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1 Introduction 

Ove Arup and Partners Ltd (Arup) has been commissioned to undertake a Flood 

Risk Assessment (FRA) to support an Environmental Impact Assessment (EIA) 

for proposed shale gas exploration site at the Roseacre Wood site in the Fylde 

Peninsula, Lancashire 

 

The assessment has been completed in accordance with National Planning Policy 

Framework (NPPF) and the Technical Guidance to NPPF.  It has been prepared 

on the basis of existing information and the development proposals for this site.  

The scope of the assessment has comprised: 

 Gathering existing information pertaining to flood risk on the site 

 Identification of potential sources and mechanisms of flooding 

 Assessment of flood risk to the development, and potential off-site impacts of 
the proposals 

 Identification of mitigation and management, where appropriate, to reduce 
flood risk to acceptable levels. 

 Provision of sufficient information to enable a drainage strategy to be 
developed. 

 

This FRA has been prepared to support two separate planning applications 

associated with the Project as follows, and has been structured accordingly:- 

 Exploration Works. 

 Monitoring Works   



Cuadrilla Elswick Ltd Temporary Shale Gas Exploration, Roseacre Wood, Lancashire 

Flood Risk Assessment 
 

  | Issue |    

 

Page 2 
 

2 Development Description and Location 

2.1 Location 

The proposed development is located within the Fylde Peninsula close to the 

villages of Elswick and Roseacre, approximately 1.5km north of the M55 and 

2km east of the A585.  The Exploration Works location is shown in Figure 1 

below outlined in red, and the proposed extent of the Monitoring Works are 

shown in Figure 2 

Figure 1- Exploration Works Location (Contains Ordnance Survey data © Crown 
copyright and database right 2014) Not to scale. 

 

Figure 2 - Extent of the Monitoring Works (Contains Ordnance Survey data © Crown 
copyright and database right 2014, Not to scale). 
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2.2 Existing Site Characteristics 

The Exploration Works site covers an area of approximately 2.41 hectares (1.34 
ha Well Pad, 0.57ha of bunds/landscaping and 0.5ha Access Track) and is 
currently ‘greenfield’ comprising fields currently used for cattle grazing.  The 
Exploration Works site is relatively flat, falling gently from the South East to the 
North West. 

The Exploration Works Site is underlain by Glacial Till possibly including sand 
and gravel horizons. Glacial Till is classified as Unproductive Strata (formerly 
referred to as Non-aquifer), although a sand and gravel horizon may be considered 
a Secondary A Aquifer by the Environment Agency.   

The nearest main rivers to the Exploration Works Site are the local field drain 
immediately to the east of the well pad, the River Wyre situated approximately 4 
km to the north of the Site and Thistleton Brook located approximately 0.8km to 
the west. (Refer to Section 4.1 for more detail). Numerous small marl ponds and 
drains are located within the agricultural land around the Site. These have a 
variety of uses including probably drinking water for livestock and irrigation.  
Topography dictates the area around the Exploration Works Site will generally 
drain northwards to the River Wyre via local drains connecting into the Thistleton 
Brook and un-named watercourse.    

 

2.3 Development Proposal 

2.3.1 Exploration Works 

The proposed Exploration Works consists of an impermeable well pad with 
crushed stone surfacing and perimeter drainage ditches and fencing/bunding. 
Within the well pad are areas defined for four drilling cellars, areas set aside for 
material storage and use of well drilling and hydraulic fracturing equipment, and 
extended flow testing (EFT) area.  Figure 3 below is a sketch showing the extent 
and layout of the well pad following construction. 
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Figure 3: Layout plan of proposed Exploration Site   

 

 

An existing c. 430m long access track will be enhanced to the east of the Site, 

from Roseacre Road.  For the majority of its length, this will be improved for 

heavy vehicle use using a free draining stone surface (not tarmac).  It is not 

intended to install any active drainage within the track itself.  The last 20m of the 

track at the junction with Roseacre Road will be tarmac to improve durability and 

control rutting for turning vehicles entering the Site. 

A new buried pipeline connection will be constructed from the Exploration Works 
to the existing National Grid gas main which crosses the access track, for use 
during extended flow testing (EFT). The pipeline connections would not require 
above ground installations that could affect flood risk and would be done in 
accordance with National Grid requirements. 

Planning permission is also sought to use the existing roadway through DHFCS 
Inskip located to the east of the site between Inskip Road and Roseacre Road. Use 
of this route would not involve the construction of any above ground installations 
which would affect floor risk. 
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2.3.2 Monitoring Works 

Two seismic monitoring arrays will be implemented as part of the project. The 
surface array will control hydraulic fracturing operations such that they do not 
trigger a significant seismic event. The buried array will provide data on the 
extent and direction of the fractures that occur within the rock during hydraulic 
fracturing. This will allow the hydraulic fracturing process to be refined 
throughout the hydraulic fracturing activities. Groundwater monitoring boreholes 
will also form part of the Monitoring Works. 

Surface Array 

The surface array is a network of shallow buried seismic monitoring stations that 
will monitor the hydraulic fracturing process in real-time and will detect any 
vibrations and movement that might occur at the surface as the fractures open up 
at depth, in the shale rock reservoir. The surface array will comprise up to 8 
shallow pits (to a depth of approximately 0.5m below ground level) within which 
sensitive seismometers will be located. The installation of each surface array 
station will also include small junction boxes (glass reinforced plastic kiosks 
approximately 1.1m high and located between 1 to 3m from the seismometer) to 
house batteries, data logging equipment, modem and GPS units.  The ground 
treatment to these areas around the kiosk shall be free draining gravel and not 
tarmac. 

Buried Array 

The buried array will comprise deep buried (up to a depth of approximately 100m 
below ground level) seismic monitoring stations that will be installed to measure 
the extent and rate of fracture propagation within the shale rock. These stations 
will provide data on the direction and extent of the small fractures opened up in 
the underground shale.  This array will comprise of 80 boreholes containing 
seismometers. The surface treatment of these will comprise a small concrete pad 
or collar (size approximately 1m x 1m) with an inspection cover mounted flush 
with the ground surface. They will be located at sites away from buildings, roads 
and other potential sources of interference. They will also be enclosed by fencing 
to prevent damage by livestock or farm machinery.  

Groundwater Monitoring Boreholes 

Boreholes will be sunk to allow water samples to be taken from underlying 
aquifers. The surface treatment of these will comprise an approx. 150mm 
diameter steel pipe standing approx 1.1m high, protected by a wire mesh fence. 
The surface treatment around the installation will be grass (i.e. same as existing 
surfacing).  

 

2.4 Drainage Strategy 

2.5 Exploration Works 

Domestic foul drainage from well pad site welfare facilities will be routed into 
temporary storage facilities on site which will then be periodically tankered to 
nearby wastewater treatment works.  Therefore, no connection to a public sewer is 
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required. Blackwater (toilet) and greywater (welfare) drainage will be kept 
separate.  

The Exploration Works Site will be underlain with an impermeable 1mm thick 
HDPE membrane liner which rises to the surface at the perimeter of the pad. This 
membrane is overlain with 300mm depth of granular material. Drainage of this 
pad is provided via a 2.3m wide, 1 m deep open ditch along part of the perimeter 
of the pad with a buried perforated pipe located in other locations around the 
perimeter. The membrane extends to 50mm above the top level of the granular 
layer providing a “bath tub” effect with a 50mm “air freeboard”. 

Rainwater storage (attenuation) can be provided through storage within the voids 
off the granular fill and within the perimeter drainage ditch. During extreme 
events, surface flooding (to a maximum depth of 50mm) is permitted which 
provides additional storage capacity. The containment volume of pad has been 
calculated as 1,440 m

3 
over the well pad site area of approximately 1.34ha.   

An isolation valve and a Class 1 Oil and Petrol Bypass Interceptor will be 
installed at the north east corner of the perimeter drainage ditch at the point where 
the drainage ditch discharges into the adjacent unnamed watercourse. When the 
valve is open, the interceptor will control liquid hydrocarbons from running off 
the Exploration Works Site such as spilt diesel, petrol and engine oil.  

The isolation valve will be installed to enable isolation of the pad and prevent 
surface water from the pad running off into the adjacent field drain (which is part 
of the River Wyre catchment). 

During drilling and hydraulic fracturing operations, the isolation valve will be 
closed and the Well Pad will act as a ‘contained’ system. During these periods, 
drainage waters will be collected and removed from Exploration Works Site via 
tanker to a licenced wastewater treatment works. 

At all other times, the isolation valve will be open, allowing surface water 
(rainfall) from the Well Pad to run off into the adjacent unnamed watercourse, via 
a 150mm diameter outflow pipe.  This shall be fitted with a simple flow control 
device such an orifice plate ‘stopper’ or pipe reducer to control the rate of 
Exploration Works site runoff.   

Water quality monitoring parameters will be agreed with the Environment Agency 
to determine when the valve can be opened after drilling and hydraulic fracturing 
operations have been completed. 

There are no proposals to install active drainage for the access track. 

There are no proposals to install any specific drainage infrastructure for the gas 
pipeline or connection for the EFT.  The pipeline route is buried below the surface 
and therefore will not have any impact on surface water drainage patterns. 

2.5.1 Monitoring Works  

The installation or operation of the Arrays will not involve changing ground levels 
and will not have a material effect on  the area of impermeable surfaces present 
(areas are negligible). There are no proposals to install drainage for these areas. 
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3 Planning Context 

3.1 Adopted Planning Policy 

Current planning policy for flood risk and surface water management is dictated 
by the National Planning Policy Framework (NPPF) 

[1]
. 

The NPPF states “A Site Specific Flood Risk Assessment is required for proposals 
of 1 hectare or greater, all proposals for new development on flood zones 2 and 3, 
or in an area within Flood Zone 1 which has critical drainage problems”.  

3.2 Fylde Borough Council Planning Policy 

The Fylde Borough Council Strategic Flood Risk Assessment
 [2]

 has the following 
policy regarding flood risk for development proposals: 

The aims of planning policy on development and flood risk are to ensure that 
flood risk is taken into account at all stages in the planning process to avoid 
inappropriate development in areas at risk of flooding, and to direct development 
away from areas at highest risk. Where new development is exceptionally 
necessary in such areas, policy aims to make it safe without increasing flood risk 
elsewhere and where possible, reducing flood risk overall. 

3.3 Development Type and Vulnerability 
Classification 

In accordance with the Technical Guidance to NPPF
[3]

 (Table 1), the proposed 

development is classified as “Less Vulnerable” under the Flood Risk 

Vulnerability Classification, as it falls within the “Mineral working and 

processing”.  The development is therefore allowable in Flood Zones 1, 2 and 3a. 

 
 Essential Infrastructure Highly Vulnerable More Vulnerable Less Vulnerable Water Compatible 

Typical 

Developments 

(Refer to 

Technical Guide 

to the National 

Planning Policy 

Framework Table 

2 for full 

descriptions) 

 

Essential Transport 

Infrastructure 

Strategic Utility 

Infrastructure 

Emergency Service 

stations. 

Basement Dwellings. 

Caravan, mobile homes etc, 

Permanent Residence. 

Hazardous Substances 

Installations 

Hospitals 

Residential Institutions 

Dwellings, hotels, halls of 

residence etc 

Nightclubs, pubs etc. 

Non residential healthcare, 

nurseries and Education 

facilities. 

Landfill and waste sites. 

Caravan, camping etc, 

Temporary Residence (3). 

Shops, offices, cafes and 

restaurants, general 

industry, storage and 

distribution 

Buildings and land for 

agriculture and forestry 

Waste Treatment 

Mineral working and 

processing 

Water and Sewage plants 

(4) 

Flood Control Infrastructure 

Water supply Infrastructure 

Sewage systems 

Sand and Gravel workings 

Docks Marinas and wharves 

Navigation facilities 

MOD defence 

Ship building and repairs 

Water based recreation (5) 

Lifeguard and Coastguard 

stations 

Amenity, nature 

conservation, outdoor sports 

Essential sleeping facilities 

for the above (3) 

Proposed 

Development 

None None None Mineral working and 

processing 

 

none 
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 1
) Zone 1      

Zone 2  Exception Test    

Zone 3a Exception Test  Exception Test   

Zone 3b Exception Test     

Notes  Development is appropriate (subject to satisfactory application of the Sequential Test)           Development should not be permitted 

1) Table based on tables 1, 2 and 3 of the Technical Guide to the National Planning Policy Framework. 

Refer to original tables for full descriptions 

2) Proposed land uses and Flood Zones shown highlighted  

3) Subject to a specific warning and evacuation plan 4) If adequate pollution control measures in place 

5) Excluding sleeping accommodation  

 

Table 1 - Flood Risk Vulnerability Classification 
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4 Flood Risk (Exploration Works Site) 

4.1 Fluvial Flood Risk 

The Environment Agency Flood Map 
[4]

 Figure 4 shows the Exploration Works 
Site lies outside the floodplain and is therefore located within Flood Zone 1 (Low 
probability) which indicates that the probability of fluvial flooding each year is 
less than 0.1% (1 in 1000) from the nearby watercourses of Thistleton Brook, 
River Wyre and an unnamed watercourse draining to the River Wyre. The 
Exploration Works Site location is indicated in red in Figure 4 below.  As the 
Exploration Works Site is located in Flood Zone 1 there is no need to consider the 
fluvial flood risk further, providing runoff is managed to within existing rates. 

 

 
Figure 4: EA Flood Map (from EA website) Dark Blue = Zone 3 (1 in 100 years) flood 
risk.  Light blue = Zone 2 (1 in 1000 years) flood risk 

Approximately 5km downstream of the Exploration Works site (to the NE), there 
are areas of land classified as Flood Zone 3 (High risk) which are shown as 
benefiting from constructed flood defences adjacent to the River Wyre at Pad End 
Farm and St Michael’s on Wyre.  It is therefore particularly important to follow 
NPPF principles such that the development shall not cause increased risk of 
flooding offsite by increasing runoff from the Exploration Works Site itself. 

Runoff calculations (undertaken for storm events up to and including a 1in100 
year event with allowance for climate change) for the Exploration Works show 
that there is no increase in site runoff compared to pre-developed ‘greenfield’ 
conditions which could otherwise worsen flood risk  to downstream areas.  These 
calculations are summarised in Section 4.2.1. 

 

Thistleton Brook 

Un-named watercourse 

River Wyre 

Well Pad 
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4.2 Surface Water Flood Risk 

Pluvial or surface water flooding occurs when the intensity of rainfall exceeds the 
infiltration capacity of the soils and any associated surface or sub-surface drainage 
systems.  

The Exploration Works Site is currently Greenfield and drains naturally via 
infiltration, and possibly under-surface drainage within the field, to the adjacent 
unnamed watercourse.   Levels and prevailing ground slopes dictate that this 
watercourse is the principle drainage route for surface water from the Exploration 
Works Site.    

There are no records of flooding incidents at the Exploration Works Site.   

4.2.1 Estimation of pre and post development runoff 

To allow comparison of runoff rates pre and post development, the greenfield 
runoff rate has been calculated using the Institute of Hydrology IH 124 “Flood 
Estimation for Small Catchments” methodology. This has been used as the 
baseline case (existing condition) runoff rate.  This has been used to predict 
existing runoff rates for various return period events up to and including the 1 in 
100 year event (1% annual probability of exceedance), including an allowance for 
climate change. 

The greenfield runoff rate has been calculated as 6.9 l/s/ha. 

Two scenarios were assessed when calculating the proposed runoff rates, both of 
which have been compared against ‘greenfield’ runoff. One scenario considers the 
case with the isolation valve open with drainage to the adjacent watercourse via 
the petrol interceptor. The other scenario considers the case with the isolation 
valve closed (as will occur during drilling and fracturing operations).  The results 
of this assessment are presented in Tables 2 and 3 below.  

Proposed runoff estimates have been calculated for the  well pad, bunds and 
landscape area by determining the attenuation effect of storage within the well pad 
gravel layer, the perimeter ditches and the air freeboard. For the case when the 
isolation valve is open, WinDes Source Control has been used to calculate the 
proposed run off through the petrol interceptor outflow pipe using the FSR 
Rainfall model.  The perimeter ditches have been modelled as impermeable 
swales and the outfall control as a 150mm pipe with 140mm orifice plate or 
similar.  For the case when the isolation valve is closed, extreme rainfall depths 
for different return period storms have been estimated for the well pad from the 
FEH rainfall depth-duration-frequency (DDF) model.  The calculations use the 
containment volume of the pad, and once this capacity is taken up, then assume 
100% of the rainfall falling on the pad would then run off into adjacent areas.  
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Scenario 1 – Isolation Valve Open  

 

Greenfield Site 

Runoff Rate 

(Existing 

Condition) 

(l/s) 

Proposed 

Discharge Rate 

[140mm 

throttle on 

pipe] 

(Developed 

Site)  

(l/s) 

Reduction in 

discharge  

(l/s) 

Well Pad Area (ha) (excluding 

access track) 1.91 

Greenfield runoff rate (l/s/ha) 6.9 NA NA 

Greenfield runoff rate (l/s) 13.2 NA NA 

1 in 10 year storm (l/s) 18.3 18.1 0.2 

1 in 30 year storm (l/s) 22.5 22.5 - 

1 in 100 year storm (l/s) 27.8 25.7 2.1 

1 in 100 year storm + cc (l/s) 30.6 25.9 4.7 

Table 2 - Rainfall Runoff summary- Isolation valve open 

 

Scenario 2 – Isolation Valve Closed (well drilling & hydraulic fracturing 
operations) 

 

Greenfield Site 

Runoff Rate 

(Existing 

Condition) 

(l/s) 

Proposed 

Discharge Rate 

(Developed 

Site)  

(l/s) 

Reduction in 

Discharge 

 (l/s) 

Well Pad Area (ha) (excluding 

access track) 1.91 

Greenfield runoff rate (l/s/ha) 6.9 NA NA 

Greenfield runoff rate (l/s) 13.2 NA NA 

1 in 10 year storm (l/s) 18.3 0.6 17.7 

1 in 100 year storm (l/s) 27.8 3.2 24.6 

1 in 100 year storm + cc (l/s) 30.6 3.5 27.1 

Table 3 - Rainfall Runoff summary – Isolation valve closed (note 1:30 year storm case 
was not determined as rainfall figures are not available via FEH). 

These calculations show there is no predicted increase in runoff due to the 
implementation of the development.   For extreme storm return periods under the 
Isolation valve closed scenario, there would be some discharge from the 
Exploration Works once the containment capacity has been reached - these runoff 
rates are well below equivalent runoff rates pre-development.   

The impact of runoff from the enhanced access track has not been assessed in 
drainage terms as the vast majority of the surface will be permeable and by 
inspection, have a similar coefficient of runoff to the existing track which is un-
surfaced (clayey soil).  There are no proposals to install active drainage or provide 
a tarmacked surface along the entire length which could otherwise increase the 
rate of surface water runoff during rainfall events. 

Further details of the surface water drainage system and basis for the above 
calculations are given in the Water Resources chapter (and Appendix) of the 
Environmental Statement accompanying the planning applications. 
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4.3 Sewer and Water Mains Flood Risk 

There are no existing sewers within the Exploration Works Site or surrounding 
areas according to United Utilities’ records.  The Exploration Works Site is 
considered unlikely to be affected by sewer flooding due to its distance away from 
the nearest sewers.  

There are no reported condition or flood risk issues relating to the UU potable 
water main in Roseacre Road.  

4.4 Groundwater Flood Risk 

The Envirocheck Flood Screening Report [5] indicates the Exploration Works Site 
is within a zone with “Potential for Groundwater Flooding to Occur at Surface”, 
(see Figure 5).   The shallow geology at the Exploration Works Site is shown on 
British Geological Survey (BGS) mapping [6] to be formed of Glacial Till, which 
is a low permeability slightly gravelly, slightly sandy clay deposit.  Nearby BGS 
borehole records indicate this material is up to 7 m thick.  Consequently 
infiltration of surface water into shallow aquifers will be restricted by this 
material. 

 
Figure 5: Envirocheck Groundwater Flooding susceptibility  

 

It is likely that there will be a limited thickness (approximately 0.5 m) of topsoil 
above the Glacial Till which may be more granular and allow storage of 
groundwater.  Saturation of this more permeable topsoil may occur relatively 
quickly during periods of heavy rainfall.   However, the presence of the HDPE 
membrane beneath the well pad stone and raised perimeter bund around the 
Exploration Works Site will reduce the susceptibility to groundwater flooding and 
direct any surface flows away from the well pad.  

It is therefore considered that the risk from groundwater flooding is low. 
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4.5 Climate Change 

There are two generic approaches to designing for climate change:- 

 The precautionary approach, which involves incorporating mitigation 
measures for potential climate change impacts now, 

 The managed adaptive approach which involves making provision for 
mitigation measures to be undertaken at a future date when there will also be 
greater certainty regarding the likely impacts of climate change on parameters 
such as river flow and rainfall.  

For new developments, the precautionary approach is normally used.  Technical 
Guidance for NPPF recommends that the following ‘indicative sensitivity ranges’ 
be considered by designers in assessing the most sustainable means of addressing 
potential climate change impacts.  The proposed scheme is temporary in nature, of 
duration 6 years and therefore has considered: 

 An increase of 10% in river flows (considered by assessing a 10% increase in 
well pad runoff)  

 An increase of 5% in rainfall intensities, in line with NPPF and Defra 
guidance for developments with a design life within a 2025 horizon. 

Rainfall runoff calculations discussed under Section 4.2.1 show that if climate 
change caused an increase of 10% in future surface water drainage runoff flows 
from the Exploration Works (1 in 100 year storm case), these would not exceed 
existing runoff (without the 10% applied). 

4.6 Flood Risk Conclusions (Exploration Works) 

The Exploration Works Site is unlikely to flood from the fluvial sources, or from 
the local sewers or from groundwater.  The key issue at this Exploration Works 
Site is the surface water runoff from the pad, access tracks and other hard standing 
areas.  This will be locally managed by means of a surface water drainage system 
and on Exploration Works Site attenuation to minimise the flood risk on the 
Exploration Works Site and to avoid increasing the flood risk elsewhere. 

The new buried pipeline connection for the EFT will not impact on flood risk as it 
will be installed below ground, will not require any associated drainage works and 
will not result in a change in impermeable area at the surface. 
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5 Flood Risk (Monitoring Works) 

The locations for the monitoring works around Roseacre Wood have not been 
individually classified with respect to flood risk zones.  They are small 
installations not susceptible to flooding which would not alter ground levels or the 
level of flood risk present locally. 

The impact of runoff from the arrays has therefore not been assessed in drainage 
terms as the vast majority of the surface will be permeable and by inspection, 
have a similar coefficient of runoff to the existing areas.  There are no proposals 
to install active drainage or provide tarmacked surfaces which could otherwise 
increase the rate of surface water runoff during rainfall events. 
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6 Conclusions 

6.1 Exploration Works 

The proposed Exploration Works Site will consist of an impermeable pad, 
perimeter drainage ditches, four drilling wells and storage area for associated 
drilling, hydraulic fracturing and testing equipment.  The Exploration Works Site 
covers an area of approximately 2.41 hectares (1.34 ha Well Pad, 0.57ha of 
bunds/landscaping and 0.5ha Access Track) and is currently a grassed ‘greenfield’ 
area. 

 The proposed Exploration Works Site lies within The Environment Agency’s 
designated Flood Zone 1 and is therefore at low risk of fluvial flooding. 

 Containment/attenuation measures have been designed to ensure no 
detrimental effects are caused downstream of the Exploration Works Site in 
areas within Flood Zones 2 and 3. Surface water runoff rates do not increase 
beyond the existing ‘greenfield’ rates for storms up to and including the 
1in100 year event, allowing for future climate change. 

 The new buried pipeline connection for the EFT will not impact on flood risk. 

 The Exploration Works Site is considered unlikely to be affected by sewer or 
water main flooding 

 It is considered that there is little risk of ground water flooding at the 
Exploration Works Site. 

 Climate change will be allowed for, based on the precautionary approach. 

It can be concluded that the development will not increase flood risk either on or 
off-site as result of development proposals. 

6.1.1 Monitoring Works 

The Monitoring Works are small installations that will not be susceptible to 
flooding. They will not alter ground levels or the level of flood risk present locally 
and consequently they will not worsen flood risk elsewhere. 
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