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1 Introduction  

1.1.1 Royal HaskoningDHV has been commissioned by Alternative Use Boston 

Projects Ltd. Boston Alternative Energy Facility to prepare an Outline Surface and 

Foul Water Drainage Strategy for the proposed Boston Alternative Energy Facility 

(the Facility) to be located at the Riverside Industrial Estate, Boston.  Section 

Schedule 2 Part 1 (89) of the draft Development Consent Order (DCO) for the 

Facility states: 

8.(1) No part of the authorised development may commence until for that part a 
surface and foul water management drainage strategy plan has been submitted 
to and approved by the relevant planning authority, following consultation with the 
Environment Agency, lead local flood authority and relevant internal drainage 
board on matters related to their function. 

(2) The plan submitted for approval sub-paragraph (1) must be substantially in 
accordance with the outline surface and foul water management drainage plan. 

(3) The surface and foul water drainage strategy must be implemented as 
approved under sub-paragraph (1) and maintained throughout the operation of 
the authorised development unless otherwise agreed with the relevant planning 
authority. 

1.1.2 This report aims to provide assurance that a plausible attenuation surface water 

attenuation strategy can feasibly be delivered. The proposals set out in this 

document set out the strategy in principle. The exact position, location and scale 

of the drainage elements is to be agreed at detailed design stage.  

1.1.21.1.3 Outline operational pollution control measures are set out along with 

information regarding both foul and industrial (trade) discharges originating from 

the operational Facility and how they will be disposed of. 

1.2 Site Location 

1.2.1 The Development Consent Order (DCO) Application Site for the Boston 

Alternative Energy Facility (hereafter referenced to as ‘the Application Site’) is 

located approximately 2 km to the south east of Boston town centre. The 

Application Site (NGR TF33950 42241) covers 26.8 hectares (ha) and is 

neighboured to the west by the Riverside Industrial Estate and to the east by The 

Haven, a tidal waterway of the River Witham between The Wash and the town of 

Boston. The A16 public highway is located approximately 1.3 km to the west.  

1.2.2 The Application site is split in to two components: 

• The Principal Application Area – comprising of an area of 25.3 ha; and 
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• The Habitat Mitigation Area – comprising of 1.5 ha, located approximately 

170 m to the south east of the Principal Application Area, encompassing an 

area of saltmarsh and small creeks at the margins of The Haven.  This area 

will remain in a semi-natural condition and not be subject to any changes 

which would affect drainage and this area is therefore not included within this 

report, with drainage remaining linked to the tidal state of The Haven and not 

altered in any significant way. 

1.2.3 The proposed indicative operational area1 covers 14.85 ha, of which 10.266 ha 

are impermeable surfaces. Refer to Figure 1-1 for extents of the site. 

1.2.4 The Application Site is accessed by road via the Riverside Industrial Estate’s 

existing road network from Nursery Road. Access to the site from the west to 

Marsh Lane is gained from Bittern Way. 

1.2.5 The Boston Biomass UK No.3 Ltd plant (hereafter referenced to as ‘Biomass 

Power Station’) is located on the eastern boundary of the Application Site. A waste 

management facility (previously operated by Mick George but having ceased 

operation at the time of submission) which processed construction and demolition 

waste is located to the east of Nursery Road and is bounded by the Application 

Site on all sides (but not included within the proposed Application Site itself). 

1.2.6 A Household Waste Recycling Centre (HWRC) (built in 2018) is located to the 

west of the Application Site, south of the junction with Nursery Road/Callen Road. 

Public access to the HWRC is from Bittern Way. 

1.2.7 A Waste Transfer Station (WTS) operated by Lincolnshire County Council (LCC) 

is located to the south of the Application Site, off Slippery Gowt Lane. The WTS 

receives all of the residual household waste from Boston Borough Council and 

South Holland District Council areas, and some residual household waste from 

East Lindsey Council area. 

 

 
1 Landside area of permanent works proposed under the DCO Application. 
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Figure 1-1 Proposed Indicative Terrestrial Operational Area 

1.3 Overview of the Development  

1.3.1 The proposed Facility would deliver approximately 80 megawatts electric (MWe)of 

renewable energy to the National Grid using Refuse Derived Fuel (RDF) as a feed 

stock into a thermal treatment facility generating power via steam turbine 

generators. This technology provides significant environmental benefits 

compared to landfilling residual waste and contributes to Government sustainable 

energy targets to achieve a net zero reduction in carbon emissions by 2050. 

1.3.2 The Facility would comprise the following main elements: 

• a wharf and associated infrastructure (including re-baling facility, workshop, 

transformer pen and welfare facilities);  
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• a RDF bale contingency storage area, including sealed drainage, with 

automated crane system for transferring bales;  

• conveyor system running in parallel to the wharf between the RDF storage 

area and the RDF bale shredding plant. Part of the conveyor system is open 

and part of which is under cover (including thermal cameras);  

• bale shredding plant;  

• RDF bunker building;  

• thermal treatment plant comprising three nominal 34 MWe combustion lines 

(circa 120 megawatts thermal (MWth)) and associated ductwork and piping, 

transformer pens, diesel generators, three stacks, ash silos and ash transfer 

network; and air pollution control residues (APCr) silo and transfer network;  

• turbine plant comprising three steam turbine generators, make-up water 

facility and associated piping and ductwork; 

• air-cooled condenser structure, transformer pen and associated piping and 

ductwork; 

• Lightweight Aggregate (LWA) manufacturing plant comprising four kiln lines, 

two filter banks with stacks, storage silos for incoming ash, APCr, and binder 

material (clay and silt), a dedicated berthing point at the wharf, silt storage 

and drainage facility, clay storage and drainage facility, LWA workshop, 

interceptor tank, LWA control room, aggregate storage facility and plant for 

loading aggregate / offloading clay or silt; 

• electrical export infrastructure; 

• two carbon dioxide (CO2) recovery plants and associated infrastructure, 

including chiller units; 

• associated site infrastructure, including site roads, pedestrian routes, car 

parking, site workshop and storage, security gate, control room with visitor 

centre and site weighbridge; and 

• habitat mitigation works for Redshank and other bird species comprising of 

improvements to the existing habitat through the creation of small features 

such as pools/scrapes and introduction of small boulders (Habitat Mitigation 

Works) within the Habitat Mitigation Area (see para 1.2.2). 
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1.3.3 The Facility would be designed to operate for an expected period of at least 25 

years, after which ongoing operation will be reviewed and if it is not appropriate 

to continue operation the plant will be decommissioned. The wharf structure would 

replace a section of the current primary flood defence bank (without impacting on 

the integrity of the bank) and would form a permanent structure that is not 

anticipated to be decommissioned. 

1.4 Site Description 

1.4.1 The Application Site comprises both undeveloped and previously developed land 

enclosed by a network of drainage ditches and forms part of a wider emerging 

industrial/commercial area. 

1.4.2 The eastern site margins of the Application Site are defined in part by a primary 

flood defence bank along The Haven. Large and small industrial business units 

are located to the north, west and south of the site. A 132 kilovolt (kV) overhead 

powerline on pylons traverses the site from north to south and bisects the 

Application Site. 

1.4.3 The part of the Application Site which will accommodate the wharf is 

approximately 750 m downstream from the existing Port of Boston (measured 

from the entrance to the impounded basin, the Wet Dock, to the approximate 

centre of the site). 

1.4.4 There are no existing buildings within any part of the Application Site that will 

require demolition. 

2 Existing Drainage and Watercourses  

2.1.1 The Haven is a tidal main river. It is contained within flood banks (in good condition 

and currently being upgraded by the Environment Agency as part of their Haven 

Banks project) which are located within the Application Site along its eastern area 

at approximately 6.3 m Above Ordnance Datum (AOD).  

2.1.2 A water main runs across the Application Site from Bittern Way to the north-

eastern corner of the Principal Application Site where it then crosses The Haven. 

This piece of infrastructure will be avoided by the proposed wharf infrastructure. 

Where the water main would cross the Application Site it will be diverted, and this 

is subject to a separate application to Anglian Water on behalf of the landowner. 

The route of the diversion will be determined in accordance with advice provided 

by Anglian Water. The diversion will be completed before construction of the 

Facility. 
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2.1.3 The Application Site lies within the administrative area of the Black Sluice Internal 

Drainage Board (IDB), specifically within the Wyberton Marsh catchment. The IDB 

is responsible for enforcing restrictions to prevent flooding within its district2. For 

the IDB’s asset map refer to Figure 2-1. 

Figure 2-1 - Black Sluice IDB Drain Map 

3 Previous Development  

3.1 Flood Risk Assessment  

3.1.1 R.M. Associates prepared a PPS25 Flood Risk Assessment (FRA) as part of the, 

now existing, Biomass Power Station located within the Riverside Industrial 

Estate. 

3.1.2 Whilst the FRA defines the flooding characteristics and prevention measures 

required for the site, it also notes the agreement secured with the Black Sluice 

IDB regarding the disposal of surface water for the 25 ha site. The agreement is 

for 1.4 l/s/ha, which results in a 35 l/s discharge rate for the 25 hectares. 

3.1.3 The FRA is dated 4th December 2009 and can be found in Appendix A. 

 

 
2 Map of District | Black Sluice Internal Drainage Board (blacksluiceidb.gov.uk) 
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3.2 Surface Water Management Plan 

3.2.1 L.D.A. Ltd Consulting Engineers and Transportation Planners prepared a Surface 

Water Management Plan (SWMP) as part of the continued development of land 

within Riverside Industrial Estate.  

3.2.2 The SWMP defines the drainage requirements specific to the Riverside Industrial 

Estate, which include the Biomass Power Station. It also outlines the basic 

principles of the water management options available for the long-term future 

proofing of the Riverside Industrial Estate. 

3.2.3 It must be noted that the SWMP calculations assumed a 51% catchment rate for 

the development of the 25 ha site. 

3.2.4 The SWMP is dated 28th February 2013 and can be found in Appendix A.  

4 Proposed Drainage Strategy 

4.1 General Strategy Concept  

4.1.1 The drainage strategy proposed within this report considers the water 

management principles proposed by the SWMP described in section 3.2. This will 

result in the retention of the existing pond and utilising the same discharge 

principles, including location. No discharge is proposed into The Haven. 

4.1.2 The strategy proposes altering the existing drainage ditches impacted by the 

proposed layout to accommodate the proposals.  

4.1.3 Furthermore, this drainage strategy considers the surface water discharge rate, 

of 1.4 l/s/ha, imposed by the Black Sluice IDB as stated in the FRA described in 

section 3.1.  

4.1.4 The discharge rate of 35 l/s as calculated by the SWMP for 25 ha of the Riverside 

Industrial Estate development is used in the calculations included in this report.  

4.1.5 The existing catchment areas and the catchment introduced by the proposed 

development are as noted in Table 4-1.  

4.1.6 The proposals increase the ratio of catchment per developed area to 67%. Hence, 

the updated calculations for the wider development are based on this rate. Refer 

to Figure 4-1. 
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Figure 4-1 Proposed Drainage Catchment Plan 

4.1.7 The calculations summarised in Table 4-1, demonstrate that the existing 

attenuation pond would not suffice to accommodate the additional flows from the 

proposed development. These volumes are estimations based on the total 

catchments and do not consider the extent and topography of the site.  

4.1.8 The scale and general arrangement of the proposed layout will require additional 

attenuation and conveyance features to manage and connect the north of the site 

with the existing drainage at the south. The balancing of water volumes between 

these attenuation features will dictate the total volumes required for the 

development.  
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4.2 Drainage Strategy 

4.2.1 A sub-catchment cascading network was developed, as shown on drawing 

PB6934-RHD-XX-ZZ-DR-D-0501 (see Appendix D), to ascertain the scale of the 

attenuation and conveyance SuDS required across the development to manage 

the surface water runoff. These calculations consider the proposed development 

and the existing Biomass Power Station, the total development of the 25.3 ha 

Principal Application Site is not considered in these. For the cascading 

calculations summary per sub-catchment refer to Appendix C. 

4.2.2 The calculations were carried out to establish the critical storm for the 1 in 100 

Year Return Period plus 40% Climate Change allowance in line with current 

guidance3.  

4.2.3 The climate change allowance was increased to 40% from the 30% allowed in the 

previous assessments to account for the current local and national guidance4. The 

upper end has been applied due to risk of flood to the site and neighbouring sites 

as well as the proposed site use. 

4.2.4 The proposed drainage strategy for the development considers the construction 

of a network of ditches and culverts under paved areas to connect them.  

4.2.5 To collect the runoff from surfaces across the site buried piped networks will be 

required. These are shown indicatively on drawing PB6934-RHD-XX-ZZ-DR-D-

0501, however, its volume has not been considered in the calculations. The 

calculations for the strategy are based on preliminary calculation using the Source 

Control tool within MicroDrainage. This is a commonly used method for this early 

stage of design.  The model calculates the runoff within a specific catchment and 

conveys it through the attenuation structure to estimate its suitability. The multiple 

catchments are then collated as a cascading system which accounts for the 

discharge from a catchment into the next. This method does not account for 

detailed networks of pipes and the volumes within the same.  

4.2.6 Other SuDS solutions may also be considered to collect runoff across the site, 

these include but are not limited to, permeable pavements and swales. 

4.2.7 For the drainage strategy layout refer to drawing PB6934-RHD-XX-ZZ-DR-D-

0501 included in Appendix D. 
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4.4.3 However, there remains a small risk that the sealed bales could split as they are 

being unloaded.  In order to manage this risk, the surface of the wharf will be 

graded to ensure that any potentially contaminated drainage flows away from The 

Haven and into the sealed drainage system as set out in this report.  Additionally, 

any RDF that escapes from bales that split whilst being removed by crane from 

the vessel will be captured by underslung sheeting designed to slope either back 

in to the vessel or to the wharf (depending on tidal state).  Any RDF on the wharf 

will be subject to an operational procedure to immediately clear the area. 

Pollution control measures for surface runoff 

4.4.4 Surface runoff resulting from the site would be generally produced from runoff 

from roofs, roads and pavements. The risk of contamination associated with this 

runoff is therefore expected to be sufficiently low to allow treatment to take place 

as flows are conveyed through the cascading SuDS, including a network of open 

drainage ditches (as described in Section 4.2 and shown in Appendix D).   

4.4.5 The drainage ditches will be designed to ensure that flow velocities are sufficiently 

low and therefore retention time sufficiently high to facilitate the effective removal 

of fine sediment and contaminants through physical processes such as 

sedimentation and chemical processes such as adsorption5.  They will therefore 

have a low gradient and high surface roughness to ensure that sediment and 

contaminants are retained (e.g. with vegetation growth for bioretention).   

Pollution control measures for parking areas 

4.4.6 Oil separators compliant with BS EN 858-1:2002 and BS EN 858-2:2003 will be 

installed to intercept drainage from areas of hardstanding used for car parking, in 

order to remove hydrocarbons from surface runoff and associated sediment prior 

to discharge into the site drainage system.  Given that the eventual discharge 

point of the site drainage system is to an IDB drain (cf. Section 4.3), Class 1 

bypass separators will be installed.  These devices, which will contain a silt 

separation chamber and coalescing devices to separate oil droplets from water, 

will achieve a discharge concentration of less than 5 mg/l oil and fully treat flows 

generated by rainfall rates of up to 6.5 mm/hour6.  Bypass separators provide 

sufficient levels of protection to car parking areas due to the relatively low risk of 

major spillages occurring. 

 
5 CIRIA SuDS Manual C753 
6 Environment Agency, SEPA and Environment and Heritage Service (2006) PPG3: Use and design  
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4.4.7 An additional level of protection will be provided in any areas used for fuel or 

chemical storage (including the fuel oil store located on the lower wharf), in 

addition to bunded storage tanks with 110% capacity of the stored liquids.  These 

will consist of Class 1 full retention separators, which will achieve a discharge 

concentration of less than 5 mg/l oil and fully treat flows generated by rainfall rates 

of up to 65 mm/hour 7 .  Full retention separators provide sufficient levels of 

protection to areas with a greater risk of larger or more frequent spillages 

occurring.   

Pollution control measures for fire water 

4.4.8 During an emergency situation, fire water will be managed through the use of 

penstocks8, with additional retention made through use of the natural retaining 

walls of the Roman Bank (at +6.2 m AOD) to the West and the flood defence on 

the Haven (+7.2 m AOD) (incorporating the new wharf) then ends to the North 

and South are tied into the original sea defences. Vehicular access from the 

unnamed road is via an elevated down ramp to the +3.2 m lower wharf. This 

provides some considerable volume to fill via fire mains and the norm for fighting 

fires in a waste stack is to extinguish normally within 11 hours.   

4.4.9 This attenuation will be used to isolate the piped networks in the event of a fire 

and prevent contaminated fire water entering the surface drainage network.  The 

penstocks will be situated at agreed locations on the drainage system and will be 

automatically operated with manual back up as a second line of safety. These  will  

be overseen by a dedicated operative with delegated responsibility under the 

Emergency Response Plan for the operational site.   

4.5 Foul and Industrial Water Disposal 

4.5.1 The foul water to be discharged during the operational phase includes black and 

grey waste water originating from toilets, showers / bathrooms / welfare facilities 

and the on-site canteen. 

4.5.2 In the early stages of construction (before connection to the local sewer system) 

foul water discharges from toilets / showers will be collected and tankered off-site 

by an authorised contractor for legal disposal (e.g. disposed of at a waste water 

treatment works under licence).  Once the sewer system is available locally there 

is the option to apply for a temporary connection from the construction village. 

4.5.3 Two industrial sources of waste water have been identified which will be disposed 

of to the local sewer system under a Water Industry Act (1991) consent: 

• Water used for the amine scrubbers in the CO2 plants9; and 

• Water used for food grade CO2 testing in the on-site laboratory. 
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4.4.94.5.4 No on-site waste water treatment works will be provided either during 

construction or operation and therefore no discharges of waste (or industrial) 

effluents will be made to the local surface drainage system, groundwaters or The 

Haven. 

 

4.4.104.5.5 Discussions have commenced with Anglian Water and rates/volumes and 

testing of pollutants will all be in line with any requirements of this statutory 

sewerage undertaker. The new site foul drainage will be designed in accordance 

with the required British Standards in force at the time. 

5 Conclusions  

5.1.1 The proposed indicative operational area covers 14.85 ha, of which 10.266 ha are 

impermeable surfaces. 

5.1.2 The Haven is a tidal main river, it is contained within flood banks which are located 

within the Application Site along its eastern area currently at approximately 6.3 m 

Above Ordnance Datum. 

5.1.3 The Application Site lies within the administrative area of the Black Sluice Internal 

Drainage Board, specifically within the Wyberton Marsh catchment. 

5.1.4 Previous drainage assessments established a surface water discharge 

agreement of 1.4 l/s/ha, which results in a 35 l/s discharge rate for the 25 ha 

development, and which is considered in this Outline Drainage Strategy.  

5.1.5 The proposals consider the water management principles proposed by the 

previous drainage assessment. 

5.1.6 The proposals increase the ratio of catchment per developed area to 67%. 

5.1.7 The calculations were carried out to establish the critical storm for the 1 in 100 

Year Return Period plus 40% Climate Change allowance. 

 

 
7 Environment Agency, SEPA and Environment and Heritage Service (2006) PPG3: Use and design of oil separators in surface 
water drainage systems. Available online: f 
8 Environment Agency, SEPA and Environment and Heritage Service (2006) PPG18: Managing fire water and major spillages. 
Available online:  
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5.1.8 This strategy proposes a network of cascading SuDS features that collect and 

convey surface water to the outfall location. The strategy also proposes that these 

features connect with the existing SuDS pond which is to be retained. 

5.1.9 The development requires 12,748.0 m3 of attenuation volume to manage the 

surface water generated by the impermeable surfaces. 

5.1.10 Outline pollution prevention measures are identified covering the Principal 

Application site in general and car parks and fire water specifically. 

5.1.105.1.11 The outline principles to collect and dispose of both foul (black and grey) 

water and industrial (trade) discharges originating on-site is also provided.  No 

discharges to the wider receiving environment will take place from such waste 

water streams with disposal off-site either via tanker (construction phase only) to 

a licenced waste water treatment site or discharged under licence to sewer.
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FLOOD RISK ASSESSMENT  

FOR THE ERECTION OF A GASIFICATION PLANT 

AT RIVERSIDE INDUSTRIAL ESTATE BOSTON 

 

INTRODUCTION 

The Government has placed increasing priority on the need to take full account of the risks associated with 

flooding at all stages of the planning and development process. This seeks to reduce the future damage to 

property and the risk to life from incidents of flooding. Their expectations relating to flooding are contained in 

PPS 25 Development and Flood Risk, which identify how the issue of flooding is dealt with in the drafting of 

planning policy and the consideration of planning applications by avoiding inappropriate development in areas 

at risk from flooding and to direct development away from areas at highest risk by applying a risk-based 

approach to development with the sequential test in Table 1 of paragraph 30 PPS25. This should also take into 

account the vulnerability of proposed uses to flood risk. 

 

The Environment Agency’s flood maps show areas that are at risk, from fluvial and tidal flooding. These maps 

show the limits of the flood plain of the area which could be affected by flood events, over topping or 

breaching of flood defences. They are based on the approximate extent of floods with a 1% annual probability 

of exceedance (1 in 100 year flood) for rivers and 0.5% annual probability of exceedance (1 in 200 years flood) 

for coastal areas under present expectations or the highest known flood. However they do not take into account 

of the presence of defences or the likelihood that flood return intervals will be reduced by climate change.  

 

This Flood Risk Assessment has been prepared solely in support of the planning application and considers the 

risk of flooding from fluvial and tidal sources in accordance with PPS 25. It also considers the risks of 

localised flooding due to inadequate Foul and Surface Water Sewers, Failure of Reservoirs, Water Main pipe 

bursts, Sewer Blockages, Pump Failures or High Ground Water Table etc. 

 

This document has been prepared solely as a flood risk assessment on behalf of the client. RM Associates 

accepts no responsibility or liability for any use of this document other than by the client for the purposes for 

which it was originally commissioned and prepared. If any unauthorised Third Party comes into procession 

of this report, they rely on it at their own risk and RM Associates owe them no duty of care or skill. 

 

APPLICATION SITE 

 

The proposed development lies within the Riverside Industrial Estate Boston, which is the principal industrial 

area for the town. The area for the proposed site development is allocated within the Local Development Plan 

ED1 Development on Allocated Employment Sites. The Plan identifies the area as an existing 

Industry/Commercial Area and future expansion of 44.8Ha. In the interests of The Borough of Boston on going 

economic prosperity it is important that these areas are allowed to be used for employment purposes. Map 1 
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The nation Grid reference is TF 340421and the site area amounts to 1.876 hectare, the site lies behind the 

second tidal defence to the Boston Haven which is a tidal river. The primary defence crest level is 6.50m ODN 

and the secondary defence crest level is 5.31m ODN 

 

The Site would be classed as Major Development applying the Town & Country Planning (Consultation) 

(England)  Direction 2009 as the site is to be developed is more than 1 hectare 

 

The proposed development site is shown to be within Flood Zone 3a 'high probability' as detailed on the 

Environment Agency's Flood Zone Maps, and as defined in Table D1 of Planning Policy Statement 25 

(PPS25).and within Tidal Category 2 of the Boston Strategic Flood Risk Assessment  

 

Applying the Flood Risk Vulnerability Classification in Table D2 of PPS25, the proposed development is 

classified as Essential Infrastructure with Table D1 of PPS25 stating that such uses are appropriate in this zone 

if the Exceptions Test is passed and it should be designed and constructed to remain operational and safe for 

users in times of flood. 
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The proposal is to erect a conventional 'gasification' plant capable of producing 12 megawatt of electricity. The 

proposed development on the disused agricultural land is for the installation of Energy from Waste 

System. This system employs Gasification as the focal part of the plant for Syngas production. Plan 1 

  

The Plant overall size, throughput and expected out put of 12Mw maximum is engineered on the 

availability to source the wastes locally.  

 

The average ground site level is 2.90mODN, which will be raised by 500mm for the hardcore storage areas the 

ground floor level for the proposed buildings will be 3.50mODN and all offices and control equipment will be 

located at First floor level above the 1 in 200 year tide level, the lowest plant base will also be above the 

predicated tide level of 6.60m ODN. Plan 2 & 3 

 

The site area amounts to 1.876 hectare. Plan 4 

The development consists of the following: - Concrete Hard standings 6640.17 s m. 

                                                                                       Total roof areas 4665.83 s m. 

                                                                      Permeable Hard standings 4896.57 s.m. 

                                                                                            Landscaping  2971.00 sm 

                                                                                                            

Slippery Gowt landfill site is located alongside the eastern boundary and this has raised land levels to above 

10mODN. 

                                                                                                                                                                                                                                                                                                                                                                                    

DRAINAGE AUTHORITIES 

 

Environment Agency 

 

The Environment Agency has permissive powers for reducing the risk of flooding from designated main rivers 

and from the sea. 

 

The following potential sources of flooding affecting the development site have been identified as: 

• the tidal Haven  

• The Wyberton Marsh pumped catchment 

The Haven is a tidal river and the flood defences along the southern bank consist of earth 

embankments with a crest level of 6.50mODN and represents a 1 in 200 year protection with a tide 

level of 5.93mODN. (Northern Area Tidal Modal Analysis June 2006) and in 75 years time with 

predicted global warming would be 6.60mODN. 

 

The Environment Agency’s flood zone maps, show that the application site as being at risk from flooding from 

the Boston Haven, adjacent to the site.  Map 2   
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These maps show that the area lies within the natural floodplain of the river and would naturally be 

affected by flooding if the river rose above its banks. However the area is protected by the presence of 

flood defences. 

The flood banks, which are earth embankments, maintained by the Environment Agency and are in a 

good state of repair. 

From the Boston SFRA the Marsh Lane FRZ extends over an area of 30 Hectares. 

1D Breach Analysis to the Haven Flood Banks  

 

If a breach or overtopping occurred to the flood banks alongside the Boston Haven would initially fill the low 

area immediately behind the defences.  

 

From the Northern Area Tidal Modal Analysis Peak tide levels Present Day (2008) at Hobhole Gauge 0.5% (1 

in 200) = 5.93mODN  

 

From these tide levels the site would not be affected by overtopping (2009) as the tidal defence crest level is 

6.50mODN downstream of Black Sluice. 

 

In considering a breach the following approach is proposed:- 

 

a) Use “Tide 200” spread sheet with above tide levels to obtain level in Flood Cell (A) 30 km2
. Avg. 

ground level 2.50mODN. Note: - Breach for Tidal River 50m Time to close 72 hrs. Defence level 

6.50mODN. Ground level at breach 3.30mODN, 1 in 200 year tide level 5.93mODN. 

 

b) Use this level (a) to give the maximum head at the breach into flood cell. This level will occur for a 

short period due to tide cycle Max 4 hrs. Assume half of this maximum head to calculate velocity at the 

site in the EA Hazard/Breach Spreadsheet.   

 

c) Repeat for Climate Change Rise in sea level 667mm (6.60m ODN) 

 

d) Taking the precautionary approach the Hazard Rating following a breach which in Flood Risk 

Assessment (FD 2320) Guidance for New Development Phase 2 R& D Technical Report these are 

classified as low <0.75, moderate 0.75-1.25, significant 1.25-2.50 and extreme >2.50 based upon an 

empirical measure of velocity and depth. 

 

              HR = d x (v + 0.5) +DF 

 HR = (flood) hazard rating d = depth of flooding (m) 

 V = velocity of flood waters (m/sec) DF = debris hazard = 0.5. (1.0 depth above 250mm) 

 For the degree of Flood Hazard to be classified as low HR has to be <0.75. 
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The Borough Council has designated fifteen separate Flood Risk Zones within and around the town of Boston. 

The application site lies within Marsh Lane FRZ 10 and is shown to be in category 2 Low- Medium Risk. Map 

3 

 

The study has identified that, for the Wyberton Marsh pumped catchment 1 in 100 year flood event, the 

maximum water level would be 1.45mODN, which is well below bank level. 

 

The primary flood risk to the area is potential tidal flooding from a breach of the right hand bank of Boston 

Haven between Black Sluice and Slippery Gowt landfill site. The Riverside Industrial Estate is bounded by the 

Haven and a breach in the primary defence in this area would rapidly result in flooding of the estate. The 

SFRA stated that the secondary flood defence line of the old sea bank is too close to afford the FRZ more than 

a limited and temporary alleviation from a breach to the primary defence. A breach further downstream of 

Slippery Gowt could also cause flooding but with a much lower risk as the overland path would be more than 

2km and the secondary flood bank is at a greater distance from the primary embankment and thus forms an 

effective impediment to tidal flooding. 

 

With the height of the defences being well above the 1 in 200 year tide level it is doubtful that overtopping the 

defences will occur, the main threat is from a beach occurring at high tide. The risk of over topping will 

increase during the lifetime of the development unless the defences are raised to cater for global warming 

 

Black Sluice Internal Drainage Board 

 

The site lies within the administrative area of the Black Sluice Internal Drainage Board who has powers under 

the Land Drainage Act to carry out measures to alleviate flooding in districts with special drainage needs other 

than Main River. The Internal Drainage Board was consulted regarding flooding history from their system and 

has stated that they have no record of the site being flooded from their system and are not aware of any 

flooding from the Haven having affected the site in recent years. 

 

The nearest IDB watercourse to the application site is located to the north of the site and flows in an easterly 

direction to the Wyberton Marsh Pumping Station. The pumps discharge into the Haven and are designed to 

cope with all heads.  

 

A scheme for the disposal of surface water has been agreed with the IDB. E-mails 20th November 2009 and  

1
st
 December 2009. Appendix A 

 

SEQUENTIAL APPROACH 

 

The proposed use for residential development for the site falls within “Essential Infrastructure” uses of land in 

Table D.3 Flood Risk Vulnerability Classification and Table D1 shows that developments of this nature are 

appropriate in this zone subject to passing the Exception Test. All development is permitted in Zone 1. 

Development in Zones 2 and 3 is restricted based on Table D3 of PPS 25 replicated below. 
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FLOODING FROM OTHER SOURCES 

 

 Flooding is a natural process and can happen at any time from sources other than watercourses and the sea. 

• Flooding from land can occur from intense rainfall, often over short duration of time that is unable to soak 

into the ground or enter the drainage system. With the surrounding built up environment and the land falling to 

the east to the IDB watercourse there is little risk of flooding and this is likely to be of short duration and cause 

some local ponding of shallow depth 

 

• The area is not known to suffer from any groundwater problems. 

 

• Flooding from sewers can occur from over loading from heavy rainfall caused by blockages or having 

inadequate capacity. With the surrounding built up environment and the land falling to the east to the IDB 

watercourse there is little risk of flooding and this is likely to be of short duration and cause some local 

ponding of shallow depth 

 

• Non natural or artificial sources of flooding such as reservoirs, lakes or canals where water is stored above 

natural ground  

 

level could cause flooding if the structure fails or is over topped. There are no other known facilities close by 

which would affect the site. 

 

CLIMATE CHANGE 

 

Global warming is now recognised that it is likely to affect the frequency and severity of extreme events as 

both tidal and fluvial flooding. 

 

The annual sea rise due to climate change is given in Annex B, PPS25 and the recommended contingency 

allowances are stated in Table B1. This for the year 2084 (the life span of industrial buildings) will give a 

general rise for the Humber Area of 679mm. 

              2006-2025 = 4mm    19 x 4 = 76mm 

          2025-2055 =8.5mm 30 x 8.5= 255mm 

   2055-2084 = 12.mm 29 x 12 = 348mm 
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The effect of global warming on fluvial flood peaks is given in Table B2. It is expected that the overall effect 

up to 2025 will result in an increase of rainfall of 5%, 2025-2055 10%, 2055-2085 20% with Peak River flows 

increasing by 10%,  

 

From information from the Environment Agency the existing defences adjacent to the application site are 

adequate to deal with tidal events upto 2084 

 

ACCESS AND EGRESS 

 

This is provided along through the existing Marsh Lane Industrial site. Due to the existing land levels it will 

not be possible  

to provide dry access/egress to and from the site hover the flood levels along this route would not prevent 

emergency access/egress during a flood event. 

 

INFRASTRUCTUE 

 

The buildings will be connected into the foul sewerage system which serves the industrial estate on the 

northern boundary, surface water from impervious areas will be also discharged into this dyke having first been 

through a petrol/oil interceptor.  

 

Discussions have been held with the Black Sluice IDB regarding the disposal of surface water not only from 

this site but from the 25 Hectares owned by the land owner of which 10 Ha has already been developed and 

arrangements have for surface water has been ad hoc. A scheme has been proposed and submitted to the IDB 

for necessary improvements to the network to accommodate the additional flow from the 25 hectares. The 

calculated volume of storage required discharging at the Greenfield rate of 1.4 litres/sec/hectare into the 

adjacent watercourses, is 9350 cubic metres. The IDB have had this proposal modelled by their Consultants 

.The IDB have confirmed that the additional storage provided within the system can be accepted without 

raising levels elsewhere and there is no need for the attenuation weir. Appendix A 

 

On site drainage pipes will be laid from the impermeable areas with direct connections into the dyke drainage 

system and following the Consultants model they have confirmed that the watercourse 1 in 100 year level 

including climate changes (30%) is 2.44mAOD in the IBD drain and 2.56mAOD in the site drains. With the 

proposed site level being 3.5mODN, therefore with a freeboard of 1.0m there will be no flooding or 

surcharging on the site and also there will be no impacts to any third parties from the onsite drainage network, 

or with the wider IDB watercourse improvements. 

 

As there is a positive drainage system capable of receiving flows the development there is no likely impact on 

neighbouring property also there will not be above ground flooding which would become a hazard to buildings 

or site access routes. 
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CONCLUSION 

 

o  Following the assessment of the Flood Risk from the Haven the category of the site would be in Flood 

Zone 3, (High Probability) The site is protected to at least 1 in 200 year tidal flood event from the 

Haven. The Banks are in good condition and the risk of a breech in the banks being minimal. 

However it is understood that flood defences do not completely remove the chance of flooding and 

can be overtopped or fail in extreme weather conditions.  

 

o Applying the Flood Risk Vulnerability Classification in Table D2 of PPS25, the proposed 

development is classified as Essential Infrastructure, with Table D1 of PPS25 stating that such uses 

are appropriate in this zone if the site passes the Exception Test. 

 

o  The Haven is tidal and therefore the flood risk is only at its greatest when under high tide  conditions. 

Metrological forecasts together with known variations of the predicted spring tides will allow 

sufficient warning time when these events will occur to safely evacuate the site. 

 

o  The lowland drainage system is well maintained by the Internal Drainage Board and they  have stated 

that the site has no record of flooding from the Board’s system. The Board’s pumping station at 

Wyberton Marsh Pumping Station can operate under all tide levels. Run-off from the site will be 

controlled to an acceptable rate as per the proposals agreed with the Black Sluice IDB (Appendix A) 

 

o The attenuation proposals to deal with the run-off from this site and the remaining land within the 

ownership of the land owner has been modelled within the Black Sluice IDB model and will provide a 

satisfactory solution without causing any above land flooding to the site and to neighbouring lands. 

 

o  Any impact of damage to the property can be foreseen and mitigated against by relatively simple 

design and construction techniques. 

 

o Floor levels for the development are to be set as high as practicable above ground level taking 

into account the need for disable access, use of the building and visual amenity issues. 

 

o The plant is to be raised above the predicted high tide following global warming i.e. 

         6.65m ODN so as to remain operational at all times.  

 

o Register the site with the Environment Agency to receive early flood warning information. 

 

o The Operator of the site shall provide all operatives a flood evacuation plan detailing what to do 

in the event of a flood. 

 

o The proposal falls into Essential Infrastructure, the proposed plant and sensitive control areas are 

to be located above the high tide level, following climate change, i.e.6.60mODN 
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APPENDIX 
 
Photo 1         Proposed Development Site and Secondary Flood Banks 

  

Photo 2         Haven Flood Banks 

 

Map 1           Extract from Boston Local Plan Map                              

 

Map 2           Extract from Environment Agency Flood Map                              

 

Map 3           Extract from Boston SFRA Flood Map  

                             

Plan 1           Typical Schematic Plan  

 

Plan 2           Site Location Plan 

 

Plan 3          Site Layout Plan 

 

Plan 4         Site Surface Areas  

 

Plan 5           OS Levels Marsh Lane FRZ 

 

Appendix A  Proposed Surface Water Drainage Scheme. 

 

Flood Evacuation Plan 
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                       Figure 1 Proposed site and Secondary Flood Defence 

                         
 

 

 

 

 

 
 
                    Figure 2 Haven Flood Banks   
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EXTRACT FROM ENVIRONMENT AGENCY FLOOD MAP 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MAP 1 
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EXTRACT FROM BOSTON SFRA FLOOD MAPS 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

MAP 2 
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EXTRACT FROM BOSTON LOCAL PLAN 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

MAP 3 
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PLAN 2 
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PLAN 3 
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PLAN 4 
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SEQUENTIAL TEST 

 
Paragraph E5 Annex E PPS 25 states that the SFRA should provide the basis from which to apply the Sequential Test and the 

Exception Test in the development allocation and development control process. 

 

Boston Borough Council has produced a Flood Risk Matrix to ascertain whether or not the application complies with 

PPS25 and for the applicant to undertake a self assessment.  

 

From Sheet 1 of the matrix as the site lies within Flood Risk Category 3 High Risk a FRA is required and that 

Sequential and Exceptional Tests are also required. 

 

         Sheet 2 Sequential Tests answers to the Questions 

 

1. Is the site specifically allocated (following sequential testing) for the use proposed in the Interim 

plan? 

         Site shown allocated for Industrial development within the Local Plan 

2. Is the site in a location where the use is allowed (having regard to the SFRA) as a windfall 

development under the interim plan?  

    No 

3. Are there any Interim Plan allocated sites that are available in a lower risk flood category area? 

     No 

4. Do the Interim Plan or background documents identify reasonably available alternative 

allocations in the same flood zone but subject to a lower probability of flooding from all sources (as 

identified in the SFRA)?  

     No  

Sequential Test is passed. 

 

Sequential Test is passed 

 

Sheet 3 Exceptions Test 

1 Is it a housing development within a defined town centre  

    No 

1. Is the site Brownfield?  

      No 

2. Would significant community benefit or sustainability benefit arise that could not be realised in an 

alternative location at lesser flood risk or which would outweigh the flood risk?  

The site is located within an area allocated for employment use up to 27 jobs will be created by this 

development. This is an “A” test as per D9 in PPS25 
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The proposal will generate 12Mw maximum of electricity from sources of locally obtained 

waste. 

 

3. If the proposal includes a “more vulnerable use” is this excluded from the ground floor or put to a 

suitable level?  No 

The proposal falls into Essential Infrastructure, the proposed plant and sensitive control areas are to 

be located above the high tide level following global warming i.e.6.60mODN 

 

4   Is the development a translocation of an existing use/development which in its existing location is at a 

greater flood risk compared to the proposed site? 

No 

 

6    There are no other allocated employment sites identified in the Local Plan which could accommodate the 

proposed development 

 

Exceptions Test passed 
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Appendix A  

 
PROPOSED SURFACE WATER DRAINAGE SCHEME 

RIVERSIDE INDUSTRIAL ESTATE, BOSTON. 

 

An area of land comprising of approximately 25 Ha of land is included in the Borough of Boston Local Plan. 

Approximately 10 Ha has been developed or has an extant planning approval. Plan 1 The Surface water 

disposal which is to local watercourses is very ad hoc with some areas attenuated by various on site means. 

The Black Sluice Internal Drainage Board has been concerned about the present and future developments for 

the surface water disposal. 

 

Meetings have been held between the Internal Drainage Board and the Landowner to discuss what 

arrangements can be made to satisfactorily resolve the drainage problem. 

 

The preliminary design has been prepared in accordance with the guidelines of the Black Sluice Internal 

Drainage Board and is based on limiting the outflow into the Board’s system to 1.4litres/sec, the accepted 

Greenfield rate of run-off from the site.  

 

The design will also comply with the Environment Agency requirements for surface water disposal to regulate 

the flow of surface water into the local water courses or drains.  

 

This will be achieved by on-site attenuation within the existing private onsite drainage watercourses and the 

proposed new watercourse and pond and is designed to deal with surface water run-off up to the critical 1 in 

100 year event plus an allowance of 30% for climate change. 

 

 The new watercourse will be cut alongside the extension of Bittern Way to the New Power Station Site Road 

length 250m coloured red. The watercourses shown in Blue on the plan will be widened and the new pond to 

provide the shortfall in capacity. Plan 2 

 

Drainage Calculations 

 

Total Area of Site = 25 Ha 

 

Impervious areas – A broad assumption has been agreed that the impervious factor for the calculations is 

taken to be 51% 

 

The Environment Agency requires the surface water attenuation facilities to be designed to cope with a 1 in100 

year event plus an allowance of 30% for climate change, as stated in Table B2 PPS25. 

The Black Sluice IDB has stated that the Greenfield rate of run-off for the area has been determined to be 1.4 

litres/sec/Ha. This gives an allowable discharge of 35 litres/sec 

 

From Table 1 the calculated volume of storage required, to discharge at the rate of 35 litres/sec into the adjacent 

watercourses, is 9350 cubic metres. 

 

It is proposed that this storage capacity is provided by:- 
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The proposed attenuation volume has been included in the Black Sluice IDB catchment model, and the 

consultants have confirmed the following. 

 

Results of modelling of extension of Wyberton Marsh Area: 
 
Summary 

If the proposed development takes place as specified the drains in the development site will have enough 
capacity to store the runoff from the 100-year event and the maximum level will be 1.80mAOD in the IBD 
drain and 2.39mAOD in the site drains. This will not exceed the crest level of the control structure and 
any flow leaving the development will be controlled by the dimensions of orifice structure. Model results 

have shown that for the 100-year event the outflow into the IDB drain will be approximately 30l/s. 

 
The drains will also have enough capacity to store the runoff from the 100-year plus climate change 
(+30%) event and the maximum level will be 2.44mAOD in the IBD drain and 2.56mAOD in the site 
drains. In the 100-year climate change event the outflow into the IBD drain will be approximately 35l/s. 
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FLOOD EVACUATION PLAN 

GASIFICATION PLANT RIVERSIDE INDUSTRIAL ESTATE BOSTON 

 

The site is located within an area behind two flood defences at Riverside 

Industrial Estate Boston and is used as a gasification plant producing 

electricity the area of the site is approximately 1.8 Hectares. 

 

The area is identified on the Environment Agency’s Flood Maps as being at 

risk from flooding in extreme weather from a breach to the flood defences 

to the tidal River Haven. The risk has been assessed as being minimal due to 

the width height and construction of the tidal defence and is classified as 

being greater than 1in 200 years.  

 

As visitors or employees to the site you will be using a site, which is classified 

as being vulnerable in flood conditions and you will be required to register 

upon arrival and on leaving the site and to familiarise themselves with the 

plan. 

 

Access to and from the site is along Nursery Road, Marsh Lane to the A16 as 

shown on the evacuation plan. 

 

In the remote chance of a flooding happening on the site the following 

plan and action will be implemented. 

 

 A flood Marshal Name............................has been appointed who will be 

responsible to notify the occupants that flood warnings have been issued 

and to implement the evacuation of the site if necessary. A loud hailer will 

be kept in the office to assist in the evacuation notification. 

 

The Environment Agency Automated Flood warning System will be 

subscribed to.  

They will notify the owners of the site when the risk of flooding can be 

expected.  

 

Upon receipt of a warning the Environment Agency website will be 

monitored regularly for new warnings. 

 

The Plan will have three trigger points: 

 

1. FLOOD WATCH:-Alert all site users of increased flood threat and 

ensure they are aware of possible evacuation if the situation deteriorates. 

All buildings will be visited as well to by the Flood Marshals explain the 

likelihood of the site flooding and that they should be prepared to move off.  

                                                                                                 

Means; - Flooding of low lying and & 

roads is expected 
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What to do 

• Monitor local news and weather 

forecasts 

• Be aware of water levels near you 

• Be prepared to act on your Flood Plan 

• Check on safety of pets & livestock 

• Charge your mobile phone 

 

2. 2   FLOOD WARNING:- Alert all site users of the further increased flood 

threat and ensure that they are ready to move off site if the next 

warning is received. Contact all those who are booked on site but 

not there, explain the situation and request that they do not return to 

the site unless further instructed by the owner or agent. The state of 

the Rivers will be checked, also the local weather forecast to 

ascertain whether the situation will deteriorate or improve. In the case 

of the situation deteriorating visitors will be asked to leave the site. 

                                                               

 Means Flooding of homes and 

businesses is expected ACT   NOW 

                             What to do 

• Move cars, pets, food, valuables & 

important documents to safety 

• Get flood protection in place 

• Turn off gas, electricity and water if 

safe to do 

• Be prepared to evacuate 

• Protect yourself, your family and help 

others 

• Act on the flood plan 

•  

3. SEVERE FLOOD WARNING:-Evacuate the site to the A16 by turning 

Right at the public highway at the site entrance, priority given to the 

vulnerable (elderly or disabled) with assistance if necessary from 4 

wheel vehicle. Those away from the site will be contacted to stay 

away. Each visitor is recorded within the sites booking in procedures; 

therefore the owners are in a position to be able to make contact 

and accounted for. 

 

                                                    Means:- Act now Severe flooding is 

expected and extreme danger to life & 

property 

                              What to do 

• Collect things you need for evacuation 
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• Turn of gas, electricity and water if 

safe to do 

• Stay in a high place with a means of 

escape 

• Avoid electricity sources 

• Avoid walking or driving through flood 

water 

• In danger call 999 immediately 

• Listen to emergency services 

• Act on the flood plan 

 

 

   4.  All Clear:-Nobody will be allowed back on site until the Environment    

 Agency has issued the all clear notice for the area. 

                                                

 Means:- No further flooding is expected 

Water levels will go down 

                              What to do 

• Keep listening to weather reports 

• Only return to evacuated buildings 

when told to do so 

• Beware of sharp objects and pollution 

in flood waters 

• Ask for advice before cleaning up 

 

A notice with the evacuation procedure and trigger points will be displayed 

in all the cabins and all personnel will be requested to make themselves 

aware of the contents together with the evacuation route plan.  

 

The evacuation plan will be subject to an annual revue. 

 

The Floodline telephone number is 0845 988 1188 for up to date flood 

information. 
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GHFIJGKF��LKMJNIGOP�
JNONF�OLK�RGPP�WQLNGLMF�NQ�XF�GLHQPHFK�RGNE�OPP�UMNMIF�KFHFPQVYFLNJ�FJVFWGOPPS�GL�IFJVFWN�NQ�m�GNF��IOGLOTF�OLK�lQPPMNGQL�lIFHFLNGQLn��� � ������



���������	��� � 
��

���
�������
����
����
�������	�	���������������� ������������������

������������������ �

�� ! �" �# �!$% �&'()*+$,(-�.(-,(//0)�1(%��201()3'0$1$,'(�4+1((/0) �

�5� �6�7����	���	�����8�9� �:;�<==;==>;?@�AB�@:;�CADE>;�AB�<@@;?E<@FA?�=@AG<H;�F=�I<=;J�A?�@:;�9�F?�9KK�L;<G�=@AG>�;C;?@�MDE=�<?�<DDAN<?O;�AB�PKQ�BAG�ODF><@;�O:<?H;�<?J�<?�<DDAN<ID;�JF=O:<GH;�G<@;�PR�DF@G;=S=;OA?J���8�T� �:;�OA>MD;@;�=EF@;�AB�<==;==>;?@=�BAG�@:;�<IAC;�OGF@;GF<�F=�HFC;?�F?��UU
���V�9�IE@�=E>><GF=;J�I;DAN�<G;�@:;�;==;?@F<D�G;=ED@=W�XFY��==;==>;?@=�AB�AC;G<DD�DA?HZ@;G>�=@AG<H;��BAG�9�F?�9KK�L;<G�=@AG>�;C;?@�� � � � � [�\�]]\�9=̂�>�XFFY��GF@FO<D�=@AG>�;C;?@�<?J�JEG<@FA?�� � � � [�9�88K�>F?=�XFFFY��GF@FO<D�=@AG>�G<F?B<DD�G<@;�� � � � � [�P�8R�>>S:G�XFCY��==;==>;?@�AB�AC;G<DD�DA?HZ@;G>�=@AG<H;�BAG�9�F?�9KK�L;<G�_�� <JJF@FA?<D�PKQ�BAG�ODF><@;�O:<?H;�� � � � [�]�\8T�=̂�>�XCY��==;==>;?@�AB�AC;G<DD�DA?HZ@;G>�=@AG<H;�BAG�9�F?�TKK�L;<G�� =@AG>�;C;?@� � � � � � � [�9K�̀aK�]=̂�>��8�P� �:;�;?HF?;;G=�AB��D<Ob��DEFO;��?@;G?<D��G<F?<H;��A<GJ�:<C;�<JCF=;J�@:<@�@:;�OA?@GAD�=@GEO@EG;�BAG�@:;�F>MGAC;J�JG<F?<H;�O:<??;D�<?J�<@@;?E<@FA?�MA?J�NFDD�I;�@:;�cLI;G@A?�d<G=:�UE>MF?H��@<@FA?���8�8� �?�@:F=�G;H<GJ�@:;�;?HF?;;G=�AB��D<Ob��DEFO;�������:<C;�E?J;G@<b;?�C<GFAE=�:LJG<EDFO�<==;==>;?@=�<?J�=F>ED<@FA?=�@A�F?OAGMAG<@;�@:;�
FC;G=FJ;��?JE=@GF<D�
=@<@;�F?�@:;�AC;G<DD�cLI;G@A?�d<G=:�O<@O:>;?@�<G;<���8�R� �:;��A<GJ�:<C;�J;@;G>F?;J�@:<@�@:;�CADE>;�<?J�@:;�<==AOF<@;J�J;M@:�AB�N<@;G�<?@FOFM<@;J�NF@:F?�@:;�
FC;G=FJ;��?JE=@GF<D�
=@<@;�<G;<�F=�OA>M<@FID;�NF@:�@:;��A<GJ=�JG<F?=�F?�@:;�DAO<DF@L���:;��A<GJ=�JG<F?=�F?�@:;�CFOF?F@L�AB�@:;�F?JE=@GF<D�;=@<@;�<D=A�<@@;?E<@;�=@AG>�N<@;G�GE?ZABB�BGA>�cLI;G@A?�d<G=:�O<@O:>;?@�<G;<�JEGF?H�<�=;C;G;�=@AG>�;C;?@����������



���������	��� � 
��

���
�������
����
����
�������	�	���������������� ������������������

������������������ �

�� ! �" �# �!$% �&'()*+$,(-�.(-,(//0)�1(%��201()3'0$1$,'(�4+1((/0) �

�5�6� ���7������8�9� �:;�<=>?<@A�BCB?DBED;�F<G�>:;�D<@HI>;GJ�FK>KG;�=G<<F?@H�<F�
?C;GA?L;��@LKA>G?BD�
A>B>;�M?>:�G;HBGL�><�AKA>B?@BED;�LGB?@BH;�ANA>;JA�O����P�><�ABF;HKBGL�A?>;�LGB?@BH;�B@L�=<DDK>?<@�BG;�BA�F<DD<MAQ�� O?P� 
��

���
�������
����
����
�R�
S�

�����

���T� �<@A>GKU>;L�V;>DB@LA��T� �BDB@U?@H�W<@LA�R��;>;@>?<@��BA?@�R�
;>;@>?<@�W<@LA��T� X?D>;G��>G?=A�B@L��MBD;A�><�;A>B>;�G<BLA��T� �LL?>?<@BD�MB>;G�U:B@@;DA�><�;Y>;@L�>:;�������@;>M<GZ��� O??P� ������������
�
��W[
������
�R����

�����

���T� VB>;G��BGC;A>?@H��T� \G;;@�
<<FA��T� �B@LAUB=?@H��T� �<BZBMBNA��?@F?D>GB>?<@�>G;@U:;A��AMBD;A�B@L�EBA?@A��T� W;GJ;BED;�AKGFBU;A�B@L�F?D>;G�LGB?@A���8�]� �:;�<=>?<@A�F<G�
?C;GA?L;��@LKA>G?BD�
A>B>;�:BC;�E;;@�U<@A?L;G;L�?@�L;>B?D�?@��;U>?<@�̂Q�
?AZ��AA;AAJ;@>�EK>�>:;�<=>?<@A�B==D?UBED;�><�?@L?C?LKBD�L;C;D<=J;@>�A?>;A�@;;L�><�E;�JB@BH;L��=DB@@;L�B@L�;Y;UK>;L�><�BUU<GL�M?>:�>:;�A=;U?F?;L�UG?>;G?B���8�_� �@�>:?A�G;HBGL�>:;�L;>B?D;L�U<@A?L;GB>?<@�<F�>:;�B==D?UB>?<@�A?>;�=G<C?L;A�>:;�F<DD<M?@H�G;AKD>A�?@�G;A=;U>�><�̀�?>;��GB?@BH;�B@L�W<DDK>?<@a���:;�F<DD<M?@H�BG;BA�BG;�B==D?UBED;�><�>:;�=G<=<A;L�=<M;G�A>B>?<@�=DB@>�B>��;BDB@L�VBN���<A><@�F<G�>:;��D>;G@B>?C;��A;�\G<K=Q�O
;F;G�>:;�X�\�8�9�E;D<MP�O?P� �<>BD�?J=;GJ;BED;�BG;BA� b���c�_]d�deJ]��O??P� �<>BD�=;GJ;BED;�BG;B��� b���c�̂de�8]J]��O�?@UDKL?@H�DB@LAUB=;P�fgggh� �<>BD�A?>;�BG;B�� � i�jklmn5�o6po���8�̂� XG<J�>:;�BE<C;�F?HKG;A�>:;�F<DD<M?@H�=;GU;@>BH;�U:B@H;A�BG;Q�O?P� q��J=;GJ;BED;�BG;BA�O?@UDKL?@H�G<<FA�B@L�=BC?@HP�b�̂c�d_q�O??P� q�W;GJ;BED;�BG;BA�O?@UD�DB@LAUB=?@HP� � ���b�8r�_sq�����������������������������������������������������������������������������������������������������j66�66t���



���������	��� � 
��

���
�������
����
����
�������	�	���������������� ������������������

������������������ �

�� ! �" �# �!$% �&'()*+$,(-�.(-,(//0)�1(%��201()3'0$1$,'(�4+1((/0) �

�

��567�8�9�:��;<=<>?@��==A6BCD6<E��6D?��F;GCB6E7�H?DC6A>�����



���������	��� � 
��

���
�������
����
����
�������	�	���������������� ������������������

������������������ �

�� ! �" �# �!$% �&'()*+$,(-�.(-,(//0)�1(%��201()3'0$1$,'(�4+1((/0) �

�5�5� 6789�:;<�=>8?<�@ABC7<D�A:�E=F�><�D<<F�:;=:�:;<�A9G<79<=>H<�E8F?<7DA8F�7=:<�8@�IJ�KL�M�@87�:;<�N=DA@AE=:A8F��A:<�AD�AF�=EE87O=FE<�PA:;�:;<�87ABAF=H�6
��7<@<7<FE<��<7DA8F�IQ��<E<9><7�RSSJ�P;AE;�D:=:<D�T�U�GG<FOAV�����7=AF=B<��=HECH=:A8FD���9G<7?A8CD�=7<=D�T���>78=O�=DDC9G:A8F�;=D�><<F�=B7<<O�:;=:�:;<�A9G<7?A8CD�@=E:87�@87�E=HECH=:A8FD�AD�:=W<F�:8�><�5XM���5�K� �;<�O<?<H8G9<F:�8@�:;<�N=DA@AE=:A8F��A:<�AFE87G87=:<D�G<7A9<:<7�H=FODE=GAFB�=FO�G<7?A8CD�G=?<O�=7<=D�:8�7<OCE<�:;<�8G<7=:A8F=H�A9G<79<=>H<�=7<=�F<E<DD=7Y�@87�:;<�E89GH<V�:8�@CFE:A8F���F@87:CF=:<HY�:;<�G7<?=AHAFB�B78CFO�E8FOA:A8FD�PAHH�G78;A>A:�AF@AH:7=:A8F�AF:8�:;<�CFO<7HYAFB�DC>ZD:7=:=�:8�=FY�DABFA@AE=F:�<@@<E:��[
<@<7�:8�6AB�5�R�><H8P�\�
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