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1. INTRODUCTION 
 

Terms of Reference 

 

This report was commissioned by AS Whitaker & Sons to consider the flood risk 
implication of a light industrial development within a commercial area off Stephenson 
Avenue, Pinchbeck, Spalding.  The site is located to the east of Stephenson Avenue 
and to the north of the centre of Spalding.  The location of the site is shown on Table 
2-1. 

The whole of the development site lies within Zone 3 of the Environment Agency Flood 
Map (version 2.8.2). The site is within Flood Zone 3a, being the zone with risk of 1 in 
100 year (1% Annual Exceedance Probability) or greater for river flooding and 1 in 200 
year (0.5% AEP) or greater for tidal/coastal flooding. The development site is within an 
existing developed area and is less than 1 hectare.  

It is usual for the Agency to raise an objection to development applications within the 
floodplain or Zone 2 or 3 of the flood map until the question of flood risk has been 
properly evaluated.  The Agency will also object to developments where the total site 
area is in excess of 1 hectare until suitable consideration has been given to surface 
water runoff. 

 

Approach to the Assessment 

 

As there are four local sources of flood risk – River Welland, Vernatts Drain, local 
watercourses and surface water runoff – it is necessary to determine flood water levels 
at the site for the desired return periods emanating from the four sources.  
Consideration has also been given to the site flooding from either overland flow or 
ponding of localised rainfall within the site. 

South Holland SFRA completed by Royal Haskoning DHV Consulting Engineers during 
February 2017.  References have been taken from the assessment which includes 
hazard mapping and flood depth mapping. 

The River Welland is Main River; the Environment Agency holds modelled flood data 
which may assist in predicting the design flood level for the River Welland in line with 
the proposed development site.   

Vernatts Drain is located approximately 300m to the south of the site.  The drain is the 
responsibility of the Welland & Deeping Internal Drainage Board.  The drain is not 
defended by any elevated flood defences.  The drain flows north past the site and 
eventually discharges into the River Welland at Surfleet which is 5km north of the site.  
Large Sluice Gates at Surfleet control the flows from the Vernatts Drain into the River 
Welland.  The gates will also control flows backing up the drain from the River Welland.  
There is also a small ditch watercourse within the eastern boundary of the site which 
conveys flows north into Scraggs Dyke which is the responsibility of the Welland & 
Deeping Internal Drainage Board.  Flows pass through a number of drainage board 
drains before eventually discharging into the River Glen and then the River Welland at 
Surfleet.  Sluice gates control the discharge from the drainage board drain into the 
River Glen.  There is no flood level data for the Vernatts Drain and the local 
watercourses.  However, it is considered that the River Welland is the primary flood risk 



AS Whitaker & Sons 
Proposed Light Industrial Units, Stephenson Avenue, Pinchbeck, Spalding – Flood Risk Assessment 
Final Report RevA April 2020 
Reference: 2020/2557 
_______________________________________________________________________________________________________ 

_______________________________________________________________________________________________________ 
EWE Associates Ltd 
7 Waveney Close, Burton Upon Stather, Scunthorpe, North Lincolnshire, DN15 9DT 
T: 07875 972270 

6 

mechanism in the Spalding area.  The SFRA includes flood hazard mapping and flood 
depth mapping for the combination of watercourses in the Spalding area.  As such, no 
further consideration has been given to the Vernatts Drain and the local watercourses. 

The proposed development will increase the overall paved and roofed area within the 
site.  The site is currently a grassed area with no formalised drainage.  The existing 
method of draining the site will be appraised. EWE Associates Ltd have undertaken a 
drainage feasibility study for the proposed development.   

The storage volumes needed to attenuate surface water flow from the development to 
accommodate the required 1 in 100 year plus 30% climate change event, have 
therefore been calculated, using the proposed drainage strategy, as outlined above.  
However, the volume balance requirements should be recalculated during the detailed 
design stage to reflect the actual development proposal, the extent of impermeable 
areas and runoff to be generated. 

A walk over of the site was conducted by Mr Lea Favill, a senior river engineer during 
March 2020; during the visit, a photograph survey of the site and adjacent river was 
undertaken.  Stephenson Avenue in line with the site is at a similar level to the site and 
is at a level of 3.2mOD.  Therefore, for the purpose of this assessment the average 
ground level within the site has been assumed to be 3.2mOD. 

The requirements for flood risk assessments are generally as set out in National 
Planning Policy Framework (NPPF) dated July 2018.  For the purposes of this study, 
the following policies have been considered: - 

 Inappropriate development in areas at risk of flooding should be avoided by 
directing development away from areas at highest risk (whether existing or 
future). Where development is necessary in such areas, the development 
should be made safe for its lifetime without increasing flood risk elsewhere. 

 Strategic policies should be informed by a strategic flood risk assessment and 
should manage flood risk from all sources. They should consider cumulative 
impacts in, or affecting, local areas susceptible to flooding, and take account of 
advice from the Environment Agency and other relevant flood risk management 
authorities, such as lead local flood authorities and internal drainage boards. 

 When determining any planning applications, local planning authorities should 
ensure that flood risk is not increased elsewhere. Where appropriate, 
applications should be supported by a site-specific flood-risk assessment. 
Development should only be allowed in areas at risk of flooding where, in the 
light of this assessment (and the sequential and exception tests, as applicable) 
it can be demonstrated that:  

a) within the site, the most vulnerable development is located in areas of lowest flood 
risk, unless there are overriding reasons to prefer a different location;  

b) the development is appropriately flood resistant and resilient;  

c) it incorporates sustainable drainage systems, unless there is clear evidence that this 
would be inappropriate;  

d) any residual risk can be safely managed; and  

e) safe access and escape routes are included where appropriate, as part of an agreed 
emergency plan.  
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Further guidance is also provided in the CIRIA Research Project 624 “Development 
and Flood Risk: Guidance for the Construction Industry”. 

Application of Sequential & Exceptions Test 

 

The development site lies within Zone 3 of the Environment Agency Flood Map 
(version 2.8.2), being the zone with risk of 1 in 100 year (1% AEP) or greater for 
river flooding and 1 in 200 year (0.5% AEP) or greater for tidal/coastal flooding.  The 
proposed development is industrial, as such considered to be less vulnerable.   

    

Table 1-1: Flood Risk Vulnerability and Flood Zone ‘Compatibility’ 

 

Flood Risk 
Vulnerability 
classification 

Essential 
Infrastructur
e 

Water 
compatible 

Highly 
Vulnerable 

More 
Vulnerable 

Less 
Vulnerable 

Floo
d 
Zone 

Zone 
1 

  

 

 

 

 

 

 

 

Zone 
2 

 

 

 

 

Exception 
Test 
required 

 

 

 

 

Zone 
3a 

Exception 
Test 
required 

 

 

 Exception 
Test 
required 

 

 

Zone 
3b 

Exception 
Test 
required 

 

 

   

 

 Development is appropriate 

  Development should not be permitted 
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2. DETAILS OF THE SITE 
 

Site Location 

Table 2-1: Location Plan 
 

 
 

 
 
 

Site Details 

Table 2-2: Site Details
Site Name Stephenson Avenue, Pinchbeck, 

Spalding
Existing Land Use Grass
Proposed Development Light Industrial
Grid Reference TF 25228 24386
County Lincolnshire
Local Planning Authority South Holland District Council  
Internal Drainage Board Not Applicable
Others Not Applicable
Post Code PE11 3SW
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Site Description 

 

The proposed development site is currently a grass field which is 100% permeable.  
The site is located to the south of Stephenson Avenue and to the north of the centre of 
Spalding.  An aerial photograph of the existing site is provided below. 

The existing site has an area of 1942m².  The area proposed for the development is at 
a level of approximately 3.2mOD.  The existing site plan and levels are provided at 
Appendix A of this report. 

There is existing commercial development to the north of the proposed development 
site.  The Vernatts Drain and the River Welland are to the south of the site.  There is a 
small watercourse located within the site. 

The proposal is to provide three light industrial units.  The impermeable area will be 
increased by approximately 1260m² due to the development.  The proposed layout 
plan is provided at Appendix B of this report. 

 

Site Photographs 
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3. SCOPING FLOOD RISK ASSESSMENT 
 

Environment Agency Flood Map 

 

 
 

Environment Agency Reservoir Flood Map 
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Environment Agency Surface Water Flood Map 

 

Past Flooding History 

 

A search on the British Hydrological Society Chronology of British Hydrological Events 
website1 found no records of past flooding within the Spalding area close to the site.   

Undertaking an internet based search for flooding in the area provided no further 
information.   

SFRA Flooding History 

 
The SFRA contained no references to the site being flooded. 
 

Environment Agency Flooding History 

 
The Environment Agency did not provide any references to the site being flooded. 
 

Overland Flow 

 

There is no higher ground adjacent to the site which could promote overland flow of 
water across the site.  Consequently, further consideration will not be given to this 
mechanism. 

 
1  http://www.dundee.ac.uk/geography/cbhe/ 
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Ponding 

 

The site is generally at a similar level to adjacent boundaries.  The surface water flood 
map shows the ditch watercourse within the site which is within a low risk area.  
However, the maps do not consider the full capacity of the adjacent surface water 
drainage system and is therefore highly conservative.   

Groundwater 

 

Information on groundwater flooding is limited within the area.  The SFRA makes no 
comment regards the potential for ground water flooding in the district.  In addition, 
reference to the Groundwater Vulnerability Map and Source Protection Zones 
produced by the Environment Agency indicate that the district is not underlain by an 
aquifer, as such, groundwater is unlikely to be source of significant flood risk.  

 

Sewer Flooding 

 

Anglian Water is the statutory water undertaker and is responsible for the public sewer 
systems within the Spalding area. Anglian Water maintains a register of historical 
sewer flooding events (DG5 Register) within the area. There are no reported incidents 
close to the site.  The SFRA provided no further information. 

 

Possible Flooding Mechanisms 

 

As there are two remaining sources of flood risk to consider – River Welland and onsite 
runoff – it is necessary to determine flood water levels at the site for the desired return 
periods emanating from these sources. 

The River Welland is to the south of the proposed development.  The River Welland is 
defended by earth embankments and flood walls which are elevated above the 
adjacent natural ground level.  As such, consideration will only need to be given to 
overtopping and a breach of the defences. 

The proposed development will increase the impermeable area within the site; 
therefore, consideration will need to be given to the existing drainage route and the 
drainage characteristics in order to evaluate the impact that surface water runoff from 
the site will have on the site and elsewhere. 
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4. FLOOD RISK ASSESSMENT 
 

Requirements of the Environment Agency 

 

The Environment Agency, as part of its development control procedures, generally 
require finished floor levels to be set above the 1% AEP plus climate change flood 
water level at the site.  The development is commercial in nature, as such, it is 
considered that access and egress from the development site will be desirable during 
times of extreme floods. 

 

River Welland 

 

Directly to the south of the site is the main channel of the River Welland.  Within 
Spalding the River Welland main channel splits to form the Spalding Channel which 
provides additional flow capacity within Spalding. 
 
The River Welland is defended by earth embankments which are quoted by the 
Environment Agency to give a 1 in 100-year standard of protection.  The 1 in 100-year 
flood level for the River Welland in line with the site has been estimated at 4.52mOD.  
The flood data provided by the Environment Agency is provided at Appendix C of this 
report.  

The embanked defences are well maintained by the Environment Agency.  The 
defences undergo periodic maintenance such as grass cutting, weed control and 
vermin control.  The river toe is regularly inspected for bank slips and erosion. 

It is therefore considered that during a 1 in 100 year flood event that the flows will be 
maintained within the main channel and the site will remain dry.  The South Holland 
SFRA provided a model scenario during a 1 in 100 year event which assumed a 1% 
fluvial flow and a 0.5% tidal level.  The resulting hazard map and flood depth map 
shows that the site will remain dry. 

 

Increase in estimated flood level due to Climate Change 

 

As the proposed development includes a commercial land use (less vulnerable), 
consideration has therefore been given to take into account the potential effects of 
climate change over the next 75 years in accordance with NPPF.  

Climate change increase will need to be considered for the present day plus 75 years, 
hence the year 2094.   

The 1 in 100-year plus climate change flood level for the River Welland in line with the 
site has been estimated at 4.68mOD.  The River Welland is defended by earth 
embankments which are quoted by the Environment Agency to give a 1 in 100-year 
standard of protection.  The 1 in 100-year flood level for the River Welland in line with 
the site has been estimated at 4.52mOD. Therefore, during this event the flood 
embankments could be overtopped by 0.14m. Although, the site is close to the river it 
is considered that the flood banks overtopping by only 0.14m will only have a minor 
impact on the site. 
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Overtopping of the defences during Extreme flood events 

 

Consideration has been given to the extreme flood event and its likely impact on the 
site and its occupants.   

The 1 in 1,000-year plus climate change flood level for the River Welland in line with 
the site has been estimated at 4.56mOD.  The River Welland is defended by earth 
embankments which are quoted by the Environment Agency to give a 1 in 100-year 
standard of protection.  The 1 in 100-year flood level for the River Welland in line with 
the site has been estimated at 4.52mOD. Therefore, during this event the flood 
embankments could be overtopped by 0.04m. Although, the site is close to the river it 
is considered that the flood banks overtopping by only 0.04m will only have a minor 
impact on the site. 
 

Breach Failure of the defences 

 

The South Holland SFRA provided a model scenario during a 1 in 100 year plus 
climate change event which assumed a 1%+CC fluvial flow and a 0.5% tidal level.  The 
resulting hazard map and flood depth map shows that the site could be within the 
danger to most category (brown) and estimated flood depths of between 0.5m and 1m. 
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Increase in Surface Water Runoff due to Development 
 

A drainage feasibility study for the proposed development has been undertaken by 
EWE Associates Ltd based on available information.  The proposed Drainage 
Feasibility drawing is provided within Appendix F of this report. 

 

Existing Drainage 

 

The existing development site is currently unused grassland. Therefore, the site is 
considered to be 100% permeable.  The total site area has been estimated at 0.194 
hectares and is relatively flat. 

Based on the SPR value of 40% for the area local to the site it is assumed that 
infiltration is not practically possible within the site.  There is an Anglian Water 825mm 
diameter surface water sewer located within Stephenson Avenue adjacent to the site.  
The sewer is at least 1.5m deep in line with the site. 

The existing site plan which shows the impermeable area is provided at Appendix A of 
this report. 

 

Table 4-1: ICPSUDs Method flows from existing site 0.194 hectares 

Return Period Flow in litres per second (l/s) 

Qbar 0.5 

1 in 1 year 0.4 

1 in 30 year 1.2 

1 in 100 year 1.8 

 

The ICPSUDs Method has been used to calculate the existing runoff from the 
permeable site.  The calculation sheet is provided at Appendix E of this report.  It is 
considered impractical to restrict to less than 1l/s.   Therefore, a practical minimum of 
1l/s into the adjacent Anglian Water sewer has been adopted for the development. 
 
Any discharge from the site will require the consent of the appropriate water 
authority/riparian owner, as such, they will also need to be approached to agree the 
discharge restriction from the site.   

 

Proposed Drainage Strategy 
 

For the purpose of this assessment the peak discharge rate from the site of 1 l/s has 
been adopted.  An assessment of the required balance volume has been made using 
the estimated post development impermeable area of 0.126 hectares.   Using WinDes 
Source Control software developed by Microdrainage the required attenuation has 
been calculated for the 1 in 100 year plus climate change (30%) event.   
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Reference should be made to Appendix G where the calculation sheets are provided.  
The attenuation size has been tabulated below in Table 4-1.  It is estimated that during 
the 1 in 100 year plus climate change (30%) event that 89.3m³ of storage will be 
required.  This will be provided within a single crate tank within the site.  The drainage 
strategy drawing provided at Appendix F shows the initial drainage strategy for the site 
which includes a crate tank. 

 

Table 4-1: WinDes 1 in 100 year+CC Storage Volume 

Return Period Required Attenuation Approx 
Volume 

(m³) 
   1 in 100year + CC Crate tank 100m² by 0.8m deep 89.3 

 

It is normal practice to ensure that the 1 in 30 year event is maintained below the 
ground in the form of storage and the difference between the 1 in 100 year and the 1 in 
30 year is permitted to flood the surface as long as there is no flooding to buildings and 
the flood volume is contained within the site boundary.  Alternatively, if the 
development is sensitive, the client can choose to store the full 1 in 100 year plus 
climate change balance volume below ground. 

The volume balance requirements should be recalculated during the detailed design 
stage to reflect the actual development proposal, agreed discharge rate and the extent 
of impermeable areas and runoff to be generated. 
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5. MITIGATION MEASURES 

Raising Floor Levels/Land Raising 

 

There are several fluvial watercourses including the Vernatts Drain, River Glen and 
several local watercourses which could potentially cause minor flooding to the local 
area and the site.  However, it is considered that the River Welland is the primary flood 
risk mechanism in the area. 

The River Welland is defended to the appropriate 1 in 100 year standard and therefore 
the site is not at risk from the defences overtopping.  However, during the 1 in 100 year 
plus climate change and the extreme 1 in 1,000 year flood events the defences could 
be overtopped by a maximum of 0.14m resulting in minor flooding of the site.   

During a 1 in 100 year plus climate change breach event within the River Welland the 
breach level at the site has been estimated at between 0.5m and 1m deep.  Hence, a 
maximum flood level of 4mOD based on the lowest existing ground level of 3mOD.  

It is therefore recommended that the ground floor level of the building is 3.5mOD.  A 
further 500mm of flood resilience measures should be introduced. 

Emergency Access & Egress 

 

A breach failure of the River Welland is likely to result in a maximum flood level of 
4mOD within the site.   

It is likely that the whole of the site and the local area could be inundated to between 
0.5m and 1m in depth. 

As such, a flood warning evacuation plan should be developed to ensure that all the 
occupants have left the site prior to a flood reaching the development. 

 

Flood Resilience Measures 

 

Consideration should be given to flood proofing the building to a level equivalent to the 
proposed ground floor level plus 0.5m to reduce the residual damages if an extreme 
flood was to occur.  Flood proofing is a technique by which buildings are designed to 
withstand the effects of flooding. There are two main categories of flood proofing, which 
are dry proofing and wet proofing.  

Dry proofing methods are designed to keep water out of the building, and wet proofing 
methods are designed to improve the ability of the property to withstand the effects of 
flooding once the water has entered the building. Both would be required in this case, 
due to the possible failure of the dry proofing methods.  

Where wet proofing is required it is important that a flood response plan should be 
prepared and practised regularly, so that any contents of the building can be moved to 
design flood level if required or are built to withstand immersion in water or are 
designed to be easily replaceable. 

The differential pressures across load bearing walls and the flotation effect that will 
occur during flood events should be taken into account when considering dry proofing 
techniques. For most existing properties, this means that dry flood proofing should only 
be considered if the expected flood depth is under 0.6m, which in this particular case 
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during more extreme flood events is expected to be less than 0.5m depth within the 
building and as such dry proofing is likely to be successful. The following table 
summarises the recommendations for flood proofing measures which can be 
incorporated within the design of buildings2: 

 

Feature Considerations To Improve Flood Proofing 

External 
Walls 

Careful consideration of materials: use low permeability materials to limit water 
penetration if dry proofing required. Avoid using timber frame and cavity walls. 
Any cavity walls should include solid insultation materials and the outer skin 
includes a water resistant coating. Provide fitting for flood boards or other 
temporary barriers across openings in the walls. 

Internal 
Walls 

Avoid use of gypsum plaster and plasterboards; use more flood resistant linings 
(e.g. hydraulic lime, ceramic tiles). Avoid use of stud partition walls. 

Floors 

Avoid use of chipboard floors. Use concrete floors with integrated and 
continuous damp proof membrane and damp proof course. Solid concrete floors 
are preferable; if a suspended floor is to be used, provide facility for drainage of 
sub-floor void. Use solid insulation materials. 

Fitting, 
Fixtures 
and 
Services 

If possible, locate all fittings, fixtures and services above design floor level. 
Avoid chipboard and MDF. Consider use of removable plastic fittings. Use solid 
doors treated with waterproof coatings. Use solid wood staircases. Avoid fitted 
carpets. Locate electrical, gas and telephone equipment and systems above 
flood level. Fit anti-flooding devices to drainage systems. 

 
 
 
 

 
2 Development and Flood Risk Guidance for the Construction Industry, CIRIA C624, London 2004 
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6. CONCLUSION 

 

It is concluded that there is a risk of flooding to the site especially if the defences were 
to breach.  The latest breach hazard mapping shows the site is within an area which is 
considered to be danger to most when the effects of climate change are considered. 

It is therefore considered at this stage based on currently available information that the 
flood risk within the site can be managed to an acceptable level through appropriate 
mitigation in line with the NPPF and best practices.  It is also considered that the 
development will not increase flood risk to adjacent third-party users. 
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Appendix A: - Existing Site 
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Appendix B: - Layout Plan 
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Appendix C: - Environment Agency Flood Data 
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Appendix D: - AWS Sewer 

Plan 
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Appendix E: - ICPSUDs Runoff Calculation 
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Appendix F: - Drainage Strategy Drawing 
 

 

 
 
 



AS Whitaker & Sons 
Proposed Light Industrial Units, Stephenson Avenue, Pinchbeck, Spalding – Flood Risk Assessment 
Final Report RevA April 2020 
Reference: 2020/2557 
_______________________________________________________________________________________________________ 

_______________________________________________________________________________________________________ 
EWE Associates Ltd 
7 Waveney Close, Burton Upon Stather, Scunthorpe, North Lincolnshire, DN15 9DT 
T: 07875 972270 

31 

 
 

Appendix G: - Storage Calculation 
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