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1. Introduction 

Atkins has been commissioned by Port of Tilbury London Ltd (PoTLL) to produce a drainage strategy for the 
proposed development of a new port facility at the former RWE Tilbury Power Station, on the Thames 
Estuary in Essex. The redevelopment of the site is known as Tilbury 2, and will consist of two elements; 

 Proposed new port terminal: comprising of a dock for shipping, offices, welfare facilities, construction 
materials and aggregates terminal (CMAT), local access roads and hard standing for storage,  

 Surface access road / rail links: to provide road access and rail freight to the port terminal.  

The Tilbury 2 development boundary is shown in Figure 1-1 below. 

Figure 1-1 Tilbury 2 Development  

 

The objectives of this report are to: 

 Produce an outline surface water drainage strategy for the proposed new port terminal and the surface 
access road /rail link in accordance with relevant national and local planning policies. The surface water 
strategy for the new port terminal area maximises the amount of developable land in accordance with the 
client’s brief. 

 Produce an outline foul water drainage strategy based on PoTLL’s proposed land use and estimated 
numbers of staff. 

This drainage strategy forms part of the Development Consent Order (DCO) submission and will be secured 
by the DCO. 

  

   PROPOSED NEW 
       PORT TERMINAL 

TILBURY 2 DCO 
APPLICATION BOUNDARY 

PINCOCKS 
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2. Site Overview 

2.1. Existing Site 

2.1.1. Existing Site Description 
The existing site area consists of 15ha of brownfield land to the south of the site associated with the former 
RWE owned Tilbury Power Station (Plant A). The northern 30ha of the site is predominantly greenfield land, 
with the north-east of the site extending into the West-Tilbury Marshes. The new port terminal site is bound to 
the south by the River Thames Estuary; to the north by the London, Tilbury and Southend (LTSR) Railway; to 
the east by the former Tilbury Power Station (Plant B); and to the west by Anglian Water’s Tilbury Water 
Recycling Centre (TWRC). The former Tilbury Power Station (Plant B) is still owned by RWE and does not 
form part of this development.  

The site of the improved surface access road / rail link extends between the existing A1089 Ferry Road and 
Fort Road and is bound to the north by the LTSR railway. The proposed road / rail link requires a new 
overbridge at Fort Road, and will cross two existing watercourses, flowing north to south, and new local 
diversions and culverts will be required. In addition, the road alignment will require some protection/diversion 
of existing Anglian Water statutory services. The surface access road/rail link is currently greenfield land, 
except the western section which is currently a POTLL General storage area.  

The existing Tilbury Power Station (Plant A) has a number of underground foundations/obstructions, which are 
proposed to be retained upon redevelopment. The location of such obstructions, have been considered when 
developing the site layout, site levels and the drainage strategy for the redevelopment.  

2.1.2. Existing Surface Water Drainage System 
The site of the former Tilbury Power Station (Plant A) has an existing surface water drainage system as shown 
by the RWE Services Plan (Drawing number: UKP/TILB/038/AP6). This is described below and illustrated in 
Figure 2-1 and Figure 2-2. 

1. The northern area of the site discharges to an unnamed ordinary watercourse, adjacent to the 
Northern Access Road. The outfall discharges to the local marsh land ditches, which connect 
to Pincocks Trough sewer. This discharges via gravity/pumping to the River Thames at the 
Worlds End outfall. The outfall has a gravity outlet fitted with flap valves that in tide locked 
circumstances are closed. Pump discharge occurs during tide lock events.1   This existing 
catchment is estimated to be approximately 53ha. 

As the existing catchment drains to the local marsh land ditches, these will attenuate the flows 
and therefore the existing peak flow rate discharging to unnamed ordinary watercourse, is 
considered minimal. A number of these existing marsh land ditches cross the new development 
area and will need to be removed as part of the works. Compensatory biodiversity measures 
will be provided (as discussed in the Terrestrial Ecology Chapter of the Environmental 
Statement of the DCO application). 

 
2. The southern area of the site discharges to a surface water ditch on the western perimeter of 

the site, which then discharges by a gravity pipe to a pumping station located in Tilbury Power 
Station (Plant B) and pumped to the River Thames. This existing catchment is estimated to 
be approximately 11ha. 

 

                                                      
1 JBA Consulting: Tilbury Integrated Flood Strategy PS/2015/994 (Jan. 2017)  
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Figure 2-1 Existing Drainage System (Extract from the Drainage Plan Document 03.04.02) 

The proposed road and rail connection between Ferry Road and Fort Road is on mostly greenfield land, which 
has no positive surface water drainage provision. The western section of the road however crosses an existing 
Port of Tilbury owned car storage area. The land take of this car storage area will be reduced as part of the 
works. The car storage area drains via a sustainable drainage (SuDS) system comprising of swales and a 
pond, with an attenuated outfall draining southwards. 

The existing rail link has no drainage provision within the existing Port Area. 
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Figure 2-2 Existing Outfalls2 

 

2.1.3. Existing Foul Water Drainage System 
Based on the RWE Tilbury Power Station Site Services Plan3 (Drawing number: UKP/TILB/038/AP6) existing 
foul water sewers managed sewerage from Tilbury Power Station Plant A. The foul flows discharged via a 
pumped system directly to Anglian Water’s TWRC, located to the west of the site. The existing pump station 
is highlighted in Figure 2-3 below.   

Figure 2-3 Pump station location 

 

                                                      
2 Contains OS data © Crown copyright and database right (2017) 

3 RWE: Tilbury Power Station Site Services Plan - UKP/TILB/038/AP6 (2015) 

PINCOCKS TROUGH 
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Based on information from RWE on the existing site services4, the foul water sewerage system was designed 
to convey trade effluent and foul water arising from up to 800 Full Time Equivalent (FTE) employees to the 
treatment works. The existing foul water discharge rates have been calculated, and are shown in Table 2-1 
below. The calculation below allows for 90 litres per person per day (in accordance with the Loads and Flows 
manual5) and provides a total flow rate for 800 FTE employees.  

Table 2-1 Estimate of foul flows from former Tilbury power station 

Flow Description Flow Rate (l/s) 

Average Dry Weather Flow 
(DWF) 

(90 l/p/d x 800 persons) 

0.833  

Peak Foul Flow (6 x DWF + 
10% infiltration) 

5.5 

The area of the proposed surface access improvement works currently includes existing minor roads and a 
railway. There are no known foul water connections within this area. 

2.2. Proposed Development 
An outline plan for the proposed development is included in Appendix A. 

2.2.1. Proposed New Port Terminal 
The proposed new port terminal comprises of the following: 

 A Roll-on/Roll-off (RoRo) berth; for berthing of vessels and unloading of freight.  
 Areas of hard standing; for storage of containers and trailers.  
 Bulk aggregates terminal including new and improved conveyors; for unloading, processing, and 

aggregate stockpiling. 
 Improvements to existing internal land access; for the internal road network and for access to the 

remaining RWE Power Station B.  
 Creation of hard surfaced pavements; primarily for vehicular access and car parking.  
 Erection of buildings; including staff welfare, offices, security, customs, maintenance buildings, and 

plant refuelling building.  
 Creation of new silo building; for storage of cement and crushed aggregate products. 
 Creation of new warehouse structure 
 New rail sidings; for loading and unloading of freight containers, steel and aggregate trains.  

2.2.2. Surface Access Road / Rail Link 
The proposed new port Surface Access Road/Rail link comprises of the following: 

 Formation of a new rail spur and sidings to serve the new port terminal.  

A new link road from Ferry Road (A1089) to Fort Road including associated changes to local highways and 
rights of way.  

 Extension to the existing Fort Road over rail bridge to accommodate the new rail spur and Fort Road 
into Tilbury2.  

                                                      
4 RWE: Tilbury Power Station Surplus Land: Site Information – Site Services – Tilbury VDR Ref 03.03.01 
(2015) 

5 British Water Code of Practice: Flows and Loads 4 – Sizing Criteria, Treatment Capacity for Sewage 
Treatment Systems (2013) 
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3. Policy Context 

3.1. National Planning Policy (Drainage) 
The National Planning Policy Framework (NPPF)6 sets out the Government’s spatial planning policy on 
development and flood risk. Where a new development is proposed, the policy aims to make it safe, whilst 
ensuring that it does not increase flood risk elsewhere and, where possible, reduces flood risk overall. 

Flood risk includes the statistical probability of an event occurring and the scale of the potential consequences. 
The risk is estimated from historical data and expressed in terms of the expected frequency of a rainfall event 
of a given magnitude. The 10year, 50year and the 100year flood have a 10%, 2% and 1% chance of occurring 
in any given year respectively. Climate change is increasing the intensity of these events and current guidance 
is to make an allowance for this be adjusting the peak rainfall characteristics to mitigate for this. 

The DEFRA ‘Non-Statutory Technical Standards for Sustainable Drainage Systems7 provides legislation for 
the use of SuDS systems to reduce flood risk and improve water quality from development sites where 
practical. This document states the following applicable standards: 

Flood Risk outside the development 

 Policy S1 

“Where the drainage system discharges to a surface water body that can accommodate uncontrolled surface 
water discharges without any impact on flood risk from that surface water body (e.g. the sea or a large estuary) 
the peak flow control standards (S2 and S3) and volume control technical standards (S4 and S6) need not 
apply. 

Peak flow control 

 Policy S2 (greenfield developments) 

“For greenfield developments, the peak runoff rate from the development to any highway drain, sewer or surface 
water body for the 1 in 1 year rainfall event and the 1 in 100 year rainfall event should never exceed the peak 
greenfield runoff rate for the same event.” 

 Policy S3 (previously developed sites) 

“For developments which were previously developed, the peak runoff rate from the development to any drain, 
sewer or surface water body for the 1 in 1 year rainfall event and the 1 in 100 year rainfall event must be as 
close as reasonably practicable to the greenfield runoff rate from the development for the same rainfall event, 
but should never exceed the rate of discharge from the development prior to redevelopment for that event.” 

Volume control 

 Policy S4 (greenfield developments) 

“Where reasonably practicable, for greenfield development, the runoff volume from the development to any 
highway drain, sewer or surface water body in the 1 in 100 year, 6 hour rainfall event should never exceed the 
greenfield runoff volume for the same event” 

 Policy S4 (previously developed sites) 

                                                      
6 Department for Communities and Local Government: National Planning Policy Framework (2012). 
[Available at: 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/6077/2116950.pdf] 

7 Department for Environment, Food and Rural Affairs: (March 2015) 
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“Where reasonably practicable the runoff volume from the development to any highway drain, sewer or surface 
water body in the 1 in 100 year, 6 hour rainfall event must be constrained to a value as close as is reasonably 
practicable to the greenfield runoff volume for the same event, but should never exceed the runoff volume from 
the development site prior to redevelopment for that event.” 

 Policy S6 

“Where it is not reasonably practicable to constrain the volume of runoff to any drain, sewer or surface water 
body in accordance with S4 or S5 above, the runoff volume must be discharged at a rate that does not adversely 
affect flood risk” 

Flood risk within the development 

 Policy S7 
 
The drainage system must be designed so that, unless an area is designated to hold and/or convey water as 
part of the design, flooding does not occur on any part of the site for a 1 in 30 year rainfall event.  
 

 Policy S8 
 
The drainage system must be designed so that, unless an area is designated to hold and/or convey water as 
part of the design, flooding does not occur during a 1 in 100 year rainfall event in any part of: a building 
(including a basement); or in any utility plant susceptible to water (e.g. pumping station or electricity substation) 
within the development.  
 

 Policy S9 
 
The design of the site must ensure that, so far as is reasonably practicable, flows resulting from rainfall in 
excess of a 1 in 100 year rainfall event are managed in exceedance routes that minimise the risks to people and 
property. 
 

The standards also state requirements relating to structural integrity, designing for maintenance considerations and 
construction. 

In summary, the DEFRA standard (which is national legislation) states that un-attenuated flows can be 
discharged to large tidal water bodies.  

When discharging to other water bodies, there is a requirement to reduce peak flows to greenfield levels for 
greenfield developments, where reasonably practical. For previously developed sites, they should also aim 
to reduce peak flows to greenfield levels, but should never exceed pre-development run-off rates. Any 
planning application therefore needs to provide a strong argument if greenfield run-off rates cannot be 
achieved, why this is not possible, and to ensure that pre-development peak flow rates are not be exceeded. 

In terms of run-off volume, there is also an aspiration to reduce flows to pre-development greenfield run-off 
volumes (for a 1 in 100 year 6 hour event), however if this is not possible, then they should not adversely 
affect flow risk. 

The Department for Transport ‘National Policy Statement for Ports’8 is a National Policy Statement which 
provides the framework for future decisions on proposals for new port development. It explains to planning 
decision-makers the approach they should take to proposals. The issues regarding drainage are 
summarised below: 

 the application is supported by an appropriate FRA; 
 the Sequential Test has been applied as part of site-selection, as appropriate; 
 the proposal is in line with any relevant national and local flood risk management strategy; 
 a sequential approach has been applied at the site level to minimise risk by directing the most 

vulnerable uses to areas of lowest flood risk; 
 priority has been given to the use of sustainable drainage systems (SuDS);  

                                                      
8 Department for transport: National Policy Statement for Ports (2012) 
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 and in flood risk areas the project is appropriately flood resilient and resistant, including safe access 
and escape routes where required, and that any residual risk can be safely managed over the lifetime 
of the development. 

 the relevant pollution control authority is satisfied that potential releases can be adequately regulated 
under the pollution control framework; 

 consider how the ability of water to soak into the ground may change with development, along with 
how the proposed layout of the project may affect drainage systems;  

 Site layout and surface water drainage systems should cope with events that exceed the design 
capacity of the system, so that excess water can be safely stored on or conveyed from the site without 
adverse impacts; 

 The risk of impacts on the water environment can be reduced through careful design to facilitate 
adherence to good pollution control practice. 

3.2. Local Development Policies 
Local planning guidance for Tilbury 2 includes the Thurrock Council Planning Policies9, Thurrock Local 
Development Framework10, the Thurrock Council Level 2 Strategic Flood Risk Assessment (SFRA)11, Thames 
Estuary 210012 and Essex13 Sustainable Drainage Systems Guide. 

Thurrock planning policy PMD15 (Flood Risk) outlines developments will be expected to incorporate SuDS to 
reduce the risk of surface water flooding, both to the site in question and to the surrounding area. Where the 
potential for surface water flooding has been identified, the document states that site specific Flood Risk 
Assessments should ensure that suitable SUDS techniques are incorporated as part of the redevelopment.  

Thurrock planning policy PMD7 (Biodiversity, geological conservation and development) states that Thurrock 
Council will require development proposals to incorporate biodiversity or geological features into the design as 
far as possible.  These may include green roofs, brown roofs and the creation of green corridors for wildlife. 

The Thurrock Council SFRA7 also requires that the post-development runoff should aim to achieve greenfield 
runoff rate wherever possible. 

Essex13 Sustainable Drainage Systems Guide also promotes the usage of sustainable drainage systems, and 
states that flows should be limited to 1 in 1yr (Q1) greenfield run-off rates (or to Q1 and Q100 run-off rates with 
long term storage) for all rainfall events, and if this cannot be achieved, a 50% betterment of the existing peak 
flow rates is a minimum requirement. It also states that greenfield flows should not be limited to 5l/s and lower 
flow rates can be achieved; attenuation systems should half drain in 24 hour (for a 1 in 10 year event); and 
attenuation should be sized for a minimum 1 in 30 year event and controlled exceedance would be permitted 
above these events. It provides further guidance on specific SuDS systems and that an urban creep allowance 
of 10% should be applied. 

Therefore, as per the national guidelines, any planning application needs to provide a strong argument if 
greenfield run-off rates and the extensive use of SuDS cannot be achieved. 

                                                      
9 Thurrock Council Planning Policies, Section 6. Policies for management of development [Available at 
http://www.planvu.co.uk/thurrock/written/cpt6.htm] Part PMD15 & Part PMD7 

10 Thurrock Council: Thurrock Local Development Framework (2015). [Available at: 
https://www.thurrock.gov.uk/current-development-plan] 

11 Scott Wilson: Thurrock Strategic Flood Risk Assessment – Level 2 Report (2010) [Available at 
https://www.thurrock.gov.uk/sites/default/files/assets/documents/ldf_tech_sfra_level2.pdf)] 

12 Environment Agency: Thames Estuary 2100 Plan – Managing flood risk through London and the Thames 
Estuary (2012). [Available at: https://www.gov.uk/government/publications/thames-estuary-2100-te2100] 

13 Essex County Council: HA10 ‘Sustainable Drainage Systems; Design Guide (April 2016) 
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3.3. Climate Change 
The NPPF identifies the need for new developments to mitigate against climate change in order that the 
development will not increase flood risk to the surrounding area. The NPPF guidance was updated by the 
Environment Agency (EA) in February 2016 with revised climate change factors for developments based on 
its anticipated design life. These are summarised in Table 3-1 below: 

Table 3-1 NPPF Climate Change Adjustments for Peak Rainfall 

 Total anticipated 
change for 2015 - 2039 

Total anticipated 
change for 2040 - 2069 

Total anticipated 
change for 2070 - 2115 

Upper estimate +10% +20% +40% 

Central estimate +5% +10% +20% 

 

The guidance states that for flood risk assessments and strategic flood risk assessments, both the central and 
upper end allowances should be assessed, to understand the range of impact.  

It is assumed that the climate change adjustment factor for the development will be +40%, corresponding to 
the upper-end estimate for climate change. I.e. the impact will be significant if the site was to flood.  
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4. Design Context 

4.1. Information Reviewed 
The following information has been review as part of undertaking this drainage strategy: 

 RWE Tilbury Power Station Surplus Land Guidance: Drainage Report  
 Jacobs Existing Surface Water Drainage Drawing (Drawing No. B1607403/TB/001) 
 Jacobs Review of Existing Surface Water Drainage (Document No. BPP 04 F8) 
 Tilbury Power Station Environmental Statement Surrounding Drainage Features Drawing  
 RWE Active & Historic Services Drawing (Drawing No. UKP/TILB/038/AP6) 
 RWE Tilbury Power Station Surplus Land Guidance: Existing Services Report  
 RWE Active RWE and Third Party Services Drawing (Drawing No. MAP/TILB/068/AP5) 
 JBA Integrated Flood Strategy (Document No. PS/2015/994) dated January 2017 

4.2. Design Standards 
The new surface water drainage system will be designed based on the following criteria from BS EN 752: 
2008: 

 No pipe surcharging in 1 in 2-year rainfall return period;  
 Controlled surface flooding in 1 in 30-year rainfall return period to not adversely affect the operation of 

the port and no off-site flooding (as agreed with the Environment Agency) 
 Consideration of a 1 in 100-year rainfall event to ensure that extreme flood flows are directed away 

from critical infrastructure, do not adversely affect port operations and do not affect offsite areas 

The railway drainage is designed to NR/L3/CIV/005 – Network Rail Drainage Standard. 
 
The drainage design is based on the following design standards: 

 National Policy Statement for Ports, Department of Transport, Jan 2012 
 Flood Estimation Handbook, Centre of Ecology and Hydrology,1999 
 Flood Studies Report – Natural Environment Research Council, 1975 
 HA10 ‘Sustainable Drainage Systems; Design Guide, Essex County Council, April 2016’ 
 Environment Agency – Flooding and Coastal Change, Flood risk assessments: climate change 

allowances Feb 19th 2016 
 WrC Sewers for Adoption – 7th Edition: A design and construction guide for developers 
 BS EN 752: 2008 – Drain and Sewer Systems Outside Buildings 
 CIRIA C753 – The SuDS Manual 
 Department of Environment, Food and Rural Affairs (DEFRA) Sustainable Drainage Systems – ‘Non-

Statutory Standards for Sustainable Drainage Systems: March 2014’ 
 CIRIA C635 – Designing for Exceedance in Urban Drainage – Good Practice 
 BS EN 858-2:2003 - Separator systems for light liquids (e.g. oil and petrol) 
 British Water’s Code of Practice; Flows and Loads – 4; Sizing Criteria, Treatment Capacity for Sewage 

Treatment Systems for Full Time Staff Day Staff 
 Environment Agency (EA) Pollution Prevention Guidelines* 
 Design Manual for Roads and Bridges – Volume 4 
 BS EN 124: 2015 - Gully tops and manhole tops for vehicular and pedestrian areas 
 Civil Engineering Specification for the Water Industry 7th Edition (CESWI) 2011 by WrC.  

* EA PPG’s have been withdrawn and will be used to guidance only 
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4.3. Flood Risk Assessment 
The Atkins Level 2 Flood Risk Assessment (5148146-ATK-REP-1007) provide assessments of the existing 
environmental and flooding constraints on the Tilbury 2 development. These documents also provide details 
of the environmental constraints and response to flooding in neighbouring areas to the Tilbury 2 development 
including the West Tilbury Marshes. The key findings of this report are summarised below: 

 The proposed new port terminal development is classified as “Water Compatible Development” based on 
the Technical Guidance to the National Planning Policy Framework. 

 Tidal flooding (up to a 1:1000 year event) is mitigated against by the existing concrete flood defences on 
the Thames river frontage but otherwise to be at high risk of tidal flooding if a breach or overtopping of the 
flood defences occurs.  

 The only fluvial flood risks in the Tilbury area are related to the River Mardyke and the Stanford Brook, 
however as the Tilbury 2 development is not in the floodplain of either of these watercourses, the fluvial 
flood risk is considered to be low. 

 Groundwater flood risk to the development is considered to be low due to the introduction of large areas 
of hardstanding as part of the development. The groundwater flood risk is considered moderate during the 
construction phase due to the possibility of encountering ground water during excavation, therefore 
additional mitigation measures will be required. 

 The large quantity of hardstanding to be constructed as part of the Tilbury 2 development has the potential 
to increase pluvial flood risk to the surrounding area. To mitigate the impact on the current runoff regime 
surface water attenuation and storage proposals need to be considered in the drainage strategy.  

 Channels and ditches in the West Tilbury Marshes, towards the north-east of the proposed new port 
area, provide surface water storage during tide-locking of the outfalls. 

A level 3 Flood Risk Assessment has also been undertaken by AECOM and is included in the Environmental 
Assessment of the DCO application. The conclusions are summarised below: 

Outcome of the breach model 

 Comparison of the existing (baseline) and post development breach model results within the site 
indicate that there will be a change to the residual risk as a result of the proposed development. For 
the majority of the site the change is positive, i.e. a reduction in flood depth, which is reflective of the 
proposed increase in site levels compared to the existing, or neutral i.e. there will be no change in 
flood depth from a future breach. Some localised areas within the proposed CMAT and Ro-Ro 
storage areas of the site are shown to have a slight increase in flood depth as a result of the 
development. 
 

 Off site -Comparison of the existing (baseline) and post development breach model results for the 
areas surrounding the site indicate that there may be a change to the residual risk as a result of the 
proposed development. For the large majority of these areas (Tilbury town and the flood storage 
areas) the change is positive, i.e. a slight reduction in flood depth, or neutral i.e. there will be no 
change in flood depth a future breach as a result of the proposed development. The exception is a 
field located to the east of Fort Road which is shown to experience a minor increase in flood depth 
(up to 140mm). 
 

Mitigation to manage the residual risk 

 The impact of the proposed development in relation to the residual risk in the unlikely event of a 
failure in the existing flood defences on the development site is largely positive as it is likely to 
reduce the flood depth off site for the majority of the surrounding areas. 
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 Within the site -The post development scenario to the site itself shows either no change or a positive 
change to the residual risk for the majority of the site. The small parts of the site which are shown to 
have an increase in flood risk form part of the proposed CMAT area which will be used to handle and 
process bulk construction materials and the Ro-Ro storage areas which will be used to store trailers 
and containers. These types of uses are classed as either ‘Less Vulnerable’ or ‘Water Compatible’ 
which is an appropriate use for Flood Zone 33. To manage the residual risk to the site itself it is 
recommended that a Flood Emergency Plan is developed for the whole site to establish a procedure 
to reduce the potential for future users of the site being exposed to the flood hazard as a result of a 
potential breach on the site. 
 

 Off site -The potential increase in flood depth to within the field to the west of the development site is 
not considered significant given that the very localised nature of the increase could mean it is the 
result of model inaccuracies. Mitigation measures are not considered necessary for any off site 
areas. 

The drainage strategy considers the above FRA findings. 

4.4. Sustainable Drainage Systems 
Sustainable Drainage Systems (SuDS) will be used across the proposals to manage surface water in 
accordance with current best practice. SuDS work through mimicking natural drainage systems, reducing 
runoff and peak flows from a site and reducing the risk of flooding. In addition to reducing flood risk, SuDS can 
also improve water quality, and provide biodiversity and amenity benefits. 

The SuDS Manual14 states that flows should preferably be managed in accordance with the below hierarchy: 

i. Use surface water runoff as a resource 
ii. Manage rainwater close to where it falls (at source) 
iii. Manage runoff on the surface (above ground) 
iv. allow rainfall to soak into the ground (infiltration) 
v. Promote evapotranspiration 
vi. Slow and store runoff to mimic natural runoff rates and volume 
vii. Reduce contamination of runoff through pollution prevention and by controlling the runoff at source 
viii. Treat runoff to reduce the risk of urban contaminants causing environmental pollution. 

Infiltration has been discounted from this assessment due to the likely impermeability of the alluvium 
underlying the site.  It will also be constrained by the depth of the groundwater (a 1m freeboard is required 
from the base of any infiltration system) and more notably the extent of contamination. It is therefore 
considered that it is unlikely that infiltration is a viable option to drain the site, except potentially for the CMAT 
area if a porous surface is incorporated. The potential for infiltration will be assessed during the detailed 
design stage when further geo-technical studies have been undertaken. 

The SuDS Manual states that it is preferable to manage rainfall close to where it falls using prevention and 
source control methods. Prevention methods such as green roofs, permeable surfaces and rainwater 
harvesting reduce the quantity of peak runoff entering the surface water system whilst source controls such as 
ponds (preferred) and tanks provide localised attenuation, reducing the need for large site-wide attenuation 
features. 

Thurrock planning policy also states that development proposals should incorporate biodiversity or geological 
features into the design as far as possible.  These may include green roofs, brown roofs and the creation of 
green corridors for wildlife. 

SuDS also provide significant benefits to enhance Water Quality, and the SuDS Manual states the following 
recommendations should be considered to improve Water Quality as part of drainage proposals: 

                                                      
14 Woods Ballard, B, et al. The SuDS Manual. CIRIA C753, (2015) 
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 Pollution Prevention - stopping contaminants mixing with run-off (e.g. road sweeping, bunds for oil 
tanks and controlling sediment) 

 Interception - capturing the first 5mm/hour of rainfall for frequent small events that cause the most 
pollutant instances 

 Treatment - Implementing SuDS systems (in series where required) to treat runoff 

 Maintenance and remedial work - to remove captured pollutants and maintain system performance 
 

As well as traditional known primary pollution sources (such as hydro-carbons and chemical spillages), SuDS 
can also protect and improve Water Quality emulating from the following secondary pollution sources: 

 Atmospheric deposition (from air pollution) 

 Traffic – exhausts (Polycyclic aromatic hydrocarbons [PAHs], unburnt fuel and particles from catalytic 
converters) 

 Traffic – wear and corrosion (tyre abrasion and vehicle corrosion) 

 Leaks and Spillages (Leaks of engine, hydraulic and lubrication oil, de-icing fluids. Spillages when 
refuelling and accidental occurrences) 

 Litter/animal faeces 

 Vegetation/landscape maintenance (leaves, grass cuttings, and herbicides and pesticides) 

 Soil erosion (from adjacent landscaped areas) 

 De-icing activities (such as rock salt) 

 Cleaning activities (washing of vehicles, windows, bins and pressure washing surfaces) 
 

A detailed review of suitable SuDS options has been undertaken for the proposed new port terminal 
considering various benefits including source control, attenuation and water quality benefits. The results are 
shown in Appendix D. Each of these systems has been considered as to whether they are appropriate for 
inclusion within the proposed new port terminal, and discussed further in Section 6. 

4.5. Management of Exceedance Flows 
For rainfall events that exceed the drainage design up to and including the 1 in 100 year storm event plus 40% 
climate change allowance, any surface water flooding should be fully contained and managed within the 
boundaries of the site and not flood areas downstream. The profile of the site determined via a topographical 
survey shows that the proposed port site falls west towards the boundary at Station Approach Road, making 
this area more vulnerable against flooding caused by exceedance flows beyond 100 year storm events. Any 
exceedance flows will be controlled in a manner that will avoid flooding of property or vulnerable areas, plus 
ensure that depths and velocities involved are safe. The adjacent Anglian Water SWT is also a key concern 
when considering exceedance flows. 

A number of design principles and planning techniques can utilise topography and landscape features, 
including bunds, roads and kerb features to safely route overland flows away from any development. These 
can provide additional above-ground storage and ensure water does not pond or affect safety on the principal 
access routes of the site. Trees and other forms of dense vegetation can also be implemented around the 
surrounding land. Collectively, these are capable of storing surface water and reducing the peak flow rate from 
high return period events. The drainage system has been designed to convey flood water away from any 
sensitive and offsite areas.  

The detailed design of the development must take account of guidance in Table 13.1 of DEFRA’s Flood Risk 
Assessment Guidance for New Development: Phase 215. Low hazard overland flows are generally considered 
to be those with a depth of less than 250mm and a velocity less than 0.5m/s. Further guidance is also provided 
in CIRIA C635, Designing for Exceedance16. 

                                                      
15 DEFRA, 2005: Flood Risk Assessment Guidance for New Development: Phase 2: Framework and 
Guidance for Assessing and Managing Flood Risk for New Development.  

16 Publication C635: Designing for exceedance in urban drainage - good practice, CIRIA (2006) 
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4.6. Tidal Considerations 
For surface water discharging directly to the River Thames, there is a risk of a storm coinciding with a high tide 
event, which will ‘tide lock’ the outfall.  

The Mean High Water Spring tide level has been selected as an appropriate tide level to interpret ‘high tide’. 
The Mean Spring High Water Level at Tilbury is expected to be 3.3m AOD and the Mean Neap High Water 
Level is expected to be 2.3m (see Figure 4-1). These figures have been increased by 0.755m to account for 
the anticipated sea level rises.17 Hence a modified Mean Spring High Water Level is expected to be 4.1m 
AOD with a range of 5.9m, and a modified Mean Neap High Water Level is expected to be 3.1m AOD with a 
range of 4m. 

The spring range has a higher high tide level and a lower low tide level than the neap range. The network will 
be modelled for both the spring and neap ranges to ensure that both the maximum high tide level and the 
maximum low tide level are accounted for in the design. 

Higher high water levels such as a 1 in 5 year tidal surge event were also considered, however this has been 
discounted due to the very low compound probability of both a low probability Tidal Surge event occurring 
during the same 6 hour time period as a low probability Rainfall Event. 

The outfall will be provided with two flap valves and a penstock (manual or automated), in line with 
Environment Agency requirements. 
 
Figure 4-1 Port of Tilbury Flood Levels  

 

                                                      
17 Environment Agency ‘Flood risk assessments: climate change allowances’ Table 3, sea level allowance 
for each epoch in millimetres (mm). 
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It is anticipated that the level of the outfall for the drainage network discharging to the River Thames will be in 
the region of 0m to -1.5m AOD. The exact level will depend on the final solution selected to counteract any 
settlement, which will be derived pursuant to the DCO. The design presented in this drainage strategy, is based 
on an outfall level of -0.866m for the reasons explained in section 6. Approval of the outfall will be agreed 
through the operation of the Environment Agency’s protective provisions. 

4.7. Design Principles Summary 

4.7.1. New Port Development 
The drainage strategy is based on the following design principles: 

1. Guidance in the ‘Sustainable Drainage Systems; Design Guide13, states that surface water discharge 
from the proposed development should be limited flows to greenfield runoff rates to the surrounding 
ditches/watercourses. Further hydraulic studies may be undertaken in subsequent design stages, to 
determine if the local ditches/water courses can accept flows larger than greenfield run-off limits without 
increasing the flood risk. If this is the case, then Thurrock Council/EA will be approached to determine if 
larger peak flows can be discharged pursuant to the DCO. 

2. In line with national statutory legislation, flows will be unattenuated to the River Thames (which is a large 
tidal water body).  

3. The drainage system will make allowance for the control of flood water in large (1 in 100 year + climate 
change) rainfall events to ensure that there is no-flood risk to adjoining properties or unacceptable 
operational restrictions on the site. 

4. The area designated as the RoRo Terminal will be 100% impermeable. This area is intended for storage 
of containers and trailers, and these are conventionally large paved areas. A layout for the paved area is 
provided in the DCO submission, however this may vary in the future, therefore maximum flexibility for 
future changes needs to be accounted for in the drainage strategy, by capturing pollution and improving 
water quality from the whole hard standing area (as far as reasonably practical). 

5. The CMAT area of the site is proposed to have two operational uses. A proportion of the area will be hard 
standing and the remainder will be used for aggregate storage. The CMAT design will be undertaken by 
the occupier, who will design their own drainage system to maximise infiltration and must discharge any 
additional flows to the site wide drainage system at Greenfield run-off levels. Any attenuation will be 
provided within their own site area. They will also be responsible for controlling all pollution and siltation 
within their site area, in accordance with the Operational Management Plan developed for the DCO 
application, to ensure that the outflow to the site wide system, meet acceptable water quality criteria. 

6. The proposed RoRo Jetty and southern portion of the access ramp will discharge directly and 
unrestricted to the River Thames Estuary. In the pre-development case, rain would fall directly into the 
Estuary, therefore the pre-development regime is not being changed.  

7. The design will make allowance for the handling of hazardous materials that will enter/be stored in the 
new port area subject to controls of any hazardous substance consent secured at detailed design stage, 
and to control other potential pollution sources (such as from hydrocarbons). No fuelling from the 
pontoon (this will be undertaken from the river under PLA controls), or maintenance will be undertaken 
on the ships that dock at the Jetty, and pollution will be controlled on the jetty by deploying spill kits.  

8. The drainage system will maximise the usage of sustainable drainage systems, control pollution and 
enhance water quality from run-off, as far as reasonable practical. 

9. The design will make allowance for anticipated rates of settlement of the RoRo concrete hard paving and 
any other areas. 

10. The existing ponds and drainage ditches in the centre of the proposed terminal site will be re-routed to 
enable construction of the proposed RoRo and bulk storage areas, and backfilled. Any associated 
mitigation measures are provided elsewhere as indicated in the terrestrial ecology section of the 
Environmental statement. This includes compensatory measures including new ponds and ditches, 
which will provide compensatory measures. 

11. Any proposed or retained swales/ditches are proposed to be unlined, unless there is a risk that they will 
mobilise contamination in the ground, contaminate the groundwater, or are in areas of high groundwater. 

12. The adjacent RWE Power Plant B has its own standalone surface water drainage system which does not 
connect to the Tilbury 2 site. If the site is redeveloped in the future, this will continue to be the case. 

13. RWE has a legal right to discharge into the Tilbury 2 foul pumping station during the demolition of the 
RWE Power Plant B. This has been allowed for in the drainage strategy. 
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14. It is anticipated that rainfall falling on the Cement Silo loading area and vehicle wash flows will be treated 
as trade effluent. A permit will be obtained for this, and the discharge will be agreed through the 
operation of Anglian Water’s protective provisions. 

15. The design will make allowance for the location of other existing and proposed utility requirements 
16. Any foul drainage emulating from ships docking at the port, will be tankered away and taken off-site for 

disposal.  
17. The redevelopment is not considered to be Critical National Infrastructure. 
18. The design makes no allowance for any temporary construction drainage or control of siltation during the 

construction phase, which will be developed and designed by the Contractor in accordance with the 
Construction Environmental Management Plan (CEMP). 

 

4.7.2. Surface Access Road / Rail Link 
The drainage strategy is based on the following design principles/assumptions: 

1. The proposed road to be constructed between Ferry Road and Fort Road will be offered for adopted by 
the local highways authority. It has therefore been designed to adhere to the standards prescribed in the 
Design Manual for Roads and Bridges (DMRB)18, as well as the Essex Highways Design Guide19. 

2. The proposed road to be constructed as part of the surface access improvements will be a single 
carriageway with one lane in each direction, with a footway This will be adopted by the local highways 
authority (Essex County Council). 

3. The new rail link is currently proposed to be positively drained, however following further investigations of 
the ground conditions in later design stages, it is possible that this could be omitted in future (to match the 
existing railway which is being removed which has no drainage provision). The RoRo area will require 
positive drainage to the ballasted track, which is abounded by concrete pavement. 

4. As per the proposed Tilbury2 site, surface water discharges from the road and rail link will be limited 
flows to greenfield runoff rates to the surrounding ditches/watercourses (based on Q1 greenfield run-off 
rates for all rainfall events). Further hydraulic studies may be undertaken in subsequent design stages, to 
determine if the local ditches/water courses can accept flows larger than greenfield run-off limits without 
increasing the flood risk. If this is the case, then Thurrock Council/EA will be approached to determine if 
larger peak flows can be discharged pursuant to the DCO. Maintenance issues with attenuating flows 
requiring flow devices smaller than 75mm will also be addressed, and flows may need to be increased 
from small catchments 

5. The proposed railway sidings and spur that are to be constructed as part of the surface access 
improvements will be an extension of existing PoTLL rail sidings and therefore will not be adopted by 
Network Rail. 

6. The proposed rail spur will be ballasted throughout, except within the new terminal where there will be 
vehicle crossings, adjacent to the Maritime Warehouse and up to the railhead to allow plant to drive over 
the tracks. The new level crossing will be composite surfacing panels laid over ballasted track. 

7. The ground water level along the Surface Access Road/Rail Link is currently unknown. Further 
investigations will be undertaken as part of the site investigation. Any proposed swales are therefore 
proposed to be unlined, unless they are located in contaminated ground. 

8. The design makes no allowance for any temporary construction drainage or control of siltation during the 
construction phase, which will be developed and designed by the Contractor in accordance with the 
controls set out in the CEMP. 
 
 

 

  

                                                      
18 DRMB http://www.standardsforhighways.co.uk/ha/standards/dmrb/ 

19 Essex County Council: Essex Design Guide (2013) [Available at 
http://www.essexhighways.org/Highway-Schemes-and-Developments/Adoptions-and-Land.aspx ] 
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5. Consultation 

The following meetings have been undertaken with the Statutory Authorities in respect of this drainage strategy 
(see Appendix C for meeting minutes): 

 26th May 2017 – Thurrock Council 
- To discuss preliminary drainage proposals 

 15th August 2017 – Essex County Council (acting on behalf of Thurrock Council) and Environment 
Agency 
- To discuss developed drainage proposals 

 22nd September 2017 – Anglian Water 
- To discuss findings of pre-development application and foul drainage proposals 

This drainage strategy has been developed to address the comments raised in these meetings. 

Essex County Council (letter dated 18th October 2017 - reference ECC/PoTL2/Pre App) and the Environment 
Agency (letter dated 18th October 2017 – reference AE/2017/122092/01-L01) have also provided comments 
on the Drainage Strategy as part of the informal consultation. Responses to their comments are also included 
in Appendix C.  

Anglian Water raised no specific objections to the proposals. 

Essex and Suffolk Water do not have any drainage infrastructure in this area. They however been consulted 
on potable water supplies for the port, which is not affected by this drainage strategy. 
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6. Proposed New Port Terminal - 
Drainage Strategy 

6.1. Details of Development 
The proposed new port area comprises of 4 zones, which will all have different operational functions, therefore 
placing different constraints on the surface water drainage strategy. A description of each of the development 
zones is summarised in Table 6-1 below and Figure 6-1.  

Table 6-1 Description of Proposed New Port Development Zones 

Zone Description of Primary Use 

RoRo Terminal  Roll-on-roll-off (RoRo) terminal to be used predominantly 
for the storage and handling of shipping containers and 
trailers.  

 The area will be subject to high loading from the 
containers and plant. 

 Surface water runoff may be contaminated by 
hydrocarbons leaking from containers / associated 
vehicles and therefore treatment of runoff will be required. 

 There is also potential for contamination from leaks or 
spillages of materials or liquids stored in the RoRo 
terminal. 

Ancillary Buildings / 
General Storage Areas 

 Buildings associated with the administration and operation 
of the port including offices, customs areas, maintenance 
workshops and staff welfare facilities.  

 Car parking for the port’s staff and car parking for cruise 
liner passengers. 

 General storage areas 

CMAT  It is assumed that approximately half of the area will be 
used for the storage and stockpiling of aggregates 
including the associated conveyors to offload aggregates 
from the ships  

 The remaining area will be hardstanding associated with 
the processing and batching of aggregates. 

 Surface water runoff from the aggregate stockpiling may 
be contaminated by suspended solids and therefore 
treatment may be required.  

 Design to be undertaken by operator in future design 
stages  

RoRo berth and 
Pontoon 

 RoRo berth and pontoon to allow ships to dock at the new 
port. This will be within the marine environment. 

 No fuelling or maintenance activities will be undertaken on 
berthed ships. 
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Figure 6-1 RoRo Terminal Drainage Strategy 
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6.2. Surface Water Runoff Calculations 
The Lead Local Flood Authority (LLFA) are Thurrock Council and local legislation stipulates that surface water 
discharges from new developments is restricted to the greenfield rate of runoff wherever possible, unless it is 
discharged to a large water body (such as the River Thames). 

To inform the surface water drainage strategy, greenfield runoff rates have been calculated based on the IH124 
method for small catchments and Microdrainage Software Suite, restricting flow to Q1 levels at all rainfall 
events. This applies to all discharges to the local ditches/watercourses, but excludes the River Thames outfall 
which will have an unrestricted outflow. Maintenance issues regarding restricting flows requiring small diameter 
pipework (<75mm diameter) will be agreed with Thurrock Council / Environment Agency in the detailed design 
and some flows from small catchment may need to be increased. 

Calculated greenfield runoff rates for each of the development zones are included in Appendix B and are 
summarised in Table 6-2 below: 

Table 6-2 Proposed New Port Terminal Greenfield Runoff Rates 

Description Area (ha) Greenfield 
Runoff Rate 

[Q1] (l/s) 

Notes 

RoRo Terminal 24 51.91 - 

Ancillary Buildings / 
General Storage 
Areas 

4.5 9.69  

Security Gatehouse 0.87 1.89  

CMAT 22.65 48.79 

Calculation includes the 
area of the proposed rail 
spur to the east of Fort 
Road. 

RoRo berth and 
Pontoon 

n/a n/a 

Rate not calculated due to 
the assumption direct, 
unrestricted discharge to 
the Thames Estuary will 
be permitted 

6.3. Sustainable Drainage Systems 
A detailed review of suitable SuDS options has been undertaken for the proposed new port terminal 
considering various benefits including source control, attenuation and Water Quality benefits and the results 
are shown in Appendix D and are also summarised in Table 6-3 below. Each of these systems has been 
considered as to whether they are appropriate for inclusion within the proposed new port terminal. The table 
identifies the SuDS solutions that are considered suitable for the project as part of the Drainage Strategy. 
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Table 6-3 Proposed New Port Terminal - SuDS Options 

SuDS 
Technique 

Description 

Notes 

Description 
Is SuDS 

Technique 
Suitable? 

  

Ponds Permanent pool of 
water that provides 
attenuation and 
treatment of surface 
water runoff. 

CMAT  Ponds as well as providing Water Quality benefits are cheaper to construct and maintain than attenuation tanks. They do not however provide any interception storage. Ponds 
can also act as containment to capture spilt pollution. Ponds ideally located away from any contaminated land, due to the risk of contaminants leaching into the pond, or lined 
appropriately. 

Ponds could be suitable for use within the port area for providing attenuation and treatment of the surface water, however this would result in a significant loss of land which is 
required for container storage and port operations. They have therefore been discounted for the RoRo and Ancillary Buildings areas. 

RoRo Terminal X 

Ancillary 
Buildings / 
General Storage 
Areas 

X 

Attenuation 
Storage 
Tanks 

Generally, below 
ground temporary 
storage of surface 
water before 
infiltration, controlled 
discharge or re-use. 
Common types of 
tanks include 
oversized pipes and 
geocellular tanks.  

CMAT  Tanks are more difficult to maintain than open drainage features, such as ponds or swales, and do not provide any increased water quality treatment, amenity or biodiversity. 
Tanks do not provide any interception storage. 

Tanks will result in the excavation, management and disposal of potentially contaminated soils, and existing structures (predominately the A Power Station foundations) are a 
significant constraint. 

Tanks however can be readily integrated underneath roads / car parking areas, although they are likely to be expensive due to the high loading. If tanks are designed to 
withstand appropriate loadings, they will have the benefit of not decreasing useable land in the port area, which is a significant benefit for the RoRo area of the site. 

RoRo Terminal  

Ancillary 
Buildings / 
General Storage 
Areas 

 

Wetlands 
and Bio-
retention 
Systems 

Shallow, often 
vegetated, landscape 
depressions that 
temporarily store, 
filtrate, infiltrate and/or 
convey flow further 
downstream in a 
controlled manner. 

CMAT  Bio-retention systems have been shown to be effective in improving water quality and therefore could be utilised as part of a “treatment train” to improve water quality prior to 
discharge to the existing watercourses. The systems do not provide any interception storage unless lined. The use of such systems may reduce the requirement for 
conventional treatment devices such as oil interceptors and therefore help reduce operational costs. As infiltration is currently not being considered, bio-retention would be for 
surface water attenuation and treatment only. 

Bio-retention systems (as ponds) however require a significant land take, which would not then be useable by the port. They have therefore been discounted for the RoRo and 
Ancillary Buildings areas. 

RoRo Terminal X 

Ancillary 
Buildings / 
General Storage 
Areas 

X 

Filter drain Linear drains or 
trenches filled with 
permeable material, 
often with piped 
drainage in the base. 

CMAT X Filter drains can be used to drain roads, rail tracks or areas of hardstanding, and can provide some attenuation and limited treatment (mainly settlement of solids) of surface 
water runoff. Filter drains are however susceptible to siltation and will clog over time, and will need to be replaced periodically. Filter drains provide limited interception storage. 

Filter drains would not be suitable in areas where they would be likely to be covered over such as the areas to be used for container storage within the RoRo terminal. Filter 
drains are also unlikely to be suitable for use within the CMAT area, as this area is proposed to be used for aggregates and therefore the runoff is likely to contain a high 
concentration of fine particles, which could block the filter media and therefore lead to reduced serviceability. 

Filter drains could be utilised on the boundaries of the RoRo terminal; however, their benefits are considered minimal. 

 

 

 

 

RoRo Terminal X 

Ancillary 
Buildings / 
General Storage 
Areas 

X 

Swales & 
ditches 

Shallow, flat-bottomed, 
usually vegetated 
opened channels 
designed to attenuate, 

CMAT  Swales can provide significant treatment and can improve the quality of surface water run-off. They can also provide interception storage. A number of existing ditches existing 
on the site, which could be reutilised. As infiltration is not currently being considered as an option for disposal of surface water, swales are only being currently considered for 
conveyance and attenuation of surface water. RoRo Terminal  
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SuDS 
Technique 

Description 

Notes 

Description 
Is SuDS 

Technique 
Suitable? 

  

infiltrate and convey 
flow. 

Ancillary 
Buildings / 
General Storage 
Areas 

X Swales or ditches could be utilised along access roads and to drain small areas of hardstanding (due to their limited hydraulic capacity). There is insufficient room within the 
Ancillary Buildings area. 

Green roofs Vegetated roofs that 
reduce runoff volume 
and rate. 

CMAT X Green roofs provide treatment as the rainwater percolates through the green roof substrata (including physical, biological and chemical treatment through the soil and root up-
take zone), and they also provide interception storage. Green roofs do require additional maintenance over conventional roofs, and the structure may need to be strengthened 
to accommodate additional loading from green roof. 

Green roofs could be considered for the Ancillary Buildings, and can provided on pre-fabricated buildings.  

 

RoRo Terminal X 

Ancillary 
Buildings / 
General Storage 
Areas 

 

Rainwater 
harvesting 
and re-use 

 

Larger-scale collection 
of rainwater for 
attenuation or for 
reuse in appropriate 
ways (e.g. toilet 
flushing or irrigation). 

CMAT X Rainwater Harvesting can contribute to more sustainable means of water management; however these methods are often not classed as rainwater attenuation due to the 
possibility of rainwater harvesting tanks being full and then a storm event occurring resulting in no further attenuation. Rainwater Harvesting does not improve the quality of 
rainwater overflowing and entering the downstream drainage system. The systems can however provide interception storage, if designed on regular daily demand for non-
potable water. 

Rainwater harvesting could be utilised within the port’s Ancillary Buildings for non-potable water applications, however due to the low occupancy is this is considered unviable. 

RoRo Terminal X 

Ancillary 
Buildings / 
General Storage 
Areas 

 

Pervious 
pavements 

Inflow of water from 
surface into underlying 
structure. Thus, 
allowing temporary 
storage, infiltration 
and/or controlled 
discharge further 
downstream.   

CMAT X Pervious paving can be integrated into areas subject to low vehicle loading such as car-parking areas. They attenuate peak flows and provide significant amounts of storage. 
They also filtrate silt and attached pollutants, provide biodegradation of organic pollutants (such as petrol and oil) and absorption of pollutants. They also provide settlement 
and retention of solids. They can provide interception storage if they do not serve areas outside of the permeable paving. 

Pervious pavements are not be suitable for use within the RoRo Terminal or Bulk Storage Area due to the high anticipated loading. They could however be utilised for other 
areas of the site that are subject to lower vehicle loading, such as the Ancillary Buildings, and General Storage areas. 

 

 

 

 

 

RoRo Terminal X 

Ancillary 
Buildings / 
General Storage 
Areas 

 

Trees Trees are an effective 
means of intercepting 
rainfall, transpiration 
and increased 
infiltration of the 
surrounding soil. They 
can be used for 
supplementary 
purposes in reducing 
the peak flow rate for 

CMAT X The usage of trees on the development is limited due to the industrial nature of the site and large amounts of hardstanding. The retained trees along the western perimeter of 
the site are away from the drainage system and to the west of an existing ditch. 

Tree pit drainage is therefore not considered suitable for the project. 
RoRo Terminal X 

Ancillary 
Buildings / 
General Storage 
Areas 

X 
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SuDS 
Technique 

Description 

Notes 

Description 
Is SuDS 

Technique 
Suitable? 

  

high level return 
periods.  

Soakaway, 
infiltration 
basins and 
trenches 

Excavations filled with 
void-forming material 
enabling temporary 
storage and gradual 
infiltration into 
underlying soil. 

CMAT X Infiltration provides treatment through the percolation of the underlying soils between the base of the system and groundwater level (which should be not less than 1m). They 
can also provide interception storage. 

Infiltration solutions have not been considered due to the low soil infiltration rates, potential high ground water levels and contamination. The CMAT however could have a 
porous surface which could potentially infiltrate, to mimic the previous greenfield land, if ground conditions permit. 

Infiltration rates could be confirmed as part of site investigation works through soakaway testing and SI studies on the GWL depth and extent of contamination. 

RoRo Terminal X 

Ancillary 
Buildings / 
General Storage 
Areas 

X 

Detention 
basin 

Dry depressions 
designed to store 
water for a specified 
retention time and 
quantity. 

CMAT X Detention basins provide the gravitational settlement of particle pollutants, and some filtration through base vegetation and underlying soils with biodegradation and photolytic 
breakdown during the drying process between runoff events. They can also provide interception storage. 

Detention basins are not suitable for use within the port area due to the loss of useable land (as Ponds above). 
RoRo Terminal X 

Ancillary 
Buildings / 
General Storage 
Areas 

X 

Proprietary 
Treatment 
Systems 

Proprietary treatment 
systems to improve 
Water Quality. 
Performance varies 
depending on the 
system implemented 
and manufacturer 

CMAT  Proprietary systems could be implemented to improve water quality, where other natural forms of Water Quality improvement are not possible. They could also be implemented 
in the CMAT area to remove sediment (such as proprietary silt removal systems).  

These systems are considered unviable in the RoRo Terminal area due to the low flow capacity of the proprietary units, and therefore the excessive number of units required to 
cover the area. 

RoRo Terminal X 

Ancillary 
Buildings / 
General Storage 
Areas 
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6.4. Drainage Strategy 

6.4.1. RoRo Terminal  
To determine the optimum drainage solution, a number of different drainage strategies were assessed to drain 
the RoRo pavement. The options were focused on maximising the amount of water that can gravitate to the 
River Thames.  

It was considered that the use of high capacity slotted drainage channels would be the most beneficial way of 
draining the concrete surface, as they can withstand the heavy-duty port loadings and can flow long distances 
before an outlet is required. They keep the rainwater near the surface hence raising the depth of the overall 
drainage system.  

The drainage design in this strategy accounts for when the tidal level in the River Thames is higher than the 
outfall level of the drainage network, and is nearing the Finished Surface Level of the site, by providing on-site 
attenuation (and possibly a pumping station). 

Improving the water quality from the run-off was also a key concern and therefore natural SuDS solutions such 
as swales were given priority over traditional piped systems. 

The following strategies were assessed, which provide a background to the preferred solution adopted:  

 Draining the surface using high capacity channel drains, discharging to a series of swales (4 no) 
located along both the eastern and western boundaries 
- this has been discounted as the swales would need to be more than 17m wide, due to the 

significant size of the catchment.  
 Draining the surface using high capacity channel drains, discharging to concrete channels located 

along the eastern and western perimeters 
- this has been discounted as the concrete channels would also need to be significant in size and 

provide no water quality or biodiversity benefits 
 Draining the surface using a traditional gully and pipework system 

- this has been discounted due to the significant number of gullies and pipework required will make 
the drainage system deeper, will not permit a gravity discharge, and provides no water quality 
benefits. 

 Draining the RoRo pavement using channel drains discharging to a series of culverts laid at shallow 
gradients (1 in 1000).  
- This has the most benefits and avoid the need for excessively wide swales or concrete channels, 

but has been discounted as a standalone solution, as it provides no water quality or bio-diversity 
benefits. 

Having accounted for these options, the proposed drainage strategy for the RoRo Terminal is shown in 

Figure 6-2 and drawing 5153187-ATK-ZZ-XX-DR-UT01050 (Appendix E), and is summarised below. 

 In order to keep the drainage system discharging to the River Thames as shallow as possible and to 
utilise the existing ditches around the pavement, the catchment has been split into 2 segments.  

 The northern area of the RoRo pavement is proposed to drain via high capacity channel drains, and 
discharge to the existing ditches to the west and north of the RoRo pavement. These have been 
enlarged, as far as practical, to provide attenuation, and discharges to the northern watercourses at 
Q1 greenfield run-off levels. This will promote biodiversity and Water Quality treatment within the 
existing ditches. 

 The southern area of the RoRo will also be drained by high capacity channel drains, with some areas 
discharging via pipework, and other areas discharging directly into two culverts laid in a north to south 
direction (which avoid the existing underground obstructions). The railway within the RoRo pavement 
will also connect into this system. The culverts will be laid as shallow as possible, allowing for the 
potential settlement of areas of the site. The two culverts will connect together in the south portion of 
the site, and have a gravity outflow to the River Thames during low tides. During high tides rainwater 
will be attenuated within the culvert system and an attenuation tank, and may require a pump station 
to reduce the amount of storage required. This will be dependent on the final solution to overcome any 
potential settlement and will be derived pursuant to the DCO.  
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 A series of hydraulic models have been run with the drainage system being as flat and shallow as 
possible (with an outfall level to the River Thames of approximately +0.2m AOD), and for an increased 
depth and steeper gradients to allow for settlement (with an outfall level of approx. -1.881 mAOD). The 
results indicate that an attenuation tank in the region of 3000m3 being required. The hydraulic 
calculations presented in this report are based on an outfall level of -0.866 m AOD, which is located 
above the highest neap tide (accounting for Climate Change), which is considered a reasonable 
amount of additional fall to allow for any settlement solution. The final solution will be pursuant to DCO 
and may require an additional pump station/enlarged attenuation tank, if further falls are required to 
the slotted drainage channels/culverts/pipework systems. Approval of the outfall will be agreed through 
the operation of the Environment Agency’s protective provisions. 

 The outfall will have two flap valves and a penstock (manual or automated), in line with Environment 
Agency requirements. 

 The hardstanding surrounding the cement silo in the south east corner of the site will also discharge 
to this system. This excludes the hardstanding where the trucks are loaded, which is proposed to 
discharge to the foul drainage system and will be treated as trade effluent. A permit will be obtained 
for this, and the discharge will be agreed through the operation of Anglian Water’s protective 
provisions. 

 The existing ditch to the west of the RoRo pavement will also be enlarged as much as practical, to 
provide further attenuation for the southern area of the RoRo pavement, to promote biodiversity and 
improve water quality.  

 The existing ditches will be unlined unless there is a risk of any contamination in the ground being 
mobilised, or if there are high groundwater levels, This will be determined by further site investigation 
tests to be undertaken in detailed design in liaison with the EA, pursuant to the DCO. The pollution of 
the run-off entering the ditches will be controlled as described in Section 6.5. 

A factor of interception will be provided by the pervious paving, green-roods and swales, and will be maximised 
as far as practical, in line with CIRIA C753 . As no infiltration is proposed (except potentially in the CMAT area), 
it is not possible to restrict the volumetric run-off from the development. All discharges to the River Thames 
will be unrestricted with no interception (except in the small catchment draining to the existing enlarged ditch) 
or volumetric control provided. 

Hydraulic calculations for this system based on the scenario highlighted above (for both the spring and neap 

tides) is provided in Appendix F.
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Figure 6-2 RoRo Terminal Drainage Strategy 
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6.4.2. Ancillary Buildings / General Storage Areas 
The proposed drainage strategy for the Ancillary Buildings (including Staff Welfare Facilities), and General 
Storage Areas are shown in Figure 6-3 and drawing 5153187-ATK-ZZ-XX-DR-UT01051 (Appendix E), and is 
summarised below. 

This area of the site will consist of several pre-fabricated buildings which will be pre-fitted with green roofs, to 
enhance the water quality of the run-off. Car parking areas will consist of porous paving. The refuelling area 
will consist of concrete hardstanding and will be drained using a traditional piped drainage system, which will 
pass through a Full Retention Oil Interceptors to BS EN 85820, and will be constructed and maintained in 
accordance with the Control of Pollution (Oil Storage) (England) Regulations 2001. There will also be a vehicle 
wash which will discharge to the foul drainage system. 

The above areas will connect via a pipework system, which will discharge to the existing ditch (which is 
privately owned by the Port), to the west of the area, at Q1 Greenfield run-off levels. Attenuation will be required 
to restrict flows and will consist of storage in the porous pavement, and an underground geocellular storage 
tank (if required).  

The General Storage Areas are proposed to be drained with Porous Pavements and the Security Gatehouse 
to the terminal area are proposed to discharge to swales These will discharge at Q1 Greenfield run-off levels 
to the above existing ditch. 

All porous Pavements are proposed to be lined, unless ground conditions permit the usage of infiltration and 
this will not mobilise contamination. The potential for infiltration will be assessed during the detailed design 
stage when further geo-technical studies have been undertaken. 

There is insufficient room to drain the roadway from the Security Gatehouse to the RoRo pavement, using 
swales, and therefore the road will be drained by traditional pipes and gullies. This will also discharge to the 
existing ditch at Q1 Greenfield run-off levels. This ditch is wide and shallow, and will have minimal flows after 
the development, and hence will provide Water Quality enhancements as the runoff will pass through the 
vegetation, as per the other swales on the development. 

The existing ditch could also potentially be blocked off with a weir, to provide some attenuation to this northern 
area of the site. This would be in lieu of some of the storage highlighted above, and will be investigated further 
in future design stages. 

Hydraulic calculations for this system are provided in Appendix F. 

  

                                                      
20British Standards Institute: Separator systems for light liquids, BS EN 858:2002 (2002) 
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Figure 6-3 Ancillary Buildings and General Storage Areas Drainage Strategy 

 

6.4.3. CMAT 
The surface water drainage design for the CMAT area will be undertaken by the operator in the future, however 
it has been determined that the following principles must be adhered to: 

The aggregate stockpile area will consist of a granular surface, which will infiltrate into the ground (if ground 
conditions permit). Any other run-off will be intercepted by perimeter ditches, before discharging via a series 
of ponds, to provide both attenuation, control any siltation and to provide water quantity improvements. There 
will be paved area consisting of offices, which will also discharge to ponds mentioned above. 

The flow from CMAT area will then be discharged at Q1 greenfield run-off rates and discharge to the existing 
ditch to the west of the site area (which is privately owned by the Port). 

A series of covered conveyors will transport aggregate to the CMAT area. It is considered that these do not 
pose any additional pollution risk to the underground drainage system. 

The railway around the eastern and northern perimeter of the CMAT area will drain via an oversized swale, 
which will discharge to the ordinary unnamed water course (to the east of the UKPN substation) at Q1 
Greenfield run-off levels. 
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6.4.4. RoRo Berth and Pontoon 

The RoRo berth and floating pontoon is not proposed to have a formal drainage system, and any rainwater 
falling on the floating berth will discharge directly into the River Thames. Any pollution will be controlled by 
deploying local spill kits. 

6.5. Strategy for Water Quality and Pollution Control 
Due to the proposed land uses of the port area, there is potential for the surface water to be contaminated with 
both hydrocarbons and suspended solids. These contaminants could have a detrimental effect on receiving 
watercourses and therefore treatment is proposed prior to discharge. 

For the RoRo Terminal, some treatment will occur in the existing ditches which are being retained and enlarged 
to the north and west of the pavement. The vast majority of the pavement will however drain through a piped 
and culvert system, prior to be discharged into the River Thames. It is proposed to split the entire RoRo 
catchment into zones, with each zone having a petrol interceptor (sized in accordance with BS EN 85821), and 
a shut-off valve, to aid the containment of any accidental spillages. The zones have been proposed to minimise 
the extent of catchment area drained to each petrol interceptor, and to allow standard unit sizes to be provided. 
The railway within the RoRo terminal will also be drained into these controlled zones.  

It is proposed that water quality enhancements will be provided by Petrol Interceptors, which will catch silt up 
to 250ʯm, and come in a larger range of sizes. These will be fitted with oil and silt alarms. For areas that 
drain to the existing enlarged ditches to the North and West of the RoRo pavement, some further treatment 
will also be provided within the vegetation within the ditches. The existing ditches also drain the existing 
roadway to the north (which is being retained) and will provide some further treatment within the vegetation. 

The RoRo Terminal catchment is too large to provide further viable water quality improvements using natural 
pollution control measures, such as swales. Any ponds or basins would also be significant in size and take 
up a substantial amount of critical terminal space (see the SuDS matrix in Section 6.3). Hydrodynamic and 
vortex separator were also investigated, which remove silt in the range of 63 to 250ʯm, and further enhance 
water quality. However even the largest unit available (the ‘Downstream Defender’ from Hydro International), 
would result in over 30 units being required for the RoRo pavement, and more sub-zones created. It is 
considered impractical to divide the RoRo pavement into so many zones and there are no other practical 
means of removing small diameter silt for such a large catchment (such as by using porous paving, which is 
not suitable for the port loading and heavy usage), to provide further marginal water quality improvements. 

Any hazardous material containers will be identified and will be inspected on a regular basis to identify any 
leaks / spills as soon as possible; if any leaks are found then a bunded trailer (or similar device) will be 
immediately be deployed to contain any spillages. The shut-off valves within the zoned drainage areas also 
act as further protection to potentially contain any spillages, and to allow liquids to be removed and treated as 
required. This is to ensure that any leaks / spills cannot enter the ground / groundwater underlying the Site and 
will not be directly discharged to surface water. 

A cement silo is located towards the south of the RoRo area, where cement will be pumped directly from ships, 
and stored. This will then be loaded onto trucks, which will transport the cement away. A small area where the 
trucks are loaded will have a concrete apron, which is proposed to discharge to the foul drainage system and 
will be treated as trade effluent. A permit will be obtained for this, and the discharge will be agreed through the 
operation of Anglian Water’s protective provisions. 

The Ancillary buildings will consist of green-roofs, and car parking and general storage areas will be served by 
porous paving, which will both enhance water quality. The fuelling facility will have a Full Retention Interceptor 
to capture any oil spillages. 

The site roadways within the terminal area (outside the RoRo pavement) are proposed to discharge to swales, 
which will be designed for Water Quality improvements, in line with DMRB18 or CIRIA C75314 

                                                      
21British Standards Institute: Separator systems for light liquids, BS EN 858:2002 (2002) 
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The CMAT designer will design a drainage system to control any siltation, pollution and enhance Water Quality. 
This will be undertaken in the future as is expected to consist of a series of a granular paved surface, cut-off 
drainage ditches and a series of ponds as required), in accordance with the Operational Management Plan. 
The perimeter railway will be drained by swales, which will enhance water quality. 

For the RoRo Berth and Pontoon, any pollution will be controlled by deploying spill kits, which will be stored 
locally. No fuelling or maintenance within PoTLL’s control will be undertaken on the ships that dock at the Jetty. 

6.6. Management of Exceedance Flows 
The conceptual drainage system has been hydraulically modelled using the Microdrainage Windes Software, 
to demonstrate that there is no risk to adjacent properties in an extreme 1 in 100 year (plus climate change) 
rainfall event. A field located to the east of Fort road will experience a minor increase in flood depth (up to 
140mm) as indicated in the FRA. The FRA states that the potential increase in flood depth to this field is not 
considered significant given that the very localised nature of the increase could mean it is the result of model 
inaccuracies. Mitigation measures are not considered necessary for any off site areas. 

During a 1 in 100 year storm event (both plus climate change), there will be some flooding within the RoRo 
area, but this will be limited to avoid significantly disrupting the operation of the port. This will not be able to 
flow to the Anglian Water Tilbury Recycling Centre as the levels along the western perimeter (approximately 
+3m AOD) are higher than the RoRo pavement. Flooding levels with the RoRo area will be limited to 
approximately 250mm and 1.2m to the swales. Porous paving areas are proposed to be designed for a 1 in 
100 year event (plus Climate Change), however if no offsite flooding occurs, this may be relaxed pursuant to 
the DCO.  

The magnitude of flooding during an extreme event is indicated on drawings 5153187-ATK-ZZ-XX-DR-
UT01050 and UT01051, in Appendix E. For the RoRo pavement, this is based on the design scenario 
highlighted in Section 6.3.1, with an outfall level to the River Thames of -0.866 mAOD. Any variation to the 
design to account for settlement pursuant to the DCO will limit flooding to a similar extent, to avoid significant 
disrupting the operation of the port and flowing into off-site areas. 

6.7. Foul Water Strategy 
It is proposed that foul water will be pumped directly from the site to the Anglian Water TWRC as per the 
existing regime. A new foul water sewer system will be constructed to carry flow under gravity from the 
individual facilities to a new pumping station located adjacent to the staff welfare facilities and office, where it 
will be discharged to the Anglian Water TWRC.  

Foul drainage systems from other buildings (such as the Warehouse), will either discharge by gravity to outfall 
to the Anglian Water TWRC, or will require intermediate lifting or pumping stations to avoid excessive depths. 
This will depend on the depth at the discharge point to the Anglian Water TWRC, which is currently unknown. 
This will be discussed further with AW pursuant to their protective provisions within the DCO. 

The foul water strategy is indicated in Figure 6-4 and drawings 5153187-ATK-ZZ-XX-DR-UT01053 and 
UT01054 (Appendix G).
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Figure 6-4 Foul Drainage Strategy 
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It is assumed that the proposed Tilbury 2 port will have the following employees: 

 100 staff working 24 hours per day in 3 No. 8 hour shifts for RoRo Terminal 
 Warehouse 18 staff during day (06:00 to 18:00) and 4 staff overnight (18:00 to 06:00)  
 UK Border Forces (UKBF) 6 staff (24 hours per day). 
 8 staff for RoRo booking in gate/security (24 hours per day). 
 CMAT 30 staff 24 hour working. 
 Proposed port will have no passenger facilities (i.e. restaurants, waiting rooms etc.) 

 
This results in 166 total staff averaged over a 24 hour day.  
 
There is also a legal agreement in place with the adjacent RWE Tilbury ‘Plant B’ power station to discharge 
foul flows to the Tilbury 2 site, during the temporary demolition stage of their power station (up to 2019).  
It has been estimated that this will consist of a work force of 40 persons. 
 
The estimated foul flow rate is based on 90l/p/d (full time day staff) per staff member, in accordance with the 
loads and flows manual. Note that wastewater from docking ships will be collected by tanker and disposed of 
off-site, therefore these wastewater flows have been excluded from this drainage strategy. The estimated foul 
flows are summarised in Table 6-5. 

Table 6-4 Estimated Foul Flows for Proposed New Port Terminal 

Flow Description Flow Rate (l/s) 

Average Dry Weather Flow 
(DWF) 

(90 l/p/d x (166 + 40 persons)) 

0.208  

Peak Foul Flow (6 x DWF + 
10% infiltration) 

1.416 

 

As shown by the foul water flow estimates in Table 6-4, there is an anticipated decrease in foul flow because 
of the Tilbury 2 development due to a reduction in FTE employees working on the site.  

Anglian Water has advised that there is sufficient capacity in their treatment works, via the pre-development 
application process. 

The adjacent Tilbury Plant ‘B’ will secure their own agreement with Anglian Water, after the demolition is 
complete. A dedicated utility corridor route will be provided through the Tilbury 2 site to the Anglian Water 
TWRC. 

The Cement Silo and Vehicle Wash flows are also proposed to discharge to the foul drainage system. This will 
be treated as trade effluent. 

6.8. Maintenance 
Drainage systems will be designed in accordance with BS EN 75222 and CIRIA C75314 and will regularly 

maintained in accordance with the guidance provided in this statement. For the SuDS system, this is 

illustrated in the SuDS Matrix contained in Appendix B. A full maintenance regime will be documented in the 

form of an Operation and Maintenance guide, at the detailed design stage.  

                                                      
22 British Standard EN 752:2008 Drain and sewer systems outside buildings 
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7. Surface Access Road / Rail Link 
Drainage Strategy 

7.1. Details of Development 
The part of the development consists of a road from Ferry Road (A1089) to Fort Road, into the new port 
development. It also consists of a rail spur and sidings from the LTSR railway.  

7.2. Runoff Calculations 
Runoff rates for the road and rail corridors are summarised in Table 7-1 below (based on the same criteria as 
the New Port Terminal).  

Table 7-1 Proposed Surface Access Greenfield Runoff Rates 

Description Area (ha) Greenfield Runoff Rate 
[Q1] (l/s) 

Notes 

Proposed Road 3.46 6.97 - 

Proposed Rail Corridor 2.24 5.63 - 

7.3. Sustainable Drainage Systems 
As per the surface water strategy for the proposed new port terminal, surface water runoff will be managed 
using SuDS devices, wherever possible. A review of suitable SuDS options has been undertaken for the 
surface access road/rail link; the results are shown in Appendix D and are summarised in Table 7-2 below.  
Each of these systems has been considered as to whether they are appropriate for inclusion within this element 
of the development.  

The drainage system will be designed to DMRB standards. 

The general description and notes on the benefits of each SuDS systems have not been included in Table 7-
2, and are as per Table 6-3 for the Proposed New Port Terminal. 
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Table 7-2 Surface Access Road / Rail Link SuDS Options 

SuDS 
Technique 

Is SuDS 
Technique 
Suitable? 

Notes 

Ponds Yes Ponds would be a suitable method of attenuation as part of a SuDS ‘Treatment Train’ for attenuating and treating surface water runoff from the proposed road where attenuation is required. 

Sufficient space would be required to locate such features. 

Attenuation 
Storage 
Tanks 

No Can be readily integrated adjacent to roads. Tanks are more difficult to maintain than open drainage features, such as ponds or swales, and do not provide any increased amenity or biodiversity, 
therefore open features such as ponds would be preferred to be used wherever practicable. 

Attenuation Storage Tanks are therefore no proposed. 

Wetlands 
and Bio-
retention 
Systems 

Yes Bio-retention systems have been shown to be effective in improving water quality and therefore could be utilised as part of a “treatment train” to improve water quality prior to discharge to the existing 
watercourses. As infiltration is currently not being considered, bio-retention is being considered for surface water attenuation and treatment only.  

Sufficient space would be required to locate such features. 

Filter drains Yes Could be used throughout project to provide drainage to access roads, and also to the proposed rail sidings and spur (which is standard practice). Filter drains are however prone to siltation and 
considered undesirable compared to other SuDS systems. 

Swales & 
ditches 

Yes Swales could be used to provide drainage to the new road. As infiltration is not currently considered as a viable option, the swales would be for conveyance and attenuation of surface water only. 
Swales also provide substantial benefits in improving the water quality of run-off, if designed appropriately. 

Swales could also be oversized to provide attenuation storage in lieu of ponds or wetlands. 

Green roofs No No buildings proposed under the surface access/rail link 

Rainwater 
harvesting 
and re-use 

No No buildings proposed under the surface access/rail link  

Highways are not considered appropriate sources of water for re-use (due to the pollution risks) 

Pervious 
pavements 

No Pervious pavements have been successfully implemented for car parks and public spaces.  

However, these are not commonly used for heavily trafficked/loaded areas or road schemes and it is unlikely that the Local Authority would adopt these.  

Trees No No trees are proposed along the surface access/rail link, in suitable locations to provide tree pit drainage. 

Soakaway, 
infiltration 
basins and 
trenches 

No Soakaway solutions are currently not considered viable for the project, due to poor infiltration characteristics, contamination and high groundwater levels. 

Further investigations may be undertaken as the design progresses. 

Detention 
basin 

Yes Detention Basins would be a suitable method of attenuation as part of a SuDS ‘Treatment Train’ for attenuating and treating surface water runoff from the proposed road where attenuation is required. 

Sufficient space would be required to locate such features. 

Proprietary 
Treatment 
Systems 

No Proprietary systems could be implemented to improve water quality from small localised areas including roofs. They would however need to meet the adopting authority’s approval and it would be 
preferable to provide natural systems. 
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7.4. Drainage Strategy 

7.4.1. Proposed Road Link 
 

A number of different options were considered to drain the roadway, which are summarised below and provide 
a background to the preferred solution adopted:  

 Over-edge drainage discharging to a ditch located to the base of the road embankment, prior to 
discharging at Q1 greenfield run-off levels 
- The only viable space to provide a swale is to the south of the road, due to the rail track being 

located to the north. As there is a foot/cycle way to the south of the roadway, it is not possible to 
provide ‘over the edge’ drainage or drain the north extremity of the roadway southwards. It would 
also not be beneficial to locate this foot/cycle way to the north, as users would need to cross the 
carriageway. Over-edge drainage is therefore not deemed possible. 

 Gully drainage with traditional pipework system and attenuation by a pond, prior to discharging at Q1 
greenfield run-off levels 
- This has been ruled out as pipework does not provide water quality/biodiversity benefits and it 

would be more beneficial to utilise swales 
 Gully drainage discharging to swales and attenuated by a pond, prior to discharging at Q1 greenfield 

run-off levels 
- The pond would require a significant footprint; therefore, it is considered more beneficial to 

oversize the swales to provide any attenuation storage 

The proposed drainage strategy for the new road is shown in Figure 7-1 and on drawing 5153187-ATK-ZZ-

XX-DR-UT01052 (included in Appendix E).  
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Figure 7-1 Surface Access Road / Rail Link - Drainage Strategy 

 

 

EAST TILBURY DOCK SEWER 
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The proposed solution is therefore to provide gullies along the kerbed roadway, discharging via pipework to 
swales to the south of the road. This will be designed in accordance with DMRB water quality enhancement 
criteria and to contain water in a 1 in 100 year event (plus Climate Change), prior to discharging to existing 
main rivers and ordinary watercourses at Q1 Greenfield run-off levels. The swales will be oversized to limit 
flows to greenfield levels, except the Fort Road Bridge and adjacent link road, which will discharge via an 
attenuation pond (designed to DMRB standards). Maintenance issues regarding restricting flows requiring 
small diameter pipework (<75mm diameter) will be addressed and agreed with the Environment Agency / 
Thurrock Council in the detailed design pursuant to the DCO. Some flows from small catchments may need to 
be increased.  

It is assumed that the swales will be above the groundwater level, which has been measured as approximately 
1.2m to 2.5m below ground level (based on preliminary investigations), and that the swales will be unlined 
(unless there is a potential to mobilise contamination or if the groundwater level is found to be higher). This is 
pending further investigations pursuant to the DCO, however this does not alter the effectiveness of the 
strategy. 

A small proportion of the western end of the proposed infrastructure corridor will drain to the East Tilbury Dock 
Sewer (to the west of the site). It is proposed to discharge unrestricted flows to this sewer, as a portion of the 
existing Ferry Road will be removed and the overall catchment drained to this sewer will not be increased. 

The amount of attenuation that is estimated to be required is illustrated in Table 7-3 below. 

Table 7-3 Estimated Attenuation Required for Surface Access Road Link 

Description Area (ha) Greenfield Runoff 
Rate [Q1] (l/s) 

Estimated Storage Required (m3) 

Proposed Road Link 3.46 6.97 4518* 

* - provided by oversized swales and a pond (pond volume approx. 965m3) 

Hydraulic calculations for this system are provided in Appendix F. 

7.4.2. Proposed Rail Link 
The rail spur will be privately owned by the Port of Tilbury, and is proposed to be drained using traditional 
railways drainage systems, such as filter drains or ditches/swales, in accordance with Network Rail Standards. 
Attenuation will be required to limit flows to Q1 greenfield run-off levels, and these will be provided through 
oversized pipes and ditches, as there is insufficient land available for attenuation tanks or ponds. The 
estimated attenuation volume is shown below in Table 7-4. 

Table 7-4 Estimated Attenuation Required for the Rail Link 

* - provided within pipework/swales 

Where the proposed rail link utilises the existing rail corridor (to the west), it is assumed that there is adequate 
drainage and therefore no further drainage is proposed. The existing track drainage will be surveyed as part 
of the detailed design phase and remedial works such as jetting carried out where required.  

Where the proposed rail spurs extend into the RoRo pavement area, it is proposed that the rail corridor is 
drained using conventional filter drains. As both the rail and the port area will be privately owned by the Port 
of Tilbury, the rail drainage will discharge to the port’s surface water drainage system as described above. 

Description Area (ha) Greenfield Runoff 
Rate [Q1] (l/s) 

Estimated Storage Required (m3) 

Proposed Rail Link 2.24 5.63 2849* 
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Although the rail link is currently proposed to be positively drained, further investigations of the ground 
conditions will be undertaken in later design stages and controlled through the DCO, to determine whether it 
is possible that the drainage could be omitted.  

Hydraulic calculations for this system are provided in Appendix F. 

7.5. Strategy for Water Quality/Pollution Control 
The proposed drainage for the road link will comprise of a SuDS based solution of oversized swales on the 
south side of the road. 

The swales will be designed in accordance with DMRB23, to improve water quality through filtration, adsorption, 
sedimentation and biological treatment of contaminants. In accordance with DMRB, depths of flows within the 
swales will be within the grass (100-200mm) in a 1 in 1 year storm (plus Climate Change) and the time of flow 
during a 1 in 10 year 24 hour storm will be more than 10 minutes. Hydraulic calculations demonstrating 
compliance with these standards are highlighted in Appendix F. 

It is believed that an oil interceptor will not be required due to the swales providing the treatment highlighted 
above. No further pollution control measures are proposed. The Fort Road bridge will discharge via an 
attenuation pond designed to DMRB standards18. The pond location is indicated in Figure 7-1. 

The rail drainage will be drained using filter drains or ditches/swales. Percolation through the ballast provides 
interception of contaminants, and catchpits within any filter drainage system or treatment within ditches/swales 
will provide additional protection. This is in line with common industry practice and Network Rail standards. 

7.6. Management of Exceedance Flows 
The swales draining the road and rail link have been designed to contain a 1 in 100 year (plus Climate Change) 
rainfall event. 

7.7. Foul Water Drainage Strategy 
There are no buildings or foul drainage requirement for the Road/Rail link. 

The road and rail spur cross some existing Anglian Water foul water drainage infrastructure, which will require 
diversion/protection as part of the works. This has been discussed with Anglian Water and will be agreed 
through the Anglian Water protective provisions. 

7.8. Maintenance 
Drainage systems will be designed in accordance with DMRB23 and Network Rail standards24, and will 

regularly maintained in accordance with these guidelines. 

 A full maintenance regime will be documented in the form of an Operation and Maintenance guide, at the 

detailed design stage.  

                                                      
23 Design Manual for Roads and Bridges: (2016) 

24 NR/L3/CIV/005 – Network Rail Drainage Standard  
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8. Summary 

8.1. Overview 
The conceptual drainage system has been designed in accordance with relevant standards and planning 
legislation, and maximises the usage of SuDS, improves water quality and controls pollution, as much a 
reasonably practical. It limits flows to Q1 Greenfield run-off levels when discharging to existing watercourses, 
although further studies may be undertaken in future design stages, to determine if a greater flow could be 
discharged without affecting flood risk. Maintenance issues from restricting flows using small diameter 
pipework will also be addressed and agreed with the Environment Agency / Thurrock Council, and some flows 
may need to be increased from small catchments. All discharges to the River Thames where flows are 
proposed to be unattenuated. 

The conceptual drainage system has been hydraulically modelled, to demonstrate that there is no risk to 
adjacent properties in an extreme 1 in 100 year (plus climate change) rainfall event. During both a 1 in 30 and 
1 in 100 year storm event (plus climate change), there will be some flooding within the RoRo port area, which 
is within acceptable depths, to avoid significant disruption to the operation of the port. 

Drainage systems will be designed in accordance with relevant design standards, and will regularly maintained 
in accordance with these guidelines. A full maintenance regime will be documented at the detailed design 
stage.  

A summary of the proposed drainage scheme is highlighted below. 

8.2. Proposed New Port Terminal 
Surface water drainage from the majority of the RoRo pavement (including the railway) is proposed to be 
drained through high capacity channel drains to keep the drainage system as shallow as possible. These will 
discharge to a pipe and culvert system, which connect together in the south of the site, and discharge by 
gravity to The River Thames during low tides, and be attenuated (and possibly pumped during high tide events. 
This will be dependent on the final solution to mitigate against any potential settlement. The outfall will have 
two flap valves and a penstock (manual or automated), in line with Environment Agency requirements. The 
drainage system has been conceptually designed with mean spring high and neap water tides coinciding with 
a 1 in 100yr rainfall event (plus Climate Change). The western extremity of the site will discharge to an existing 
ditch, which will be enlarged in size, and connect into the culvert system. The hardstanding where trucks are 
loaded from the cement silo (in the south-east corner of the site), will discharge to the foul drainage system, 
and will be treated as trade effluent. 

The remainder of RoRo pavement will discharge via high capacity channel drains and flow northwards into 
existing enlarged ditches to west and northern perimeters of the pavement. This is to keep the drainage system 
flowing southwards as shallow as possible, and for the culverts not to extend to the northern extremity of the 
site. Attenuation will be provided in the existing ditches to limit flows to Q1 greenfield run-off rates, prior to 
discharging to the existing ditch privately owned by the Port, to the north. This ultimately discharges into the 
ordinary watercourse drainage system, that flows to the Worlds End pumping station. The existing ditches will 
be unlined unless there is a risk of any contamination in the ground being mobilised, or if there are high 
groundwater levels.   

The entire RoRo pavement will be zoned with a petrol interceptor and shut valve, to each zone. This is to 
control pollution and enhance water quality (by capturing silt up to 250ʯm). The catchment is considered too 
large to provide any further water quality improvements using natural pollution control measures or 
hydrodynamic / vortex separators. Pervious paving and the usage of ponds/basin are also not feasible within 
the RoRo area. 

Any hazardous material containers will be identified and will be inspected on a regular basis to identify any 
leaks / spills as soon as possible; if any leaks are found then a bunded trailer (or similar device) will be 
immediately be deployed to contain any spillages. The shut-off valves within the zoned drainage areas also 
act as further protection to potentially contain any spillages, to ensure that any leaks / spills cannot enter the 
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ground / groundwater underlying the Site and will not be directly discharged to surface water. This is subject 
to the controls of any hazardous substance consent secured at detailed design. 

The Ancillary Buildings area will be pre-fitted with green roofs, to enhance the water quality of the run-off. Car 
parking areas will consist of a pervious paving system, to enhance water quality and provide attenuation. The 
refuelling area will consist of concrete hardstanding and will be drained using a traditional piped drainage 
system, which will pass through a Full Retention Oil Interceptor. These areas will discharge at Q1 Greenfield 
run-off levels to the existing ditch (which is privately owned by the Port) to the west, and attenuation will be 
provided in pervious paving system, and the form of cellular storage units, if required. 

The General Storage Areas are proposed to be drained with Porous Pavements and the Security Gatehouse, 
using swales. The remainder of the roadway linking the Security Gatehouse to the RoRo pavement, will be 
drained using traditional pipes and gullies. These areas will also discharge at Q1 Greenfield run-off levels to 
the existing ditch (which is privately owned). Porous Pavements are proposed to be lined, unless ground 
conditions permit the usage of infiltration and this will not mobilise contamination. Water quality improvements 
will be provided in the above SuDS systems, as well as by the existing ditch, which will enhance water being 
drained from the roadway. 

The above existing ditch could also be potentially blocked off with a weir, to provide some attenuation to the 
northern area of the site. This would be in lieu of some of the storage highlighted above, and will be investigated 
further in future design stages. 

The CMAT area drainage design will be undertaken by the operator in the future, Run-off is expected to be 
intercepted by perimeter ditches, before discharging via a series of ponds, to provide both attenuation, control 
any siltation and to provide water quantity improvements. If a porous pavement was introduced in the CMAT 
area, an infiltration drainage solution could potentially be supplied if ground conditions permit. The paved area 
consisting of offices, will also discharge to ponds mentioned above. Flows will be discharged at Q1 greenfield 
run-off rates and discharge to the existing ditch to the west of the site area. The railway around the eastern 
and northern perimeter of the CMAT area will drain via an oversized swale, and also discharge to the ordinary 
unnamed water course at Q1 Greenfield run-off rates. 

The RoRo berth and floating pontoon is not proposed to have a formal drainage system, and any rainwater 
falling on the floating berth will discharge directly into the River Thames (as per the existing regime for 
rainwater). Any pollution will be controlled by deploying local spill kits. 

Foul water drainage will discharge to the existing Anglian Water TWRC via a new pumping station located next 
to the Welfare facilities. Remote facilities will either drain via gravity to the Anglian TWRC connection or have 
local pump/lifting stations, depending on the level at the outfall point to the Anglian Water facilities. Allowance 
has also been made for draining the adjacent Tilbury Power Plant B during the demolition stage. It is estimated 
that the foul sewerage flows will be lower than existing and Anglian Water have confirmed that there is sufficient 
capacity within their existing TWRC. A utility corridor will be provided to allow future flows from the adjacent 
Tilbury Power Plant B to discharge to the Anglian Water TWRC.  

8.3. Surface Access Road and Rail Link 
The proposed solution is to provide gullies along the kerbed roadway, discharging via pipework to oversized 
swales to the south of the road. An attenuation pond will be provided to the Fort Road bridge. These will be 
designed in accordance with DMRB water quality enhancement criteria and to contain water in a 1 in 100 year 
event (plus Climate Change), prior to discharging to existing main rivers and ordinary watercourses at Q1 
Greenfield run-off levels. 

The rail spur will be privately owned by the Port of Tilbury, and is proposed to be drained using traditional 
railways drainage systems, such as filter drains or ditches/swales. Discharges will be limited to Q1 greenfield 
run-off levels by oversizing the pipes and ditches. 
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Appendix A. Tilbury 2 Development 
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Appendix B. SuDS Assessment 
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CMAT RoRo Terminal Offices and Welfare
Surface Access Road and 

Rail Link

Ponds N N Y Y Y Y 
(E) N Y

 (J) N Y 
(Z) N N Y 

(Z)

M
E

D
IU

M

Monthly: Litter and debris removal
Biannually: Grass cutting of meadow
Annually: Vegetation Management
Long Term: Remove oils/Sediment, repair 
erosion, inlets and outlets

POSS - if room permits (by 

CMAT designer)

NO - insufficient room unless 

loose significant container 
storage

NO - insufficient room 
POSS - but available land 

constrained

Attenuation 
Storage Tanks Y

(A) Y Y N N N N N 
(K) N Y Y Y Y

M
E

D
IU

M Monthly: Litter and debris removal
Annually: Remove sediment, clean gutters 
and filters
Long Term: Remove blockages, siltation

YES YES YES YES

W
e

tl
a

n
d

Wetlands N N Y Y Y Y 
(E) 

Y 
(AA) 

Y
 (J) N Y 

(Z) N N Y 
(Z)

M
E

D
IU

M Monthly: Litter and debris removal
Biannually: Grass cutting of meadow
Annually: Vegetation Management
Long Term: Remove oils/sediment.

POSS - if room permits (by 

CMAT designer)

NO - insufficient room unless 

loose significant container 
storage

NO - insufficient room 
POSS - but available land 

constrained

Infiltration Systems 
- subsurface

N Y Y N N Y Y 
(AB) N N Y 

(H)
Y 

(H)
Y 

(H)
Y 

(H)

L
O

W

Monthly: Litter and debris removal
Annual: Vegetation Management Clean 
gutters and filters, Trim roots that cause 
blockage
Long Term: Replace filter materials (approx. 
25 years)

POSS - for gravel surface to 

mimic existing green surface 
(rather than concentrating at one 
point), if ground conditions permit

NO - high water table, 

contaminated ground and 
poor ground conditions. 

NO - high water table, 

contaminated ground and 
poor ground conditions. 

NO - high water table, 

contaminated ground and poor 
ground conditions. 

Infiltration basin N Y Y N N Y Y 
(AB) N N Y 

(H) N N Y 
(H)

M
E

D
IU

M

Monthly: Litter and debris removal; grass 
cutting.
Biannually: grass cutting of meadows
Annually: Manage vegetation
Long Term: remove Sediment when 50% full

NO - high water table, 

contaminated ground and poor 
ground conditions. 

NO - insufficient room, high 

water table, contaminated 
ground and poor ground 

conditions. 

NO - insufficient room, high 

water table, contaminated 
ground and poor ground 

conditions. 

NO - high water table, 

contaminated ground and poor 
ground conditions. 

Proprietary 
Treatment 
Systems

N N N N N Y N N N Y Y Y Y

M
E

D
IU

M

To manufactures recommendations YES YES YES
POSS - but would need to 

meet adoptable standards

Filter Strips and 
Bio Retention 

Systems
N N N N N Y N N N Y 

(Z)
Y 

(Z)
Y 

(Z)
Y 

(Z)
L

O
W

POSS - if room permits POSS - if room permits POSS - if room permits YES

Filter drains N N N N N Limited Limited N N N 
(M) Y Y Y

L
O

W

NO - due to high silt load
POSS - in some locations, 

but benefits minimal

POSS - in some locations, 

but benefits minimal

YES - but no water quality 

enhancement benefit

T
re

e
s

Trees 
(AF) N N N Y N Y Y N N N N N Y

L
O

W

Tree Maintenance Required
NO - industrial setting with no 

trees

NO - industrial setting with 

no trees in pavement

NO - industrial setting with 

no trees in pavement

NO - no trees proposed next 

to roadway

ASSESSMENT CONCLUSION Practicality

SuDS 

System 
(S)

Monthly: Litter and debris removal, grass 
cutting
Annually: vegetation management
Long Term: Remove sediment; repair of 
inlets, outlets, overflows any  damage, 
replacement of filter material (approx. 25 
years)
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Operation and Maintenance requirements
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CMAT RoRo Terminal Offices and Welfare

Detention basins
Y N Y Y Y Y 

(E) 
Y 

(AC) N N Y 
(Z) N N Y 

(Z)

M
E

D
IU

M

Monthly: Litter and debris removal, grass 
mowing.
Biannually: Grass cutting of meadows
Annually: Manage Vegetation.
Long Term: Remove sediment; Repair 
damage/erosion; Repair inlets, outlets and 
overflows

POSS - if room permits (by 
CMAT designer)

NO - insufficient room unless 
loose significant container 

storage
NO - insufficient room 

Conveyance Swales
Y N N Y Y Y

 (E) 
Y 

(AD) N N Y Y N Y

M
E

D
IU

M

YES - at perimeter to help 
control silt

YES - at perimeter to aid water 
quality

NO - insufficient room 

Enhanced dry swale
(B) Y Y

(F)
Y

(F) Y Y Y (E) 
Y 

(AD) 
Y 

(AD) N Y Y N Y

M
E

D
IU

M

YES - at perimeter to help 
control silt

YES - at perimeter to aid water 
quality

NO - insufficient room 

Enhanced wet 
swale

(B)
N Y

(F)
Y

(F) Y Y Y 
(E) N Y

 (J) N Y Y N Y

M
E

D
IU

M

YES - at perimeter to help 
control silt

YES - at perimeter to aid water 
quality

NO - insufficient room 

Rainwater 
Harvesting Systems

(B)
N Y

(D)
Y

(D) N N N Y 
(AE) Y N N N Y N

L
O

W

Annually: Clean inlets, outlets, gutters and tanks NO - no buildings NO - no buildings
YES - if yield/water usage is 

high enough to justify

Pervious 
Pavements

N Y Y N N Y Y 
(AF) 

Y
 (J) N N 

(R) 
N 

(R) Y N 
(R) 

H
IG

H 3 times a year: brushing and vacuuming; 
maintain contributing areas e.g. remove weeds

NO - due to usage of area
NO - due to high traffic/vehicle 

loadings
YES - in small car parks/hard 

standing area

(A-Z)
REFER TO 
NOTES

SuDS 
System 

(S)

Benefits Practicality
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Monthly: Litter and debris removal, grass cutting
Annual: Manage Vegetation
Long Term: Repair Damage; Re-level surfaces; 
Remove sediments and oils

Y Y N Y(Q) N

S
o
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e
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o
n

tr
o
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Green Roofs
(G) N Y

(C)
Y

(C)

ASSESSMENT CONCLUSION

Y

H
IG

H

Biannually: Remove debris and weeds; mow 
grass.

Maintenance of vegetation and outlets important 
to avoid water logging

NO - no buildings NO - no buildings
YES- could be provided to pre-

fabricated buildings
N
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NOTES:

(A) - If accessible and a tank (not cellular blocks)
(C) - Will eliminate some run-off when not saturated 
(D) - Will eliminate some run-off, however downstream drainage systems are designed assuming the rainwater harvesting tank is full
(E) - If designed to provide water quality treatment
(F) - If flow rate restricted and water attenuates in the swale 
(H) - If ground conditions permit infiltration (if suitable permeability, low groundwater, does migrate any contamination or have an adverse affect on the ground water regime).
(J) - Careful consideration of Water Quality issues is required and any additional treatment required
(K) - Separate dedicated tank would be required for rainfall re-usage
(L) - Subjective assessment based on information taken from Environment Agency (Cost estimation for SuDS - Summary of evidence) 

(http://evidence.environment-agency.gov.uk/FCERM/Libraries/FCERM_Project_Documents/SC080039_cost_SUDS.sflb.ashx)
(M) - Due to high silt loading
(Q) - Can provide benefits to building insulation and energy consumption
(R) - Not compatible with heavy vehicular loading
(S) - From CIRIA C697 SuDS manual Table 5.2
(Y) - Could be utilised to increase the Water Quality and filter out contaminants (may have little benefit if discharging to River Thames)
(Z) - If space permits
(AA) - if unlined and the area drained is less than 5 times the vegetated surface area
(AB) - where designed for greater than 1 month rainfall return period
(AC) - if a flat unlined base, where the area drained is less than 5 times the vegetated surface area (with no provision for flow routing). Areas up to 25 times can provide interception if unlined and infiltration rates are greater than 1 x 10-6 m/s
(AD) -where roads drained by filter strips/swales have a longitudinal gradient equal to or less than 1 in 100 and catchment is not more than 5 times the base of the vegetated area. For areas within 5m of a swale outlet, interception is only deemed where the swale is flat and the outlet is raised. For 
unlined swales with a gradients less than 1 in 100, minimum infiltration capacity of 1 x 10-6 m/s and drains less than 25 times the vegetated area
(AE) -if designed to BS 8518:2009+A1:2013 (provided system is designed on regular daily demand for non-potable water)
(AF) - if lined it is only deemed compliant if it does not serve an area greater than the permeable paving

Page 3
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Appendix C. Consultation and 
Minutes of Meetings 

  



 

Next meeting: TBC 

Distribution: All present + aplogies 

Date issued: 29/08/17 File ref: 5153187/CO/4.3/009 

 

NOTE TO RECIPIENTS: 

These meeting notes record Atkins understanding of the meeting and intended actions arising therefrom. 

Your agreement that the notes form a true record of the discussion will be assumed unless adverse comments are received in 

writing within five days of receipt. 

Contains sensitive information 

009 Drainage Strategy MOM (EA TBC ECC) 170815 Final 

Meeting notes 
 

Project: Port of Tilbury 2 

Subject: Drainage Strategy - EA/Thurrock BC/ Essex CC meeting 

Date and 
time: 

15 Aug 2017 @ 10:00 Meeting no: 1 

Meeting 
place: 

Port of Tilbury Minutes by: D Hurley (Atkins) 

Present: 

 

 

 

 

 

 

 

 

 

 

 

Apologies: 

Ian Wright (IW) 

David Housden (DHou) 

Scott Willmore (SW) 

David Hurley (DH) 

Alex Harris (AH) 

Sarah Rouse (SR) 

Tim Simpson (TS) 

 

Tim Butt (TB) 

Sarah Palmer (SP) 

Pat Abbott (PA) 

Bernadine Maquire (BM) 

Matt Gallagher (MG) 

Connor Baron (CB) 

Representing: Port of Tilbury 

Port of Tilbury 

Port of Tilbury 

Atkins 

Atkins 

Atkins 

Essex CC (also acting on behalf of Thurrock 
DC) 

Environment Agency (by phone) 

Environment Agency (by phone) 

Environment Agency (by phone) 

AECOM (by phone) 

Thurrock Council 

Atkins 

           

 

ITEM DESCRIPTION & ACTION DEADLINE RESPONSIBLE 

 PART 1 - INTRODUCTIONS   

 All parties were introduced and TS advised that he was 
acting on behalf of Thurrock Council as MG is on annual 
leave. 

  

 PART 2 – DRAINAGE STRATEGY 

(Item numbers refer to presentation sections. e.g. 1.0 
– 1.4 refer to presentation Section 1) 

  

1.0 DH advised that Atkins had prepared a presentation for 
the drainage strategy for the Tilbury 2 development (a 
copy is at the end of these minutes). 

  

1.1 DH advised that the design is under development and the 
presentation indicates the current thinking and is for 
discussions purposes only. 

  

1.2 DH explained the site context, and that the development is 
on an existing power station site, which has contaminated 
ground, high water table and poor infiltration 
characteristics. There is also potential for settlement. 
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1.3 DH explained that the existing site either drained 
southwards and was pumped to the River Thames, or 
northwards to the existing ditch network. 

  

1.4 DH explained that the new development consists of a 
large concrete hardstanding Roll On Roll Off (RoRo) area 
for the storage of containers and trailers. It also has a 
pontoon and jetty (for the berthing of ships), Welfare and 
Warehouse facilities, car storage areas, a Construction 
Materials and Aggregates terminal area (CMAT), and road 
and rail link through an infrastructure corridor. 

  

2.0 DH explained the adopted drainage standards for the 
project. It is proposed that no surcharging occurs in a 1 in 
2 year storm, no flooding in a 1 in 30yr storm and 
controlled flooding in a 1 in 100yr storm (all with climate 
change) – in line with BS EN 752. 

IW advised that the port could tolerate controlled flooding 
for short periods of time and DH questioned whether the 
no flooding in a 1 in 30yr storm requirement could be 
relaxed. 

TS/TB advised that they have no objection (to suit the 
ports operational requirements), if there was no off-site 
flood risk to the neighbouring properties.  

  

2.1 DH explained that pollution control will be in accordance 
with EA Pollution Prevention Guidelines (although 
withdrawn, but are considered best practice) 

  

2.2 DH advised that sustainable drainage systems (SuDS) will 
be implemented wherever possible in accordance with 
national planning guidance.  

  

2.3 DH advised that peak flows discharging to the existing 
ditches/water courses (except the River Thames) are 
proposed to be limited to greenfield QBAR levels (rather 
than greenfield Q1 stated in the Essex SuDS guide). 

TS advised that flows should be limited to greenfield Q1 
peak levels and not greenfield QBAR. 

  

2.4 DH advised that discharges directly to the River Thames 
were proposed to be unattenuated, in line with UK 
legislation, that allows unrestricted peak flow discharges 
to large tidal water bodies. 

TS/TB were in agreement 

  

2.5 DH advised that an upper tier Climate Change of 40% will 
be implemented in line with latest Environment Agency 
(EA) guidelines. 

TS/TB were in agreement. 

  

2.6 DH advised that it was considered that a 10% urban creep 
factor (as stipulated in the Essex SuDS guidelines) is not 
applicable to the project as the site is constrained. 

TS/TB were in agreement 

  

3.0 DH advised that Atkins had undertaken an extensive 
assessment of SuDS systems applicable to the project (in 
the form of a SuDS matrix). This evaluated several factors 
- pollution capture benefits, to eliminate run-off at source, 
flood relief, amenity value, bio-diversity, water quality 
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enhancement, interception, water re-use, energy saving, 
and the practicality of using such systems. 

3.1 DH advised that the conclusion of the SuDS assessment 
was as follows: 

Ponds – possible in infrastructure corridor, but not in main 
RoRo area due to the significant land take and loss of 
operational areas 

Attenuation Storage Tanks – possible in RoRo area in 
the form of buried tanks, however due to the high loading 
these will likely need to be reinforced concrete structures. 

Wetlands – not proposed due to large land take (as 
ponds) 

Infiltration – not proposed due to extent of contamination, 
high groundwater and poor infiltration characteristics. This 
may however be possible in the CMAT area. 

Proprietary treatment systems – possible usage 

Filter Strips/drains – possible usage but prone to 
siltation 

Tree Pit drainage – limited usage due to industrial nature 
of the project 

Detention Basins - not proposed due to large land take 
(as Ponds) 

Swales – possible to extremities of RoRo pavement and 
to serve roadways/rail routes along infrastructure corridor 

Greenroofs – possible to welfare buildings – can be 
supplied to prefabricated buildings 

Rainwater Harvesting - possible to welfare buildings, if 
water saving costs are viable 

Pervious Pavements – possible to car storage area but 
not considered appropriate to the main RoRo pavement, 
due to very high loadings (and hence reason for concrete 
pavement) 

  

4.0 DH advised that a drainage optioneering exercise had 
been undertaken to determine the most appropriate 
drainage design solution. 

All options were based on maximising a gravity outfall to 
the River Thames (during low tide events) with back-up 
pumps and attenuation (when river levels are tide locked). 

DH explained that it was beneficial to keep the outfall level 
above 0m AOD to maximise the times that a gravity outfall 
would occur, and to reduce the amount of attenuation 
required. This is considered the most optimal solution to 
drain the site. 

  

4.1 DH explained that Option 1 was to provide a large number 
of high capacity channel drains, discharging to a series of 
swales to the east and west of the RoRo pavement. 
Although this provides the potential for Water Quality 
(WQ) benefits and bio-diversity, the 4 no. swales to each 
side, would have be substantial and 17m wide. This is 
deemed impractical and was ruled out, as the catchment 
area is too large to drain to swales. 

  

4.2 DH advised that Option 2 was to also provide high 
capacity channel drains, but to discharge to a large 
concrete channel to the east and west of the RoRo area. 
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This was ruled out due to the substantial size of the 
channels and no WQ/biodiversity benefits. 

4.3 DH explained that Option 3 was to provide standard 
gullies and pipework. Due to the large number of gullies 
and pipes, this was ruled out. 

  

4.4 DH explained that Option 4 was to provide 2 number north 
to south running culverts, with a series of channel drains 
to drain the concrete surface. This has no WQ/biodiversity 
benefits, but was deemed the most viable solution for 
further development, potentially incorporating the existing 
swales to west and north of the RoRo pavement. 

  

5.0 DH illustrated the currently proposed strategy for draining 
the main site area. The catchment draining north has 
been maximised as far as possible, to reduce the length of 
catchment draining southwards. 
The solution consists of the following: 
South RoRo 

- 2 number culverts running north-south (avoiding 
existing foundations) to drain the main proportion 
of the RoRo area, which will be drained locally 
utilising high capacity (gatic style) channel drains 

- Petrol Interceptor (s) will be provided – DH 
advised that exactly how this is achieved in under 
development 

- Outfall will be to the River Thames as close as 
0mOD as possible 

- Swale to the west of the RoRo pavement will be 
enlarged as far a practical to provide attenuation 
and WQ/biodiversity benefits  

- Pump station and vertical shaft attenuation during 
high river levels (a long and wide shallow 
attenuation system is not considered practical due 
to land take, underground obstructions, 
contamination and high loadings) 

North RoRo 
- Utilisation of the existing ditches to the north and 

west of the main RoRo area – these will be 
enlarged as far as practical towards the RoRo 
pavement, and will provide WQ and bio-diversity 
benefits. Flows will be restricted to greenfield 
peak discharge levels draining northwards to the 
existing water courses 

  

5.1 DH advised that further bio-diversity will also be provided 
by replacing the existing ditches and ponds that will need 
to be removed as part of the development. 
IW advised that presently there is a net gain in new bio-
diversity ditches compared to those removed.  

  

5.2 DH advised that the design also needs to make allowance 
for the potential settlement of the RoRo pavement, and 
will be developed as the design progresses 

  

5.3 DH queried whether flows could be discharged from the 
North RoRo to the existing watercourses, higher than 
greenfield peak flows, due to the closeness to the River 
Thames, and possibly negligible effect on upstream 
flooding. 
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TS/TB advised that possibly higher flows could be 
discharged if it could be demonstrated that there was no 
increased flood risk.  
IW/DH to review if a further flood study would be 
beneficial  

 

 

 

DCO submission 

 

 

 

IW/DH 

5.4 DH advised that the existing ditches are not lined and 
queried whether lining is required. 
TB advised that if flows discharging to the existing ditches 
were pre-treated, it is possible that they would not require 
lining, if there was no risk of contamination migration. 
Atkins to review 

DCO submission Atkins 

5.5 DH explained the discharge philosophy for the area to the 
north of the RoRo pavement, utilising a series of SuDS to 
improve water quality and limits flows to greenfield run-off 
peak flow rates 
The following is proposed: 

- CMAT – design by operator, who will deal with 
WQ issues/siltation, maximise infiltration to the 
ground and any site discharge would be limited to 
Greenfield ruin-off levels 

- Car Storage Areas –porous pavements, 
discharging at Greenfield run-off levels 

- Entrance roads –oversized swales discharging at 
Greenfield run-off peak flows 

- Welfare Facilities – using porous paving (where 
possible) and green roofs to proprietary buildings 

- Railway – using filter drains/swales discharging at 
Greenfield Run-off peak flows 

  

5.6 DH advised that there is an option to potentially utilise an 
existing private ditch (part of the existing Power Station 
drainage system) for attenuation, however it is not 
currently understood what this serves. 
Atkins to investigate with FRA team 

 

 

 

DCO submission 

 

 

 

Atkins/IW/BM 

5.7 DH explained that the Infrastructure Corridor was 
predominately located on existing greenfield land, and 
was proposed to be drained to oversized swales located 
to the south of the road and rai links, with discharges 
limited to Greenfield Run-off levels. The swales are 
believed to be outside any fluvial flood zone and are 
assumed to be above the ground water level (which will 
be investigated as the design proceeds). 

 

 

 

 

 

DCO submission 

 

 

 

 

 

DH/IW 

5.8 DH advised that meeting the Design Manual for Roads 
and Bridges (DMRB) WQ design criteria for the swales 
and also providing flood prevention was challenging and 
Atkins will continue to review/develop. 

 

 

 

DCO submission 

 

 

 

DH 

5.9 IW advised that the infrastructure corridor roadway was 
proposed to be adopted by Thurrock Council (and not 
Highway England, as previously suggested as an 
alternative option) 

  

5.10 DH advised that some of the roadway is located on land 
which is currently utilised by the Port as car storage and 
drains southwards through a series of SuDS systems 
IW queried whether it would be possible to drain this 
portion of the existing road to the car storage car park. 
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TS advised that in principle Thurrock should have no 
objections, if suitable legal agreements were in place. 
TS/IW/Atkins to review 

DCO submission TS/IW/Atkins 

5.11 DH advised that the usage of SuDS is deemed to have 
been maximised as far as reasonably practical over the 
whole development proposals described above 

  

6.0  DH outlined the proposed pollution control measures for 
the development – these include: 

- Dealing with leaks from hazardous containers – 
although the presentation highlighted that these 
are to be potentially contained in a dedicated 
area, DHousden advised that the preferred option 
was load such containers on a bunded trailer (as 
per the existing port operations) if leakages occur 
– this will be reviewed as the design progresses 

- Petrol interceptors will be provided to the RoRo 
pavement – number/location TBC 

- Shut-off valves – to be provided to the outfall 
points, to aid pollution control 

- Spill kits will be provided to the Jetty (no fuelling 
or maintenance to ships will be undertaken on the 
berth) 

 

 

 

 

 

 

 

DCO submission 

 

 

 

 

 

 

 

IW/DHou/Atkins 

7.0 DH advised that the next steps will be to continue to refine 
the design, address any comments from this meeting, 
update the drainage strategy and develop further the 
pump/attenuation arrangement at the River Thames 
outfall 

  

7.1 TS/TB advised that they expect to see further WQ 
enhancement to the RoRo and infrastructure corridor 
drainage, if practical. 
DH advised that Atkins will have a further review of 
proprietary systems in the RoRo and for the swales to the 
infrastructure corridor to enhance WQ. 

 

 

 

 

 

DCO submission 

 

 

 

 

 

DH 

7.2 TB advised the mitigation of contamination in the 
underlying ground needs to be considered if discharging 
to unlined swales. 
DH/Atkins to review 

 

 

DCO submission 

 

 

DH 

7.3 TB advised that he would contact his WQ specialist and 
provide comments on dealing with the storage of 
hazardous containers 

DCO submission TB 

7.4 TS/TB advised that they had no particular objection to 
pumping flows to the River Thames, if this could not be 
practically avoided. 

  

 PART 3 – FLOOD BREACH MODELLING   

8.1 BM provided updated on current status of Breach 
Modelling 

  

8.2 SP confirmed that model parameters had been agreed via 
email exchange. 

  

8.3 SP advised that they would expect to see mitigation for 
any residual risks identified by the breach modelling.  
They are unable to advise what mitigation but would 
expect this to be based around safety and evacuation. 
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8.4 SP advised that modelling should include simulations for 
the UKCP09 H++ climate change scenario 

  

 PART 4 - ENGINEERING   

 Although the relevant EA staff were not present SR 
presented on the River Engineering proposals 

  

 Flood Wall Interaction   

9.1 SR presented the current proposal to enable the RoRo 
bridge to cross the line of the existing flood defence. 

  

9.2 TB advised that he would pass this information on to the 
relevant team within the EA. 

18th August 2017 TB 

 Pincocks Trough / Fort Rd Junction   

9.3 SR presented the proposals for realignment and culverting 
of the existing watercourses.  It was noted that some of 
these were ordinary water courses and others were main 
river. 

  

9.4 SR presented photographs of existing culvert on the 
systems and advised that we would look to oversize any 
new box culverts compared to upstream structures where 
possible. 

  

9.5 TB/TS advised that the design philosophy appeared 
adequate.  

  

 Chadwell Cross Sewer   

9.6 SR presented the proposal for Chadwell Cross Sewer   

9.7 SR described the proposal to install a box culvert across 
Chadwell Cross Sewer to facilitate a road and rail 
crossing. 

  

9.8 TB/TS advised that the design philosophy appeared 
adequate. 

  

 General   

9.9 It was agreed that the level of design required for an 
Environmental Permit to the granted would not be 
available at the time of submitting the DCO.  As part of the 
DCO the Port will be disapplying need for a Permit as this 
will be replaced by protective provisions. 
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Subject: Anglian Water Asset Interaction 
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Meeting place: AW Milton, Cambridge Minutes by: Sarah Rouse 

Present: Kathryn Taylor 

Steve Webb (by Phone) 

Ian Wright 

David Hurley 

Peter Crowther 

Sarah Rouse 

Representing: Anglian Water 

Anglian Water (Waste Water 
Strategy Manager East) 

Port of Tilbury 

Atkins 

Atkins 

Atkins 
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 General   

1.1 KT stated that a Section 185 agreement is 
required for any diversion or alteration of AW 
asset 

  

1.2 The Port (or their consultants) would look to 
design any alterations for approval by AW. This 
could also be undertaken by AW. 

  

1.3 Construction / installation could be completed by 
Port (their contractors). This would need to be 
under the supervision of AW. This would be 
PoTLLs preferred method as would give more 
control over programme. 

This could also be undertaken by AW 

  

1.4 Tree planting close to their assets would be a 
concern for AW. 

There are forms of mitigation for planting near 
rising main diversions; 

 Pipe material 

 Depth of diversion 

 Tree species 

 Root barriers 

IW confirmed that visual impact of the scheme 
needs to be mitigated and therefore tree planting 
is required.  PoTLL to look at options. 

  

1.5 KT confirmed that the Pre-development 
application was no longer applicable as we have 
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entered a new process owing to the scheme 
going DCO.  

1.6 SW to provide any details on the size, depth and 
material of their existing assets 

9th October 17 SW 

2.0 Eastern End of site (drawing sheet 1 of 3)   

2.1 AW happy in principle for new road to cross 
existing assets.  Confirmation would be required 
as to impact that any change in road levels would 
have on the asset. 

  

2.2 There is a section of main that runs within the 
existing highway. 

AW’s preference is for assets to be located within 
the highway as this allows them access without 
having to serve notice to landowners. 

  

3.0 Central Area (Sheet 2 of 2)   

3.1 SW to speak to Collection Team to determine 
access / maintenance requirements for their 
assets. (e.g. frequency of attendance and vehicle 
types) 

 

SW to confirm if the decommissioned main can 
be considered redundant. 

  

SW reiterated that planting within easement 
would be concern for AW. 

As long as access is maintained planting can be 
mitigated with root mitigation 

9th October 17 

 

 

 

9th October 17 

SW 

 

 

 

SW 

3.2 SR queried if AW had any special easement 
provisions for accessing their asset and 
undertaking maintenance (sludge removal) 

IW to liaise with John Speakman to confirm any 
easement provisions we identified during their 
searches. 

 

 

 

5th October 17 

 

 

 

IW 

4 Main Terminal (sheet 3 of 3)   

4.1 AW confirmed that they do not allow building on 
or surcharge of their assets. 

IW stated that the Ports preference is to divert the 
mains so that they are outside of the main CMAT 
area (i.e. located between the existing Network 
Rail and new rail siding). 

  

4.2 SW to confirm status of the 1956 deed sewer that 
it not shown on AW plans but was shown on the 
redundant services plan provided by RWE as part 
of the land purchase 

9th October 17 SW 

4.3 Various options were discussed including 
combining the 3 rising mains into 1 large main; 
installing the new rising mains above ground. 

  



 

 
App C - Additional minutes   

ITEM DESCRIPTION & ACTION DEADLINE RESPONSIBLE 

It was agreed that the preferred option would be 
to bury the diverted mains (though noting that the 
above ground options wasn’t rejected) 

4.4 Ports preference would be to install under the 
proposal rail haul road. 

  

4.5 Trade effluent licence (for the cement silo) to be 
applied for by the operator.  This needs to be 
covered in the DCO to make provision for. 

Vehicle wash is a process and therefore 
considered trade effluent.  The Port would be the 
applicant for this 

  

4.6 DH to liaise with AW trade effluent team to check 
that they have capacity/what would be possible 
from this site. 

Post DCO submission DH 

4.7 IW to contact James Tilbrook / Treatment 
manager for Tilbury Works about sensor on the 
existing jetty. 

5th October 2017 IW 

4.8 IW to request plans from James Tilbrook for the 
level that the existing foul connection enters the 
AW site. 

5th October 2017 IW 

4.9 SW to determine if treated effluent could be used 
for the proposed fire ring main. 

9th October 2017 SW 

4.10 IW confirmed that current programme would 
require diversion works to be undertaken Mid 
2019 to mid 2020. 
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Essex County Council comments on Draft Drainage Strategy shared as part of informal consultation (letter 
dated 18th October 2017 - reference ECC/PoTL2/Pre App) and responses: 

Page/ 
Reference 

Essex County Council Comment Response 

General 
comment 

It is noted that the proposed strategy is 
missing some detail which we understand 
will be filled out during 
submission.  However, it appears as 
though the strategy is complying with the 
general principles of flood risk 
management that ECC would expect from 
a development of this type.   

That said, ECC still has a number of 
concerns in relation to pollution risk 
associated with surface water runoff from 
the site.  These Issues were raised at the 
last Flood and Water meeting attended by 
ECC but haven’t been sufficiently 
addressed. 

All missing detail is in the final version. 

  

Please see responses below regarding Water 
Quality, following further analysis after the last 
Flood and Water meeting. We consider that we 
are improving Water Quality, however 
providing any further treatment over and above 
that highlighted in the responses below, is 
considered impractical, given the site 
constraints. 

  

Section 
6.4.1  

This section makes reference to discharge 
from the northern part of the RORO 
discharging to the existing ditch network.  

It should be ensured that treatment is 
provided before this so that it existing 
habitats are not adversely affected by any 
pollutants running off the site. 

As highlighted in the response to the comment 
on Section 6.5 below, we have also provided 
Oil Interceptors to the RoRo north area, to 
capture silt and oil up to 250ʯm. The use 
hydrodynamic and vortex separators are also 
not considered appropriate for this area and 
will also result in a large number of units, with 
a minimal improvement in Water Quality. The 
existing ditches also drain the existing roadway 
to the north (which is being retained) and will 
provide some further treatment within the 
vegetation. 

 Please refer to the detailed response to 
Section 6.5 below for more detail. 

Section 
6.5 

This Section refers to treatment of runoff 
from the RORO being provided by petrol 
interceptors while this is likely to provide 
sufficient levels of treatment for silt and 
hydrocarbons however these will not 
provide the necessary level of treatment for 
metals which may be a significant risk from 
a site of this nature. 

Additional treatment should be provided to 
fully address the pollution risk from the site. 
further treatment is also likely to be 
necessary to treat the run off from the site 
road ways. These are likely to be heavily 
trafficked and the treatment that is 
provided by swales alone will not provide 
appropriate treatment. 

The wording in the drainage strategy has been 
updated as follows: 

t is proposed that water quality enhancements 
will be provided by Petrol Interceptors, which 
will catch silt up to 250ʯm, and come in a 
larger range of sizes. These will be fitted with 
oil and silt alarms. For areas that drain to the 
existing enlarged ditches to the North and 
West of the RoRo pavement, some further 
treatment will also be provided within the 
vegetation within the ditches. 

The RoRo Terminal catchment is too large to 
provide further viable water quality 
improvements using natural pollution control 
measures, such as swales. Any ponds or 
basins would also be significant in size and 
take up a substantial amount of critical terminal 
space (see the SuDS matrix in Section 6.3). 
Hydrodynamic and vortex separator were also 



Tilbury 2 Development 
Outline Drainage Strategy 

 

 
 

 
  
Atkins    Drainage Strategy | P04 | October 2017 | 5153187 50 
 

investigated, which remove silt in the range of 
63 to 250ʯm, and further enhance water 
quality. However even the largest unit 
available (the ‘Downstream Defender’ from 
Hydro International), would result in over 30 
units being required for the RoRo pavement, 
and more sub-zones created. It is considered 
impractical to divide the RoRo pavement into 
so many zones and there are no other 
practical means of removing small diameter silt 
for such a large catchment (such as by using 
porous paving, which is not suitable for the 
port loading and heavy usage), to provide 
further marginal water quality improvements.  

Section 
7.5   

  

Additional treatment should be provided to 
fully address the pollution risk from the 
proposed link road. It is likely to be heavily 
trafficked by HGVs and the treatment that 
is provided by swales alone will not provide 
appropriate treatment. 

All of the proposed swales are designed to 
DMRB, and the wording in the drainage 
strategy has been updated as follows: 

The swales will be designed in accordance 
with DMRB[1], to improve water quality through 
filtration, adsorption, sedimentation and 
biological treatment of contaminants. In 
accordance with DMRB, depths of flows within 
the swales will be within the grass (100-
200mm) in a 1 in 1 year storm (plus Climate 
Change) and the time of flow during a 1 in 10 
year 24 hour storm will be more than 10 
minutes. Hydraulic calculations demonstrating 
compliance with these standards are 
highlighted in Appendix F. 

It is believed that an oil interceptor will not be 
required due to the swales providing the 
treatment highlighted above. No further 
pollution control measures are proposed. The 
Fort Road bridge will discharge via an 
attenuation pond designed to DMRB 
standards18. The pond location is indicated in 
Figure 7-1.  

 

  

                                                      
[1] Design Manual for Roads and Bridges: (2016) 
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Environment Agency comments on Draft Drainage Strategy shared as part of informal consultation (letter dated 
18th October 2017 – reference AE/2017/122092/01-L01) and responses: 

Reference Environment Agency Comment Response 

Ecology The drainage strategy is still to confirm whether additional 
outfalls to the Thames will be required, which could add 
additional scour onto the foreshore. There has not been any 
confirmation of the River Thames Wall and whether there is 
flexibility in the proposed layout of the Port to ensure there 
is space for mitigation measures to be installed, following 
the 'Estuary Edges guidance'. This should be considered as 
part of the final 
submission to ensure that, as there is sea level rise there is 
the ability for mitigation to the loss of foreshore, particularly 
saltmarsh from the frontage. 

The new outfall to the River 
Thames will be agreed 
through the operation of the 
Environment Agency’s 
protective provisions  

  

Drainage 
Strategy 

The Drainage Strategy states that the hard-standing area 
surrounding the cement silo in the south east corner of the 
site will discharge to the surface water system. The 
applicant must ensure they are always discharging clean, 
uncontaminated surface water. 

Section 6.4.1 text amended 
to clarify:  

‘The hardstanding 
surrounding the cement silo 
in the south east corner of 
the site will also discharge to 
this system. This excludes 
the hardstanding where the 
trucks are loaded, which is 
proposed to discharge to the 
foul drainage system and will 
be treated as trade effluent. 
A permit will be obtained for 
this, and the discharge will 
be agreed through the 
operation of Anglian Water’s 
protective provisions.’ 

Drainage 
Strategy 

A fuelling facility is referred to in page 35 of the Drainage 
Strategy. Any fuel storage will need to be constructed and 
maintained in accordance with the Control of Pollution (Oil 
Storage) (England) Regulations 2001. Further details on Oil 
Storage Regulations for 
business can be found at: 
https://www.gov.uk/guidance/storing-oil-at-a-home-or-
business In addition, pollution prevention guidance on safe 
storage of emission 
reduction solutions can be found at: 
http://www.ukpra.co.uk/_assets/ERS%20guide%20with%20
FPS%20and%20PRA_Final_1.pdf 

Section 6.4.2 part of text 
amended to clarify: 

‘The refuelling area will 
consist of concrete 
hardstanding and will be 
drained using a traditional 
piped drainage system, 
which will pass through a Full 
Retention Oil Interceptors to 
BS EN 858[1], and will be 
constructed and maintained 
in accordance with the 
Control of Pollution (Oil 
Storage) (England) 
Regulations 2001’ 

Drainage 
Strategy 

Page 47 of the Drainage Strategy states that a new foul 
SPS will be constructed. We suggest the applicant 
discusses this proposal with RWE and their plans for waste 

This has been discussed with 
RWE and a safeguarded 
corridor is provided as 

                                                      
[1]British Standards Institute: Separator systems for light liquids, BS EN 858:2002 (2002) 
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water disposal from the new Tilbury Power station. The 
SPS could be sized to accommodate waste water flow from 
the new power station or provide ability to increase capacity 
at a later date. Drainage proposals for the CMAT area have 
not been provided but the report 
does identify that controls will be put in place to protect 
water quality. 

highlighted in Section 6.7. 
This will allow RWE to lay a 
pumped main in the future (if 
required). 

.   

 

 



Tilbury 2 Development 
Outline Drainage Strategy 

 

 
 

 
  
Atkins    Drainage Strategy | P04 | October 2017 | 5153187 53 
 

Appendix D. Greenfield Runoff 
Calculations 



Project Job ref

Part of Structure Calc sheet no.     rev

Drawing Ref Calc By Date Check by Date
DRH 28-Jun-17

Ref Output

VERSION FEH CD-ROM Version 3 exported at 09:36:55 GMT Mon

CATCHMENT GB 565800 175400 TQ 65800 75400 15-May-17

CENTROID GB 565869 177088 TQ 65869 77088

AREA 0.8

ALTBAR 10

ASPBAR 186

ASPVAR 0.65

BFIHOST 0.787

DPLBAR 1.97

DPSBAR 19.6

FARL 1

FPEXT 0.4517

FPDBAR 1.449

FPLOC 0.725

LDP 3.26

PROPWET 0.27

RMED-1H 11.4

RMED-1D 27.6

RMED-2D 35.7

SAAR 544

SAAR4170 549

SPRHOST 22.64

URBCONC1990 0.611

URBEXT1990 0.0358

URBLOC1990 1.413

URBCONC2000 0.556

URBEXT2000 0.0202

URBLOC2000 1.484

C -0.02568

D1 0.2591

D2 0.41471

D3 0.23531

E 0.32024

F 2.57118

C(1 km) -0.026

D1(1 km) 0.263

D2(1 km) 0.412

D3(1 km) 0.236

E(1 km) 0.323

F(1 km) 2.57

FEH Parameters – FEH CD-ROM Accessed 15/05/17

Calculations



Greenfield run-off for 50 ha site - (standards dictate if smaller than 50ha, should pro-rota from 50ha)

50 ha site

QBar 126.7 l/s

Q1yr 107.7 l/s

Q30yr 287 l/s

Q100yr 404 l/s

Area (ha)

50.00

Qbar (l/s)

50ha site

Greenfield run-off

126.70



GREENFIELD AREAS

Road Area 1

Junction Filter Drains
RoRo Terminal Area

Welfare Facilities
including Staff 
Ancillary Buildings

General Storage 3

Road Area 2

Junction Swale

Security Gatehouse Swale 2

Security Gatehouse Swale 4

General Storage 1

General Storage 2

Railway Area 1

Railway Area 2

harr5136
Line

harr5136
Placed Image
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Appendix E. Surface Water Drainage 
Drawings 
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Appendix F. Hydraulic Calculations 





Road Area 1

Swale 1

Length of catchment 122 m

Width of road & footpath 14 m

Width of verge farside 1.8 m

width of verge 5.6 m

swale width 4.7 m

Area 2774.28 m2

0.277428 ha
Overall width 21.4 m

Swale 2

Length of catchment 122 m

Width of road & footpath 10.5 m

Width of verge farside 1.8 m

width of verge 7 m

swale width 5 m

Area 2452.2 m2

0.24522 ha
Overall width 19.3 m

Swale 3

Length of catchment 122 m

Width of road & footpath 10.5 m

Width of verge farside 1.8 m

width of verge 4.5 m

swale width 5 m

Area 2330.2 m2

0.23302 ha
Overall width 16.8 m

Swale 4

Length of catchment 122 m

Width of road & footpath 10.5 m

Width of verge farside 1.8 m

width of verge 4.1 m

swale width 5 m

Area 2310.68 m2

0.231068 ha

Overall width 16.4 m

Total Catchment Area 0.928 ha

Q1 runoff

Q1 for 50ha 107.7 l/s

Overall area 11419.2 m2

1.14192 Ha

Q1 2.46 l/s

overall length 488 m

5616.829 2891.993 878.4

9387.222 0.9387222

2.022007619

Criteria Swale1 Swale 2 Swale3 Swale4

Design depth (mm) 300 450 450 600

1 in 1 yr depth ideally 100 - 200mm grass 83 116 125 164

1 in 10 yr 24hr velocity 

<0.25m/s 0.1 0.1 0.1 0.1
1 in 10 yr 24hr and retention 

time >10 min 20.3 20.3 20.3 20.3

1 in 100 yr no flooding - depth 

in (mm) 219 283 400 522

Swale 1

Swale 2

Swale 3

Swale 4

Base Width Height Angle of Side Slope

Road Area 1
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Bluebird Place TILBURY2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA ROAD AREA 1

Date 27/09/2017 Designed by AH

File ROAD AREA 1.MDX Checked by DH

Micro Drainage Network 2016.1.1

STORM SEWER DESIGN by the Modified Rational Method

Design Criteria for Storm

©1982-2016 XP Solutions

Pipe Sizes STANDARD Manhole Sizes STANDARD

FEH Rainfall Model
Return Period (years) 1
FEH Rainfall Version 1999

Site Location GB 565800 175400 TQ 65800 75400
C (1km) -0.026

D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Maximum Rainfall (mm/hr) 0
Maximum Time of Concentration (mins) 30

Foul Sewage (l/s/ha) 0.000
Volumetric Runoff Coeff. 1.000

PIMP (%) 100
Add Flow / Climate Change (%) 40

Minimum Backdrop Height (m) 0.200
Maximum Backdrop Height (m) 1.500

Min Design Depth for Optimisation (m) 1.200
Min Vel for Auto Design only (m/s) 1.00

Min Slope for Optimisation (1:X) 500

Designed with Level Inverts

Network Design Table for Storm

PN Length

(m)

Fall

(m)

Slope

(1:X)

I.Area

(ha)

T.E.

(mins)

Base

Flow (l/s)

k

(mm)

n HYD

SECT

DIA

(mm)

Section Type Auto

Design

1.000 122.000 0.122 1000.0 0.226 5.00 0.0 0.050 \/ -6 Pipe/Conduit
1.001 122.000 0.122 1000.0 0.242 0.00 0.0 0.050 \/ -6 Pipe/Conduit
1.002 122.000 0.122 1000.0 0.229 0.00 0.0 0.050 \/ -6 Pipe/Conduit
1.003 122.000 0.122 1000.0 0.231 0.00 0.0 0.050 \/ -8 Pipe/Conduit
1.004 5.000 0.033 151.5 0.000 0.00 0.0 0.600 o 150 Pipe/Conduit

Network Results Table

PN Rain

(mm/hr)

T.C.

(mins)

US/IL

(m)

Σ I.Area

(ha)

Σ Base

Flow (l/s)

Foul

(l/s)

Add Flow

(l/s)

Vel

(m/s)

Cap

(l/s)

Flow

(l/s)

1.000 0.00 10.70 1.700 0.226 0.0 0.0 0.0 0.36 1028.2 0.0
1.001 0.00 16.40 1.400 0.468 0.0 0.0 0.0 0.36 1028.2 0.0
1.002 0.00 22.10 1.200 0.697 0.0 0.0 0.0 0.36 1028.2 0.0
1.003 0.00 27.46 1.078 0.928 0.0 0.0 0.0 0.38 1546.8 0.0
1.004 0.00 27.57 0.956 0.928 0.0 0.0 0.0 0.81 14.4 0.0
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Bluebird Place TILBURY2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA ROAD AREA 1

Date 27/09/2017 Designed by AH

File ROAD AREA 1.MDX Checked by DH

Micro Drainage Network 2016.1.1

Manhole Schedules for Storm

©1982-2016 XP Solutions

MH

Name

MH

CL (m)

MH

Depth

(m)

MH

Connection

MH

Diam.,L*W

(mm)

PN

Pipe Out

Invert

Level (m)

Diameter

(mm)

PN

Pipes In

Invert

Level (m)

Diameter

(mm)

Backdrop

(mm)

1 2.100 0.400 Junction 1.000 1.700 -6

2 1.700 0.300 Junction 1.001 1.400 -6 1.000 1.578 -6 178

3 1.600 0.400 Junction 1.002 1.200 -6 1.001 1.278 -6 78

4 1.850 0.772 Junction 1.003 1.078 -8 1.002 1.078 -6

5 1.700 0.744 Junction 0 1.004 0.956 150 1.003 0.956 -8

1.700 0.777 Open Manhole 0 OUTFALL 1.004 0.923 150
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Bluebird Place TILBURY2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA ROAD AREA 1

Date 27/09/2017 Designed by AH

File ROAD AREA 1.MDX Checked by DH

Micro Drainage Network 2016.1.1

Online Controls for Storm

©1982-2016 XP Solutions

Hydro-Brake® Optimum Manhole: 5, DS/PN: 1.004, Volume (m³): 498.0

Unit Reference MD-SHE-0080-2400-0600-2400
Design Head (m) 0.600

Design Flow (l/s) 2.4
Flush-Flo™ Calculated
Objective Minimise upstream storage

Application Surface
Sump Available Yes
Diameter (mm) 80

Invert Level (m) 0.956
Minimum Outlet Pipe Diameter (mm) 100

Suggested Manhole Diameter (mm) 1200

Control Points Head (m) Flow (l/s) Control Points Head (m) Flow (l/s)

Design Point (Calculated) 0.600 2.4 Kick-Flo® 0.403 2.0
Flush-Flo™ 0.179 2.4 Mean Flow over Head Range - 2.1

The hydrological calculations have been based on the Head/Discharge relationship for the
Hydro-Brake® Optimum as specified.  Should another type of control device other than a Hydro-
Brake Optimum® be utilised then these storage routing calculations will be invalidated

Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s)

0.100 2.3 1.200 3.3 3.000 5.0 7.000 7.5
0.200 2.4 1.400 3.5 3.500 5.4 7.500 7.8
0.300 2.3 1.600 3.8 4.000 5.8 8.000 8.1
0.400 2.0 1.800 4.0 4.500 6.1 8.500 8.3
0.500 2.2 2.000 4.2 5.000 6.4 9.000 8.6
0.600 2.4 2.200 4.4 5.500 6.7 9.500 8.8
0.800 2.7 2.400 4.5 6.000 7.0
1.000 3.0 2.600 4.7 6.500 7.3

Manhole Headloss for Storm

PN US/MH

Name

US/MH

Headloss

1.000 1 0.000
1.001 2 0.000
1.002 3 0.000
1.003 4 0.000
1.004 5 0.000
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Bluebird Place TILBURY2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA ROAD AREA 1

Date 27/09/2017 Designed by AH

File ROAD AREA 1.MDX Checked by DH

Micro Drainage Network 2016.1.1

1 year Return Period Summary of Critical Results by Maximum Level (Rank
1) for Storm

©1982-2016 XP Solutions

Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status OFF
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 10, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name Event

Duration

(mins)

US/CL

(m)

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

1.000 1 15 minute 1 year Winter I+0% 15 2.100 -0.367 0.000 0.05
1.001 2 15 minute 1 year Winter I+0% 15 1.700 -0.334 0.000 0.08
1.002 3 15 minute 1 year Winter I+0% 15 1.600 -0.325 0.000 0.09
1.003 4 2160 minute 1 year Winter I+0% 2160 1.850 -0.436 0.000 0.00
1.004 5 2160 minute 1 year Winter I+0% 2160 1.700 0.136 0.000 0.21

PN

US/MH

Name

Maximum

Velocity

(m/s)

Pipe

Flow

(l/s) Status

1.000 1 0.1 51.7 OK
1.001 2 0.2 85.7 FLOOD RISK*
1.002 3 0.2 87.8 FLOOD RISK*
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Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA ROAD AREA 1

Date 27/09/2017 Designed by AH

File ROAD AREA 1.MDX Checked by DH

Micro Drainage Network 2016.1.1

1 year Return Period Summary of Critical Results by Maximum Level (Rank
1) for Storm

©1982-2016 XP Solutions

1.003 4 0.1 7.0 OK
1.004 5 0.6 2.4 SURCHARGED*

PN

US/MH

Name

Maximum

Velocity

(m/s)

Pipe

Flow

(l/s) Status
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Bluebird Place TILBURY2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA ROAD AREA 1

Date 27/09/2017 Designed by AH

File ROAD AREA 1.MDX Checked by DH

Micro Drainage Network 2016.1.1

100 year Return Period Summary of Critical Results by Maximum Level
(Rank 1) for Storm

©1982-2016 XP Solutions

Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status OFF
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 10, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name Event

Duration

(mins)

US/CL

(m)

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

1.000 1 15 minute 100 year Winter I+0% 15 2.100 -0.231 0.000 0.22
1.001 2 15 minute 100 year Winter I+0% 15 1.700 -0.167 0.000 0.36
1.002 3 2880 minute 100 year Winter I+0% 2880 1.600 -0.050 0.000 0.01
1.003 4 2880 minute 100 year Winter I+0% 2880 1.850 -0.078 0.000 0.01
1.004 5 2880 minute 100 year Winter I+0% 2880 1.700 0.494 0.000 0.22

PN

US/MH

Name

Overflow

(l/s)

Maximum

Velocity

(m/s)

Pipe

Flow

(l/s) Status

1.000 1 0.2 228.2 FLOOD RISK*
1.001 2 0.3 374.4 FLOOD RISK*
1.002 3 0.1 11.9 FLOOD RISK*
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Leatherhead  KT22 7BA ROAD AREA 1

Date 27/09/2017 Designed by AH

File ROAD AREA 1.MDX Checked by DH

Micro Drainage Network 2016.1.1

100 year Return Period Summary of Critical Results by Maximum Level
(Rank 1) for Storm

©1982-2016 XP Solutions

1.003 4 0.1 9.7 FLOOD RISK*
1.004 5 0.6 2.5 FLOOD RISK*

PN

US/MH

Name

Overflow

(l/s)

Maximum

Velocity

(m/s)

Pipe

Flow

(l/s) Status
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Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA ROAD AREA 1

Date 27/09/2017 Designed by AH

File ROAD AREA 1.MDX Checked by DH

Micro Drainage Network 2016.1.1

Summary Wizard of 1440 minute 10 year Summer I+0% for Storm

©1982-2016 XP Solutions

Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status OFF
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 10, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name Event

Duration

(mins)

US/CL

(m)

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

1.000 1 1440 minute 10 year Summer I+0% 1440 2.100 -0.434 0.000 0.01
1.001 2 1440 minute 10 year Summer I+0% 1440 1.700 -0.418 0.000 0.01
1.002 3 1440 minute 10 year Summer I+0% 1440 1.600 -0.302 0.000 0.02
1.003 4 1440 minute 10 year Summer I+0% 1440 1.850 -0.330 0.000 0.01
1.004 5 1440 minute 10 year Summer I+0% 1440 1.700 0.242 0.000 0.21

PN

US/MH

Name

Maximum

Velocity

(m/s)

Pipe

Flow

(l/s) Status

1.000 1 0.1 6.0 OK
1.001 2 0.1 12.4 FLOOD RISK*
1.002 3 0.1 18.2 FLOOD RISK*
1.003 4 0.1 14.7 OK
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Summary Wizard of 1440 minute 10 year Summer I+0% for Storm
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1.004 5 0.6 2.4 SURCHARGED*

PN

US/MH

Name

Maximum

Velocity

(m/s)

Pipe

Flow

(l/s) Status



Atkins Page 3

Bluebird Place TILBURY2
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File ROAD AREA 1.MDX Checked by DH

Micro Drainage Network 2016.1.1

Summary Wizard of 1440 minute 10 year Winter I+0% for Storm

©1982-2016 XP Solutions

Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status OFF
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 10, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name Event

Duration

(mins)

US/CL

(m)

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

1.000 1 1440 minute 10 year Winter I+0% 1440 2.100 -0.438 0.000 0.00
1.001 2 1440 minute 10 year Winter I+0% 1440 1.700 -0.425 0.000 0.01
1.002 3 1440 minute 10 year Winter I+0% 1440 1.600 -0.267 0.000 0.01
1.003 4 1440 minute 10 year Winter I+0% 1440 1.850 -0.295 0.000 0.01
1.004 5 1440 minute 10 year Winter I+0% 1440 1.700 0.277 0.000 0.21

PN

US/MH

Name

Maximum

Velocity

(m/s)

Pipe

Flow

(l/s) Status

1.000 1 0.1 4.4 OK
1.001 2 0.1 9.2 FLOOD RISK*
1.002 3 0.1 13.5 FLOOD RISK*
1.003 4 0.1 11.2 OK
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Summary Wizard of 1440 minute 10 year Winter I+0% for Storm
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1.004 5 0.6 2.4 SURCHARGED*

PN

US/MH

Name

Maximum

Velocity

(m/s)

Pipe

Flow

(l/s) Status



Road Area 2

freeboard 0.15 m

design depth 0.1 m

slope 3

Overall length 315 m

half length 157.5 m

Swale 1

Length of catchment 160 m

Width of road & footpath 10.55 m

Width of verge farside 1.8 m

width of verge 2 m

swale width 4.2 m

Area 2776 m2

0.2776 ha

Overall width 14.35 m

Swale 2

Length of catchment 155 m

Width of road & footpath 10.55 m

Width of verge farside 1.8 m

width of verge 2.5 m

swale width 4.2 m

Area 2720.25 m2

0.272025 ha

Overall width 14.85 m

Total Catchment Area 0.551 ha

Q1 runoff

Q1 for 50ha 107.7 l/s

Overall area 5920.75 m2

0.592075 ha

Q1 1.28 l/s

Criteria Swale1 Swale 2

Design depth (mm) 450 450

1 in 1 yr depth ideally 100 - 200mm grass 106 108

1 in 10 yr 24hr velocity 

<0.25m/s 0.1 0.1

1 in 10 yr 24hr and retention 

time >10 min 26.7 25.8

1 in 100 yr no flooding - depth 

in (mm) 266 370

Swale 1

Swale 2

Road Area 2
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Micro Drainage Network 2016.1.1

STORM SEWER DESIGN by the Modified Rational Method

Design Criteria for Storm

©1982-2016 XP Solutions

Pipe Sizes STANDARD Manhole Sizes STANDARD

FEH Rainfall Model
Return Period (years) 1
FEH Rainfall Version 1999

Site Location GB 565800 175400 TQ 65800 75400
C (1km) -0.026

D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Maximum Rainfall (mm/hr) 0
Maximum Time of Concentration (mins) 30

Foul Sewage (l/s/ha) 0.000
Volumetric Runoff Coeff. 1.000

PIMP (%) 100
Add Flow / Climate Change (%) 40

Minimum Backdrop Height (m) 0.200
Maximum Backdrop Height (m) 1.500

Min Design Depth for Optimisation (m) 1.200
Min Vel for Auto Design only (m/s) 1.00

Min Slope for Optimisation (1:X) 500

Designed with Level Inverts

Network Design Table for Storm

PN Length

(m)

Fall

(m)

Slope

(1:X)

I.Area

(ha)

T.E.

(mins)

Base

Flow (l/s)

k

(mm)

n HYD

SECT

DIA

(mm)

Section Type Auto

Design

1.000 155.000 0.155 1000.0 0.278 5.00 0.0 0.050 \/ -5 Pipe/Conduit
1.001 160.000 0.160 1000.0 0.273 0.00 0.0 0.050 \/ -5 Pipe/Conduit
1.002 5.000 0.033 151.5 0.000 0.00 0.0 0.600 o 150 Pipe/Conduit

Network Results Table

PN Rain

(mm/hr)

T.C.

(mins)

US/IL

(m)

Σ I.Area

(ha)

Σ Base

Flow (l/s)

Foul

(l/s)

Add Flow

(l/s)

Vel

(m/s)

Cap

(l/s)

Flow

(l/s)

1.000 0.00 12.40 0.050 0.278 0.0 0.0 0.0 0.35 900.8 0.0
1.001 0.00 20.05 -0.105 0.551 0.0 0.0 0.0 0.35 900.8 0.0
1.002 0.00 20.15 -0.265 0.551 0.0 0.0 0.0 0.81 14.4 0.0
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Manhole Schedules for Storm
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MH

Name

MH

CL (m)

MH

Depth

(m)

MH

Connection

MH

Diam.,L*W

(mm)

PN

Pipe Out

Invert

Level (m)

Diameter

(mm)

PN

Pipes In

Invert

Level (m)

Diameter

(mm)

Backdrop

(mm)

1 0.500 0.450 Junction 1.000 0.050 -5

2 0.455 0.560 Junction 1.001 -0.105 -5 1.000 -0.105 -5

3 0.500 0.765 Junction 0 1.002 -0.265 150 1.001 -0.265 -5

1.490 1.788 Open Manhole 0 OUTFALL 1.002 -0.298 150

Simulation Criteria for Storm

Volumetric Runoff Coeff 1.000 Additional Flow - % of Total Flow 40.000
Areal Reduction Factor 1.000 MADD Factor * 10m³/ha Storage 2.000

Hot Start (mins) 0 Inlet Coeffiecient 0.800
Hot Start Level (mm) 0 Flow per Person per Day (l/per/day) 0.000

Manhole Headloss Coeff (Global) 0.500 Run Time (mins) 60
Foul Sewage per hectare (l/s) 0.000 Output Interval (mins) 1

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details

Rainfall Model FEH
Return Period (years) 1
FEH Rainfall Version 1999

Site Location GB 565800 175400 TQ 65800 75400
C (1km) -0.026

D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Summer Storms Yes
Winter Storms No

Cv (Summer) 1.000
Cv (Winter) 0.840

Storm Duration (mins) 15
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Online Controls for Storm
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Hydro-Brake® Optimum Manhole: 3, DS/PN: 1.002, Volume (m³): 413.1

Unit Reference MD-SHE-0061-1300-0450-1300
Design Head (m) 0.450

Design Flow (l/s) 1.3
Flush-Flo™ Calculated
Objective Minimise upstream storage

Application Surface
Sump Available Yes
Diameter (mm) 61

Invert Level (m) -0.265
Minimum Outlet Pipe Diameter (mm) 75

Suggested Manhole Diameter (mm) 1200

Control Points Head (m) Flow (l/s) Control Points Head (m) Flow (l/s)

Design Point (Calculated) 0.450 1.3 Kick-Flo® 0.305 1.1
Flush-Flo™ 0.132 1.3 Mean Flow over Head Range - 1.1

The hydrological calculations have been based on the Head/Discharge relationship for the
Hydro-Brake® Optimum as specified.  Should another type of control device other than a Hydro-
Brake Optimum® be utilised then these storage routing calculations will be invalidated

Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s)

0.100 1.3 1.200 2.0 3.000 3.1 7.000 4.6
0.200 1.3 1.400 2.2 3.500 3.3 7.500 4.8
0.300 1.1 1.600 2.3 4.000 3.5 8.000 5.0
0.400 1.2 1.800 2.4 4.500 3.7 8.500 5.1
0.500 1.4 2.000 2.6 5.000 3.9 9.000 5.3
0.600 1.5 2.200 2.7 5.500 4.1 9.500 5.4
0.800 1.7 2.400 2.8 6.000 4.3
1.000 1.9 2.600 2.9 6.500 4.5
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Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status OFF
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 10, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name Event

US/CL

(m)

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

Maximum

Velocity

(m/s)

1.000 1 15 minute 1 year Winter I+0% 0.500 -0.344 0.000 0.06 0.2
1.001 2 15 minute 1 year Winter I+0% 0.455 -0.342 0.000 0.07 0.2
1.002 3 2160 minute 1 year Winter I+0% 0.500 0.102 0.000 0.11 0.5

PN

US/MH

Name

Pipe

Flow

(l/s) Status

1.000 1 49.6 OK
1.001 2 65.5 OK
1.002 3 1.3 SURCHARGED*
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Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status OFF
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 10, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name Event

US/CL

(m)

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

1.000 1 15 minute 100 year Winter I+0% 0.500 -0.184 0.000 0.27
1.001 2 2880 minute 100 year Winter I+0% 0.455 -0.080 0.000 0.01
1.002 3 2880 minute 100 year Winter I+0% 0.500 0.380 0.000 0.12

PN

US/MH

Name

Maximum

Velocity

(m/s)

Pipe

Flow

(l/s) Status

1.000 1 0.3 246.6 FLOOD RISK*
1.001 2 0.1 7.6 FLOOD RISK*
1.002 3 0.5 1.4 FLOOD RISK*
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Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status OFF
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 10, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name Event

Duration

(mins)

US/CL

(m)

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

1.000 1 1440 minute 10 year Summer I+0% 1440 0.500 -0.417 0.000 0.01
1.001 2 1440 minute 10 year Summer I+0% 1440 0.455 -0.284 0.000 0.01
1.002 3 1440 minute 10 year Summer I+0% 1440 0.500 0.176 0.000 0.11

PN

US/MH

Name

Maximum

Velocity

(m/s)

Pipe

Flow

(l/s) Status

1.000 1 0.1 7.3 OK
1.001 2 0.1 12.6 OK
1.002 3 0.5 1.3 SURCHARGED*
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Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status OFF
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 10, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name Event

Duration

(mins)

US/CL

(m)

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

1.000 1 1440 minute 10 year Winter I+0% 1440 0.500 -0.414 0.000 0.01
1.001 2 1440 minute 10 year Winter I+0% 1440 0.455 -0.259 0.000 0.01
1.002 3 1440 minute 10 year Winter I+0% 1440 0.500 0.201 0.000 0.11

PN

US/MH

Name

Maximum

Velocity

(m/s)

Pipe

Flow

(l/s) Status

1.000 1 0.1 5.4 OK
1.001 2 0.1 9.1 OK
1.002 3 0.5 1.3 SURCHARGED*



Junction Swales

Swale 1 SWALE WEST JUNTION

Length of catchment 77.1 m

Width of road & footpath 10.5 m

Width of verge farside 1.8 m

width of verge 4 m

swale width 3.3 m

Area 1326.12 m2

0.132612 ha

Overall width 16.3 m

Q1 runoff

Q1 for 50ha 107.7 l/s

Overall area 1511.16 m2

0.151116 Ha

Q1 0.33 l/s

value used 0.4 l/s

Filter drains

Bridge road

Length of catchment 210 m

Width of road & footpath 10.5 m

Width of verge farside 8 m average

width of verge 8 m average

swale width 0 m

Area 3549 m2

0.3549 ha

Overall width 26.5 m

rat run

Length of catchment 88 m

Width of road & footpath 13.5 m

Width of verge farside 2.5 m average

width of verge 2.5 m average

swale width 0 m

Area 1364 m2

0.1364 ha

Overall width 18.5 m

Hydrobrake

Overall area 7061

0.7061 ha

Q1 1.52 l/s

Pond size 778 m2

247.645091

Radius 15.7367434 m

Criteria Swale1

Design depth (mm) 300

1 in 1 yr depth ideally 100 - 200mm grass 61

1 in 10 yr 24hr velocity 

<0.25m/s 0.1

1 in 10 yr 24hr and retention 

time >10 min 12.9

1 in 100 yr no flooding - depth 

in (mm) 262

Swale 1

Junction
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Design Criteria for Storm
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Pipe Sizes STANDARD Manhole Sizes STANDARD

FEH Rainfall Model
Return Period (years) 1
FEH Rainfall Version 1999

Site Location GB 565800 175400 TQ 65800 75400
C (1km) -0.026

D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Maximum Rainfall (mm/hr) 0
Maximum Time of Concentration (mins) 30

Foul Sewage (l/s/ha) 0.000
Volumetric Runoff Coeff. 1.000

PIMP (%) 100
Add Flow / Climate Change (%) 40

Minimum Backdrop Height (m) 0.200
Maximum Backdrop Height (m) 1.500

Min Design Depth for Optimisation (m) 1.200
Min Vel for Auto Design only (m/s) 1.00

Min Slope for Optimisation (1:X) 500

Designed with Level Inverts

Network Design Table for Storm

PN Length

(m)

Fall

(m)

Slope

(1:X)

I.Area

(ha)

T.E.

(mins)

Base

Flow (l/s)

k

(mm)

n HYD

SECT

DIA

(mm)

Section Type Auto

Design

1.000 77.100 0.077 1001.3 0.132 5.00 0.0 0.050 \/ -3 Pipe/Conduit
1.001 5.000 0.033 151.5 0.000 0.00 0.0 0.600 o 150 Pipe/Conduit

Network Results Table

PN Rain

(mm/hr)

T.C.

(mins)

US/IL

(m)

Σ I.Area

(ha)

Σ Base

Flow (l/s)

Foul

(l/s)

Add Flow

(l/s)

Vel

(m/s)

Cap

(l/s)

Flow

(l/s)

1.000 0.00 8.92 0.600 0.132 0.0 0.0 0.0 0.33 650.1 0.0
1.001 0.00 9.02 0.523 0.132 0.0 0.0 0.0 0.81 14.4 0.0
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Manhole Schedules for Storm
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MH

Name

MH

CL (m)

MH

Depth

(m)

MH

Connection

MH

Diam.,L*W

(mm)

PN

Pipe Out

Invert

Level (m)

Diameter

(mm)

PN

Pipes In

Invert

Level (m)

Diameter

(mm)

Backdrop

(mm)

1 1.000 0.400 Junction 1.000 0.600 -3

2 0.900 0.377 Junction 0 1.001 0.523 150 1.000 0.523 -3

1.490 1.000 Open Manhole 0 OUTFALL 1.001 0.490 150

Simulation Criteria for Storm

Volumetric Runoff Coeff 1.000 Additional Flow - % of Total Flow 40.000
Areal Reduction Factor 1.000 MADD Factor * 10m³/ha Storage 2.000

Hot Start (mins) 0 Inlet Coeffiecient 0.800
Hot Start Level (mm) 0 Flow per Person per Day (l/per/day) 0.000

Manhole Headloss Coeff (Global) 0.500 Run Time (mins) 60
Foul Sewage per hectare (l/s) 0.000 Output Interval (mins) 1

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details

Rainfall Model FEH
Return Period (years) 1
FEH Rainfall Version 1999

Site Location GB 565800 175400 TQ 65800 75400
C (1km) -0.026

D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Summer Storms Yes
Winter Storms No

Cv (Summer) 1.000
Cv (Winter) 0.840

Storm Duration (mins) 15
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Hydro-Brake® Optimum Manhole: 2, DS/PN: 1.001, Volume (m³): 152.8

Unit Reference MD-SHE-0037-4000-0300-4000
Design Head (m) 0.300

Design Flow (l/s) 0.4
Flush-Flo™ Calculated
Objective Minimise upstream storage

Application Surface
Sump Available Yes
Diameter (mm) 37

Invert Level (m) 0.523
Minimum Outlet Pipe Diameter (mm) 75

Suggested Manhole Diameter (mm) 1200

Control Points Head (m) Flow (l/s) Control Points Head (m) Flow (l/s)

Design Point (Calculated) 0.300 0.4 Kick-Flo® 0.205 0.3
Flush-Flo™ 0.086 0.4 Mean Flow over Head Range - 0.3

The hydrological calculations have been based on the Head/Discharge relationship for the
Hydro-Brake® Optimum as specified.  Should another type of control device other than a Hydro-
Brake Optimum® be utilised then these storage routing calculations will be invalidated

Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s)

0.100 0.4 1.200 0.7 3.000 1.1 7.000 1.7
0.200 0.3 1.400 0.8 3.500 1.2 7.500 1.7
0.300 0.4 1.600 0.8 4.000 1.3 8.000 1.8
0.400 0.5 1.800 0.9 4.500 1.3 8.500 1.9
0.500 0.5 2.000 0.9 5.000 1.4 9.000 1.9
0.600 0.5 2.200 1.0 5.500 1.5 9.500 2.0
0.800 0.6 2.400 1.0 6.000 1.6
1.000 0.7 2.600 1.0 6.500 1.6
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Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status OFF
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 10, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name Event

Duration

(mins)

US/CL

(m)

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

1.000 1 2880 minute 1 year Winter I+0% 2880 1.000 -0.239 0.000 0.00
1.001 2 2880 minute 1 year Winter I+0% 2880 0.900 -0.012 0.000 0.03

PN

US/MH

Name

Maximum

Velocity

(m/s)

Pipe

Flow

(l/s) Status

1.000 1 0.1 1.0 OK
1.001 2 0.3 0.4 FLOOD RISK*
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Bluebird Place TILBURY2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA JUNCTION SWALE 1

Date 27/09/2017 Designed by AH

File JUNCTION SWALE 1.MDX Checked by DH

Micro Drainage Network 2016.1.1

100 year Return Period Summary of Critical Results by Maximum Level
(Rank 1) for Storm

©1982-2016 XP Solutions

Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status OFF
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 10, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name Event

Duration

(mins)

US/CL

(m)

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

1.000 1 2880 minute 100 year Winter I+0% 2880 1.000 -0.038 0.000 0.00
1.001 2 2880 minute 100 year Winter I+0% 2880 0.900 0.189 0.000 0.04

PN

US/MH

Name

Overflow

(l/s)

Maximum

Velocity

(m/s)

Pipe

Flow

(l/s) Status

1.000 1 0.1 2.8 FLOOD RISK*
1.001 2 0.4 0.4 FLOOD RISK*
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Bluebird Place TILBURY2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA JUNCTION SWALE 1

Date 27/09/2017 Designed by AH

File JUNCTION SWALE 1.MDX Checked by DH

Micro Drainage Network 2016.1.1

Summary Wizard of 1440 minute 10 year Summer I+0% for Storm

©1982-2016 XP Solutions

Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status OFF
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 10, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name Event

Duration

(mins)

US/CL

(m)

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

1.000 1 1440 minute 10 year Summer I+0% 1440 1.000 -0.189 0.000 0.01
1.001 2 1440 minute 10 year Summer I+0% 1440 0.900 0.038 0.000 0.03

PN

US/MH

Name

Maximum

Velocity

(m/s)

Pipe

Flow

(l/s) Status

1.000 1 0.1 3.4 FLOOD RISK*
1.001 2 0.3 0.4 FLOOD RISK*
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Bluebird Place TILBURY2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA JUNCTION SWALE 1

Date 27/09/2017 Designed by AH

File JUNCTION SWALE 1.MDX Checked by DH

Micro Drainage Network 2016.1.1

Summary Wizard of 1440 minute 10 year Winter I+0% for Storm

©1982-2016 XP Solutions

Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status OFF
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 10, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name Event

Duration

(mins)

US/CL

(m)

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

1.000 1 1440 minute 10 year Winter I+0% 1440 1.000 -0.170 0.000 0.00
1.001 2 1440 minute 10 year Winter I+0% 1440 0.900 0.058 0.000 0.03

PN

US/MH

Name

Maximum

Velocity

(m/s)

Pipe

Flow

(l/s) Status

1.000 1 0.1 2.5 FLOOD RISK*
1.001 2 0.3 0.4 FLOOD RISK*



Security Gatehouse

 swale 2 

Swale 2a length 146 m

Swale 2b length 78.5 m

0.245 ha

used this 

value as half 

of this road 

area goes to see swale 4

0.12874 ha

0.37374 ha

Swale width 3.3 m
Q1 0.81 l/s

Length of catchment 78.5 m

Width of road & footpath 10.5 m

Width of verge farside 1.8 m

width of verge 2 m

swale width 3.3 m

Area 1287.4 m2

0.12874 ha
Overall width 14.3 m

Swale 4

Length of catchment 164 m length of road

Width of road & footpath 23 m average road width

Width of verge farside 1.8 m

width of verge 1 m average embankment

swale width 4.7 m

Area 4903.6 m2

0.49036 ha 0.24518

used this value as 

half of this road 

area goes to each 

swale

Overall width 25.8 m

swale length northside 170 m minus 5 for pipe

swale length southside 137 m

Overall area 5002 m2

0.5002 Ha

Q1 1.08 l/s 0.5

Criteria Swale 2 a Swale 2 b Swale 4

Design depth (mm) 300 300 400

1 in 1 yr depth ideally 100 - 

200mm grass 83 77 96

1 in 10 yr 24hr velocity 

<0.25m/s 0.1 0.1 0.1

1 in 10 yr 24hr and 

retention time >10 min 24.3 13.1 28.3

1 in 100 yr no flooding - 

depth in (mm) 201 206 241

used as half of road 

Area from roundabout to bridge

Area from bridge to water crossing

Total area

split for swale both 

sides of road

Area from bridge to new watercourse diversion

Swale 3

Swale 4

Swale 2 b

Security Gatehouse Swale 4Security Gatehouse Swale 2
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Bluebird Place TILBURY2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA SECURITY GATEHOUSE SWALE 2

Date 27/09/2017 Designed by AH

File SECURITY GATEHOUSE SWA... Checked by DH

Micro Drainage Network 2016.1.1

STORM SEWER DESIGN by the Modified Rational Method

Design Criteria for Storm

©1982-2016 XP Solutions

Pipe Sizes STANDARD Manhole Sizes STANDARD

FEH Rainfall Model
Return Period (years) 1
FEH Rainfall Version 1999

Site Location GB 565800 175400 TQ 65800 75400
C (1km) -0.026

D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Maximum Rainfall (mm/hr) 0
Maximum Time of Concentration (mins) 30

Foul Sewage (l/s/ha) 0.000
Volumetric Runoff Coeff. 1.000

PIMP (%) 100
Add Flow / Climate Change (%) 40

Minimum Backdrop Height (m) 0.200
Maximum Backdrop Height (m) 1.500

Min Design Depth for Optimisation (m) 1.200
Min Vel for Auto Design only (m/s) 1.00

Min Slope for Optimisation (1:X) 500

Designed with Level Inverts

Network Design Table for Storm

# - Indicates pipe length does not match coordinates

PN Length

(m)

Fall

(m)

Slope

(1:X)

I.Area

(ha)

T.E.

(mins)

Base

Flow (l/s)

k

(mm)

n HYD

SECT

DIA

(mm)

Section Type Auto

Design

1.000 146.000# 0.146 1000.0 0.240 5.00 0.0 0.050 \/ -3 Pipe/Conduit
1.001 78.500# 0.079 993.7 0.128 0.00 0.0 0.050 \/ -3 Pipe/Conduit
1.002 85.000 0.567 149.9 0.000 0.00 0.0 0.600 o 150 Pipe/Conduit

Network Results Table

PN Rain

(mm/hr)

T.C.

(mins)

US/IL

(m)

Σ I.Area

(ha)

Σ Base

Flow (l/s)

Foul

(l/s)

Add Flow

(l/s)

Vel

(m/s)

Cap

(l/s)

Flow

(l/s)

1.000 0.00 12.41 1.000 0.240 0.0 0.0 0.0 0.33 650.5 0.0
1.001 0.00 16.39 0.854 0.368 0.0 0.0 0.0 0.33 652.6 0.0
1.002 0.00 18.12 0.775 0.368 0.0 0.0 0.0 0.82 14.5 0.0
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Bluebird Place TILBURY2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA SECURITY GATEHOUSE SWALE 2

Date 27/09/2017 Designed by AH

File SECURITY GATEHOUSE SWA... Checked by DH

Micro Drainage Network 2016.1.1

Manhole Schedules for Storm

©1982-2016 XP Solutions

MH

Name

MH

CL (m)

MH

Depth

(m)

MH

Connection

MH

Diam.,L*W

(mm)

PN

Pipe Out

Invert

Level (m)

Diameter

(mm)

PN

Pipes In

Invert

Level (m)

Diameter

(mm)

Backdrop

(mm)

1 1.300 0.300 Junction 1.000 1.000 -3

2 1.154 0.300 Junction 1.001 0.854 -3 1.000 0.854 -3

3 1.100 0.325 Junction 0 1.002 0.775 150 1.001 0.775 -3

2.700 2.492 Open Manhole 0 OUTFALL 1.002 0.208 150

Simulation Criteria for Storm

Volumetric Runoff Coeff 1.000 Additional Flow - % of Total Flow 40.000
Areal Reduction Factor 1.000 MADD Factor * 10m³/ha Storage 2.000

Hot Start (mins) 0 Inlet Coeffiecient 0.800
Hot Start Level (mm) 0 Flow per Person per Day (l/per/day) 0.000

Manhole Headloss Coeff (Global) 0.500 Run Time (mins) 60
Foul Sewage per hectare (l/s) 0.000 Output Interval (mins) 1

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 0 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details

Rainfall Model FEH
Return Period (years) 1
FEH Rainfall Version 1999

Site Location GB 565800 175400 TQ 65800 75400
C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Summer Storms Yes
Winter Storms No

Cv (Summer) 1.000
Cv (Winter) 0.840

Storm Duration (mins) 15
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Bluebird Place TILBURY2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA SECURITY GATEHOUSE SWALE 2

Date 27/09/2017 Designed by AH

File SECURITY GATEHOUSE SWA... Checked by DH

Micro Drainage Network 2016.1.1

1 year Return Period Summary of Critical Results by Maximum Level (Rank
1) for Storm

©1982-2016 XP Solutions

Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 0 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status OFF
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 10, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name Event

Duration

(mins)

US/CL

(m)

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

1.000 1 15 minute 1 year Winter I+0% 15 1.300 -0.217 0.000 0.07
1.001 2 15 minute 1 year Winter I+0% 15 1.154 -0.223 0.000 0.07
1.002 3 60 minute 1 year Winter I+0% 60 1.100 -0.031 0.000 0.98

PN

US/MH

Name

Maximum

Velocity

(m/s)

Pipe

Flow

(l/s) Status

1.000 1 0.2 44.8 FLOOD RISK*
1.001 2 0.2 46.6 FLOOD RISK*
1.002 3 1.0 14.2 FLOOD RISK*
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Bluebird Place TILBURY2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA SECURITY GATEHOUSE SWALE 2

Date 27/09/2017 Designed by AH

File SECURITY GATEHOUSE SWA... Checked by DH

Micro Drainage Network 2016.1.1

100 year Return Period Summary of Critical Results by Maximum Level
(Rank 1) for Storm

©1982-2016 XP Solutions

Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 0 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status OFF
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 10, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name Event

Duration

(mins)

US/CL

(m)

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

1.000 1 15 minute 100 year Winter I+0% 15 1.300 -0.099 0.000 0.34
1.001 2 60 minute 100 year Winter I+0% 60 1.154 -0.094 0.000 0.14
1.002 3 60 minute 100 year Winter I+0% 60 1.100 0.133 0.000 1.12

PN

US/MH

Name

Maximum

Velocity

(m/s)

Pipe

Flow

(l/s) Status

1.000 1 0.3 218.6 FLOOD RISK*
1.001 2 0.2 93.3 FLOOD RISK*
1.002 3 0.9 16.2 FLOOD RISK*
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Bluebird Place TILBURY2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA SECURITY GATEHOUSE SWALE 2

Date 27/09/2017 Designed by AH

File SECURITY GATEHOUSE SWA... Checked by DH

Micro Drainage Network 2016.1.1

Summary Wizard of 1440 minute 10 year Summer I+0% for Storm

©1982-2016 XP Solutions

Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 0 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status OFF
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 10, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name Event

Duration

(mins)

US/CL

(m)

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

1.000 1 1440 minute 10 year Summer I+0% 1440 1.300 -0.276 0.000 0.01
1.001 2 1440 minute 10 year Summer I+0% 1440 1.154 -0.260 0.000 0.01
1.002 3 1440 minute 10 year Summer I+0% 1440 1.100 -0.063 0.000 0.64

PN

US/MH

Name

Maximum

Velocity

(m/s)

Pipe

Flow

(l/s) Status

1.000 1 0.1 6.3 FLOOD RISK*
1.001 2 0.1 9.5 FLOOD RISK*
1.002 3 0.9 9.2 FLOOD RISK*
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Bluebird Place TILBURY2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA SECURITY GATEHOUSE SWALE 2

Date 27/09/2017 Designed by AH

File SECURITY GATEHOUSE SWA... Checked by DH

Micro Drainage Network 2016.1.1

Summary Wizard of 1440 minute 10 year Winter I+0% for Storm

©1982-2016 XP Solutions

Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 0 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status OFF
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 10, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name Event

Duration

(mins)

US/CL

(m)

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

1.000 1 1440 minute 10 year Winter I+0% 1440 1.300 -0.282 0.000 0.01
1.001 2 1440 minute 10 year Winter I+0% 1440 1.154 -0.267 0.000 0.01
1.002 3 1440 minute 10 year Winter I+0% 1440 1.100 -0.076 0.000 0.49

PN

US/MH

Name

Maximum

Velocity

(m/s)

Pipe

Flow

(l/s) Status

1.000 1 0.1 4.7 FLOOD RISK*
1.001 2 0.1 7.2 FLOOD RISK*
1.002 3 0.8 7.1 FLOOD RISK*
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Leatherhead  KT22 7BA SECURITY GATEHOUSE SWALE 4

Date 27/09/2017 Designed by AH

File SECURITY GATEHOUSE SWA... Checked by DH

Micro Drainage Network 2016.1.1

STORM SEWER DESIGN by the Modified Rational Method

Design Criteria for Storm

©1982-2016 XP Solutions

Pipe Sizes STANDARD Manhole Sizes STANDARD

FEH Rainfall Model
Return Period (years) 1
FEH Rainfall Version 1999

Site Location GB 565800 175400 TQ 65800 75400
C (1km) -0.026

D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Maximum Rainfall (mm/hr) 0
Maximum Time of Concentration (mins) 30

Foul Sewage (l/s/ha) 0.000
Volumetric Runoff Coeff. 1.000

PIMP (%) 100
Add Flow / Climate Change (%) 40

Minimum Backdrop Height (m) 0.200
Maximum Backdrop Height (m) 1.500

Min Design Depth for Optimisation (m) 1.200
Min Vel for Auto Design only (m/s) 1.00

Min Slope for Optimisation (1:X) 500

Designed with Level Inverts

Network Design Table for Storm

PN Length

(m)

Fall

(m)

Slope

(1:X)

I.Area

(ha)

T.E.

(mins)

Base

Flow (l/s)

k

(mm)

n HYD

SECT

DIA

(mm)

Section Type Auto

Design

1.000 175.000 0.175 1000.0 0.243 5.00 0.0 0.050 \/ -4 Pipe/Conduit
1.001 5.000 0.033 151.5 0.000 0.00 0.0 0.600 o 150 Pipe/Conduit

Network Results Table

PN Rain

(mm/hr)

T.C.

(mins)

US/IL

(m)

Σ I.Area

(ha)

Σ Base

Flow (l/s)

Foul

(l/s)

Add Flow

(l/s)

Vel

(m/s)

Cap

(l/s)

Flow

(l/s)

1.000 0.00 13.59 1.400 0.243 0.0 0.0 0.0 0.34 774.8 0.0
1.001 0.00 13.69 1.225 0.243 0.0 0.0 0.0 0.81 14.4 0.0
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Manhole Schedules for Storm
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MH

Name

MH

CL (m)

MH

Depth

(m)

MH

Connection

MH

Diam.,L*W

(mm)

PN

Pipe Out

Invert

Level (m)

Diameter

(mm)

PN

Pipes In

Invert

Level (m)

Diameter

(mm)

Backdrop

(mm)

1 1.800 0.400 Junction 1.000 1.400 -4

2 1.700 0.475 Junction 0 1.001 1.225 150 1.000 1.225 -4

1.490 0.298 Open Manhole 0 OUTFALL 1.001 1.192 150

Simulation Criteria for Storm

Volumetric Runoff Coeff 1.000 Additional Flow - % of Total Flow 40.000
Areal Reduction Factor 1.000 MADD Factor * 10m³/ha Storage 2.000

Hot Start (mins) 0 Inlet Coeffiecient 0.800
Hot Start Level (mm) 0 Flow per Person per Day (l/per/day) 0.000

Manhole Headloss Coeff (Global) 0.500 Run Time (mins) 60
Foul Sewage per hectare (l/s) 0.000 Output Interval (mins) 1

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details

Rainfall Model FEH
Return Period (years) 1
FEH Rainfall Version 1999

Site Location GB 565800 175400 TQ 65800 75400
C (1km) -0.026

D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Summer Storms Yes
Winter Storms No

Cv (Summer) 1.000
Cv (Winter) 0.840

Storm Duration (mins) 15
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Online Controls for Storm
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Hydro-Brake® Optimum Manhole: 2, DS/PN: 1.001, Volume (m³): 399.4

Unit Reference MD-SHE-0039-5000-0400-5000
Design Head (m) 0.400

Design Flow (l/s) 0.5
Flush-Flo™ Calculated
Objective Minimise upstream storage

Application Surface
Sump Available Yes
Diameter (mm) 39

Invert Level (m) 1.225
Minimum Outlet Pipe Diameter (mm) 75

Suggested Manhole Diameter (mm) 1200

Control Points Head (m) Flow (l/s) Control Points Head (m) Flow (l/s)

Design Point (Calculated) 0.400 0.5 Kick-Flo® 0.269 0.4
Flush-Flo™ 0.123 0.5 Mean Flow over Head Range - 0.4

The hydrological calculations have been based on the Head/Discharge relationship for the
Hydro-Brake® Optimum as specified.  Should another type of control device other than a Hydro-
Brake Optimum® be utilised then these storage routing calculations will be invalidated

Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s)

0.100 0.5 1.200 0.8 3.000 1.2 7.000 1.8
0.200 0.5 1.400 0.9 3.500 1.3 7.500 1.9
0.300 0.4 1.600 0.9 4.000 1.4 8.000 2.0
0.400 0.5 1.800 1.0 4.500 1.5 8.500 2.0
0.500 0.6 2.000 1.0 5.000 1.6 9.000 2.1
0.600 0.6 2.200 1.1 5.500 1.6 9.500 2.1
0.800 0.7 2.400 1.1 6.000 1.7
1.000 0.7 2.600 1.1 6.500 1.8
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Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status OFF
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 10, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name Event

Duration

(mins)

US/CL

(m)

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

1.000 1 15 minute 1 year Winter I+0% 15 1.800 -0.304 0.000 0.06
1.001 2 2880 minute 1 year Winter I+0% 2880 1.700 0.041 0.000 0.04

PN

US/MH

Name

Maximum

Velocity

(m/s)

Pipe

Flow

(l/s) Status

1.000 1 0.2 49.4 OK
1.001 2 0.4 0.5 FLOOD RISK*



Atkins Page 6

Bluebird Place TILBURY2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA SECURITY GATEHOUSE SWALE 4

Date 27/09/2017 Designed by AH
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Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status OFF
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 10, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name Event

Duration

(mins)

US/CL

(m)

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

1.000 1 15 minute 100 year Winter I+0% 15 1.800 -0.159 0.000 0.29
1.001 2 2880 minute 100 year Winter I+0% 2880 1.700 0.248 0.000 0.04

PN

US/MH

Name

Overflow

(l/s)

Maximum

Velocity

(m/s)

Pipe

Flow

(l/s) Status

1.000 1 0.3 221.0 FLOOD RISK*
1.001 2 0.4 0.5 FLOOD RISK*
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Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status OFF
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 10, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name Event

Duration

(mins)

US/CL

(m)

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

1.000 1 1440 minute 10 year Summer I+0% 1440 1.800 -0.333 0.000 0.01
1.001 2 1440 minute 10 year Summer I+0% 1440 1.700 0.091 0.000 0.04

PN

US/MH

Name

Maximum

Velocity

(m/s)

Pipe

Flow

(l/s) Status

1.000 1 0.1 6.4 OK
1.001 2 0.4 0.5 FLOOD RISK*
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Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status OFF
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 10, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name Event

Duration

(mins)

US/CL

(m)

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

1.000 1 1440 minute 10 year Winter I+0% 1440 1.800 -0.314 0.000 0.01
1.001 2 1440 minute 10 year Winter I+0% 1440 1.700 0.111 0.000 0.04

PN

US/MH

Name

Maximum

Velocity

(m/s)

Pipe

Flow

(l/s) Status

1.000 1 0.1 4.7 OK
1.001 2 0.4 0.5 FLOOD RISK*



Railway 1

railway parameters

length 1241.4 m 124.14

railway 2.5 m wide

1 track 487 m

2 track 754.4 m

earthwork 3.196 m 2 rail

earthwork 2.382 m 1 rail

Swale 1

Length of catchment 130 m

Width of railway 2.5 m

Width of 1 rail 2.382 m

width of 2 rail 0 m

swale width 3.3 m

Area 1197.75 m2

0.119775 ha

Q1 0.257995 Used 0.3 for microdrainage

Swale 2

Length of catchment 72 m

Width of railway 2.5 m

Width of 1 rail 2.382 m

width of 2 rail 0 m

swale width 3.3 m

Area 441.2016 m2

0.04412 ha

Length of catchment 124.14 m

Width of railway 2 tracks 5 m

Width of 1 rail 0 m

width of 2 rail 3.196 m

swale width 3.3 m

Area 1033.888 m2

0.103389 ha

Length of catchment 125 m

Width of railway 2.5 m

Width of 1 rail 2.382 m

width of 2 rail 0 m

swale width 4.7 m

Area 940.975 m2

0.094098 ha

Length of catchment 143 m

Width of railway 2.5 m

Width of 1 rail 2.382 m

width of 2 rail 0 m

swale width 4.7 m

Area 1076.475 m2

0.107648 ha

Overall area 8426.15 m2

0.842615 ha

Q1 runoff

Q1 for 50ha 107.7 l/s

Overall area 11261.03 m2

1.126103 ha

Q1 2.43 l/s

Criteria Swale1 Swale 2 Swale 3 Swale 4 Swale 5 Swale 6 Swale 7 Swale 8 Swale 9 Swale 10

Design depth 

(mm) 300 300 300 300 300 300 450 450 450 450

1 in 1 yr depth 

ideally 100 - 

200mm grass 49 33 43 46 49 52 64 65 67 135

1 in 10 yr 24hr 

velocity <0.25m/s 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

1 in 10 yr 24hr and 

retention time >10 

min 21.7 12.0 20.7 20.7 20.8 20.8 20.8 20.8 20.8 23.8

1 in 100 yr no 

flooding - depth in 

(mm) 126 97 129 132 132 139 162 180 305 430

Swale 1

Swale 2 -10

Railway Swale 1

Railway Swale 2
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Micro Drainage Network 2016.1.1

STORM SEWER DESIGN by the Modified Rational Method

Design Criteria for Storm
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Pipe Sizes STANDARD Manhole Sizes STANDARD

FEH Rainfall Model
Return Period (years) 1
FEH Rainfall Version 1999

Site Location GB 565800 175400 TQ 65800 75400
C (1km) -0.026

D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Maximum Rainfall (mm/hr) 0
Maximum Time of Concentration (mins) 30

Foul Sewage (l/s/ha) 0.000
Volumetric Runoff Coeff. 1.000

PIMP (%) 100
Add Flow / Climate Change (%) 40

Minimum Backdrop Height (m) 0.200
Maximum Backdrop Height (m) 1.500

Min Design Depth for Optimisation (m) 1.200
Min Vel for Auto Design only (m/s) 1.00

Min Slope for Optimisation (1:X) 500

Designed with Level Inverts

Network Design Table for Storm

# - Indicates pipe length does not match coordinates

PN Length

(m)

Fall

(m)

Slope

(1:X)

I.Area

(ha)

T.E.

(mins)

Base

Flow (l/s)

k

(mm)

n HYD

SECT

DIA

(mm)

Section Type Auto

Design

1.000 130.000# 0.130 1000.0 0.100 5.00 0.0 0.050 \/ -3 Pipe/Conduit
1.001 5.000 0.033 151.5 0.000 0.00 0.0 0.600 o 150 Pipe/Conduit

Network Results Table

PN Rain

(mm/hr)

T.C.

(mins)

US/IL

(m)

Σ I.Area

(ha)

Σ Base

Flow (l/s)

Foul

(l/s)

Add Flow

(l/s)

Vel

(m/s)

Cap

(l/s)

Flow

(l/s)

1.000 0.00 11.60 1.300 0.100 0.0 0.0 0.0 0.33 650.5 0.0
1.001 0.00 11.70 1.170 0.100 0.0 0.0 0.0 0.81 14.4 0.0
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Manhole Schedules for Storm
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MH

Name

MH

CL (m)

MH

Depth

(m)

MH

Connection

MH

Diam.,L*W

(mm)

PN

Pipe Out

Invert

Level (m)

Diameter

(mm)

PN

Pipes In

Invert

Level (m)

Diameter

(mm)

Backdrop

(mm)

1 1.600 0.300 Junction 0 1.000 1.300 -3

2 1.600 0.430 Open Manhole 10000 1.001 1.170 150 1.000 1.170 -3

1.800 0.663 Open Manhole 0 OUTFALL 1.001 1.137 150

Simulation Criteria for Storm

Volumetric Runoff Coeff 1.000 Additional Flow - % of Total Flow 40.000
Areal Reduction Factor 1.000 MADD Factor * 10m³/ha Storage 2.000

Hot Start (mins) 0 Inlet Coeffiecient 0.800
Hot Start Level (mm) 0 Flow per Person per Day (l/per/day) 0.000

Manhole Headloss Coeff (Global) 0.500 Run Time (mins) 60
Foul Sewage per hectare (l/s) 0.000 Output Interval (mins) 1

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details

Rainfall Model FEH
Return Period (years) 1
FEH Rainfall Version 1999

Site Location GB 565800 175400 TQ 65800 75400
C (1km) -0.026

D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Summer Storms Yes
Winter Storms No

Cv (Summer) 1.000
Cv (Winter) 0.840

Storm Duration (mins) 15
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Online Controls for Storm
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Hydro-Brake® Optimum Manhole: 2, DS/PN: 1.001, Volume (m³): 281.5

Unit Reference MD-SHE-0032-3000-0300-3000
Design Head (m) 0.300

Design Flow (l/s) 0.3
Flush-Flo™ Calculated
Objective Minimise upstream storage

Application Surface
Sump Available Yes
Diameter (mm) 32

Invert Level (m) 1.170
Minimum Outlet Pipe Diameter (mm) 75

Suggested Manhole Diameter (mm) 1200

Control Points Head (m) Flow (l/s) Control Points Head (m) Flow (l/s)

Design Point (Calculated) 0.300 0.3 Kick-Flo® 0.205 0.3
Flush-Flo™ 0.090 0.3 Mean Flow over Head Range - 0.3

The hydrological calculations have been based on the Head/Discharge relationship for the
Hydro-Brake® Optimum as specified.  Should another type of control device other than a Hydro-
Brake Optimum® be utilised then these storage routing calculations will be invalidated

Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s)

0.100 0.3 1.200 0.5 3.000 0.8 7.000 1.2
0.200 0.3 1.400 0.6 3.500 0.9 7.500 1.3
0.300 0.3 1.600 0.6 4.000 0.9 8.000 1.3
0.400 0.3 1.800 0.6 4.500 1.0 8.500 1.4
0.500 0.4 2.000 0.7 5.000 1.1 9.000 1.4
0.600 0.4 2.200 0.7 5.500 1.1 9.500 1.5
0.800 0.5 2.400 0.7 6.000 1.2
1.000 0.5 2.600 0.8 6.500 1.2
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Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status OFF
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 10, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name Event

Duration

(mins)

US/CL

(m)

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

1.000 1 15 minute 1 year Winter I+0% 15 1.600 -0.251 0.000 0.04
1.001 2 2880 minute 1 year Winter I+0% 2880 1.600 -0.042 0.000 0.02

PN

US/MH

Name

Maximum

Velocity

(m/s)

Pipe

Flow

(l/s) Status

1.000 1 0.1 22.9 FLOOD RISK*
1.001 2 0.3 0.2 OK
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Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status OFF
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 10, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name Event

Duration

(mins)

US/CL

(m)

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

1.000 1 15 minute 100 year Winter I+0% 15 1.600 -0.174 0.000 0.16
1.001 2 2880 minute 100 year Winter I+0% 2880 1.600 0.067 0.000 0.02

PN

US/MH

Name

Overflow

(l/s)

Maximum

Velocity

(m/s)

Pipe

Flow

(l/s) Status

1.000 1 0.2 101.9 FLOOD RISK*
1.001 2 0.3 0.3 FLOOD RISK
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Date 27/09/2017 Designed by AH
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Micro Drainage Network 2016.1.1

Summary Wizard of 1440 minute 10 year Summer I+0% for Storm

©1982-2016 XP Solutions

Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status OFF
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 10, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name Event

Duration

(mins)

US/CL

(m)

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

1.000 1 1440 minute 10 year Summer I+0% 1440 1.600 -0.283 0.000 0.00
1.001 2 1440 minute 10 year Summer I+0% 1440 1.600 -0.019 0.000 0.02

PN

US/MH

Name

Maximum

Velocity

(m/s)

Pipe

Flow

(l/s) Status

1.000 1 0.1 2.6 FLOOD RISK*
1.001 2 0.3 0.3 FLOOD RISK
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Micro Drainage Network 2016.1.1

Summary Wizard of 1440 minute 10 year Winter I+0% for Storm
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Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status OFF
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 10, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name Event

Duration

(mins)

US/CL

(m)

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

1.000 1 1440 minute 10 year Winter I+0% 1440 1.600 -0.286 0.000 0.00
1.001 2 1440 minute 10 year Winter I+0% 1440 1.600 -0.009 0.000 0.02

PN

US/MH

Name

Maximum

Velocity

(m/s)

Pipe

Flow

(l/s) Status

1.000 1 0.1 2.0 FLOOD RISK*
1.001 2 0.3 0.3 FLOOD RISK
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Micro Drainage Network 2016.1.1

STORM SEWER DESIGN by the Modified Rational Method

Design Criteria for Storm

©1982-2016 XP Solutions

Pipe Sizes STANDARD Manhole Sizes STANDARD

FEH Rainfall Model
Return Period (years) 1
FEH Rainfall Version 1999

Site Location GB 565800 175400 TQ 65800 75400
C (1km) -0.026

D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Maximum Rainfall (mm/hr) 0
Maximum Time of Concentration (mins) 30

Foul Sewage (l/s/ha) 0.000
Volumetric Runoff Coeff. 1.000

PIMP (%) 100
Add Flow / Climate Change (%) 40

Minimum Backdrop Height (m) 0.200
Maximum Backdrop Height (m) 1.500

Min Design Depth for Optimisation (m) 1.200
Min Vel for Auto Design only (m/s) 1.00

Min Slope for Optimisation (1:X) 500

Designed with Level Inverts

Network Design Table for Storm

PN Length

(m)

Fall

(m)

Slope

(1:X)

I.Area

(ha)

T.E.

(mins)

Base

Flow (l/s)

k

(mm)

n HYD

SECT

DIA

(mm)

Section Type Auto

Design

1.000 72.000 0.072 1000.0 0.044 5.00 0.0 0.050 \/ -3 Pipe/Conduit
1.001 125.000 0.125 1000.0 0.100 0.00 0.0 0.050 \/ -3 Pipe/Conduit
1.002 125.000 0.125 1000.0 0.100 0.00 0.0 0.050 \/ -3 Pipe/Conduit
1.003 125.000 0.125 1000.0 0.100 0.00 0.0 0.050 \/ -3 Pipe/Conduit
1.004 125.000 0.125 1000.0 0.100 0.00 0.0 0.050 \/ -3 Pipe/Conduit
1.005 125.000 0.125 1000.0 0.100 0.00 0.0 0.050 \/ -5 Pipe/Conduit
1.006 125.000 0.125 1000.0 0.100 0.00 0.0 0.050 \/ -5 Pipe/Conduit

Network Results Table

PN Rain

(mm/hr)

T.C.

(mins)

US/IL

(m)

Σ I.Area

(ha)

Σ Base

Flow (l/s)

Foul

(l/s)

Add Flow

(l/s)

Vel

(m/s)

Cap

(l/s)

Flow

(l/s)

1.000 0.00 8.66 2.300 0.044 0.0 0.0 0.0 0.33 650.5 0.0
1.001 0.00 15.00 2.228 0.144 0.0 0.0 0.0 0.33 650.5 0.0
1.002 0.00 21.35 2.103 0.244 0.0 0.0 0.0 0.33 650.5 0.0
1.003 0.00 27.70 1.978 0.344 0.0 0.0 0.0 0.33 650.5 0.0
1.004 0.00 30.00 1.853 0.444 0.0 0.0 0.0 0.33 650.5 0.0
1.005 0.00 30.00 1.728 0.544 0.0 0.0 0.0 0.35 900.8 0.0
1.006 0.00 30.00 1.603 0.644 0.0 0.0 0.0 0.35 900.8 0.0
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Micro Drainage Network 2016.1.1

Network Design Table for Storm
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PN Length

(m)

Fall

(m)

Slope

(1:X)

I.Area

(ha)

T.E.

(mins)

Base

Flow (l/s)

k

(mm)

n HYD

SECT

DIA

(mm)

Section Type Auto

Design

1.007 125.000 0.125 1000.0 0.100 0.00 0.0 0.050 \/ -5 Pipe/Conduit
1.008 143.000 0.140 1021.4 0.099 0.00 0.0 0.050 \/ -5 Pipe/Conduit
1.009 5.000 0.033 151.5 0.000 0.00 0.0 0.600 o 150 Pipe/Conduit

Network Results Table

PN Rain

(mm/hr)

T.C.

(mins)

US/IL

(m)

Σ I.Area

(ha)

Σ Base

Flow (l/s)

Foul

(l/s)

Add Flow

(l/s)

Vel

(m/s)

Cap

(l/s)

Flow

(l/s)

1.007 0.00 30.00 1.478 0.744 0.0 0.0 0.0 0.35 900.8 0.0
1.008 0.00 30.00 1.353 0.843 0.0 0.0 0.0 0.35 891.3 0.0
1.009 0.00 30.00 1.213 0.843 0.0 0.0 0.0 0.81 14.4 0.0
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Micro Drainage Network 2016.1.1

Manhole Schedules for Storm
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MH

Name

MH

CL (m)

MH

Depth

(m)

MH

Connection

MH

Diam.,L*W

(mm)

PN

Pipe Out

Invert

Level (m)

Diameter

(mm)

PN

Pipes In

Invert

Level (m)

Diameter

(mm)

Backdrop

(mm)

1 2.600 0.300 Junction 1.000 2.300 -3

2 2.528 0.300 Junction 1.001 2.228 -3 1.000 2.228 -3

3 2.403 0.300 Junction 1.002 2.103 -3 1.001 2.103 -3

4 2.278 0.300 Junction 1.003 1.978 -3 1.002 1.978 -3

5 2.153 0.300 Junction 1.004 1.853 -3 1.003 1.853 -3

6 2.178 0.450 Junction 1.005 1.728 -5 1.004 1.728 -3

7 2.053 0.450 Junction 1.006 1.603 -5 1.005 1.603 -5

8 2.028 0.550 Junction 1.007 1.478 -5 1.006 1.478 -5

9 1.803 0.450 Junction 0 1.008 1.353 -5 1.007 1.353 -5

11 1.800 0.587 Open Manhole 10000 1.009 1.213 150 1.008 1.213 -5

1.800 0.620 Open Manhole 0 OUTFALL 1.009 1.180 150

Simulation Criteria for Storm

Volumetric Runoff Coeff 1.000 Additional Flow - % of Total Flow 40.000
Areal Reduction Factor 1.000 MADD Factor * 10m³/ha Storage 2.000

Hot Start (mins) 0 Inlet Coeffiecient 0.800
Hot Start Level (mm) 0 Flow per Person per Day (l/per/day) 0.000

Manhole Headloss Coeff (Global) 0.500 Run Time (mins) 60
Foul Sewage per hectare (l/s) 0.000 Output Interval (mins) 1

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details

Rainfall Model FEH
Return Period (years) 1
FEH Rainfall Version 1999

Site Location GB 565800 175400 TQ 65800 75400
C (1km) -0.026

D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Summer Storms Yes
Winter Storms No

Cv (Summer) 1.000
Cv (Winter) 0.840

Storm Duration (mins) 15
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Online Controls for Storm
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Hydro-Brake® Optimum Manhole: 11, DS/PN: 1.009, Volume (m³): 402.4

Unit Reference MD-SHE-0082-2400-0450-2400
Design Head (m) 0.450

Design Flow (l/s) 2.4
Flush-Flo™ Calculated
Objective Minimise upstream storage

Application Surface
Sump Available Yes
Diameter (mm) 82

Invert Level (m) 1.213
Minimum Outlet Pipe Diameter (mm) 100

Suggested Manhole Diameter (mm) 1200

Control Points Head (m) Flow (l/s) Control Points Head (m) Flow (l/s)

Design Point (Calculated) 0.450 2.4 Kick-Flo® 0.321 2.1
Flush-Flo™ 0.141 2.4 Mean Flow over Head Range - 2.0

The hydrological calculations have been based on the Head/Discharge relationship for the
Hydro-Brake® Optimum as specified.  Should another type of control device other than a Hydro-
Brake Optimum® be utilised then these storage routing calculations will be invalidated

Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s)

0.100 2.4 1.200 3.8 3.000 5.8 7.000 8.7
0.200 2.4 1.400 4.0 3.500 6.2 7.500 9.0
0.300 2.2 1.600 4.3 4.000 6.6 8.000 9.3
0.400 2.3 1.800 4.5 4.500 7.0 8.500 9.6
0.500 2.5 2.000 4.8 5.000 7.3 9.000 9.9
0.600 2.7 2.200 5.0 5.500 7.7 9.500 10.1
0.800 3.1 2.400 5.2 6.000 8.0
1.000 3.5 2.600 5.4 6.500 8.4
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1 year Return Period Summary of Critical Results by Maximum Level (Rank
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Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status OFF
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 10, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name Storm

Return

Period

Climate

Change

First (X)

Surcharge

First (Y)

Flood

First (Z)

Overflow

Overflow

Act.

Water

 Level

(m)

1.000 1 15 Winter 1 +0% 2.333
1.001 2 15 Winter 1 +0% 2.271
1.002 3 30 Winter 1 +0% 2.149
1.003 4 30 Winter 1 +0% 2.027
1.004 5 60 Winter 1 +0% 1.905
1.005 6 60 Winter 1 +0% 1.792
1.006 7 60 Winter 1 +0% 1.668
1.007 8 120 Winter 1 +0% 1.545
1.008 9 2160 Winter 1 +0% 1.488
1.009 11 2160 Winter 1 +0% 1/60 Summer 1.488
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1 year Return Period Summary of Critical Results by Maximum Level (Rank
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PN

US/MH

Name

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

Pipe

Flow

(l/s) Status

Level

Exceeded

1.000 1 -0.267 0.000 0.02 9.8 FLOOD RISK*
1.001 2 -0.257 0.000 0.02 15.5 FLOOD RISK*
1.002 3 -0.254 0.000 0.03 18.8 FLOOD RISK*
1.003 4 -0.251 0.000 0.03 21.1 FLOOD RISK*
1.004 5 -0.248 0.000 0.03 22.7 FLOOD RISK*
1.005 6 -0.386 0.000 0.03 24.1 OK
1.006 7 -0.385 0.000 0.03 25.2 OK
1.007 8 -0.383 0.000 0.03 25.4 OK
1.008 9 -0.315 0.000 0.01 6.6 OK
1.009 11 0.125 0.000 0.21 2.3 SURCHARGED
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100 year Return Period Summary of Critical Results by Maximum Level
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Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status OFF
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 10, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name Storm

Return

Period

Climate

Change

First (X)

Surcharge

First (Y)

Flood

First (Z)

Overflow

Overflow

Act.

Water

 Level

(m)

1.000 1 15 Winter 100 +0% 2.397
1.001 2 15 Winter 100 +0% 2.357
1.002 3 15 Winter 100 +0% 2.235
1.003 4 15 Winter 100 +0% 2.110
1.004 5 30 Winter 100 +0% 1.992
1.005 6 30 Winter 100 +0% 1.890
1.006 7 2880 Winter 100 +0% 1.783
1.007 8 2880 Winter 100 +0% 1.783
1.008 9 2880 Winter 100 +0% 1.783
1.009 11 2880 Winter 100 +0% 1/60 Summer 1.783
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100 year Return Period Summary of Critical Results by Maximum Level
(Rank 1) for Storm
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PN

US/MH

Name

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

Pipe

Flow

(l/s) Status

Level

Exceeded

1.000 1 -0.203 0.000 0.07 47.0 FLOOD RISK*
1.001 2 -0.171 0.000 0.15 100.3 FLOOD RISK*
1.002 3 -0.168 0.000 0.18 116.1 FLOOD RISK*
1.003 4 -0.168 0.000 0.18 119.2 FLOOD RISK*
1.004 5 -0.161 0.000 0.19 122.4 FLOOD RISK*
1.005 6 -0.288 0.000 0.13 119.9 FLOOD RISK*
1.006 7 -0.270 0.000 0.01 13.2 FLOOD RISK*
1.007 8 -0.145 0.000 0.01 12.7 FLOOD RISK*
1.008 9 -0.020 0.000 0.01 9.8 FLOOD RISK*
1.009 11 0.420 0.000 0.23 2.7 FLOOD RISK
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Micro Drainage Network 2016.1.1

Summary Wizard of 1440 minute 10 year Summer I+0% for Storm
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Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status OFF
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 10, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name

Storm

Rank

Water

 Level

(m)

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

Pipe

Flow

(l/s) Status

1.000 1 63 2.304 -0.296 0.000 0.00 1.2 FLOOD RISK*
1.001 2 63 2.242 -0.286 0.000 0.01 3.8 FLOOD RISK*
1.002 3 63 2.126 -0.277 0.000 0.01 6.2 FLOOD RISK*
1.003 4 64 2.009 -0.269 0.000 0.01 8.7 FLOOD RISK*
1.004 5 62 1.888 -0.265 0.000 0.02 11.1 FLOOD RISK*
1.005 6 63 1.775 -0.403 0.000 0.02 13.6 OK
1.006 7 70 1.655 -0.398 0.000 0.02 15.9 OK
1.007 8 55 1.582 -0.346 0.000 0.02 17.6 OK
1.008 9 47 1.581 -0.222 0.000 0.02 14.8 FLOOD RISK*
1.009 11 46 1.582 0.219 0.000 0.21 2.3 FLOOD RISK



Atkins Page 2

Bluebird Place TILBURY2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA RAILWAY SWALE 2

Date 27/09/2017 Designed by AH

File RAILWAY SWALE 2.MDX Checked by DH

Micro Drainage Network 2016.1.1

Summary Wizard of 1440 minute 10 year Winter I+0% for Storm

©1982-2016 XP Solutions

Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status OFF
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 10, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name

Storm

Rank

Water

 Level

(m)

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

Pipe

Flow

(l/s) Status

1.000 1 73 2.303 -0.297 0.000 0.00 0.9 FLOOD RISK*
1.001 2 72 2.238 -0.290 0.000 0.00 2.8 FLOOD RISK*
1.002 3 72 2.120 -0.283 0.000 0.01 4.8 FLOOD RISK*
1.003 4 72 2.002 -0.276 0.000 0.01 6.7 FLOOD RISK*
1.004 5 72 1.883 -0.270 0.000 0.01 8.6 FLOOD RISK*
1.005 6 71 1.766 -0.412 0.000 0.01 10.5 OK
1.006 7 77 1.649 -0.404 0.000 0.01 12.3 OK
1.007 8 41 1.609 -0.319 0.000 0.02 13.7 OK
1.008 9 37 1.609 -0.194 0.000 0.01 11.4 FLOOD RISK*
1.009 11 37 1.609 0.246 0.000 0.21 2.3 FLOOD RISK



Railway 2

Area 1

Area of catchment 2410 m2

0.241 ha

Q1 0.8 l/s

Area 2

Area of catchment 3500 m2

0.35 ha

Q1 0.7 l/s

Area 3

Length of catchment m

Area of catchment 3930 m2

0.393 ha

Q1 0.7 l/s

Area 4

Area of catchment 180 m2

0.018 ha

Q1 0.70 l/s

Area 2 - Pipe 
13Area 1 - Pipe 

17

Area 4 - Pipe 
16

Area 3 - Pipes 
14 & 15

Outfall SS1
- Area 1

Outfall SS3 -
Area 2

Outfall SS5 -
Area 3

Outfall SS7 -
Area 4

Ditch base width
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Pipe Sizes STANDARD Manhole Sizes STANDARD

FSR Rainfall Model - England and Wales
Return Period (years) 5 PIMP (%) 100

M5-60 (mm) 20.300 Add Flow / Climate Change (%) 0
Ratio R 0.441 Minimum Backdrop Height (m) 0.200

Maximum Rainfall (mm/hr) 50 Maximum Backdrop Height (m) 1.500
Maximum Time of Concentration (mins) 30 Min Design Depth for Optimisation (m) 1.200

Foul Sewage (l/s/ha) 0.000 Min Vel for Auto Design only (m/s) 1.00
Volumetric Runoff Coeff. 0.750 Min Slope for Optimisation (1:X) 500

Designed with Level Soffits

Network Design Table for Storm

PN Length

(m)

Fall

(m)

Slope

(1:X)

I.Area

(ha)

T.E.

(mins)

Base

Flow (l/s)

k

(mm)

n HYD

SECT

DIA

(mm)

Section Type Auto

Design

S13.000 22.587 0.027 841.0 0.071 30.00 0.0 0.022 1 \_/ 500 1:1 Ditch
S13.001 96.512 0.115 841.0 0.000 0.00 0.0 0.022 1 \_/ 500 1:1 Ditch
S13.002 84.706 0.101 841.0 0.049 0.00 0.0 0.022 1 \_/ 500 1:1 Ditch
S13.003 157.338 0.187 841.0 0.162 0.00 0.0 0.022 1 \_/ 500 1:1 Ditch
S13.004 50.067 0.060 841.0 0.011 0.00 0.0 1.500 o 900 Pipe/Conduit
S13.005 29.045 0.035 841.0 0.021 0.00 0.0 1.500 o 900 Pipe/Conduit
S13.006 18.714 0.022 841.0 0.036 0.00 0.0 1.500 o 350 Pipe/Conduit

S14.000 72.385 0.073 993.7 0.061 30.00 0.0 0.022 1 \_/ 800 1:1 Ditch
S14.001 25.229 0.025 993.7 0.017 0.00 0.0 0.022 1 \_/ 800 1:1 Ditch
S14.002 176.309 0.177 993.8 0.140 0.00 0.0 0.022 1 \_/ 800 1:1 Ditch
S14.003 29.083 0.029 994.1 0.021 0.00 0.0 1.500 o 900 Pipe/Conduit

Network Results Table

PN Rain

(mm/hr)

T.C.

(mins)

US/IL

(m)

Σ I.Area

(ha)

Σ Base

Flow (l/s)

Foul

(l/s)

Add Flow

(l/s)

Vel

(m/s)

Cap

(l/s)

Flow

(l/s)

S13.000 34.21 30.00 10.553 0.071 0.0 0.0 0.0 0.64 320.2 6.5
S13.001 34.21 30.00 10.526 0.071 0.0 0.0 0.0 0.64 320.2 6.5
S13.002 34.21 30.00 10.411 0.119 0.0 0.0 0.0 0.64 320.2 11.1
S13.003 34.21 30.00 10.310 0.281 0.0 0.0 0.0 0.82 849.8 26.0
S13.004 34.21 30.00 10.123 0.292 0.0 0.0 0.0 0.96 613.6 27.0
S13.005 34.21 30.00 10.063 0.313 0.0 0.0 0.0 0.96 613.6 29.0
S13.006 34.21 30.00 10.029 0.348 0.0 0.0 0.0 0.53 50.6 32.3

S14.000 34.21 30.00 10.175 0.061 0.0 0.0 0.0 0.81 1031.7 5.6
S14.001 34.21 30.00 10.102 0.077 0.0 0.0 0.0 0.81 1031.7 7.1
S14.002 34.21 30.00 10.077 0.217 0.0 0.0 0.0 0.75 788.8 20.1
S14.003 34.21 30.00 9.900 0.238 0.0 0.0 0.0 0.89 564.1 22.0
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Network Design Table for Storm
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PN Length

(m)

Fall

(m)

Slope

(1:X)

I.Area

(ha)

T.E.

(mins)

Base

Flow (l/s)

k

(mm)

n HYD

SECT

DIA

(mm)

Section Type Auto

Design

S15.000 200.071 0.488 410.1 0.000 30.00 0.0 0.600 1 \_/ 800 1:1 Ditch
S15.001 30.228 0.073 412.9 0.140 0.00 0.0 0.600 o 550 Pipe/Conduit

S14.004 22.979 0.094 244.5 0.014 0.00 0.0 0.600 o 550 Pipe/Conduit

S16.000 38.002 0.155 245.2 0.018 30.00 0.0 0.600 o 300 Pipe/Conduit

S17.000 48.271 0.052 924.0 0.011 30.00 0.0 1.500 o 750 Pipe/Conduit
S17.001 47.990 0.052 924.0 0.038 0.00 0.0 1.500 o 750 Pipe/Conduit
S17.002 50.234 0.054 924.0 0.038 0.00 0.0 1.500 o 750 Pipe/Conduit
S17.003 38.327 0.041 924.0 0.024 0.00 0.0 1.500 o 750 Pipe/Conduit
S17.004 17.212 0.042 411.0 0.023 0.00 0.0 0.600 o 409 Pipe/Conduit

Network Results Table

PN Rain

(mm/hr)

T.C.

(mins)

US/IL

(m)

Σ I.Area

(ha)

Σ Base

Flow (l/s)

Foul

(l/s)

Add Flow

(l/s)

Vel

(m/s)

Cap

(l/s)

Flow

(l/s)

S15.000 34.21 30.00 10.461 0.000 0.0 0.0 0.0 1.54 620.0 0.0
S15.001 34.21 30.00 9.973 0.140 0.0 0.0 0.0 1.13 268.1 12.9

S14.004 34.21 30.00 9.851 0.391 0.0 0.0 0.0 1.47 349.3 36.3

S16.000 34.21 30.00 10.540 0.018 0.0 0.0 0.0 1.00 70.7 1.7

S17.000 34.21 30.00 11.051 0.011 0.0 0.0 0.0 0.82 362.0 1.0
S17.001 34.21 30.00 10.999 0.049 0.0 0.0 0.0 0.82 362.0 4.6
S17.002 34.21 30.00 10.947 0.087 0.0 0.0 0.0 0.82 362.0 8.1
S17.003 34.21 30.00 10.893 0.111 0.0 0.0 0.0 0.82 362.0 10.3
S17.004 34.21 30.00 10.796 0.134 0.0 0.0 0.0 0.94 123.2 12.4
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Manhole Schedules for Storm
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MH

Name

MH

CL (m)

MH

Depth

(m)

MH

Connection

MH

Diam.,L*W

(mm)

PN

Pipe Out

Invert

Level (m)

Diameter

(mm)

PN

Pipes In

Invert

Level (m)

Diameter

(mm)

Backdrop

(mm)

SS2 11.053 0.500 Junction S13.000 10.553 500

S20 11.933 1.407 Junction S13.001 10.526 500 S13.000 10.526 500

S3 11.837 1.426 Junction S13.002 10.411 500 S13.001 10.411 500

S5 11.752 1.442 Junction 0 S13.003 10.310 500 S13.002 10.310 500

S5 12.200 2.077 Open Manhole 1300 x 760 S13.004 10.123 900 S13.003 10.123 500

S6 12.456 2.393 Open Manhole 1300 x 760 S13.005 10.063 900 S13.004 10.063 900

S6 12.456 2.427 Open Manhole 1300 x 760 S13.006 10.029 350 S13.005 10.029 900

SS3 11.495 1.488 Open Manhole 0 OUTFALL S13.006 10.007 350

SS4 11.500 1.325 Junction S14.000 10.175 800

S9 11.500 1.398 Junction S14.001 10.102 800 S14.000 10.102 800

S10 10.776 0.699 Junction 0 S14.002 10.077 800 S14.001 10.077 800

S11 10.810 0.910 Open Manhole 1300 x 850 S14.003 9.900 900 S14.002 9.900 800

SS6 10.811 0.350 Open Manhole 10 S15.000 10.461 800

S13 11.275 1.302 Open Manhole 1300 x 760 S15.001 9.973 550 S15.000 9.973 800

S12 11.275 1.424 Open Manhole 750 x 1300 S14.004 9.851 550 S14.003 9.871 900

S15.001 9.900 550

SS5 10.404 0.647 Open Manhole 0 OUTFALL S14.004 9.757 550

S15 10.890 0.350 Open Manhole 1300 x 760 S16.000 10.540 300

SS7 10.735 0.350 Open Manhole 0 OUTFALL S16.000 10.385 300

S14 11.970 0.919 Open Manhole 1200 x 760 S17.000 11.051 750

S15 11.853 0.854 Open Manhole 1200 x 760 S17.001 10.999 750 S17.000 10.999 750

S16 11.736 0.789 Open Manhole 1200 x 760 S17.002 10.947 750 S17.001 10.947 750

S17 11.653 0.760 Open Manhole 1200 x 760 S17.003 10.893 750 S17.002 10.893 750

S18 11.925 1.129 Open Manhole 1200 x 760 S17.004 10.796 409 S17.003 10.852 750 397

SS1 11.470 0.716 Open Manhole 0 OUTFALL S17.004 10.754 409

Free Flowing Outfall Details for Storm

Outfall

Pipe Number

Outfall

Name

C. Level

(m)

I. Level

(m)

Min

I. Level

(m)

D,L

(mm)

W

(mm)

S13.006 SS3 11.495 10.007 0.000 0 0

Free Flowing Outfall Details for Storm

Outfall

Pipe Number

Outfall

Name

C. Level

(m)

I. Level

(m)

Min

I. Level

(m)

D,L

(mm)

W

(mm)

S14.004 SS5 10.404 9.757 0.000 0 0
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Outfall

Pipe Number

Outfall

Name

C. Level

(m)

I. Level

(m)

Min

I. Level

(m)

D,L

(mm)

W

(mm)

S16.000 SS7 10.735 10.385 0.000 0 0

Free Flowing Outfall Details for Storm

Outfall

Pipe Number

Outfall

Name

C. Level

(m)

I. Level

(m)

Min

I. Level

(m)

D,L

(mm)

W

(mm)

S17.004 SS1 11.470 10.754 0.000 0 0

Simulation Criteria for Storm

Volumetric Runoff Coeff 0.750 Additional Flow - % of Total Flow 0.000
Areal Reduction Factor 1.000 MADD Factor * 10m³/ha Storage 2.000

Hot Start (mins) 0 Inlet Coeffiecient 0.800
Hot Start Level (mm) 0 Flow per Person per Day (l/per/day) 0.000

Manhole Headloss Coeff (Global) 0.500 Run Time (mins) 60
Foul Sewage per hectare (l/s) 0.000 Output Interval (mins) 1

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 4 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details

Rainfall Model FSR Profile Type Summer
Return Period (years) 5 Cv (Summer) 0.750

Region England and Wales Cv (Winter) 0.840
M5-60 (mm) 20.300 Storm Duration (mins) 30

Ratio R 0.441
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Hydro-Brake® Optimum Manhole: S6, DS/PN: S13.006, Volume (m³): 20.0

Unit Reference MD-SHE-0045-7000-0500-7000
Design Head (m) 0.500

Design Flow (l/s) 0.7
Flush-Flo™ Calculated
Objective Minimise upstream storage

Application Surface
Sump Available Yes
Diameter (mm) 45

Invert Level (m) 10.029
Minimum Outlet Pipe Diameter (mm) 75

Suggested Manhole Diameter (mm) 1200

Control Points Head (m) Flow (l/s) Control Points Head (m) Flow (l/s)

Design Point (Calculated) 0.500 0.7 Kick-Flo® 0.329 0.6
Flush-Flo™ 0.156 0.7 Mean Flow over Head Range - 0.6

The hydrological calculations have been based on the Head/Discharge relationship for the
Hydro-Brake® Optimum as specified.  Should another type of control device other than a Hydro-
Brake Optimum® be utilised then these storage routing calculations will be invalidated

Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s)

0.100 0.7 1.200 1.0 3.000 1.6 7.000 2.3
0.200 0.7 1.400 1.1 3.500 1.7 7.500 2.4
0.300 0.6 1.600 1.2 4.000 1.8 8.000 2.5
0.400 0.6 1.800 1.2 4.500 1.9 8.500 2.6
0.500 0.7 2.000 1.3 5.000 2.0 9.000 2.6
0.600 0.8 2.200 1.4 5.500 2.1 9.500 2.7
0.800 0.9 2.400 1.4 6.000 2.2
1.000 0.9 2.600 1.5 6.500 2.2

Orifice Manhole: S11, DS/PN: S14.003, Volume (m³): 185.1

Diameter (m) 0.042 Discharge Coefficient 0.600 Invert Level (m) 9.900

Hydro-Brake® Optimum Manhole: S12, DS/PN: S14.004, Volume (m³): 26.2

Unit Reference MD-SHE-0040-7000-0900-7000
Design Head (m) 0.900

Design Flow (l/s) 0.7
Flush-Flo™ Calculated
Objective Minimise upstream storage

Application Surface
Sump Available Yes
Diameter (mm) 40

Invert Level (m) 9.851
Minimum Outlet Pipe Diameter (mm) 75

Suggested Manhole Diameter (mm) 1200
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Control Points Head (m) Flow (l/s) Control Points Head (m) Flow (l/s)

Design Point (Calculated) 0.900 0.7 Kick-Flo® 0.352 0.5
Flush-Flo™ 0.174 0.6 Mean Flow over Head Range - 0.5

The hydrological calculations have been based on the Head/Discharge relationship for the
Hydro-Brake® Optimum as specified.  Should another type of control device other than a Hydro-
Brake Optimum® be utilised then these storage routing calculations will be invalidated

Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s)

0.100 0.5 1.200 0.8 3.000 1.2 7.000 1.8
0.200 0.6 1.400 0.9 3.500 1.3 7.500 1.8
0.300 0.5 1.600 0.9 4.000 1.4 8.000 1.9
0.400 0.5 1.800 1.0 4.500 1.4 8.500 1.9
0.500 0.5 2.000 1.0 5.000 1.5 9.000 2.0
0.600 0.6 2.200 1.0 5.500 1.6 9.500 2.0
0.800 0.7 2.400 1.1 6.000 1.6
1.000 0.7 2.600 1.1 6.500 1.7

Hydro-Brake® Optimum Manhole: S18, DS/PN: S17.004, Volume (m³): 17.4

Unit Reference MD-SHE-0048-8000-0500-8000
Design Head (m) 0.500

Design Flow (l/s) 0.8
Flush-Flo™ Calculated
Objective Minimise upstream storage

Application Surface
Sump Available Yes
Diameter (mm) 48

Invert Level (m) 10.796
Minimum Outlet Pipe Diameter (mm) 75

Suggested Manhole Diameter (mm) 1200

Control Points Head (m) Flow (l/s) Control Points Head (m) Flow (l/s)

Design Point (Calculated) 0.500 0.8 Kick-Flo® 0.329 0.7
Flush-Flo™ 0.153 0.8 Mean Flow over Head Range - 0.7

The hydrological calculations have been based on the Head/Discharge relationship for the
Hydro-Brake® Optimum as specified.  Should another type of control device other than a Hydro-
Brake Optimum® be utilised then these storage routing calculations will be invalidated

Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s)

0.100 0.8 1.200 1.2 3.000 1.8 7.000 2.7
0.200 0.8 1.400 1.3 3.500 1.9 7.500 2.8
0.300 0.7 1.600 1.3 4.000 2.0 8.000 2.9
0.400 0.7 1.800 1.4 4.500 2.2 8.500 2.9
0.500 0.8 2.000 1.5 5.000 2.3 9.000 3.0
0.600 0.9 2.200 1.6 5.500 2.4 9.500 3.1
0.800 1.0 2.400 1.6 6.000 2.5
1.000 1.1 2.600 1.7 6.500 2.6
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Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 0.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 4 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FSR Ratio R 0.436

Region England and Wales Cv (Summer) 0.750
M5-60 (mm) 20.100 Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status ON
Analysis Timestep Fine Inertia Status ON

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 10, 100
Climate Change (%) 40, 40, 40

PN

US/MH

Name Storm

Return

Period

Climate

Change

First (X)

Surcharge

First (Y)

Flood

First (Z)

Overflow

Overflow

Act.

Water

 Level

(m)

S13.000 SS2 60 Winter 1 +40% 10.615
S13.001 S20 480 Winter 1 +40% 10.605
S13.002 S3 480 Winter 1 +40% 10.605
S13.003 S5 480 Winter 1 +40% 10.605
S13.004 S5 480 Winter 1 +40% 10.605
S13.005 S6 480 Winter 1 +40% 100/960 Winter 10.605
S13.006 S6 480 Winter 1 +40% 1/15 Summer 10.607
S14.000 SS4 1440 Winter 1 +40% 10.298
S14.001 S9 1440 Winter 1 +40% 10.298
S14.002 S10 1440 Winter 1 +40% 10.298
S14.003 S11 1440 Winter 1 +40% 10.298
S15.000 SS6 360 Winter 1 +40% 10.461
S15.001 S13 480 Winter 1 +40% 10/480 Winter 10.358
S14.004 S12 480 Winter 1 +40% 10/180 Winter 10.359
S16.000 S15 30 Winter 1 +40% 10.567
S17.000 S14 240 Winter 1 +40% 11.210
S17.001 S15 240 Winter 1 +40% 11.210
S17.002 S16 240 Winter 1 +40% 11.210
S17.003 S17 240 Winter 1 +40% 100/360 Winter 11.210
S17.004 S18 180 Winter 1 +40% 1/120 Winter 11.210
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PN

US/MH

Name

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

Pipe

Flow

(l/s) Status

Level

Exceeded

S13.000 SS2 -0.438 0.000 0.02 4.7 OK
S13.001 S20 -1.328 0.000 0.00 1.6 OK
S13.002 S3 -1.232 0.000 0.00 2.5 OK
S13.003 S5 -1.147 0.000 0.00 5.2 OK
S13.004 S5 -0.418 0.000 0.00 2.1 OK
S13.005 S6 -0.358 0.000 0.00 1.3 OK
S13.006 S6 0.228 0.000 0.03 0.7 SURCHARGED
S14.000 SS4 -1.202 0.000 0.00 0.6 OK
S14.001 S9 -1.202 0.000 0.00 0.7 OK
S14.002 S10 -0.478 0.000 0.00 1.9 OK
S14.003 S11 -0.502 0.000 0.00 0.4 OK
S15.000 SS6 -0.350 0.000 0.00 0.0 OK
S15.001 S13 -0.165 0.000 0.00 1.0 OK
S14.004 S12 -0.042 0.000 0.00 0.6 OK
S16.000 S15 -0.273 0.000 0.02 1.2 OK
S17.000 S14 -0.591 0.000 0.00 0.4 OK
S17.001 S15 -0.539 0.000 0.00 1.3 OK
S17.002 S16 -0.487 0.000 0.01 1.7 OK
S17.003 S17 -0.433 0.000 0.00 1.3 OK
S17.004 S18 0.005 0.000 0.01 0.8 SURCHARGED
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Bluebird Place

Mole Business Park

Leatherhead  KT22 7BA

Date 23/10/2017 11:39 Designed by harr5136

File RAIL AREA 2 TILBURY RE... Checked by

Micro Drainage Network 2016.1.1

10 year Return Period Summary of Critical Results by Maximum Level (Rank
1) for Storm

©1982-2016 XP Solutions

Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 0.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 4 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FSR Ratio R 0.436

Region England and Wales Cv (Summer) 0.750
M5-60 (mm) 20.100 Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status ON
Analysis Timestep Fine Inertia Status ON

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 10, 100
Climate Change (%) 40, 40, 40

PN

US/MH

Name Storm

Return

Period

Climate

Change

First (X)

Surcharge

First (Y)

Flood

First (Z)

Overflow

Overflow

Act.

Water

 Level

(m)

S13.000 SS2 720 Winter 10 +40% 10.767
S13.001 S20 720 Winter 10 +40% 10.767
S13.002 S3 720 Winter 10 +40% 10.767
S13.003 S5 720 Winter 10 +40% 10.767
S13.004 S5 720 Winter 10 +40% 10.767
S13.005 S6 720 Winter 10 +40% 100/960 Winter 10.767
S13.006 S6 720 Winter 10 +40% 1/15 Summer 10.767
S14.000 SS4 2160 Winter 10 +40% 10.446
S14.001 S9 2160 Winter 10 +40% 10.446
S14.002 S10 2160 Winter 10 +40% 10.446
S14.003 S11 2160 Winter 10 +40% 10.447
S15.000 SS6 600 Winter 10 +40% 10.536
S15.001 S13 600 Winter 10 +40% 10/480 Winter 10.537
S14.004 S12 600 Winter 10 +40% 10/180 Winter 10.542
S16.000 S15 30 Winter 10 +40% 10.577
S17.000 S14 240 Winter 10 +40% 11.372
S17.001 S15 240 Winter 10 +40% 11.372
S17.002 S16 240 Winter 10 +40% 11.372
S17.003 S17 240 Winter 10 +40% 100/360 Winter 11.372
S17.004 S18 240 Winter 10 +40% 1/120 Winter 11.372
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Bluebird Place

Mole Business Park

Leatherhead  KT22 7BA

Date 23/10/2017 11:39 Designed by harr5136

File RAIL AREA 2 TILBURY RE... Checked by

Micro Drainage Network 2016.1.1

10 year Return Period Summary of Critical Results by Maximum Level (Rank
1) for Storm

©1982-2016 XP Solutions

PN

US/MH

Name

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

Pipe

Flow

(l/s) Status

Level

Exceeded

S13.000 SS2 -0.286 0.000 0.01 2.0 FLOOD RISK*
S13.001 S20 -1.166 0.000 0.00 1.9 OK
S13.002 S3 -1.070 0.000 0.00 2.4 OK
S13.003 S5 -0.985 0.000 0.00 5.4 OK
S13.004 S5 -0.256 0.000 0.00 1.7 OK
S13.005 S6 -0.197 0.000 0.00 0.9 OK
S13.006 S6 0.388 0.000 0.03 0.8 SURCHARGED
S14.000 SS4 -1.054 0.000 0.00 0.7 OK
S14.001 S9 -1.054 0.000 0.00 0.6 OK
S14.002 S10 -0.330 0.000 0.00 2.0 OK
S14.003 S11 -0.353 0.000 0.00 0.4 OK
S15.000 SS6 -0.275 0.000 0.00 0.0 FLOOD RISK
S15.001 S13 0.014 0.000 0.01 1.1 SURCHARGED
S14.004 S12 0.141 0.000 0.00 0.6 SURCHARGED
S16.000 S15 -0.263 0.000 0.04 2.4 OK
S17.000 S14 -0.429 0.000 0.00 0.7 OK
S17.001 S15 -0.377 0.000 0.00 1.5 OK
S17.002 S16 -0.325 0.000 0.01 1.9 OK
S17.003 S17 -0.271 0.000 0.00 1.2 FLOOD RISK
S17.004 S18 0.167 0.000 0.01 0.9 SURCHARGED
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Bluebird Place

Mole Business Park

Leatherhead  KT22 7BA

Date 23/10/2017 11:39 Designed by harr5136

File RAIL AREA 2 TILBURY RE... Checked by

Micro Drainage Network 2016.1.1

100 year Return Period Summary of Critical Results by Maximum Level
(Rank 1) for Storm

©1982-2016 XP Solutions

Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 0.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 4 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FSR Ratio R 0.436

Region England and Wales Cv (Summer) 0.750
M5-60 (mm) 20.100 Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status ON
Analysis Timestep Fine Inertia Status ON

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 10, 100
Climate Change (%) 40, 40, 40

PN

US/MH

Name Storm

Return

Period

Climate

Change

First (X)

Surcharge

First (Y)

Flood

First (Z)

Overflow

Overflow

Act.

Water

 Level

(m)

S13.000 SS2 1440 Winter 100 +40% 10.967
S13.001 S20 1440 Winter 100 +40% 10.967
S13.002 S3 1440 Winter 100 +40% 10.967
S13.003 S5 1440 Winter 100 +40% 10.967
S13.004 S5 1440 Winter 100 +40% 10.967
S13.005 S6 1440 Winter 100 +40% 100/960 Winter 10.968
S13.006 S6 1440 Winter 100 +40% 1/15 Summer 10.968
S14.000 SS4 2880 Winter 100 +40% 10.648
S14.001 S9 2880 Winter 100 +40% 10.648
S14.002 S10 2880 Winter 100 +40% 10.648
S14.003 S11 2880 Winter 100 +40% 10.648
S15.000 SS6 1440 Winter 100 +40% 10.778
S15.001 S13 1440 Winter 100 +40% 10/480 Winter 10.778
S14.004 S12 1440 Winter 100 +40% 10/180 Winter 10.791
S16.000 S15 30 Winter 100 +40% 10.588
S17.000 S14 360 Winter 100 +40% 11.653
S17.001 S15 360 Winter 100 +40% 11.653
S17.002 S16 360 Winter 100 +40% 11.653
S17.003 S17 360 Winter 100 +40% 100/360 Winter 11.653
S17.004 S18 360 Winter 100 +40% 1/120 Winter 11.653
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Bluebird Place

Mole Business Park

Leatherhead  KT22 7BA

Date 23/10/2017 11:39 Designed by harr5136

File RAIL AREA 2 TILBURY RE... Checked by

Micro Drainage Network 2016.1.1

100 year Return Period Summary of Critical Results by Maximum Level
(Rank 1) for Storm

©1982-2016 XP Solutions

PN

US/MH

Name

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

Pipe

Flow

(l/s) Status

Level

Exceeded

S13.000 SS2 -0.086 0.000 0.01 1.8 FLOOD RISK*
S13.001 S20 -0.966 0.000 0.00 1.6 OK
S13.002 S3 -0.870 0.000 0.00 1.6 OK
S13.003 S5 -0.785 0.000 0.00 4.1 OK
S13.004 S5 -0.056 0.000 0.00 1.1 OK
S13.005 S6 0.005 0.000 0.00 1.0 SURCHARGED
S13.006 S6 0.589 0.000 0.03 0.9 SURCHARGED
S14.000 SS4 -0.852 0.000 0.00 0.9 OK
S14.001 S9 -0.852 0.000 0.00 0.6 OK
S14.002 S10 -0.128 0.000 0.00 2.3 FLOOD RISK*
S14.003 S11 -0.152 0.000 0.00 0.5 FLOOD RISK
S15.000 SS6 -0.033 0.000 0.00 0.0 FLOOD RISK
S15.001 S13 0.255 0.000 0.00 0.9 SURCHARGED
S14.004 S12 0.390 0.000 0.00 0.7 SURCHARGED
S16.000 S15 -0.252 0.000 0.06 4.0 OK
S17.000 S14 -0.148 0.000 0.00 0.8 OK
S17.001 S15 -0.096 0.000 0.00 1.4 FLOOD RISK
S17.002 S16 -0.044 0.000 0.01 1.9 FLOOD RISK
S17.003 S17 0.010 0.000 0.00 1.0 FLOOD RISK
S17.004 S18 0.448 0.000 0.01 1.0 FLOOD RISK



General Storage 1

General Storage Area 1

Total Catchment Area 0.3 ha

Area of Permeable Paving 0.3 ha

Cover Level 2.5 m

Invert Level 2 m

Depth of structure 0.4 m

Porosity 0.3

Q1 0.65 l/s

Criteria 30 Year 100 year

Half drain time (mins)

Ideally < 1440 mins 2695 3914

Max depth (m)

< depth of structure 0.247 0.359

Max flooded vol. (m3) 0 0

General Storage 1
Porous Paving
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Bluebird Place TILBURY2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA GENRAL STORAGE AREA 1

Date 05/10/2017 Designed by AH

File POROUS CAR PARK 1 - 40... Checked by DH

Micro Drainage Source Control 2016.1.1

Summary of Results for 30 year Return Period (+40%)

©1982-2016 XP Solutions

Half Drain Time : 2695 minutes.

Storm

Event

Max

Level

(m)

Max

Depth

(m)

Max

Infiltration

(l/s)

Max

Control

(l/s)

Max

Σ Outflow

(l/s)

Max

Volume

(m³)

Status

15 min Summer 2.089 0.089 0.0 0.7 0.7 80.5 O K
30 min Summer 2.102 0.102 0.0 0.7 0.7 92.5 O K
60 min Summer 2.116 0.116 0.0 0.7 0.7 105.7 O K

120 min Summer 2.132 0.132 0.0 0.7 0.7 119.8 O K
180 min Summer 2.141 0.141 0.0 0.7 0.7 128.2 O K
240 min Summer 2.148 0.148 0.0 0.7 0.7 134.0 O K
360 min Summer 2.156 0.156 0.0 0.7 0.7 141.8 O K
480 min Summer 2.162 0.162 0.0 0.7 0.7 146.8 O K
600 min Summer 2.165 0.165 0.0 0.7 0.7 150.1 O K
720 min Summer 2.168 0.168 0.0 0.7 0.7 152.3 O K
960 min Summer 2.180 0.180 0.0 0.7 0.7 163.1 O K

1440 min Summer 2.195 0.195 0.0 0.7 0.7 176.6 O K
2160 min Summer 2.206 0.206 0.0 0.7 0.7 187.1 Flood Risk
2880 min Summer 2.213 0.213 0.0 0.7 0.7 193.6 Flood Risk
4320 min Summer 2.200 0.200 0.0 0.7 0.7 181.8 Flood Risk
5760 min Summer 2.188 0.188 0.0 0.7 0.7 170.2 O K
7200 min Summer 2.175 0.175 0.0 0.7 0.7 158.9 O K
8640 min Summer 2.163 0.163 0.0 0.7 0.7 148.2 O K

10080 min Summer 2.152 0.152 0.0 0.7 0.7 137.9 O K
15 min Winter 2.101 0.101 0.0 0.7 0.7 92.1 O K
30 min Winter 2.116 0.116 0.0 0.7 0.7 105.5 O K

Storm

Event

Rain

(mm/hr)

Flooded

Volume

(m³)

Discharge

Volume

(m³)

Time-Peak

(mins)

15 min Summer 171.277 0.0 46.9 27
30 min Summer 96.683 0.0 51.6 42
60 min Summer 54.576 0.0 85.3 72

120 min Summer 30.808 0.0 95.5 130
180 min Summer 22.049 0.0 100.8 190
240 min Summer 17.390 0.0 103.8 250
360 min Summer 12.446 0.0 106.7 368
480 min Summer 9.817 0.0 107.4 488
600 min Summer 8.166 0.0 106.9 606
720 min Summer 7.026 0.0 105.7 726
960 min Summer 5.784 0.0 103.3 964

1440 min Summer 4.397 0.0 96.6 1442
2160 min Summer 3.343 0.0 198.9 1892
2880 min Summer 2.752 0.0 194.1 2288
4320 min Summer 1.948 0.0 172.7 3032
5760 min Summer 1.525 0.0 268.4 3856
7200 min Summer 1.261 0.0 268.6 4616
8640 min Summer 1.079 0.0 266.4 5448

10080 min Summer 0.947 0.0 261.5 6248
15 min Winter 171.277 0.0 51.6 27
30 min Winter 96.683 0.0 55.2 41
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Bluebird Place TILBURY2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA GENRAL STORAGE AREA 1

Date 05/10/2017 Designed by AH

File POROUS CAR PARK 1 - 40... Checked by DH

Micro Drainage Source Control 2016.1.1

Summary of Results for 30 year Return Period (+40%)

©1982-2016 XP Solutions

Storm

Event

Max

Level

(m)

Max

Depth

(m)

Max

Infiltration

(l/s)

Max

Control

(l/s)

Max

Σ Outflow

(l/s)

Max

Volume

(m³)

Status

60 min Winter 2.133 0.133 0.0 0.7 0.7 120.4 O K
120 min Winter 2.150 0.150 0.0 0.7 0.7 136.3 O K
180 min Winter 2.161 0.161 0.0 0.7 0.7 145.9 O K
240 min Winter 2.168 0.168 0.0 0.7 0.7 152.6 O K
360 min Winter 2.178 0.178 0.0 0.7 0.7 161.7 O K
480 min Winter 2.185 0.185 0.0 0.7 0.7 167.6 O K
600 min Winter 2.189 0.189 0.0 0.7 0.7 171.6 O K
720 min Winter 2.192 0.192 0.0 0.7 0.7 174.5 O K
960 min Winter 2.206 0.206 0.0 0.7 0.7 187.3 Flood Risk

1440 min Winter 2.225 0.225 0.0 0.7 0.7 204.1 Flood Risk
2160 min Winter 2.240 0.240 0.0 0.7 0.7 217.7 Flood Risk
2880 min Winter 2.247 0.247 0.0 0.7 0.7 224.0 Flood Risk
4320 min Winter 2.228 0.228 0.0 0.7 0.7 207.2 Flood Risk
5760 min Winter 2.210 0.210 0.0 0.7 0.7 190.7 Flood Risk
7200 min Winter 2.192 0.192 0.0 0.7 0.7 174.1 O K
8640 min Winter 2.174 0.174 0.0 0.7 0.7 158.2 O K

10080 min Winter 2.158 0.158 0.0 0.7 0.7 143.1 O K

Storm

Event

Rain

(mm/hr)

Flooded

Volume

(m³)

Discharge

Volume

(m³)

Time-Peak

(mins)

60 min Winter 54.576 0.0 95.5 70
120 min Winter 30.808 0.0 104.8 128
180 min Winter 22.049 0.0 108.9 186
240 min Winter 17.390 0.0 110.8 246
360 min Winter 12.446 0.0 111.7 362
480 min Winter 9.817 0.0 110.8 480
600 min Winter 8.166 0.0 109.6 596
720 min Winter 7.026 0.0 108.1 712
960 min Winter 5.784 0.0 105.2 942

1440 min Winter 4.397 0.0 98.4 1400
2160 min Winter 3.343 0.0 207.1 2060
2880 min Winter 2.752 0.0 198.8 2684
4320 min Winter 1.948 0.0 179.3 3292
5760 min Winter 1.525 0.0 306.4 4208
7200 min Winter 1.261 0.0 307.4 5048
8640 min Winter 1.079 0.0 305.5 5888

10080 min Winter 0.947 0.0 300.2 6664
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Bluebird Place TILBURY2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA GENRAL STORAGE AREA 1

Date 05/10/2017 Designed by AH

File POROUS CAR PARK 1 - 40... Checked by DH

Micro Drainage Source Control 2016.1.1

Rainfall Details

©1982-2016 XP Solutions

Rainfall Model FEH
Return Period (years) 30
FEH Rainfall Version 1999

Site Location GB 565800 175400 TQ 65800 75400
C (1km) -0.026

D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Summer Storms Yes
Winter Storms Yes

Cv (Summer) 0.750
Cv (Winter) 0.840

Shortest Storm (mins) 15
Longest Storm (mins) 10080

Climate Change % +40

Time Area Diagram

Total Area (ha) 0.300

Time

From:

(mins)

To:

Area

(ha)

Time

From:

(mins)

To:

Area

(ha)

Time

From:

(mins)

To:

Area

(ha)

0 4 0.100 4 8 0.100 8 12 0.100
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Bluebird Place TILBURY2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA GENRAL STORAGE AREA 1

Date 05/10/2017 Designed by AH

File POROUS CAR PARK 1 - 40... Checked by DH

Micro Drainage Source Control 2016.1.1

Model Details

©1982-2016 XP Solutions

Storage is Online Cover Level (m) 2.500

Porous Car Park Structure

Infiltration Coefficient Base (m/hr) 0.00000 Width (m) 55.0
Membrane Percolation (mm/hr) 1000 Length (m) 55.0

Max Percolation (l/s) 840.3 Slope (1:X) 0.0
Safety Factor 2.0 Depression Storage (mm) 5

Porosity 0.30 Evaporation (mm/day) 3
Invert Level (m) 2.000 Cap Volume Depth (m) 0.400

Hydro-Brake® Optimum Outflow Control

Unit Reference MD-SHE-0045-7000-0500-7000
Design Head (m) 0.500

Design Flow (l/s) 0.7
Flush-Flo™ Calculated
Objective Minimise upstream storage

Application Surface
Sump Available Yes
Diameter (mm) 45

Invert Level (m) 2.000
Minimum Outlet Pipe Diameter (mm) 75

Suggested Manhole Diameter (mm) 1200

Control Points Head (m) Flow (l/s) Control Points Head (m) Flow (l/s)

Design Point (Calculated) 0.500 0.7 Kick-Flo® 0.329 0.6
Flush-Flo™ 0.156 0.7 Mean Flow over Head Range - 0.6

The hydrological calculations have been based on the Head/Discharge relationship for the
Hydro-Brake® Optimum as specified.  Should another type of control device other than a Hydro-
Brake Optimum® be utilised then these storage routing calculations will be invalidated

Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s)

0.100 0.7 1.200 1.0 3.000 1.6 7.000 2.3
0.200 0.7 1.400 1.1 3.500 1.7 7.500 2.4
0.300 0.6 1.600 1.2 4.000 1.8 8.000 2.5
0.400 0.6 1.800 1.2 4.500 1.9 8.500 2.6
0.500 0.7 2.000 1.3 5.000 2.0 9.000 2.6
0.600 0.8 2.200 1.4 5.500 2.1 9.500 2.7
0.800 0.9 2.400 1.4 6.000 2.2
1.000 0.9 2.600 1.5 6.500 2.2
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Bluebird Place TILBURY2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA GENRAL STORAGE AREA 1

Date 05/10/2017 Designed by AH

File POROUS CAR PARK 1 - 40... Checked by DH

Micro Drainage Source Control 2016.1.1

Summary of Results for 100 year Return Period (+40%)

©1982-2016 XP Solutions

Half Drain Time : 3914 minutes.

Storm

Event

Max

Level

(m)

Max

Depth

(m)

Max

Infiltration

(l/s)

Max

Control

(l/s)

Max

Σ Outflow

(l/s)

Max

Volume

(m³)

Status

15 min Summer 2.147 0.147 0.0 0.7 0.7 133.1 O K
30 min Summer 2.163 0.163 0.0 0.7 0.7 148.3 O K
60 min Summer 2.181 0.181 0.0 0.7 0.7 164.6 O K

120 min Summer 2.200 0.200 0.0 0.7 0.7 181.7 Flood Risk
180 min Summer 2.211 0.211 0.0 0.7 0.7 191.8 Flood Risk
240 min Summer 2.219 0.219 0.0 0.7 0.7 198.8 Flood Risk
360 min Summer 2.229 0.229 0.0 0.7 0.7 208.2 Flood Risk
480 min Summer 2.236 0.236 0.0 0.7 0.7 214.2 Flood Risk
600 min Summer 2.241 0.241 0.0 0.7 0.7 218.3 Flood Risk
720 min Summer 2.244 0.244 0.0 0.7 0.7 221.1 Flood Risk
960 min Summer 2.260 0.260 0.0 0.7 0.7 235.8 Flood Risk

1440 min Summer 2.281 0.281 0.0 0.7 0.7 255.3 Flood Risk
2160 min Summer 2.299 0.299 0.0 0.7 0.7 271.4 Flood Risk
2880 min Summer 2.308 0.308 0.0 0.7 0.7 279.2 Flood Risk
4320 min Summer 2.284 0.284 0.0 0.7 0.7 258.1 Flood Risk
5760 min Summer 2.265 0.265 0.0 0.7 0.7 240.9 Flood Risk
7200 min Summer 2.248 0.248 0.0 0.7 0.7 225.3 Flood Risk
8640 min Summer 2.232 0.232 0.0 0.7 0.7 210.8 Flood Risk

10080 min Summer 2.217 0.217 0.0 0.7 0.7 197.2 Flood Risk
15 min Winter 2.166 0.166 0.0 0.7 0.7 151.0 O K
30 min Winter 2.185 0.185 0.0 0.7 0.7 168.0 O K

Storm

Event

Rain

(mm/hr)

Flooded

Volume

(m³)

Discharge

Volume

(m³)

Time-Peak

(mins)

15 min Summer 265.025 0.0 58.6 27
30 min Summer 146.361 0.0 59.1 42
60 min Summer 80.828 0.0 115.0 72

120 min Summer 44.637 0.0 116.5 132
180 min Summer 31.540 0.0 116.3 190
240 min Summer 24.651 0.0 115.6 250
360 min Summer 17.418 0.0 113.9 370
480 min Summer 13.614 0.0 112.0 488
600 min Summer 11.245 0.0 110.1 608
720 min Summer 9.619 0.0 108.2 728
960 min Summer 7.847 0.0 104.1 966

1440 min Summer 5.890 0.0 96.4 1444
2160 min Summer 4.421 0.0 204.7 2160
2880 min Summer 3.607 0.0 192.9 2860
4320 min Summer 2.521 0.0 175.0 3384
5760 min Summer 1.955 0.0 351.9 4096
7200 min Summer 1.605 0.0 348.1 4896
8640 min Summer 1.366 0.0 338.9 5632

10080 min Summer 1.192 0.0 323.5 6456
15 min Winter 265.025 0.0 59.4 27
30 min Winter 146.361 0.0 59.5 41
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Bluebird Place TILBURY2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA GENRAL STORAGE AREA 1

Date 05/10/2017 Designed by AH

File POROUS CAR PARK 1 - 40... Checked by DH

Micro Drainage Source Control 2016.1.1

Summary of Results for 100 year Return Period (+40%)

©1982-2016 XP Solutions

Storm

Event

Max

Level

(m)

Max

Depth

(m)

Max

Infiltration

(l/s)

Max

Control

(l/s)

Max

Σ Outflow

(l/s)

Max

Volume

(m³)

Status

60 min Winter 2.205 0.205 0.0 0.7 0.7 186.3 Flood Risk
120 min Winter 2.227 0.227 0.0 0.7 0.7 205.7 Flood Risk
180 min Winter 2.239 0.239 0.0 0.7 0.7 217.2 Flood Risk
240 min Winter 2.248 0.248 0.0 0.7 0.7 225.3 Flood Risk
360 min Winter 2.260 0.260 0.0 0.7 0.7 236.2 Flood Risk
480 min Winter 2.268 0.268 0.0 0.7 0.7 243.3 Flood Risk
600 min Winter 2.274 0.274 0.0 0.7 0.7 248.2 Flood Risk
720 min Winter 2.277 0.277 0.0 0.7 0.7 251.7 Flood Risk
960 min Winter 2.297 0.297 0.0 0.7 0.7 269.2 Flood Risk

1440 min Winter 2.323 0.323 0.0 0.7 0.7 293.3 Flood Risk
2160 min Winter 2.347 0.347 0.0 0.7 0.7 314.7 Flood Risk
2880 min Winter 2.359 0.359 0.0 0.7 0.7 325.9 Flood Risk
4320 min Winter 2.333 0.333 0.0 0.7 0.7 302.1 Flood Risk
5760 min Winter 2.305 0.305 0.0 0.7 0.7 276.9 Flood Risk
7200 min Winter 2.281 0.281 0.0 0.7 0.7 255.2 Flood Risk
8640 min Winter 2.258 0.258 0.0 0.7 0.7 234.4 Flood Risk

10080 min Winter 2.237 0.237 0.0 0.7 0.7 214.7 Flood Risk

Storm

Event

Rain

(mm/hr)

Flooded

Volume

(m³)

Discharge

Volume

(m³)

Time-Peak

(mins)

60 min Winter 80.828 0.0 117.7 70
120 min Winter 44.637 0.0 117.6 130
180 min Winter 31.540 0.0 116.8 188
240 min Winter 24.651 0.0 115.7 246
360 min Winter 17.418 0.0 113.6 364
480 min Winter 13.614 0.0 111.6 482
600 min Winter 11.245 0.0 109.6 598
720 min Winter 9.619 0.0 107.7 716
960 min Winter 7.847 0.0 103.3 950

1440 min Winter 5.890 0.0 94.4 1416
2160 min Winter 4.421 0.0 199.2 2104
2880 min Winter 3.607 0.0 188.4 2776
4320 min Winter 2.521 0.0 172.2 4060
5760 min Winter 1.955 0.0 386.5 4488
7200 min Winter 1.605 0.0 378.0 5336
8640 min Winter 1.366 0.0 363.4 6216

10080 min Winter 1.192 0.0 344.8 7056



Atkins Page 3

Bluebird Place TILBURY2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA GENRAL STORAGE AREA 1

Date 05/10/2017 Designed by AH

File POROUS CAR PARK 1 - 40... Checked by DH

Micro Drainage Source Control 2016.1.1

Rainfall Details

©1982-2016 XP Solutions

Rainfall Model FEH
Return Period (years) 100
FEH Rainfall Version 1999

Site Location GB 565800 175400 TQ 65800 75400
C (1km) -0.026

D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Summer Storms Yes
Winter Storms Yes

Cv (Summer) 0.750
Cv (Winter) 0.840

Shortest Storm (mins) 15
Longest Storm (mins) 10080

Climate Change % +40

Time Area Diagram

Total Area (ha) 0.300

Time

From:

(mins)

To:

Area

(ha)

Time

From:

(mins)

To:

Area

(ha)

Time

From:

(mins)

To:

Area

(ha)

0 4 0.100 4 8 0.100 8 12 0.100



Atkins Page 4

Bluebird Place TILBURY2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA GENRAL STORAGE AREA 1

Date 05/10/2017 Designed by AH

File POROUS CAR PARK 1 - 40... Checked by DH

Micro Drainage Source Control 2016.1.1

Model Details

©1982-2016 XP Solutions

Storage is Online Cover Level (m) 2.500

Porous Car Park Structure

Infiltration Coefficient Base (m/hr) 0.00000 Width (m) 55.0
Membrane Percolation (mm/hr) 1000 Length (m) 55.0

Max Percolation (l/s) 840.3 Slope (1:X) 0.0
Safety Factor 2.0 Depression Storage (mm) 5

Porosity 0.30 Evaporation (mm/day) 3
Invert Level (m) 2.000 Cap Volume Depth (m) 0.400

Hydro-Brake® Optimum Outflow Control

Unit Reference MD-SHE-0045-7000-0500-7000
Design Head (m) 0.500

Design Flow (l/s) 0.7
Flush-Flo™ Calculated
Objective Minimise upstream storage

Application Surface
Sump Available Yes
Diameter (mm) 45

Invert Level (m) 2.000
Minimum Outlet Pipe Diameter (mm) 75

Suggested Manhole Diameter (mm) 1200

Control Points Head (m) Flow (l/s) Control Points Head (m) Flow (l/s)

Design Point (Calculated) 0.500 0.7 Kick-Flo® 0.329 0.6
Flush-Flo™ 0.156 0.7 Mean Flow over Head Range - 0.6

The hydrological calculations have been based on the Head/Discharge relationship for the
Hydro-Brake® Optimum as specified.  Should another type of control device other than a Hydro-
Brake Optimum® be utilised then these storage routing calculations will be invalidated

Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s)

0.100 0.7 1.200 1.0 3.000 1.6 7.000 2.3
0.200 0.7 1.400 1.1 3.500 1.7 7.500 2.4
0.300 0.6 1.600 1.2 4.000 1.8 8.000 2.5
0.400 0.6 1.800 1.2 4.500 1.9 8.500 2.6
0.500 0.7 2.000 1.3 5.000 2.0 9.000 2.6
0.600 0.8 2.200 1.4 5.500 2.1 9.500 2.7
0.800 0.9 2.400 1.4 6.000 2.2
1.000 0.9 2.600 1.5 6.500 2.2



General Storage 2

General Storage Area 2

Total Catchment Area 2.16 ha

Area of Permeable Paving 1.83 ha

Cover Level 2.5 m

Invert Level 1.9 m

Depth of structure 0.5 m

Porosity 0.3

Q1 4.65 l/s

Criteria 30 Year 100 year

Half drain time (mins)

Ideally < 1440 mins 4543 4511

Max depth (m)

< depthof structure 0.33 0.461

Max flooded vol. (m3) 0 0

General Storage 2
Porous Paving



Atkins Page 1

Woodcote Grove TILBURY2

Ashley Road SW DRAINAGE

Epsom Surrey  KT18 5BW GENERAL STORAGE AREA 2

Date 05/10/2017 Designed by AH

File POROUS CAR PARK 2 - 30Y... Checked by DH

XP Solutions Source Control 2015.1

Summary of Results for 30 year Return Period (+40%)

©1982-2015 XP Solutions

Half Drain Time : 4543 minutes.

Storm

Event

Max

Level

(m)

Max

Depth

(m)

Max

Infiltration

(l/s)

Max

Control

(l/s)

Max

Σ Outflow

(l/s)

Max

Volume

(m³)

Status

15 min Summer 2.010 0.110 0.0 0.1 0.1 601.6 O K
30 min Summer 2.026 0.126 0.0 0.4 0.4 690.3 O K
60 min Summer 2.044 0.144 0.0 1.0 1.0 789.3 O K
120 min Summer 2.064 0.164 0.0 2.0 2.0 897.7 O K
180 min Summer 2.076 0.176 0.0 2.6 2.6 964.3 O K
240 min Summer 2.085 0.185 0.0 3.1 3.1 1012.0 O K
360 min Summer 2.097 0.197 0.0 3.6 3.6 1077.7 O K
480 min Summer 2.105 0.205 0.0 4.0 4.0 1121.7 O K
600 min Summer 2.111 0.211 0.0 4.2 4.2 1153.0 O K
720 min Summer 2.115 0.215 0.0 4.4 4.4 1176.0 O K
960 min Summer 2.130 0.230 0.0 4.6 4.6 1259.8 O K
1440 min Summer 2.152 0.252 0.0 4.7 4.7 1377.9 O K
2160 min Summer 2.171 0.271 0.0 4.7 4.7 1484.4 O K
2880 min Summer 2.185 0.285 0.0 4.7 4.7 1560.2 O K
4320 min Summer 2.180 0.280 0.0 4.7 4.7 1528.6 O K
5760 min Summer 2.173 0.273 0.0 4.7 4.7 1494.3 O K
7200 min Summer 2.166 0.266 0.0 4.7 4.7 1456.4 O K
8640 min Summer 2.159 0.259 0.0 4.7 4.7 1416.8 O K
10080 min Summer 2.152 0.252 0.0 4.7 4.7 1377.2 O K

15 min Winter 2.025 0.125 0.0 0.4 0.4 684.7 O K

Storm

Event

Rain

(mm/hr)

Flooded

Volume

(m³)

Discharge

Volume

(m³)

Time-Peak

(mins)

15 min Summer 171.277 0.0 4.6 27
30 min Summer 96.683 0.0 27.1 42
60 min Summer 54.576 0.0 105.5 72
120 min Summer 30.808 0.0 181.8 132
180 min Summer 22.049 0.0 232.7 190
240 min Summer 17.390 0.0 270.7 250
360 min Summer 12.446 0.0 325.7 370
480 min Summer 9.817 0.0 364.3 488
600 min Summer 8.166 0.0 392.9 608
720 min Summer 7.026 0.0 414.6 726
960 min Summer 5.784 0.0 485.9 964
1440 min Summer 4.397 0.0 546.0 1442
2160 min Summer 3.343 0.0 970.5 2016
2880 min Summer 2.752 0.0 1051.7 2376
4320 min Summer 1.948 0.0 980.2 3112
5760 min Summer 1.525 0.0 1375.4 3912
7200 min Summer 1.261 0.0 1379.5 4688
8640 min Summer 1.079 0.0 1363.3 5528
10080 min Summer 0.947 0.0 1324.7 6264

15 min Winter 171.277 0.0 25.4 27



Atkins Page 2

Woodcote Grove TILBURY2

Ashley Road SW DRAINAGE

Epsom Surrey  KT18 5BW GENERAL STORAGE AREA 2

Date 05/10/2017 Designed by AH

File POROUS CAR PARK 2 - 30Y... Checked by DH

XP Solutions Source Control 2015.1

Summary of Results for 30 year Return Period (+40%)

©1982-2015 XP Solutions

Storm

Event

Max

Level

(m)

Max

Depth

(m)

Max

Infiltration

(l/s)

Max

Control

(l/s)

Max

Σ Outflow

(l/s)

Max

Volume

(m³)

Status

30 min Winter 2.043 0.143 0.0 1.0 1.0 783.8 O K
60 min Winter 2.064 0.164 0.0 2.0 2.0 894.1 O K
120 min Winter 2.086 0.186 0.0 3.1 3.1 1014.8 O K
180 min Winter 2.099 0.199 0.0 3.7 3.7 1088.7 O K
240 min Winter 2.109 0.209 0.0 4.1 4.1 1141.7 O K
360 min Winter 2.122 0.222 0.0 4.6 4.6 1215.2 O K
480 min Winter 2.131 0.231 0.0 4.6 4.6 1265.2 O K
600 min Winter 2.138 0.238 0.0 4.7 4.7 1302.0 O K
720 min Winter 2.143 0.243 0.0 4.7 4.7 1330.1 O K
960 min Winter 2.162 0.262 0.0 4.7 4.7 1435.1 O K
1440 min Winter 2.189 0.289 0.0 4.7 4.7 1582.4 O K
2160 min Winter 2.214 0.314 0.0 4.7 4.7 1719.1 Flood Risk
2880 min Winter 2.230 0.330 0.0 4.7 4.7 1801.8 Flood Risk
4320 min Winter 2.219 0.319 0.0 4.7 4.7 1741.6 Flood Risk
5760 min Winter 2.208 0.308 0.0 4.7 4.7 1683.7 Flood Risk
7200 min Winter 2.196 0.296 0.0 4.7 4.7 1619.6 O K
8640 min Winter 2.184 0.284 0.0 4.7 4.7 1553.7 O K
10080 min Winter 2.172 0.272 0.0 4.7 4.7 1488.8 O K

Storm

Event

Rain

(mm/hr)

Flooded

Volume

(m³)

Discharge

Volume

(m³)

Time-Peak

(mins)

30 min Winter 96.683 0.0 63.7 42
60 min Winter 54.576 0.0 179.2 72
120 min Winter 30.808 0.0 271.2 130
180 min Winter 22.049 0.0 330.3 188
240 min Winter 17.390 0.0 373.6 246
360 min Winter 12.446 0.0 434.8 362
480 min Winter 9.817 0.0 476.0 480
600 min Winter 8.166 0.0 504.9 596
720 min Winter 7.026 0.0 525.4 714
960 min Winter 5.784 0.0 583.9 944
1440 min Winter 4.397 0.0 593.9 1402
2160 min Winter 3.343 0.0 1135.9 2076
2880 min Winter 2.752 0.0 1182.1 2712
4320 min Winter 1.948 0.0 1038.7 3336
5760 min Winter 1.525 0.0 1640.0 4264
7200 min Winter 1.261 0.0 1648.3 5120
8640 min Winter 1.079 0.0 1634.5 5968
10080 min Winter 0.947 0.0 1595.6 6768



Atkins Page 3

Woodcote Grove TILBURY2

Ashley Road SW DRAINAGE

Epsom Surrey  KT18 5BW GENERAL STORAGE AREA 2

Date 05/10/2017 Designed by AH

File POROUS CAR PARK 2 - 30Y... Checked by DH

XP Solutions Source Control 2015.1

Rainfall Details

©1982-2015 XP Solutions

Rainfall Model FEH
Return Period (years) 30

Site Location GB 565800 175400 TQ 65800 75400
C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Summer Storms Yes
Winter Storms Yes
Cv (Summer) 0.750
Cv (Winter) 0.840

Shortest Storm (mins) 15
Longest Storm (mins) 10080

Climate Change % +40

Time Area Diagram

Total Area (ha) 2.160

Time

From:

(mins)

To:

Area

(ha)

Time

From:

(mins)

To:

Area

(ha)

Time

From:

(mins)

To:

Area

(ha)

0 4 0.720 4 8 0.720 8 12 0.720
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Woodcote Grove TILBURY2

Ashley Road SW DRAINAGE

Epsom Surrey  KT18 5BW GENERAL STORAGE AREA 2

Date 05/10/2017 Designed by AH

File POROUS CAR PARK 2 - 30Y... Checked by DH

XP Solutions Source Control 2015.1

Model Details

©1982-2015 XP Solutions

Storage is Online Cover Level (m) 2.500

Porous Car Park Structure

Infiltration Coefficient Base (m/hr) 0.00000 Width (m) 135.0
Membrane Percolation (mm/hr) 1000 Length (m) 135.0

Max Percolation (l/s) 5062.5 Slope (1:X) 0.0
Safety Factor 2.0 Depression Storage (mm) 5

Porosity 0.30 Evaporation (mm/day) 3
Invert Level (m) 1.900 Cap Volume Depth (m) 0.500

Hydro-Brake Optimum® Outflow Control

Unit Reference MD-SHE-0109-4700-0500-4700
Design Head (m) 0.500

Design Flow (l/s) 4.7
Flush-Flo™ Calculated
Objective Minimise upstream storage

Diameter (mm) 109
Invert Level (m) 2.000

Minimum Outlet Pipe Diameter (mm) 150
Suggested Manhole Diameter (mm) 1200

Control Points Head (m) Flow (l/s)

Design Point (Calculated) 0.500 4.7
Flush-Flo™ 0.175 4.7
Kick-Flo® 0.370 4.1

Mean Flow over Head Range - 3.9

The hydrological calculations have been based on the Head/Discharge relationship for the
Hydro-Brake Optimum® as specified.  Should another type of control device other than a
Hydro-Brake Optimum® be utilised then these storage routing calculations will be
invalidated

Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s)

0.100 3.8 1.200 7.1 3.000 10.9 7.000 16.4
0.200 4.7 1.400 7.6 3.500 11.7 7.500 16.9
0.300 4.5 1.600 8.1 4.000 12.5 8.000 17.5
0.400 4.2 1.800 8.5 4.500 13.2 8.500 18.0
0.500 4.7 2.000 9.0 5.000 13.9 9.000 18.6
0.600 5.1 2.200 9.4 5.500 14.5 9.500 19.1
0.800 5.8 2.400 9.8 6.000 15.1
1.000 6.5 2.600 10.2 6.500 15.8



Atkins Page 1

Woodcote Grove TILBURY2

Ashley Road SW DRAINAGE

Epsom Surrey  KT18 5BW GENERAL STORAGE AREA 2

Date 05/10/2017 Designed by AH

File POROUS CAR PARK 2 - 100... Checked by DH

XP Solutions Source Control 2015.1

Summary of Results for 100 year Return Period (+40%)

©1982-2015 XP Solutions

Half Drain Time : 4511 minutes.

Storm

Event

Max

Level

(m)

Max

Depth

(m)

Max

Infiltration

(l/s)

Max

Control

(l/s)

Max

Σ Outflow

(l/s)

Max

Volume

(m³)

Status

15 min Summer 2.079 0.179 0.0 2.8 2.8 979.9 O K
30 min Summer 2.099 0.199 0.0 3.7 3.7 1089.7 O K
60 min Summer 2.121 0.221 0.0 4.6 4.6 1208.5 O K
120 min Summer 2.144 0.244 0.0 4.7 4.7 1334.8 O K
180 min Summer 2.158 0.258 0.0 4.7 4.7 1411.0 O K
240 min Summer 2.168 0.268 0.0 4.7 4.7 1465.1 O K
360 min Summer 2.182 0.282 0.0 4.7 4.7 1539.6 O K
480 min Summer 2.191 0.291 0.0 4.7 4.7 1589.6 O K
600 min Summer 2.197 0.297 0.0 4.7 4.7 1625.6 O K
720 min Summer 2.202 0.302 0.0 4.7 4.7 1652.4 Flood Risk
960 min Summer 2.224 0.324 0.0 4.7 4.7 1771.7 Flood Risk
1440 min Summer 2.255 0.355 0.0 4.7 4.7 1938.3 Flood Risk
2160 min Summer 2.283 0.383 0.0 4.7 4.7 2092.0 Flood Risk
2880 min Summer 2.299 0.399 0.0 4.7 4.7 2183.3 Flood Risk
4320 min Summer 2.283 0.383 0.0 4.7 4.7 2095.5 Flood Risk
5760 min Summer 2.271 0.371 0.0 4.7 4.7 2025.9 Flood Risk
7200 min Summer 2.259 0.359 0.0 4.7 4.7 1960.9 Flood Risk
8640 min Summer 2.247 0.347 0.0 4.7 4.7 1897.0 Flood Risk
10080 min Summer 2.235 0.335 0.0 4.7 4.7 1834.2 Flood Risk

15 min Winter 2.103 0.203 0.0 3.9 3.9 1108.0 O K

Storm

Event

Rain

(mm/hr)

Flooded

Volume

(m³)

Discharge

Volume

(m³)

Time-Peak

(mins)

15 min Summer 265.025 0.0 163.2 27
30 min Summer 146.361 0.0 223.4 42
60 min Summer 80.828 0.0 422.6 72
120 min Summer 44.637 0.0 519.6 132
180 min Summer 31.540 0.0 574.0 190
240 min Summer 24.651 0.0 609.6 250
360 min Summer 17.418 0.0 652.2 370
480 min Summer 13.614 0.0 673.3 488
600 min Summer 11.245 0.0 681.6 608
720 min Summer 9.619 0.0 681.6 728
960 min Summer 7.847 0.0 670.8 966
1440 min Summer 5.890 0.0 606.0 1444
2160 min Summer 4.421 0.0 1303.5 2164
2880 min Summer 3.607 0.0 1219.6 2880
4320 min Summer 2.521 0.0 1035.2 3460
5760 min Summer 1.955 0.0 1969.4 4160
7200 min Summer 1.605 0.0 1950.9 4912
8640 min Summer 1.366 0.0 1904.5 5712
10080 min Summer 1.192 0.0 1825.2 6552

15 min Winter 265.025 0.0 233.7 27



Atkins Page 2

Woodcote Grove TILBURY2

Ashley Road SW DRAINAGE

Epsom Surrey  KT18 5BW GENERAL STORAGE AREA 2

Date 05/10/2017 Designed by AH

File POROUS CAR PARK 2 - 100... Checked by DH

XP Solutions Source Control 2015.1

Summary of Results for 100 year Return Period (+40%)

©1982-2015 XP Solutions

Storm

Event

Max

Level

(m)

Max

Depth

(m)

Max

Infiltration

(l/s)

Max

Control

(l/s)

Max

Σ Outflow

(l/s)

Max

Volume

(m³)

Status

30 min Winter 2.125 0.225 0.0 4.6 4.6 1230.9 O K
60 min Winter 2.150 0.250 0.0 4.7 4.7 1364.5 O K
120 min Winter 2.176 0.276 0.0 4.7 4.7 1507.8 O K
180 min Winter 2.192 0.292 0.0 4.7 4.7 1594.5 O K
240 min Winter 2.203 0.303 0.0 4.7 4.7 1656.3 Flood Risk
360 min Winter 2.219 0.319 0.0 4.7 4.7 1742.3 Flood Risk
480 min Winter 2.229 0.329 0.0 4.7 4.7 1800.9 Flood Risk
600 min Winter 2.237 0.337 0.0 4.7 4.7 1843.6 Flood Risk
720 min Winter 2.243 0.343 0.0 4.7 4.7 1876.1 Flood Risk
960 min Winter 2.268 0.368 0.0 4.7 4.7 2014.8 Flood Risk
1440 min Winter 2.304 0.404 0.0 4.7 4.7 2211.0 Flood Risk
2160 min Winter 2.339 0.439 0.0 4.7 4.7 2399.4 Flood Risk
2880 min Winter 2.361 0.461 0.0 4.7 4.7 2521.4 Flood Risk
4320 min Winter 2.341 0.441 0.0 4.7 4.7 2412.0 Flood Risk
5760 min Winter 2.321 0.421 0.0 4.7 4.7 2300.6 Flood Risk
7200 min Winter 2.303 0.403 0.0 4.7 4.7 2205.0 Flood Risk
8640 min Winter 2.286 0.386 0.0 4.7 4.7 2108.3 Flood Risk
10080 min Winter 2.268 0.368 0.0 4.7 4.7 2012.4 Flood Risk

Storm

Event

Rain

(mm/hr)

Flooded

Volume

(m³)

Discharge

Volume

(m³)

Time-Peak

(mins)

30 min Winter 146.361 0.0 297.9 41
60 min Winter 80.828 0.0 538.3 70
120 min Winter 44.637 0.0 633.1 130
180 min Winter 31.540 0.0 680.9 188
240 min Winter 24.651 0.0 707.9 246
360 min Winter 17.418 0.0 730.5 364
480 min Winter 13.614 0.0 731.2 482
600 min Winter 11.245 0.0 720.6 600
720 min Winter 9.619 0.0 705.0 716
960 min Winter 7.847 0.0 672.3 952
1440 min Winter 5.890 0.0 605.8 1416
2160 min Winter 4.421 0.0 1313.2 2104
2880 min Winter 3.607 0.0 1208.3 2796
4320 min Winter 2.521 0.0 1046.4 4060
5760 min Winter 1.955 0.0 2256.1 4504
7200 min Winter 1.605 0.0 2215.5 5408
8640 min Winter 1.366 0.0 2130.4 6304
10080 min Winter 1.192 0.0 1997.3 7160



Atkins Page 3

Woodcote Grove TILBURY2

Ashley Road SW DRAINAGE

Epsom Surrey  KT18 5BW GENERAL STORAGE AREA 2

Date 05/10/2017 Designed by AH

File POROUS CAR PARK 2 - 100... Checked by DH

XP Solutions Source Control 2015.1

Rainfall Details

©1982-2015 XP Solutions

Rainfall Model FEH
Return Period (years) 100

Site Location GB 565800 175400 TQ 65800 75400
C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Summer Storms Yes
Winter Storms Yes
Cv (Summer) 0.750
Cv (Winter) 0.840

Shortest Storm (mins) 15
Longest Storm (mins) 10080

Climate Change % +40

Time Area Diagram

Total Area (ha) 2.160

Time

From:

(mins)

To:

Area

(ha)

Time

From:

(mins)

To:

Area

(ha)

Time

From:

(mins)

To:

Area

(ha)

0 4 0.720 4 8 0.720 8 12 0.720
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Woodcote Grove TILBURY2

Ashley Road SW DRAINAGE

Epsom Surrey  KT18 5BW GENERAL STORAGE AREA 2

Date 05/10/2017 Designed by AH

File POROUS CAR PARK 2 - 100... Checked by DH

XP Solutions Source Control 2015.1

Model Details

©1982-2015 XP Solutions

Storage is Online Cover Level (m) 2.500

Porous Car Park Structure

Infiltration Coefficient Base (m/hr) 0.00000 Width (m) 135.0
Membrane Percolation (mm/hr) 1000 Length (m) 135.0

Max Percolation (l/s) 5062.5 Slope (1:X) 0.0
Safety Factor 2.0 Depression Storage (mm) 5

Porosity 0.30 Evaporation (mm/day) 3
Invert Level (m) 1.900 Cap Volume Depth (m) 0.500

Hydro-Brake Optimum® Outflow Control

Unit Reference MD-SHE-0109-4700-0500-4700
Design Head (m) 0.500

Design Flow (l/s) 4.7
Flush-Flo™ Calculated
Objective Minimise upstream storage

Diameter (mm) 109
Invert Level (m) 2.000

Minimum Outlet Pipe Diameter (mm) 150
Suggested Manhole Diameter (mm) 1200

Control Points Head (m) Flow (l/s)

Design Point (Calculated) 0.500 4.7
Flush-Flo™ 0.175 4.7
Kick-Flo® 0.370 4.1

Mean Flow over Head Range - 3.9

The hydrological calculations have been based on the Head/Discharge relationship for the
Hydro-Brake Optimum® as specified.  Should another type of control device other than a
Hydro-Brake Optimum® be utilised then these storage routing calculations will be
invalidated

Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s)

0.100 3.8 1.200 7.1 3.000 10.9 7.000 16.4
0.200 4.7 1.400 7.6 3.500 11.7 7.500 16.9
0.300 4.5 1.600 8.1 4.000 12.5 8.000 17.5
0.400 4.2 1.800 8.5 4.500 13.2 8.500 18.0
0.500 4.7 2.000 9.0 5.000 13.9 9.000 18.6
0.600 5.1 2.200 9.4 5.500 14.5 9.500 19.1
0.800 5.8 2.400 9.8 6.000 15.1
1.000 6.5 2.600 10.2 6.500 15.8



General Storage 3

General Storage Area 3

Total Catchment Area 0.39 ha

Area of Permeable Paving 0.39 ha

Cover Level 2.5 m

Invert Level 2 m

Depth of structure 0.4 m

Porosity 0.3

Q1 0.84 l/s

Criteria 30 Year 100 year

Half drain time (mins)

Ideally < 1440 mins 3172 4567

Max depth (m)

< depth of structure 0.254 0.366

Max flooded vol. (m3) 0 0

General Storage 3
Porous Paving



Atkins Page 1

Bluebird Place TILBURY2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA GENERAL STORAGE AREA 3

Date 05/10/2017 Designed by AH

File POROUS CAR PARK 3 - 40... Checked by DH

Micro Drainage Source Control 2016.1.1

Summary of Results for 30 year Return Period (+40%)

©1982-2016 XP Solutions

Half Drain Time : 3172 minutes.

Storm

Event

Max

Level

(m)

Max

Depth

(m)

Max

Infiltration

(l/s)

Max

Control

(l/s)

Max

Σ Outflow

(l/s)

Max

Volume

(m³)

Status

15 min Summer 2.088 0.088 0.0 0.8 0.8 104.6 O K
30 min Summer 2.101 0.101 0.0 0.8 0.8 120.2 O K
60 min Summer 2.115 0.115 0.0 0.8 0.8 137.4 O K

120 min Summer 2.131 0.131 0.0 0.8 0.8 156.0 O K
180 min Summer 2.140 0.140 0.0 0.8 0.8 167.1 O K
240 min Summer 2.147 0.147 0.0 0.8 0.8 174.9 O K
360 min Summer 2.156 0.156 0.0 0.8 0.8 185.6 O K
480 min Summer 2.162 0.162 0.0 0.8 0.8 192.5 O K
600 min Summer 2.166 0.166 0.0 0.8 0.8 197.3 O K
720 min Summer 2.168 0.168 0.0 0.8 0.8 200.6 O K
960 min Summer 2.181 0.181 0.0 0.8 0.8 215.6 O K

1440 min Summer 2.198 0.198 0.0 0.8 0.8 235.2 O K
2160 min Summer 2.211 0.211 0.0 0.8 0.8 250.8 Flood Risk
2880 min Summer 2.219 0.219 0.0 0.8 0.8 260.2 Flood Risk
4320 min Summer 2.207 0.207 0.0 0.8 0.8 245.9 Flood Risk
5760 min Summer 2.195 0.195 0.0 0.8 0.8 232.3 O K
7200 min Summer 2.184 0.184 0.0 0.8 0.8 218.8 O K
8640 min Summer 2.173 0.173 0.0 0.8 0.8 205.8 O K

10080 min Summer 2.162 0.162 0.0 0.8 0.8 193.2 O K
15 min Winter 2.100 0.100 0.0 0.8 0.8 119.6 O K
30 min Winter 2.115 0.115 0.0 0.8 0.8 137.2 O K

Storm

Event

Rain

(mm/hr)

Flooded

Volume

(m³)

Discharge

Volume

(m³)

Time-Peak

(mins)

15 min Summer 171.277 0.0 54.9 27
30 min Summer 96.683 0.0 60.3 42
60 min Summer 54.576 0.0 103.8 72

120 min Summer 30.808 0.0 115.1 130
180 min Summer 22.049 0.0 120.5 190
240 min Summer 17.390 0.0 123.3 250
360 min Summer 12.446 0.0 125.4 368
480 min Summer 9.817 0.0 125.1 488
600 min Summer 8.166 0.0 123.7 606
720 min Summer 7.026 0.0 122.0 726
960 min Summer 5.784 0.0 118.6 964

1440 min Summer 4.397 0.0 110.4 1442
2160 min Summer 3.343 0.0 233.0 2064
2880 min Summer 2.752 0.0 222.9 2428
4320 min Summer 1.948 0.0 197.3 3120
5760 min Summer 1.525 0.0 342.4 3920
7200 min Summer 1.261 0.0 341.0 4696
8640 min Summer 1.079 0.0 335.8 5536

10080 min Summer 0.947 0.0 326.2 6352
15 min Winter 171.277 0.0 60.2 27
30 min Winter 96.683 0.0 64.2 41



Atkins Page 2

Bluebird Place TILBURY2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA GENERAL STORAGE AREA 3

Date 05/10/2017 Designed by AH

File POROUS CAR PARK 3 - 40... Checked by DH

Micro Drainage Source Control 2016.1.1

Summary of Results for 30 year Return Period (+40%)

©1982-2016 XP Solutions

Storm

Event

Max

Level

(m)

Max

Depth

(m)

Max

Infiltration

(l/s)

Max

Control

(l/s)

Max

Σ Outflow

(l/s)

Max

Volume

(m³)

Status

60 min Winter 2.131 0.131 0.0 0.8 0.8 156.5 O K
120 min Winter 2.149 0.149 0.0 0.8 0.8 177.5 O K
180 min Winter 2.160 0.160 0.0 0.8 0.8 190.1 O K
240 min Winter 2.167 0.167 0.0 0.8 0.8 199.1 O K
360 min Winter 2.178 0.178 0.0 0.8 0.8 211.4 O K
480 min Winter 2.184 0.184 0.0 0.8 0.8 219.6 O K
600 min Winter 2.189 0.189 0.0 0.8 0.8 225.3 O K
720 min Winter 2.193 0.193 0.0 0.8 0.8 229.5 O K
960 min Winter 2.208 0.208 0.0 0.8 0.8 247.2 Flood Risk

1440 min Winter 2.228 0.228 0.0 0.8 0.8 271.0 Flood Risk
2160 min Winter 2.245 0.245 0.0 0.8 0.8 291.7 Flood Risk
2880 min Winter 2.254 0.254 0.0 0.8 0.8 302.6 Flood Risk
4320 min Winter 2.237 0.237 0.0 0.8 0.8 281.7 Flood Risk
5760 min Winter 2.221 0.221 0.0 0.8 0.8 262.7 Flood Risk
7200 min Winter 2.204 0.204 0.0 0.8 0.8 243.2 Flood Risk
8640 min Winter 2.188 0.188 0.0 0.8 0.8 224.0 O K

10080 min Winter 2.173 0.173 0.0 0.8 0.8 205.6 O K

Storm

Event

Rain

(mm/hr)

Flooded

Volume

(m³)

Discharge

Volume

(m³)

Time-Peak

(mins)

60 min Winter 54.576 0.0 115.3 70
120 min Winter 30.808 0.0 124.8 128
180 min Winter 22.049 0.0 128.4 188
240 min Winter 17.390 0.0 129.6 246
360 min Winter 12.446 0.0 129.2 362
480 min Winter 9.817 0.0 127.8 480
600 min Winter 8.166 0.0 126.1 596
720 min Winter 7.026 0.0 124.2 714
960 min Winter 5.784 0.0 120.4 946

1440 min Winter 4.397 0.0 112.2 1404
2160 min Winter 3.343 0.0 238.0 2080
2880 min Winter 2.752 0.0 226.8 2736
4320 min Winter 1.948 0.0 204.1 3380
5760 min Winter 1.525 0.0 388.8 4272
7200 min Winter 1.261 0.0 387.1 5184
8640 min Winter 1.079 0.0 380.2 6048

10080 min Winter 0.947 0.0 367.0 6856
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Bluebird Place TILBURY2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA GENERAL STORAGE AREA 3

Date 05/10/2017 Designed by AH

File POROUS CAR PARK 3 - 40... Checked by DH

Micro Drainage Source Control 2016.1.1

Rainfall Details

©1982-2016 XP Solutions

Rainfall Model FEH
Return Period (years) 30
FEH Rainfall Version 1999

Site Location GB 565800 175400 TQ 65800 75400
C (1km) -0.026

D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Summer Storms Yes
Winter Storms Yes

Cv (Summer) 0.750
Cv (Winter) 0.840

Shortest Storm (mins) 15
Longest Storm (mins) 10080

Climate Change % +40

Time Area Diagram

Total Area (ha) 0.390

Time

From:

(mins)

To:

Area

(ha)

Time

From:

(mins)

To:

Area

(ha)

Time

From:

(mins)

To:

Area

(ha)

0 4 0.130 4 8 0.130 8 12 0.130
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Bluebird Place TILBURY2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA GENERAL STORAGE AREA 3

Date 05/10/2017 Designed by AH

File POROUS CAR PARK 3 - 40... Checked by DH

Micro Drainage Source Control 2016.1.1

Model Details

©1982-2016 XP Solutions

Storage is Online Cover Level (m) 2.500

Porous Car Park Structure

Infiltration Coefficient Base (m/hr) 0.00000 Width (m) 63.0
Membrane Percolation (mm/hr) 1000 Length (m) 63.0

Max Percolation (l/s) 1102.5 Slope (1:X) 0.0
Safety Factor 2.0 Depression Storage (mm) 5

Porosity 0.30 Evaporation (mm/day) 3
Invert Level (m) 2.000 Cap Volume Depth (m) 0.400

Hydro-Brake® Optimum Outflow Control

Unit Reference MD-SHE-0048-8000-0500-8000
Design Head (m) 0.500

Design Flow (l/s) 0.8
Flush-Flo™ Calculated
Objective Minimise upstream storage

Application Surface
Sump Available Yes
Diameter (mm) 48

Invert Level (m) 2.000
Minimum Outlet Pipe Diameter (mm) 75

Suggested Manhole Diameter (mm) 1200

Control Points Head (m) Flow (l/s) Control Points Head (m) Flow (l/s)

Design Point (Calculated) 0.500 0.8 Kick-Flo® 0.329 0.7
Flush-Flo™ 0.153 0.8 Mean Flow over Head Range - 0.7

The hydrological calculations have been based on the Head/Discharge relationship for the
Hydro-Brake® Optimum as specified.  Should another type of control device other than a Hydro-
Brake Optimum® be utilised then these storage routing calculations will be invalidated

Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s)

0.100 0.8 1.200 1.2 3.000 1.8 7.000 2.7
0.200 0.8 1.400 1.3 3.500 1.9 7.500 2.8
0.300 0.7 1.600 1.3 4.000 2.0 8.000 2.9
0.400 0.7 1.800 1.4 4.500 2.2 8.500 2.9
0.500 0.8 2.000 1.5 5.000 2.3 9.000 3.0
0.600 0.9 2.200 1.6 5.500 2.4 9.500 3.1
0.800 1.0 2.400 1.6 6.000 2.5
1.000 1.1 2.600 1.7 6.500 2.6



Atkins Page 1

Bluebird Place TILBURY2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA GENERAL STORAGE AREA 3

Date 05/10/2017 Designed by AH

File POROUS CAR PARK 3 - 40... Checked by DH

Micro Drainage Source Control 2016.1.1

Summary of Results for 100 year Return Period (+40%)

©1982-2016 XP Solutions

Half Drain Time : 4567 minutes.

Storm

Event

Max

Level

(m)

Max

Depth

(m)

Max

Infiltration

(l/s)

Max

Control

(l/s)

Max

Σ Outflow

(l/s)

Max

Volume

(m³)

Status

15 min Summer 2.145 0.145 0.0 0.8 0.8 173.0 O K
30 min Summer 2.162 0.162 0.0 0.8 0.8 192.7 O K
60 min Summer 2.180 0.180 0.0 0.8 0.8 214.0 O K

120 min Summer 2.199 0.199 0.0 0.8 0.8 236.5 O K
180 min Summer 2.210 0.210 0.0 0.8 0.8 249.9 Flood Risk
240 min Summer 2.218 0.218 0.0 0.8 0.8 259.3 Flood Risk
360 min Summer 2.228 0.228 0.0 0.8 0.8 272.0 Flood Risk
480 min Summer 2.235 0.235 0.0 0.8 0.8 280.3 Flood Risk
600 min Summer 2.240 0.240 0.0 0.8 0.8 286.1 Flood Risk
720 min Summer 2.244 0.244 0.0 0.8 0.8 290.2 Flood Risk
960 min Summer 2.261 0.261 0.0 0.8 0.8 310.5 Flood Risk

1440 min Summer 2.284 0.284 0.0 0.8 0.8 337.9 Flood Risk
2160 min Summer 2.304 0.304 0.0 0.8 0.8 362.1 Flood Risk
2880 min Summer 2.315 0.315 0.0 0.8 0.8 375.5 Flood Risk
4320 min Summer 2.293 0.293 0.0 0.8 0.8 348.9 Flood Risk
5760 min Summer 2.275 0.275 0.0 0.8 0.8 327.6 Flood Risk
7200 min Summer 2.259 0.259 0.0 0.8 0.8 308.7 Flood Risk
8640 min Summer 2.244 0.244 0.0 0.8 0.8 291.0 Flood Risk

10080 min Summer 2.230 0.230 0.0 0.8 0.8 274.3 Flood Risk
15 min Winter 2.165 0.165 0.0 0.8 0.8 196.2 O K
30 min Winter 2.183 0.183 0.0 0.8 0.8 218.4 O K

Storm

Event

Rain

(mm/hr)

Flooded

Volume

(m³)

Discharge

Volume

(m³)

Time-Peak

(mins)

15 min Summer 265.025 0.0 67.6 27
30 min Summer 146.361 0.0 67.9 42
60 min Summer 80.828 0.0 134.0 72

120 min Summer 44.637 0.0 134.4 132
180 min Summer 31.540 0.0 133.7 190
240 min Summer 24.651 0.0 132.7 250
360 min Summer 17.418 0.0 130.4 370
480 min Summer 13.614 0.0 128.1 488
600 min Summer 11.245 0.0 125.8 608
720 min Summer 9.619 0.0 123.5 728
960 min Summer 7.847 0.0 118.7 966

1440 min Summer 5.890 0.0 109.6 1446
2160 min Summer 4.421 0.0 232.4 2164
2880 min Summer 3.607 0.0 217.9 2880
4320 min Summer 2.521 0.0 197.8 3592
5760 min Summer 1.955 0.0 434.2 4224
7200 min Summer 1.605 0.0 420.4 4976
8640 min Summer 1.366 0.0 399.7 5792

10080 min Summer 1.192 0.0 374.5 6560
15 min Winter 265.025 0.0 68.3 27
30 min Winter 146.361 0.0 68.2 41



Atkins Page 2

Bluebird Place TILBURY2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA GENERAL STORAGE AREA 3

Date 05/10/2017 Designed by AH

File POROUS CAR PARK 3 - 40... Checked by DH

Micro Drainage Source Control 2016.1.1

Summary of Results for 100 year Return Period (+40%)

©1982-2016 XP Solutions

Storm

Event

Max

Level

(m)

Max

Depth

(m)

Max

Infiltration

(l/s)

Max

Control

(l/s)

Max

Σ Outflow

(l/s)

Max

Volume

(m³)

Status

60 min Winter 2.204 0.204 0.0 0.8 0.8 242.3 Flood Risk
120 min Winter 2.225 0.225 0.0 0.8 0.8 267.7 Flood Risk
180 min Winter 2.238 0.238 0.0 0.8 0.8 283.0 Flood Risk
240 min Winter 2.247 0.247 0.0 0.8 0.8 293.7 Flood Risk
360 min Winter 2.259 0.259 0.0 0.8 0.8 308.4 Flood Risk
480 min Winter 2.267 0.267 0.0 0.8 0.8 318.1 Flood Risk
600 min Winter 2.273 0.273 0.0 0.8 0.8 325.1 Flood Risk
720 min Winter 2.277 0.277 0.0 0.8 0.8 330.1 Flood Risk
960 min Winter 2.297 0.297 0.0 0.8 0.8 353.9 Flood Risk

1440 min Winter 2.325 0.325 0.0 0.8 0.8 387.3 Flood Risk
2160 min Winter 2.351 0.351 0.0 0.8 0.8 418.0 Flood Risk
2880 min Winter 2.366 0.366 0.0 0.8 0.8 435.4 Flood Risk
4320 min Winter 2.344 0.344 0.0 0.8 0.8 409.8 Flood Risk
5760 min Winter 2.318 0.318 0.0 0.8 0.8 378.7 Flood Risk
7200 min Winter 2.296 0.296 0.0 0.8 0.8 352.7 Flood Risk
8640 min Winter 2.275 0.275 0.0 0.8 0.8 327.8 Flood Risk

10080 min Winter 2.255 0.255 0.0 0.8 0.8 303.8 Flood Risk

Storm

Event

Rain

(mm/hr)

Flooded

Volume

(m³)

Discharge

Volume

(m³)

Time-Peak

(mins)

60 min Winter 80.828 0.0 135.7 70
120 min Winter 44.637 0.0 135.0 130
180 min Winter 31.540 0.0 133.7 188
240 min Winter 24.651 0.0 132.4 246
360 min Winter 17.418 0.0 129.8 364
480 min Winter 13.614 0.0 127.4 482
600 min Winter 11.245 0.0 125.1 600
720 min Winter 9.619 0.0 122.8 716
960 min Winter 7.847 0.0 117.6 952

1440 min Winter 5.890 0.0 107.0 1420
2160 min Winter 4.421 0.0 225.2 2116
2880 min Winter 3.607 0.0 213.0 2796
4320 min Winter 2.521 0.0 194.5 4104
5760 min Winter 1.955 0.0 449.1 4672
7200 min Winter 1.605 0.0 433.9 5472
8640 min Winter 1.366 0.0 415.1 6320

10080 min Winter 1.192 0.0 393.5 7168
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Bluebird Place TILBURY2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA GENERAL STORAGE AREA 3

Date 05/10/2017 Designed by AH

File POROUS CAR PARK 3 - 40... Checked by DH

Micro Drainage Source Control 2016.1.1

Rainfall Details

©1982-2016 XP Solutions

Rainfall Model FEH
Return Period (years) 100
FEH Rainfall Version 1999

Site Location GB 565800 175400 TQ 65800 75400
C (1km) -0.026

D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Summer Storms Yes
Winter Storms Yes

Cv (Summer) 0.750
Cv (Winter) 0.840

Shortest Storm (mins) 15
Longest Storm (mins) 10080

Climate Change % +40

Time Area Diagram

Total Area (ha) 0.390

Time

From:

(mins)

To:

Area

(ha)

Time

From:

(mins)

To:

Area

(ha)

Time

From:

(mins)

To:

Area

(ha)

0 4 0.130 4 8 0.130 8 12 0.130
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Bluebird Place TILBURY2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA GENERAL STORAGE AREA 3

Date 05/10/2017 Designed by AH

File POROUS CAR PARK 3 - 40... Checked by DH

Micro Drainage Source Control 2016.1.1

Model Details

©1982-2016 XP Solutions

Storage is Online Cover Level (m) 2.500

Porous Car Park Structure

Infiltration Coefficient Base (m/hr) 0.00000 Width (m) 63.0
Membrane Percolation (mm/hr) 1000 Length (m) 63.0

Max Percolation (l/s) 1102.5 Slope (1:X) 0.0
Safety Factor 2.0 Depression Storage (mm) 5

Porosity 0.30 Evaporation (mm/day) 3
Invert Level (m) 2.000 Cap Volume Depth (m) 0.400

Hydro-Brake® Optimum Outflow Control

Unit Reference MD-SHE-0048-8000-0500-8000
Design Head (m) 0.500

Design Flow (l/s) 0.8
Flush-Flo™ Calculated
Objective Minimise upstream storage

Application Surface
Sump Available Yes
Diameter (mm) 48

Invert Level (m) 2.000
Minimum Outlet Pipe Diameter (mm) 75

Suggested Manhole Diameter (mm) 1200

Control Points Head (m) Flow (l/s) Control Points Head (m) Flow (l/s)

Design Point (Calculated) 0.500 0.8 Kick-Flo® 0.329 0.7
Flush-Flo™ 0.153 0.8 Mean Flow over Head Range - 0.7

The hydrological calculations have been based on the Head/Discharge relationship for the
Hydro-Brake® Optimum as specified.  Should another type of control device other than a Hydro-
Brake Optimum® be utilised then these storage routing calculations will be invalidated

Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s)

0.100 0.8 1.200 1.2 3.000 1.8 7.000 2.7
0.200 0.8 1.400 1.3 3.500 1.9 7.500 2.8
0.300 0.7 1.600 1.3 4.000 2.0 8.000 2.9
0.400 0.7 1.800 1.4 4.500 2.2 8.500 2.9
0.500 0.8 2.000 1.5 5.000 2.3 9.000 3.0
0.600 0.9 2.200 1.6 5.500 2.4 9.500 3.1
0.800 1.0 2.400 1.6 6.000 2.5
1.000 1.1 2.600 1.7 6.500 2.6



Ancillary Bulidings including staff welfare facilities

Ancillary Bulidings including staff welfare facilities

Total Catchment Area 1.65 ha

Area of Permeable Paving 0.9025 ha

Cover Level 2.5 m

Invert Level 1.75 m

Depth of structure 0.65 m

Porosity 0.3

Q1 3.55 l/s

Criteria 30 Year 100 year

Half drain time (mins)

Ideally < 1440 mins 2230 3078

Max depth (m)

< depth of structure 0.415 0.608

Max flooded vol. (m3) 0 0

Ancillary Buildings
Area
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Woodcote Grove

Ashley Road

Epsom Surrey  KT18 5BW

Date 27/10/2017 13:49 Designed by SCAN7786

File Porous Ancillary Car Pa... Checked by

XP Solutions Source Control 2015.1

Summary of Results for 30 year Return Period (+40%)

©1982-2015 XP Solutions

Half Drain Time : 2230 minutes.

Storm

Event

Max

Level

(m)

Max

Depth

(m)

Max

Infiltration

(l/s)

Max

Control

(l/s)

Max

Σ Outflow

(l/s)

Max

Volume

(m³)

Status

15 min Summer 1.927 0.177 0.0 4.0 4.0 479.8 O K
30 min Summer 1.951 0.201 0.0 4.0 4.0 545.0 O K
60 min Summer 1.977 0.227 0.0 4.1 4.1 615.7 O K
120 min Summer 2.005 0.255 0.0 4.1 4.1 690.0 O K
180 min Summer 2.021 0.271 0.0 4.1 4.1 732.8 O K
240 min Summer 2.031 0.281 0.0 4.2 4.2 761.6 O K
360 min Summer 2.045 0.295 0.0 4.2 4.2 797.6 O K
480 min Summer 2.052 0.302 0.0 4.2 4.2 818.2 O K
600 min Summer 2.056 0.306 0.0 4.2 4.2 829.5 O K
720 min Summer 2.058 0.308 0.0 4.2 4.2 834.7 O K
960 min Summer 2.075 0.325 0.0 4.2 4.2 879.7 O K
1440 min Summer 2.092 0.342 0.0 4.3 4.3 925.7 O K
2160 min Summer 2.099 0.349 0.0 4.3 4.3 945.2 O K
2880 min Summer 2.100 0.350 0.0 4.3 4.3 948.0 O K
4320 min Summer 2.064 0.314 0.0 4.2 4.2 849.7 O K
5760 min Summer 2.035 0.285 0.0 4.2 4.2 770.8 O K
7200 min Summer 2.009 0.259 0.0 4.1 4.1 700.0 O K
8640 min Summer 1.985 0.235 0.0 4.1 4.1 635.0 O K
10080 min Summer 1.962 0.212 0.0 4.0 4.0 574.0 O K

15 min Winter 1.951 0.201 0.0 4.0 4.0 543.1 O K

Storm

Event

Rain

(mm/hr)

Flooded

Volume

(m³)

Discharge

Volume

(m³)

Time-Peak

(mins)

15 min Summer 171.277 0.0 330.6 27
30 min Summer 96.683 0.0 334.1 42
60 min Summer 54.576 0.0 627.7 72
120 min Summer 30.808 0.0 665.1 130
180 min Summer 22.049 0.0 669.1 190
240 min Summer 17.390 0.0 671.3 250
360 min Summer 12.446 0.0 673.5 368
480 min Summer 9.817 0.0 673.3 486
600 min Summer 8.166 0.0 672.4 606
720 min Summer 7.026 0.0 670.6 724
960 min Summer 5.784 0.0 671.0 964
1440 min Summer 4.397 0.0 665.7 1440
2160 min Summer 3.343 0.0 1325.6 1848
2880 min Summer 2.752 0.0 1318.2 2248
4320 min Summer 1.948 0.0 1232.5 3024
5760 min Summer 1.525 0.0 1656.8 3816
7200 min Summer 1.261 0.0 1691.0 4616
8640 min Summer 1.079 0.0 1715.1 5448
10080 min Summer 0.947 0.0 1731.8 6248

15 min Winter 171.277 0.0 334.8 27
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Woodcote Grove

Ashley Road

Epsom Surrey  KT18 5BW

Date 27/10/2017 13:49 Designed by SCAN7786

File Porous Ancillary Car Pa... Checked by

XP Solutions Source Control 2015.1

Summary of Results for 30 year Return Period (+40%)

©1982-2015 XP Solutions

Storm

Event

Max

Level

(m)

Max

Depth

(m)

Max

Infiltration

(l/s)

Max

Control

(l/s)

Max

Σ Outflow

(l/s)

Max

Volume

(m³)

Status

30 min Winter 1.978 0.228 0.0 4.1 4.1 616.9 O K
60 min Winter 2.007 0.257 0.0 4.1 4.1 696.8 O K
120 min Winter 2.039 0.289 0.0 4.2 4.2 781.2 O K
180 min Winter 2.057 0.307 0.0 4.2 4.2 830.7 O K
240 min Winter 2.069 0.319 0.0 4.2 4.2 864.7 O K
360 min Winter 2.086 0.336 0.0 4.3 4.3 908.5 O K
480 min Winter 2.095 0.345 0.0 4.3 4.3 934.7 O K
600 min Winter 2.101 0.351 0.0 4.3 4.3 950.8 O K
720 min Winter 2.104 0.354 0.0 4.3 4.3 959.8 O K
960 min Winter 2.126 0.376 0.0 4.3 4.3 1017.7 O K
1440 min Winter 2.151 0.401 0.0 4.4 4.4 1084.7 O K
2160 min Winter 2.165 0.415 0.0 4.4 4.4 1122.3 O K
2880 min Winter 2.165 0.415 0.0 4.4 4.4 1122.6 O K
4320 min Winter 2.117 0.367 0.0 4.3 4.3 993.9 O K
5760 min Winter 2.077 0.327 0.0 4.3 4.3 884.9 O K
7200 min Winter 2.039 0.289 0.0 4.2 4.2 782.5 O K
8640 min Winter 2.004 0.254 0.0 4.1 4.1 686.8 O K
10080 min Winter 1.971 0.221 0.0 4.1 4.1 597.6 O K

Storm

Event

Rain

(mm/hr)

Flooded

Volume

(m³)

Discharge

Volume

(m³)

Time-Peak

(mins)

30 min Winter 96.683 0.0 338.5 41
60 min Winter 54.576 0.0 667.3 70
120 min Winter 30.808 0.0 676.2 128
180 min Winter 22.049 0.0 680.8 186
240 min Winter 17.390 0.0 683.4 246
360 min Winter 12.446 0.0 686.0 362
480 min Winter 9.817 0.0 686.4 478
600 min Winter 8.166 0.0 685.5 596
720 min Winter 7.026 0.0 684.0 712
960 min Winter 5.784 0.0 684.6 942
1440 min Winter 4.397 0.0 679.0 1392
2160 min Winter 3.343 0.0 1357.1 2040
2880 min Winter 2.752 0.0 1351.1 2428
4320 min Winter 1.948 0.0 1281.2 3248
5760 min Winter 1.525 0.0 1875.1 4152
7200 min Winter 1.261 0.0 1915.8 5048
8640 min Winter 1.079 0.0 1947.5 5880
10080 min Winter 0.947 0.0 1970.4 6752
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Woodcote Grove

Ashley Road

Epsom Surrey  KT18 5BW

Date 27/10/2017 13:49 Designed by SCAN7786

File Porous Ancillary Car Pa... Checked by

XP Solutions Source Control 2015.1

Rainfall Details

©1982-2015 XP Solutions

Rainfall Model FEH
Return Period (years) 30

Site Location GB 565800 175400 TQ 65800 75400
C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Summer Storms Yes
Winter Storms Yes
Cv (Summer) 0.750
Cv (Winter) 0.840

Shortest Storm (mins) 15
Longest Storm (mins) 10080

Climate Change % +40

Time Area Diagram

Total Area (ha) 1.650

Time

From:

(mins)

To:

Area

(ha)

Time

From:

(mins)

To:

Area

(ha)

Time

From:

(mins)

To:

Area

(ha)

0 4 0.550 4 8 0.550 8 12 0.550
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Woodcote Grove

Ashley Road

Epsom Surrey  KT18 5BW

Date 27/10/2017 13:49 Designed by SCAN7786

File Porous Ancillary Car Pa... Checked by

XP Solutions Source Control 2015.1

Model Details

©1982-2015 XP Solutions

Storage is Online Cover Level (m) 2.500

Porous Car Park Structure

Infiltration Coefficient Base (m/hr) 0.00000 Width (m) 95.0
Membrane Percolation (mm/hr) 1000 Length (m) 95.0

Max Percolation (l/s) 2506.9 Slope (1:X) 0.0
Safety Factor 2.0 Depression Storage (mm) 5

Porosity 0.30 Evaporation (mm/day) 3
Invert Level (m) 1.750 Cap Volume Depth (m) 0.650

Hydro-Brake Optimum® Outflow Control

Unit Reference MD-SHE-0094-3600-0750-3600
Design Head (m) 0.750

Design Flow (l/s) 3.6
Flush-Flo™ Calculated
Objective Minimise upstream storage

Diameter (mm) 94
Invert Level (m) 1.000

Minimum Outlet Pipe Diameter (mm) 150
Suggested Manhole Diameter (mm) 1200

Control Points Head (m) Flow (l/s)

Design Point (Calculated) 0.750 3.6
Flush-Flo™ 0.224 3.6
Kick-Flo® 0.496 3.0

Mean Flow over Head Range - 3.1

The hydrological calculations have been based on the Head/Discharge relationship for the
Hydro-Brake Optimum® as specified.  Should another type of control device other than a
Hydro-Brake Optimum® be utilised then these storage routing calculations will be
invalidated

Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s)

0.100 3.0 1.200 4.5 3.000 6.9 7.000 10.3
0.200 3.6 1.400 4.8 3.500 7.4 7.500 10.6
0.300 3.5 1.600 5.1 4.000 7.9 8.000 10.9
0.400 3.4 1.800 5.4 4.500 8.3 8.500 11.2
0.500 3.0 2.000 5.7 5.000 8.7 9.000 11.6
0.600 3.2 2.200 5.9 5.500 9.1 9.500 11.9
0.800 3.7 2.400 6.2 6.000 9.5
1.000 4.1 2.600 6.4 6.500 9.9
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Woodcote Grove

Ashley Road

Epsom Surrey  KT18 5BW

Date 27/10/2017 13:53 Designed by SCAN7786

File POROUS CAR PARK ANCILLA... Checked by

XP Solutions Source Control 2015.1

Summary of Results for 100 year Return Period (+40%)

©1982-2015 XP Solutions

Half Drain Time : 3078 minutes.

Storm

Event

Max

Level

(m)

Max

Depth

(m)

Max

Infiltration

(l/s)

Max

Control

(l/s)

Max

Σ Outflow

(l/s)

Max

Volume

(m³)

Status

15 min Summer 2.034 0.284 0.0 4.2 4.2 769.4 O K
30 min Summer 2.065 0.315 0.0 4.2 4.2 851.9 O K
60 min Summer 2.097 0.347 0.0 4.3 4.3 939.6 O K
120 min Summer 2.130 0.380 0.0 4.3 4.3 1029.9 O K
180 min Summer 2.150 0.400 0.0 4.4 4.4 1081.9 O K
240 min Summer 2.163 0.413 0.0 4.4 4.4 1116.9 O K
360 min Summer 2.179 0.429 0.0 4.4 4.4 1161.2 O K
480 min Summer 2.188 0.438 0.0 4.5 4.5 1186.6 O K
600 min Summer 2.194 0.444 0.0 4.5 4.5 1201.0 O K
720 min Summer 2.196 0.446 0.0 4.5 4.5 1208.8 O K
960 min Summer 2.221 0.471 0.0 4.5 4.5 1274.1 Flood Risk
1440 min Summer 2.248 0.498 0.0 4.6 4.6 1348.3 Flood Risk
2160 min Summer 2.262 0.512 0.0 4.6 4.6 1385.5 Flood Risk
2880 min Summer 2.262 0.512 0.0 4.6 4.6 1387.4 Flood Risk
4320 min Summer 2.206 0.456 0.0 4.5 4.5 1235.5 Flood Risk
5760 min Summer 2.166 0.416 0.0 4.4 4.4 1125.6 O K
7200 min Summer 2.132 0.382 0.0 4.4 4.4 1033.6 O K
8640 min Summer 2.101 0.351 0.0 4.3 4.3 951.3 O K
10080 min Summer 2.074 0.324 0.0 4.2 4.2 875.9 O K

15 min Winter 2.070 0.320 0.0 4.2 4.2 867.6 O K

Storm

Event

Rain

(mm/hr)

Flooded

Volume

(m³)

Discharge

Volume

(m³)

Time-Peak

(mins)

15 min Summer 265.025 0.0 348.5 27
30 min Summer 146.361 0.0 352.6 42
60 min Summer 80.828 0.0 696.2 72
120 min Summer 44.637 0.0 705.6 130
180 min Summer 31.540 0.0 710.3 190
240 min Summer 24.651 0.0 713.1 250
360 min Summer 17.418 0.0 715.5 370
480 min Summer 13.614 0.0 715.9 488
600 min Summer 11.245 0.0 715.0 608
720 min Summer 9.619 0.0 713.3 726
960 min Summer 7.847 0.0 714.7 966
1440 min Summer 5.890 0.0 709.9 1442
2160 min Summer 4.421 0.0 1419.0 2148
2880 min Summer 3.607 0.0 1413.5 2484
4320 min Summer 2.521 0.0 1340.4 3200
5760 min Summer 1.955 0.0 2167.7 3976
7200 min Summer 1.605 0.0 2201.5 4768
8640 min Summer 1.366 0.0 2225.3 5616
10080 min Summer 1.192 0.0 2208.9 6368

15 min Winter 265.025 0.0 354.5 27
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Summary of Results for 100 year Return Period (+40%)

©1982-2015 XP Solutions

Storm

Event

Max

Level

(m)

Max

Depth

(m)

Max

Infiltration

(l/s)

Max

Control

(l/s)

Max

Σ Outflow

(l/s)

Max

Volume

(m³)

Status

30 min Winter 2.105 0.355 0.0 4.3 4.3 960.4 O K
60 min Winter 2.141 0.391 0.0 4.4 4.4 1059.6 O K
120 min Winter 2.179 0.429 0.0 4.4 4.4 1162.5 O K
180 min Winter 2.202 0.452 0.0 4.5 4.5 1222.5 Flood Risk
240 min Winter 2.217 0.467 0.0 4.5 4.5 1263.4 Flood Risk
360 min Winter 2.236 0.486 0.0 4.5 4.5 1316.5 Flood Risk
480 min Winter 2.248 0.498 0.0 4.6 4.6 1348.2 Flood Risk
600 min Winter 2.256 0.506 0.0 4.6 4.6 1368.7 Flood Risk
720 min Winter 2.260 0.510 0.0 4.6 4.6 1380.7 Flood Risk
960 min Winter 2.290 0.540 0.0 4.6 4.6 1461.5 Flood Risk
1440 min Winter 2.326 0.576 0.0 4.7 4.7 1560.6 Flood Risk
2160 min Winter 2.351 0.601 0.0 4.7 4.7 1627.7 Flood Risk
2880 min Winter 2.358 0.608 0.0 4.7 4.7 1644.9 Flood Risk
4320 min Winter 2.289 0.539 0.0 4.6 4.6 1458.9 Flood Risk
5760 min Winter 2.235 0.485 0.0 4.5 4.5 1312.7 Flood Risk
7200 min Winter 2.189 0.439 0.0 4.5 4.5 1188.1 O K
8640 min Winter 2.146 0.396 0.0 4.4 4.4 1072.1 O K
10080 min Winter 2.106 0.356 0.0 4.3 4.3 963.9 O K

Storm

Event

Rain

(mm/hr)

Flooded

Volume

(m³)

Discharge

Volume

(m³)

Time-Peak

(mins)

30 min Winter 146.361 0.0 359.1 41
60 min Winter 80.828 0.0 709.9 70
120 min Winter 44.637 0.0 720.2 130
180 min Winter 31.540 0.0 725.6 188
240 min Winter 24.651 0.0 728.6 246
360 min Winter 17.418 0.0 731.4 364
480 min Winter 13.614 0.0 732.1 480
600 min Winter 11.245 0.0 731.0 598
720 min Winter 9.619 0.0 729.3 714
960 min Winter 7.847 0.0 730.4 948
1440 min Winter 5.890 0.0 724.5 1406
2160 min Winter 4.421 0.0 1455.4 2080
2880 min Winter 3.607 0.0 1448.3 2720
4320 min Winter 2.521 0.0 1381.4 3412
5760 min Winter 1.955 0.0 2446.4 4320
7200 min Winter 1.605 0.0 2489.3 5192
8640 min Winter 1.366 0.0 2455.8 6064
10080 min Winter 1.192 0.0 2342.2 6960
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Rainfall Details

©1982-2015 XP Solutions

Rainfall Model FEH
Return Period (years) 100

Site Location GB 565800 175400 TQ 65800 75400
C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Summer Storms Yes
Winter Storms Yes
Cv (Summer) 0.750
Cv (Winter) 0.840

Shortest Storm (mins) 15
Longest Storm (mins) 10080

Climate Change % +40

Time Area Diagram

Total Area (ha) 1.650

Time

From:

(mins)

To:

Area

(ha)

Time

From:

(mins)

To:

Area

(ha)

Time

From:

(mins)

To:

Area

(ha)

0 4 0.550 4 8 0.550 8 12 0.550
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Model Details

©1982-2015 XP Solutions

Storage is Online Cover Level (m) 2.500

Porous Car Park Structure

Infiltration Coefficient Base (m/hr) 0.00000 Width (m) 95.0
Membrane Percolation (mm/hr) 1000 Length (m) 95.0

Max Percolation (l/s) 2506.9 Slope (1:X) 0.0
Safety Factor 2.0 Depression Storage (mm) 5

Porosity 0.30 Evaporation (mm/day) 3
Invert Level (m) 1.750 Cap Volume Depth (m) 0.650

Hydro-Brake Optimum® Outflow Control

Unit Reference MD-SHE-0094-3600-0750-3600
Design Head (m) 0.750

Design Flow (l/s) 3.6
Flush-Flo™ Calculated
Objective Minimise upstream storage

Diameter (mm) 94
Invert Level (m) 1.000

Minimum Outlet Pipe Diameter (mm) 150
Suggested Manhole Diameter (mm) 1200

Control Points Head (m) Flow (l/s)

Design Point (Calculated) 0.750 3.6
Flush-Flo™ 0.224 3.6
Kick-Flo® 0.496 3.0

Mean Flow over Head Range - 3.1

The hydrological calculations have been based on the Head/Discharge relationship for the
Hydro-Brake Optimum® as specified.  Should another type of control device other than a
Hydro-Brake Optimum® be utilised then these storage routing calculations will be
invalidated

Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s)

0.100 3.0 1.200 4.5 3.000 6.9 7.000 10.3
0.200 3.6 1.400 4.8 3.500 7.4 7.500 10.6
0.300 3.5 1.600 5.1 4.000 7.9 8.000 10.9
0.400 3.4 1.800 5.4 4.500 8.3 8.500 11.2
0.500 3.0 2.000 5.7 5.000 8.7 9.000 11.6
0.600 3.2 2.200 5.9 5.500 9.1 9.500 11.9
0.800 3.7 2.400 6.2 6.000 9.5
1.000 4.1 2.600 6.4 6.500 9.9



RoRo North Area

South - North Ditch

Catchment Area 1.987 ha

Width of base 6 m

Total width 7.6 m

Length of ditch 325.851 m

Depth of ditch 0.8 m

East - West Ditch

Catchment Area 2.525 ha

Width of base 6 m

Total Width 8.4 m

Length of ditch 314.469 m

Depth of ditch from 0.5m to 1.2m with pipes connecting sections

Total Q1 51.9 l/s

(based on entire Roro catchment area 28ha)

Discharge to existing 
ditch adjacent to 
Northern Access road

South- North Ditch

East - West Ditch

Network outfalls to 4m wide existing ditch (after flow is restricted to Q1)
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Bluebird Place TILBURY 2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA RORO AREA NORTH CATCHMENT

Date 17/10/2017 Designed by AH

File RORO AREA NORTH DITCHE... Checked by DH

Micro Drainage Network 2016.1.1

STORM SEWER DESIGN by the Modified Rational Method

Design Criteria for Storm

©1982-2016 XP Solutions

Pipe Sizes STANDARD Manhole Sizes STANDARD

FEH Rainfall Model
Return Period (years) 30
FEH Rainfall Version 1999

Site Location GB 565800 175400 TQ 65800 75400
C (1km) -0.026

D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Maximum Rainfall (mm/hr) 0
Maximum Time of Concentration (mins) 30

Foul Sewage (l/s/ha) 0.000
Volumetric Runoff Coeff. 1.000

PIMP (%) 100
Add Flow / Climate Change (%) 40

Minimum Backdrop Height (m) 0.200
Maximum Backdrop Height (m) 1.500

Min Design Depth for Optimisation (m) 1.200
Min Vel for Auto Design only (m/s) 1.00

Min Slope for Optimisation (1:X) 500

Designed with Level Inverts

Network Design Table for Storm

PN Length

(m)

Fall

(m)

Slope

(1:X)

I.Area

(ha)

T.E.

(mins)

Base

Flow (l/s)

k

(mm)

HYD

SECT

DIA

(mm)

Section Type Auto

Design

1.000 161.346 0.430 375.2 0.828 5.00 0.0 0.600 \/ -1 Pipe/Conduit
1.001 79.028 0.000 0.0 0.350 0.00 0.0 0.600 \/ -1 Pipe/Conduit
1.002 72.448 0.000 0.0 0.809 0.00 0.0 0.600 \/ -1 Pipe/Conduit
1.003 13.029 0.000 0.0 0.000 0.00 0.0 0.600 \/ -1 Pipe/Conduit

2.000 42.343 0.110 384.9 0.694 5.00 0.0 0.600 \/ -3 Pipe/Conduit
2.001 72.352 0.020 3617.6 0.000 0.00 0.0 0.600 o 500 Pipe/Conduit

Network Results Table

PN Rain

(mm/hr)

T.C.

(mins)

US/IL

(m)

Σ I.Area

(ha)

Σ Base

Flow (l/s)

Foul

(l/s)

Add Flow

(l/s)

Vel

(m/s)

Cap

(l/s)

Flow

(l/s)

1.000 0.00 5.86 1.250 0.828 0.0 0.0 0.0 3.11 16928.1 0.0
1.001 0.00 8.07 0.820 1.178 0.0 0.0 0.0 0.60 3243.3 0.0
1.002 0.00 10.10 0.820 1.987 0.0 0.0 0.0 0.60 3243.3 0.0
1.003 0.00 10.46 0.820 1.987 0.0 0.0 0.0 0.60 3243.3 0.0

2.000 0.00 5.29 2.010 0.694 0.0 0.0 0.0 2.40 7795.9 0.0
2.001 0.00 8.72 1.900 0.694 0.0 0.0 0.0 0.35 69.0 0.0
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Bluebird Place TILBURY 2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA RORO AREA NORTH CATCHMENT

Date 17/10/2017 Designed by AH

File RORO AREA NORTH DITCHE... Checked by DH

Micro Drainage Network 2016.1.1

Network Design Table for Storm

©1982-2016 XP Solutions

PN Length

(m)

Fall

(m)

Slope

(1:X)

I.Area

(ha)

T.E.

(mins)

Base

Flow (l/s)

k

(mm)

HYD

SECT

DIA

(mm)

Section Type Auto

Design

2.002 87.933 0.000 0.0 0.907 0.00 0.0 0.600 \/ -2 Pipe/Conduit
2.003 8.102 0.000 0.0 0.000 0.00 0.0 0.600 o 500 Pipe/Conduit
2.004 19.650 0.000 0.0 0.000 0.00 0.0 0.600 \/ -2 Pipe/Conduit
2.005 7.007 0.000 0.0 0.000 0.00 0.0 0.600 o 500 Pipe/Conduit
2.006 78.017 0.000 0.0 0.924 0.00 0.0 0.600 \/ -2 Pipe/Conduit
2.007 41.410 0.060 690.2 0.000 0.00 0.0 0.600 o 500 Pipe/Conduit

1.004 39.861 0.000 0.0 0.000 0.00 0.0 0.600 1 \_/ 4000 1:1 Ditch

Network Results Table

PN Rain

(mm/hr)

T.C.

(mins)

US/IL

(m)

Σ I.Area

(ha)

Σ Base

Flow (l/s)

Foul

(l/s)

Add Flow

(l/s)

Vel

(m/s)

Cap

(l/s)

Flow

(l/s)

2.002 0.00 10.73 0.880 1.601 0.0 0.0 0.0 0.73 6320.1 0.0
2.003 0.00 11.37 0.880 1.601 0.0 0.0 0.0 0.21 41.0 0.0
2.004 0.00 11.82 0.880 1.601 0.0 0.0 0.0 0.73 6320.1 0.0
2.005 0.00 12.38 0.880 1.601 0.0 0.0 0.0 0.21 41.0 0.0
2.006 0.00 14.16 0.880 2.525 0.0 0.0 0.0 0.73 6320.1 0.0
2.007 0.00 15.00 0.880 2.525 0.0 0.0 0.0 0.82 160.9 0.0

1.004 0.00 30.00 0.820 4.512 0.0 0.0 0.0 0.03 42.4 0.0
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Date 17/10/2017 Designed by AH
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Micro Drainage Network 2016.1.1

Manhole Schedules for Storm
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MH

Name

MH

CL (m)

MH

Depth

(m)

MH

Connection

MH

Diam.,L*W

(mm)

PN

Pipe Out

Invert

Level (m)

Diameter

(mm)

PN

Pipes In

Invert

Level (m)

Diameter

(mm)

Backdrop

(mm)

D1 2.050 0.800 Junction 1.000 1.250 -1

D1.1 1.620 0.800 Junction 1.001 0.820 -1 1.000 0.820 -1

D1.2 1.620 0.800 Junction 1.002 0.820 -1 1.001 0.820 -1

D1.3 1.620 0.800 Junction 0 1.003 0.820 -1 1.002 0.820 -1

D2 2.510 0.500 Junction 0 2.000 2.010 -3

D2.1 2.500 0.600 Open Manhole 10000 2.001 1.900 500 2.000 1.900 -3

D2.2 2.500 1.620 Open Manhole 10000 2.002 0.880 -2 2.001 1.880 500 300

D2.3 2.080 1.200 Open Manhole 10000 2.003 0.880 500 2.002 0.880 -2

D2.4 2.080 1.200 Open Manhole 10000 2.004 0.880 -2 2.003 0.880 500

D2.5 2.080 1.200 Open Manhole 10000 2.005 0.880 500 2.004 0.880 -2

D2.6 2.080 1.200 Open Manhole 10000 2.006 0.880 -2 2.005 0.880 500

D2.7 2.080 1.200 Open Manhole 10000 2.007 0.880 500 2.006 0.880 -2

D1.4 2.090 1.270 Open Manhole 10000 1.004 0.820 4000 1.003 0.820 -1

2.007 0.820 500

2.000 1.180 Open Manhole 0 OUTFALL 1.004 0.820 4000

Free Flowing Outfall Details for Storm

Outfall

Pipe Number

Outfall

Name

C. Level

(m)

I. Level

(m)

Min

I. Level

(m)

D,L

(mm)

W

(mm)

1.004 2.000 0.820 0.000 0 0

Simulation Criteria for Storm

Volumetric Runoff Coeff 1.000 Additional Flow - % of Total Flow 40.000
Areal Reduction Factor 1.000 MADD Factor * 10m³/ha Storage 2.000

Hot Start (mins) 0 Inlet Coeffiecient 0.800
Hot Start Level (mm) 0 Flow per Person per Day (l/per/day) 0.000

Manhole Headloss Coeff (Global) 0.500 Run Time (mins) 60
Foul Sewage per hectare (l/s) 0.000 Output Interval (mins) 1

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details

Rainfall Model FEH
Return Period (years) 30
FEH Rainfall Version 1999

Site Location GB 565800 175400 TQ 65800 75400
C (1km) -0.026
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Synthetic Rainfall Details

©1982-2016 XP Solutions

D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Summer Storms Yes
Winter Storms Yes

Cv (Summer) 1.000
Cv (Winter) 0.840

Storm Duration (mins) 30
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Bluebird Place TILBURY 2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA RORO AREA NORTH CATCHMENT

Date 17/10/2017 Designed by AH

File RORO AREA NORTH DITCHE... Checked by DH

Micro Drainage Network 2016.1.1

Online Controls for Storm

©1982-2016 XP Solutions

Hydro-Brake® Optimum Manhole: D1.4, DS/PN: 1.004, Volume (m³): 149.6

Unit Reference MD-SHE-0297-5190-1200-5190
Design Head (m) 1.200

Design Flow (l/s) 51.9
Flush-Flo™ Calculated
Objective Minimise upstream storage

Application Surface
Sump Available Yes
Diameter (mm) 297

Invert Level (m) 0.820
Minimum Outlet Pipe Diameter (mm) 375

Suggested Manhole Diameter (mm) 1800

Control Points Head (m) Flow (l/s) Control Points Head (m) Flow (l/s)

Design Point (Calculated) 1.200 51.9 Kick-Flo® 0.903 45.3
Flush-Flo™ 0.471 51.9 Mean Flow over Head Range - 42.7

The hydrological calculations have been based on the Head/Discharge relationship for the
Hydro-Brake® Optimum as specified.  Should another type of control device other than a Hydro-
Brake Optimum® be utilised then these storage routing calculations will be invalidated

Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s) Depth (m) Flow (l/s)

0.100 9.1 1.200 51.9 3.000 80.9 7.000 122.2
0.200 30.5 1.400 55.9 3.500 87.1 7.500 126.4
0.300 50.0 1.600 59.6 4.000 93.0 8.000 130.4
0.400 51.6 1.800 63.1 4.500 98.5 8.500 134.4
0.500 51.9 2.000 66.4 5.000 103.7 9.000 138.2
0.600 51.3 2.200 69.6 5.500 108.6 9.500 141.9
0.800 48.6 2.400 72.6 6.000 113.3
1.000 47.5 2.600 75.4 6.500 117.8
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Bluebird Place TILBURY 2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA RORO AREA NORTH CATCHMENT

Date 17/10/2017 Designed by AH

File RORO AREA NORTH DITCHE... Checked by DH

Micro Drainage Network 2016.1.1

1 year Return Period Summary of Critical Results by Maximum Level (Rank
1) for Storm

©1982-2016 XP Solutions

Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status OFF
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 5, 30, 100
Climate Change (%) 0, 0, 0, 0

PN

US/MH

Name Storm

Return

Period

Climate

Change

First (X)

Surcharge

First (Y)

Flood

First (Z)

Overflow

Overflow

Act.

Water

 Level

(m)

1.000 D1 15 Winter 1 +0% 1.288
1.001 D1.1 480 Winter 1 +0% 100/60 Winter 100/60 Winter 1.180
1.002 D1.2 480 Winter 1 +0% 100/60 Winter 100/30 Winter 1.180
1.003 D1.3 480 Winter 1 +0% 100/30 Winter 100/30 Winter 1.180
2.000 D2 30 Winter 1 +0% 100/15 Summer 100/15 Summer 2.114
2.001 D2.1 30 Winter 1 +0% 30/15 Summer 100/15 Summer 2.112
2.002 D2.2 480 Winter 1 +0% 1.194
2.003 D2.3 480 Winter 1 +0% 30/15 Summer 1.193
2.004 D2.4 480 Winter 1 +0% 1.191
2.005 D2.5 480 Winter 1 +0% 30/15 Winter 1.191
2.006 D2.6 480 Winter 1 +0% 1.188
2.007 D2.7 480 Winter 1 +0% 30/15 Winter 1.188
1.004 D1.4 600 Winter 1 +0% 100/180 Summer 100/180 Summer 1.182



Atkins Page 7

Bluebird Place TILBURY 2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA RORO AREA NORTH CATCHMENT

Date 17/10/2017 Designed by AH

File RORO AREA NORTH DITCHE... Checked by DH

Micro Drainage Network 2016.1.1

1 year Return Period Summary of Critical Results by Maximum Level (Rank
1) for Storm

©1982-2016 XP Solutions

PN

US/MH

Name

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

Pipe

Flow

(l/s) Status

Level

Exceeded

1.000 D1 -0.762 0.000 0.01 181.0 OK
1.001 D1.1 -0.440 0.000 0.00 11.1 OK 19
1.002 D1.2 -0.440 0.000 0.00 15.8 OK 19
1.003 D1.3 -0.440 0.000 0.00 14.6 OK 20
2.000 D2 -0.396 0.000 0.02 108.3 OK 6
2.001 D2.1 -0.288 0.000 0.38 46.5 OK 6
2.002 D2.2 -0.886 0.000 0.00 33.7 OK
2.003 D2.3 -0.187 0.000 0.19 21.3 OK
2.004 D2.4 -0.889 0.000 0.00 20.0 OK
2.005 D2.5 -0.189 0.000 0.14 18.0 OK
2.006 D2.6 -0.892 0.000 0.00 33.8 OK
2.007 D2.7 -0.192 0.000 0.18 25.7 OK
1.004 D1.4 -0.908 0.000 0.01 36.6 OK 2



Atkins Page 8

Bluebird Place TILBURY 2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA RORO AREA NORTH CATCHMENT

Date 17/10/2017 Designed by AH

File RORO AREA NORTH DITCHE... Checked by DH

Micro Drainage Network 2016.1.1

5 year Return Period Summary of Critical Results by Maximum Level (Rank
1) for Storm

©1982-2016 XP Solutions

Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status OFF
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 5, 30, 100
Climate Change (%) 0, 0, 0, 0

PN

US/MH

Name Storm

Return

Period

Climate

Change

First (X)

Surcharge

First (Y)

Flood

First (Z)

Overflow

Overflow

Act.

Water

 Level

(m)

1.000 D1 15 Winter 5 +0% 1.315
1.001 D1.1 360 Winter 5 +0% 100/60 Winter 100/60 Winter 1.279
1.002 D1.2 360 Winter 5 +0% 100/60 Winter 100/30 Winter 1.279
1.003 D1.3 360 Winter 5 +0% 100/30 Winter 100/30 Winter 1.279
2.000 D2 15 Winter 5 +0% 100/15 Summer 100/15 Summer 2.215
2.001 D2.1 15 Winter 5 +0% 30/15 Summer 100/15 Summer 2.210
2.002 D2.2 360 Winter 5 +0% 1.301
2.003 D2.3 360 Winter 5 +0% 30/15 Summer 1.300
2.004 D2.4 360 Winter 5 +0% 1.296
2.005 D2.5 360 Winter 5 +0% 30/15 Winter 1.296
2.006 D2.6 360 Winter 5 +0% 1.292
2.007 D2.7 360 Winter 5 +0% 30/15 Winter 1.291
1.004 D1.4 240 Winter 5 +0% 100/180 Summer 100/180 Summer 1.280
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Bluebird Place TILBURY 2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA RORO AREA NORTH CATCHMENT

Date 17/10/2017 Designed by AH

File RORO AREA NORTH DITCHE... Checked by DH

Micro Drainage Network 2016.1.1

5 year Return Period Summary of Critical Results by Maximum Level (Rank
1) for Storm

©1982-2016 XP Solutions

PN

US/MH

Name

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

Pipe

Flow

(l/s) Status

Level

Exceeded

1.000 D1 -0.735 0.000 0.02 309.4 OK
1.001 D1.1 -0.341 0.000 0.00 17.6 OK 19
1.002 D1.2 -0.341 0.000 0.00 24.9 OK 19
1.003 D1.3 -0.341 0.000 0.00 26.5 OK 20
2.000 D2 -0.295 0.000 0.04 253.8 FLOOD RISK* 6
2.001 D2.1 -0.190 0.000 0.70 86.8 FLOOD RISK 6
2.002 D2.2 -0.779 0.000 0.00 62.0 OK
2.003 D2.3 -0.080 0.000 0.33 37.6 OK
2.004 D2.4 -0.784 0.000 0.01 34.6 OK
2.005 D2.5 -0.084 0.000 0.24 31.0 OK
2.006 D2.6 -0.788 0.000 0.01 62.3 OK
2.007 D2.7 -0.089 0.000 0.31 44.0 OK
1.004 D1.4 -0.810 0.000 0.01 50.4 OK 2
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Bluebird Place TILBURY 2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA RORO AREA NORTH CATCHMENT

Date 17/10/2017 Designed by AH

File RORO AREA NORTH DITCHE... Checked by DH

Micro Drainage Network 2016.1.1

30 year Return Period Summary of Critical Results by Maximum Level (Rank
1) for Storm

©1982-2016 XP Solutions

Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status OFF
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 5, 30, 100
Climate Change (%) 0, 0, 0, 0

PN

US/MH

Name Storm

Return

Period

Climate

Change

First (X)

Surcharge

First (Y)

Flood

First (Z)

Overflow

Overflow

Act.

Water

 Level

(m)

1.000 D1 240 Winter 30 +0% 1.533
1.001 D1.1 240 Winter 30 +0% 100/60 Winter 100/60 Winter 1.533
1.002 D1.2 240 Winter 30 +0% 100/60 Winter 100/30 Winter 1.532
1.003 D1.3 240 Winter 30 +0% 100/30 Winter 100/30 Winter 1.530
2.000 D2 15 Winter 30 +0% 100/15 Summer 100/15 Summer 2.505
2.001 D2.1 15 Winter 30 +0% 30/15 Summer 100/15 Summer 2.470
2.002 D2.2 240 Winter 30 +0% 1.555
2.003 D2.3 240 Winter 30 +0% 30/15 Summer 1.554
2.004 D2.4 240 Winter 30 +0% 1.549
2.005 D2.5 240 Winter 30 +0% 30/15 Winter 1.549
2.006 D2.6 240 Winter 30 +0% 1.545
2.007 D2.7 240 Winter 30 +0% 30/15 Winter 1.543
1.004 D1.4 240 Winter 30 +0% 100/180 Summer 100/180 Summer 1.532
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Bluebird Place TILBURY 2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA RORO AREA NORTH CATCHMENT

Date 17/10/2017 Designed by AH

File RORO AREA NORTH DITCHE... Checked by DH

Micro Drainage Network 2016.1.1

30 year Return Period Summary of Critical Results by Maximum Level (Rank
1) for Storm

©1982-2016 XP Solutions

PN

US/MH

Name

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

Pipe

Flow

(l/s) Status

Level

Exceeded

1.000 D1 -0.517 0.000 0.01 83.3 OK
1.001 D1.1 -0.087 0.000 0.00 28.8 FLOOD RISK* 19
1.002 D1.2 -0.088 0.000 0.00 47.8 FLOOD RISK* 19
1.003 D1.3 -0.090 0.000 0.00 40.6 FLOOD RISK* 20
2.000 D2 -0.005 0.000 0.07 489.6 FLOOD RISK* 6
2.001 D2.1 0.070 0.000 1.26 155.6 FLOOD RISK 6
2.002 D2.2 -0.525 0.000 0.01 142.1 OK
2.003 D2.3 0.174 0.000 0.73 83.2 SURCHARGED
2.004 D2.4 -0.531 0.000 0.02 76.6 OK
2.005 D2.5 0.169 0.000 0.50 63.8 SURCHARGED
2.006 D2.6 -0.535 0.000 0.01 134.8 OK
2.007 D2.7 0.163 0.000 0.60 85.7 SURCHARGED
1.004 D1.4 -0.558 0.000 0.01 51.8 OK 2
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Bluebird Place TILBURY 2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA RORO AREA NORTH CATCHMENT

Date 17/10/2017 Designed by AH

File RORO AREA NORTH DITCHE... Checked by DH

Micro Drainage Network 2016.1.1

100 year Return Period Summary of Critical Results by Maximum Level
(Rank 1) for Storm

©1982-2016 XP Solutions

Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 1 Number of Storage Structures 0 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status OFF
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 5, 30, 100
Climate Change (%) 0, 0, 0, 0

PN

US/MH

Name Storm

Return

Period

Climate

Change

First (X)

Surcharge

First (Y)

Flood

First (Z)

Overflow

Overflow

Act.

Water

 Level

(m)

1.000 D1 180 Winter 100 +0% 1.954
1.001 D1.1 180 Winter 100 +0% 100/60 Winter 100/60 Winter 1.955
1.002 D1.2 180 Summer 100 +0% 100/60 Winter 100/30 Winter 2.012
1.003 D1.3 180 Summer 100 +0% 100/30 Winter 100/30 Winter 2.102
2.000 D2 15 Winter 100 +0% 100/15 Summer 100/15 Summer 2.553
2.001 D2.1 15 Winter 100 +0% 30/15 Summer 100/15 Summer 2.551
2.002 D2.2 180 Winter 100 +0% 1.909
2.003 D2.3 180 Winter 100 +0% 30/15 Summer 1.909
2.004 D2.4 180 Winter 100 +0% 1.911
2.005 D2.5 180 Winter 100 +0% 30/15 Winter 1.911
2.006 D2.6 180 Winter 100 +0% 1.914
2.007 D2.7 180 Winter 100 +0% 30/15 Winter 1.918
1.004 D1.4 180 Summer 100 +0% 100/180 Summer 100/180 Summer 2.185
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Bluebird Place TILBURY 2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA RORO AREA NORTH CATCHMENT

Date 17/10/2017 Designed by AH

File RORO AREA NORTH DITCHE... Checked by DH

Micro Drainage Network 2016.1.1

100 year Return Period Summary of Critical Results by Maximum Level
(Rank 1) for Storm

©1982-2016 XP Solutions

PN

US/MH

Name

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

Pipe

Flow

(l/s) Status

Level

Exceeded

1.000 D1 -0.096 0.000 0.01 149.0 FLOOD RISK*
1.001 D1.1 0.335 374.796 0.03 313.9 FLOOD 19
1.002 D1.2 0.392 461.690 0.05 471.1 FLOOD 19
1.003 D1.3 0.482 552.939 0.12 1062.7 FLOOD 20
2.000 D2 0.043 43.384 0.11 742.0 FLOOD 6
2.001 D2.1 0.151 51.431 1.65 203.3 FLOOD 6
2.002 D2.2 -0.171 0.000 0.02 250.3 OK
2.003 D2.3 0.529 0.000 1.14 131.3 FLOOD RISK
2.004 D2.4 -0.169 0.000 0.03 117.9 FLOOD RISK
2.005 D2.5 0.531 0.000 0.76 96.2 FLOOD RISK
2.006 D2.6 -0.166 0.000 0.02 226.7 FLOOD RISK
2.007 D2.7 0.538 0.000 0.90 127.9 FLOOD RISK
1.004 D1.4 0.095 159.077 0.01 51.8 FLOOD 2



RoRo South Area

Tides (including 0.755m Sea Level Rise)

Mean Spring High Tide = 4.055 m AOD Mean Neap High Tide = 3.055 m AOD

Mean Spring Low Tide = -1.845 m AOD Mean Neap Low Tide = -0.945 m AOD

Outfalls to River 
Thames
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Bluebird Place TILBURY 2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA RORO AREA - SPRING TIDES

Date 17/10/2017 Designed by AH

File RORO AREA - SPRING.MDX Checked by DH

Micro Drainage Network 2016.1.1

STORM SEWER DESIGN by the Modified Rational Method

Design Criteria for Storm

©1982-2016 XP Solutions

Pipe Sizes STANDARD Manhole Sizes STANDARD

FEH Rainfall Model
Return Period (years) 30
FEH Rainfall Version 1999

Site Location GB 565800 175400 TQ 65800 75400
C (1km) -0.026

D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Maximum Rainfall (mm/hr) 0
Maximum Time of Concentration (mins) 30

Foul Sewage (l/s/ha) 0.000
Volumetric Runoff Coeff. 1.000

PIMP (%) 100
Add Flow / Climate Change (%) 40

Minimum Backdrop Height (m) 0.200
Maximum Backdrop Height (m) 1.500

Min Design Depth for Optimisation (m) 1.200
Min Vel for Auto Design only (m/s) 1.00

Min Slope for Optimisation (1:X) 500

Designed with Level Inverts

Network Design Table for Storm

PN Length

(m)

Fall

(m)

Slope

(1:X)

I.Area

(ha)

T.E.

(mins)

Base

Flow (l/s)

k

(mm)

HYD

SECT

DIA

(mm)

Section Type Auto

Design

1.000 170.874 0.156 1095.3 1.750 5.00 0.0 0.600 [] 12 Pipe/Conduit

2.000 66.400 0.133 499.2 0.903 5.00 0.0 0.600 [] 12 Pipe/Conduit
2.001 17.342 0.062 279.7 0.246 0.00 0.0 0.600 [] 12 Pipe/Conduit

3.000 123.410 0.195 632.9 3.490 5.00 0.0 0.600 [] 12 Pipe/Conduit

Network Results Table

PN Rain

(mm/hr)

T.C.

(mins)

US/IL

(m)

Σ I.Area

(ha)

Σ Base

Flow (l/s)

Foul

(l/s)

Add Flow

(l/s)

Vel

(m/s)

Cap

(l/s)

Flow

(l/s)

1.000 0.00 7.25 0.000 1.750 0.0 0.0 0.0 1.27 2966.7 0.0

2.000 0.00 5.59 0.000 0.903 0.0 0.0 0.0 1.88 4408.3 0.0
2.001 0.00 5.70 -0.133 1.149 0.0 0.0 0.0 2.52 5899.5 0.0

3.000 0.00 6.23 0.000 3.490 0.0 0.0 0.0 1.67 3912.1 0.0
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Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA RORO AREA - SPRING TIDES

Date 17/10/2017 Designed by AH

File RORO AREA - SPRING.MDX Checked by DH

Micro Drainage Network 2016.1.1

Network Design Table for Storm

©1982-2016 XP Solutions

PN Length

(m)

Fall

(m)

Slope

(1:X)

I.Area

(ha)

T.E.

(mins)

Base

Flow (l/s)

k

(mm)

HYD

SECT

DIA

(mm)

Section Type Auto

Design

1.001 88.004 0.088 1000.0 0.000 0.00 0.0 0.600 [] 12 Pipe/Conduit
1.002 103.899 0.104 999.0 0.000 0.00 0.0 0.600 [] 12 Pipe/Conduit

4.000 162.895 0.326 499.7 3.334 5.00 0.0 0.600 [] 12 Pipe/Conduit

5.000 41.532 0.083 500.4 1.111 5.00 0.0 0.600 o 900 Pipe/Conduit

1.003 86.058 0.086 1000.7 0.000 0.00 0.0 0.600 [] 20 Pipe/Conduit
1.004 108.780 0.109 998.0 0.000 0.00 0.0 0.600 [] 20 Pipe/Conduit

6.000 276.654 0.100 2766.5 0.610 5.00 0.0 0.600 \/ -2 Pipe/Conduit

7.000 77.264 0.230 335.9 0.085 5.00 0.0 0.600 \/ -2 Pipe/Conduit

6.001 38.433 0.819 46.9 0.000 0.00 0.0 0.600 o 600 Pipe/Conduit

1.005 24.147 0.024 1006.1 0.000 0.00 0.0 0.600 [] 20 Pipe/Conduit
1.006 36.594 0.037 989.0 3.283 0.00 0.0 0.600 [] 20 Pipe/Conduit
1.007 50.437 0.050 1008.7 0.000 0.00 0.0 0.600 [] 20 Pipe/Conduit

8.000 69.287 0.139 498.5 1.395 5.00 0.0 0.600 o 825 Pipe/Conduit

9.000 83.385 0.167 499.3 0.166 5.00 0.0 0.600 o 825 Pipe/Conduit

Network Results Table

PN Rain

(mm/hr)

T.C.

(mins)

US/IL

(m)

Σ I.Area

(ha)

Σ Base

Flow (l/s)

Foul

(l/s)

Add Flow

(l/s)

Vel

(m/s)

Cap

(l/s)

Flow

(l/s)

1.001 0.00 8.35 -0.195 6.389 0.0 0.0 0.0 1.33 3106.2 0.0
1.002 0.00 9.65 -0.283 6.389 0.0 0.0 0.0 1.33 3107.8 0.0

4.000 0.00 6.44 0.000 3.334 0.0 0.0 0.0 1.88 4406.4 0.0

5.000 0.00 5.50 0.000 1.111 0.0 0.0 0.0 1.39 886.7 0.0

1.003 0.00 10.54 -0.387 10.834 0.0 0.0 0.0 1.61 6359.6 0.0
1.004 0.00 11.67 -0.473 10.834 0.0 0.0 0.0 1.61 6368.3 0.0

6.000 0.00 10.61 1.840 0.610 0.0 0.0 0.0 0.82 1321.3 0.0

7.000 0.00 5.54 1.970 0.085 0.0 0.0 0.0 2.38 3828.5 0.0

6.001 0.00 10.79 1.740 0.695 0.0 0.0 0.0 3.56 1006.9 0.0

1.005 0.00 11.92 -0.582 11.529 0.0 0.0 0.0 1.61 6342.2 0.0
1.006 0.00 12.30 -0.606 14.812 0.0 0.0 0.0 1.62 6397.2 0.0
1.007 0.00 12.82 -0.643 14.812 0.0 0.0 0.0 1.60 6333.9 0.0

8.000 0.00 5.87 0.000 1.395 0.0 0.0 0.0 1.32 707.2 0.0

9.000 0.00 6.05 0.000 0.166 0.0 0.0 0.0 1.32 706.6 0.0
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PN Length

(m)

Fall

(m)

Slope

(1:X)

I.Area

(ha)

T.E.

(mins)

Base

Flow (l/s)

k

(mm)

HYD

SECT

DIA

(mm)

Section Type Auto

Design

8.001 91.712 0.092 996.9 0.000 0.00 0.0 0.600 [] 12 Pipe/Conduit
8.002 90.976 0.091 999.7 0.000 0.00 0.0 0.600 [] 12 Pipe/Conduit

10.000 145.145 0.290 500.5 0.872 5.00 0.0 0.600 o 750 Pipe/Conduit
10.001 70.941 0.142 499.6 0.000 0.00 0.0 0.600 o 750 Pipe/Conduit

8.003 32.286 0.032 1008.9 0.000 0.00 0.0 0.600 [] 12 Pipe/Conduit

11.000 79.247 0.158 501.6 0.722 5.00 0.0 0.600 o 750 Pipe/Conduit

8.004 57.119 0.057 1002.1 0.000 0.00 0.0 0.600 [] 12 Pipe/Conduit
8.005 70.549 0.071 993.6 0.000 0.00 0.0 0.600 [] 12 Pipe/Conduit
8.006 75.329 0.075 1004.4 0.000 0.00 0.0 0.600 [] 12 Pipe/Conduit
8.007 50.301 0.050 1006.0 1.757 0.00 0.0 0.600 [] 12 Pipe/Conduit
8.008 118.727 0.119 997.7 0.000 0.00 0.0 0.600 [] 12 Pipe/Conduit

1.008 29.915 0.030 997.2 0.000 0.00 0.0 0.600 [] 20 Pipe/Conduit

Network Results Table

PN Rain

(mm/hr)

T.C.

(mins)

US/IL

(m)

Σ I.Area

(ha)

Σ Base

Flow (l/s)

Foul

(l/s)

Add Flow

(l/s)

Vel

(m/s)

Cap

(l/s)

Flow

(l/s)

8.001 0.00 7.20 -0.167 1.561 0.0 0.0 0.0 1.33 3111.2 0.0
8.002 0.00 8.34 -0.259 1.561 0.0 0.0 0.0 1.33 3106.6 0.0

10.000 0.00 6.94 0.000 0.872 0.0 0.0 0.0 1.24 549.6 0.0
10.001 0.00 7.89 -0.290 0.872 0.0 0.0 0.0 1.25 550.1 0.0

8.003 0.00 8.75 -0.432 2.433 0.0 0.0 0.0 1.32 3092.3 0.0

11.000 0.00 6.06 0.000 0.722 0.0 0.0 0.0 1.24 549.0 0.0

8.004 0.00 9.47 -0.464 3.155 0.0 0.0 0.0 1.33 3103.0 0.0
8.005 0.00 10.35 -0.521 3.155 0.0 0.0 0.0 1.33 3116.2 0.0
8.006 0.00 11.30 -0.592 3.155 0.0 0.0 0.0 1.33 3099.4 0.0
8.007 0.00 11.93 -0.667 4.912 0.0 0.0 0.0 1.32 3096.8 0.0
8.008 0.00 13.42 -0.717 4.912 0.0 0.0 0.0 1.33 3109.8 0.0

1.008 0.00 13.73 -0.836 19.724 0.0 0.0 0.0 1.61 6370.9 0.0
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MH

Name

MH

CL (m)

MH

Depth

(m)

MH

Connection

MH

Diam.,L*W

(mm)

PN

Pipe Out

Invert

Level (m)

Diameter

(mm)

PN

Pipes In

Invert

Level (m)

Diameter

(mm)

Backdrop

(mm)

P1 2.800 2.800 Open Manhole 3000 1.000 0.000 12

P2 2.800 2.800 Open Manhole 3000 2.000 0.000 12

P2.1 2.800 2.933 Open Manhole 3000 2.001 -0.133 12 2.000 -0.133 12

C0.1 2.800 2.800 Open Manhole 3000 3.000 0.000 12

C1 2.800 2.995 Open Manhole 3000 1.001 -0.195 12 1.000 -0.156 12 39

2.001 -0.195 12

3.000 -0.195 12

C1.1 2.800 3.083 Open Manhole 3000 1.002 -0.283 12 1.001 -0.283 12

P3 2.800 2.800 Open Manhole 3000 4.000 0.000 12

P4 2.800 2.800 Open Manhole 1800 5.000 0.000 900

C1.2 2.800 3.187 Open Manhole 3000 1.003 -0.387 20 1.002 -0.387 12

4.000 -0.326 12

5.000 -0.083 900

C1.3 2.800 3.273 Open Manhole 3000 1.004 -0.473 20 1.003 -0.473 20

D1 2.440 0.600 Junction 6.000 1.840 -2

D2 2.570 0.600 Junction 7.000 1.970 -2

D1.1 2.452 0.712 Junction 0 6.001 1.740 600 6.000 1.740 -2

7.000 1.740 -2

C1.4 2.800 3.382 Open Manhole 3000 1.005 -0.582 20 1.004 -0.582 20

6.001 0.921 600 603

C1.5 2.900 3.506 Open Manhole 3000 1.006 -0.606 20 1.005 -0.606 20

C1.6 2.900 3.543 Open Manhole 3000 1.007 -0.643 20 1.006 -0.643 20

P8 2.900 2.900 Open Manhole 1800 8.000 0.000 825

P9 2.900 2.900 Open Manhole 1800 9.000 0.000 825

C2 2.900 3.067 Open Manhole 3000 8.001 -0.167 12 8.000 -0.139 825

9.000 -0.167 825

C2.1 2.900 3.159 Open Manhole 3000 8.002 -0.259 12 8.001 -0.259 12

P10 2.900 2.900 Open Manhole 1800 10.000 0.000 750

P10.1 2.900 3.190 Open Manhole 1800 10.001 -0.290 750 10.000 -0.290 750

C2.2 2.900 3.332 Open Manhole 3000 8.003 -0.432 12 8.002 -0.350 12 82

10.001 -0.432 750

P11 2.900 2.900 Open Manhole 1800 11.000 0.000 750

C2.3 2.900 3.364 Open Manhole 3000 8.004 -0.464 12 8.003 -0.464 12

11.000 -0.158 750 56

C2.4 2.900 3.421 Open Manhole 3000 8.005 -0.521 12 8.004 -0.521 12

C2.5 2.900 3.492 Open Manhole 3000 8.006 -0.592 12 8.005 -0.592 12

C2.6 2.900 3.567 Open Manhole 3000 8.007 -0.667 12 8.006 -0.667 12

C2.7 2.900 3.617 Open Manhole 3000 8.008 -0.717 12 8.007 -0.717 12

C1.7 2.900 3.736 Open Manhole 3000 1.008 -0.836 20 1.007 -0.693 20 143
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MH

Name

MH

CL (m)

MH

Depth

(m)

MH

Connection

MH

Diam.,L*W

(mm)

PN

Pipe Out

Invert

Level (m)

Diameter

(mm)

PN

Pipes In

Invert

Level (m)

Diameter

(mm)

Backdrop

(mm)

8.008 -0.836 12

2.900 3.766 Open Manhole 0 OUTFALL 1.008 -0.866 20

Surcharged Outfall Details for Storm

Outfall

Pipe Number

Outfall

Name

C. Level

(m)

I. Level

(m)

Min

I. Level

(m)

D,L

(mm)

W

(mm)

1.008 2.900 -0.866 0.000 0 0

Datum (m) 0.000 Offset (mins) 0

Time

(mins)

Depth

(m)

Time

(mins)

Depth

(m)

Time

(mins)

Depth

(m)

Time

(mins)

Depth

(m)

Time

(mins)

Depth

(m)

Time

(mins)

Depth

(m)

30 -0.901 960 3.583 1890 1.459 2820 -1.727 3750 1.931 4680 3.583
60 -0.311 990 3.819 1920 0.810 2850 -1.845 3780 2.521 4710 2.934
90 0.456 1020 4.055 1950 0.161 2880 -1.373 3810 3.111 4740 2.285

120 1.105 1050 3.819 1980 -0.429 2910 -0.901 3840 3.583 4770 1.459
150 1.931 1080 3.583 2010 -0.960 2940 -0.311 3870 3.819 4800 0.810
180 2.521 1110 2.934 2040 -1.314 2970 0.456 3900 4.055 4830 0.161
210 3.111 1140 2.285 2070 -1.609 3000 1.105 3930 3.819 4860 -0.429
240 3.583 1170 1.459 2100 -1.727 3030 1.931 3960 3.583 4890 -0.960
270 3.819 1200 0.810 2130 -1.845 3060 2.521 3990 2.934 4920 -1.314
300 4.055 1230 0.161 2160 -1.373 3090 3.111 4020 2.285 4950 -1.609
330 3.819 1260 -0.429 2190 -0.901 3120 3.583 4050 1.459 4980 -1.727
360 3.583 1290 -0.960 2220 -0.311 3150 3.819 4080 0.810 5010 -1.845
390 2.934 1320 -1.314 2250 0.456 3180 4.055 4110 0.161 5040 -1.373
420 2.285 1350 -1.609 2280 1.105 3210 3.819 4140 -0.429 5070 -0.901
450 1.459 1380 -1.727 2310 1.931 3240 3.583 4170 -0.960 5100 -0.311
480 0.810 1410 -1.845 2340 2.521 3270 2.934 4200 -1.314 5130 0.456
510 0.161 1440 -1.373 2370 3.111 3300 2.285 4230 -1.609 5160 1.105
540 -0.429 1470 -0.901 2400 3.583 3330 1.459 4260 -1.727 5190 1.931
570 -0.960 1500 -0.311 2430 3.819 3360 0.810 4290 -1.845 5220 2.521
600 -1.314 1530 0.456 2460 4.055 3390 0.161 4320 -1.373 5250 3.111
630 -1.609 1560 1.105 2490 3.819 3420 -0.429 4350 -0.901 5280 3.583
660 -1.727 1590 1.931 2520 3.583 3450 -0.960 4380 -0.311 5310 3.819
690 -1.845 1620 2.521 2550 2.934 3480 -1.314 4410 0.456 5340 4.055
720 -1.373 1650 3.111 2580 2.285 3510 -1.609 4440 1.105 5370 3.819
750 -0.901 1680 3.583 2610 1.459 3540 -1.727 4470 1.931 5400 3.583
780 -0.311 1710 3.819 2640 0.810 3570 -1.845 4500 2.521 5430 2.934
810 0.456 1740 4.055 2670 0.161 3600 -1.373 4530 3.111 5460 2.285
840 1.105 1770 3.819 2700 -0.429 3630 -0.901 4560 3.583 5490 1.459
870 1.931 1800 3.583 2730 -0.960 3660 -0.311 4590 3.819 5520 0.810
900 2.521 1830 2.934 2760 -1.314 3690 0.456 4620 4.055 5550 0.161
930 3.111 1860 2.285 2790 -1.609 3720 1.105 4650 3.819 5580 -0.429
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Time

(mins)

Depth

(m)

Time

(mins)

Depth

(m)

Time

(mins)

Depth

(m)

Time

(mins)

Depth

(m)

Time

(mins)

Depth

(m)

Time

(mins)

Depth

(m)

5610 -0.960 6030 3.819 6450 -1.845 6870 2.934 7290 0.456 7710 0.161
5640 -1.314 6060 4.055 6480 -1.373 6900 2.285 7320 1.105 7740 -0.429
5670 -1.609 6090 3.819 6510 -0.901 6930 1.459 7350 1.931 7770 -0.960
5700 -1.727 6120 3.583 6540 -0.311 6960 0.810 7380 2.521 7800 -1.314
5730 -1.845 6150 2.934 6570 0.456 6990 0.161 7410 3.111 7830 -1.609
5760 -1.373 6180 2.285 6600 1.105 7020 -0.429 7440 3.583 7860 -1.727
5790 -0.901 6210 1.459 6630 1.931 7050 -0.960 7470 3.819 7890 -1.845
5820 -0.311 6240 0.810 6660 2.521 7080 -1.314 7500 4.055 7920 -1.373
5850 0.456 6270 0.161 6690 3.111 7110 -1.609 7530 3.819 7950 -0.901
5880 1.105 6300 -0.429 6720 3.583 7140 -1.727 7560 3.583 7980 -0.311
5910 1.931 6330 -0.960 6750 3.819 7170 -1.845 7590 2.934 8010 0.456
5940 2.521 6360 -1.314 6780 4.055 7200 -1.373 7620 2.285
5970 3.111 6390 -1.609 6810 3.819 7230 -0.901 7650 1.459
6000 3.583 6420 -1.727 6840 3.583 7260 -0.311 7680 0.810

Simulation Criteria for Storm

Volumetric Runoff Coeff 1.000 Additional Flow - % of Total Flow 40.000
Areal Reduction Factor 1.000 MADD Factor * 10m³/ha Storage 2.000

Hot Start (mins) 0 Inlet Coeffiecient 0.800
Hot Start Level (mm) 0 Flow per Person per Day (l/per/day) 0.000

Manhole Headloss Coeff (Global) 0.500 Run Time (mins) 60
Foul Sewage per hectare (l/s) 0.000 Output Interval (mins) 1

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 0 Number of Storage Structures 1 Number of Real Time Controls 0

Synthetic Rainfall Details

Rainfall Model FEH
Return Period (years) 30
FEH Rainfall Version 1999

Site Location GB 565800 175400 TQ 65800 75400
C (1km) -0.026

D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Summer Storms Yes
Winter Storms Yes

Cv (Summer) 1.000
Cv (Winter) 0.840

Storm Duration (mins) 30
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Tank or Pond Manhole: C1.7, DS/PN: 1.008

Invert Level (m) -0.836

Depth (m) Area (m²) Depth (m) Area (m²)

0.000 3000.0 1.000 3000.0
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Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 0 Number of Storage Structures 1 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status ON
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 30, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name Storm

Return

Period

Climate

Change

First (X)

Surcharge

First (Y)

Flood

First (Z)

Overflow

Overflow

Act.

Water

 Level

(m)

1.000 P1 600 Winter 1 +0% 30/180 Summer 0.273
2.000 P2 15 Winter 1 +0% 30/180 Summer 0.274
2.001 P2.1 600 Winter 1 +0% 30/15 Winter 0.272
3.000 C0.1 15 Winter 1 +0% 30/180 Summer 0.311
1.001 C1 600 Winter 1 +0% 30/15 Summer 0.272
1.002 C1.1 600 Winter 1 +0% 30/15 Summer 0.256
4.000 P3 15 Winter 1 +0% 30/180 Summer 0.262
5.000 P4 15 Winter 1 +0% 30/180 Summer 0.376
1.003 C1.2 600 Winter 1 +0% 30/180 Winter 0.243
1.004 C1.3 600 Winter 1 +0% 30/180 Winter 0.225
6.000 D1 15 Winter 1 +0% 100/240 Winter 100/240 Winter 1.982
7.000 D2 15 Winter 1 +0% 100/360 Winter 100/360 Winter 1.987
6.001 D1.1 15 Winter 1 +0% 100/240 Winter 100/240 Winter 1.859
1.005 C1.4 480 Winter 1 +0% 30/180 Winter 0.211
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PN

US/MH

Name

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

Pipe

Flow

(l/s) Status

Level

Exceeded

1.000 P1 -0.727 0.000 0.01 34.4 OK
2.000 P2 -0.726 0.000 0.06 194.9 OK
2.001 P2.1 -0.595 0.000 0.02 48.2 OK
3.000 C0.1 -0.689 0.000 0.22 720.9 OK
1.001 C1 -0.533 0.000 0.10 263.8 OK
1.002 C1.1 -0.461 0.000 0.10 263.7 OK
4.000 P3 -0.738 0.000 0.18 687.0 OK
5.000 P4 -0.524 0.000 0.36 253.1 OK
1.003 C1.2 -0.870 0.000 0.07 343.5 OK
1.004 C1.3 -0.802 0.000 0.07 366.9 OK
6.000 D1 -0.458 0.000 0.06 122.3 OK 3
7.000 D2 -0.583 0.000 0.01 19.2 OK 2
6.001 D1.1 -0.481 0.000 0.09 79.2 OK* 3
1.005 C1.4 -0.707 0.000 0.14 310.0 OK
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PN

US/MH

Name Storm

Return

Period

Climate

Change

First (X)

Surcharge

First (Y)

Flood

First (Z)

Overflow

Overflow

Act.

Water

 Level

(m)

1.006 C1.5 480 Winter 1 +0% 30/180 Summer 0.209
1.007 C1.6 480 Winter 1 +0% 30/180 Summer 0.200
8.000 P8 15 Winter 1 +0% 30/15 Summer 0.425
9.000 P9 600 Winter 1 +0% 30/180 Summer 0.212
8.001 C2 600 Winter 1 +0% 30/180 Summer 0.212
8.002 C2.1 600 Winter 1 +0% 30/180 Summer 0.211

10.000 P10 15 Winter 1 +0% 30/15 Summer 0.325
10.001 P10.1 600 Winter 1 +0% 30/120 Summer 0.210
8.003 C2.2 600 Winter 1 +0% 30/120 Summer 0.209

11.000 P11 15 Winter 1 +0% 30/15 Winter 0.301
8.004 C2.3 600 Winter 1 +0% 30/120 Summer 0.207
8.005 C2.4 600 Winter 1 +0% 30/120 Summer 0.203
8.006 C2.5 600 Winter 1 +0% 30/120 Summer 0.200
8.007 C2.6 600 Winter 1 +0% 30/120 Summer 0.197
8.008 C2.7 480 Winter 1 +0% 30/120 Summer 0.191
1.008 C1.7 480 Winter 1 +0% 30/120 Winter 0.191

PN

US/MH

Name

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

Pipe

Flow

(l/s) Status

Level

Exceeded

1.006 C1.5 -0.685 0.000 0.10 323.6 OK
1.007 C1.6 -0.657 0.000 0.08 349.0 OK
8.000 P8 -0.400 0.000 0.50 304.7 OK
9.000 P9 -0.613 0.000 0.01 3.2 OK
8.001 C2 -0.621 0.000 0.01 32.4 OK
8.002 C2.1 -0.530 0.000 0.04 107.5 OK

10.000 P10 -0.425 0.000 0.33 171.6 OK
10.001 P10.1 -0.250 0.000 0.08 39.2 OK
8.003 C2.2 -0.359 0.000 0.15 235.2 OK

11.000 P11 -0.449 0.000 0.33 163.5 OK
8.004 C2.3 -0.329 0.000 0.12 268.9 OK
8.005 C2.4 -0.276 0.000 0.12 283.5 OK
8.006 C2.5 -0.208 0.000 0.11 281.4 OK
8.007 C2.6 -0.136 0.000 0.13 297.1 OK
8.008 C2.7 -0.092 0.000 0.10 267.6 OK
1.008 C1.7 -0.473 0.000 0.56 1537.5 OK
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Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 0 Number of Storage Structures 1 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status ON
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 30, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name Storm

Return

Period

Climate

Change

First (X)

Surcharge

First (Y)

Flood

First (Z)

Overflow

Overflow

Act.

Water

 Level

(m)

1.000 P1 480 Winter 30 +0% 30/180 Summer 1.717
2.000 P2 480 Winter 30 +0% 30/180 Summer 1.717
2.001 P2.1 480 Winter 30 +0% 30/15 Winter 1.717
3.000 C0.1 480 Winter 30 +0% 30/180 Summer 1.717
1.001 C1 480 Winter 30 +0% 30/15 Summer 1.717
1.002 C1.1 480 Winter 30 +0% 30/15 Summer 1.717
4.000 P3 480 Winter 30 +0% 30/180 Summer 1.717
5.000 P4 480 Winter 30 +0% 30/180 Summer 1.718
1.003 C1.2 480 Winter 30 +0% 30/180 Winter 1.717
1.004 C1.3 480 Winter 30 +0% 30/180 Winter 1.717
6.000 D1 15 Winter 30 +0% 100/240 Winter 100/240 Winter 2.114
7.000 D2 15 Winter 30 +0% 100/360 Winter 100/360 Winter 2.032
6.001 D1.1 15 Winter 30 +0% 100/240 Winter 100/240 Winter 1.966
1.005 C1.4 480 Winter 30 +0% 30/180 Winter 1.717
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Bluebird Place TILBURY 2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA RORO AREA - SPRING TIDES

Date 17/10/2017 Designed by AH

File RORO AREA - SPRING.MDX Checked by DH

Micro Drainage Network 2016.1.1

30 year Return Period Summary of Critical Results by Maximum Level (Rank
1) for Storm

©1982-2016 XP Solutions

PN

US/MH

Name

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

Pipe

Flow

(l/s) Status

Level

Exceeded

1.000 P1 0.717 0.000 0.03 96.1 SURCHARGED
2.000 P2 0.717 0.000 0.01 49.1 SURCHARGED
2.001 P2.1 0.850 0.000 0.02 51.8 SURCHARGED
3.000 C0.1 0.717 0.000 0.06 193.1 SURCHARGED
1.001 C1 0.912 0.000 0.10 251.9 SURCHARGED
1.002 C1.1 1.000 0.000 0.09 242.5 SURCHARGED
4.000 P3 0.717 0.000 0.05 185.3 SURCHARGED
5.000 P4 0.818 0.000 0.09 61.8 SURCHARGED
1.003 C1.2 0.604 0.000 0.09 410.1 SURCHARGED
1.004 C1.3 0.690 0.000 0.10 525.3 SURCHARGED
6.000 D1 -0.326 0.000 0.17 366.0 OK 3
7.000 D2 -0.538 0.000 0.02 63.6 OK 2
6.001 D1.1 -0.374 0.000 0.30 275.1 OK* 3
1.005 C1.4 0.799 0.000 0.24 544.6 SURCHARGED
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Bluebird Place TILBURY 2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA RORO AREA - SPRING TIDES

Date 17/10/2017 Designed by AH

File RORO AREA - SPRING.MDX Checked by DH

Micro Drainage Network 2016.1.1

30 year Return Period Summary of Critical Results by Maximum Level (Rank
1) for Storm

©1982-2016 XP Solutions

PN

US/MH

Name Storm

Return

Period

Climate

Change

First (X)

Surcharge

First (Y)

Flood

First (Z)

Overflow

Overflow

Act.

Water

 Level

(m)

1.006 C1.5 480 Winter 30 +0% 30/180 Summer 1.716
1.007 C1.6 480 Winter 30 +0% 30/180 Summer 1.714
8.000 P8 480 Winter 30 +0% 30/15 Summer 1.714
9.000 P9 480 Winter 30 +0% 30/180 Summer 1.712
8.001 C2 480 Winter 30 +0% 30/180 Summer 1.712
8.002 C2.1 480 Winter 30 +0% 30/180 Summer 1.712

10.000 P10 480 Winter 30 +0% 30/15 Summer 1.712
10.001 P10.1 480 Winter 30 +0% 30/120 Summer 1.712
8.003 C2.2 480 Winter 30 +0% 30/120 Summer 1.712

11.000 P11 480 Winter 30 +0% 30/15 Winter 1.712
8.004 C2.3 480 Winter 30 +0% 30/120 Summer 1.712
8.005 C2.4 480 Winter 30 +0% 30/120 Summer 1.712
8.006 C2.5 480 Winter 30 +0% 30/120 Summer 1.712
8.007 C2.6 480 Winter 30 +0% 30/120 Summer 1.713
8.008 C2.7 480 Winter 30 +0% 30/120 Summer 1.713
1.008 C1.7 480 Winter 30 +0% 30/120 Winter 1.713

PN

US/MH

Name

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

Pipe

Flow

(l/s) Status

Level

Exceeded

1.006 C1.5 0.822 0.000 0.17 554.1 SURCHARGED
1.007 C1.6 0.857 0.000 0.13 552.8 SURCHARGED
8.000 P8 0.889 0.000 0.13 77.1 SURCHARGED
9.000 P9 0.887 0.000 0.01 8.8 SURCHARGED
8.001 C2 0.879 0.000 0.03 78.2 SURCHARGED
8.002 C2.1 0.971 0.000 0.03 68.9 SURCHARGED

10.000 P10 0.962 0.000 0.10 49.2 SURCHARGED
10.001 P10.1 1.252 0.000 0.10 47.4 SURCHARGED
8.003 C2.2 1.144 0.000 0.10 167.8 SURCHARGED

11.000 P11 0.962 0.000 0.08 39.8 SURCHARGED
8.004 C2.3 1.176 0.000 0.07 163.8 SURCHARGED
8.005 C2.4 1.233 0.000 0.07 158.7 SURCHARGED
8.006 C2.5 1.304 0.000 0.06 144.7 SURCHARGED
8.007 C2.6 1.380 0.000 0.09 196.0 SURCHARGED
8.008 C2.7 1.430 0.000 0.07 190.4 SURCHARGED
1.008 C1.7 1.049 0.000 1.14 3128.6 SURCHARGED
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Bluebird Place TILBURY 2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA RORO AREA - SPRING TIDES

Date 17/10/2017 Designed by AH

File RORO AREA - SPRING.MDX Checked by DH

Micro Drainage Network 2016.1.1

100 year Return Period Summary of Critical Results by Maximum Level
(Rank 1) for Storm

©1982-2016 XP Solutions

Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 0 Number of Storage Structures 1 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status ON
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 30, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name Storm

Return

Period

Climate

Change

First (X)

Surcharge

First (Y)

Flood

First (Z)

Overflow

Overflow

Act.

Water

 Level

(m)

1.000 P1 360 Winter 100 +0% 30/180 Summer 2.748
2.000 P2 360 Winter 100 +0% 30/180 Summer 2.748
2.001 P2.1 360 Winter 100 +0% 30/15 Winter 2.748
3.000 C0.1 360 Winter 100 +0% 30/180 Summer 2.748
1.001 C1 360 Winter 100 +0% 30/15 Summer 2.748
1.002 C1.1 360 Winter 100 +0% 30/15 Summer 2.748
4.000 P3 360 Winter 100 +0% 30/180 Summer 2.748
5.000 P4 360 Winter 100 +0% 30/180 Summer 2.748
1.003 C1.2 360 Winter 100 +0% 30/180 Winter 2.748
1.004 C1.3 360 Winter 100 +0% 30/180 Winter 2.748
6.000 D1 360 Winter 100 +0% 100/240 Winter 100/240 Winter 2.725
7.000 D2 360 Winter 100 +0% 100/360 Winter 100/360 Winter 2.725
6.001 D1.1 360 Winter 100 +0% 100/240 Winter 100/240 Winter 2.725
1.005 C1.4 360 Winter 100 +0% 30/180 Winter 2.748
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Bluebird Place TILBURY 2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA RORO AREA - SPRING TIDES

Date 17/10/2017 Designed by AH

File RORO AREA - SPRING.MDX Checked by DH

Micro Drainage Network 2016.1.1

100 year Return Period Summary of Critical Results by Maximum Level
(Rank 1) for Storm

©1982-2016 XP Solutions

PN

US/MH

Name

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

Pipe

Flow

(l/s) Status

Level

Exceeded

1.000 P1 1.748 0.000 0.06 172.6 FLOOD RISK
2.000 P2 1.748 0.000 0.03 90.7 FLOOD RISK
2.001 P2.1 1.881 0.000 0.04 112.9 FLOOD RISK
3.000 C0.1 1.748 0.000 0.10 348.8 FLOOD RISK
1.001 C1 1.943 0.000 0.24 611.6 FLOOD RISK
1.002 C1.1 2.031 0.000 0.23 592.6 FLOOD RISK
4.000 P3 1.748 0.000 0.08 324.6 FLOOD RISK
5.000 P4 1.848 0.000 0.15 108.4 FLOOD RISK
1.003 C1.2 1.635 0.000 0.21 1004.5 FLOOD RISK
1.004 C1.3 1.721 0.000 0.19 954.4 FLOOD RISK
6.000 D1 0.285 286.643 0.03 62.2 FLOOD 3
7.000 D2 0.155 155.193 0.01 38.1 FLOOD 2
6.001 D1.1 0.385 273.827 0.24 222.1 FLOOD 3
1.005 C1.4 1.830 0.000 0.42 959.1 FLOOD RISK
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Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA RORO AREA - SPRING TIDES

Date 17/10/2017 Designed by AH

File RORO AREA - SPRING.MDX Checked by DH

Micro Drainage Network 2016.1.1

100 year Return Period Summary of Critical Results by Maximum Level
(Rank 1) for Storm

©1982-2016 XP Solutions

PN

US/MH

Name Storm

Return

Period

Climate

Change

First (X)

Surcharge

First (Y)

Flood

First (Z)

Overflow

Overflow

Act.

Water

 Level

(m)

1.006 C1.5 360 Winter 100 +0% 30/180 Summer 2.749
1.007 C1.6 360 Winter 100 +0% 30/180 Summer 2.750
8.000 P8 360 Winter 100 +0% 30/15 Summer 2.750
9.000 P9 360 Winter 100 +0% 30/180 Summer 2.750
8.001 C2 360 Winter 100 +0% 30/180 Summer 2.750
8.002 C2.1 360 Winter 100 +0% 30/180 Summer 2.750

10.000 P10 360 Winter 100 +0% 30/15 Summer 2.750
10.001 P10.1 360 Winter 100 +0% 30/120 Summer 2.750
8.003 C2.2 360 Winter 100 +0% 30/120 Summer 2.750

11.000 P11 360 Winter 100 +0% 30/15 Winter 2.750
8.004 C2.3 360 Winter 100 +0% 30/120 Summer 2.750
8.005 C2.4 360 Winter 100 +0% 30/120 Summer 2.750
8.006 C2.5 360 Winter 100 +0% 30/120 Summer 2.750
8.007 C2.6 360 Winter 100 +0% 30/120 Summer 2.750
8.008 C2.7 360 Winter 100 +0% 30/120 Summer 2.750
1.008 C1.7 360 Winter 100 +0% 30/120 Winter 2.751

PN

US/MH

Name

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

Pipe

Flow

(l/s) Status

Level

Exceeded

1.006 C1.5 1.855 0.000 0.38 1230.5 FLOOD RISK
1.007 C1.6 1.893 0.000 0.29 1209.8 FLOOD RISK
8.000 P8 1.925 0.000 0.23 141.7 FLOOD RISK
9.000 P9 1.925 0.000 0.03 16.9 FLOOD RISK
8.001 C2 1.917 0.000 0.06 156.8 FLOOD RISK
8.002 C2.1 2.009 0.000 0.05 135.0 FLOOD RISK

10.000 P10 2.000 0.000 0.17 88.3 FLOOD RISK
10.001 P10.1 2.290 0.000 0.18 86.5 FLOOD RISK
8.003 C2.2 2.182 0.000 0.12 197.2 FLOOD RISK

11.000 P11 2.000 0.000 0.15 72.6 FLOOD RISK
8.004 C2.3 2.214 0.000 0.11 251.9 FLOOD RISK
8.005 C2.4 2.271 0.000 0.10 244.4 FLOOD RISK
8.006 C2.5 2.342 0.000 0.10 240.4 FLOOD RISK
8.007 C2.6 2.417 0.000 0.18 398.2 FLOOD RISK
8.008 C2.7 2.467 0.000 0.15 390.0 FLOOD RISK
1.008 C1.7 2.087 0.000 1.23 3366.4 FLOOD RISK
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Bluebird Place TILBURY 2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA RORO AREA - NEAP TIDES

Date 17/10/2017 Designed by AH

File RORO AREA - NEAP.MDX Checked by DH

Micro Drainage Network 2016.1.1

STORM SEWER DESIGN by the Modified Rational Method

Design Criteria for Storm

©1982-2016 XP Solutions

Pipe Sizes STANDARD Manhole Sizes STANDARD

FEH Rainfall Model
Return Period (years) 30
FEH Rainfall Version 1999

Site Location GB 565800 175400 TQ 65800 75400
C (1km) -0.026

D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Maximum Rainfall (mm/hr) 0
Maximum Time of Concentration (mins) 30

Foul Sewage (l/s/ha) 0.000
Volumetric Runoff Coeff. 1.000

PIMP (%) 100
Add Flow / Climate Change (%) 40

Minimum Backdrop Height (m) 0.200
Maximum Backdrop Height (m) 1.500

Min Design Depth for Optimisation (m) 1.200
Min Vel for Auto Design only (m/s) 1.00

Min Slope for Optimisation (1:X) 500

Designed with Level Inverts

Network Design Table for Storm

PN Length

(m)

Fall

(m)

Slope

(1:X)

I.Area

(ha)

T.E.

(mins)

Base

Flow (l/s)

k

(mm)

HYD

SECT

DIA

(mm)

Section Type Auto

Design

1.000 170.874 0.156 1095.3 1.750 5.00 0.0 0.600 [] 12 Pipe/Conduit

2.000 66.400 0.133 499.2 0.903 5.00 0.0 0.600 [] 12 Pipe/Conduit
2.001 17.342 0.062 279.7 0.246 0.00 0.0 0.600 [] 12 Pipe/Conduit

3.000 123.410 0.195 632.9 3.490 5.00 0.0 0.600 [] 12 Pipe/Conduit

Network Results Table

PN Rain

(mm/hr)

T.C.

(mins)

US/IL

(m)

Σ I.Area

(ha)

Σ Base

Flow (l/s)

Foul

(l/s)

Add Flow

(l/s)

Vel

(m/s)

Cap

(l/s)

Flow

(l/s)

1.000 0.00 7.25 0.000 1.750 0.0 0.0 0.0 1.27 2966.7 0.0

2.000 0.00 5.59 0.000 0.903 0.0 0.0 0.0 1.88 4408.3 0.0
2.001 0.00 5.70 -0.133 1.149 0.0 0.0 0.0 2.52 5899.5 0.0

3.000 0.00 6.23 0.000 3.490 0.0 0.0 0.0 1.67 3912.1 0.0
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Bluebird Place TILBURY 2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA RORO AREA - NEAP TIDES

Date 17/10/2017 Designed by AH

File RORO AREA - NEAP.MDX Checked by DH

Micro Drainage Network 2016.1.1

Network Design Table for Storm

©1982-2016 XP Solutions

PN Length

(m)

Fall

(m)

Slope

(1:X)

I.Area

(ha)

T.E.

(mins)

Base

Flow (l/s)

k

(mm)

HYD

SECT

DIA

(mm)

Section Type Auto

Design

1.001 88.004 0.088 1000.0 0.000 0.00 0.0 0.600 [] 12 Pipe/Conduit
1.002 103.899 0.104 999.0 0.000 0.00 0.0 0.600 [] 12 Pipe/Conduit

4.000 162.895 0.326 499.7 3.334 5.00 0.0 0.600 [] 12 Pipe/Conduit

5.000 41.532 0.083 500.4 1.111 5.00 0.0 0.600 o 900 Pipe/Conduit

1.003 86.058 0.086 1000.7 0.000 0.00 0.0 0.600 [] 20 Pipe/Conduit
1.004 108.780 0.109 998.0 0.000 0.00 0.0 0.600 [] 20 Pipe/Conduit

6.000 276.654 0.100 2766.5 0.610 5.00 0.0 0.600 \/ -2 Pipe/Conduit

7.000 77.264 0.230 335.9 0.085 5.00 0.0 0.600 \/ -2 Pipe/Conduit

6.001 38.433 0.819 46.9 0.000 0.00 0.0 0.600 o 600 Pipe/Conduit

1.005 24.147 0.024 1006.1 0.000 0.00 0.0 0.600 [] 20 Pipe/Conduit
1.006 36.594 0.037 989.0 3.283 0.00 0.0 0.600 [] 20 Pipe/Conduit
1.007 50.437 0.050 1008.7 0.000 0.00 0.0 0.600 [] 20 Pipe/Conduit

8.000 69.287 0.139 498.5 1.395 5.00 0.0 0.600 o 825 Pipe/Conduit

9.000 83.385 0.167 499.3 0.166 5.00 0.0 0.600 o 825 Pipe/Conduit

Network Results Table

PN Rain

(mm/hr)

T.C.

(mins)

US/IL

(m)

Σ I.Area

(ha)

Σ Base

Flow (l/s)

Foul

(l/s)

Add Flow

(l/s)

Vel

(m/s)

Cap

(l/s)

Flow

(l/s)

1.001 0.00 8.35 -0.195 6.389 0.0 0.0 0.0 1.33 3106.2 0.0
1.002 0.00 9.65 -0.283 6.389 0.0 0.0 0.0 1.33 3107.8 0.0

4.000 0.00 6.44 0.000 3.334 0.0 0.0 0.0 1.88 4406.4 0.0

5.000 0.00 5.50 0.000 1.111 0.0 0.0 0.0 1.39 886.7 0.0

1.003 0.00 10.54 -0.387 10.834 0.0 0.0 0.0 1.61 6359.6 0.0
1.004 0.00 11.67 -0.473 10.834 0.0 0.0 0.0 1.61 6368.3 0.0

6.000 0.00 10.61 1.840 0.610 0.0 0.0 0.0 0.82 1321.3 0.0

7.000 0.00 5.54 1.970 0.085 0.0 0.0 0.0 2.38 3828.5 0.0

6.001 0.00 10.79 1.740 0.695 0.0 0.0 0.0 3.56 1006.9 0.0

1.005 0.00 11.92 -0.582 11.529 0.0 0.0 0.0 1.61 6342.2 0.0
1.006 0.00 12.30 -0.606 14.812 0.0 0.0 0.0 1.62 6397.2 0.0
1.007 0.00 12.82 -0.643 14.812 0.0 0.0 0.0 1.60 6333.9 0.0

8.000 0.00 5.87 0.000 1.395 0.0 0.0 0.0 1.32 707.2 0.0

9.000 0.00 6.05 0.000 0.166 0.0 0.0 0.0 1.32 706.6 0.0
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Date 17/10/2017 Designed by AH
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Micro Drainage Network 2016.1.1

Network Design Table for Storm

©1982-2016 XP Solutions

PN Length

(m)

Fall

(m)

Slope

(1:X)

I.Area

(ha)

T.E.

(mins)

Base

Flow (l/s)

k

(mm)

HYD

SECT

DIA

(mm)

Section Type Auto

Design

8.001 91.712 0.092 996.9 0.000 0.00 0.0 0.600 [] 12 Pipe/Conduit
8.002 90.976 0.091 999.7 0.000 0.00 0.0 0.600 [] 12 Pipe/Conduit

10.000 145.145 0.290 500.5 0.872 5.00 0.0 0.600 o 750 Pipe/Conduit
10.001 70.941 0.142 499.6 0.000 0.00 0.0 0.600 o 750 Pipe/Conduit

8.003 32.286 0.032 1008.9 0.000 0.00 0.0 0.600 [] 12 Pipe/Conduit

11.000 79.247 0.158 501.6 0.722 5.00 0.0 0.600 o 750 Pipe/Conduit

8.004 57.119 0.057 1002.1 0.000 0.00 0.0 0.600 [] 12 Pipe/Conduit
8.005 70.549 0.071 993.6 0.000 0.00 0.0 0.600 [] 12 Pipe/Conduit
8.006 75.329 0.075 1004.4 0.000 0.00 0.0 0.600 [] 12 Pipe/Conduit
8.007 50.301 0.050 1006.0 1.757 0.00 0.0 0.600 [] 12 Pipe/Conduit
8.008 118.727 0.119 997.7 0.000 0.00 0.0 0.600 [] 12 Pipe/Conduit

1.008 29.915 0.030 997.2 0.000 0.00 0.0 0.600 [] 20 Pipe/Conduit

Network Results Table

PN Rain

(mm/hr)

T.C.

(mins)

US/IL

(m)

Σ I.Area

(ha)

Σ Base

Flow (l/s)

Foul

(l/s)

Add Flow

(l/s)

Vel

(m/s)

Cap

(l/s)

Flow

(l/s)

8.001 0.00 7.20 -0.167 1.561 0.0 0.0 0.0 1.33 3111.2 0.0
8.002 0.00 8.34 -0.259 1.561 0.0 0.0 0.0 1.33 3106.6 0.0

10.000 0.00 6.94 0.000 0.872 0.0 0.0 0.0 1.24 549.6 0.0
10.001 0.00 7.89 -0.290 0.872 0.0 0.0 0.0 1.25 550.1 0.0

8.003 0.00 8.75 -0.432 2.433 0.0 0.0 0.0 1.32 3092.3 0.0

11.000 0.00 6.06 0.000 0.722 0.0 0.0 0.0 1.24 549.0 0.0

8.004 0.00 9.47 -0.464 3.155 0.0 0.0 0.0 1.33 3103.0 0.0
8.005 0.00 10.35 -0.521 3.155 0.0 0.0 0.0 1.33 3116.2 0.0
8.006 0.00 11.30 -0.592 3.155 0.0 0.0 0.0 1.33 3099.4 0.0
8.007 0.00 11.93 -0.667 4.912 0.0 0.0 0.0 1.32 3096.8 0.0
8.008 0.00 13.42 -0.717 4.912 0.0 0.0 0.0 1.33 3109.8 0.0

1.008 0.00 13.73 -0.836 19.724 0.0 0.0 0.0 1.61 6370.9 0.0



Atkins Page 4

Bluebird Place TILBURY 2

Mole Business Park SW DRAINAGE

Leatherhead  KT22 7BA RORO AREA - NEAP TIDES

Date 17/10/2017 Designed by AH

File RORO AREA - NEAP.MDX Checked by DH

Micro Drainage Network 2016.1.1

Manhole Schedules for Storm

©1982-2016 XP Solutions

MH

Name

MH

CL (m)

MH

Depth

(m)

MH

Connection

MH

Diam.,L*W

(mm)

PN

Pipe Out

Invert

Level (m)

Diameter

(mm)

PN

Pipes In

Invert

Level (m)

Diameter

(mm)

Backdrop

(mm)

P1 2.800 2.800 Open Manhole 3000 1.000 0.000 12

P2 2.800 2.800 Open Manhole 3000 2.000 0.000 12

P2.1 2.800 2.933 Open Manhole 3000 2.001 -0.133 12 2.000 -0.133 12

C0.1 2.800 2.800 Open Manhole 3000 3.000 0.000 12

C1 2.800 2.995 Open Manhole 3000 1.001 -0.195 12 1.000 -0.156 12 39

2.001 -0.195 12

3.000 -0.195 12

C1.1 2.800 3.083 Open Manhole 3000 1.002 -0.283 12 1.001 -0.283 12

P3 2.800 2.800 Open Manhole 3000 4.000 0.000 12

P4 2.800 2.800 Open Manhole 1800 5.000 0.000 900

C1.2 2.800 3.187 Open Manhole 3000 1.003 -0.387 20 1.002 -0.387 12

4.000 -0.326 12

5.000 -0.083 900

C1.3 2.800 3.273 Open Manhole 3000 1.004 -0.473 20 1.003 -0.473 20

D1 2.440 0.600 Junction 6.000 1.840 -2

D2 2.570 0.600 Junction 7.000 1.970 -2

D1.1 2.452 0.712 Junction 0 6.001 1.740 600 6.000 1.740 -2

7.000 1.740 -2

C1.4 2.800 3.382 Open Manhole 3000 1.005 -0.582 20 1.004 -0.582 20

6.001 0.921 600 603

C1.5 2.900 3.506 Open Manhole 3000 1.006 -0.606 20 1.005 -0.606 20

C1.6 2.900 3.543 Open Manhole 3000 1.007 -0.643 20 1.006 -0.643 20

P8 2.900 2.900 Open Manhole 1800 8.000 0.000 825

P9 2.900 2.900 Open Manhole 1800 9.000 0.000 825

C2 2.900 3.067 Open Manhole 3000 8.001 -0.167 12 8.000 -0.139 825

9.000 -0.167 825

C2.1 2.900 3.159 Open Manhole 3000 8.002 -0.259 12 8.001 -0.259 12

P10 2.900 2.900 Open Manhole 1800 10.000 0.000 750

P10.1 2.900 3.190 Open Manhole 1800 10.001 -0.290 750 10.000 -0.290 750

C2.2 2.900 3.332 Open Manhole 3000 8.003 -0.432 12 8.002 -0.350 12 82

10.001 -0.432 750

P11 2.900 2.900 Open Manhole 1800 11.000 0.000 750

C2.3 2.900 3.364 Open Manhole 3000 8.004 -0.464 12 8.003 -0.464 12

11.000 -0.158 750 56

C2.4 2.900 3.421 Open Manhole 3000 8.005 -0.521 12 8.004 -0.521 12

C2.5 2.900 3.492 Open Manhole 3000 8.006 -0.592 12 8.005 -0.592 12

C2.6 2.900 3.567 Open Manhole 3000 8.007 -0.667 12 8.006 -0.667 12

C2.7 2.900 3.617 Open Manhole 3000 8.008 -0.717 12 8.007 -0.717 12

C1.7 2.900 3.736 Open Manhole 3000 1.008 -0.836 20 1.007 -0.693 20 143
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MH

Name

MH

CL (m)

MH

Depth

(m)

MH

Connection

MH

Diam.,L*W

(mm)

PN

Pipe Out

Invert

Level (m)

Diameter

(mm)

PN

Pipes In

Invert

Level (m)

Diameter

(mm)

Backdrop

(mm)

8.008 -0.836 12

2.900 3.766 Open Manhole 0 OUTFALL 1.008 -0.866 20

Surcharged Outfall Details for Storm

Outfall

Pipe Number

Outfall

Name

C. Level

(m)

I. Level

(m)

Min

I. Level

(m)

D,L

(mm)

W

(mm)

1.008 2.900 -0.866 0.000 0 0

Datum (m) 0.000 Offset (mins) 0

Time

(mins)

Depth

(m)

Time

(mins)

Depth

(m)

Time

(mins)

Depth

(m)

Time

(mins)

Depth

(m)

Time

(mins)

Depth

(m)

Time

(mins)

Depth

(m)

30 -0.305 960 2.735 1890 1.295 2820 -0.865 3750 1.615 4680 2.735
60 0.095 990 2.895 1920 0.855 2850 -0.945 3780 2.015 4710 2.295
90 0.615 1020 3.055 1950 0.415 2880 -0.625 3810 2.415 4740 1.855

120 1.055 1050 2.895 1980 0.015 2910 -0.305 3840 2.735 4770 1.295
150 1.615 1080 2.735 2010 -0.345 2940 0.095 3870 2.895 4800 0.855
180 2.015 1110 2.295 2040 -0.585 2970 0.615 3900 3.055 4830 0.415
210 2.415 1140 1.855 2070 -0.785 3000 1.055 3930 2.895 4860 0.015
240 2.735 1170 1.295 2100 -0.865 3030 1.615 3960 2.735 4890 -0.345
270 2.895 1200 0.855 2130 -0.945 3060 2.015 3990 2.295 4920 -0.585
300 3.055 1230 0.415 2160 -0.625 3090 2.415 4020 1.855 4950 -0.785
330 2.895 1260 0.015 2190 -0.305 3120 2.735 4050 1.295 4980 -0.865
360 2.735 1290 -0.345 2220 0.095 3150 2.895 4080 0.855 5010 -0.945
390 2.295 1320 -0.585 2250 0.615 3180 3.055 4110 0.415 5040 -0.625
420 1.855 1350 -0.785 2280 1.055 3210 2.895 4140 0.015 5070 -0.305
450 1.295 1380 -0.865 2310 1.615 3240 2.735 4170 -0.345 5100 0.095
480 0.855 1410 -0.945 2340 2.015 3270 2.295 4200 -0.585 5130 0.615
510 0.415 1440 -0.625 2370 2.415 3300 1.855 4230 -0.785 5160 1.055
540 0.015 1470 -0.305 2400 2.735 3330 1.295 4260 -0.865 5190 1.615
570 -0.345 1500 0.095 2430 2.895 3360 0.855 4290 -0.945 5220 2.015
600 -0.585 1530 0.615 2460 3.055 3390 0.415 4320 -0.625 5250 2.415
630 -0.785 1560 1.055 2490 2.895 3420 0.015 4350 -0.305 5280 2.735
660 -0.865 1590 1.615 2520 2.735 3450 -0.345 4380 0.095 5310 2.895
690 -0.945 1620 2.015 2550 2.295 3480 -0.585 4410 0.615 5340 3.055
720 -0.625 1650 2.415 2580 1.855 3510 -0.785 4440 1.055 5370 2.895
750 -0.305 1680 2.735 2610 1.295 3540 -0.865 4470 1.615 5400 2.735
780 0.095 1710 2.895 2640 0.855 3570 -0.945 4500 2.015 5430 2.295
810 0.615 1740 3.055 2670 0.415 3600 -0.625 4530 2.415 5460 1.855
840 1.055 1770 2.895 2700 0.015 3630 -0.305 4560 2.735 5490 1.295
870 1.615 1800 2.735 2730 -0.345 3660 0.095 4590 2.895 5520 0.855
900 2.015 1830 2.295 2760 -0.585 3690 0.615 4620 3.055 5550 0.415
930 2.415 1860 1.855 2790 -0.785 3720 1.055 4650 2.895 5580 0.015
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Time

(mins)

Depth

(m)

Time

(mins)

Depth

(m)

Time

(mins)

Depth

(m)

Time

(mins)

Depth

(m)

Time

(mins)

Depth

(m)

Time

(mins)

Depth

(m)

5610 -0.345 6030 2.895 6450 -0.945 6870 2.295 7290 0.615 7710 0.415
5640 -0.585 6060 3.055 6480 -0.625 6900 1.855 7320 1.055 7740 0.015
5670 -0.785 6090 2.895 6510 -0.305 6930 1.295 7350 1.615 7770 -0.345
5700 -0.865 6120 2.735 6540 0.095 6960 0.855 7380 2.015 7800 -0.585
5730 -0.945 6150 2.295 6570 0.615 6990 0.415 7410 2.415 7830 -0.785
5760 -0.625 6180 1.855 6600 1.055 7020 0.015 7440 2.735 7860 -0.865
5790 -0.305 6210 1.295 6630 1.615 7050 -0.345 7470 2.895 7890 -0.945
5820 0.095 6240 0.855 6660 2.015 7080 -0.585 7500 3.055 7920 -0.625
5850 0.615 6270 0.415 6690 2.415 7110 -0.785 7530 2.895 7950 -0.305
5880 1.055 6300 0.015 6720 2.735 7140 -0.865 7560 2.735 7980 0.095
5910 1.615 6330 -0.345 6750 2.895 7170 -0.945 7590 2.295 8010 0.615
5940 2.015 6360 -0.585 6780 3.055 7200 -0.625 7620 1.855
5970 2.415 6390 -0.785 6810 2.895 7230 -0.305 7650 1.295
6000 2.735 6420 -0.865 6840 2.735 7260 0.095 7680 0.855

Simulation Criteria for Storm

Volumetric Runoff Coeff 1.000 Additional Flow - % of Total Flow 40.000
Areal Reduction Factor 1.000 MADD Factor * 10m³/ha Storage 2.000

Hot Start (mins) 0 Inlet Coeffiecient 0.800
Hot Start Level (mm) 0 Flow per Person per Day (l/per/day) 0.000

Manhole Headloss Coeff (Global) 0.500 Run Time (mins) 60
Foul Sewage per hectare (l/s) 0.000 Output Interval (mins) 1

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 0 Number of Storage Structures 1 Number of Real Time Controls 0

Synthetic Rainfall Details

Rainfall Model FEH
Return Period (years) 30
FEH Rainfall Version 1999

Site Location GB 565800 175400 TQ 65800 75400
C (1km) -0.026

D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Summer Storms Yes
Winter Storms Yes

Cv (Summer) 1.000
Cv (Winter) 0.840

Storm Duration (mins) 30
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Tank or Pond Manhole: C1.7, DS/PN: 1.008

Invert Level (m) -0.836

Depth (m) Area (m²) Depth (m) Area (m²)

0.000 3000.0 1.000 3000.0
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Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 0 Number of Storage Structures 1 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status ON
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 30, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name Storm

Return

Period

Climate

Change

First (X)

Surcharge

First (Y)

Flood

First (Z)

Overflow

Overflow

Act.

1.000 P1 2160 Winter 1 +0% 30/120 Winter
2.000 P2 2160 Winter 1 +0% 30/120 Winter
2.001 P2.1 2160 Winter 1 +0% 30/15 Winter
3.000 C0.1 2160 Winter 1 +0% 30/120 Winter
1.001 C1 2160 Winter 1 +0% 30/15 Summer
1.002 C1.1 2160 Winter 1 +0% 30/15 Summer
4.000 P3 15 Winter 1 +0% 30/120 Winter
5.000 P4 15 Winter 1 +0% 30/120 Summer
1.003 C1.2 600 Winter 1 +0% 30/180 Winter
1.004 C1.3 600 Winter 1 +0% 30/180 Winter
6.000 D1 15 Winter 1 +0% 100/240 Winter 100/240 Winter
7.000 D2 15 Winter 1 +0% 100/360 Winter 100/360 Winter
6.001 D1.1 15 Winter 1 +0% 100/240 Winter 100/240 Winter
1.005 C1.4 600 Winter 1 +0% 30/120 Winter
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PN

US/MH

Name

Water

 Level

(m)

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

Pipe

Flow

(l/s) Status

Level

Exceeded

1.000 P1 0.315 -0.685 0.000 0.01 15.6 OK
2.000 P2 0.311 -0.689 0.000 0.00 8.5 OK
2.001 P2.1 0.310 -0.557 0.000 0.01 36.9 OK
3.000 C0.1 0.327 -0.673 0.000 0.01 31.1 OK
1.001 C1 0.309 -0.496 0.000 0.08 195.7 OK
1.002 C1.1 0.268 -0.449 0.000 0.09 226.7 OK
4.000 P3 0.262 -0.738 0.000 0.18 687.0 OK
5.000 P4 0.376 -0.524 0.000 0.36 253.1 OK
1.003 C1.2 0.253 -0.860 0.000 0.07 348.6 OK
1.004 C1.3 0.236 -0.791 0.000 0.07 367.7 OK
6.000 D1 1.982 -0.458 0.000 0.06 122.3 OK 3
7.000 D2 1.987 -0.583 0.000 0.01 19.2 OK 1
6.001 D1.1 1.859 -0.481 0.000 0.09 79.2 OK* 3
1.005 C1.4 0.220 -0.698 0.000 0.18 397.4 OK
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PN

US/MH

Name Storm

Return

Period

Climate

Change

First (X)

Surcharge

First (Y)

Flood

First (Z)

Overflow

Overflow

Act.

Water

 Level

(m)

1.006 C1.5 600 Winter 1 +0% 30/120 Winter 0.217
1.007 C1.6 600 Winter 1 +0% 30/120 Winter 0.205
8.000 P8 15 Winter 1 +0% 30/15 Summer 0.425
9.000 P9 2160 Winter 1 +0% 30/120 Summer 0.233
8.001 C2 2160 Winter 1 +0% 30/120 Winter 0.233
8.002 C2.1 2160 Winter 1 +0% 30/120 Summer 0.228

10.000 P10 15 Winter 1 +0% 30/15 Summer 0.325
10.001 P10.1 2160 Winter 1 +0% 30/60 Winter 0.226
8.003 C2.2 2160 Winter 1 +0% 30/120 Summer 0.221

11.000 P11 15 Winter 1 +0% 30/15 Winter 0.301
8.004 C2.3 600 Winter 1 +0% 30/120 Summer 0.216
8.005 C2.4 600 Winter 1 +0% 30/120 Summer 0.211
8.006 C2.5 600 Winter 1 +0% 30/120 Summer 0.209
8.007 C2.6 600 Winter 1 +0% 30/120 Summer 0.206
8.008 C2.7 600 Winter 1 +0% 30/120 Summer 0.194
1.008 C1.7 480 Winter 1 +0% 30/120 Summer 0.196

PN

US/MH

Name

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

Pipe

Flow

(l/s) Status

Level

Exceeded

1.006 C1.5 -0.677 0.000 0.13 414.7 OK
1.007 C1.6 -0.652 0.000 0.10 427.2 OK
8.000 P8 -0.400 0.000 0.50 304.7 OK
9.000 P9 -0.592 0.000 0.00 1.6 OK
8.001 C2 -0.600 0.000 0.01 28.9 OK
8.002 C2.1 -0.513 0.000 0.03 70.5 OK

10.000 P10 -0.425 0.000 0.33 171.6 OK
10.001 P10.1 -0.234 0.000 0.06 28.1 OK
8.003 C2.2 -0.347 0.000 0.11 169.4 OK

11.000 P11 -0.449 0.000 0.33 163.5 OK
8.004 C2.3 -0.320 0.000 0.12 269.2 OK
8.005 C2.4 -0.268 0.000 0.12 285.3 OK
8.006 C2.5 -0.199 0.000 0.12 288.3 OK
8.007 C2.6 -0.127 0.000 0.13 291.2 OK
8.008 C2.7 -0.089 0.000 0.11 293.6 OK
1.008 C1.7 -0.468 0.000 0.49 1343.5 OK
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Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 0 Number of Storage Structures 1 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status ON
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 30, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name Storm

Return

Period

Climate

Change

First (X)

Surcharge

First (Y)

Flood

First (Z)

Overflow

Overflow

Act.

Water

 Level

(m)

1.000 P1 480 Winter 30 +0% 30/120 Winter 1.659
2.000 P2 480 Winter 30 +0% 30/120 Winter 1.659
2.001 P2.1 480 Winter 30 +0% 30/15 Winter 1.659
3.000 C0.1 480 Winter 30 +0% 30/120 Winter 1.659
1.001 C1 480 Winter 30 +0% 30/15 Summer 1.659
1.002 C1.1 480 Winter 30 +0% 30/15 Summer 1.659
4.000 P3 480 Winter 30 +0% 30/120 Winter 1.660
5.000 P4 480 Winter 30 +0% 30/120 Summer 1.661
1.003 C1.2 480 Winter 30 +0% 30/180 Winter 1.660
1.004 C1.3 480 Winter 30 +0% 30/180 Winter 1.660
6.000 D1 15 Winter 30 +0% 100/240 Winter 100/240 Winter 2.114
7.000 D2 15 Winter 30 +0% 100/360 Winter 100/360 Winter 2.032
6.001 D1.1 15 Winter 30 +0% 100/240 Winter 100/240 Winter 1.966
1.005 C1.4 480 Winter 30 +0% 30/120 Winter 1.660
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PN

US/MH

Name

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

Pipe

Flow

(l/s) Status

Level

Exceeded

1.000 P1 0.659 0.000 0.03 96.1 SURCHARGED
2.000 P2 0.659 0.000 0.01 49.1 SURCHARGED
2.001 P2.1 0.792 0.000 0.02 51.8 SURCHARGED
3.000 C0.1 0.659 0.000 0.06 193.1 SURCHARGED
1.001 C1 0.854 0.000 0.10 251.9 SURCHARGED
1.002 C1.1 0.942 0.000 0.09 242.5 SURCHARGED
4.000 P3 0.660 0.000 0.05 185.3 SURCHARGED
5.000 P4 0.761 0.000 0.09 61.8 SURCHARGED
1.003 C1.2 0.547 0.000 0.09 410.1 SURCHARGED
1.004 C1.3 0.633 0.000 0.08 411.2 SURCHARGED
6.000 D1 -0.326 0.000 0.17 366.0 OK 3
7.000 D2 -0.538 0.000 0.02 63.6 OK 1
6.001 D1.1 -0.374 0.000 0.30 275.1 OK* 3
1.005 C1.4 0.742 0.000 0.19 435.6 SURCHARGED
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PN

US/MH

Name Storm

Return

Period

Climate

Change

First (X)

Surcharge

First (Y)

Flood

First (Z)

Overflow

Overflow

Act.

Water

 Level

(m)

1.006 C1.5 480 Winter 30 +0% 30/120 Winter 1.659
1.007 C1.6 480 Winter 30 +0% 30/120 Winter 1.657
8.000 P8 480 Winter 30 +0% 30/15 Summer 1.657
9.000 P9 480 Winter 30 +0% 30/120 Summer 1.655
8.001 C2 480 Winter 30 +0% 30/120 Winter 1.655
8.002 C2.1 480 Winter 30 +0% 30/120 Summer 1.655

10.000 P10 480 Winter 30 +0% 30/15 Summer 1.655
10.001 P10.1 480 Winter 30 +0% 30/60 Winter 1.655
8.003 C2.2 480 Winter 30 +0% 30/120 Summer 1.655

11.000 P11 480 Winter 30 +0% 30/15 Winter 1.655
8.004 C2.3 480 Winter 30 +0% 30/120 Summer 1.655
8.005 C2.4 480 Winter 30 +0% 30/120 Summer 1.655
8.006 C2.5 480 Winter 30 +0% 30/120 Summer 1.655
8.007 C2.6 480 Winter 30 +0% 30/120 Summer 1.655
8.008 C2.7 480 Winter 30 +0% 30/120 Summer 1.655
1.008 C1.7 480 Winter 30 +0% 30/120 Summer 1.655

PN

US/MH

Name

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

Pipe

Flow

(l/s) Status

Level

Exceeded

1.006 C1.5 0.765 0.000 0.17 554.1 SURCHARGED
1.007 C1.6 0.800 0.000 0.13 543.6 SURCHARGED
8.000 P8 0.832 0.000 0.13 77.1 SURCHARGED
9.000 P9 0.830 0.000 0.01 8.8 SURCHARGED
8.001 C2 0.822 0.000 0.03 78.2 SURCHARGED
8.002 C2.1 0.914 0.000 0.03 68.9 SURCHARGED

10.000 P10 0.905 0.000 0.10 49.2 SURCHARGED
10.001 P10.1 1.195 0.000 0.10 47.4 SURCHARGED
8.003 C2.2 1.087 0.000 0.07 105.2 SURCHARGED

11.000 P11 0.905 0.000 0.08 39.8 SURCHARGED
8.004 C2.3 1.119 0.000 0.06 134.9 SURCHARGED
8.005 C2.4 1.176 0.000 0.05 127.8 SURCHARGED
8.006 C2.5 1.247 0.000 0.05 115.9 SURCHARGED
8.007 C2.6 1.322 0.000 0.09 196.0 SURCHARGED
8.008 C2.7 1.372 0.000 0.07 190.4 SURCHARGED
1.008 C1.7 0.991 0.000 0.20 556.2 SURCHARGED
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File RORO AREA - NEAP.MDX Checked by DH

Micro Drainage Network 2016.1.1

100 year Return Period Summary of Critical Results by Maximum Level
(Rank 1) for Storm

©1982-2016 XP Solutions

Simulation Criteria
Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 40.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000
Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000
Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Offline Controls 0 Number of Time/Area Diagrams 0
Number of Online Controls 0 Number of Storage Structures 1 Number of Real Time Controls 0

Synthetic Rainfall Details
Rainfall Model FEH

FEH Rainfall Version 1999
Site Location GB 565800 175400 TQ 65800 75400

C (1km) -0.026
D1 (1km) 0.263
D2 (1km) 0.412
D3 (1km) 0.236
E (1km) 0.323
F (1km) 2.570

Cv (Summer) 0.750
Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 300.0 DVD Status ON
Analysis Timestep Fine Inertia Status OFF

DTS Status ON

Profile(s) Summer and Winter
Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600, 720,

960, 1440, 2160, 2880, 4320, 5760, 7200, 8640,
10080

Return Period(s) (years) 1, 30, 100
Climate Change (%) 0, 0, 0

PN

US/MH

Name Storm

Return

Period

Climate

Change

First (X)

Surcharge

First (Y)

Flood

First (Z)

Overflow

Overflow

Act.

Water

 Level

(m)

1.000 P1 360 Winter 100 +0% 30/120 Winter 2.746
2.000 P2 360 Winter 100 +0% 30/120 Winter 2.746
2.001 P2.1 360 Winter 100 +0% 30/15 Winter 2.746
3.000 C0.1 360 Winter 100 +0% 30/120 Winter 2.746
1.001 C1 360 Winter 100 +0% 30/15 Summer 2.746
1.002 C1.1 360 Winter 100 +0% 30/15 Summer 2.746
4.000 P3 360 Winter 100 +0% 30/120 Winter 2.746
5.000 P4 360 Winter 100 +0% 30/120 Summer 2.746
1.003 C1.2 360 Winter 100 +0% 30/180 Winter 2.746
1.004 C1.3 360 Winter 100 +0% 30/180 Winter 2.746
6.000 D1 360 Winter 100 +0% 100/240 Winter 100/240 Winter 2.711
7.000 D2 360 Winter 100 +0% 100/360 Winter 100/360 Winter 2.711
6.001 D1.1 360 Winter 100 +0% 100/240 Winter 100/240 Winter 2.711
1.005 C1.4 360 Winter 100 +0% 30/120 Winter 2.746
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PN

US/MH

Name

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

Pipe

Flow

(l/s) Status

Level

Exceeded

1.000 P1 1.746 0.000 0.06 172.6 FLOOD RISK
2.000 P2 1.746 0.000 0.03 90.7 FLOOD RISK
2.001 P2.1 1.879 0.000 0.04 112.9 FLOOD RISK
3.000 C0.1 1.746 0.000 0.10 348.8 FLOOD RISK
1.001 C1 1.941 0.000 0.24 611.6 FLOOD RISK
1.002 C1.1 2.029 0.000 0.23 592.6 FLOOD RISK
4.000 P3 1.746 0.000 0.08 324.6 FLOOD RISK
5.000 P4 1.846 0.000 0.15 108.4 FLOOD RISK
1.003 C1.2 1.633 0.000 0.21 1004.5 FLOOD RISK
1.004 C1.3 1.719 0.000 0.19 954.4 FLOOD RISK
6.000 D1 0.271 270.837 0.03 62.2 FLOOD 3
7.000 D2 0.141 140.859 0.01 34.1 FLOOD 1
6.001 D1.1 0.371 258.879 0.23 212.1 FLOOD 3
1.005 C1.4 1.828 0.000 0.42 959.1 FLOOD RISK
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PN

US/MH

Name Storm

Return

Period

Climate

Change

First (X)

Surcharge

First (Y)

Flood

First (Z)

Overflow

Overflow

Act.

Water

 Level

(m)

1.006 C1.5 360 Winter 100 +0% 30/120 Winter 2.747
1.007 C1.6 360 Winter 100 +0% 30/120 Winter 2.747
8.000 P8 360 Winter 100 +0% 30/15 Summer 2.749
9.000 P9 360 Winter 100 +0% 30/120 Summer 2.747
8.001 C2 360 Winter 100 +0% 30/120 Winter 2.747
8.002 C2.1 360 Winter 100 +0% 30/120 Summer 2.748

10.000 P10 360 Winter 100 +0% 30/15 Summer 2.747
10.001 P10.1 360 Winter 100 +0% 30/60 Winter 2.748
8.003 C2.2 360 Winter 100 +0% 30/120 Summer 2.748

11.000 P11 360 Winter 100 +0% 30/15 Winter 2.748
8.004 C2.3 360 Winter 100 +0% 30/120 Summer 2.748
8.005 C2.4 360 Winter 100 +0% 30/120 Summer 2.748
8.006 C2.5 360 Winter 100 +0% 30/120 Summer 2.748
8.007 C2.6 360 Winter 100 +0% 30/120 Summer 2.748
8.008 C2.7 360 Winter 100 +0% 30/120 Summer 2.747
1.008 C1.7 360 Winter 100 +0% 30/120 Summer 2.747

PN

US/MH

Name

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

Pipe

Flow

(l/s) Status

Level

Exceeded

1.006 C1.5 1.853 0.000 0.38 1230.5 FLOOD RISK
1.007 C1.6 1.890 0.000 0.29 1209.8 FLOOD RISK
8.000 P8 1.924 0.000 0.23 141.7 FLOOD RISK
9.000 P9 1.922 0.000 0.03 16.9 FLOOD RISK
8.001 C2 1.914 0.000 0.06 156.8 FLOOD RISK
8.002 C2.1 2.007 0.000 0.05 135.0 FLOOD RISK

10.000 P10 1.997 0.000 0.17 88.3 FLOOD RISK
10.001 P10.1 2.288 0.000 0.18 86.5 FLOOD RISK
8.003 C2.2 2.180 0.000 0.12 197.2 FLOOD RISK

11.000 P11 1.998 0.000 0.15 72.6 FLOOD RISK
8.004 C2.3 2.212 0.000 0.11 251.9 FLOOD RISK
8.005 C2.4 2.269 0.000 0.10 244.4 FLOOD RISK
8.006 C2.5 2.340 0.000 0.10 240.4 FLOOD RISK
8.007 C2.6 2.415 0.000 0.18 398.2 FLOOD RISK
8.008 C2.7 2.464 0.000 0.15 390.0 FLOOD RISK
1.008 C1.7 2.083 0.000 1.22 3334.9 FLOOD RISK
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