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Introduction 


Waterco Consultants have been instructed to prepare a Flood Map Review in respect of a proposed 


development site at Hayfield Mills, Glusburn, BD20 8QP. 


The purpose of this report is to support the sites allocation for residential development within the 


Craven District Council Local Plan. The site is currently shown wholly within Flood Zone 2 on the 


Environment Agency (EA) ‘Flood Map for Planning’ included in Appendix A. 


The Flood Zone classifications are defined in Table 1 below:  


Table 1 – EA Flood Zone Classifications  


Flood Zone Definition 


Zone 1 Low Probability 
Land having a less than 1 in 1,000 annual probability of river or 


sea flooding 


Zone 2 Medium Probability 
Land having between a 1 in 100 and 1 in 1,000 annual probability 


of river flooding 


Zone 3a High Probability 
Land having a 1 in 100 or greater annual probability of river 


flooding 


 


Craven District Council have confirmed that, for the site to be considered within the Local Plan they 


require that there is greater than 0.1 hectares (ha) of developable land within Flood Zone 1 within 


the site.  


This report demonstrates that there are limitations with the current EA ‘Flood Map for Planning’ and 


that approximately 1.9ha (43% of the total site area) of the site falls outside of the 0.1% annual 


probability flood extent and therefore within Flood Zone 1. 
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Flood Map Review 


Existing EA Flood Map 


The site is currently shown wholly within Flood Zone 2 on the EA ‘Flood Map for Planning’.  


Current EA mapping is based on the estimated flood levels extracted from the Glusburn Beck Flood 


Risk Mapping Study completed by Atkins in July 2007. This study included construction of a 


one-dimensional (1D) hydraulic model of Glusburn Beck based on surveyed river cross-sections. 1D 


modelling does not take account of the hydraulics of the wider floodplain. It is an assessment of in-


channel water levels only. 


The Flood Zone 2 classification is derived from interpolating in-channel water levels linearly across 


the surrounding land. It does not take account of specific topography and flow routes within the 


floodplain. The EA Flood Map does not give an accurate representation of the flood extent on a site 


specific scale.  


Detailed Flood Mapping 


To provide a more accurate assessment of the fluvial flood risk across the site and to determine an 


accurate flood extent, the existing EA 1D-only model was linked to a 2D digital terrain model for 


improved representation of the potential floodplain i.e. an integrated 1D/2D Hydraulic model. 


A 1D/2D hydrodynamic model comprises of a 1D river network model (based on surveyed river 


cross-sections) coupled together with a 2D Digital Terrain Model (DTM) of the potential floodplain 


built from site-specific topographical data and high resolution LiDAR data. Adopting such an 


approach will ensure that Glusburn Beck and potential overland flow routes are adequately 


represented within and around the development site. 


No changes were made to the flow data used in the Glusburn Beck Flood Risk Mapping Study (2007). 


Full details of the hydraulic modelling are provided in the Waterco Consultants Hydraulic Modelling 


Report (document reference w3125-140711-HMR). The 1D/2D hydrodynamic model was completed 


in July 2014. 


Model Results 


Maximum flood depth, velocity and flood hazard mapping is included in Appendix B with map 


extracts provided overleaf. 
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The integrated 1D/2D Hydraulic model shows that approximately 15% of the site (adjacent to 


Glusburn Beck) is shown at risk of flooding during the 1 in 100 (1%) annual probability event. 


Therefore 15% of the site is considered to be Flood Zone 3. The flood extent for the 1% annual 


probability event is given in Figure 1 below. 


Figure 1 – Maximum Flood Depth and Flood Extent – 1% Annual Probability 


  


During the 0.1% annual probability event approximately 57% of the site is shown at risk of flooding. 


Flood depths are generally less than 300mm with the exception of localised topographical low points 


i.e. the south-eastern corner of the site.  Therefore 57% of the site is considered to be Flood Zone 2. 


43% of the site is shown outside of the 0.1% annual probability flood extent and is therefore 


considered to be Flood Zone 1. The flood extent for the 0.1% annual probability event is shown in 


Figure 2 overleaf. 
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Figure 2 – Maximum Flood Depth and Flood Extent – 0.1% Annual Probability 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Consultation 


The results of the integrated 1D/2D hydrodynamic model were submitted to the EA to seek 


confirmation as to whether the EA Flood Map could be updated. The EA response is included in 


Appendix C. The EA state that ‘at present there is insufficient information for us to be able to 


definitely accept or refuse your request to amend our Flood Map’. 


The EA cannot accept or refuse the request to amend the Flood Map given the age of the hydraulic 


modelling works. The EA have requested that the model is updated using latest modelling software 


and new channel cross section survey, LiDAR and flow data.  


The updated modelling would likely not significantly change the flood extent derived from the 


current integrated 1D/2D hydrodynamic model. Updated modelling will also include for the latest EA 


Climate Change guidance (February 2016). 
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Flood Mitigation Options 


Approximately 57% of the site is shown within Flood Zone 2 (at flood risk during a 1 in 1000 annual 


probability event). The majority of flood depths during this event are less than 300mm. The flood 


risk to property and site users during this event could therefore be mitigated by raising finished floor 


levels.  


An alternative option is to raise site levels above estimated flood levels, thereby placing a greater 


extent of the site within Flood Zone 1. The impact of raising site levels above estimated flood levels 


has been assessed with a water level difference map provided in Appendix B and an extract given in 


Figure 3 below. The maximum increase in flood depths to nearby properties as a result of raising the 


site is negligible (20mm). Raising site levels reduces flood depths to properties downstream. 


Figure 3 – Maximum Water Level Difference – 1% Annual Probability + Climate Change (site raised) 


 


 


 


 


 


 


 


 


 


 


 


 


Site levels could be designed to reduce or remove impact on flood risk elsewhere i.e. through 


provision of flood compensatory storage. 
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Policy Context 


Residential development is classified as ‘more vulnerable’ development in accordance with Table 2 


of the National Planning Policy Guidance (NPPG): Flood Risk and Coastal Change. Table 3 of the 


NPPG states that ‘more vulnerable’ development is considered ‘appropriate’ within Flood Zone 2 


and that the flood risk Exception Test, which requires production of a site specific Flood Risk 


Assessment, is not required. 


 


Conclusions 


The existing 1D Environment Agency flood model, used to derive the Flood Zone classification, was 


linked to a 2D digital terrain model for improved representation of the potential floodplain i.e. an 


integrated 1D/2D Hydraulic model. 


The 1D/2D model shows that 1.9 hectares of the site (43% of the total site area) is located outside of 


the 0.1% annual probability flood extent and should therefore be considered as Flood Zone 1. 


The EA require an update to the model (update to the topographical data and flows) prior to 


accepting the Flood Zone 1 classification. 


Mitigation measures such as localised land raising could designate additional land on site as Flood 


Zone 1.  
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Environment Agency Flood Map for Planning 


(May 2016) 
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Environment Agency 


Coverdale House Aviator Court, York, North Yorkshire, YO30 4GZ. 
Customer services line: 03708 506 506 
www.gov.uk/environment-agency 


Cont/d.. 


 
 
 
 
 
 
Mr Andrew Crabtree 
Glusburn Holdings Ltd 
Beck House Kendal Road 
Hellifield 
Skipton 
BD23 4HE 
 
 
 
 
 


 
 
Our ref: RA/2016/134661/01-L01 
Your ref: GH1405-EA 
 
Date:  19 May 2016 
 
 


 
Dear Mr Crabtree, 
 
FLOOD MAP CHALLENGE AND DEVELOPMENT ENQUIRY.     
HAYFIELD MILLS, GLUSBURN. 
 
We have completed an initial review of the flood modelling work undertaken. At present 
there is insufficient information for us to be able to definitively accept or refuse your 
request to amend our Flood Map.  
 
The Hydraulic Modelling Report for Hayfield Mills, Glusburn, states that Hydrological 
data and the Hydraulic Modelling Cross Section Data were both taken from existing 
Environment Agency data from the model we completed in 2007. Given the age of this 
work, we recommend that both these input datasets are reviewed, and where necessary 
updated, to account for the latest information. 
  
The modelling report states that site-specific topographical data was collected in 2008 
but that the 2D mapping domain was constructed using 2m resolution LiDAR from 2000. 
It is unclear why the 2D mapping domain did not make use of the site-specific 
topographical information available. As such, we recommend that a comparison of the 
two sources of topographical information be carried out and reported on, with the 2D 
mapping outputs updated if appropriate. 
 
We would like to highlight that any revised flood outlines would also need to be subject 
to the Environment Agency’s flood zone mapping policy in respect to ‘dry islands’, which 
specifies that dry islands will only normally be mapped where they have an area of more 
than 200sqm (and not less than 10m wide). If these criteria are not met, these areas will 
be filled in and represented as part of the area likely to flood. 
 
You should be aware that we undertook remote Lidar surveying in the 2015/16 winter, 
with results to a resolution of 0.5m. The information is likely to be made available later 







  


End 
 


2 


this summer. We are also commissioning an update to the 2007 Flood Risk 
modelling/mapping study, with likely completion by March 2017. The study would result 
in updates to the Flood Map which would supersede any changes which may be agreed 
as a result of your modelling exercise. The Local Plan and any subsequent planning 
applications will of course need to be based on the best information available at the 
time.  
 
We look forward to receiving the additional information. Once received we will be in 
touch regarding our cost recovery process.  
 
 
Yours sincerely 
 
 
Mr Sam Kipling 
Sustainable Places Planning Specialist 
Direct dial 0203 025 6736 
Direct e-mail sam.kipling@environment-agency.gov.uk  
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Introduction 

Waterco Consultants have been instructed to prepare a Flood Map Review in respect of a proposed 

development site at Hayfield Mills, Glusburn, BD20 8QP. 

The purpose of this report is to support the sites allocation for residential development within the 

Craven District Council Local Plan. The site is currently shown wholly within Flood Zone 2 on the 

Environment Agency (EA) ‘Flood Map for Planning’ included in Appendix A. 

The Flood Zone classifications are defined in Table 1 below:  

Table 1 – EA Flood Zone Classifications  

Flood Zone Definition 

Zone 1 Low Probability 
Land having a less than 1 in 1,000 annual probability of river or 

sea flooding 

Zone 2 Medium Probability 
Land having between a 1 in 100 and 1 in 1,000 annual probability 

of river flooding 

Zone 3a High Probability 
Land having a 1 in 100 or greater annual probability of river 

flooding 

 

Craven District Council have confirmed that, for the site to be considered within the Local Plan they 

require that there is greater than 0.1 hectares (ha) of developable land within Flood Zone 1 within 

the site.  

This report demonstrates that there are limitations with the current EA ‘Flood Map for Planning’ and 

that approximately 1.9ha (43% of the total site area) of the site falls outside of the 0.1% annual 

probability flood extent and therefore within Flood Zone 1. 

 

 

 

 

 



Hayfield Mills, Glusburn Flood Map Review 

 

 

 
w10049-160531-Flood Map Review  2 

Flood Map Review 

Existing EA Flood Map 

The site is currently shown wholly within Flood Zone 2 on the EA ‘Flood Map for Planning’.  

Current EA mapping is based on the estimated flood levels extracted from the Glusburn Beck Flood 

Risk Mapping Study completed by Atkins in July 2007. This study included construction of a 

one-dimensional (1D) hydraulic model of Glusburn Beck based on surveyed river cross-sections. 1D 

modelling does not take account of the hydraulics of the wider floodplain. It is an assessment of in-

channel water levels only. 

The Flood Zone 2 classification is derived from interpolating in-channel water levels linearly across 

the surrounding land. It does not take account of specific topography and flow routes within the 

floodplain. The EA Flood Map does not give an accurate representation of the flood extent on a site 

specific scale.  

Detailed Flood Mapping 

To provide a more accurate assessment of the fluvial flood risk across the site and to determine an 

accurate flood extent, the existing EA 1D-only model was linked to a 2D digital terrain model for 

improved representation of the potential floodplain i.e. an integrated 1D/2D Hydraulic model. 

A 1D/2D hydrodynamic model comprises of a 1D river network model (based on surveyed river 

cross-sections) coupled together with a 2D Digital Terrain Model (DTM) of the potential floodplain 

built from site-specific topographical data and high resolution LiDAR data. Adopting such an 

approach will ensure that Glusburn Beck and potential overland flow routes are adequately 

represented within and around the development site. 

No changes were made to the flow data used in the Glusburn Beck Flood Risk Mapping Study (2007). 

Full details of the hydraulic modelling are provided in the Waterco Consultants Hydraulic Modelling 

Report (document reference w3125-140711-HMR). The 1D/2D hydrodynamic model was completed 

in July 2014. 

Model Results 

Maximum flood depth, velocity and flood hazard mapping is included in Appendix B with map 

extracts provided overleaf. 
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The integrated 1D/2D Hydraulic model shows that approximately 15% of the site (adjacent to 

Glusburn Beck) is shown at risk of flooding during the 1 in 100 (1%) annual probability event. 

Therefore 15% of the site is considered to be Flood Zone 3. The flood extent for the 1% annual 

probability event is given in Figure 1 below. 

Figure 1 – Maximum Flood Depth and Flood Extent – 1% Annual Probability 

  

During the 0.1% annual probability event approximately 57% of the site is shown at risk of flooding. 

Flood depths are generally less than 300mm with the exception of localised topographical low points 

i.e. the south-eastern corner of the site.  Therefore 57% of the site is considered to be Flood Zone 2. 

43% of the site is shown outside of the 0.1% annual probability flood extent and is therefore 

considered to be Flood Zone 1. The flood extent for the 0.1% annual probability event is shown in 

Figure 2 overleaf. 
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Figure 2 – Maximum Flood Depth and Flood Extent – 0.1% Annual Probability 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Consultation 

The results of the integrated 1D/2D hydrodynamic model were submitted to the EA to seek 

confirmation as to whether the EA Flood Map could be updated. The EA response is included in 

Appendix C. The EA state that ‘at present there is insufficient information for us to be able to 

definitely accept or refuse your request to amend our Flood Map’. 

The EA cannot accept or refuse the request to amend the Flood Map given the age of the hydraulic 

modelling works. The EA have requested that the model is updated using latest modelling software 

and new channel cross section survey, LiDAR and flow data.  

The updated modelling would likely not significantly change the flood extent derived from the 

current integrated 1D/2D hydrodynamic model. Updated modelling will also include for the latest EA 

Climate Change guidance (February 2016). 
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Flood Mitigation Options 

Approximately 57% of the site is shown within Flood Zone 2 (at flood risk during a 1 in 1000 annual 

probability event). The majority of flood depths during this event are less than 300mm. The flood 

risk to property and site users during this event could therefore be mitigated by raising finished floor 

levels.  

An alternative option is to raise site levels above estimated flood levels, thereby placing a greater 

extent of the site within Flood Zone 1. The impact of raising site levels above estimated flood levels 

has been assessed with a water level difference map provided in Appendix B and an extract given in 

Figure 3 below. The maximum increase in flood depths to nearby properties as a result of raising the 

site is negligible (20mm). Raising site levels reduces flood depths to properties downstream. 

Figure 3 – Maximum Water Level Difference – 1% Annual Probability + Climate Change (site raised) 

 

 

 

 

 

 

 

 

 

 

 

 

Site levels could be designed to reduce or remove impact on flood risk elsewhere i.e. through 

provision of flood compensatory storage. 
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Policy Context 

Residential development is classified as ‘more vulnerable’ development in accordance with Table 2 

of the National Planning Policy Guidance (NPPG): Flood Risk and Coastal Change. Table 3 of the 

NPPG states that ‘more vulnerable’ development is considered ‘appropriate’ within Flood Zone 2 

and that the flood risk Exception Test, which requires production of a site specific Flood Risk 

Assessment, is not required. 

 

Conclusions 

The existing 1D Environment Agency flood model, used to derive the Flood Zone classification, was 

linked to a 2D digital terrain model for improved representation of the potential floodplain i.e. an 

integrated 1D/2D Hydraulic model. 

The 1D/2D model shows that 1.9 hectares of the site (43% of the total site area) is located outside of 

the 0.1% annual probability flood extent and should therefore be considered as Flood Zone 1. 

The EA require an update to the model (update to the topographical data and flows) prior to 

accepting the Flood Zone 1 classification. 

Mitigation measures such as localised land raising could designate additional land on site as Flood 

Zone 1.  
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Environment Agency Flood Map for Planning 

(May 2016) 
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Environment Agency 
Coverdale House Aviator Court, York, North Yorkshire, YO30 4GZ. 
Customer services line:  
www.gov.uk/environment-agency 
Cont/d.. 

 
 
 
 
 
 

 
Glusburn Holdings Ltd 
Beck House Kendal Road 
Hellifield 
Skipton 
BD23 4HE 
 
 
 
 
 

 
 
Our ref: RA/2016/134661/01-L01 
Your ref: GH1405-EA 
 
Date:  19 May 2016 
 
 

 
Dear , 
 
FLOOD MAP CHALLENGE AND DEVELOPMENT ENQUIRY.     
HAYFIELD MILLS, GLUSBURN. 
 
We have completed an initial review of the flood modelling work undertaken. At present 
there is insufficient information for us to be able to definitively accept or refuse your 
request to amend our Flood Map.  
 
The Hydraulic Modelling Report for Hayfield Mills, Glusburn, states that Hydrological 
data and the Hydraulic Modelling Cross Section Data were both taken from existing 
Environment Agency data from the model we completed in 2007. Given the age of this 
work, we recommend that both these input datasets are reviewed, and where necessary 
updated, to account for the latest information. 
  
The modelling report states that site-specific topographical data was collected in 2008 
but that the 2D mapping domain was constructed using 2m resolution LiDAR from 2000. 
It is unclear why the 2D mapping domain did not make use of the site-specific 
topographical information available. As such, we recommend that a comparison of the 
two sources of topographical information be carried out and reported on, with the 2D 
mapping outputs updated if appropriate. 
 
We would like to highlight that any revised flood outlines would also need to be subject 
to the Environment Agency’s flood zone mapping policy in respect to ‘dry islands’, which 
specifies that dry islands will only normally be mapped where they have an area of more 
than 200sqm (and not less than 10m wide). If these criteria are not met, these areas will 
be filled in and represented as part of the area likely to flood. 
 
You should be aware that we undertook remote Lidar surveying in the 2015/16 winter, 
with results to a resolution of 0.5m. The information is likely to be made available later 



  

End 
 

2 

this summer. We are also commissioning an update to the 2007 Flood Risk 
modelling/mapping study, with likely completion by March 2017. The study would result 
in updates to the Flood Map which would supersede any changes which may be agreed 
as a result of your modelling exercise. The Local Plan and any subsequent planning 
applications will of course need to be based on the best information available at the 
time.  
 
We look forward to receiving the additional information. Once received we will be in 
touch regarding our cost recovery process.  
 
 
Yours sincerely 
 
 

 
Sustainable Places Planning Specialist 
Direct dial  
Direct e-mail   
 






