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1.0 Introduction 

 

1.1 This Technical Note has been prepared by Cole Easdon Consultants Limited (CEC) on behalf of Barratt 

Homes Manchester, to set out the parameters used and the design process followed in relation to the 

design of a security screen to be located at the upstream end of 2.7m wide and 1.5m high precast concrete 

culvert at the approved development site. The culvert is to be located at the downstream end of an 

approved 300m reach of new watercourse within the site.  

 

1.2 The design has followed guidance as set out within the document entitled Culvert, Screen and Outfall 

Manual (C786) published by CIRIA in 2019. 

 

1.3 This Technical Note outlines how the development proposals can be satisfactorily accommodated as per 

guidance provided within the National Planning Policy Framework (NPPF) and Bury Council’s drainage 

requirements. 

 
1.4 Barratt Homes have determined that, whilst a debris screen is not required, a security screen is needed. 

This Technical Note is therefore based on the security screen design requirements as set out in C786.    

 

2.0 Hydraulic Design Process         

 

2.1 The security screen design has followed the process below as set out within C786: 

 Step 1 – Initial screen sizing & outline design. 

 Step 2 – Blockage Design. 

 Step 3 – Design for Safety & Maintenance. 
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Initial Screen Sizing & Outline Design 

 2.2 The design process outlined in Box 11.24 (from C786) has been followed. ‘Rule of Thumb’ has been used to 

design the screen.  As such the following principles have been used to guide the design: 

 Minimum bar spacings and sizes have been considered that are appropriate for a security screen. 

 Minimum effective screen area = 4 x culvert cross sectional area (with 150mm bar spacing). 

 Blocked Area: If the effective screen area is less than or equal to 4 x culvert cross sectional area then 

the blocked area should be the larger of 3 x culvert cross sectional area or 75% of the security screen 

area.      
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 Blockage Design 

2.3 Once the initial sizing had been completed, the selected screen size was tested for the following blockage 

scenarios: 

i) Permanent Blockage + Permeable Blockage with the blocked screen area being the larger of 3 x culvert 

cross sectional area or 75% of the security screen area.  Method 1 (C786) was followed.      

ii) Permanent blockage + a 50% permeable blinding blockage of Screen 1 area (sloping screen). Method 2 

(C786) was followed.      
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iii) Permanent blockage + a 50% permeable choking blockage of Screen 1 area (sloping screen). Method 3 

(C786) was followed.      

 

2.4 Each method calculates the water level upstream of the screen as a result of blockage extent and type.   

The blockage assessments were undertaken to ensure that the screen does not increase upstream water 

level to an unacceptable level (ie above 141mAOD top of bank level).  

 

 Permanent Blockage + Permeable Blockage (Method 1) 

2.5 Equations used: 
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 Permanent blockage + a 50% permeable blinding blockage (Method 2) 

2.6 Equations used: 
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 Permanent blockage + a 50% choking blockage (Method 3) 

2.7 Equations used: 

 
   

3.0 Hydraulic Design 

 

Initial Screen Sizing & Outline Design 

Design Parameters 

3.1 The following parameters have been used in all design iterations: 

  

Design Parameter Value 

Design Storm 1:100 yr + 35% climate change event 

Peak Flowrate 5.67m3/s (from hydraulic modelling) 

Bed Level 138.5mAOD 

Peak Water Depth upstream of screen (w/o screen) 1.567m (from hydraulic modelling 

Top of Bank 141mAOD 

Culvert Size 2.7m wide x 1.5m deep 

Bar Size 12mm 

Bar spacing 150mm 
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 Screen Size 

Design Parameter Value 

Culvert cross sectional area (2.7m x 1.5m) 4.05sqm 

4 x Culvert cross sectional area 16.2sqm 

 

 Use twin screen arrangement: 

Screen 1 (sloping screen at 45 degree to horizontal) 

Screen 1 (Sloping Screen) Value 

Width (Av.) 4.45m 

Height 1.7m 

Screen area 7.57sqm 

Sloping screen effective area (45 degrees) 10.70sqm 

 

Screen 2 (Horizontal Screen) Value 

Width (Av.) 3.15m 

Height 1.5m 

Effective Screen area 4.73sqm 

 

Total effective Screen Area = 10.70 + 4.73 = 15.42sqm (<4 x Culvert cross sectional area) 
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Blockage Design  

3.2 The effective screen area (15.42sqm) is less than 4 x culvert cross sectional area (16.2sqm) so the blocked 

area should be the larger of 3 x culvert cross sectional area or 75% of the security screen area: 

 

3 x culvert cross section area: 3 x 4.05 = 12.15sqm 

75% of security screen area: 0.75 x 15.42 = 11.57sqm 

Blocked area = 12.15sqm = 79% of total effective screen area 

 

Permanent Blockage + Permeable Blockage (Method 1) 

% Permeable Blockage Blocked Screen 1 & 2 Area Upstream Water Level due to Blocked Screen 

0 0 140.070mAOD 

50 7.71sqm 140.122mAOD 

79 12.18sqm 140.447mAOD 

85 13.11sqm 140.83mAOD 

 



 
Technical Note – 6155/02 
___________________________________________________________________________________________________ 
 

 ___________________________________________________________________________________________________ 

Bristol & Swindon 
Head & Registered Office: Unit 2, York House, Edison Park, Dorcan Way, Swindon, Wiltshire, SN3 3RB 

Incorporated in UK as Cole Easdon Consultants Ltd No. 0202 7005 
9                                                                                                                            QMF 09.23 

Issue 3 
 

3.3 For Method 1, all upstream water levels are less than top of bank level (141mAOD) so screen size and design 

is ok. Refer to Spreadsheet calculations enclosed with this Technical Note.  For the 79% design blockage, 

flow is throttled as the remaining clear screen area (3.24sqm) is less than the culvert cross sectional area 

(4.05sqm) but despite this flooding does not occur.  

 

 Permanent blockage + a 50% permeable blinding blockage (Method 2) 

% Permeable Blockage Blocked Screen 1 Area (sqm) Upstream Water Level due to Blocked Screen 

50 5.35 140.421mAOD 

75 8.03 140.846mAOD 

 

3.4 Using Method 2, for blockages of Screen 1 up to 75%, no flooding occurs. For blockages greater than 75% 

flooding upstream of the screen may occur. However, in this situation the horizontal screen (Screen 2) will 

provide an alternative discharge point that will be adequate as the horizontal screen area is greater than 

the culvert cross sectional area (4.72sqm > 4.05sqm) so in reality throttling of flow and flooding will not 

occur. This is corroborated by the Method 1 results which demonstrate that for twin screens, no flooding 

will occur for up to 85% permeable blockage of the twin screen area. 

 

Permanent blockage + a 50% choking blockage (Method 3) 

% Permeable Blockage Blocked Screen 1 Area (sqm) Upstream Water Level due to Blocked Screen 

50 5.35 141.075mAOD 

 

3.5 For 50% choking of Screen 1 (sloping screen) some flooding upstream of the screen may occur. However, in 

this situation the horizontal screen (Screen 2) will provide an alternative discharge point that will be 

adequate as the horizontal screen area is greater than the culvert cross sectional area (4.72sqm > 4.05sqm) 

so throttling of flow and flooding will not occur. This is corroborated by the Method 1 results which 

demonstrate that for twin screens, no flooding will occur for up to 85% permeable blockage of the twin 

screen area.  Furthermore, this type of blockage is not anticipated at the site.  

  

4.0 Design For Safety & Maintenance 

 

4.1 Screen design guidance for safety and maintenance is summarised in Tables 12.11 (Design Features to be 

considered), Table 12.12 (Design of Screen Bars) and Table 12.13 (‘Safe by Design’ Principles for Screen 

Maintenance) within C786.  These are reproduced below and annotated accordingly. A tick besides each box 

indicates that the item has been considered or incorporated in the screen design.  
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5.0 Summary 

 

5.1 The final security screen design is shown on CEC Plans 6155/517 [Headwall Detail] & 6155/518 [Culvert 

Detail], enclosed with this Technical Note. 

  
 

Cole Easdon Consultants Limited 

May 2021 

 

 

 

 

 

 

 

Enclosures 

Calculation Spreadsheet 

CEC Plan 6155/517(C) Headwall Detail 

CEC Plan 6155/518(B) Culvert Detail 
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The methodology adopted and the sources of information used by Cole Easdon Consultants Limited (CEC) in providing its services are outlined 

within this Report. Any information provided by third parties and referred to herein has not been checked or verified by CEC, unless otherwise 

expressly stated within this Report. This Report was checked and approved on the date shown in the Title Block and the Report (including its 

base information, adopted parameters and assessment methodology) is therefore valid on this date. Circumstances, regulations, assessment 

methodology and professional standards do change which could subsequently affect the validity of this Report. 

 

All intellectual property rights in or arising out of or in connection with this Report are owned by CEC. The Report has been prepared for the 

Client named on the title block who has a licence to copy and use this Report only for the purposes for which it was prepared and provided. The 

licence to use and copy this Report is subject to other Terms & Conditions agreed between CEC and the Client. This document cannot be 

assigned or transferred to any third party and no third party may rely upon this document nor shall CEC have any liability to any third party for 

the contents of this Report without the express written agreement of both CEC and the Client. 
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Job No. 6155 Security Screen Design ‐ Former Tetrosyl Site, Walmersley, Bury
Excel Calculations

Client: Barratt Homes Manchester

Flood event 1:100 yr + 35%
Culvert size: 2.7m w x 1.5m h 4.05sqm opening area
Top of Bank:  141mAOD

Flood event 1:100 yr + 35%

Try 2 screens ‐ 1 sloped & 1 horizontal

PERMANENT BLOCKAGE ‐ Method 1
Discharge rate (m3/s) 5.67
Culvert water level (m) 1.567
Bed Level mAOD: 138.5
Water depth w/o screen (m) 1.567

Sloping Screen  area 7.57
Width (m) 4.45
Height (m) 1.7

Sloping Screen effective area 10.70
Screen angle 45
Horizontal Screen 
Width (m) 3.15
Length (m) 1.5

Screen Area 4.73
Total Screen effective area 15.424
Total Screen Width 7.6

Opening ratio (s)
Blockage % 0
Bar width 12
Bar spacing 150
s 0.92

Headloss (hex)(m) 0.003

Water Level u/s of screen =  140.070

PERMANENT + 50% PERMEABLE BLOCKAGE ‐ Method 1 PERMANENT + 75% PERMEABLE BLOCKAGE ‐ Method 1 PERMANENT + 85% PERMEABLE BLOCKAGE ‐ Method 1 (= 3 x culvert x section area)
Discharge rate (m3/s) 5.67 Discharge rate (m3/s) 5.67 Discharge rate (m3/s) 5.67
Culvert water level (m) 1.567 Culvert water level (m) 1.567 Culvert water level (m) 1.567
Bed Level mAOD: 138.5 Bed Level mAOD: 138.5 Bed Level mAOD: 138.5
Water depth w/o screen (m) 1.567 Water depth w/o screen (m) 1.567 Water depth w/o screen (m) 1.567

Sloping Screen  area 7.57 Sloping Screen  area 7.57 Sloping Screen  area 7.57
Width (m) 4.45 Width (m) 4.45 Width (m) 4.45
Height (m) 1.7 Height (m) 1.7 Height (m) 1.7

Sloping Screen effective area 10.70 Sloping Screen effective area 10.70 Sloping Screen effective area 10.70
Screen angle 45 Screen angle 45 Screen angle 45
Horizontal Screen  Horizontal Screen  Horizontal Screen 
Width (m) 3.15 Width (m) 3.15 Width (m) 3.15
Length (m) 1.5 Length (m) 1.5 Length (m) 1.5

Screen Area 4.73 Screen Area 4.73 Screen Area 4.725
Total Screen effective area 15.424 Total Screen effective area 15.424 Total Screen effective area 15.424
Total Screen width  7.6 Total Screen width  7.6 Total Screen width  7.6
Opening ratio (s) Opening ratio (s) Opening ratio (s)

Blockage % 0.5 Blockage % 0.79 Blockage % 0.85
Bar width 12 Bar width 12 Bar width 12
Bar spacing 150 Bar spacing 150 Bar spacing 150
s 0.46 s 0.1932 s 0.138

Headloss (hex)(m) 0.055 Headloss (hex)(m) 0.380 Headloss (hex)(m) 0.759

Water Level u/s of screen =  140.122 2 screens are ok Water Level u/s of screen =  140.447 2 screens are ok Water Level u/s of screen =  140.83 2 screens ok (<141)
140.124 14mm bars 140.339 14mm bars 140.85 14mm bars

W:\6100s\6155 ‐ Tetrosyl Site, Walmersley Old Road, Bury\Screen Design Calculations\Screen design calculations.xlsx Page 1 of 4



Job No. 6155 Security Screen Design ‐ Former Tetrosyl Site, Walmersley, Bury
Excel Calculations

Client: Barratt Homes Manchester

Summary:‐
79% blocked screens throttles flow as 21% screen area is 3.24m2 which is less than culvert area = 4.05m2
Even so, flow throttling does not flood for up to 85% blockage 
The twin screen effectove area (15.42m2) is less than 4 x culvert area (16.2m2)
Use 12mm bars

PERMANENT + PERMEABLE BLOCKAGE ‐ Method 2 (Blinding)
Sloping Screen blinded at Bottom Screen (Twin Screen scenario)

Discharge rate (m3/s) 5.67
Culvert water level (m) 1.567
Bed Level mAOD: 138.5
Water depth w/o screen (m) 1.567

Sloping Screen  area 7.57
Width (m) 4.45
Height (m) 1.7

Sloping Screen effective area 10.70
Screen angle 45
Horizontal Screen 
Width (m) 3.15
Length (m) 1.5

Screen Area 4.73
Total Screen effective area 15.424

PERMANENT + 50% PERMEABLE BLOCKAGE OF SLOPING SCREEN ‐ Method 2 (Blinding)
Blocked height(m): 0.85
Discharge rate (m3/s) 5.67
C 1.6
B (m): 4.45
f 0.72
y1 1.069
hex  0.003 (12mm bar) (from permanent blockage only ‐ Method 1)
Headwater Elevation (Hs) 140.421 mAOD <141 ok

Weir Equation

Check for submerged flow:

S 0.95 (using f = 1 first iteration)
y2 0.817
y1 0.86 (using f = 1 first iteration)
f 0.72
Discharge rate (m3/s) 5.67
Culvert water level (m) 1.567
Bed Level mAOD: 138.5
Water depth w/o screen (m) 1.567

Sloping Screen  area 7.57
Width (m) 4.45
Height (m) 1.7

Sloping Screen effective area 10.70
Screen angle 45
Horizontal Screen 
Width (m) 3.15
Length (m) 1.5

Screen Area 4.73
Total Screen effective area 15.424
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Job No. 6155 Security Screen Design ‐ Former Tetrosyl Site, Walmersley, Bury
Excel Calculations

Client: Barratt Homes Manchester

PERMANENT + 75% PERMEABLE BLOCKAGE OF SLOPING SCREEN ‐ Method 2 (Blinding) 
Blocked height(m): 1.275
Discharge rate (m3/s) 5.67
C 1.6
B (m): 4.45
f 0.72
y1 1.069
hex (from permanent blockage single scre 0.003 (12mm bar)
Headwater Elevation (Hs) 140.846 mAOD <141 ok

Check for submerged flow:

S 0.95 (using f = 1 first iteration)
y2 0.817
y1 0.86 (using f = 1 first iteration)
f 0.72

Summary:‐
Using Method 2, for Screen 1 blockages up to 75% no flooding occurs. For blockages greater than 75% flooding upstream of the screen may occur. However,in this situation the horizontal screen (Screen 2) will act a s a single screen and will provide an
alternative discharge point which will be adequate as the horizontal screen area is greater than the culvert cross sectional area (4.72sqm > 4.05sqm) and so throttling of flow and flooding will not occur.

PERMANENT + PERMEABLE BLOCKAGE ‐ Method 3 (Choking) 
Sloping Screen choked at Bottom Screen (Twin Screen scenario)

Discharge rate (m3/s) 5.67
Culvert water level (m) 1.567
Bed Level mAOD: 138.5
Water depth w/o screen (m) 1.567

Sloping Screen  area 7.57
Width (m) 4.45
Height (m) 1.7

Sloping Screen effective area 10.70
Screen angle 45
Horizontal Screen 
Width (m) 3.15
Length (m) 1.5

Screen Area 4.73
Total Screen effective area 15.424

PERMANENT + 50% PERMEABLE BLOCKAGE OF SLOPING SCREEN ‐ Method 3 (Choking)
Aor (m2) 2.025
C 0.63
hor (m) 1.008

For a free orifice:
Centroid =  0.85
Hs 140.358 No Flooding

For a submerged orifice
Hs 141.075 Flooding
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Job No. 6155 Security Screen Design ‐ Former Tetrosyl Site, Walmersley, Bury
Excel Calculations

Client: Barratt Homes Manchester

Summary:‐
Using Method 3,for 50% choking of Screen 1 some flooding upstream of the screen may occur. However,in this situation the horizontal screen (Screen 2) will act a s a single screen and will provide an alternative discharge point which will be adequate 
as the horizontal screen area is greater than the culvert cross sectional area (4.72sqm > 4.05sqm) and so throttling of flow and flooding will not occur. 
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