
 

 

Notice 
 

All comments and proposals contained in this report, including any conclusions, are based on information available 

to BWB Consulting during investigations.  The conclusions drawn by BWB Consulting could therefore differ if the 

information is found to be inaccurate or misleading.  BWB Consulting accepts no liability should this be the case, nor 

if additional information exists or becomes available with respect to this scheme. 

 

Except as otherwise requested by the client, BWB Consulting is not obliged to and disclaims any obligation to update 

the report for events taking place after: - 

 

(i) The date on which this assessment was undertaken, and 

(ii) The date on which the final report is delivered 

 

BWB Consulting makes no representation whatsoever concerning the legal significance of its findings or the legal 

matters referred to in the following report. 

 

All Environment Agency mapping data used under special license. Data is current as of May 2022 and is subject to 

change. 

 

The information presented, and conclusions drawn, are based on statistical data and are for guidance purposes only.  

The study provides no guarantee against flooding of the study site or elsewhere, nor of the absolute accuracy of water 

levels, flow rates and associated probabilities. 

 

This document has been prepared for the sole use of the Client in accordance with the terms of the appointment 

under which it was produced.  BWB Consulting Limited accepts no responsibility for any use of or reliance on the 

contents of this document by any third party.  No part of this document shall be copied or reproduced in any form 

without the prior written permission of BWB 

 

 

 

 

 

ENVIRONMENT 

SMAA Developments Ltd 

Throckmorton New Settlement Strategic Allocation  

Worcestershire 

Drainage Technical Note  
  

 

 

May 2022 

 

Document Number: TWS-BWB-ZZ-XX-RP-CD-0001_DTN 

BWB Reference: BMP-2078_DTN 

 

Revision 
Date of 

Issue 
Status Author: Checked: Approved: 

P01 27.05.22 S2 
Lucy Reeves 

BSc (Hons) 

Catherine Thorpe 

BSc (Hons) 

MCInstCES 

Chris Dodd 

BEng (Hons) IEng 

MICE 



 

Page | 2 

 

Throckmorton New Settlement Strategic Allocation, Worcestershire 

Drainage Technical Note 

May 2022 

TWS-BWB-ZZ-XX-RP-CD-0001_DTN 

 INTRODUCTION 

1.1 BWB Consulting Ltd has been commissioned to undertake a high-level drainage strategy 

at the Throckmorton New Settlement Strategic Allocation (‘the Site’) located in 

Pershore, Worcestershire. The aim of the strategy is to identify opportunities and 

constraints and to outline attenuation requirements, proposed SuDS locations and 

illustrative outfall locations. 

 FLOOD RISK CONSIDERATIONS 

Fluvial Flood Risk 

2.1 The Site is shown to be located across Flood Zones 1 (Low Probability), 2 (Medium 

Probability) and 3 (High Probability).  

2.2 A hydraulic modelling exercise of the Piddle Brook and its tributaries was undertaken by 

BWB Consulting Ltd in March 2021 to investigate the potential fluvial flood risk. Further 

details are included within the Hydraulic Model Report (reference: THR-BWB-ZZ-XX-RP-

YE-0003). 

2.3 At this high-level, concept stage, it is recommended that any developable area and 

proposed drainage infrastructure is placed outside of the 1 in 1000-year modelled flood 

extent. The 1 in 1000-year modelled flood extent is shown in Figure 2.1. 

2.4 A full Flood Risk Assessment (FRA) in accordance with the NPPF should be undertaken 

as part of any planning application to assess the fluvial flood risk to the Site, as well as 

flood risk from all sources. 
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Figure 2.1: 1 in 1000-Year Modelled Floodplain 

Pluvial Flood Risk 

2.5 The Site is shown to be at a low (1 in 1000-year) to high (1 in 30-year) risk of surface water 

flooding, as shown in Figure 2.2. A portion of the pluvial flood risk within the Site is 

associated with existing watercourses. 



 

Page | 4 

 

Throckmorton New Settlement Strategic Allocation, Worcestershire 

Drainage Technical Note 

May 2022 

TWS-BWB-ZZ-XX-RP-CD-0001_DTN 

 
Figure 2.2: Environment Agency Surface Water Flood Risk Mapping 

2.6 However, there are several pluvial flow routes within the Site which should be considered 

within the masterplan and the proposed drainage strategy. 

2.7 It is recommended that the developable area and proposed drainage infrastructure is 

placed outside of areas shown to be at surface water flood risk, particularly areas shown 

to be at a high risk. Where development is considered appropriate to be located in 

areas shown to be at a risk of surface water flooding, it is recommended that flow routes 

are re-directed into swales, green corridors etc. 

2.8 As above, a full FRA in accordance with the NPPF should be undertaken as part of any 

planning application to assess the surface water flood risk to the Site, as well as flood risk 

from all sources.  
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 PROPOSED DRAINAGE STRATEGY 

Drainage Guidance 

3.1 Worcestershire County Council, in their role as the Lead Local Flood Authority (LLFA), 

have published a ‘Sustainable Drainage: Design & Evaluation Guide’1. 

3.2 It is noted within the guidance that safety considerations in basin, wetland and pond 

design should be considered carefully, and that the overall depth of temporary storage 

should not normally exceed 600mm as this depth is critical for a feeling of safety in water. 

 The guidance notes that climate change should be considered when sizing attenuated 

storage. Table 2 from the ‘Flood risk assessments: climate change allowances’2, 

included as Table 3.1, shows anticipated changes in peak rainfall intensity. Therefore a 

40% climate change allowance should be adopted based on the 1 in 100-year rainfall 

event for the Upper End Allowance. It should be noted that the 1 in 30-year event plus 

climate change will need to be considered in the detailed design stage.  

Table 3.1: Avon Warwickshire Management Catchment Peak Rainfall Allowances 

Avon Warwickshire 

Management Catchment 

Allowance 

Total potential change 

anticipated for the ‘2050s’ 

(lifetime up to 2060) 

Total potential change 

anticipated for the ‘2070s’ 

(2061 to 2125) 

1 in 30-Year Rainfall Event 

Upper End 35% 35% 

Central 20% 25% 

1 in 100-Year Rainfall Event 

Upper End 40% 40% 

Central 20% 25% 

3.3 The guidance also notes that the implications of urban creep should be considered, 

and states allowances for urban creep should depend on the density of the residential 

development. Table 3.2 summarises the guidance. 

 

 

 

 
1 Sustainable Drainage: Design & Evaluation Guide (Worcestershire County Council, 2018) 
2 https://www.gov.uk/guidance/flood-risk-assessments-climate-change-allowances 
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Table 3.2: Worcestershire County Council Urban Creep Allowances 

Residential Development Density (dwellings 

per hectare) 

Urban Creep Allowance (anticipated % 

increase to impermeable area) 

≤25 10 

30 8 

35 6 

45 4 

≥50 2 

Flats & Apartments 0 

3.4 Based on the Worcestershire Sustainable Drainage: Design & Evaluation Guide and the 

above tables, a 40% climate change allowance will be applied to the calculations. At 

this concept stage, it is assumed that a 65% impermeable area is suitably conservative 

to allow for up to 10% urban creep. The water depth within the attenuation basins will 

not exceed 600mm. 

Proposed Runoff Rates 

3.5 An assessment of the existing surface water runoff rates has been undertaken on a litres 

per second per hectare basis. The calculated greenfield runoff rates are summarised 

within Table 3.3. Calculations are included within Appendix 1. 

Table 3.3: Existing Runoff Rates 

Return Period (Yrs.) Runoff Rate (l/s/ha) 

1 3.3 

Mean Annual Flow Rate (QBAR) 4.0 

30 7.8 

100 10.3 

3.6 It is therefore proposed that the runoff rate from the Site is restricted to 4.0l/s/ha in all 

events up to and including the 100-year event, plus climate change. 

Proposed Storage Requirements 

3.7 A simulation has been run using Micro Drainage ‘Source Control’ to identify the 

necessary storage provision for the Site. Using a restriction of 4.0l/s/ha (as determined by 

the existing greenfield QBAR rate per hectare) and an impermeable area of 65% of the 

developable area, the volume of attenuated storage required has been calculated for 

storm events up to the 1 in 100-year + 40% climate change storm. 
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3.8 An example calculation is included within Appendix 1. The average volume of storage 

required per impermeable hectare equates to approximately 700m3 and the average 

area of storage required per impermeable hectare equates to approximately 1,400m2. 

Sustainable Drainage Systems 

3.9 It is proposed that surface water will be stored within above ground detention basins 

located at the lowest point of each catchment, whilst remaining outside of the 

modelled flood extents and areas considered to be at risk of surface water flooding. 

Where the surface water is not deemed to be well represented, drainage features may 

be positioned in these locations (subject to full assessment as part of an FRA). 

3.10 For the purposes of this high-level assessment, the basins have been designed to have 

slopes of 1:4 and a depth of 0.9m, and include for 300mm freeboard in the 1 in 100-year 

+ 40% climate change event. 

3.11 The majority of basins will outfall to a local watercourse or via other catchments to a 

watercourse, via a new headwall at the restricted rate. It should be noted that 

Catchments 24, 25 and 26 will require further investigation to determine a suitable 

outfall, as in these locations the nearest watercourse is located approximately 600m 

west of the Site, with the nearest surface water sewer located approximately 1km south 

west. 

3.12 Further investigation should be undertaken to confirm land ownership and consent 

requirements in order to determine whether an outfall to watercourses in the vicinity of 

the Site is viable. It is expected that a gravity outfall should be achievable, however, this 

should be confirmed as the proposals progress. 

3.13 A conceptual Drainage Strategy (reference: TWS-BWB-ZZ-XX-DR-CD-0020-0027) is 

included within Appendix 2. 

3.14 As the masterplan progresses further features such as conveyance swales, bioretention 

areas and pervious pavements should be incorporated into the development. 

3.15 As part of any future planning application, this conceptual drainage strategy should be 

development into a more detailed drainage design, which should be created 

alongside the masterplan to ensure that a suitable area is designated for SuDS, in line 

with local and national guidance, whilst considering the four pillars of SuDS design 

(amenity, biodiversity, water quality and water quantity). This should be accompanied 

by a Sustainable Drainage Statement (SDS).  
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Appendix 1: Runoff Rate and Example Attenuation Calculation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



BWB Consulting Ltd Page 1
5th Floor, Waterfront House
35 Station Street
Nottingham,  NG2 3DQ
Date 15/02/2021 15:35 Designed by Lucy.Reeves
File Checked by
Innovyze Source Control 2018.1.1

ICP SUDS Mean Annual Flood

©1982-2018 Innovyze

Input

Return Period (years) 1 Soil 0.450
Area (ha) 1.000 Urban 0.000
SAAR (mm) 646 Region Number Region 4

Results l/s

QBAR Rural 4.0
QBAR Urban 4.0

Q1 year 3.3

Q1 year 3.3
Q30 years 7.8
Q100 years 10.3



BWB Consulting Ltd Page 1
5th Floor, Waterfront House BMP2078
35 Station Street Throckmorton Wider Site
Nottingham,  NG2 3DQ FEH Storage
Date 16/05/2022 15:57 Designed by L. Reeves
File Catchment 100yr 40CC 0.... Checked by C. Thorpe
Innovyze Source Control 2020.1

Summary of Results for 100 year Return Period (+40%)

©1982-2020 Innovyze

Storm
Event

Max
Level
(m)

Max
Depth
(m)

Max
Control
(l/s)

Max
Volume
(m³)

Status

15 min Summer 99.448 0.348 8.0 454.9 O K
30 min Summer 99.491 0.391 8.0 514.6 O K
60 min Summer 99.535 0.435 8.0 577.6 O K
120 min Summer 99.577 0.477 8.0 639.3 O K
180 min Summer 99.599 0.499 8.0 671.6 O K
240 min Summer 99.612 0.512 8.0 690.4 O K
360 min Summer 99.624 0.524 8.0 708.2 O K
480 min Summer 99.626 0.526 8.0 711.2 O K
600 min Summer 99.622 0.522 8.0 705.6 O K
720 min Summer 99.615 0.515 8.0 694.5 O K
960 min Summer 99.609 0.509 8.0 686.1 O K
1440 min Summer 99.593 0.493 8.0 663.1 O K
2160 min Summer 99.565 0.465 8.0 622.2 O K
2880 min Summer 99.536 0.436 8.0 579.0 O K
4320 min Summer 99.453 0.353 8.0 462.2 O K
5760 min Summer 99.384 0.284 8.0 366.1 O K
7200 min Summer 99.327 0.227 8.0 289.2 O K
8640 min Summer 99.282 0.182 7.9 229.6 O K
10080 min Summer 99.247 0.147 7.8 184.7 O K

15 min Winter 99.488 0.388 8.0 510.6 O K
30 min Winter 99.535 0.435 8.0 578.1 O K

Storm
Event

Rain
(mm/hr)

Flooded
Volume
(m³)

Discharge
Volume
(m³)

Time-Peak
(mins)

15 min Summer 190.559 0.0 463.9 26
30 min Summer 108.586 0.0 528.8 41
60 min Summer 61.875 0.0 602.6 70
120 min Summer 35.258 0.0 687.0 130
180 min Summer 25.373 0.0 741.5 188
240 min Summer 20.091 0.0 782.8 248
360 min Summer 14.458 0.0 845.1 366
480 min Summer 11.448 0.0 892.3 484
600 min Summer 9.552 0.0 930.7 602
720 min Summer 8.239 0.0 963.3 714
960 min Summer 6.633 0.0 1034.1 818
1440 min Summer 4.887 0.0 1126.9 1062
2160 min Summer 3.601 0.0 1263.1 1468
2880 min Summer 2.899 0.0 1356.0 1872
4320 min Summer 2.059 0.0 1445.3 2644
5760 min Summer 1.616 0.0 1511.7 3400
7200 min Summer 1.339 0.0 1565.5 4112
8640 min Summer 1.148 0.0 1610.9 4760
10080 min Summer 1.008 0.0 1650.3 5448

15 min Winter 190.559 0.0 519.6 26
30 min Winter 108.586 0.0 581.8 41
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5th Floor, Waterfront House BMP2078
35 Station Street Throckmorton Wider Site
Nottingham,  NG2 3DQ FEH Storage
Date 16/05/2022 15:57 Designed by L. Reeves
File Catchment 100yr 40CC 0.... Checked by C. Thorpe
Innovyze Source Control 2020.1

Summary of Results for 100 year Return Period (+40%)

©1982-2020 Innovyze

Storm
Event

Max
Level
(m)

Max
Depth
(m)

Max
Control
(l/s)

Max
Volume
(m³)

Status

60 min Winter 99.584 0.484 8.0 650.0 O K
120 min Winter 99.633 0.533 8.0 722.3 O K
180 min Winter 99.659 0.559 8.0 761.6 O K
240 min Winter 99.676 0.576 8.0 786.3 O K
360 min Winter 99.693 0.593 8.0 812.9 O K
480 min Winter 99.699 0.599 8.0 822.7 O K
600 min Winter 99.700 0.600 8.0 822.8 O K
720 min Winter 99.696 0.596 8.0 816.9 O K
960 min Winter 99.693 0.593 8.0 812.9 O K
1440 min Winter 99.668 0.568 8.0 774.4 O K
2160 min Winter 99.627 0.527 8.0 712.7 O K
2880 min Winter 99.580 0.480 8.0 643.6 O K
4320 min Winter 99.458 0.358 8.0 467.9 O K
5760 min Winter 99.356 0.256 8.0 327.7 O K
7200 min Winter 99.278 0.178 7.9 225.2 O K
8640 min Winter 99.225 0.125 7.7 156.8 O K
10080 min Winter 99.196 0.096 7.3 119.0 O K

Storm
Event

Rain
(mm/hr)

Flooded
Volume
(m³)

Discharge
Volume
(m³)

Time-Peak
(mins)

60 min Winter 61.875 0.0 675.0 70
120 min Winter 35.258 0.0 769.5 128
180 min Winter 25.373 0.0 830.6 186
240 min Winter 20.091 0.0 876.9 244
360 min Winter 14.458 0.0 946.7 360
480 min Winter 11.448 0.0 999.6 474
600 min Winter 9.552 0.0 1042.6 588
720 min Winter 8.239 0.0 1078.9 700
960 min Winter 6.633 0.0 1147.5 922
1440 min Winter 4.887 0.0 1191.3 1174
2160 min Winter 3.601 0.0 1414.8 1608
2880 min Winter 2.899 0.0 1519.1 2048
4320 min Winter 2.059 0.0 1618.8 2856
5760 min Winter 1.616 0.0 1693.0 3576
7200 min Winter 1.339 0.0 1753.5 4248
8640 min Winter 1.148 0.0 1804.3 4848
10080 min Winter 1.008 0.0 1848.4 5352
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5th Floor, Waterfront House BMP2078
35 Station Street Throckmorton Wider Site
Nottingham,  NG2 3DQ FEH Storage
Date 16/05/2022 15:57 Designed by L. Reeves
File Catchment 100yr 40CC 0.... Checked by C. Thorpe
Innovyze Source Control 2020.1

Rainfall Details

©1982-2020 Innovyze

Rainfall Model FEH
Return Period (years) 100
FEH Rainfall Version 1999

Site Location GB 395800 247350 SO 95800 47350
C (1km) -0.029
D1 (1km) 0.322
D2 (1km) 0.380
D3 (1km) 0.290
E (1km) 0.301
F (1km) 2.404

Summer Storms Yes
Winter Storms Yes
Cv (Summer) 0.750
Cv (Winter) 0.840

Shortest Storm (mins) 15
Longest Storm (mins) 10080

Climate Change % +40

Time Area Diagram

Total Area (ha) 1.300

Time
From:

(mins)
To:

Area
(ha)

Time
From:

(mins)
To:

Area
(ha)

Time
From:

(mins)
To:

Area
(ha)

0 4 0.433 4 8 0.433 8 12 0.433
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5th Floor, Waterfront House BMP2078
35 Station Street Throckmorton Wider Site
Nottingham,  NG2 3DQ FEH Storage
Date 16/05/2022 15:57 Designed by L. Reeves
File Catchment 100yr 40CC 0.... Checked by C. Thorpe
Innovyze Source Control 2020.1

Model Details

©1982-2020 Innovyze

Storage is Online Cover Level (m) 100.000

Tank or Pond Structure

Invert Level (m) 99.100

Depth (m) Area (m²) Depth (m) Area (m²)

0.000 1218.0 0.900 1704.1

Hydro-Brake® Optimum Outflow Control

Unit Reference MD-SHE-0132-8000-0950-8000
Design Head (m) 0.950

Design Flow (l/s) 8.0
Flush-Flo™ Calculated
Objective Minimise upstream storage

Application Surface
Sump Available Yes
Diameter (mm) 132

Invert Level (m) 99.050
Minimum Outlet Pipe Diameter (mm) 150
Suggested Manhole Diameter (mm) 1200

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

Design Point (Calculated) 0.950 8.0
Flush-Flo™ 0.287 8.0
Kick-Flo® 0.638 6.6

Mean Flow over Head Range - 6.9

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

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

0.100 4.8 1.200 8.9 3.000 13.8 7.000 20.6
0.200 7.8 1.400 9.6 3.500 14.8 7.500 21.3
0.300 8.0 1.600 10.2 4.000 15.8 8.000 22.0
0.400 7.9 1.800 10.8 4.500 16.7 8.500 22.7
0.500 7.6 2.000 11.3 5.000 17.6 9.000 23.3
0.600 7.1 2.200 11.9 5.500 18.4 9.500 23.9
0.800 7.4 2.400 12.4 6.000 19.2
1.000 8.2 2.600 12.9 6.500 19.9
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Appendix 2: Drainage Strategy 
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