
Travis Baker East Midlands Ltd 
39 Stoney Street 
Nottingham 
NG1 1LX 

Tel: 0115 896 6655 

info@travisbaker.co.uk 
www.travisbaker.co.uk 

Taylor Wimpey (UK) Ltd 

Land off Barkby Road, Syston 

Flood Risk Assessment 

Project No: 18014 

SUPERSEDED



 
 
 
 
 
DOCUMENT CONTROL 

 

 

 
This document has been prepared by Travis Baker Limited for the exclusive use by the commissioning party in accordance with the terms and conditions of the contract between 
Travis Baker Limited and the commissioning party.  No other party may use, make use or rely on the contents of this report without the prior written consent of Travis Baker 

Limited.  No liability is accepted by Travis Baker Limited for any use of this report other than for the purpose for which it was originally prepared.  This document may contain and 
rely on information provided by Third Parties; no verification of such information has been undertaken and Travis Baker Limited accept no responsibility for any inaccuracies within 
such information.  No part of this report may be copied or reproduced by any means without written permission from Travis Baker Limited.   

 
The consultant’s liability to the client arising out of or in connection with this document whether under the law of contract in tort (including negligence), in equity, or under statute 
or otherwise shall be limited to the fee paid for the preparation of this document.  The consultant shall not be liable to the client in respect of any consequential or indirect loss or 

damage.  The consultant shall be deemed to have been discharged from all liability in respect of this document whether under contract, in tort (including negligence), under statute 
or otherwise, on the expiration of 1 year from the completion of this document. 
 

© Copyright Travis Baker Limited 2018 – All rights reserved 

    

Project Title: Barkby Road, Syston 

Document Type:  Flood Risk Assessment 

Job Number: 18014 

Date Revision Comments 

11 May 2018 - Draft Issue 
   

  Prepared by  Checked by 

 Name Jason Gates Ted Wake 

Date Revision Comments 

27 June 2018 1 New site layout received. Hydraulic modelling from RSK added to report. 
Additional text provided to suit. 

   

  Prepared by  Checked by 

 Name Jason Gates Ted Wake 

Date Revision Comments 

21 August 2018 2 Lead Local Flood Authority comments received and addressed accordingly. 
   

  Prepared by  Checked by 

 Name Jason Gates Ted Wake 

Date Revision Comments 

 3 Lead Local Flood Authority comments received and addressed accordingly. Written 

amendments to Section 5.4 to demonstrate how flows from the offsite north 
eastern catchment will be controlled. 

30 October 2018   
   

  Prepared by  Checked by 

 Name Jason Gates Ted Wake 

Date Revision Comments 

29 Nov 2021 4 Updated to suit JBA Watercourse Modelling Outcomes 
   

  Prepared by  Checked by 

 Name Ted Wake  



 
 

Taylor Wimpey (UK) Ltd 
 

Land off Barkby Road, Syston 
 

 

 

 

CONTENTS 

1.0 INTRODUCTION 1 

1.1 Commission 1 

1.2 Background 1 

1.3 Flood Risk Assessment Methodology 1 

1.4 Aims and Objectives 2 

1.5 Sources of Information 2 

1.6 Consultees 2 

2.0 SITE SETTING 3 

2.1 Site Description 3 

2.2 Topography 3 

2.3 Local Drainage Features 3 

2.4 Proposed Development 5 

3.0 FLOOD RISK PLANNING POLICY 6 

3.1 National Planning Policy Framework (NPPF) 6 

3.2 Sequential Test and Exception Test 7 

4.0 EXTERNAL FLOOD RISK 8 

4.1 Fluvial Flood Risk 8 

4.2 Tidal Flood Risk 9 

4.3 Pluvial Flood Risk 9 

4.4 Groundwater Flood Risk 10 

4.5 Flood Risk from Artificial Sources 10 

4.6 Flood Risk from Sewers 10 

4.7 Summary 10 

5.0 FLOOD RISK – FROM DEVELOPMENT 11 

5.1 Current Policy 11 



 
 

Taylor Wimpey (UK) Ltd 
 

Land off Barkby Road, Syston 
 

 

 

 

5.2 Climate Change 11 

5.3 Existing Surface Water Runoff 11 

5.4 Proposed Surface Water Management Principles 11 

5.5 Proposed Foul Drainage 14 

6.0 RESIDUAL RISK 15 

6.1 Assessing of Flooding Consequences 15 

6.2 Access and Egress 15 

7.0 CONCLUSIONS 16 

7.1 Flood Risk – To Development 16 

7.2 Flood Risk – From the Development 16 

7.3 Flood Mitigation Measures 16 

7.4 Residual Risk – Flood Consequences 17 

 
 

Appendix I:  Site Location Plan 

 

Appendix II:  Topographical Survey 
 

Appendix III:   Planning Layout 
 

Appendix IV:    Severn Trent Water Sewer Records 

 
Appendix V:      Severn Trent Water Pre-Development Enquiry 

 
Appendix VI:  WinDes QBAR and storage calculations 

 
Appendix VII:    Indicative Drainage Strategy Plans 

 

Appendix VIII: JBA Hydraulic Modelling Report



 
 
Taylor Wimpey (UK) Ltd 

 
Land off Barkby Road, Syston 

 

 

 

Travis Baker East Midlands Limited 
Project No. 18014  Page No. 1 

1.0 INTRODUCTION 

1.1 Commission 

1.1.1 Travis Baker East Midlands Limited have been commissioned by Taylor Wimpey (UK) Ltd, 

to prepare a Flood Risk Assessment (FRA) to support an Outline planning application for 

the proposed Barkby Road development.  

1.1.2 The report assesses the existing external flood risk to the development to ascertain whether 

additional mitigation measures are required. Flood risk information has been sourced from 

the Environment Agency flood mapping database. The area in which the site is located is 

referred to as PSH441 in the Level 2 Strategic Flood Risk Assessment (SFRA) for Charnwood, 

Leicestershire, dated January 2021 

1.2 Background 

1.2.1 The proposal is for an Outline planning application for up to 195 dwellings, together with 

associated affordable housing, open space, landscaping, drainage and play space 

facilities.  All matters reserved bar access which is proposed from Barkby Road. 

1.2.2 The FRA includes a site wide drainage strategy providing flood storage and a controlled 

discharge into the downstream drainage system. The strategy makes necessary 

assumptions about the development that might come forward and the possible extent of 

positively drained hard surfacing that it may entail. 

1.2.3 The Environment Agency’s flood mapping database regularly updates as detailed hydraulic 

modelling evolves on a nationwide scale over time. The study assesses the current data 

against the proposals to understand the current impacts. 

1.3 Flood Risk Assessment Methodology 

1.3.1 The aim of an FRA is to assess the risks of all forms of flooding to and from a development.  

The Environment Agency emphasises the need for a risk based approach to be adopted by 

Local Planning Authorities through the application of the Source-Pathway-Receptor model.  

Travis Baker’s approach to a flood risk assessment is based on the Source-Pathway-

Receptor model.  

1.3.2 The Source-Pathway-Receptor model firstly identifies the causes or ‘sources’ of flooding to 

and from a development.  The identification is based on a review of local conditions and 

consideration of the effects of climate change.  The nature and likely extent of flooding 

arising from any one source is considered, e.g. whether such flooding is likely to be localised 

or widespread.  

1.3.3 The presence of a flood source does not always imply a risk.  The exposure pathway or 

‘flooding mechanism’ determines the risk to the receptor and the effective consequence of 

exposure.  For example, the presence of a sewer does not necessarily increase the risk of 

flooding unless the sewer is local to the site and ground levels encourage surcharged water 

to accumulate.  

1.3.4 The varying effect of flooding on the ‘receptors’ depends largely on the sensitivity of the 

target.  Receptors include any people or buildings within the range of the flood source, 

which are connected to the source by a pathway. 
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1.3.5 In order for there to be a flood risk all the elements of the model must be present.  

Furthermore, effective mitigation can be provided by removing one element of the model, 

for example by removing the pathway or receptor. 

1.3.6 A desk based review of available information has been undertaken to establish the likely 

flooding sources and mechanisms for the site.  Once the flood risk has been established, 

mitigation measures are proposed (where necessary) and residual risks explained. 

1.4 Aims and Objectives 

1.4.1 The aims and objectives of this FRA are as follows: 

 
 Collect and review existing flood risk data including topographical data, surface water 

drainage strategy, public sewerage records, ground investigation report, scheme 

proposals and any relevant Strategic Flood Risk Assessments; 

 
 Assess and interpret available information to identify potential sources of flood risk 

including groundwater, sewers, surface water and infrastructure failure; 

 
 Summarise the proposed surface water drainage strategy to demonstrate that surface 

water from the site can be managed in a sustainable manner, including appropriate 

allowances for climate change; 
 

 Provide recommendations for appropriate flood risk mitigation measures (where 

applicable); 

 
 Produce and FRA to accompany the planning application for the proposed 

development.  

1.5 Sources of Information 

1.5.1 The following information has been used to inform the flood study: 

 P20-3155 003F-01 Concept Masterplan 

 Topographical Survey by Survey Solutions 

 Environment Agency (EA) Flood mapping data 

 Charnwood Strategic Flood Risk Assessment, Level 1 dated December 2018, and 

Level 2 dated January 2021. 

 British Geological Survey local borehole data 

 RSK Phase II Geo-Environmental Site Investigation Report 302001 R01 

1.6 Consultees 

1.6.1 Organisations consulted during the preparation of this report have included: 

 Asset Protection – Severn Trent Water (STW.)  

 LLFA – Leicestershire County Council 
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2.0 SITE SETTING 

2.1 Site Description 

2.1.1 The site lies to the north of Barkby Road, in the north eastern outer reaches of the town of 

Syston. The site is bound to the east by Queniborough Road with a residential estate on 

the western boundary. Agricultural land abuts the northern boundary. The site is currently 

greenfield with a gross site area of 8.34Ha. A site location plan can be referred to in 

Appendix I. 

2.2 Topography 

2.2.1 A site specific topographic survey has been undertaken and is included within Appendix II 

of the report. The site falls mainly toward the centre of the site with an average site gradient 

of approximately 1 in 54 from the south and 1 in 48 from the north. 

2.3 Local Drainage Features 

2.3.1 A watercourse runs across the centre of the site, with a confirmed direction of flow from 

east to west. An additional watercourse flows along the western boundary and connects 

into the aforementioned watercourse. A further watercourse abuts the north eastern 

boundary serving overland flows from the north. Some photographs below demonstrate 

some of the existing drainage features on site. 

 

 

Figure 2-1: Watercourse that abuts the north eastern boundary  
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Figure 2-2: Piped culvert to allow continuation of flows for  

the central watercourse flowing across the site. 

 

 
 

Figure 2-3: Development outfall looking from outside  

the site on the western boundary 
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2.3.2 The development outfall is located on the western boundary of the site. A larger 

watercourse is located on the other side of the boundary offsite, with the two watercourses 

connected via a piped culvert. The watercourse flows to an eventual outfall into the Barkby 

Brook, approximately 400m south west of the development site. 

2.4 Proposed Development 

2.4.1 The proposal is for the construction of 195 new residential dwellings. The scheme includes 

new access roads, which will be positively drained via road gullies. The planning layout can 

be found as Appendix III of the report. 
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3.0 FLOOD RISK PLANNING POLICY 

3.1 National Planning Policy Framework (NPPF) 

3.1.1 The NPPF sets out the government’s national planning policy for consideration of aspects 

of flood risk for new developments. To support the NPPF, a technical guidance document 

has also been published to ensure the NPPF is effectively implemented. 

3.1.2 The technical guidance document classifies different forms of development into higher or 

lower levels of vulnerability depending on the perceived consequences of being flooded. 

Policy outlines the types of development that may be permitted in areas of differing levels 

of flood risk. Details of the vulnerability classification for different types of development are 

listed below. 

Vulnerability 
Classification 

Development Type 

Essential 
Infrastructure 

Essential transport infrastructure (including mass evacuation routes) which has to cross the area at risk.  
• Essential utility infrastructure which has to be located in a flood risk area for operational reasons, including 
electricity generating power stations and grid and primary substations; and water treatment works that need to 
remain operational in times of flood.  
• Wind turbines. 

Highly 
Vulnerable 

Police stations, ambulance stations and fire stations and command centres and telecommunications installations 
required to be operational during flooding.  
• Emergency dispersal points.  
• Basement dwellings.  
• Caravans, mobile homes and park homes intended for permanent residential use.  
• Installations requiring hazardous substances consent. (Where there is a demonstrable need to locate such 
installations for bulk storage of materials with port or other similar facilities, or such installations with energy 
infrastructure or carbon capture and storage installations, that require coastal or water-side locations, or need 
to be located in other high flood risk areas, in these instances the facilities should be classified as “essential 
infrastructure”) 

More 
Vulnerable 

Hospitals.  
• Residential institutions such as residential care homes, children’s homes, social services homes, prisons and 
hostels.  
• Buildings used for dwelling houses, student halls of residence, drinking establishments, nightclubs and hotels.  
• Non–residential uses for health services, nurseries and educational establishments.  
• Landfill and sites used for waste management facilities for hazardous waste. 
• Sites used for holiday or short-let caravans and camping, subject to a specific warning and evacuation plan. 

Less 
Vulnerable 

Police, ambulance and fire stations which are not required to be operational during flooding. 
• Buildings used for shops, financial, professional and other services, restaurants and cafes, hot food 
takeaways, offices, general industry, storage and distribution, non–residential institutions not included in “more 
vulnerable”, and assembly and leisure. 
• Land and buildings used for agriculture and forestry.  
• Waste treatment (except landfill and hazardous waste facilities).  
• Minerals working and processing (except for sand and gravel working).  
• Water treatment works which do not need to remain operational during times of flood.  
• Sewage treatment works (if adequate measures to control pollution and manage sewage during flooding 
events are in place). 

Water 
Compatible 

Flood control infrastructure.  
• Water transmission infrastructure and pumping stations.  
• Sewage transmission infrastructure and pumping stations.  
• Sand and gravel working.  
• Docks, marinas and wharves.  
• Navigation facilities.  
• Ministry of Defence installations.  
• Ship building, repairing and dismantling, dockside fish processing and refrigeration and compatible activities 
requiring a waterside location.  
• Water-based recreation (excluding sleeping accommodation).  
• Lifeguard and coastguard stations.  
• Amenity open space, nature conservation and biodiversity, outdoor sports  
and recreation and essential facilities such as changing rooms.  
• Essential ancillary sleeping or residential accommodation for staff required by uses in this category, subject to 
a specific warning and evacuation plan. 
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3.2 Sequential Test and Exception Test 

3.2.1 The Sequential Test is designed to steer new development to areas with the lowest 

probability of flooding. The exercise compares the Flood Zone of the development area (as 

discussed in Section 1) against the vulnerability classification of the type of development. 

3.2.2 The vulnerability classifications previously outlined indicates that the development type can 

be classified as ‘More Vulnerable’.   

3.2.3 The following table summarises the types of development that can be considered 

appropriate for any given Flood Zone.   

 Vulnerability 

Classification 

Essential 

Infrastructure 

Water 

Compatible 

Highly 

Vulnerable 

More 

Vulnerable 

Less 

Vulnerable 

Flood Zone Zone 1 √ √ √ √ √ 

Zone 2 √ √ Exception Test 

required 

√ √ 

Zone 3a Exception Test 

required 

√ x Exception 

Test required 

√ 

Zone 3b Exception Test 

required 

√ x x x 

 

√ Appropriate development 

x Development should not be permitted 

 

3.2.4 As the site is classed as More Vulnerable and located within Flood Zone 1 it can be 

considered as appropriate for development. Therefore, the requirement to undertake the 

Sequential Test and Exception Test need not apply. 

3.2.5 This view is supported by the Charnwood Level 2 SFRA Detailed Site Summary Tables for 

site PSH441. 
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4.0 EXTERNAL FLOOD RISK 

4.1 Fluvial Flood Risk 

4.1.1 Current guidance requires that all potential sources of flooding that could affect the 

proposed development are considered.  The current Environment Agency’s Flood Zone Map 

for the site, provided as Figure 4-1 within the report, indicates that the site lies entirely 

within Flood Zone 1.  The definitions of each zone are outlined in table 4-1.  

4.1.2 Table 4-1: Flood Zone Definitions 

Flood Zone Definitions 

Flood 
Zone 1 

Low Probability – less than 1 in 
1000 annual probability of river 
or coastal flooding 

Appropriate for all land uses 

Flood Zone 
2 

Medium Probability – between 1in 
100 and 1 in 1000 annual 
probability or river flooding or 1 
in 200 and 1 in 1000 annual 
probability of coastal flooding 

Essential infrastructure and the water-compatible, less vulnerable and more 
vulnerable uses are appropriate in this zone. 
The highly vulnerable uses are only appropriate in this zone if the Exception Test 
is passed. 

Flood Zone 
3a 

High Probability – having a 
greater than 1 in 100 year annual 
probability of river flooding or 1 
in 200 year probability of coastal 
flooding. 

The water-compatible and less vulnerable uses of land are appropriate in this 
zone. The highly vulnerable uses should not be permitted in this zone. 
 
The more vulnerable uses and essential infrastructure should only be permitted in 
this zone if the Exception Test is passed. Essential infrastructure permitted in this 
zone should be designed and constructed to remain operational and safe for users 
in times of flood. 

Flood Zone 
3b 

Functional Floodplain - having a 
greater than 1 in 20 year annual 
probability of river flooding or 1 
in 200 year probability of coastal 
flooding 

Only the water-compatible uses and essential infrastructure that has to be there 
should be permitted in this zone. It should be designed and constructed to:  
• remain operational and safe for users in times of flood;   
• result in no net loss of floodplain storage;   
• not impede water flows; and   
• not increase flood risk elsewhere. 
 
Essential infrastructure in this zone should pass the Exception Test. 

 

4.1.3 As the site has a probability of annual flooding from fluvial sources of less than 1 in 1000 

or 0.1%.  The site can be considered to be at a very low risk. 

 

Figure 4-1: Flood Zone Map 
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4.2 Tidal Flood Risk 

4.2.1 As the site is not coastal or in a low lying area, the risks of tidal flooding have been 

discounted for the purposes of this assessment.   

4.3 Pluvial Flood Risk 

4.3.1 In assessing the flood risk to the development site, consideration shall be given to the risk 

of flooding from overland run-off in the event that the local drainage networks capacity is 

exceeded. 

4.3.2 Figure 4.2 below indicates the potential risk to the site based on pluvial flood map data 

obtained from the Environment Agency. The extract from the flood maps indicate that there 

is high risk of flooding from offsite sources, particularly toward the central area of the site. 

Following a walkover survey on-site, poor crop growth and saturated ground was noted in 

the approximate areas highlighted on the surface water flood maps. Details of the 

watercourses across the site are shown on the topographic survey included in Appendix II 

of this report. From this, the pluvial flows pose a high flood risk without mitigation. 

4.3.3 The local SFRA does not show any history of flooding from pluvial sources in the Syston 

town area. 

 

Figure 4-2: Surface Water Map 
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4.4 Groundwater Flood Risk 

4.4.1 Site susceptible to flooding from groundwater after prolonged or intensive bouts of rain are 

likely to be in low lying areas, overly aquifers or on steeply sloped sites prone to 

groundwater seepage. The Charnwood Strategic Flood Risk Assessment states that the 

catchment of which the development site is within is not located within a groundwater 

source protection zone. 

4.4.2 Given that the site is neither steeply sloped in a low lying area, the risk of groundwater 

flooding is considered to be low. 

4.5 Flood Risk from Artificial Sources 

4.5.1 Artificial flood sources include raised channels such as canals or storage features such as 

ponds and reservoirs.  There are no such features in the immediate vicinity of the site. 

4.5.2 Flood data for reservoirs breaches is prepared by the EA and indicates the worst case flood 

extent in the case of catastrophic failure although reservoirs are well maintained and 

breaches are extremely rare. The site is not located within an area at risk therefore the risk 

of flooding from reservoirs is considered to be low. 

4.6 Flood Risk from Sewers 

4.6.1 Modern drainage systems are designed to accommodate the 1 in 30 year annual probability 

storm event, therefore in any storms greater than this, sewers can be expected to 

surcharge.  However, older sewer systems were not subject to these design standards 

(introduced by Sewers for Adoption) and the risk of flooding from such systems is difficult 

to quantify. 

4.6.2 The local Strategic Flood Risk Assessment notes that the nearest road that suffered with 

sewer flooding was High Street, Syston in the extreme rainfall of 2006/07. The road is 

however some 0.8 miles west of the proposed development boundary. On this basis, the 

flood risk is considered to be low. 

4.7 Summary 

4.7.1 The table below summarises the potential risk to the development from sources outside of 

the site prior to any mitigation measures.   

 Flood Risk  

Potential Sources of 
Flooding 

Low Moderate High None Description 

Fluvial x    Located in FZ 1 

Tidal    x Inland site 

Pluvial   x  Poses a high flood risk without mitigation 

Groundwater x    Not recorded at shallow depths 

Artificial Sources    x None within influence of the site 

Sewers x    No flood route into the site from nearby assets 
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5.0 FLOOD RISK – FROM DEVELOPMENT 

5.1 Current Policy 

5.1.1 Current Policy outlined in the NPPF states that as well as assessing risk to a development, 

a suitable flood risk assessment should consider the risk of flooding arising from a 

development.  

5.1.2 The surface water arrangements for any development site should be such that the volumes 

and peak flow rates of surface water leaving a developed site are no greater than the rates 

prior to the proposed development, unless specific off-site arrangements are made and 

result in the same net effect. 

5.2 Climate Change 

5.2.1 The design of the storm water system will need to take into account the anticipated increase 

in rainfall intensity as well as the piped drainage system.  In accordance with the table 

below, design flows have been increased by 40% to accommodate the anticipated effects 

of climate change.  Provision is therefore made to manage the risk of climate change in 

accordance with current government guidance. 

Table 5-1:  Recommended national precautionary sensitivity ranges for peak rainfall 

intensities, peak river flows, offshore wind speeds and wave heights. 

 

Applies across all of England 2015-2039 2040 - 2069 2070-2115 

Upper End 10% 20% 40% 

Central 5% 10% 20% 

 

5.3 Existing Surface Water Runoff 

5.3.1 As described previously, the site generally falls in a westerly direction with a low point 

towards the centre of the site. It is assumed that rainwater run-off is conveyed by the 

watercourse running through the centre of the site east to west and north to south along 

the western boundary. Rainwater is then conveyed to a larger drainage channel west of the 

site via a piped culvert. The watercourse serves overland flow from land to the east of the 

site, beyond Queniborough Road. An existing culvert has been constructed crossing 

underneath the road to allow the run-off to continue downstream.  

5.3.2 As previously mentioned, a short drainage isolated drainage ditch exists along the north 

eastern boundary collecting overland flows from land to the north. As no outfall for this 

watercourse is apparent, it appears to periodically spill, over contributing to surface water 

ponding to its west. 

5.4 Proposed Surface Water Management Principles 

5.4.1 New surface water drainage provision will need to be made for all new dwellings and the 

associated highway infrastructure and under the requirements of the Building Regulations, 

disposal of surface water run-off by means of ground infiltration shall be investigated as a 

primary means of disposal before any outfall to a watercourse or sewer shall be considered. 
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5.4.2 Existing British Geological Survey (BGS) data within the site describes the existing ground 

conditions to be mainly sandy and stiff clay. Due to the clayey sub-strata, it is considered 

that drainage by infiltration is not suitable for the proposed development. In addition, 

preliminary infiltration tests were carried out by RSK which have indicated that the sub-soils 

have poor infiltration characteristics with extrapolated permeability rates ranging between 

3.15x10-7 and 8.23x10-9m/s and are therefore not suitable for the use of soakaway 

systems.  

5.4.3 As infiltration is considered not suitable at this site, disposal of the surface water via a 

watercourse is to be considered. As an existing watercourse is present across the centre of 

the site, flowing in east to west. An additional watercourse is located along the north-

eastern boundary. It is advised that the watercourse is utilised.  

5.4.4 Hydraulic modelling has been carried out by Jeremy Benn Associates (JBA) to determine 

the extent of existing surface water flooding and its influence on the site and the provision 

for compensatory works required. The report makes the following recommendations; 

Raise ground levels so that all new plots are not at fluvial flood risk 

Provide a flood compensation area to offset the loss of potential flood volume removed by 

the raising of ground levels 

Introduce a 450mm flow control to the existing watercourse traversing the site. 

A copy of the Hydraulic Modelling Report is shown within Appendix VIII. 

5.4.5 Approximately 133m³ of the flood compensation is required to mitigate overland flows from 

the upper catchment north east of the site. The vast majority of the flood compensation 

provision will be provided within the POS area near the western boundary. 

5.4.6 To maintain the existing run-off leaving the site and thus removing additional flood risk to 

properties off site, a flow control in the form of an orifice plate or similar non-mechanical 

control will restrict flows in the existing watercourse whilst ensuring that all upstream 

attenuation remains in channel.  

5.4.7 The overall catchment within the site will be contained by a series of four surface water 

sewer networks, each network leading to an online attenuation basin and then discharged 

at a restricted flow to greenfield run-off rates. Based on the gross site area, an overall QBAR 

rate of 36.6l/s has been calculated for the site. The QBAR calculations are included within 

the appendices. 

5.4.8 The storage requirements for each basin have been assessed based on a 50% impervious 

area with a 10% allowance for urban creep. Each sewer network will have a separate outfall 

into the existing watercourse or new watercourse as part of the improvement works to 

existing surface water drainage. The restricted flow and attenuation storage will be 

distributed equally based on share of the catchment area each network is serving. 

5.4.9 The attenuation basins are to include a permanent wetland area immediately upstream of 

the flow control chamber to allow for de-sedimentation of any collected run-off. This will 

ensure that the basin, in conjunction with the filtration of the grassed edge and base, will 

provide the two stages of treatment required by C753 SUDS manual. 

5.4.10 Sewers serving multiple properties are to be offered for adoption by Severn Trent Water 

subject to their design and construction to water company standards. Changes to water 

company policy allow attenuation to be adopted by Severn Trent Water Ltd, therefore it is 

intended for these to be offered for adoption under Section 104 of the Water Industry Act 

by the developer. A maintenance plan will be put in place in line with C753 SUDS Manual. 
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Table 5-2:  Typical inspection and maintenance requirements. 

 

5.4.11 Surface levels shall be designed to ensure that run-off is not directed toward properties or 

off site in the event that the sewer system fails or its design capacity is exceeded. Low 

points or depressions shall ensure that the flood volumes generated by critical storm events 

for the 1 in 100-year return period, plus 40% climate change allowance shall be retained 

on site and not impose a flood risk to any property. 

5.4.12 A copy of the WinDes QBAR and storage calculations, as well as indicative drainage strategy 

plans is included within Appendices VI and VII. 

 

 

  

Activity Indicative frequency Typical tasks 

Routine/regular 
maintenance 

Monthly (for normal care of SuDS)  litter picking 

 grass cutting 

 inspection of inlets, outlets and control structures. 

Occasional 
maintenance 

Annually (dependent on the 
design) 

 silt control around components 

 vegetation management around components 

 suction sweeping of permeable paving 

 silt removal from catch pits, soakaways and cellular 
storage. 

Remedial 
maintenance 

As required (tasks to repair 
problems due to damage or 
vandalism) 

 inlet/outlet repair 

 erosion repairs 

 reinstatement of edgings 

 reinstatement following pollution 

 removal of silt builds up 
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5.6 Proposed Foul Drainage 

5.6.1 An existing foul water sewer is located in Empingham Drive. A pre-development enquiry 

has been made to Severn Trent Water to identify the ideal point of connection for the foul 

water strategy. Severn Trent Water have stated that connecting into the existing sewers to 

the west of the site will not have a detrimental impact on the existing system and therefore 

will accept the flows from the new development.  

5.6.2 The foul drainage strategy therefore will fall southerly and westerly to connect into FWMH 

6000. 

5.6.3 The final connection points will be confirmed at detailed design stage. A copy of the pre-

development enquiry is included within Appendix V. 

5.6.4 All new connections are subject to the approval of Severn Trent Water under Section 106 

of the Water Industry Act. 
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6.0 RESIDUAL RISK 

The need to manage residual risks is identified within current guidance. Residual risks are the 
risks to the proposed development should the existing and/or proposed flood mitigation 

measures fail to perform as intended. Examples of residual flood risk include: 
 

 The failure of flood management infrastructure such as a breach of a raised flood 

defence, blockage of a surface water conveyance system, failure of a flap-valve, 

overtopping of an upstream storage area, or failure of a pumped drainage system; 
 

 A severe flood event that exceeds a flood management design standard. 

6.1 Assessing of Flooding Consequences 

6.1.1 It is considered that the measures described in Section 5.4 provide adequate protection 

against flooding. In the unlikely event that an extreme rainfall event exceeds the capacity 

of the rainwater collection systems, ground modelling will ensure that overland flows are 

directed away from the buildings. Wherever applicable, external levels shall generally be 

150mm lower than finish floor levels at ground floor. 

6.1.2 Although risk of groundwater flooding is considered to be low, some consideration of 

groundwater should be made in the development drainage strategy wherever retaining 

structures are proposed. 

6.1.3 It is therefore considered that consequences of flooding and the possibility of flooding are 

minimal and acceptable within the standards set. 

6.2 Access and Egress 

6.2.1 Current guidance required that, where required, safe access and escape is available to/from 

new developments in flood risk areas. 

6.2.2 As the development affected area is situated within Flood Zone 1 and is of a type compatible 

with this flood zone, and therefore not at risk of flooding from any watercourse, dry access 

has not been considered in further detail. 
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7.0 CONCLUSIONS  

Following the completion of this flood risk assessment, in line with the recommendations of 
current guidance, the following conclusions can be made: 

7.1 Flood Risk – To Development 

7.1.1 The flood risk assessment concluded that the proposed development is at low risk of 

flooding from tidal, fluvial, overland flow, drainage flooding, groundwater flooding and 

flooding from artificial sources. Under normal circumstances the site is at low risk of flooding 

as having a less than 1 in 1000 annual probability of river or sea flooding in any year 

(<0.1%). 

7.2 Flood Risk – From the Development 

7.2.1 The proposed development represents an increase in impermeable, positively drained areas 

over the pre-development condition. Flood risk to the site and the surrounding area would 

increase without the mitigation measures proposed in Section 7.3 being put in place. 

7.3 Flood Mitigation Measures 

7.3.1 The surface water drainage system shall be designed to ensure that flood storage volumes 

are retained onsite for critical storm events up to the 1 in 100-year return period plus an 

allowance for climate change. 

7.3.2 To further mitigate the flood risk to properties in the event of a failure within the drainage 

system, surface levels will be designed to ensure that flood flows are not directed toward 

dwellings. The design shall make due consideration of the existing surface water flow paths 

from off site that traverse to study site. External levels surrounding dwellings shall generally 

150mm below ground floor levels. 

7.3.3 The Hydraulic Modelling Report prepared by JBA has recommended a provision made on 

site for a flood compensation scheme to be incorporated within the development drainage 

scheme. The overall catchment within the site will be contained by a series of four surface 

water sewer networks, each network leading to an online attenuation basin and then 

discharged at a restricted flow to greenfield run-off rates. 

7.3.4 The existing watercourse is to be cleared of debris and intrusive vegetation. To maintain 

the existing run-off leaving the site and thus removing additional flood risk to properties off 

site, a flow control in the form of an orifice plate or similar non-mechanical control will 

restrict flows in the existing watercourse whilst ensuring that all upstream attenuation 

remains in channel.  
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7.4 Residual Risk – Flood Consequences 

7.4.1 It is considered that the proposed development will not result in any detrimental impact 

onto the existing surrounding properties. 

7.4.2 It is considered that the proposed drainage scheme will neither result in nor cause an 

increase of flood risk to surrounding properties or the development site. 

7.4.3 It is therefore considered that Planning Consent should not be withheld on flood risk 

grounds. 
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Appendix I – Site Location Plan 
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Appendix III – Planning Layout 
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Appendix IV – Severn Trent Water Sewer Records 
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 All Private Sewers are shown in magenta
 All section 104 sewers are shown in green
 All Sewers that have been transferred to Severn Trent 
Water after the 1st October 2011, but have not been surveyed and 
confirmed by Severn Trent Water are shown in orange
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TABULAR KEY

A.
Sewer pipe data refers to downstream 
sewer pipe.

B.
Where the node bifurcates (splits) X and Y 
indicates downstream sewer pipe.

C. Gradient is stated a 1 in...

MATERIALS
- - NONE
AC - ASBESTOS CEMENT
BR - BRICK
CC - CONCRETE BOX CULVERT
CI - CAST IRON
CO - CONCRETE
CSB - CONCRETE SEGMENTS (BOLTED)
CSU - CONCRETE SEGMENTS (UNBOLTED)
DI - DUCTILE IRON
GRC - GLASS REINFORCED CONCRETE
GRP - GLASS REINFORCED PLASTIC
MAC - MASONRY IN REGULAR COURSES
MAR - MASONRY RANDOMLY COURSED
PE - POLYETHLENE
PF - PITCH
PP - POLYPROPYLENE
PSC - PLASTIC STEEL COMPOSITE
PVC - POLYVINYL CHLORIDE
RPM - REINFORCED PLASTIC MATRIX
SI - SPUN (GREY) IRON
ST - STEEL
U - UNKNOWN
VC - VITRIFIED CLAY
XXX - OTHER

SHAPE PURPOSE
C - CIRCULAR C - COMBINED
E - EGG SHAPED E - FINAL EFFLUENT
O - OTHER F - FOUL
R - RECTANGLE L - SLUDGE
S - SQUARE S - SURFACE WATER
T - TRAPEZOIDAL
U - UNKNOWN

CATEGORIES

W - WEIR
C - CASCADE
DB - DAMBOARD
SE - SIDE ENTRY
FV - FLAP VALVE
BD - BACK DROP
S - SIPHON
HD - HIGHWAY DRAIN
S104 - SECTION 104

Severn Trent Water Limited
Asset Data Management
PO Box 5344
Coventry
CV3 9FT
Telephone: 0845 601 6616

SEWER RECORD (Tabular)
O/S Map scale:    

Date of issue:      

Sheet No.             
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O / S Grid reference:
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Disclaimer Statement:
1. Do not scale off this Map.
2. This map and any information supplied with it is furnished as a general guide, is only valid at the date of issue and no warranty as to its correctness is given or implied. In particular this Map 
and any information shown on it must not be relied upon in the event of any development or works (including but not limited to excavations) in the vicinity of Severn Trent Water’s assets or for 
the purposes of determining the suitability of a point of connection to the sewerage or distribution systems.
3. On 1 October 2011 most private sewers and private lateral drains in Severn Trent Water's sewerage area, which were connected to a public sewer as at 1 July 2011, transferred to the 
ownership of Severn Trent Water and became public sewers and public lateral drains. A further transfer takes place on 1 October 2012 (date to be confirmed).
Private pumping stations, which form part of these sewers or lateral drains, will transfer to the ownership of Severn Trent Water on or before 1 October 2016.
Severn Trent Water does not possess complete records of these assets.
These assets may not be displayed on this Map.
4. Reproduction by permission of Ordnance Survey on behalf of HMSO. © Crown Copyright and database right 2004. All rights reserved. Ordnance Survey licence number 100018202. 
Document users other than Severn Trent Water business users are advised that this document is provided for reference purpose only and is subject to copyright, therefore, no further copies 
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Sewer Node Sewer Pipe Data

REFERENCE COVER LEVEL
INV LEVEL
UPSTR

INV LEVEL
DOWNSTR PURP MATL SHAPE

MAX
SIZE

MIN
SIZE GRADIENT

YEAR
LAID

SK63104803 nil 57.04 56.89 F VC C 150 nil 150.14 nill

SK63104804 nil 57.20 57.04 F VC C 150 nil 152.17 nill

SK63104904 nil 57.95 57.60 F VC C 150 nil 62.92 nill

SK63105801 nil 59.86 58.58 F VC C 150 nil 20.77 nill

SK63105802 nil 58.58 58.30 F VC C 150 nil 148.44 nill

SK63105803 nil 58.30 57.20 F VC C 150 nil 41.13 nill

SK63105804 nil 58.70 58.58 F VC C 150 nil 111.13 nill

SK63105805 nil 58.83 58.70 F VC C 150 nil 148.89 nill

SK63105806 nil 57.46 57.20 F VC C 150 nil 149.25 nill

SK63105900 nil 58.95 58.83 F VC C 150 nil 148.51 nill

SK63105901 nil 57.60 57.46 F VC C 150 nil 152.15 nill

SK63105902 nil 58.30 57.60 F VC C 150 nil 41.64 nill

SK63105903 nil 58.62 58.30 F VC C 150 nil 55.42 nill

SK63106800 nil 60.27 59.95 F VC C 150 nil 151.75 nill

SK63106801 nil 59.95 59.86 F VC C 150 nil 149.35 nill

SK63106802 nil 59.54 58.83 F VC C 150 nil 47.32 nill

SK63106803 nil 59.81 59.54 F VC C 150 nil 151.32 nill

SK63114000 nil nil nil F VC C 225 nil 0.00 nill

SK63114204 nil nil nil F VC C 225 nil 0.00 nill

SK63114300 nil nil nil F VC C 150 nil 0.00 nill

SK63115000 nil 56.11 55.95 F VC C 150 nil 149.65 nill

SK63115001 nil 55.95 55.25 F VC C 150 nil 18.23 nill

SK63115002 nil 56.65 56.59 S CO C 450 nil 376.87 nill

SK63115003 nil 56.59 56.55 S CO C 450 nil 294.48 nill

SK63115004 58.57 53.20 nil F CO C 1200 nil 0.00 2012

SK63115005 nil nil nil F VC C 1200 nil 0.00 nill

SK63115007 58.73 53.27 53.20 F CO C 1200 nil 0.00 2012

SK63115008 58.91 56.60 55.85 F VC C 150 nil 0.00 2012

SK63115009 59.04 57.14 56.51 S CO C 375 nil 0.00 2012

SK63115010 58.74 56.51 56.41 S CO C 375 nil 0.00 2012

SK63115100 nil 57.41 57.33 F VC C 150 nil 146.49 nill

SK63115101 nil 57.33 57.14 F VC C 150 nil 153.93 nill

SK63115102 nil 57.14 56.90 F VC C 150 nil 78.13 nill

SK63115103 nil 56.90 56.70 F VC C 150 nil 78.26 nill

SK63115104 nil 56.70 56.61 F VC C 150 nil 139.80 nill

SK63115105 nil 56.61 56.45 F VC C 150 nil 146.74 nill

SK63115106 nil 56.45 56.11 F VC C 150 nil 152.19 nill

SK63115107 nil 57.89 57.81 S VC C 300 nil 175.95 nill

SK63115108 nil 57.81 57.57 S VC C 300 nil 134.98 nill

SK63115109 nil 57.57 57.26 S VC C 300 nil 60.98 nill

SK63115110 nil 57.26 57.18 S VC C 300 nil 256.40 nill

SK63115111 nil 57.18 57.12 S VC C 300 nil 243.24 nill

SK63115112 nil 57.04 56.95 S CO C 375 nil 227.78 nill

SK63115113 nil 56.95 56.72 S CO C 375 nil 236.60 nill
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 All Private Sewers are shown in magenta
 All section 104 sewers are shown in green
 All Sewers that have been transferred to Severn Trent 
Water after the 1st October 2011, but have not been surveyed and 
confirmed by Severn Trent Water are shown in orange
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Sewer pipe data refers to downstream 
sewer pipe.

B.
Where the node bifurcates (splits) X and Y 
indicates downstream sewer pipe.
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CSU - CONCRETE SEGMENTS (UNBOLTED)
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GRC - GLASS REINFORCED CONCRETE
GRP - GLASS REINFORCED PLASTIC
MAC - MASONRY IN REGULAR COURSES
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PF - PITCH
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PSC - PLASTIC STEEL COMPOSITE
PVC - POLYVINYL CHLORIDE
RPM - REINFORCED PLASTIC MATRIX
SI - SPUN (GREY) IRON
ST - STEEL
U - UNKNOWN
VC - VITRIFIED CLAY
XXX - OTHER

SHAPE PURPOSE
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O - OTHER F - FOUL
R - RECTANGLE L - SLUDGE
S - SQUARE S - SURFACE WATER
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CATEGORIES
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C - CASCADE
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BD - BACK DROP
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Disclaimer Statement:
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and any information shown on it must not be relied upon in the event of any development or works (including but not limited to excavations) in the vicinity of Severn Trent Water’s assets or for 
the purposes of determining the suitability of a point of connection to the sewerage or distribution systems.
3. On 1 October 2011 most private sewers and private lateral drains in Severn Trent Water's sewerage area, which were connected to a public sewer as at 1 July 2011, transferred to the 
ownership of Severn Trent Water and became public sewers and public lateral drains. A further transfer takes place on 1 October 2012 (date to be confirmed).
Private pumping stations, which form part of these sewers or lateral drains, will transfer to the ownership of Severn Trent Water on or before 1 October 2016.
Severn Trent Water does not possess complete records of these assets.
These assets may not be displayed on this Map.
4. Reproduction by permission of Ordnance Survey on behalf of HMSO. © Crown Copyright and database right 2004. All rights reserved. Ordnance Survey licence number 100018202. 
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Sewer Node Sewer Pipe Data

REFERENCE COVER LEVEL
INV LEVEL
UPSTR

INV LEVEL
DOWNSTR PURP MATL SHAPE
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SK63115200 nil nil nil F VC C 150 nil 0.00 nill

SK63115201 nil nil nil F VC C 150 nil 0.00 nill

SK63115302 nil nil nil F VC C 150 nil 0.00 nill

SK63115303 nil nil nil F VC C 225 nil 0.00 nill

SK63116000 59.50 56.92 56.61 F VC C 150 nil 0.00 2012

SK63116001 60.59 58.58 58.01 S VC C 225 nil 0.00 2012

SK63116002 60.03 58.00 57.47 S VC C 225 nil 0.00 2012

SK63116003 59.49 57.30 57.14 S CO C 375 nil 0.00 2012
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Appendix V – Severn Trent Water Pre-Development Enquiry   



 

Travis Baker  

11 Malin Hill, 

The Lace Market, 

Nottingham, 

NG1 1JQ. 

 

FAO: Ted Wake 

 

 

6th February 2018 

 

 

Dear Mr Wake 

 
 
 
 
Proposed Residential Development (150 Dwellings) at: Land off Barkby Lane, 
Syston, LE7 2AJ.  
 
X: 463668 / Y: 311084 
 
I refer to your Development Enquiry Request submitted in respect of the above site. 
Please find enclosed the sewer records that are included in the fee together with the 
Supplementary Guidance Notes (SGN) referred to below.  
 
Public Sewers in Site – Required Protection 
 
Sewer Records show there are no public sewers crossing the site. 
 
Please note: On 1st October 2011 many private sewers were transferred into the 
ownership of Severn Trent Water as public sewers, where two or more properties in 
separate ownership are served by those sewers. Most of these former private sewers 
will not be shown on the public sewer records, therefore a full site survey should be 
carried out prior to any layout design or construction works to identify where these 
sewers may be and to avoid later delays and possible added costs. 
 
Foul Water Drainage 
 
There are some existing public foul sewers to the west of the site, please see attached 
public sewer records. 
 

An unrestricted, domestic, ‘foul water only’ discharge from the proposed 150 

Residential Dwellings, can be accommodated by the existing public foul sewerage 

network, subject to receipt of satisfactory foul water details and calculations. 

 
Please submit foul water drainage proposals based on these comments for review 
when available. 

Severn Trent Water Ltd 

Leicester Water Centre 
Gorse Hill 
Anstey 

Leicester 
LE7 7GU 

 

Tel: 02477716843 

www.stwater.co.uk 

 

Contact:  

Emma Nowak 

 

Email: 

Net.Dev.East@SevernTrent.co.uk 

 

Our ref: 8296260 

mailto:Net.Dev.East@SevernTrent.co.uk


 

  
Surface Water Drainage 
 
 
Under the terms of Section H of the Building Regulations 2000, the disposal of surface 
water by means of soakaways should be considered as the primary method. If this is 
not practical and no watercourse is available as an alternative, the use of sewerage 
should be considered. In addition, other sustainable drainage methods should also be 
explored before a discharge to the public sewerage system is considered.  
 
If these are found to be unsuitable, satisfactory evidence will need to be submitted. 
The evidence should be either percolation test results or a statement from the SI 
consultant (extract or a supplementary letter). 
 
Subject to the above, the 225mm diameter public surface water sewer west of the site 

on Empingham Drive (MH6001) will be able to accept green-field runoff rate flows of 

5 l/sec/ha. However this should be considered as a last resort as capacity is unlikely 

to be currently available in the existing public surface water sewerage system. It will 

be preferable for the surface water run-off from the new development to discharge into 

the land drainage system, i.e. soakaways, subject to levels, capacities, and obtaining 

any necessary approvals to connect and discharge. Please investigate this further with 

the appropriate Land Drainage Authority and/or the Environment Agency. 

 

Any flows exceeding this would need to be appropriately attenuated on site and 
discharged at a controlled rate. Please submit surface water drainage proposals based 
on these comments for review when available. 
 
New Connections  
 
For any new connections (including the re-use of existing connections) to the public 
sewerage system, you will need to submit a Section 106 application form. Our New 
Connections department are responsible for handling all such enquiries and 
applications. To contact them for an application form and associated guidance notes 
please call 0800 7076600 or download from www.stwater.co.uk.  
 
Please quote 8296260 in any future correspondence (including e-mails) with STW 
Limited. Please note that ‘Development Enquiry’ responses are only valid for 6 months 
from the date of this letter. 
 
Yours sincerely, 
 
 
 
 
 
 
 
 
 

http://www.stwater.co.uk/


 

Emma Nowak. 
Asset Protection East. 
Asset Management. 

Wholesale Operations. 
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Land off Barkby Road, Syston 
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Appendix VI – WinDes QBAR and storage calculations for each basin 
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The Landmark

Tudor Square

West Bridgford  NG2 6BT

Date 27/03/2018 10:58 Designed by Jason.Gates

File Checked by

XP Solutions Source Control 2016.1

ICP SUDS Mean Annual Flood

©1982-2016 XP Solutions

Input

Return Period (years) 100 Soil 0.450

Area (ha) 8.340 Urban 0.000

SAAR (mm) 700 Region Number Region 5

Results l/s

QBAR Rural 36.6

QBAR Urban 36.6

Q100 years 130.4

Q1 year 31.9

Q30 years 88.0

Q100 years 130.4
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Nodes

Name Area
(ha)

T of E
(mins)

Cover
Level
(m)

Diameter
(mm)

Eas ng
(m)

Northing
(m)

Depth
(m)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

0.099
0.077
0.021
0.021
0.104
0.033
0.021
0.026
0.080
0.034
0.053

5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

62.453
61.620
61.950
61.480
61.583
61.368
61.241
61.407
61.387
61.160
61.143
60.500
60.500
60.500
60.000

1200
1200
1200
1500
1200
1200
1500
1500
1500
1500
1500
1500
1500
3000
1200

463878.768
463885.126
463882.226
463854.944
463833.859
463832.877
463831.890
463828.110
463823.163
463801.588
463789.379
463788.334
463788.463
463789.766
463787.492

311009.414
311042.110
311028.886
311034.265
311071.066
311049.517
311036.848
311021.857
311019.705
311024.273
311023.843
311031.722
311072.065
311076.436
311079.992

1.425
1.425
1.910
1.654
1.425
1.425
1.575
1.789
1.861
1.702
1.798
1.190
1.200
1.379
0.900

Simula on Se ngs

Rainfall Methodology
FSR Region

M5-60 (mm)
Ra o-R

Summer CV
Winter CV

Analysis Speed

FSR
England and Wales
20.000
0.400
0.750
0.840
Normal

Skip Steady State
Drain Down Time (mins)

Addi onal Storage (m³/ha)
Check Discharge Rate(s)

Check Discharge Volume
100 year 360 minute (m³)

x
240
20.0
✓
✓

Storm Dura ons
15 30 60 120 180 240 360 480 600 720 960 1440

Return Period
(years)

Climate Change
(CC %)

Addi onal Area
(A %)

Addi onal Flow
(Q %)

2
30

100

0
0

40

0
0
0

0
0
0

Pre-development Discharge Rate

Site Makeup
Green eld Method

Posi vely Drained Area (ha)
SAAR (mm)

Soil Index
SPR

Region
Growth Factor 1 year

Green eld
IH124

1
0.10
1
0.85

Growth Factor 30 year
Growth Factor 100 year

Be erment (%)
QBar

Q 1 year (l/s)
Q 30 year (l/s)

Q 100 year (l/s)

1.95
2.48
0



Travis Baker East Midlands Ltd
Ground Floor, 39 Stoney St
No ngham
NG1 1LX

File: SW + FW NETWORK 1.PFD
Network: Storm Network 1
Ted Wake
30/09/2021

Page 2

Flow v10.2 Copyright © 1988-2021 Causeway Technologies Ltd

Pre-development Discharge Volume

Site Makeup
Green eld Method

Posi vely Drained Area (ha)
Soil Index

SPR
CWI

Green eld
FSR/FEH

1
0.10

Return Period (years)
Climate Change (%)

Storm Dura on (mins)
Be erment (%)

PR
Runo  Volume (m³)

100
0
360
0

Node 15 Surcharged Ou all

Overrides Design Area
Overrides Design Addi onal In ow

x
x

Depression Storage Area (m²)
Depression Storage Depth (mm)

0
0

Evapo-transpira on (mm/day) 0

Applies to All storms

Time
(mins)

Depth
(m)

Time
(mins)

Depth
(m)

Time
(mins)

Depth
(m)

Time
(mins)

Depth
(m)

Time
(mins)

Depth
(m)

Time
(mins)

Depth
(m)

0
15
30
45
60
75
90

105
120
135

-0.130
-0.472
-0.469
-0.417
-0.414
-0.422
-0.401
-0.400
-0.386
-0.385

150
165
180
195
210
225
240
255
270
285

-0.380
-0.377
-0.373
-0.361
-0.361
-0.358
-0.349
-0.343
-0.331
-0.322

300
315
330
345
360
375
390
405
420
435

-0.307
-0.288
-0.263
-0.229
-0.174
-0.079
0.007
0.021
0.007

-0.017

450
465
480
495
510
525
540
555
570
585

-0.041
-0.061
-0.077
-0.094
-0.113
-0.130
-0.145
-0.159
-0.166
-0.184

600
615
630
645
660
675
690
705
720
735

-0.194
-0.206
-0.215
-0.226
-0.236
-0.243
-0.251
-0.260
-0.268
-0.284

750
765
780
795
810
825
840

-0.296
-0.310
-0.327
-0.336
-0.348
-0.360
-0.370

Node 14 Online Hydro-Brake® Control

Flap Valve
Replaces Downstream Link

Invert Level (m)
Design Depth (m)
Design Flow (l/s)

x
✓
59.121
1.300
5.0

Objec ve
Sump Available

Product Number
Min Outlet Diameter (m)

Min Node Diameter (mm)

(HE) Minimise upstream storage
✓
CTL-SHE-0101-5000-1300-5000
0.150
1200

Node 14 Depth/Area Storage Structure

Base Inf Coe cient (m/hr)
Side Inf Coe cient (m/hr)

0.00000
0.00000

Safety Factor
Porosity

2.0
1.00

Invert Level (m)
Time to half empty (mins)

59.300

Depth
(m)

Area
(m²)

Inf Area
(m²)

Depth
(m)

Area
(m²)

Inf Area
(m²)

0.000 150.0 0.0 1.300 533.0 0.0
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Results for 2 year Cri cal Storm Dura on.  Lowest mass balance: 96.11%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

In ow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link DS
Node

Ou low
(l/s)

Velocity
(m/s)

Flow/Cap Link
Vol (m³)

Discharge
Vol (m³)

15 minute winter 1 10 61.089 0.061 18.0 0.1535 0.0000 OK

15 minute winter 1 1.000 3 17.9 1.946 0.160 0.1916

15 minute winter 2 10 60.291 0.096 14.0 0.2131 0.0000 OK

15 minute winter 2 2.000 3 13.7 0.883 0.345 0.2104

15 minute winter 3 11 60.186 0.146 35.4 0.1972 0.0000 OK

15 minute winter 3 1.001 4 35.0 1.064 0.447 0.9156

15 minute winter 4 11 59.948 0.122 38.6 0.2457 0.0000 OK

15 minute winter 4 1.002 7 38.8 0.749 0.234 1.2122

15 minute winter 5 10 60.255 0.097 19.0 0.2504 0.0000 OK

15 minute winter 5 3.000 6 18.7 1.008 0.360 0.4005

15 minute winter 6 10 60.060 0.117 24.7 0.1865 0.0000 OK

15 minute winter 6 3.001 7 24.3 1.233 0.468 0.2505

15 minute winter 7 11 59.904 0.238 66.7 0.4833 0.0000 OK

15 minute winter 7 1.003 8 66.8 0.926 0.603 1.1160

15 minute winter 8 11 59.848 0.230 71.3 0.4729 0.0000 OK

15 minute winter 8 1.004 9 71.1 1.106 0.639 0.3466

15 minute winter 9 11 59.768 0.242 84.8 0.6348 0.0000 OK

15 minute winter 9 1.005 10 84.4 0.980 0.473 1.8987

15 minute winter 10 11 59.697 0.239 90.2 0.5178 0.0000 OK

15 minute winter 10 1.006 11 89.0 1.140 0.499 0.9566

15 minute winter 11 12 59.608 0.263 98.1 0.6199 0.0000 OK

15 minute winter 11 1.007 12 97.3 0.904 0.303 0.8744

15 minute winter 12 12 59.580 0.270 97.3 0.4771 0.0000 OK

15 minute winter 12 1.008 13 96.7 1.084 0.915 3.8076

120 minute winter 13 96 59.576 0.276 60.6 0.4869 0.0000 OK

120 minute winter 13 1.009 14 89.8 1.025 0.140 0.5924

120 minute winter 14 114 59.570 0.449 89.8 54.4903 0.0000 SURCHARGED

120 minute winter 14 Hydro-Brake® 15 5.0 94.3

720 minute winter 15 405 59.121 0.021 5.0 0.0000 0.0000 OK
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Results for 30 year Cri cal Storm Dura on.  Lowest mass balance: 96.11%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

In ow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link DS
Node

Ou low
(l/s)

Velocity
(m/s)

Flow/Cap Link
Vol (m³)

Discharge
Vol (m³)

15 minute winter 1 10 61.113 0.085 34.2 0.2130 0.0000 OK

15 minute winter 1 1.000 3 34.0 1.986 0.303 0.4131

15 minute winter 2 10 60.343 0.148 26.6 0.3277 0.0000 OK

15 minute winter 2 2.000 3 26.1 0.964 0.658 0.3783

15 minute winter 3 10 60.265 0.225 67.4 0.3043 0.0000 OK

15 minute winter 3 1.001 4 66.3 1.241 0.847 1.4851

15 minute winter 4 11 60.085 0.259 73.1 0.5234 0.0000 OK

15 minute winter 4 1.002 7 71.5 0.800 0.431 2.2210

15 minute winter 5 10 60.303 0.145 36.0 0.3749 0.0000 OK

15 minute winter 5 3.000 6 35.8 1.113 0.689 0.6931

15 minute winter 6 11 60.192 0.249 47.2 0.3968 0.0000 SURCHARGED

15 minute winter 6 3.001 7 45.3 1.292 0.872 0.5054

15 minute winter 7 11 60.064 0.398 122.4 0.8097 0.0000 SURCHARGED

15 minute winter 7 1.003 8 121.3 1.100 1.094 1.6922

15 minute winter 8 11 59.977 0.359 129.8 0.7387 0.0000 OK

15 minute winter 8 1.004 9 129.0 1.258 1.160 0.5476

15 minute winter 9 11 59.901 0.375 155.1 0.9839 0.0000 OK

15 minute winter 9 1.005 10 153.8 1.109 0.862 3.0578

180 minute winter 10 180 59.828 0.370 41.1 0.8022 0.0000 OK

180 minute winter 10 1.006 11 41.5 0.881 0.233 1.7753

180 minute winter 11 180 59.828 0.483 45.7 1.1390 0.0000 OK

180 minute winter 11 1.007 12 43.7 0.549 0.136 1.6827

180 minute winter 12 180 59.828 0.518 43.7 0.9157 0.0000 OK

180 minute winter 12 1.008 13 39.5 0.671 0.374 10.5203

180 minute winter 13 180 59.828 0.528 50.6 0.9336 0.0000 SURCHARGED

180 minute winter 13 1.009 14 83.3 0.911 0.130 0.7227

180 minute winter 14 180 59.828 0.707 83.3 125.4430 0.0000 SURCHARGED

180 minute winter 14 Hydro-Brake® 15 5.0 114.5

600 minute summer 15 405 59.121 0.021 5.0 0.0000 0.0000 OK
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Results for 100 year +40% CC Cri cal Storm Dura on.  Lowest mass balance: 96.11%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

In ow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link DS
Node

Ou low
(l/s)

Velocity
(m/s)

Flow/Cap Link
Vol (m³)

Discharge
Vol (m³)

15 minute winter 1 12 61.343 0.315 62.2 0.7938 0.0000 SURCHARGED

15 minute winter 1 1.000 3 58.5 1.942 0.521 0.7866

15 minute winter 2 12 61.204 1.009 48.4 2.2330 0.0000 SURCHARGED

15 minute winter 2 2.000 3 42.4 1.065 1.066 0.5384

15 minute winter 3 12 61.095 1.055 108.8 1.4250 0.0000 SURCHARGED

15 minute winter 3 1.001 4 103.7 1.472 1.324 1.9581

15 minute winter 4 12 60.789 0.963 115.5 1.9459 0.0000 SURCHARGED

15 minute winter 4 1.002 7 115.2 1.044 0.694 2.5587

15 minute winter 5 12 61.317 1.159 65.4 3.0034 0.0000 FLOOD RISK

15 minute winter 5 3.000 6 54.9 1.381 1.059 0.8579

15 minute winter 6 12 61.022 1.079 74.4 1.7202 0.0000 SURCHARGED

15 minute winter 6 3.001 7 72.2 1.815 1.389 0.5054

15 minute winter 7 12 60.683 1.017 197.6 2.0677 0.0000 SURCHARGED

15 minute winter 7 1.003 8 198.7 1.802 1.792 1.7052

15 minute winter 8 12 60.444 0.826 211.5 1.6997 0.0000 SURCHARGED

15 minute winter 8 1.004 9 212.5 1.927 1.910 0.5951

15 minute winter 9 12 60.287 0.761 253.3 1.9997 0.0000 SURCHARGED

15 minute winter 9 1.005 10 252.8 1.596 1.417 3.4942

360 minute winter 10 368 60.252 0.793 41.5 1.7195 0.0000 SURCHARGED

360 minute winter 10 1.006 11 40.7 0.771 0.228 1.9357

360 minute winter 11 384 60.303 0.958 45.3 2.2581 0.0000 SURCHARGED

360 minute winter 11 1.007 12 44.8 0.441 0.140 1.7170

240 minute winter 12 320 60.260 0.950 61.5 1.6791 0.0000 FLOOD RISK

240 minute winter 12 1.008 13 60.5 0.616 0.573 11.3637

360 minute winter 13 392 60.268 0.968 82.2 1.7099 0.0000 FLOOD RISK

360 minute winter 13 1.009 14 75.8 0.792 0.118 0.7227

360 minute winter 14 352 60.249 1.128 75.8 283.0077 0.0000 FLOOD RISK

360 minute winter 14 Hydro-Brake® 15 5.0 159.7

600 minute summer 15 405 59.121 0.021 5.0 0.0000 0.0000 OK
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Nodes

Name Area
(ha)

T of E
(mins)

Cover
Level
(m)

Diameter
(mm)

Eas ng
(m)

Northing
(m)

Depth
(m)

20
21
22
23
24
25
26
27
28
29
30
31
32
33

0.163
0.060
0.064
0.043
0.021
0.166
0.047
0.050
0.062
0.104

5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

61.841
61.365
61.285
61.162
60.882
61.187
60.602
60.650
60.357
60.290
59.750
59.750
59.500
58.850

1200
1200
1200
1500
1500
1200
1500
1500
1500
1500
1500
1500
3000
1200

463769.930
463776.196
463774.020
463774.364
463750.175
463721.852
463725.782
463726.288
463698.760
463672.011
463669.482
463653.598
463648.326
463646.935

310971.973
311019.590
311051.316
311038.279
311036.283
310977.324
311021.833
311030.051
311032.596
311032.048
311037.532
311058.136
311061.263
311064.423

1.500
1.500
1.425
1.575
1.575
1.500
1.575
1.746
1.650
1.740
1.275
1.300
1.275
0.710

Simula on Se ngs

Rainfall Methodology
FSR Region

M5-60 (mm)
Ra o-R

Summer CV
Winter CV

Analysis Speed

FSR
England and Wales
20.000
0.400
0.750
0.840
Normal

Skip Steady State
Drain Down Time (mins)

Addi onal Storage (m³/ha)
Check Discharge Rate(s)

Check Discharge Volume
100 year 360 minute (m³)

x
240
20.0
✓
✓

Storm Dura ons
15 30 60 120 180 240 360 480 600 720 960 1440

Return Period
(years)

Climate Change
(CC %)

Addi onal Area
(A %)

Addi onal Flow
(Q %)

2
30

100

0
0

40

0
0
0

0
0
0

Pre-development Discharge Rate

Site Makeup
Green eld Method

Posi vely Drained Area (ha)
SAAR (mm)

Soil Index
SPR

Region
Growth Factor 1 year

Green eld
IH124

1
0.10
1
0.85

Growth Factor 30 year
Growth Factor 100 year

Be erment (%)
QBar

Q 1 year (l/s)
Q 30 year (l/s)

Q 100 year (l/s)

1.95
2.48
0

Pre-development Discharge Volume

Site Makeup
Green eld Method

Posi vely Drained Area (ha)
Soil Index

SPR

Green eld
FSR/FEH

1
0.10

CWI
Return Period (years)

Climate Change (%)
Storm Dura on (mins)

Be erment (%)

100
0
360
0
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Pre-development Discharge Volume

PR Runo  Volume (m³)

Node 33 Surcharged Ou all

Overrides Design Area
Overrides Design Addi onal In ow

x
x

Depression Storage Area (m²)
Depression Storage Depth (mm)

0
0

Evapo-transpira on (mm/day) 0

Applies to All storms

Time
(mins)

Depth
(m)

Time
(mins)

Depth
(m)

Time
(mins)

Depth
(m)

Time
(mins)

Depth
(m)

Time
(mins)

Depth
(m)

Time
(mins)

Depth
(m)

0
15
30
45
60
75
90

105
120
135

-0.060
0.237
0.227
0.231
0.258
0.257
0.257
0.267
0.272
0.286

150
165
180
195
210
225
240
255
270
285

0.291
0.295
0.298
0.304
0.311
0.312
0.319
0.325
0.334
0.346

300
315
330
345
360
375
390
405
420
435

0.353
0.359
0.364
0.369
0.375
0.384
0.387
0.388
0.388
0.388

450
465
480
495
510
525
540
555
570
585

0.385
0.405
0.432
0.452
0.467
0.480
0.489
0.497
0.503
0.508

600
615
630
645
660
675
690
705
720
735

0.511
0.513
0.514
0.514
0.513
0.511
0.509
0.506
0.502
0.498

750
765
780
795
810
825
840

0.494
0.488
0.482
0.473
0.466
0.458
0.451

Node 32 Online Hydro-Brake® Control

Flap Valve
Replaces Downstream Link

Invert Level (m)
Design Depth (m)
Design Flow (l/s)

x
✓
58.225
1.300
8.0

Objec ve
Sump Available

Product Number
Min Outlet Diameter (m)

Min Node Diameter (mm)

(HE) Minimise upstream storage
✓
CTL-SHE-0127-8000-1300-8000
0.150
1200

Node 32 Depth/Area Storage Structure

Base Inf Coe cient (m/hr)
Side Inf Coe cient (m/hr)

0.00000
0.00000

Safety Factor
Porosity

2.0
1.00

Invert Level (m)
Time to half empty (mins)

58.450

Depth
(m)

Area
(m²)

Inf Area
(m²)

Depth
(m)

Area
(m²)

Inf Area
(m²)

0.000 521.0 0.0 1.300 907.0 0.0
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Results for 2 year Cri cal Storm Dura on.  Lowest mass balance: 99.52%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

In ow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link DS
Node

Ou low
(l/s)

Velocity
(m/s)

Flow/Cap Link
Vol (m³)

Discharge
Vol (m³)

15 minute winter 20 10 60.446 0.105 29.7 0.3456 0.0000 OK

15 minute winter 20 1.000 21 29.2 1.158 0.264 1.2142

15 minute winter 21 11 59.994 0.129 40.1 0.2488 0.0000 OK

15 minute winter 21 1.001 23 39.6 1.436 0.343 0.5179

15 minute winter 22 10 59.937 0.077 11.7 0.1563 0.0000 OK

15 minute winter 22 2.000 23 11.5 0.998 0.228 0.1503

15 minute winter 23 11 59.728 0.141 58.2 0.3251 0.0000 OK

15 minute winter 23 1.002 24 58.6 1.559 0.273 0.9121

15 minute winter 24 11 59.447 0.140 62.2 0.2848 0.0000 OK

15 minute winter 24 1.003 27 62.6 1.660 0.271 0.9397

15 minute winter 25 10 59.787 0.100 30.3 0.3354 0.0000 OK

15 minute winter 25 3.000 26 29.3 1.461 0.230 0.9009

15 minute winter 26 11 59.173 0.146 37.9 0.3443 0.0000 OK

15 minute winter 26 3.001 27 37.6 1.039 0.247 0.3219

15 minute winter 27 11 59.122 0.218 108.8 0.5106 0.0000 OK

15 minute winter 27 1.004 28 109.4 1.324 0.401 2.2834

15 minute winter 28 11 58.954 0.247 120.0 0.6218 0.0000 OK

15 minute winter 28 1.005 29 119.5 1.252 0.484 2.5548

15 minute winter 29 11 58.826 0.276 137.3 0.8180 0.0000 OK

15 minute winter 29 1.006 30 135.9 1.292 0.377 0.6351

15 minute winter 30 12 58.766 0.291 135.9 0.5142 0.0000 OK

15 minute winter 30 1.007 31 134.3 1.338 0.905 2.6428

960 minute winter 31 720 58.726 0.276 30.5 0.4878 0.0000 OK

960 minute winter 31 1.008 32 28.5 0.494 0.074 0.6046

960 minute winter 32 705 58.724 0.499 28.5 157.6324 0.0000 SURCHARGED

960 minute winter 32 Hydro-Brake® 33 5.0 117.9

480 minute summer 33 632 58.654 0.514 5.7 0.0000 0.0000 OK
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Results for 30 year Cri cal Storm Dura on.  Lowest mass balance: 99.52%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

In ow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link DS
Node

Ou low
(l/s)

Velocity
(m/s)

Flow/Cap Link
Vol (m³)

Discharge
Vol (m³)

15 minute winter 20 10 60.493 0.152 56.4 0.5031 0.0000 OK

15 minute winter 20 1.000 21 55.5 1.325 0.502 2.0110

15 minute winter 21 11 60.058 0.193 76.3 0.3735 0.0000 OK

15 minute winter 21 1.001 23 75.4 1.665 0.652 0.8496

15 minute winter 22 10 59.971 0.111 22.1 0.2259 0.0000 OK

15 minute winter 22 2.000 23 21.8 1.172 0.431 0.2423

15 minute winter 23 11 59.795 0.208 110.7 0.4806 0.0000 OK

15 minute winter 23 1.002 24 111.3 1.756 0.518 1.5413

15 minute winter 24 11 59.519 0.212 118.1 0.4320 0.0000 OK

15 minute winter 24 1.003 27 118.2 1.681 0.512 1.9516

15 minute winter 25 10 59.829 0.142 57.4 0.4761 0.0000 OK

15 minute winter 25 3.000 26 57.0 1.644 0.448 1.7226

15 minute winter 26 12 59.296 0.269 73.3 0.6368 0.0000 OK

15 minute winter 26 3.001 27 70.8 1.049 0.465 0.7374

15 minute winter 27 12 59.278 0.374 202.4 0.8763 0.0000 OK

15 minute winter 27 1.004 28 195.0 1.415 0.715 4.1388

15 minute winter 28 11 59.177 0.470 216.2 1.1827 0.0000 SURCHARGED

15 minute winter 28 1.005 29 213.9 1.350 0.865 4.2392

15 minute winter 29 11 59.019 0.469 247.8 1.3905 0.0000 SURCHARGED

15 minute winter 29 1.006 30 247.4 1.562 0.686 0.9564

15 minute winter 30 12 58.924 0.449 247.4 0.7934 0.0000 OK

15 minute winter 30 1.007 31 244.7 1.461 1.649 4.3795

1440 minute winter 31 930 58.815 0.365 24.8 0.6454 0.0000 OK

1440 minute winter 31 1.008 32 23.2 0.343 0.060 0.6736

1440 minute winter 32 930 58.815 0.590 23.2 214.4118 0.0000 SURCHARGED

1440 minute winter 32 Hydro-Brake® 33 7.6 324.6

480 minute summer 33 632 58.654 0.514 7.7 0.0000 0.0000 OK
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Results for 100 year +40% CC Cri cal Storm Dura on.  Lowest mass balance: 99.52%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

In ow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link DS
Node

Ou low
(l/s)

Velocity
(m/s)

Flow/Cap Link
Vol (m³)

Discharge
Vol (m³)

15 minute winter 20 12 61.288 0.947 102.5 3.1291 0.0000 SURCHARGED

15 minute winter 20 1.000 21 93.3 1.447 0.843 3.3821

15 minute winter 21 12 61.001 1.136 128.8 2.1935 0.0000 SURCHARGED

15 minute winter 21 1.001 23 113.4 1.695 0.981 1.3224

15 minute winter 22 12 60.816 0.956 40.2 1.9401 0.0000 SURCHARGED

15 minute winter 22 2.000 23 36.0 1.245 0.713 0.5187

15 minute winter 23 12 60.755 1.168 174.7 2.7024 0.0000 SURCHARGED

15 minute winter 23 1.002 24 158.0 1.792 0.735 2.6770

15 minute winter 24 12 60.547 1.240 168.3 2.5224 0.0000 SURCHARGED

15 minute winter 24 1.003 27 169.5 1.591 0.734 2.7229

15 minute winter 25 12 60.649 0.962 104.3 3.2156 0.0000 SURCHARGED

15 minute winter 25 3.000 26 86.8 1.656 0.682 3.1465

15 minute winter 26 12 60.356 1.329 114.6 3.1420 0.0000 FLOOD RISK

15 minute winter 26 3.001 27 106.8 1.032 0.700 0.9082

15 minute winter 27 12 60.310 1.406 297.8 3.2890 0.0000 SURCHARGED

15 minute winter 27 1.004 28 297.0 1.875 1.090 4.3802

15 minute winter 28 12 59.982 1.275 327.4 3.2119 0.0000 SURCHARGED

15 minute winter 28 1.005 29 326.5 2.061 1.321 4.2392

15 minute winter 29 12 59.596 1.046 377.6 3.0997 0.0000 SURCHARGED

15 minute winter 29 1.006 30 376.4 2.376 1.044 0.9568

15 minute winter 30 12 59.369 0.894 376.4 1.5806 0.0000 SURCHARGED

15 minute winter 30 1.007 31 375.5 1.738 2.529 5.6203

15 minute winter 31 13 59.145 0.695 375.5 1.2274 0.0000 SURCHARGED

15 minute winter 31 1.008 32 374.3 3.394 0.973 0.6761

360 minute winter 32 352 59.108 0.883 91.1 413.8974 0.0000 SURCHARGED

360 minute winter 32 Hydro-Brake® 33 8.0 252.4

480 minute summer 33 632 58.654 0.514 8.0 0.0000 0.0000 OK
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Nodes

Name Area
(ha)

T of E
(mins)

Cover
Level
(m)

Diameter
(mm)

Eas ng
(m)

Northing
(m)

Depth
(m)

60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

0.127
0.021
0.084
0.067
0.021
0.050
0.021
0.041
0.625
0.099
0.116
0.141

5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

60.961
60.855
60.739
60.468
60.282
60.525
60.318
60.132
60.131
60.270
59.930
59.900
59.900
59.900
59.900
58.800

1200
1200
1500
1500
1500
1200
1500
1500
1500
1500
1500
1500
1500
1500
3000
1500

463750.696
463743.255
463738.874
463736.933
463735.672
463698.406
463713.815
463727.187
463731.708
463715.799
463680.036
463654.128
463648.221
463648.416
463646.461
463641.759

311088.185
311096.314
311107.337
311134.610
311153.068
311202.793
311189.047
311175.702
311163.044
311155.210
311134.713
311119.734
311113.226
311082.915
311079.933
311078.310

1.425
1.500
1.575
1.389
1.375
1.300
1.375
1.375
1.491
1.844
1.650
1.700
1.735
1.750
1.786
0.735

Simula on Se ngs

Rainfall Methodology
FSR Region

M5-60 (mm)
Ra o-R

Summer CV
Winter CV

Analysis Speed

FSR
England and Wales
20.000
0.400
0.750
0.840
Normal

Skip Steady State
Drain Down Time (mins)

Addi onal Storage (m³/ha)
Check Discharge Rate(s)

Check Discharge Volume
100 year 360 minute (m³)

x
240
20.0
✓
✓

Storm Dura ons
15 30 60 120 180 240 360 480 600 720 960 1440

Return Period
(years)

Climate Change
(CC %)

Addi onal Area
(A %)

Addi onal Flow
(Q %)

1
30

100

0
0

40

0
0
0

0
0
0

Pre-development Discharge Rate

Site Makeup
Green eld Method

Posi vely Drained Area (ha)
SAAR (mm)

Soil Index
SPR

Region
Growth Factor 1 year

Green eld
IH124

1
0.10
1
0.85

Growth Factor 30 year
Growth Factor 100 year

Be erment (%)
QBar

Q 1 year (l/s)
Q 30 year (l/s)

Q 100 year (l/s)

1.95
2.48
0
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Pre-development Discharge Volume

Site Makeup
Green eld Method

Posi vely Drained Area (ha)
Soil Index

SPR
CWI

Green eld
FSR/FEH

1
0.10

Return Period (years)
Climate Change (%)

Storm Dura on (mins)
Be erment (%)

PR
Runo  Volume (m³)

100
0
360
0

Node 75 Surcharged Ou all

Overrides Design Area
Overrides Design Addi onal In ow

x
x

Depression Storage Area (m²)
Depression Storage Depth (mm)

0
0

Evapo-transpira on (mm/day) 0

Applies to All storms

Time
(mins)

Depth
(m)

Time
(mins)

Depth
(m)

Time
(mins)

Depth
(m)

Time
(mins)

Depth
(m)

Time
(mins)

Depth
(m)

Time
(mins)

Depth
(m)

0
15
30
45
60
75
90

105
120
135

-0.030
0.267
0.257
0.261
0.288
0.287
0.287
0.297
0.302
0.316

150
165
180
195
210
225
240
255
270
285

0.321
0.325
0.328
0.334
0.341
0.342
0.349
0.355
0.364
0.376

300
315
330
345
360
375
390
405
420
435

0.383
0.389
0.394
0.399
0.405
0.414
0.417
0.418
0.418
0.418

450
465
480
495
510
525
540
555
570
585

0.415
0.435
0.462
0.482
0.497
0.510
0.519
0.527
0.533
0.538

600
615
630
645
660
675
690
705
720
735

0.541
0.543
0.544
0.544
0.543
0.541
0.539
0.536
0.532
0.528

750
765
780
795
810
825
840

0.523
0.518
0.512
0.503
0.496
0.488
0.481

Node 74 Online Hydro-Brake® Control

Flap Valve
Replaces Downstream Link

Invert Level (m)
Design Depth (m)
Design Flow (l/s)

x
✓
58.114
1.600
18.6

Objec ve
Sump Available

Product Number
Min Outlet Diameter (m)

Min Node Diameter (mm)

(HE) Minimise upstream storage
✓
CTL-SHE-0184-1860-1600-1860
0.225
1500

Node 74 Depth/Area Storage Structure

Base Inf Coe cient (m/hr)
Side Inf Coe cient (m/hr)

0.00000
0.00000

Safety Factor
Porosity

2.0
1.00

Invert Level (m)
Time to half empty (mins)

58.400
100

Depth
(m)

Area
(m²)

Inf Area
(m²)

Depth
(m)

Area
(m²)

Inf Area
(m²)

0.000 661.0 0.0 1.500 1466.0 0.0
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Results for 1 year Cri cal Storm Dura on.  Lowest mass balance: 99.59%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

In ow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link DS
Node

Ou low
(l/s)

Velocity
(m/s)

Flow/Cap Link
Vol (m³)

Discharge
Vol (m³)

15 minute winter 60 10 59.634 0.098 17.9 0.2867 0.0000 OK

15 minute winter 60 1.000 61 17.6 1.114 0.346 0.1742

15 minute winter 61 10 59.449 0.094 20.6 0.1324 0.0000 OK

15 minute winter 61 1.001 62 20.4 1.146 0.185 0.2114

15 minute winter 62 10 59.305 0.141 32.2 0.4008 0.0000 OK

15 minute winter 62 1.002 63 31.9 0.916 0.287 0.9541

15 minute winter 63 11 59.204 0.125 41.0 0.3411 0.0000 OK

15 minute winter 63 1.003 64 41.3 1.368 0.214 0.5582

15 minute winter 64 11 59.021 0.114 44.1 0.2365 0.0000 OK

15 minute winter 64 1.004 68 44.2 1.493 0.165 0.3910

15 minute winter 65 10 59.277 0.052 7.1 0.0983 0.0000 OK

15 minute winter 65 2.000 66 6.9 0.870 0.062 0.1633

15 minute winter 66 11 58.999 0.056 9.9 0.1157 0.0000 OK

15 minute winter 66 2.001 67 9.7 0.557 0.049 0.4017

15 minute winter 67 11 58.883 0.126 15.5 0.2969 0.0000 OK

15 minute winter 67 2.002 68 15.8 0.593 0.142 0.5166

15 minute winter 68 11 58.874 0.234 144.0 2.3783 0.0000 OK

15 minute winter 68 1.005 69 144.5 1.330 0.407 1.9954

15 minute winter 69 12 58.816 0.390 157.6 1.1074 0.0000 OK

15 minute winter 69 1.006 70 150.0 1.067 0.783 6.2708

15 minute winter 70 12 58.732 0.452 165.4 1.4355 0.0000 SURCHARGED

15 minute winter 70 1.007 71 161.0 1.021 0.969 4.7306

960 minute winter 71 705 58.690 0.490 14.1 1.6777 0.0000 SURCHARGED

960 minute winter 71 1.008 72 13.9 0.251 0.068 1.3926

960 minute winter 72 690 58.690 0.525 13.9 0.9269 0.0000 OK

960 minute winter 72 1.009 73 13.7 0.204 0.067 9.1461

960 minute winter 73 690 58.690 0.540 13.7 0.9533 0.0000 SURCHARGED

960 minute winter 73 1.010 74 13.5 0.220 0.068 0.3933

960 minute winter 74 690 58.689 0.575 13.5 218.1752 0.0000 SURCHARGED

960 minute winter 74 Hydro-Brake® 75 7.8 179.2

480 minute summer 75 632 58.609 0.544 9.7 0.0000 0.0000 OK
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Results for 30 year Cri cal Storm Dura on.  Lowest mass balance: 99.59%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

In ow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link DS
Node

Ou low
(l/s)

Velocity
(m/s)

Flow/Cap Link
Vol (m³)

Discharge
Vol (m³)

15 minute winter 60 13 60.175 0.639 43.9 1.8615 0.0000 SURCHARGED

15 minute winter 60 1.000 61 43.6 1.330 0.856 0.4383

15 minute winter 61 13 60.127 0.772 55.5 1.0896 0.0000 SURCHARGED

15 minute winter 61 1.001 62 45.2 1.289 0.412 0.8353

15 minute winter 62 13 60.109 0.945 72.6 2.6773 0.0000 SURCHARGED

15 minute winter 62 1.002 63 68.8 1.021 0.619 3.0157

15 minute winter 63 12 60.080 1.001 90.6 2.7358 0.0000 SURCHARGED

15 minute winter 63 1.003 64 74.5 1.551 0.386 2.0406

15 minute winter 64 12 60.045 1.138 77.4 2.3595 0.0000 FLOOD RISK

15 minute winter 64 1.004 68 84.8 1.187 0.316 1.1840

15 minute winter 65 12 60.037 0.812 17.3 1.5433 0.0000 SURCHARGED

15 minute winter 65 2.000 66 16.9 1.015 0.152 1.4541

15 minute winter 66 12 60.029 1.086 40.4 2.2523 0.0000 FLOOD RISK

15 minute winter 66 2.001 67 28.8 0.573 0.145 2.0837

15 minute winter 67 12 60.023 1.266 55.5 2.9932 0.0000 FLOOD RISK

15 minute winter 67 2.002 68 49.1 0.742 0.441 1.4825

15 minute winter 68 12 60.018 1.378 273.1 13.9833 0.0000 FLOOD RISK

15 minute winter 68 1.005 69 250.5 1.581 0.705 2.8097

15 minute winter 69 12 59.849 1.423 274.4 4.0423 0.0000 SURCHARGED

15 minute winter 69 1.006 70 274.3 1.731 1.431 6.5310

15 minute winter 70 12 59.474 1.194 304.0 3.7901 0.0000 SURCHARGED

15 minute winter 70 1.007 71 302.1 1.907 1.818 4.7416

15 minute winter 71 12 59.115 0.915 340.1 3.1353 0.0000 SURCHARGED

15 minute winter 71 1.008 72 338.0 2.133 1.663 1.3926

15 minute winter 72 13 58.912 0.747 338.0 1.3192 0.0000 SURCHARGED

15 minute winter 72 1.009 73 336.8 0.943 1.641 10.8207

15 minute winter 73 13 58.857 0.707 336.8 1.2489 0.0000 SURCHARGED

15 minute winter 73 1.010 74 335.7 3.044 1.678 0.3933

1440 minute summer 74 840 58.805 0.691 29.3 317.1975 0.0000 SURCHARGED

1440 minute summer 74 Hydro-Brake® 75 17.5 533.8

480 minute summer 75 632 58.609 0.544 18.0 0.0000 0.0000 OK
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Results for 100 year +40% CC Cri cal Storm Dura on.  Lowest mass balance: 99.59%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

In ow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link DS
Node

Ou low
(l/s)

Velocity
(m/s)

Flow/Cap Link
Vol (m³)

Discharge
Vol (m³)

15 minute winter 60 10 60.961 1.425 79.7 4.1510 1.4085 FLOOD

15 minute winter 60 1.000 61 67.6 1.699 1.326 0.4383

15 minute winter 61 10 60.715 1.360 78.7 1.9183 0.0000 FLOOD RISK

15 minute winter 61 1.001 62 79.8 1.269 0.726 0.8353

15 minute winter 62 10 60.624 1.460 129.9 4.1362 0.0000 FLOOD RISK

15 minute winter 62 1.002 63 127.9 1.159 1.149 3.0157

15 minute winter 63 11 60.468 1.389 167.4 3.7947 0.4246 FLOOD

15 minute winter 63 1.003 64 165.1 1.497 0.856 2.0406

15 minute winter 64 11 60.282 1.375 177.5 2.8504 0.1373 FLOOD

15 minute winter 64 1.004 68 176.7 1.602 0.659 1.1840

15 minute winter 65 9 60.334 1.109 31.4 2.1076 0.0000 FLOOD RISK

15 minute winter 65 2.000 66 38.7 0.984 0.348 1.4541

15 minute winter 66 9 60.206 1.263 60.4 2.6180 0.0000 FLOOD RISK

15 minute winter 66 2.001 67 38.3 0.564 0.193 2.0837

15 minute summer 67 10 60.132 1.375 77.7 3.2505 16.9766 FLOOD

15 minute summer 67 2.002 68 37.3 0.642 0.335 1.4825

15 minute winter 68 9 60.131 1.491 566.9 15.1351 90.4232 FLOOD

15 minute winter 68 1.005 69 249.4 1.575 0.702 2.8097

15 minute winter 69 10 60.042 1.616 268.9 4.5923 0.0000 FLOOD RISK

15 minute winter 69 1.006 70 271.9 1.716 1.419 6.5310

15 minute winter 70 10 59.748 1.468 329.2 4.6593 0.0000 FLOOD RISK

15 minute winter 70 1.007 71 321.7 2.030 1.935 4.7416

15 minute winter 71 11 59.367 1.167 405.0 3.9993 0.0000 SURCHARGED

15 minute winter 71 1.008 72 401.0 2.531 1.973 1.3926

240 minute winter 72 228 59.190 1.025 158.0 1.8112 0.0000 SURCHARGED

240 minute winter 72 1.009 73 157.7 0.442 0.768 10.8207

240 minute winter 73 232 59.189 1.039 157.7 1.8356 0.0000 SURCHARGED

240 minute winter 73 1.010 74 157.5 1.428 0.787 0.3933

240 minute winter 74 236 59.187 1.073 157.5 694.8141 0.0000 SURCHARGED

240 minute winter 74 Hydro-Brake® 75 18.6 468.0

480 minute summer 75 632 58.609 0.544 18.6 0.0000 0.0000 OK
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Nodes

Name Area
(ha)

T of E
(mins)

Cover
Level
(m)

Diameter
(mm)

Eas ng
(m)

Northing
(m)

Depth
(m)

80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97

0.055
0.128
0.068
0.021
0.100
0.030
0.054
0.112
0.037
0.043
0.079
0.041
0.074

5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

61.982
62.273
62.789
61.899
61.445
60.872
60.474
59.700
62.190
62.180
62.046
61.631
61.400
61.150
59.700
59.700
59.700
59.000

1200
1500
1200
1200
1500
1200
1500
1500
1200
1200
1200
1200
1500
1500
1500
1500
3000
1500

463744.212
463724.845
463690.385
463682.264
463679.246
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Results for 2 year Cri cal Storm Dura on.  Lowest mass balance: 99.64%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

In ow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link DS
Node

Ou low
(l/s)

Velocity
(m/s)

Flow/Cap Link
Vol (m³)

Discharge
Vol (m³)

15 minute winter 80 10 60.556 0.074 10.0 0.1385 0.0000 OK

15 minute winter 80 1.000 81 9.8 0.425 0.137 0.4769

15 minute winter 81 10 60.541 0.144 33.1 0.4498 0.0000 OK

15 minute winter 81 1.001 82 32.4 0.857 0.454 1.3691

15 minute winter 82 11 60.420 0.174 44.4 0.2904 0.0000 OK

15 minute winter 82 1.002 83 44.6 1.210 0.624 0.9727

15 minute winter 83 11 60.273 0.136 48.2 0.1869 0.0000 OK

15 minute winter 83 1.003 84 48.2 1.520 0.356 0.4107

15 minute winter 84 11 60.086 0.141 65.4 0.4372 0.0000 OK

15 minute winter 84 1.004 85 65.5 2.015 0.389 0.5310

15 minute winter 85 11 59.713 0.141 70.6 0.2243 0.0000 OK

15 minute winter 85 1.005 86 70.5 2.340 0.370 0.4108

15 minute winter 86 11 59.216 0.117 79.8 0.2981 0.0000 OK

15 minute winter 86 1.006 87 79.8 1.378 0.215 1.1492

1440 minute winter 87 930 58.810 0.390 5.2 1.3715 0.0000 OK

1440 minute winter 87 1.007 95 5.0 0.187 0.023 8.1715

15 minute winter 88 10 60.822 0.057 6.7 0.0945 0.0000 OK

15 minute winter 88 2.000 90 6.6 0.507 0.144 0.2432

15 minute winter 89 10 60.895 0.065 7.8 0.1144 0.0000 OK

15 minute winter 89 3.000 90 7.7 1.112 0.339 0.0570

15 minute winter 90 10 60.727 0.106 28.7 0.2380 0.0000 OK

15 minute winter 90 2.001 91 28.0 1.582 0.417 0.4434

15 minute winter 91 10 60.260 0.129 35.5 0.2162 0.0000 OK

15 minute winter 91 2.002 92 35.4 1.096 0.359 0.9435

15 minute winter 92 11 60.052 0.152 48.5 0.4196 0.0000 OK

15 minute winter 92 2.003 93 48.7 2.060 0.418 0.5499

15 minute winter 93 11 59.719 0.069 48.7 0.1224 0.0000 OK

15 minute winter 93 2.004 94 48.7 1.795 0.119 0.2661

1440 minute winter 94 930 58.810 0.360 2.5 0.6360 0.0000 OK

1440 minute winter 94 2.005 95 3.1 0.193 0.008 6.5563

1440 minute winter 95 930 58.810 0.410 14.9 0.7244 0.0000 SURCHARGED

1440 minute winter 95 1.008 96 12.7 0.461 0.031 0.4866

1440 minute winter 96 930 58.810 0.590 12.7 131.1547 0.0000 SURCHARGED

1440 minute winter 96 Hydro-Brake® 97 4.7 189.6

480 minute summer 97 632 58.674 0.474 4.7 0.0000 0.0000 OK
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Results for 30 year Cri cal Storm Dura on.  Lowest mass balance: 99.64%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

In ow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link DS
Node

Ou low
(l/s)

Velocity
(m/s)

Flow/Cap Link
Vol (m³)

Discharge
Vol (m³)

15 minute winter 80 11 60.638 0.156 19.0 0.2910 0.0000 OK

15 minute winter 80 1.000 81 17.6 0.436 0.247 0.9809

15 minute winter 81 11 60.633 0.236 61.6 0.7377 0.0000 OK

15 minute winter 81 1.001 82 59.0 0.933 0.826 2.3392

15 minute winter 82 11 60.537 0.291 81.7 0.4850 0.0000 OK

15 minute winter 82 1.002 83 80.9 1.339 1.133 1.6083

15 minute winter 83 11 60.343 0.207 87.7 0.2837 0.0000 OK

15 minute winter 83 1.003 84 87.7 1.699 0.647 0.6833

15 minute winter 84 11 60.160 0.215 120.2 0.6670 0.0000 OK

15 minute winter 84 1.004 85 120.4 2.231 0.715 0.8818

15 minute winter 85 11 59.786 0.214 130.2 0.3414 0.0000 OK

15 minute winter 85 1.005 86 130.2 2.652 0.683 0.6676

15 minute winter 86 11 59.272 0.173 147.8 0.4415 0.0000 OK

15 minute winter 86 1.006 87 148.6 1.654 0.401 1.5939

1440 minute winter 87 1020 59.041 0.621 9.1 2.1854 0.0000 OK

1440 minute winter 87 1.007 95 8.8 0.222 0.041 12.8813

15 minute winter 88 10 60.845 0.080 12.8 0.1322 0.0000 OK

15 minute winter 88 2.000 90 12.6 0.576 0.275 0.4018

15 minute winter 89 10 60.928 0.098 14.9 0.1729 0.0000 OK

15 minute winter 89 3.000 90 14.7 1.280 0.647 0.0944

15 minute winter 90 10 60.785 0.164 54.6 0.3663 0.0000 OK

15 minute winter 90 2.001 91 53.3 1.815 0.792 0.7343

15 minute winter 91 10 60.326 0.195 67.5 0.3279 0.0000 OK

15 minute winter 91 2.002 92 67.4 1.263 0.682 1.5519

15 minute winter 92 11 60.130 0.230 92.2 0.6338 0.0000 OK

15 minute winter 92 2.003 93 92.4 2.363 0.794 0.8833

15 minute winter 93 11 59.746 0.096 92.4 0.1697 0.0000 OK

15 minute winter 93 2.004 94 92.5 2.013 0.226 0.4005

1440 minute winter 94 1020 59.041 0.591 4.5 1.0449 0.0000 OK

1440 minute winter 94 2.005 95 4.3 0.215 0.011 10.6382

1440 minute winter 95 1020 59.041 0.641 14.0 1.1333 0.0000 SURCHARGED

1440 minute winter 95 1.008 96 15.0 0.336 0.037 0.4866

1440 minute winter 96 1020 59.041 0.821 15.0 236.8420 0.0000 SURCHARGED

1440 minute winter 96 Hydro-Brake® 97 5.0 323.0

480 minute summer 97 632 58.674 0.474 5.0 0.0000 0.0000 OK
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Results for 100 year +40% CC Cri cal Storm Dura on.  Lowest mass balance: 99.64%

Node Event US
Node

Peak
(mins)

Level
(m)

Depth
(m)

In ow
(l/s)

Node
Vol (m³)

Flood
(m³)

Status

Link Event
(Upstream Depth)

US
Node

Link DS
Node

Ou low
(l/s)

Velocity
(m/s)

Flow/Cap Link
Vol (m³)

Discharge
Vol (m³)

15 minute winter 80 12 61.864 1.382 34.6 2.5767 0.0000 FLOOD RISK

15 minute winter 80 1.000 81 27.7 0.455 0.387 1.4333

15 minute winter 81 12 61.848 1.451 102.0 4.5447 0.0000 SURCHARGED

15 minute winter 81 1.001 82 89.5 1.270 1.252 2.5504

15 minute winter 82 12 61.565 1.319 127.9 2.1971 0.0000 SURCHARGED

15 minute winter 82 1.002 83 122.4 1.738 1.713 1.8605

15 minute winter 83 12 61.156 1.020 134.6 1.3958 0.0000 SURCHARGED

15 minute winter 83 1.003 84 131.7 1.871 0.973 0.9079

15 minute winter 84 12 60.877 0.932 190.0 2.8899 0.0000 SURCHARGED

15 minute winter 84 1.004 85 183.2 2.602 1.088 1.1507

15 minute winter 85 12 60.272 0.700 201.0 1.1158 0.0000 SURCHARGED

15 minute winter 85 1.005 86 199.5 2.833 1.047 0.9597

15 minute winter 86 12 59.660 0.561 231.5 1.4311 0.0000 SURCHARGED

15 minute winter 86 1.006 87 215.7 2.041 0.582 2.1986

720 minute winter 87 705 59.505 1.085 28.0 3.8161 0.0000 FLOOD RISK

720 minute winter 87 1.007 95 27.6 0.352 0.129 13.2496

15 minute winter 88 12 61.544 0.779 23.3 1.2855 0.0000 SURCHARGED

15 minute winter 88 2.000 90 20.2 0.603 0.440 0.7335

15 minute winter 89 12 61.688 0.858 27.0 1.5177 0.0000 SURCHARGED

15 minute winter 89 3.000 90 22.8 1.298 1.005 0.1447

15 minute winter 90 12 61.509 0.888 84.9 1.9902 0.0000 SURCHARGED

15 minute winter 90 2.001 91 82.6 2.078 1.229 0.9907

15 minute winter 91 11 60.750 0.619 104.0 1.0383 0.0000 SURCHARGED

15 minute winter 91 2.002 92 104.5 1.484 1.058 2.0541

15 minute winter 92 11 60.434 0.534 146.1 1.4697 0.0000 SURCHARGED

15 minute winter 92 2.003 93 144.3 2.392 1.240 1.2581

15 minute winter 93 12 59.816 0.166 144.3 0.2925 0.0000 OK

15 minute winter 93 2.004 94 144.3 2.318 0.352 0.4916

720 minute winter 94 705 59.504 1.054 13.4 1.8632 0.0000 FLOOD RISK

720 minute winter 94 2.005 95 13.1 0.296 0.035 11.1384

720 minute winter 95 690 59.506 1.106 40.8 1.9541 0.0000 FLOOD RISK

720 minute winter 95 1.008 96 40.6 0.659 0.100 0.4866

720 minute winter 96 705 59.506 1.286 40.6 519.4455 0.0000 FLOOD RISK

720 minute winter 96 Hydro-Brake® 97 5.0 215.3

480 minute summer 97 632 58.674 0.474 5.0 0.0000 0.0000 OK
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NETWORK 1

BASIN 1

TOB - 60.45m

BED - 59.15m

RESTRICTED DISCHARGE - 5l/s

STORAGE - 290m³

NETWORK 2

BASIN 2
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NETWORK 4

BASIN 4
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NETWORK 5

BASIN 5

TOB - 59.60m

BED - 58.30m

RESTRICTED DISCHARGE - 5l/s

STORAGE - 375m³

Total restricted discharge for site

36.6l/s

Total storage requirement for site

2782m³ based on 50% impermeable

area with 10% urban creep
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Executive Summary  
Introduction  

JBA Consulting was commissioned by Travis Baker to undertake a rainfall-runoff modelling study 
in relation to their private development site at Barkby Road, Syston.   The objective of the study was 
also to confirm the size of the flow control structure required to achieve a status-quo on off-site 
discharge rates (when compared to existing/pre-development discharge rates).  To achieve this, a 
1D-2D ESTRY-TUFLOW hydraulic model was produced to represent flood levels, flows and extents 
within the site boundary and the interactions between surface water over-land flows and the 
unnamed watercourses and ditches crossing the site.  

Approach  

A 1D-2D ESTRY-TUFLOW model of the watercourse network was developed to confirm the flood 
risk within the site.  The hydraulic model was run for the 30-year, 100-year, 100-year with (+40%) 
climate change and 1,000-year storm events.   

The hydraulic model was tested for its sensitivity to key model parameters by running the following 
scenarios during the 100-year flood event: 

• Increasing the Manning’s ‘n’ values by 20% in both the 1D and 2D domains 

• Increasing the downstream boundary condition by 250mm  

• Increasing rainfall intensity by 20% 

To represent the proposed development, the following features were represented in the model: 

- Landscape developable areas and raise ground levels by up to 1.9m (approximately) within the 
areas the most at risk of flooding. 

- Introduce a new 450mm diameter orifice unit across the main watercourse crossing the site in 
order to attenuate the flows leaving the site. 

The impact of the proposal (see Figure 0-1) was modelled for the 100-year with (+40%) climate 
change storm event and the effect of various flow control structures at the downstream end of the 
western ditch was tested. 
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Figure 0-1:  The proposal 

 

Results  

The model results from the baseline/pre-development simulations show that: 

• Model results correlate relatively well with the Environment Agency’s updated Flood Maps 
for Surface Water and show the central part of the site being flooded. 

• Model results at the site are relatively insensitive to changes in roughness values, rainfall 
intensity and changes in downstream boundary conditions in the channel. 

• Flooding to the centre of the site occurs primarily as a result of the lack of capacity of the 
450mm diameter culvert crossing the embankment running alongside the western site 
boundary.   

The model results from the post-development simulations show that: 

• The proposal will not exacerbate flood risk across third-party land and will reduce the peak 
flow leaving the site, thus achieving effective flood compensation as water does not 
accumulate around the site; 

• A 450mm flow control unit will be needed to ensure the peak discharge leaving the site 
does not increase above its pre-development value; 

• The 100-year with (+40%) climate change peak water level at the upstream end of the flow 
control unit is 59.81m AOD; 

• Flood water backs up within the main watercourse channel, up to the central site flow 
control unit (SYS_843C) crossing approximately 131m upstream; 

• To mitigate the impact of a blockage at the flow control unit, an emergency spillway will be 
required.  It is recommended to set the crest level of the emergency spillway is set to 
59.81m AOD.  

   

Updated 450mm diam. 
Pipe (SYS_843C) 
 

Existing 450mm diam. Pipe 
(SYS_712C) 
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Recommendations  

As a way forward, it is recommended to:  

• Consider the impact of a blockage at the new/proposed flow control structure  It is 
recommended that the flow control unit is not integrated as part of the proposed highway 
culverts in order to facilitate access for maintenance and allow the integration of an in-line 
emergency spillway in its design; 

• Consider the potential loss of flood volume within mitigation measures; 

• Validate the proposed strategy (including results of this modelling study) with the Lead local 
Flood Authority before submitting a planning application. 
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1 Introduction  

1.1 Terms of reference 

JBA Consulting was commissioned by Travis Baker to undertake a rainfall-runoff modelling study 
in relation to their private development site at Barkby Road, Syston.   

1.2 Site details 

Table 1-1:  Site details 

Site name Land off Barkby Road, Syston 

Site area 8.3ha 

Existing land-use Greenfield site 

OS NGR 463750/311150 

County Leicestershire  

Country England 

 

1.3 Site description  

The proposed development site is located at the junction between Barkby Road and Queniborough 
Road in Syston, Leicestershire (see Table 1-1).  The site is crossed by an unnamed (ordinary) 
watercourse which collects water from a land drain (labelled ‘western ditch’ in Table 1-1) running 
alongside the western site boundary before flowing in a westerly direction and discharging into the 

Western ditch 

Northern ditch 

Unnamed watercourse 
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Barkby Brook, approximately 580m downstream of the site.  A second land drain (labelled ‘northern 
ditch’ in Table 1-1) running alongside the northern site boundary appears to be collecting surface 
water runoff from adjacent land but does not seem to be connected to the rest of the site’s drainage 
network. 

The proposal for the site involves connecting the ditch running alongside the north-eastern site 
boundary to the one running alongside the western site boundary in order to mitigate flood risk on 
site.  In order to prevent any additional flows leaving the site as a result of connecting these two 
ditches/watercourses, a flow control in the form of an orifice plate will be installed across the western 
ditch, immediately upstream of its junction with the unnamed watercourse. 

1.4 Planning context 

Outline Planning Permission has been granted for a residential scheme, subject to a number of 
conditions associated with the drainage scheme.  Condition No. 5 requests that further hydraulic 
modelling of the existing watercourse is undertaken to identify the capacity within the watercourse 
channel.   

1.5 Existing flood data 

Given the catchment size, no fluvial flood data in relation to the ditch is available on the Environment 
Agency (EA)’s Flood Maps for Planning1.   

Flood risk from the ditch appears to be represented on the EA’s Updated Flood Maps for Surface 
Water (uFMfSW) (See Figure 1-1) however these originate from broad-scale modelling techniques 
and thus approximate the representation of key hydraulic structures such as: 

• the culvert crossing the embankment located alongside the site boundary (labelled 1 in 
Figure 1-1 below) which appears to generate a build-up of surface water on-site, and; 

• the culvert crossing Queniborough Road (labelled 2 in Figure 1-1 below) which appears to 
be restricting the flow converging towards the site.  

 
1 https://flood-map-for-planning.service.gov.uk/ 
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Figure 1-1:  Updated Flood Maps for Surface Water 

 

As a result, a detailed surface water model (also called rainfall-runoff model) is required to 
accurately represent the effect of these hydraulic structures on surface water flows and ultimately 
refine surface water flood risk to the site.   

1.6 General approach 

To achieve this a 1D-2D rainfall-runoff model was produced using ESTRY-TUFLOW modelling 
software.  This study includes a hydrological analysis to derive the rainfall hyetographs 
corresponding to the 30-year, 100-year and 1,000-year rainfall/storm events.   

The model was also run to simulate the impact of a proposed connection between the northern on-
site ditch with the rest of the site’s drainage network. 

 

  

1 2 
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2 Approach 

2.1 Model geometry 

2.1.1 Data availability  

A new 1D-2D ESTRY-TUFLOW model was developed to allow an accurate representation of flood 
depths and levels within the development site and across neighbouring third-party land.  

A channel survey was carried out by Grantham Coates Survey Limited (GCS) in January 2019 and 
is provided in Appendix A.  The survey consisted of cross sections along the ditch and at key 
hydraulic features.  A total of 18 cross sections were surveyed along the ditch and the land drains 
running within the site boundary.  

LiDAR data last flown in 2014 was obtained from the Open Data website to represent ground levels 
within the floodplain.  The LiDAR had a grid resolution of 1m.  To provide a greater level of detail 
within the site, topographic survey data was converted into a DTM and read into the model.  The 
site topographic survey was carried out by the client and is provided in Appendix B.1. 

The consistency of both data sets was reviewed (see Appendix B.2) and a good correlation was 
found between both datasets. 

2.1.2 Model extent and build  

A 1D-2D ESTRY-TUFLOW model of the ditch was developed to determine the flood levels, flows 
and extents within the vicinity of the site.  The extent of the hydraulic model for the proposed site is 
shown in Figure 2-1 and represents the watercourse running through the proposed development 
site.   

The model is approximately 1km in length and includes the channels of the unnamed watercourse 
and ditches crossing the site.  The model was run using TUFLOW version 2018-03-AA. 

The channel was represented in 1D using ESTRY, constructed from channel topographic survey 
data collected in January 2019 by Grantham Coates Survey Limited.  The cross sections were 
trimmed to top of bank with the 2D TUFLOW domain to represent the floodplain.  Details of how the 
structures have been modelled are shown in Appendix D.     

A 2D TUFLOW model was used to represent the floodplain.  The TUFLOW 2D domain has an area 
of 0.39km2 with a 2m grid resolution.  The orientation of the grid is west to east, representing the 
main direction of the floodplain flow.  The 1D and 2D models were linked along the top of banks 
using elevation data from the channel survey and LiDAR in between cross sections. 
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Figure 2-1: Hydraulic Model Extent 

 

2.1.3 Model roughness parameters  

Manning's 'n' was used to represent roughness values in the channel and floodplain.  The values 
for the channel roughness were based on photographs gathered by Grantham Coates Survey 
during the site visit.  The Manning's 'n' values in the 1D channel vary between 0.04 and 0.06.  Much 
of the site was highly vegetated and therefore Manning’s n values were increased to account for 
this.  The roughness of the culverts within the 1D varied from 0.012 to 0.02. The range of Manning's 
'n' values used in the 2D domain are shown in Table 2-1.  

Table 2-1: Manning's values in the 2D domain 

Features   Manning's 'n' 

Buildings   0.300 

Road and Tracks   0.015 

Rail  0.025 

Woodland   0.100 

Inland water  0.025 

General Surface   0.045 

 



 
 

  
2018s1664 - Hydraulic Modelling at Barby Road, Syston - DRAFT Report v1.2.docx 6 

 

2.2 Model boundary conditions  

2.2.1 Model inflows  

A hydrological assessment was carried out to derive hyetographs for the 30-year (3.33% AEP), 100-
year (1% AEP), 100-year with climate change and 1,000-year (0.1% AEP) storm events.  In line 
with the new Guidance on Climate Change issued by the Environment Agency in February 2016, 
the effect of climate change was assessed by increasing peak flows by 40%.  

Rainfall was estimated for a 1 hour, 3 hour and 6-hour summer profile storm durations for each 
event. 

A review of the initial model results indicated that the 6-hour storm duration generated the highest 
flood extents and depths on site.   

Figure 2-2: Critical storm duration 

 

The hydrological assessment is documented in Appendix C.  

On-site surface water attenuation associated with the proposed residential scheme was 
conservatively not accounted for in this analysis. 

2.2.2 Downstream boundary conditions  

The downstream boundaries for both the 1D and 2D were calculated. 1D boundaries were derived 
by calculation of a stage-flow relationship using Flood Modeller (using the last two channel sections 
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of the unnamed watercourse and a dummy flow-time hydrograph).  The 2D downstream boundary 
was derived at the downstream end of the model extent by calculation of slope.  A sensitivity run 
was undertaken to assess the impact of uncertainties associated with the downstream boundary 
condition (see Section 2.4). 

2.3 Calibration  

As no historical data is available for the unnamed watercourse, the hydraulic model is uncalibrated.  

2.4 Sensitivity analysis 

Model sensitivity was tested for increases in Manning's roughness, changes to the downstream 
boundary and rainfall intensity.  The analysis of the model sensitivity runs is included in Appendix 
E.   

Overall, Appendix E indicates that the model results at the site are relatively insensitive to changes 
in roughness values, rainfall intensity and changes in downstream boundary conditions in the 
channel. 

2.5 Model runs  

The baseline scenario was run using existing conditions for a series of modelled events:  

• (Baseline scenario) - 30-year (3.33% AEP)  

• (Baseline scenario) - 100-year (1% AEP) 

• (Baseline scenario) - 100-year (1% AEP) with (+40%) climate change  

• (Baseline scenario) – 1,000-year (0.1% AEP)  

• (Sensitivity analysis) - 100-year (1% AEP) plus 20% increase in rainfall intensity    

• (Sensitivity analysis) - 100-year (1% AEP) plus 20% increase in roughness values 

• (Sensitivity analysis) - 100-year (1% AEP) plus 250mm increase in downstream boundary 
conditions 
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3 Hydraulic modelling results  

3.1 Baseline scenario 

3.1.1 Flood Extents 

Figure 3-1 shows the baseline flood extents for the 30-year, 100-year, 100-year with (+40%) climate 
change and the 1,000-year storm events.  For graphical reasons, areas with flood depths lower than 
25mm were filtered out. 

Figure 3-1:  Baseline Flood Extents 

 

Figure 3-1 shows that: 

- Model results correlate relatively well with the EA’s uFMfSWF (see Figure 1-1) and show the 
central part of the site to be at high risk of surface water flooding; 

- Flood water appears to be ponding immediately upstream of the 450mm culvert crossing the 
embankment running alongside the western site boundary; 

- During the 100-year with (+40%) climate change and 1,000-year storm event, flooding within 
central part of the site also originate from the lack of capacity of the 450mm culvert crossing the 
unnamed watercourse at the centre of the site. 
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3.2 Post development scenario 

3.2.1 The proposal – characteristics 

As part of the proposed commercial scheme, it is considered to: 

- Landscape developable areas and raise ground levels by up to 1.9m (approximately) within the 
areas the most at risk of flooding. This will be done by addition of an updated ground model 
across the site. 

- Increase the diameter of the central culvert (SYS_843C) across the main watercourse to 
450mm in order to attenuate the flows within the site. 

 

Figure 3-2:  The proposal 

 

   

3.2.2 Flood extent 

The 100-year with (+40%) climate change post-development flood extent is shown in Figure 3-33.   

Updated 450mm diam. 
Pipe (SYS_843C) 

Existing 450mm diam. Pipe 
(SYS_712C) 
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Figure 3-3:  100-year with (+40%) climate change post-development flood extent 

 

Figure 3-33 shows: 

- The proposal will reduce surface water flood risk both within and outside the development site 
boundary.  

- Greatest surface water extents are within the western portion of the site, within the western 
ditch. 

3.2.3 Flood risk impact  

The impact of the proposal on flood depths was assessed by subtracting the flood depth grids 
generated from the post-development scenario from the pre-development scenario for the 100-year 
plus climate change (40%) storm event (see Figure 3-44). 
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Figure 3-4:  Impact on 100-year with (+40%) climate change flood depths  

 

Figure 3-4 shows that the proposal will not increase flood depths across third-party land and flood 
water will not accumulate around the site.  Therefore, effective flood level compensation has been 
achieved with minimal floodwater displacement outside of the site. 

 

3.2.4 Impact on flows 

The peak discharge leaving the site (i.e. at node SYS_712C) for the 100-year with (+40%) climate 
change pre- and post-development scenarios is shown in 5. 

Figure 3-5:  Discharge at node SYS_712C 
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Figure 3-5 indicates that: 

- The proposal does not increase the peak flows leaving the site 

Post-development peak flows are lower than pre-development peak flows.  Peak flow under pre-
development conditions occurs at t = 4.1hr at a value of approximately 0.10 m3/s.  Under post-
development conditions, peak flow occurs at t = 4.2hr at a value of approximately 0.15 m3/s. 

3.2.5 Peak flood depths  

The modelled peak flood depths for the 100-year with (40%) post-development scenario are 
represented in Figure 3-6. 
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Figure 3-6:  Modelled flood depths for the 100-year with (+40%) climate change scenario 

 

Figure 3-6 shows that the most significant flood depths are observed along the western pond within 
the site, which interacts with the unnamed watercourse during the 100-year with (+40%) climate 
change simulation.  These are within the range 0.3-0.6m.  There are minimal flood depths outside 
of the site boundary across third-party land. 
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3.2.6 Peak water levels 

Table 3-1 shows the modelled water levels within the site boundary during the 100-year with (+40%) 
climate change post-development scenario. 

Table 3-1:  Modelled flood levels for the 100-year with (+40%) climate change post-development 

scenario 

 

Node location 

(north-eastern 
watercourse) 

Peak water level 

(m AOD) 

Node location 

(unnamed watercourse) 

Peak water level 

(m AOD) 

SYS3_0003 58.73 SYS1_0994 (Quenilborough 
Road culvert, upstream face) 

61.26 

SYS3_0049 58.73 SYS1_0983 (Quenilborough 
Road culvert, downstream 

face) 

61.13 

  SYS1_0885 59.83 

  SYS1_0843 (central site flow 
control unit, upstream face) 

59.81 

  SYS1_0843D (central site 
flow control unit, downstream 

face) 

59.14 

  SYS1_0762 58.80 

  SYS1_0712 (upstream face 
of culvert crossing 

embankment alongside 
western site boundary) 

58.65 

  SYS1_0712D (downstream 
face of culvert crossing 
embankment alongside 
western site boundary) 

58.33 



 
 

  
2018s1664 - Hydraulic Modelling at Barby Road, Syston - DRAFT Report v1.2.docx 15 

 

 Table 3-1 shows that, during the 100-year with (+40%) climate change storm event  

• Flood water backs up in the main watercourse channel, up to the central site flow control 
unit crossing approximately 131m upstream; 

• Flood water will build up to a level of 59.81m AOD at the upstream face of the flow control 
unit.  It is recommended to set emergency spillway with a crest level set at this elevation in 
order to minimise flood risk in the event of a blockage of the flow control unit.  

 

  



 
 

  
2018s1664 - Hydraulic Modelling at Barby Road, Syston - DRAFT Report v1.2.docx 16 

 

4 Conclusion and Recommendations 

4.1 Conclusion 

• JBA Consulting was commissioned by Travis Baker to undertake a rainfall-runoff modelling 
study in relation to their private development site at Barkby Road, Syston.  

• A 1D-2D ESTRY-TUFLOW hydraulic model was produced to allow accurate representation 
of flood depths, extents and flows within the site boundary and the interactions between 
surface water over-land flows and the unnamed watercourses and ditches crossing the site.  
The watercourse flows along the north-eastern and north-western boundaries of the site.   

• A channel survey was completed, consisting of cross sections at regular intervals along the 
watercourse and at key hydraulic structures.  Ground levels within the floodplain of the 
hydraulic model were represented using LiDAR and site-specific topographic survey data.  

• The hydraulic model was run for the 30-year, 100-year, 100-year plus 40% climate change 
and 1,000-year storm events.   

• The hydraulic model was also tested for its sensitivity to changes in Manning's roughness, 
downstream boundary and increase in rainfall intensity.  The model results at the site are 
relatively insensitive to changes in roughness values, rainfall intensity and downstream 
boundary conditions in the channel.  

• The model results from the baseline/pre-development simulations show that: 

o Model results correlate relatively well with the Environment Agency’s updated 
Flood Maps for Surface Water and show the central part of the site being flooded. 

o Flooding to the centre of the site occurs primarily as a result of the lack of capacity 
of the 450mm diameter culvert crossing the embankment running alongside the 
western site boundary.   

• The model results from the post-development simulations show that: 

o The proposal, which involves the raising of ground levels by up to 1.9m, will not 
exacerbate flood risk across third-party land and will reduce the peak flow leaving 
the site; 

o A 450mm flow control unit will be needed to ensure the peak discharge leaving the 
site does not increase above its pre-development value; 

o The 100-year with (+40%) climate change peak water level at the upstream end of 
the flow control unit is 59.81m AOD; 

o To mitigate the impact of a blockage at the flow control unit, an emergency spillway 
will be required.   It is recommended to set the crest level of the emergency spillway 
is set to 59.81m AOD.   

 

4.2 Recommendations 

As a way forward, it is recommended to: 

• Consider the impact of a blockage at the new/proposed flow control structure  It is 
recommended that the flow control unit is not integrated as part of the proposed highway 
culverts in order to facilitate access for maintenance and allow the integration of an in-line 
emergency spillway in its design; 

• Consider the potential loss of flood volume within mitigation measures; 

• Validate the proposed strategy (including results of this modelling study) with the Lead local 
Flood Authority before submitting a planning application. 
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Appendices 

A Appendix A - Channel Survey  
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B Appendix B - Topographic Survey 

B.1 Topographic survey drawing 
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B.2 Topographic survey quality assessment 

Figure B-1:  Quality assessment – topographic survey grid minus LiDAR grid 

 

 

  



 
 

  
2018s1664 - Hydraulic Modelling at Barby Road, Syston - DRAFT Report v1.2.docx IV 

 

C Appendix C - Hydrological Assessment 
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D Appendix D - Key Hydraulic Structures 

D.1 Queenborough Road Culvert 

Included in model?  Yes 

Model label:  SYS1_0994 

Type: Concrete culvert 

How has structure been 
modelled? 

The structure was modelled as a circular culvert unit using 
ESTRY.  The following modelling parameters were used: 

 
Overtopping of the structure was represented within the 2D 
domain.  

 

Upstream face 
 

Downstream face, looking upstream 
 

     

 

  

 

Culvert length 

Roughness coefficient 

Upstream invert level 

Downstream invert level 

For loss (for single span 
bridges) 

 

 

 

Culvert width or diameter* 

Culvert height* 

 

Contraction coefficients 

 

 

Loss coefficients 
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D.2 Field access 

Included in model?  Yes  

Model label:  SYS_843C 

Type: Concrete culvert 

How has structure been 
modelled?  

The structure was modelled as a culvert unit using ESTRY. 
The following modelling parameters were used: 

 
 
Overtopping of the structure was represented within the 1D 
domain  

Upstream face, looking downstream 
 

Downstream face, looking upstream 
 

 

 
 
 
 
 

            NO PHOTO AVAILABLE 
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D.3 Concrete through embankment (western site boundary) 

Included in model?  Yes  

Model label:  SYS_712C 

Type: Concrete pipe 

How has structure been 
modelled?  

The structure was modelled as a culvert unit using ESTRY.  
The following modelling parameters were used: 

 
 
Overtopping of the structure was represented within the 2D 
domain. 

Upstream face, looking downstream 
 

Downstream face, looking upstream 
 

 

            
 
 
 
 

            NO PHOTO AVAILABLE 
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D.4 Empingham Drive culvert 

Included in model?  Yes  

Model label:  SYS_513C 

Type: Concrete pipe 

How has structure been 
modelled?  

The structure was modelled as a culvert unit using ESTRY.  
The following modelling parameters were used: 

 
 
Overtopping of the structure was represented within the 2D 
domain. 

Upstream face, looking downstream 
 

Downstream face, looking upstream 
 

 

            
 
 
 
 

            NO PHOTO AVAILABLE 
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D.5 Barkby Road culvert 

Included in model?  Yes  

Model label:  SYS_409C 

Type: Concrete pipe 

How has structure been 
modelled?  

The structure was modelled as a culvert unit using ESTRY.  
The following modelling parameters were used: 

 
 
Overtopping of the structure was represented within the 2D 
domain. 

Upstream face, looking downstream 
 

Downstream face, looking upstream 
 

 

            
 
 
 
 

            NO PHOTO AVAILABLE 
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D.6 Disused footbridge 

Included in model?  Yes  

Model label:  SYS_409C 

Type: Concrete pipe 

How has structure been 
modelled?  

The structure was modelled as a culvert unit using ESTRY.  
The following modelling parameters were used: 

 
 
Overtopping of the structure was represented within the 2D 
domain. 

Upstream face, looking downstream 
 

Downstream face, looking upstream 
 

 

            
 
 
 
 

            NO PHOTO AVAILABLE 
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D.7 Access Bridge at End of Saxby Drive  

Included in model?  Yes  

Model label:  SYS_212C 

Type: Concrete pipe 

How has structure been 
modelled?  

The structure was modelled as a culvert unit using ESTRY.  
The following modelling parameters were used: 

 
 
Overtopping of the structure was represented within the 2D 
domain. 

Upstream face, looking downstream 
 

Downstream face, looking upstream 
 

 

            
 
 
 
 

            NO PHOTO AVAILABLE 
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D.8 Footbridge at End of Whissendinve Way 

Included in model?  No 
The bridge capacity is significantly bigger than the 
upstream circular culverts and unlikely to have any effect to 
model results within the site. This location also marks the 
end of the model.  The channel geometry was represented 
in the model though.  
Sensitivity analysis to downstream boundary conditions was 
undertaken to overcome potential concerns and 
uncertainties with this approach. 

Model label:   

Type: Wooden bridge 

How has structure been 
modelled?  

 

Upstream face, looking downstream 
 

Downstream face, looking upstream 
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E Appendix E - Model Sensitivity Analysis  
The hydraulic model was tested for sensitivity to key model parameters which might impact the flood 
risk at the proposed development site.  This included the following scenarios:  

• Increasing the Manning's 'n' value by 20%.  

• Increasing the downstream boundary conditions by 250mm 

• Increasing the rainfall intensity by 20% 

The following sections discuss the impacts of this sensitivity scenarios. 

E.1 Sensitivity to Roughness 

Figure C-1 shows the changes in flood depths in the 2D domain compared to the baseline 100-year 
event when an increase of 20% is applied Manning’s ‘n’ in both the 1D and 2D domains.   

Figure C-1:  Change in peak water levels with the 100-year +20% increase in Manning’s ‘n’ 

 

 

Figure C-1 shows that model results are generally insensitive to changes in roughness value (n).     
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E.2 Sensitivity to Downstream Boundary Conditions 

Figure C-2 shows the changes in flood depths in the 2D domain compared to the baseline 100-year 
event when an increase of 250mm is applied to the model's downstream boundary.   

Figure C-2:  Change in peak water levels with the 100-year +250mm increase in downstream 

boundary conditions 

 

Figure C-2 shows that model results at the site are insensitive to changes in downstream boundary 
conditions in the model.  
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E.3 Sensitivity to Rainfall Intensity 

Figure C-3 shows the changes in flood depths in the 2D domain compared to the baseline 100-year 
event when an increase of 20% is applied to the model hyetographs  

Figure C-3:  Change in peak water levels with the 100-year (+20%) increase in rainfall intensity 

 

Figure C-3 shows that model results at the site are relatively insensitive to increase in flows.   
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F Appendix F – The Proposal 
 

Figure F-1:  Proposed site layout 
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Figure F-2:  Proposed ground model 
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