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1 EXECUTIVE SUMMARY
· The 60Ha Greenfield site is located predominantly on arable land with no evidence of contamination with several watercourses within its boundaries. The low lying, northern section of the site is known to lie within the flood plain.  Consequently, due to the flood risk presented, this area will not be developed and will be maintained as an area of ecology. Inspection of the detailed topographical survey has shown that there is an area of similarly low lying land extending into the development area towards Toddington Lane. It is proposed that this area will not be developed but will also form part of the flood plain and maintained as an area of ecology.
· The site lies within a groundwater Source Protected Zone (SPZ). The groundwater body type is identified as ‘Principle’.
· It is considered unlikely that any Sequential or Exception Testing undertaken as part of the Strategic Flood Risk Analysis (SFRA) would discourage development on this site as the built development is located away from the identified floodplain. 

· The proposed built development is not subject to significant flood risk being located beyond the floodplain of the Black Ditch and any watercourse on site. However, there are areas of ‘Green Corridor’ located within the identified floodplain. It is proposed to utilise these green areas to convey and infiltrate surface water run off as appropriate.
· The EA have requested that SUDS be implemented in accordance with PPS25. The most suitable solution is to use a combination of infiltration drainage, attenuation in the form of swales and balancing pond supplemented by piped systems where appropriate.

· Restricted storm outfalls to the Black Ditch via suitable attenuation systems appear viable. Notwithstanding detailed design a series of attenuation systems/drainage ponds and swales located generally within the green areas of the Development can provide a total attenuation capacity of approximately 16,564m³.
· The proposed drainage system will control flood events as the discharge will be restricted to a rate which provides a betterment of the existing conditions.
· Historic sewer flooding has been identified and recorded in the Old Mead Road area which is adjacent to the site. This indicates the existing public sewer systems may be at or near capacity. The exact cause of this flooding is unknown.
· It is proposed to connect the developments foul drainage into the existing public sewer network south of the site via a new connection point to be confirmed with Southern Water. The associated construction of the new sewer system could coincide with the construction of the new bridge deck for the main access into the development.
· The recently constructed Ford Treatment Plant does have the capacity to accommodate the foul flows produced by the development. Improvement works may be required at the existing pumping facility connecting Littlehampton to the treatment plant.
· Temporary package pumping stations and connections to existing foul sewers are possible options to accommodate the proposed construction phasings. It is recommended however that the development drains via new gravity sewers to a new adoptable pumping station and thereafter discharge via rising main direct to the Lea Road Sewage Treatment Works thus minimising abortive costs. It is anticipated that the Lea Road Sewage Treatment Works needs re-modelling to accommodate foul discharge from the proposed Development. 

Recommendations/Future Works

· Undertake detailed foul and storm water drainage design

· Continue liaison with the EA to identify any additional parameters of outfalls

· Ongoing liaison with Southern Water to confirm details of existing public sewers and future works

· Undertake detailed topographical survey of the route of connection to the Ford Sewage Treatment works

2 intRoduction

2.1 INSTRUCTION

WYG Engineering have been commissioned by Greencore Group Ltd to evolve and develop a drainage strategy for the proposed development of the Toddington Park site at Toddington Lane, Littlehampton.

2.2 BRIEF

The Toddington Park site at Toddington Lane, North Littlehampton is currently being promoted for development by Greencore through the Arun District Local Development Framework.  The proposed mixed use development is expected to include 1,800 houses and areas of employment and community facilities. 

This report will set out the requirements for drainage of the site and recommend the preferred options for the provision of foul and surface water drainage to the site and the means of disposal from the site incorporating:
· Surface water management strategy and a conceptual drainage design

· Identification of key criteria affecting the design of the surface water drainage system

· Preliminary indications and descriptions of drainage components and requirements
· Estimate of foul discharge rates

It is anticipated that this report will form part of the documentation submitted in support of the Planning Application for the development. 

The drainage and flood risk assessment (FRA) have been developed in parallel but the FRA will be reported separately.

3 EXISTING SITE

3.1 LOCATION
The 60 ha site is situated on the northern edge of Littlehampton, north of the railway line and east of the A284.  To the north, the site is bounded by the watercourse known as the Black Ditch.  The approximate National Grid Reference (NGR) is 503 300mE 103 900mN (TQ033039).  

The site forms the northern part of Toddington, which comprises a mix of housing, employment, horticultural and public open space uses including allotments.  

3.2 CURRENT LAND USE
The proposed development site is currently occupied by a variety of uses including several large nurseries with associated packaging, storage and administration facilities as well as a packaging and distribution business and a number of residential properties.  It is estimated from visiting the site that there is currently a high level of impervious surfacing is in the form of roads, buildings and green houses.
From a desktop analysis of the existing site the total area of current hardstanding is approximately 22 Ha. This is in the form of permanent Greenhouses and associated offices/outbuildings with access roads. In accordance with Ciria Book 14, ‘Design of flood storage reservoirs’ the site is classified as urban as it falls within the orange (urban) area indicated on the OS maps for the area.
The developed part of the site lies along the south while to the north of the site there is a greenfield section that is at a lower level. This area is an active part of the floodplain for the Black Ditch.  There is detailed topographic information available for the site, which indicates that the site levels vary from 7.3m AOD around the glass houses within the southern section of the site, to 1.20m AOD in the low lying areas to the north.

There are also a number of ponds or reservoirs within the site that are currently used as part of the irrigation system for the greenhouses.  It is understood that water is abstracted under licence from the Black Ditch and local groundwater boreholes to fill these ponds.

3.3 PROPOSED LAND USE
The proposed development is expected to include 1,460 residential units and associated areas of employment and community facilities including formal and informal open space and landscaping.
The low lying, northern section of the site is known to lie within the flood plain.  Consequently, due to the flood risk presented, this area will not be developed and will be maintained as an area of ecology. Inspection of the detailed topographical survey has shown that there is an area of similarly low lying land extending into the development area towards Toddington Lane. It is proposed that this area will not be developed but will form part of the flood plain and maintained as an area of ecology.

Generally the future ground levels will remain consistent with the existing ground levels of the site. However there will be some areas of cut and fill within the development to provide the necessary flood storage and maximise the area of development, these are detailed in the Peter Brett Associates Flood Risk Assessment dated October 2009. 
For the purposes of preliminary surface water drainage design, the proposed Development has been considered as three basic elements:

· Highways

· Buildings and hardstandings

· Soft landscaping and verges

The proposed Masterplan for the development is contained in Appendix A and identifies the constituent parts of the development. It should be understood that the identified areas of residential use, school use, and commercial use each carry an element of soft landscaping thus affecting the extent of each impermeable surfacing. 
The impermeable areas attributed to each land use have been factored to reflect this as follows:

· Residential
low density (30dph)


50% of area
medium-low density (35dph)

60% of area



medium-high density(50dph)

55% of area




high density (80dph)


95% of area

· School





50% of area

· Other areas of development


90% of area

The area of the site can be broken down as follows:

· Total area of Development Site

=
60Ha

· Total built Development Area

=
37.7Ha

Consisting of:

· Residential Areas
(of which)

=
35.40Ha


High Density



=
2.49Ha


Medium-high Density


=
10.44Ha

Medium-low density


=
12.97Ha

Low Density



=
9.50Ha

· Employment/Business/Commercial

=
1.3Ha

· Schools




=
1.0Ha

· Green corridors (including allotments)
=
22.3Ha

Note: Figures obtained using ‘North Littlehampton – Residential Densities’ Drawing No. SK221, issued by John Thompson & Partners dated October 2010.

4 SUMMARY OF STRATEGIC FLOOD RISK ASSESSMENT (SFRA)

The Strategic Flood Risk Assessment (SFRA) prepared by Capita Symonds on behalf of Arun District Council (ADC) with the latest revision published in February 2008. The SFRA is used to support the development of the Local Development Framework (LDF) and creates a strategic framework for the consideration of flood risk when making planning decisions.

The Arun SFRA was undertaken in accordance with the guidance contained in PPS25 and associated documents. Consideration was also given to additional guidance provided by the Environment Agency.

In summary the main objectives of the Arun District SFRA is to provide flood risk information:

· so that an evidence based and risk based sequential approach can be adopted when making planning decisions in line with PPS25

· that is strategic in that it covers a wide spatial area and looks at flood risk today and in the future

· that supports sustainability appraisals of the LDF’s

· that identifies what further investigations may be required in flood risk assessments for specific development proposals

Flood Zones derived for the Arun area are shown in Map F1-F in Annex A and confirms that the majority of the district lies within Flood Zone 1. The majority of areas which lie with Flood Zones 3a and 3b lie along the banks of the River Arun and its tributary the Black Ditch.

Flood Zone 3b (the functional floodplain) comprises of land where water has to flow or be stored in times of flood. The flood defences along the River Arun remove much of flood zones 2 and 3a from the ‘functional floodplain’. However, much of the floodplain for the Black Ditch is included within flood zone 3b.

Catchment Flood Management Plans (CFMP’s) provide a large-scale assessment of the risks associated with river flooding. They present a policy framework to address the risks to people and the environment in a sustainable manner. In doing so, a CMFP is a high level document that forms part of the Department for Environment, Food and Rural Affairs (Defra) strategy for flood and coastal defence.

Coastal flood defence schemes are usually highly designed to withstand pressure from high water levels as well as erosive wind and wave action. Shoreline Management Plans (SMP’s) outline policies and options for the management of coastlines and flood defence in Arun. Again, a CMFP is a high level document that forms part of the Department for Environment, Food and Rural Affairs (Defra) strategy for flood and coastal defence.

The proposed development site is identified and assessed within the SFRA in respect of the management of the flood risk associated with any development. The existing flood risk measures confirmed at the site include flood defences against river and sea flooding along the River Arun. These include raised embankments to protect against a flood with a 3.3% Annual Probability Exceedence Probability, (AEP). 

Improvements to the River Arun flood defence may increase the level of protection from sea flooding in the future. However, strategic solutions are unlikely to reduce groundwater flood risk which would require site specific measures. 

Map S of the SFRA, ‘Historic Incidents of Flooding from Sewers’ indicates that there is a historic incident of sewer flooding within the Old Mead Road area, adjacent to the site. There are several causes of sewer flooding identified of which the main origin of the problem appears to be a lack of capacity in the drainage network. 

The SFRA identifies the site to be generally greenfield nature and that any development is likely to increase the runoff which will need to be restricted to the current rate. The soils and geology information indicate that the land is relatively permeable and soakaways /infiltration may be effective and should be considered in preference to attenuation and storage.

The SFRA ‘Assessment of sites of search’ North Littlehampton is included in Appendix D of this report. 
5 FOUL WATER DRAINAGE
5.1 EXISTING FOUL WATER DRAINAGE
The site is not currently serviced by public foul sewers so it is assumed that the foul drainage from the existing properties within the development site consists of cess pits or septic tanks.  

A previous drainage assessment report for this development identified a number of sewer networks adjacent to the southern section of the site.  The first of these is a 250mm rising main that heads south into the site and then east along the north of the site.  South of the railway line on Toddington Lane there is a 225mm gravity sewer and to the west of the site there is a network of 150mm gravity sewers which also drain to the south.  

Based on previous discussions with Southern Water both of these gravity networks join and then drain to a pumping station on the eastern side of the River Arun.  The rising main from this pumping station then crosses the river and discharges into a waste water treatment plant in Ford within the disused airfield site to the west of Ford Road.  Southern Water have advised that previously, foul water generated by development in Littlehampton was drained to a number of pumping stations and disposed of via long outfalls off the coast.  

The treatment plant at Ford has been recently constructed and replaces the previous methods of disposal.  Southern Water have advised that the treatment plant was ‘over designed’ to provide spare capacity to service future developments within Littlehampton, such as that proposed at Toddington Park.  As expected, Southern Water have previously confirmed there are no capacity issues affecting the current operation of this treatment plant.

5.2 PROPOSED FOUL WATER DRAINAGE

No details are currently available of the internal layouts of all buildings. Consequently, typical values of foul discharge have been determined using figures based on the density of housing, proposed land use, size of site and / or anticipated site occupancy levels. 
The table below estimates the peak foul flows generated by the residential and commercial areas of the development based on the design criteria in Sewers for Adoption 6th Edition.

Table 1

	Land Use
	Development
	SFA Criteria
	Peak Design Flow

	Residential
	1460 units
	4000 L/unit/day
	67.59 L/s

	Commercial
	1.3  ha
	1.35 L/s/ha 1
	1.755 L/s

	TOTAL
	
	
	69.35 L/s


Commercial development flows are based on a domestic flow element of 0.6 L/s/ha and a trade effluent flow element of 0.75 L/s/ha (total of 1.35 L/s/ha) in accordance with SFA 6th Edition.

For the purpose of this report, it has been assumed that the school identified on the Masterplan shall be a single form entry Primary School. 

· This equates to (peak School effluent flow) of 4.66l/s.
Note: Number of teachers, pupils and facilities has been estimated using average occupancy figures. Estimated number of wastewater units in accordance with BS6465-1:2006 Sanitary Installations. Frequency factors and discharge rates of wastewater units in accordance with BS EN 752-4 Tables C.1 and C.2.

Summary of Estimated Peak Foul Discharge for the Development:

· School


for 1 single form entry
4.66 l/s

· Residential


1460 dwellings

67.59 l/s

· Commercial

for 1.3 Ha 

1.76l/s

· Total





74.01 l/s

Clearly, with an expected estimate peak flow of 74.01 L/s, the current drainage approach of cess pits and septic tanks will not be suitable to service the new development of the scale envisaged and a trunk foul drainage network will need to be provided for the development.

At this stage of the strategy, it is not possible to determine the exact location of connection to the adoptable sewer network as Southern Water are not able to provide capacity information about the existing system without a detailed analysis.  It should be noted, however under current legislation, that Southern Water have a statutory obligation to provide a connection from the site to their public sewer via a requisition agreement. It is recommended that a full Hydraulic Capacity Assessment of the existing foul sewer systems in question is conducted to determine the exact maximum allowable discharge rate. In addition, this will allow analysis and consideration of any temporary connections into the existing system.

Inspection of the detailed topographic information was undertaken to assess ground levels.  It is considered that there are no significant variations in ground level that imply difficulties for the provision of a straightforward and economical foul gravity drainage network within the site.  

There are two potential routes have been identified in order to drain the site these being as follows:

1. To the west via Toddington Lane and Mill Lane to the existing system in Lyminster Road.

2. To the south via Toddington Lane to the existing system in Toddington Lane.

Whilst both routes present a feasible discharge route, both options also require the crossing of the main Chichester to Brighton railway line at the respective level crossings in Lyminster Road and Toddington Lane. 

Option 1 will involve the installation of a considerable length of rising main and will cause disruption both within the existing housing development to the west of the site and to A284 Lyninster Road, one of the arterial routes to Littlehampton from the A27, whereas Option 2 will present minimal disruption during the installation of the rising main. On this basis it is considered that Option 2 be considered as the recommended route to drain the site, subject to Southern Water’s confirmation of adequate capacity in the public sewer system in Toddington Lane. If the existing system is at capacity, the requistition agreement will identify the extent of improvements required.
It is understood from inspection of the sewer records contained in Appendix B that the adoptable public sewer in Toddington Lane terminates south of the railway level crossing and does not cross into the site. Subsequently, it should be noted that any proposed connection or new sewer which crosses the railway will require permission. This can be a time consuming process and similar proposals have taken up to two years to resolve. 

The drainage assessment report, dated June 2006 confirmed that based on the size and grade information available from Southern Water for the gravity sewers immediately south of the site in Toddington Lane general estimates can be made on their capacity.  It is considered likely that the peak flow expected from the proposed development will exceed the capacity of this infrastructure.  However, a connection may be possible further downstream, which may require the construction of a new sewer draining in parallel with the existing.  Alternatively, Southern Water may require the existing sewers to be replaced and upsized to handle the existing flow and the new flows from the development. 
The construction of the new gravity sewers, pumping stations and rising mains may be covered under a requisition agreement with Southern Water.  This would mean that Southern Water would be responsible for the design and construction of the works and the client would pay the construction costs and any additional fees to Southern Water.  A requisition agreement avoids any legal implications for the client caused by the infrastructure entering a third party’s land and ensures Southern Water approval of the scheme.
There is mention in the drainage assessment report, dated June 2006, that  discussions had taken place with Southern Water who have suggested that the wastewater treatment plant in Ford has been designed with sufficient spare capacity to service the proposed development at Toddington Park. Further investigations and liaison with Southern Water will be required to determine whether it can operate adequately with the increased discharges. However, the pumping station which connects Littlehampton to the plant may need some works to provide additional capacity for the increase in flows from Toddington Park. 

5.3 PROPOSED FOUL WATER DISPOSAL METHODS

As stated above, it is proposed that the foul water drainage from this site is routed into a requisitioned sewer draining to the existing adoptable sewer in Toddington Lane, this will be subject to capacity checks and approval by Southern Water.

Inspection of the topographical survey indicates that the site falls from the south to the north but is relatively flat from the east to the west. This topography of the site and the current Masterplan layout indicates that the site is split into 2 sections either side of a wetland area set aside for both flood relief and ecological uses. This configuration suggests that the site be drained by 2 foul water pumping stations, one located within the eastern residential area and the other within the commercial area to the west.

In order to allow the drainage elements to be constructed in accordance with the proposed phasing it is suggested that the eastern area is drained by gravity to a pumping station to the north of the site. This in turn is distributed via a rising main which connects and discharges to a gravity system in the west of the site. All the foul discharge is then distribute from the site via a single rising main into the requisitioned sewer in Toddington Lane. Any new connection into the public sewer system can be constructed in association with the new railway bridge to accommodate the main access to the site. This will minimise disruption to the railway and sewer system.
A proposed construction phasing drawing of the foul drainage system is included in Appendix G of this report, WYG Drawing SK03.
Alternatively, a small series of small ‘sacrificial’ package pumping stations could be utilised as a temporary measure until such a time that the development is in such a size which warrants the single pumping facilities. However, these temporary pumping stations may not be adopted by the relevant water authorities who may choose to leave the responsibility for these stations with the Developer, accepting the main permanent pumping stations only. Consequently these temporary works could represent substantial risk and abortive costs to the developer. 
Both foul water pumping stations are to be designed in accordance with the current version of ‘Sewers for Adoption’, built to an adoptable standard and offered for adoption to Southern Water. Both stations should also be assessable by means of adoptable highways. All piped systems, where appropriate should be adopted by Southern Water.

	Residential Phasings
	
	
	

	Phase No
	no. of houses
	% of overall
	Foul discharge (l/s)

	Phase 1
	100
	6.84
	4.62

	Phase 2
	160
	10.96
	7.42

	Phase 3
	240
	16.44
	11.11

	Phase 4
	240
	16.44
	11.11

	Phase 5
	240
	16.44
	11.11

	Phase 6
	240
	16.44
	11.11

	Total
	1460
	100
	67.59


Summary of Estimated Peak Foul discharge for individual stages (in relation to the proposed phasing):
6 SURFACE WATER DRAINAGE
6.1 EXISTING SURFACE WATER DISPOSAL
The Southern Water public sewer records, which are attached in Appendix B, show that there is no connection from the site to a public surface water system so surface water runoff is currently disposed of in two ways.  The first is to allow runoff to shed from the hard standing surfaces and infiltrate into the surrounding pervious ground.  The other method of disposal for surface water is via the existing ditches within the site identified by the EA in the River Arun Catchment, Flood Defence-Conservation Specification dated December 2003.

The two main ditches identified are the Toddington and Norway Ditch, which are assumed to be classified as ‘main’ watercourses. The Toddington Ditch is located to the central area of the site, connecting to the Black Ditch to the north. The Norway Ditch is located to the eastern extent of the site and appears to connect a pond to the south of the railway crossing to the Black Ditch to the north. For the purpose of the drainage strategy it is assumed that these watercourses currently discharge a proportion of the surface water run off produced within the site into the Black Ditch at an unrestricted rate.
It should be noted that any works to or within ‘main’ watercourses will require full approval from the EA.

6.2 PROPOSED SURFACE WATER DISPOSAL
There are a number of solutions for provision of drainage within the site and these are discussed in more detail below.  These include options for implementing Sustainable Drainage Schemes in lieu of a piped system. 

However, should a piped system be the most suitable solution for this development, there are no significant variations in ground level that are obvious and it is expected that there will be no significant costs associated with the provision of a drainage network within the development.

While there are infiltration solutions below, it is expected that at least some of the development will outfall via attenuation into the Black Ditch, providing an overall betterment of the existing brownfield runoff. 
The proposed development at Toddington Park was discussed with the Environment Agency and Arun District Council to obtain their comments and requirements for the future surface water drainage of the site.  

6.2.1        Environment Agency Requirements

The Environment Agency will normally require that for all annual flow rate probabilities up to and including the 1 in 100 year event (plus an allowance of 20% for climate change), the developed rate of runoff shall not exceed the undeveloped (Greenfield) rate of runoff for the same event.  The Environment Agency suggests that the Greenfield runoff rate be calculated in accordance with the guidance set out in the Institute of Hydrology Report No. 124 (IH124). The result of these calculations suggests than a Greenfield runoff rate of 7L/s/ha is appropriate for this development.
However, given the existing site conditions and the significant areas of hardstanding within the site it is proposed to assess the site using brownfield conditions providing a 20% betterment to incorporate climate change.
There are a number of different ways to reduce the developed runoff rate, PPS25 emphasises the implementation of Sustainable Drainage Systems, which use techniques to control surface water run-off as close to its origin as possible, before it enters a watercourse at a restricted rate.  This involves moving away from traditional piped drainage systems to engineering solutions that mimic natural drainage processes.

In accordance with PPS25 the Environment Agency actively encourages the implementation of Sustainable Drainage Systems (SUDS) to meet the discharge requirements for the development, improve water quality and ensure that ecological provisions are maintained and enhanced where possible. The EA have highlighted the suitability of this site and its layout for implementing a variety of alternative SUDS systems.
Detailed below are a number of SUDS options for the disposal of surface water from the proposed development. 

6.2.2       Attenuation Ponds
A suitable SUDS solution for the development appears to be the use of an existing pond within the site, supplemented by a series of soakaways and swales to attenuate the peak developed discharges into the Black Ditch. If designed correctly, this will ensure that a betterment of the existing brownfield runoff conditions is provided.  

Some calculations have been undertaken to estimate a scenario for the provision of storage to meet the design requirements, incorporating a factor for climate change.  
For the purpose of this report a 1 in 100 year event (with 20% allowance for climate change) has been applied and an area of hard standing of 32.864 ha has been measured from the proposed site layout. The existing brownfield run off site has been calculated in accordance with IH 124. Screenshots of the associated calculations are included in Appendix E of this report.

Based on this, the total volume of storage required to provide a betterment of the existing run off conditions (assuming no infiltration) would be in the order of 18, 627 m3. This storage requirement is a separate necessity from the provision of flood compensation scheme identified within the FRA.  The storage element specifically provides an improvement on the existing discharge conditions whereas the flood compensation scheme is aimed at enhancing capacity of the identified floodplain.

It should be noted that large areas of the site will be generally managed by infiltration methods where the water table is low. This will significantly reduce the storage requirements.
There are 3 existing ponds along the eastern boundary of the site which have an estimated surface area of approximately 16,500 m3.  The 2 smaller ponds to the north have been identified as lined ponds presumably used to store water for irrigation purposes and have no ecological value - the current proposals contained in the Masterplan indicate that these ponds are filled in. The larger pond to the south has been identified has having some ecological value and as such is to be retained and incorporated within the SUDS system as a balancing pond. In addition, a smaller pond is shown to the west of the central area, adjacent to the new school. This pond will not form part of the drainage strategy for the development.
The current volume of these ponds is not currently known and as the site will be managed using a variety of SUDS it will not be necessary for the pond to be designed to accommodate the total storage. Ponds are widely used as a cost effective SUDS technique and when well designed and maintained, offering important aesthetic and wildlife benefits to developed sites. Grit separation and pollution prevention are other benefits of these structures as runoff is treated through the settlement of solids in still water (calm conditions are enhanced by the presence of plants), absorption by aquatic vegetation and biological activity.   Ponds have a permanent pool of water and can be created by using an existing natural depression, excavating a new depression or by constructing embankments. Each time it rains, the runoff entering the pond is detained and treated as the sediments settle until displaced by the next storm.

Ponds provide both storm water attenuation and treatment and are designed to support emergent and submerged aquatic vegetation along the shoreline. Run off from each rain event is detained and treated in the pool.

The key design criteria for ponds are:

· Permanent pool volume for water quality treatment

· Temporary storage volume for flow attenuation

· Sediment forebay or upstream pre-treatment

· Length: width ratio between 3:1 and 5:1

· Maximum depth of permanent pool of 2m

· Side slopes of <3:1 slopes

It is proposed to route a proportion of the surface water runoff from the neighbouring properties and roads into the retained pond on the eastern side to maintain water levels to an acceptable value, providing suitable attenuation as part of the drainage strategy. The discharge from this pond will be allowed to enter a wet swale system within ‘green’ corridors running towards the wetland area in the centre of the development. It is currently proposed to utilise this green corridor as part of the flood plain and therefore this will not be available for flood storage purposes.
Finally, the Environment Agency would require that any ponds providing attenuation storage are located outside the 1 in 100 year floodplain.  This is to ensure that adequate surface water runoff storage is available for the development during a flooding event within the Black Ditch.  The Flood Risk Assessment for the proposed development, shows that the pond is outside this floodplain and subsequent discussions with the EA more recently have confirmed this.

A preliminary design of the balancing pond has been completed for inclusion in the report. Details are included in Appendix G of this report (WYG drawing number SK01). 
It is proposed that the pond will have a total volume of 8,785m³ based on the surface area as indicated on the development layout. The permanent pool of water will be 1.2m deep in accordance with Ciria guidance, maintaining 6,065m³ of water. Due to the unknown depth of the existing pond, it is proposed that the ‘upper’ part of the pond (which will be used for storage) shall be 0.5m deep, providing 2,720m³ of attenuation. This will accommodate the run off produced for approximately 4.1 Ha of hard standing (assuming that the previously established brownfield run off rate is used). It should be noted that this depth may be increased to suit the existing site conditions but care should be taken to prevent conflict between the pond and groundwater levels.
It would be beneficial to maximise the aesthetic potential of this balancing pond and create a focal point of the interaction between the pond and any adjacent properties. The associated levels would require careful consideration during the design to ensure that no flood risk is introduced.
[image: image1.png]A sketch indicating how this arrangement may look is shown below.

Figure 6.1 Sketch of possible interface between houses– WYG 2009
6.2.3        Infiltration

The Environment Agency has advised that the proposed development area lies on the Upper Chalk, a Major Aquifer under the Environment Agency’s “Policy and Practice for the Protection of Groundwater”.  Due to the sensitivity of this site, the EA would seek to control any discharges to ground such as soakaways or infiltration trenches and have suggested that the local groundwater table is likely to be shallow. 

While infiltration appears to be the most suitable option for the disposal of the majority of surface water run off, both Arun District Council and the EA have advised that it would be a requirement that groundwater level monitoring is undertaken for at least a year to determine the seasonal fluctuation of the groundwater table.
In response to this request, WYG arranged for a survey to monitor the groundwater levels across the site over a period between July 2008 and July 2009. The results have been collated and are included in Appendix F of this report. In summary the highest level of the water table was 0.89 mbgl. This was recorded in March 2009 in Area 3 which is located in the central area of the site. This area is within the identified floodplain.
An inspection of the site investigation report has revealed that the Upper Chalk is at a shallow depth which suggests that the use of infiltration drainage, in part may be appropriate for the disposal of surface water runoff. Possible infiltration devices that may be utilised are below-ground or surface structures which drain water directly into the ground such as soakaways, infiltration trenches, swales with infiltration and infiltration basins.  These devices may be used at source or the run-off may be conveyed to the infiltration area in a pipe or swale.

6.2.4        SOAKAWAYS
Soakaways are the most common form of infiltration device in the UK and store rapid runoff from a development allowing it to infiltrate efficiently into the surrounding soil. Drainage from individual properties are often connected to underground rubble filled voids sited beneath lawns.
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Soakaways are square or circular excavations which are filled with rubble or lined with brickwork, pre cast concrete rings which are surrounded with granular backfill. They can be linked together to drain large areas and provide stormwater attenuation, treatment and groundwater recharge.

Where larger systems are required the structure tends to be constructed from pre formed rings up to a diameter of 2.5m. The hollow or high voids fill provides good storage capacity which allows the size of the structure to be minimised, reducing the overall attenuation requirements for a development. Soakaways also reduce the water volume which needs to be disposed by downstream drainage, also facilitating groundwater recharge. If ground conditions allow then a soakaway can be constructed as deep as 4m, limiting the depth means that the length must be increased which would form a trench soakaway. These are considered cost effective as they can be dug with readily available excavating equipment
Key design criteria:

· design to meet site drainage standards – generally 1 in 10 or 1 in 30 year event

· site infiltration rate assumed for design should be based on site investigations and include a safety factor

· appropriate pre treatment is required

· fill material should provide >30 per cent void space

· minimum 1m from groundwater table

· minimum 5m from foundations

Advantages of soakaways:

· minimal land take

· groundwater recharge

· volume reduction and peak flow attenuation

· easy to construct and operate

· can be retrofitted

Key maintenance requirements of soakaways:

· removal of sediments

· monitoring performance (via observation well)
An indicative design of a soakaway is as follows.
General assumptions:

· Soil infiltration rate = 12.5mm/hr (for chalk)

· Effective depth of storage

· Initial design using 2.5m diameter concrete ring units, placed in square pit of side length L, with a grain backfill of 30% free volume between rings and sides of pit
· Surface area drained is 100m²
Calculated design rainfall, M10-15 = 15.01mm

Note: M10-15 refers the 5 year return storm period with a duration of 15 minutes.

Table 2

	Length of soakaway (m)
	Storage (m³)

	5
	18.257

	10
	52.007

	20
	187.00

	50
	1132.00


It should be noted that the detailed design of infiltration features should ensure that there is no conflict with the groundwater levels. As described above the groundwater survey obtained a variety of results which varied across the site.
6.2.5        SWALES

These drainage features are vegetated landscape features with smooth surfaces and a gentle downhill gradient to drain water evenly off impermeable surfaces, mimicking natural drainage patterns.  These may be incorporated within the road and residential layouts of the development to reduce peak discharges from the site reducing the overall storage requirements allowing infiltration where appropriate and conveying water to the outfall.  
Swales provide effective pollutant removal by promoting low flow velocity, suspending the particulate load. In addition, roadside swales can be used in place of conventional gullies and drainage pipes. The swale channel is broad and shallow and covered by dense vegetation which is usually grass. This slows down drainage flows and traps pollutants. A swale can have check dams or berms installed across the flow path to increase settlement and infiltration. 
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There is the opportunity to construct swales with suitable pollution traps which drain into the ditches to the north and east of the site as well as the central wetland area.
Key design criteria:

· velocities should be limited during extreme events to 1-2 m/s to prevent erosion

· maintain a flow height of water during frequent events below the top of vegetation

· maximum side slopes of 1:3

· minimum base width of 0.5m

Advantages of swales:

· easy incorporated into the landscape

· good removal of urban produced pollutants

· reduces run off rates and volumes

· low capital cost

· maintenance incorporated into general management of landscape

· pollution and blockages are visible and easily dealt with

Key maintenance requirements of swales:

· litter/debris removal

· grass cutting and removal of cuttings

· clearing of inverts and culverts and outlets from debris and sediment

· repair of eroded or damaged areas

There are 3 types of swale, each with different management capabilities. Wet swales are very effective in directing and conveying runoff from the drained area to other stages of the SUDS management train. They can be designed to incorporate vegetative filtration and detention but this is dependant upon the site conditions. Wet swales encourage wet and marshy conditions in the base to enhance the treatment of the water.
Swale side slopes should not be greater than 1 in 4 to ensure that low velocities are maintained. This also maximises the wetted perimeter which provides infiltration and minimises erosion. By designing the swale with gentle slopes safety is enhanced and easy maintenance access is provided.

There is no minimum requirement for the slope of a wet swale; however longitudinal channel slopes should not exceed 1 in 40 unless check dams are provided to increase slopes. Where check dams are specified, they should be provided typically at intervals between 10-20m. They should cover the full width of the swale to a maximum depth overspill of 300mm onto a reinforced pad and can be constructed from coarse aggregate, wooden boards, gabions or earth. A small hole or pipe is placed at the base of the dam to allow low flows downstream.

In order to maximise the ecological values of the central wetland area, it is proposed to implement sluices at the interface with the swales to control the flows providing a facility to maintain the moisture within the wetland. Modern sluices can be fitted with an automated control system which detect the water levels upstream and adjust the control gate accordingly.

Indicative designs of typical swales have been prepared for inclusion in this report and are shown in Appendix H. The designs have been based on maximising the effective depths of the swale in relation to the groundwater levels. In accordance with Ciria guidance a minimum distance of 1m must be maintained between the swale and the seasonal ground water level.
Typical storage capacities of typical swales can be adjusted to accommodate the attenuation and flows in a specific area of the site. It is proposed that wherever possible the swales will form a feature within the green corridors of the development.
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General considerations for the design of swales:

· Will infiltration be a viable
· Depth of swale in relation to groundwater levels

· Side slopes of 1:4

· Width at base of 2m maximum

· Flow control devices installed eg check dams

· Length of swales 

6.2.6
Other SUDS Strategies
Additional sustainable drainage options for the development are possible and the following should be encouraged:

6.2.6.1 Permeable and porous pavements

These devices have permeable surfaces to allow rainwater and runoff to infiltrate into permeable material placed below ground to store water prior to discharge into the underlying soil, reused or released to a watercourse or other drainage feature. These devices are suitable for both the residential and commercial developments but are most common in uses such as commercial car parking facilities.
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A pollutant treatment means is provided by the permeable surface and substructure prior to the discharge. Systems can be designed to provide a proportion of runoff to be stored and used for non potable applications. Any storage provisions could be utililised to contribute to the overall attenuation requirements for the development.
6.2.6.2 Geocellular Modular Storage Systems
Geocellular modular systems can be tailored to suit specific site requirements. They are used to control and manage run off either as a soakaway or a storage tank. In addition, they can be used to store rainwater before recycling. 

Traditionally, underground stone filled soakaways were used for infiltration, with the storage provided by constructing in situ concrete tanks. Recently developed geocellular systems are more efficient, versatile and easy to fit and have been designed to withstand a vehicular load which permits installation below roads and car parks. 

Geocellular systems contribute to stormwater source control by:

· facilitating infiltration through the provision of a storage structure that is wrapped in a permeable geotextile membrane, allowing the stormwater to infiltrate into the underlying ground

· by creating storage volumes through the provision of a storage structure that is wrapped in an impermeable geotextile membrane, providing temporary storage. This is a suitable option where the ground conditions are not suited to infiltration.
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Schematic of modular box system in storage/attenuation mode – Ciria Report C697

Geocellular systems can generally be used for any site which requires surface water drainage providing that the system provides the required hydraulic and structural elements. Geocellular systems offer considerable flexibility to the designer due to their nature.

The key design criteria for geocellular/modular systems are:

· standard storage design using limited discharges to determine storage volumes

· structural design to relevant standards for appropriate loads

· appropriate geotextile/geomembrane for wrapping

Considerations for using geocellular systems:

Drainage area

Most systems can be designed to manage stormwater from any size of drainage area. However, effective upstream treatment is crucial to limit pollutant and silt accumulation. It is recommended that the drained area is as small as practicable, which may require the use of several smaller tanks as opposed to one large one.

Space design

Modular systems are effective as the space above ground is maximised due to the underground siting.

Siting, site slope and stability

Storage systems can be sited at most locations and site constraints will determine the location of the storage areas. Generally they should not be used on unstable ground until assessment has been made and the conditions determined.

When used for storage the tank requires an outlet connecting to the downstream drainage system or watercourse. 

Advantages of modular/cellular systems:

· Modular and flexible

· High void ratio providing high storage capacity

· Lightweight, easy to install and robust

· Can be installed beneath trafficked areas

· Long term physical and chemical stability


Disadvantages of modular/cellular systems:
· No water quality treatment


Key Maintenance requirements of detention basins:
· Regular inspection of silt traps, manholes pipework and pre-treatment devices

· Removal of sediment and debris as required

Table 3
Summary of attenuation requirements for the Development:

(assuming no infiltration)

· Balancing Pond
(assumed depth of 0.5m)
2, 720m³
· Swales, permeable paved/underground storage
13,844m³
· Total





16,564m³
6.3 summary of PROPOSED SURFACE WATER DISPOSAL STRATEGY
As stated above, the surface water runoff from the site can be accommodated in a number of ways by the use of SUDS techniques in the following manner:

1. The surface water runoff from the residential properties and private parking areas etc within the housing parcels is to be routed into infiltration devices within the individual parcels where possible.
2. The total attenuation requirement for the site to provide a betterment of existing ground conditions is 16, 564m³, which is based on the calculated brownfield run off rate. Assuming no infiltration the attenuation is to comprise of a variety of SUDS methods including a balancing pond, swales and permeable paved areas with associated underground geocellular storage.

3. If designed correctly, permeable paved areas would be effective in providing a significant contribution to the overall attenuation requirements for the development.
4. In order to maintain the water levels in the existing pond on the eastern boundary, a proportion of the runoff from the adjoining properties and highways is to be routed into the pond and discharged at a restricted rate. It is proposed that the pond will accommodate 2,720m³ of attenuation which equates to approximately 4.1Ha of hardstanding development surface water run off.
5. It can be demonstrated that soakaways may be effective in reducing the storage requirements for the development. However, the infiltration rate of the soil for each specific location needs to be established to maximise the performance.
6. The surface runoff from the highways is to be routed towards the central wetland areas and Black Ditch via a series of swales and existing drainage ditches incorporating pollution and flow control. Due to the both the sensitivity of the site and highway adoption problems it is recommended that the use of soakaways for highway purposes is discouraged.

7. By combining various SUDS systems it can be demonstrated in principle that the surface water run off produced by development can be managed to provide a betterment of the existing discharge conditions.
8. Stormwater harvesting and recycling is a viable option for the site and can reduce the overall attenuation requirements for the development. 
9. Where possible all piped systems will be capable of adoption either by Southern Water or by the Highway Authority.

7 CONCLUSIONS
This report provides a drainage strategy relating to the proposed development of the site at Toddington Park.  It recommends solutions for the provision of foul and surface water drainage to the site and these can be summarised as follows:

· The most suitable option for the development’s foul drainage is to connect to the foul public sewer network south of the site.  While a connection cannot be made at the immediate boundary, a sewer may be constructed further downstream to a connection point to be confirmed by Southern Water.

· It is possible to construct the foul water drainage system to suit the construction phasing of the development.

· The recently constructed treatment plant at Ford has been designed to accept flows from new developments such as that proposed at Toddington Park.  It is not expected that upgrades to this facility will be required.  However, the pumping station which connects Littlehampton to the plant may need some works to provide additional capacity for the increase in flows from Toddington Park.  Further technical studies and liaison with the water authority will be required to definitively address this.

· The required foul drainage described above may be incorporated within a requisition agreement with Southern Water which would require the client to pay the design and construction costs and any additional fees and Southern Water would undertake these works on behalf of the client.

· It is assumed the site currently drains a proportion of the surface water run off to the Black Ditch via open channel drains through the site. There are no public sewers immediately adjacent to the site. 

· The hard standing area of the development will increase with the proposed development. However, due to the site’s urban location and existing use with large impervious areas we believe it should be considered as operating under brownfield conditions. The implementation of a number of SUDS systems will ensure that the drainage strategy provides a betterment of the existing discharge conditions.
· The Environment Agency has requested that SUDS be implemented within the development in accordance with PPS25 and Ciria guidance. The most suitable solution is to use a combination of infiltration drainage, attenuation techniques and swales supplemented by piped systems.  

· The surface water drainage solution is dependant upon the efficient infiltration of the existing ground conditions. 
· By controlling the discharge of surface water run off from the site the ecological properties of swales, balancing pond and central wetland area can be enhanced.

.
Appendices
Appendix A – Development Masterplan
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Appendix B - Southern Water Sewer Records
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Appendix C - Proposed Drainage Strategy Plan
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Appendix D - Arun SFRA ‘Assessment of sites of search’
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Appendix E - WINDES Screenshots

	Development total: @30.051 Ha of hardstanding at a Brownfield run off rate of  8.27l/s



	[image: image12.emf]

	[image: image13.emf]


	Development total: @30.051Ha of hardstanding at a Greenfield run off rate of 7 l/s
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	[image: image15.emf]Calculation of Urban Brownfield run off rate in accordance with IH 24


	Eastern Area. Max capacity of balancing pond: @4.1Ha of hardstanding at a Brownfield run off rate of 8.27 l/s
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Appendix F - Results of Groundwater Survey

	Area 1b
	Standing water level (mbgl)
	
	Area 1c
	Standing water level (mbgl)

	Date
	WS4
	WS5
	
	Date
	WS11
	WS18

	09 July 2008
	4.77
	-
	
	09 July 2008
	2.93
	2.79

	12 February 2009
	4.06
	2.15
	
	12 February 2009
	2.52
	2.37

	17 March 2009
	4.84
	2.78
	
	17 March 2009
	-
	3.13

	17 April 2009
	4.92
	2.96
	
	17 April 2009
	3.3
	3.2

	18 May 2009
	4.92
	2.99
	
	18 May 2009
	3.31
	3.21

	22 June 2009
	dry
	-
	
	22 June 2009
	3.44
	3.33

	20 July 2009
	4.89
	-
	
	20 July 2009
	3.33
	3.22

	
	
	
	
	
	
	

	High
	4.06
	2.15
	
	High
	2.52
	2.37

	Low
	4.92
	2.99
	
	Low
	3.44
	3.33

	Average
	4.73
	2.72
	
	Average
	3.14
	3.04


	Area 2
	Standing water level (mbgl)
	
	Area 3
	Standing water level (mbgl)

	Date
	WS2
	
	Date
	WS10

	09 July 2008
	dry
	
	09 July 2008
	-

	12 February 2009
	3.04
	
	12 February 2009
	0.89

	17 March 2009
	dry
	
	17 March 2009
	-

	17 April 2009
	dry
	
	17 April 2009
	-

	18 May 2009
	dry
	
	18 May 2009
	1.62

	22 June 2009
	dry
	
	22 June 2009
	2.51

	20 July 2009
	dry
	
	20 July 2009
	1.63

	
	
	
	
	

	High
	3.04
	
	High
	0.89

	Low
	3.04
	
	Low
	2.51

	Average
	3.04
	
	Average
	1.66


	Area 4
	Standing water level (mbgl)

	Date
	WS12
	WS16
	WS20
	WS22

	09 July 2008
	-
	3.2
	-
	-

	12 February 2009
	-
	2.79
	2.56
	1.93

	17 March 2009
	-
	3.1
	-
	-

	17 April 2009
	-
	3.63
	2.85
	2.24

	18 May 2009
	-
	3.67
	dry
	2.26

	22 June 2009
	-
	3.8
	dry
	2.27

	20 July 2009
	-
	3.68
	dry
	2.19

	
	
	
	
	

	High
	-
	2.79
	2.56
	1.93

	Low
	-
	3.8
	2.85
	2.27

	Average
	-
	3.41
	2.71
	2.18


Results taken from WYG Engineering Ground Gas and Groundwater Monitoring Survey taken between July 2008 and July 2009
Appendix G - Preliminary Balancing Pond Design
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Appendix H - Preliminary Indication of Swale Designs
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Appendix I - Proposed Phasing of Foul Water Drainage
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