where emphasis is placed on allowing water into the
building, facilitating draining and consequent drying. Standard masonry
buildings are at significant risk of structural damage if there is a water level
difference between outside and inside of about 0.6m or more. This strategy is
therefore favoured when high flood water depths are involved (greater than
0.6m). 

Other important factors that should be considered for resilient design and
construction, but not addressed in this guidance, are:

● cost

● durability 
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● ease and practicability of construction 

● environmental, social and aesthetic acceptability.

Guidance is provided in the following sections:

Section 6.2 – building materials

Section 6.3 – foundations

Section 6.4 – floors

Section 6.5 – walls

Section 6.6 – doors and windows

Section 6.7 – fittings

Section 6.8 – services.

In each section dealing with construction elements (e.g. materials, foundations,
floors, and walls) there is a brief discussion of the design issues, followed by
general advice on resilience. Some illustrative sketches are also included which
provide information on general arrangements but do not cover construction
details. 

6.2 Building materials
The recommendations given in this section on building materials are based
primarily, but not exclusively, on recent laboratory investigations (permeability and
drying tests on 13 typical building materials subjected to 1m head of flood water).
An illustrative example of testing is given in Figure 6.1. 
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Figure 6.1 Pressed facing bricks being tested
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Although this guidance covers the main types of building material commonly in
use in the UK for typical domestic construction, it should be borne in mind that
other materials also may prove to be suitable for resilient constructions. It should
also be noted that there is variability within materials that may affect their
resilience performance. As expected, the denser materials such as concrete and
engineering bricks were found to have good resilience characteristics. In general,
the findings of the materials testing confirmed existing knowledge and experience
but provided new quantitative data on construction material behaviour.

Table 6.1 presents the characteristics of common building materials, tested in the
laboratory, classified as having good, medium or poor performance with regard to
water penetration, drying ability and integrity.

Definitions of the characteristics used in Table 6.1 are:

● water penetration – the seepage (rate and volume) through the material (note
that this is different from “water absorption”)

● drying ability – the capability to regain its original moisture condition (assessed
by the average drying rate and the time taken to reach the original value)

● retention of pre-flood dimensions, integrity – the lack of deformation or change
in form or appearance of the material
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Table 6.1 Flood resilience characteristics of building materials (based on laboratory testing)

Material Resilience characteristics*

Water penetration Drying ability Retention of pre-flood 
dimensions, integrity

Bricks

Engineering bricks (Classes A and B) Good Good Good

Facing bricks (pressed) Medium Medium Good

Facing bricks (handmade) Poor Poor Poor

Blocks

Concrete (3.5N, 7N) Poor Medium Good

Aircrete Medium Poor Good

Timber board

OSB2, 11mm thick Medium Poor Poor

OSB3, 18mm thick Medium Poor Poor

Gypsum plasterboard

Gypsum Plasterboard, 9mm thick Poor Not assessed Poor

Mortars

Below d.p.c. 1:3(cement:sand) Good Good Good

Above d.p.c. 1:6(cement:sand) Good Good Good

* Resilience characteristics are related to the testing carried out and exclude aspects such as ability to withstand
freeze/thaw cycles, cleanability and mould growth
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Clearly other factors affect the choice of resilient building materials, namely their
insulating properties, ease of handling, availability, aesthetics, cost, etc. and these
should also be considered when specifying materials for construction in flood-
prone areas.

Building materials that are effective for a ‘water exclusion strategy’ include:
engineering bricks, cement-based materials including water retaining concrete and
dense stone.

Building materials that are suitable for a ‘water entry strategy’ include: facing
bricks, concrete blocks, sacrificial or easily removable external finishes or internal
linings.

6.3 Foundations
Foundations are designed to suit site conditions, namely the local geotechnical
characteristics and the building design. Strip and trench-fill foundations are
generally used where no special problems are identified, whereas raft, pile, pier
and beam foundations may be necessary in other cases. In general, the choice of
foundation type will be dictated by ground conditions, rather than resilience
considerations. However, improvements can be made to increase the resilience.

For typical two-storey dwellings shallow footings are likely to be appropriate in
most cases. It is common practice to use concrete blocks as substructure elements
in typical cavity wall buildings but laboratory work has shown that groundwater
can penetrate through the blocks into the wall cavity (and from there into the
building) if care is not taken to minimise the passage of water. There is a general
recommendation in the NHBC Standards, 2006) to allow a clear cavity of at least
225mm below damp proof course (d.p.c.) to prevent the build up of any mortar
dropped during construction from having a detrimental effect on the performance
of the wall. However, this unsealed void may be an entry point for rising ground
water into the property via the blockwork.

Basements are a separate category of construction which can benefit from various
types of tanking methods to provide an effective barrier to flood water. Guidance
on tanking can be found, for example, in publications such as CIRIA Report 139
‘Water-Resisting Basement Construction – A Guide’ (CIRIA, 1995), NHBC Standards
(2006). It is not advisable to design for living accommodation in basements, where
there is a risk of flooding.

6.3.1 Water exclusion strategy

A general principle for flood resilient design where predicted flood water depths
are relatively small (no greater than 0.3m above floor level) is to minimise the
entry of water through permeable elements of the foundation. Any concrete
blocks placed below ground-bearing concrete floor slabs provide a potential path
for water to ingress into wall cavities, as these blocks are considerably more
permeable than concrete slabs. Figures 6.2 and 6.3, illustrating a ground bearing
slab and a concrete suspended floor slab, show a potential flow path from the

Improving the flood performance of new buildings

68

07029_FloodR_06-v3  02/05/07  13:11  Page 68



ground adjacent and under a dwelling, through porous substructure and into the
wall cavity. The use of concrete or another impermeable material to seal the blocks
may resolve this problem. The figures highlight the fact that measures taken above
ground level may not fully prevent the ingress of water.
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Figure 6.2 Water ingress into properties through the ground – ground bearing floor

d.p.m.

d.p.c.

Water

Blinding

Concrete slab

Water

Figure 6.3 Water ingress into properties through the ground – suspended floor

d.p.c.

Water

Water

Concrete slab
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6.3.2 Water entry strategy

6.4 Floors
The behaviour of ground floors in floods can be influenced by two different
conditions: 

● water ingress from the ground (potentially resulting in uplift pressures), and

● exposure to standing water.

Of the above two situations (which can occur simultaneously), water ingress from
the ground is potentially more severe as it is more likely to affect the structural
integrity of the floor. Structural calculations may need to be carried out to ensure
that the floor (including any lateral support provided at the perimeter) has the
necessary strength to resist uplift forces without excessive deformation or
cracking.

6.4.1 Water exclusion strategy

When applying a “water exclusion strategy” (i.e. minimising water ingress through
ground floor slabs), for predicted water depths above the floor of greater than
0.3m, it is important to carry out structural checks assuming a flood depth of 1m
minimum above the slab, even in areas where the design flood water depth is
lower. Usual safety factors must be applied in all such calculations (floors and
walls). Laboratory evidence on small slabs (0.5m by 0.5m) indicated that 150mm
thick concrete slabs on supporting soil can withstand such forces without allowing
water ingress. However, for larger slabs, uplift forces may cause deformation and
induce cracking and lead to preferential paths for water ingress.

General advice for resilient design
A general principle for flood resilient design where predicted flood water depths are high is to
provide durable materials that will not be affected by water and use construction methods and
materials that promote easy draining and drying. 

Standard methods and good quality building materials will generally comply with these requirements
but good workmanship is essential.

General advice for resilient design
Where concrete ground floor slabs are used, the blockwork substructure is often the weakest point
in terms of water penetration from the ground into a dwelling. Whereas there is a general
perception that water can ingress through the blockwork structure of the external face of a wall into
the property, it is less apparent, but equally possible, that water will penetrate from the ground on
the inside of the property. Figures 6.2 and 6.3 illustrate these flow paths for two types of ground
floor (ground bearing floor and suspended concrete floor), and different types of foundation (typical
for construction in England). 

Concrete blocks used in foundations should be sealed with an impermeable material or encased in
concrete to prevent water movement from the ground to the wall construction.
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General advice for resilient design
Ground supported floors are the preferred option and concrete slabs of at least 150mm thickness
should be specified for non-reinforced construction. Hollow slabs are not suitable if the elements are
not effectively sealed.

Suspended floors may be necessary where ground supported floors are not suitable, namely in
shrinkable/expanding soils (e.g. clay) or where the depth of fill is greater than 600mm. Uplift forces
caused by flood water may affect the structural performance of a floor. Suspended floors are
generally not recommended in flood-prone areas, for the following reasons:

– the sub-floor space may require cleaning out following a flood, particularly a sewer flood. In order
to aid this process and where accumulation of polluted sediment is expected, the sub-floor space
should slope to an identified area and be provided with suitable access

– if cleaning is required, floor finishes may need to be removed to provide access to the sub-floor
space. Cheaper, sacrificial, finishes would be the best option. 

– the steel reinforcement in the concrete beams of ‘beam and block’ floors may be affected by
corrosion and its condition may need to be assessed following repeated or prolonged floods.

Suspended timber floors, particularly when including timber engineered joists, are not generally
recommended in flood prone areas because most wooden materials tend to deform significantly
when in contact with water and therefore may require replacement. Rapid drying can also cause
deformation and cracking.

Reinforced concrete floors are acceptable but may be prone to corrosion of any exposed steel in
areas of prolonged flooding. 

Hardcore and blinding: good compaction is necessary to reduce the risk of settlement and
consequential cracking.

Damp Proof Membranes (d.p.m.) should be included in any design to minimise the passage of water
through ground floors. Impermeable polythene membranes should be at least 1200 gauge to
minimise ripping. Effective methods of joining membrane sections are overlaps of 300mm, and also
taping (mastic tape with an overlap of 50mm minimum). Care should be taken not to stretch the
membrane in order to retain a waterproof layer. Experience in Scotland has indicated that welted
joints in the d.p.m. are an effective jointing solution.

Insulation materials: Water will lower the insulation properties of some insulation materials. Floor
insulation should be of the closed-cell type to minimise the impact of flood water. The location of
insulation materials, whether above or below the floor slab, is usually based on either achieving rapid
heating of the building or aiming for more even temperature distribution with reduced risk of
condensation. Insulation placed above the floor slab (and underneath the floor finish) rather than
below would minimise the effect of flood water on the insulation properties and be more easily
replaced, if needed. However, water entry may cause insulation to float (if associated with low mass
cover) and lead to debonding of screeds.

No firm guidance can be provided on best location for insulation where the primary source of
flooding is from groundwater. For other types of flooding, placing insulation below the floor slab
may be adequate but it is important to recognise that the characteristics of the insulation may be
affected by the uplift forces generated by the flood water.

Floor finishes: suitable floor finishes include ceramic or concrete-based floor tiles, stone, and
sand/cement screeds. All tiles should be bedded on a cement-based adhesive/bedding compound
and water resistant grout should be used. Concrete screeds above polystyrene or polyurethane
insulation should be avoided as they hinder drying of the insulation material. Suitable materials for
skirting boards include ceramic tiles and PVC. Ceramic tiles are likely to be more economically viable
and environmentally acceptable.

Floor sump: provision of a sump and small capacity automatic pump at a low point of the ground
floor is recommended in cases where the expected probability of flooding in any one year is 20% or
a frequency of flooding of more than once in five years (see Section 4). This system will help the
draining process and speed up drying but it may only be effective for shallow depth flooding. The
dimensions of the sump and its operational procedure would be calculated and agreed with the
planning authority based on the predicted volumes of water to be drained. 

Services: under floor services using ferrous materials should be avoided.

Improving the flood performance of new buildings

71

C
h

ap
te

r 
6

07029_FloodR_06-v3  02/05/07  13:11  Page 71



Recommended ground-supported and acceptable suspended floor arrangements
are presented in Figures 6.4 to 6.6. If suspended timber flooring is a favoured
option, then a combination of construction elements that is likely to minimise
problems associated with flooding is shown in Figure 6.6. This is referred to as a
“Restricted option”

Figure 6.4 shows floor insulation above slab and there is laboratory evidence to
support this location but there is currently no sound evidence to prevent the use
of below slab insulation. 
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Figure 6.4 Ground-supported floor – Preferred option

– Hardcore bed at least 100mm thick of well compacted inert material, blinded with fine inert material to provide
a smooth base

– Damp proof membrane of polythene at least 1200 gauge

– Concrete slab at least 150mm thick

– Insulation as rigid closed-cell material

– Ceramic tiles or stone floor finishes and skirting boards.

Floor finish

Insulation

Concrete slab

d.p.m.
Blinding

Hardcore

Figure 6.5 Suspended Concrete Floor – Acceptable option

– Reinforced concrete slab at least 150mm thick and complying with structural requirements for uplift forces

– Damp proof membrane of polythene at least 1200 gauge

– Insulation as rigid closed-cell material

– Ceramic tiles or stone floor finishes and including skirting boards.

Floor finish
Insulation

Concrete slab

d.p.m.

Ventilated void
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6.4.2 Water entry strategy

General advice for resilient design
Materials that retain their integrity and properties when subjected to flood water (such as concrete)
or those that can be easily replaced (sacrificial materials), should be specified. Construction should
allow easy access for cleaning, (e.g. below suspended floors), and drainage.

Concrete ground-supported floors are the preferred option and concrete slabs of at least 100mm
thickness should be specified.

Suspended floors may be necessary where ground-supported floors are not suitable, namely in
shrinkable/expanding soils (e.g. clay soils) or where the depth of fill is greater than 600mm. In cases
of prolonged floods, where flood water is heavily silted, or from sewer flooding, the sub-floor space
may require cleaning out following a flood; to aid this process, it should slope to an identified low
point and be provided with suitable access. If cleaning is required, floor finishes may need to be
removed to provide access to the sub-floor space and therefore cheaper, sacrificial, finishes would be
the best option. Alternatively, external access to the sub-floor space can be considered as a design
option. 

Suspended steel floors may be adequate provided they incorporate resilient features such as anti-
corrosion properties and comply with required structural capability. 

Suspended timber floors, particularly when including timber engineered joists, are not generally
recommended in flood prone areas because most wooden materials tend to deform significantly
when in contact with water and therefore may require replacement. Rapid drying can also cause
deformation and cracking.

Hardcore and blinding: good compaction should be achieved to reduce the risk of settlement and
consequential cracking.

Damp Proof Membranes (d.p.m.) should be included in any design to minimise the passage of water
through ground floors. Impermeable polythene membranes should be at least 1200 gauge to
minimise ripping. Effective methods of joining membrane sections are: overlaps of 300mm or taping
with mastic tape with an overlap of 50mm minimum. Care should be taken not to stretch the
membrane in order to retain a waterproof layer. Experience in Scotland has indicated that welted
joints in the d.p.m. are an effective jointing solution but the quality of the welts is very dependent on
workmanship.
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Figure 6.6 Suspended Timber Floor – Restricted option

– Hardcore bed at least 100mm thick of well compacted inert material, blinded with fine inert material to provide
a smooth base

– Concrete slab at least 150mm thick

– Insulation as rigid, closed cell material and supported with battens, plastic mesh or corrosion-resistant fixings

– Boarding consisting of WBP Plywood and preservative treated timber 

– Stainless steel hangers

Boarding

Floor finish

Insulation
Support for insulation

Ventilated void

Concrete slab
d.p.m.
Blinding
Hardcore
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Insulation materials: Water will lower the insulation properties of some insulation materials. Floor
insulation should be of the closed-cell type to minimise the impact of flood water. The location of
insulation materials, whether above or below the floor slab, is usually based on either achieving rapid
heating of the building or aiming for more even temperature distribution with reduced risk of
condensation. It is recommended that insulation be placed above the floor slab (and underneath the
floor finish) rather than below would minimise the effect of flood water on the insulation properties
and be more easily replaced, if needed. 

Floor finishes: there are two possible approaches that depend on an assessment of the likely
frequency of flooding and cost of material and installation: use of sacrificial materials or reliance on
high quality durable materials – see Section 4. Sacrificial floor finishes can include timber flooring
and soft furnishings such as carpets. Materials that are likely to withstand exposure to floodwater
without significant deterioration are ceramic or concrete-based floor tiles, marble or stone. All tiles
should be set on a bed of sand and cement render and water resistant grout should be used.
Concrete screeds above polystyrene or polyurethane insulation should be avoided as they hinder
drying of the insulation material due to the relative impermeability.

Suitable materials for skirting boards include ceramic tiles and PVC. Ceramic tiles are likely to be
more economically viable and environmentally acceptable. Replacement timber may be a suitable
option, for cases where a strategy to use of sacrificial materials is adopted. 

Floor sump: provision of a sump and small capacity pump in the floor at a low point of the ground
floor is recommended in cases where the expected frequency of flooding is high; this system will
help the draining process and speed up drying but it may only be effective for shallow depth
flooding. The dimensions of the sump and its operational procedure would be calculated and agreed
with the Planning Authority based on the predicted volumes of water to be drained. 

Services: under floor services using ferrous materials should be avoided.

Figures 6.4 and 6.5 illustrate recommended floor designs for the water-entry strategy. 

6.5 Walls
The recommendations given in this section on wall construction are based
primarily on recent laboratory investigations, but are supported by expert opinion
and experience from the building industry – see Chapter 7. The laboratory tests
covered 16 wall panels (approximately 1.1m high by 1m wide) of composite
construction subjected to 1m head of water and then allowed to dry naturally. This
is not an exhaustive list of constructions and other wall designs may also have
adequate resilience characteristics. 

Table 6.2, based on the laboratory evidence, classifies wall components as good,
medium or poor with regard to water penetration, surface drying and structural
integrity. 

Definitions of the characteristics used in Table 6.2 are:

● water penetration – the leakage (rate and volume) through the entire wall
thickness (note that this is different from “water absorption”)

● drying ability – the capability to regain its original surface moisture condition
(assessed by the average drying rate and the time taken to reach the original
value)

● retention of pre-flood dimensions, integrity – the lack of deformation or change
in form or appearance of the wall panel.
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6.5.1 Water exclusion strategy

This strategy is applicable to design flood depths of up to 0.3m or up to 0.6m, if
allowed by the structural assessment of the design.

General advice for resilient design
Ensure high quality workmanship at all stages of construction.

Masonry walls: 

Ensure mortar joints are thoroughly filled to reduce the risk of water penetration. If frogged bricks
are used, they should be laid frog up so that filling becomes easier and coverage more certain. Bricks
manufactured with perforations should not be used for flood resilient design.

Where possible, use engineering bricks up to predicted flood level plus one course of bricks to
provide freeboard (up to maximum of 0.6m depth above floor level); this will increase resistance to
water penetration. Blocks (and dense facing bricks) have much improved performance when covered
with render.

Aircrete blocks allow less leakage than typical concrete blocks but concrete blocks dry more quickly.
Therefore, design of blockwork walls needs to take into account these two opposite types of
behaviour and consider whether drying or resistance to water is most relevant in each situation. For a
“water exclusion strategy”, the expected amount of leakage is minimal and therefore, Aircrete blocks
are recommended, although they may retain moisture for longer than concrete blocks, Compared
with heavier blocks, Aircrete may offer less restraint to floor/slab edges which under the action of
uplift forces could promote the opening up of floor/wall junctions.

Do not use highly porous bricks such as hand made clay bricks. 

Solid masonry walls are a good option but will need to be fitted with internal or external wall
insulation in order to comply with Building Regulations.
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Table 6.2 Flood resilience characteristics of walls (based on laboratory testing)

Material Resilience characteristics*

Water penetration Drying Ability Retention of pre-flood 
dimensions, integrity

External face

Engineering bricks (Classes A and B) Good Good Good

Facing bricks (pressed) Medium Medium Good

Internal face

Concrete blocks Poor Medium Good

Aircrete Medium Poor Good

Cavity insulation

Mineral fibre Poor Poor Poor

Blown-in expanded mica Poor Poor Poor

Rigid PU foam Medium Medium Good

Renders/Plaster

Cement render – external Good Good Good

Cement/lime render – external Good Good Good

Gypsum Plasterboard Poor Not assessed Poor

Lime plaster (young) Poor Not assessed Poor

* Resilience characteristics are related to the testing carried out and exclude aspects such as ability to withstand
freeze/thaw cycles, cleanability and mould growth
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Clear cavity walls, i.e. with no insulation in the cavity, have better flood resilience characteristics than
filled or part filled cavity walls as they dry more quickly. The requirements for insulation can be
satisfied by external insulated renders or internal thermal boards.

There is evidence that thin layer mortar construction (or thin joint, as it is also commonly known) is a
good flood resilience option.

Framed walls: Avoid timber framed walls containing construction materials that have poor
performance in floods, for example oriented strand board and mineral fibre insulation. Timber
framed walls are not recommended in a “water exclusion strategy”. Steel framed walls may offer a
suitable alternative option but specialist advice needs to be sought on how to incorporate resilient
materials/construction methods in the design, in particular with regard to the insulation.

Reinforced concrete wall/floor construction should be considered for flood-prone areas, i.e. where
the frequency of flooding is predicted to be high (see Chapter 4). This form of construction is
effective at resisting forces generated by floodwater and will provide an adequate barrier to water
ingress (provided service ducts and other openings into the building are adequately sealed). Design
details for this type of construction are beyond the scope of this document. 

External renders are effective barriers to water penetration and should be used with blocks (or bricks)
at least up to the predicted flood level plus the equivalent of a course of bricks as freeboard.
Structural checks may be necessary to ensure stability, because of the external water pressures that
could occur for design flood depths above 0.3m. External cement renders with lime content (in
addition to cement) can induce faster surface drying. 

Insulation: 

External insulation is better than cavity insulation because it is easily replaced if necessary.

Cavity insulation should preferably incorporate rigid closed cell materials as these retain integrity and
have low moisture take-up. Other common types, such as mineral fibre batts, are not generally
recommended as they can remain wet several months after exposure to flood water which slows
down the wall drying process. Blown-in insulation can slump due to excessive moisture uptake, and
some types can retain high levels of moisture for long periods of time (under natural drying
conditions).

Internal linings:

Internal cement renders (with good bond) are effective at reducing flood water leakage into a
building and assist rapid drying of the internal surface of the wall. The extent to which render
prevents drying of other parts of the wall is not currently clear. This may be important, particularly
for solid wall construction. This applies also to external renders.

Avoid standard gypsum plasterboard as it tends to disintegrate when immersed in water. Splash
proof boards do not necessarily offer protection against flood waters, which may remain for some
time and exert pressure on the board.

Anecdotal evidence suggests that internal lime plaster/render can be a good solution. Lime plaster
depends on contact with the air to set and harden. Because of this, full strength lime plaster, which
typically requires over 6 months, was not possible to test. Consequently, no assurance can be given
for its performance. Tests performed when young showed that it crumbles very easily under high
water pressure.

Examples of recommended wall arrangements are presented in Figures 6.7 to 6.9
below.
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Figure 6.7 Solid External Walls

– External cement based render, preferably with lime content. Composition depends on masonry. The following
mixes have good resilient properties:

1 cement : 6 sand on bricks;

1 cement : 4 sand: 1/2 lime on concrete blockwork or bricks;

1 cement : 6 sand: 1 lime on Aircrete blocks.

– Masonry with minimum thickness of 300mm (thin mortar joint construction using Aircrete blocks is effective as
demonstrated in laboratory tests) or alternatively reinforced concrete wall

– Internal cement-based render, preferably with lime content. Composition depends on masonry; the following
mix is effective for flood resilience:

1 cement : 6 sand: 1 lime on Aircrete.

Apply external and internal renders, following good practice guidance, ensuring minimum total thickness of
20mm and at least two coats.

– Use external insulation in preference to internal insulation.

Masonry

Internal render
(& Plaster)

External render

Figure 6.8 Cavity External Walls – Clear cavity

Clear cavity

– External cement based render, preferably with lime content. Composition depends on masonry; the following
mixes are effective for flood resilience:

1 cement: 4 sand: 1/2 lime on concrete blockwork (or bricks);

1 cement: 6 sand: 1 lime on Aircrete.

Apply render following good practice guidance, ensuring minimum total thickness of 20mm and two coats. 

– Internal cement based render, preferably with lime content. Composition depends on masonry. The following
mix works well:

1 cement: 6 sand: 1 lime on Aircrete.

– Stainless steel wall ties should be used to minimise corrosion and consequent staining.

External render

Blockwork

Insulation

Internal render
(& Plaster)

Blockwork

Clear cavity
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Figure 6.9 Cavity External Walls – Part-filled cavity

Part-filled cavity – Option A
– External face consisting of engineering bricks up to required level for flood protection (up to 0.6m maximum

above floor level plus one course). Other external facing materials can be used above this level, but ensure
interface is watertight.

– Rigid insulation.
– Internal face consisting of blocks.
– Internal cement based render, preferably with lime content. Composition depends on masonry; the following

mix is effective:
1 cement : 6 sand: 1 lime on Aircrete.

– Ensure stainless steel wall ties are used to minimise corrosion and consequent staining.
– Sacrificial plasterboard can be used, but it needs to be removed between ground floor and flood level. The

board should be fitted horizontally to make removal easier. In some cases a dado rail can be used to cover the
joints.

Part-filled cavity – Option B
– External cement based render, preferably with lime content. Composition depends on masonry; the following

mixes are effective:
1 cement : 4 sand: 1/2 lime on concrete blockwork 
1 cement : 6 sand: 1 lime on Aircrete.

– External face consisting of blocks.
– Rigid insulation.
– Internal face consisting of blocks.
– Internal cement based render, preferably with lime content. Composition depends on masonry; the following

mix is effective for flood resilience:
1 cement : 6 sand: 1 lime on Aircrete.

– Ensure stainless steel wall ties are used to minimise corrosion and consequent staining.

Internal render
(& Plaster)

Insulation

Blockwork

Option B

Blockwork

External 
render

Internal render
(& Plaster)

Insulation

Blockwork

Part-filled cavityOption A

Engineering
bricks

Cavity
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6.5.2 Water entry strategy

This strategy is applicable to design flood depths above 0.6m, or above 0.3m if the
structural assessment of the design shows that the integrity of the building would
be compromised by a “water exclusion strategy”.

General advice for resilient design
Ensure high quality workmanship at all stages of construction.

Masonry walls: 

Use good quality facing bricks for the external face of cavity walls.

Do not use soft bricks, such as hand made clay bricks, which can easily crumble when subjected to
water.

Concrete blocks dry more quickly than Aircrete blocks. However, Aircrete blocks allow less leakage.
Therefore, design of blockwork walls needs to take into account these two opposite types of
behaviour and consider whether drying or resistance to water is most relevant in each situation. For
a “water entry strategy” which is aimed at allowing water passage through the property, concrete
blocks are recommended.

Clear cavity walls, i.e. with no insulation, have better resilience characteristics than filled or part filled
cavity walls as they dry more quickly.

Framed walls: Avoid timber framed walls containing construction materials that have poor
performance in floods, namely oriented strand board and mineral fibre insulation. Timber framed
walls are generally not recommended, unless a sacrificial approach is adopted whereby some
materials will be stripped to allow drying. 

Steel framed walls may offer a suitable alternative option but specialist advice needs to be sought on
how to incorporate resilient materials/construction methods in the design. The possible use of
bituminous paint on steel plates may be a means of preventing corrosion. 

External renders should not be used as they provide a barrier to water penetration and may induce
excessive differences in depth between outside and inside of the property resulting in possible
structural problems. 

Insulation: 

External insulation is better than cavity insulation because it is easily replaced if necessary; however it
is generally protected by rigid lining which may create a barrier to water.

Cavity insulation should incorporate rigid closed cell materials as these retain integrity and have low
moisture take-up. Other common types, such as mineral fibre batts, are not generally recommended
as they can remain wet several months after exposure to flood water which slows down the wall
drying process. Blown-in insulation can slump due to excessive moisture uptake, and some types can
retain high levels of moisture for long periods of time (under natural drying conditions).

Internal linings:

Avoid internal cement renders as these can prevent effective drying.

Use standard gypsum plasterboard up to the predicted flood level (plus freeboard of 50mm) as a
sacrificial material. For this purpose, the use of a dado rail to separate the above and below flooded
area may be useful. Splash proof boards do not necessarily offer better protection against flood
waters, which may remain for some time and exert pressure on the board.

Above predicted flood level (plus freeboard) the use of plasterboard or internal cement renders is
appropriate.

Anecdotal evidence suggests that internal lime plaster/render can be a good solution. Lime plaster
depends on contact with the air to set and harden. Because of this, full strength lime plaster, which
typically requires over 6months, was not possible to test. Consequently, no assurance can be given
for its performance. Tests performed when young showed that it crumbles very easily under high
water pressure.
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6.6 Doors and windows
Doors, windows and air vents are potential flow paths into properties. 

General advice for resilient/resistant design
Doors: Raising the threshold as high as possible, while complying with level access requirements,
should be considered as the primary measure. In addition, sealed PVC external framed doors should
be used and, where the use of wooden doors is a preferred option, all effort should be made to
ensure a good fit and seal to their frames. 

Hollow core timber internal doors should not be used where the predicted frequency of flooding is
high. Where sufficient flood warning is given, butt hinges, that allow internal doors to be easily
removed and stored in dry areas prior to a flood, should be used. Where the frequency of predicted
flooding is low or where there is no warning (e.g. overland or sewer flooding) it may be necessary to
replace the doors after the flood.

Windows/patio doors: Windows and patio doors are vulnerable to flood water and similar measures
to those used for doors should be taken. Special care should be taken to ensure adequate sealing of
any PVC window/door sills to the fabric of the house. Of particular concern would be excessive water
pressure on the glazing of patio doors. Double glazing conforming to the relevant standards would
in principle adequately resist the pressures generated by flood waters; debris carrying flows may
cause damage. 

Air vents: special designs of air vent are available in the market to prevent water ingress in
circumstances where the predicted flood depth is low (i.e. < 0.3m); e.g. periscopic air vent, see
Figure 6.11. Careful consideration should be given to effectively sealing any associated joints.
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Figure 6.10 Cavity External Walls – Part-filled cavity with sacrificial plasterboard

Part-filled cavity

– External face consisting of engineering bricks up to required level for flood protection (up to d.p.c.). Other
external facing materials can be used above this level, but ensure transition is watertight.

– Rigid insulation

– Internal cement based render, preferably with lime content. Composition depends on masonry; the following
mix is effective:

1 cement : 6 sand: 1 lime on concrete blocks.

– Stainless steel wall ties should be used to minimise corrosion and consequent staining.

– Sacrificial plasterboard can be used, but it needs to be removed between ground floor to flood level. The board
should be laid horizontally to make removal easier.

Plasterboard

Insulation

Blockwork (concrete)

Part-filled cavity

Facing bricks

Cavity
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6.7 Fittings
6.7.1 Water exclusion strategy

An illustrative example of a resilient kitchen is given in Figure 6.12, e.g. raised oven
and fridge/freezer on plinth and use of ceramic tiles on the floor. In this figure it
can be seen that the kitchen units are made of stainless steel. Due to its relatively
high cost this is a suitable solution only in cases where the predicted frequency of
flooding is high (see Chapter 4). 

More details are given in ‘Standards for the repair of buildings following flooding’
(CIRIA, 2005a) or in web sites such as the ‘Guide to flood resilient repairs’,
promoted by Norwich Union (Norwich Union, web site).

General advice for resilient design
The main principle is to use durable fittings that are not significantly affected by water and can be
easily cleaned (e.g. use of plastic materials or stainless steel for kitchen units). The cost of these units
may need to be balanced against the predicted frequency of flooding.

Place fittings (e.g. electrical appliances, gas oven) on plinths as high as practicable above floor so
that they are out of reach of flood water.

Ensure adequate sealing of joints between kitchen units and surfaces to prevent any penetration of
water behind fittings.

Ensure high quality workmanship in the application of fittings.
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Figure 6.11 Periscopic air vent (courtesy Severn Trent Water)
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6.7.2 Water entry strategy

More details are given in ‘Standards for the repair of buildings following flooding’
(CIRIA, 2005a) or in web sites such as the ‘Guide to flood resilient repairs’,
promoted by Norwich Union (Norwich Union web site).

General advice for resilient design
Although a sacrificial approach can be adopted whereby fittings are designed to be replaced after a
flood, it is advisable to specify durable fittings that are not appreciably affected by water and can be
easily cleaned (e.g. use of plastic materials or stainless steel for kitchen units). The cost of these units
may need to be balanced against the predicted frequency of flooding. Avoid wood fibre based
carcases and use easily removable solid wood doors and drawers.

Place fittings (e.g. electrical appliances, gas oven) as high as practical above floor to minimise the
risk of being affected by flood water.

When allowing water in, it is important to provide means for effective drainage and cleaning.
Providing gaps behind kitchen units will facilitate drainage and will allow access for forced drying, if
proved to be necessary.

Ensure high quality workmanship in the application of fittings.
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Figure 6.12 Main kitchen appliances (such as oven and fridge/freezer) placed above floor level 
(courtesy of Norfolk County Council and FLOWS Project)

07029_FloodR_06-v3  02/05/07  13:11  Page 82



6.8 Services

General advice for resilient design
Where possible, all service entries should be sealed (e.g. with expanding foam or similar closed cell
material).

Pipework: Closed cell insulation should be used for pipes which are below the predicted flood level. 

Drainage services: Non-return valves are recommended in the drainage system to prevent back-flow
of diluted sewage in situations where there is an identified risk of the foul sewer surcharging.
Maintenance of these valves is important to ensure their continued effectiveness. 

Water, electricity and gas meters: should be located above predicted flood level.

Electrical services: electrical sockets should be installed above flood level for ground floors to
minimise damage to electrical services and allow speedy re-occupation (see Figure 6.13. Note a dado
rail which provides a limit for replacement of any wall covering). Electric ring mains should be
installed at first floor level with drops to ground floor sockets and switches. 

Heating systems: boiler units and ancillary devices should be installed above predicted flood level
and preferably on the first floor of two-storey properties. Underfloor heating should be avoided on
ground floors and controls such as thermostats should be placed above flood level. Conventional
heating systems, e.g. hot water pipes are unlikely to be significantly affected by flood water unless it
contains a large amount of salts. The less common, hot air duct heating would remain effective
provided it is installed above the design flood level. 

Communications wiring: wiring for telephone, TV, Internet and other services should be protected by
suitable insulation in the distribution ducts to prevent damage. Any proposed design solution for
flood insulation on all potentially vulnerable wiring should be discussed with the relevant service
providers.

Improving the flood performance of new buildings

83

C
h

ap
te

r 
6

Figure 6.13 Raised sockets (courtesy of Norfolk County Council and FLOWS project); note also PVC 
skirting board and tiled floor
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