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SITE: Land at Summer Lane, Pagham 

 

1. INTRODUCTION 

Ardent have been commissioned by Rogers Cory Partnership Ltd (RCP) on behalf of 
Drew Smith Group to provide technical advice with respect to a Surface Water 
Drainage Strategy and SuDS Statement  in support of a Reserved Matters submission 
for a proposed residential development located on Land to the north of Summer Lane, 
Pagham at National Grid Reference SZ 889985 (refer to Figure 1 below). 

Outline planning permission for the Site was granted under application reference 
P/58/15/OUT. The Surface Water Drainage Strategy and SuDS Statement submitted 
by RCP (report ref TRS/E4761/17424) was submitted as part of a reserved matters 
application in June 2019. 

The existing Site is divided into two separate parcels. Both are green field with the 
eastern parcel consisting of open grassed fields and the western parcel being arable 
farmland. The Site is bound to the east by residential properties on Sylvia Close and 
Brooks End. To the north, the Site is curtailed by a ditch (hereby referred to as Ditch 
A). To the north of Ditch A, is a recently constructed residential development (referred 
to as the ‘Crayfern’ site) to the south and west the Site is immediately bound by a 
second ditch (Ditch B) and Summer Lane with open fields beyond. A third ditch arising 
from the south, Ditch C, flows northwards towards the Site however it is not possible 
to confirm whether Ditch C is connected to Ditch B or flows westwards, as no pipes 
are identified on the topographic survey however this is likely to be the case (refer to 
Appendix A).  

The proposed development is for provision of 90 residential units and associated 
access and open space.  
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Figure 1: Site Location 

It is understood that Arun District Council (ADC) have raised concerns with respect to 
the proposed drainage strategy put forward to date. The strategy proposes to 
discharge surface water from the eastern parcel towards Ditch A. Ditch A then conveys 
flow westwards where a 525 mm diameter pipe will convey runoff into the drainage 
network and SuDS system serving the western parcel. This drainage network then 
discharges to Ditch B at a restricted rate equivalent to the existing greenfield run off 
rate for the 1 in 100 year, 0.327 ha site i.e. 7.9 l/s. This is presented in the indicative 
drainage layout in Appendix B. 

ADC has requested confirmation that both Ditch A and Ditch B have capacity to convey 
flows from both development parcels without increasing flood risk. It should be noted 
that Ditch A also receives flows from the adjacent Crayfern site. This report aims to 
demonstrate that both ditches have capacity to convey surface runoff from both 
developments sustainably.  
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2. DITCH A  

 
Ardent have been provided with topographic survey data of both Ditch A and Ditch B. 
This is provided in Appendix A. This survey identified two outfalls from the Crayfern 
Site discharging to Ditch A. Details of the Crayfern drainage strategy are provided in 
Appendix C. This drainage strategy confirms that two outfalls are present from the 
Site and are designed to discharge to the ditch at a rate of 8.0 l/s and 4.6 l/s during 
the 1 in 100 year plus 40% climate change scenario.  

A review of the RCP drainage strategy shows that the maximum discharge from the 
eastern parcel of the proposed development site is 22.8 l/s during the 1 in 100 year 
scenario. 

No other outfalls have been identified discharging to Ditch A. Ardent have also 
reviewed topographic survey data and LiDAR data for the surrounding areas and it is 
considered that there is no other additional contributing catchment area to the Ditch 
other than the two development sites.  Therefore, the maximum anticipated discharge 
to Ditch A equals 35.4 l/s. 

Ardent have undertaken calculations to determine whether Ditch A has capacity to 
convey this flow.  

These calculations are based on the following equations: 

Q = A V 
Where: 

Q = Flow (cubic metres per second) 

A = Cross sectional area of the channel (metres squared) 

V = Velocity of water (metres per second) 

 

Velocity has been calculated adopting the Manning’s Formula empirical equation which 
is as follows: 

V = R2/3 S1/2 

n 
Where: 

R = The hydraulic radius of the channel (metres) 

S = The slope of the channel  

n = The roughness of the channel (Manning’s ‘n’ roughness value) 
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Therefore:  

Q = A R2/3 S1/2 

       n 
Ardent have reviewed the topographic data provided in Appendix A for two cross 
sections towards the upstream (eastern) end of Ditch A. Assuming a ‘V’ shaped 
channel, a calculated gradient of 1:175, bank top width of 2.75 m and depth of 1.06 
m and Manning’s ‘n’ value of 0.055, it was calculated that Ditch A has a minimum 
capacity of 4.60 m³/s. Refer to Appendix D for details of Manning’s calculations. 

Moving from east to west, the topographic data shows that the channel actually 
becomes both wider and deeper and becomes more trapezoidal in shape. Therefore, 
the carrying capacity of the ditch increases.  

The drainage strategy prepared by RCP shows that a 525 mm diameter inlet pipe with 
a gradient of 1:487 takes flow from the ditch and conveys into a basin within the 
western parcel of the development. A review of the HR Wallingford Tables for Hydraulic 
Design of Pipes, Sewers and Channels, 8th edition (2006) shows that this pipe will 
have a maximum capacity of 217 l/s and therefore also has capacity to convey flows 
arising from both development sites. Extracts from the Wallingford Pipe Tables are 
presented in Appendix D.  
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3. DITCH B  

 
As stated above, the western development receives flows from Ditch A via the 525mm 
diameter inlet. The SuDS system on the western parcel manages surface water runoff 
arising from impermeable surfaces here, as well as the additional incoming flow from 
Ditch A, through permeable paving, attenuation basins and a swale as well as a two 
flow control chambers. The network subsequently discharges to Ditch B in the south 
west corner of the Site at a maximum rate of 7.9 l/s during the 1 in 100 year plus 
40% climate change event.  
 
The discharge point is approximately 7 m upstream of a 300 mm diameter, 6 m long 
pipe intended to convey flow through an access point from Summer Lane to the arable 
farmland. 
 
Ardent have referred to the HR Wallingford Pipe Tables and Manning’s Empirical 
Equation to determine the capacity of both the 300 mm diameter pipe and the ditch 
upstream and downstream of this control structure. 
 
These are shown in Table 1 below. 
 

Table 1: Carrying capacity of Ditch B and 300 mm dia. pipe 

Location Capacity  
m³/s l/s 

Ditch B - Upstream 2.64 2640 
300 mm pipe 0.17 173 
Ditch B - Downstream  4.58 4580 

 
 
Table 1 shows that all three features have sufficient capacity to convey runoff from 
the proposed development. However, Ardent have undertaken a hydrological 
assessment to determine what volumes of runoff can be expected from the 
surrounding areas that contribute to Ditch B. 
 
Reviewing LiDAR data of the area, Ardent have determined a total catchment area of 
catchment 0.38 km² (assuming connectivity between Ditch C and Ditch B). Ditch C 
was calculated to have a catchment area of 0.09 km². Refer to Figure 2 below. 
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Figure 2:  Ditch B catchment and drainage features 

A comparison was undertaken to determine peak runoff rates from the surrounding 
catchment looking at ReFH2 methods and Institute of Hydrology Report No 124 
method (IoH124).  The Flood Estimation Handbook (FEH) online resource was not able 
delineate the catchment for Ditch B due to its size and flat topography. Therefore  
catchment descriptors from a donor catchment less than 2.5 km away were utilised. 
All descriptors were reviewed however it was only necessary to adjust the ‘area’ 
parameter as all other descriptors were appropriate. 
 
The results of this comparison are shown in Table 2 below and are also presented in 
Appendix E. 

Table 2: Hydrological analysis 

Catchment 
Catchment area  Return Period 

Event 

Runoff (l/s) 

IoH124 
ReFH2 

km² Hectares Summer  Winter  

Ditch B  0.38 38 1 in 100 344 200 130 
+40% CC 482 280 182 

Ditch C 0.09 9 1 in 100 82 47 31 
+40% CC 114 66 43 

 
 
Based on the figures presented in Table 1 and Table 2 it can be seen that Ditch B 
has sufficient capacity to accommodate flows both from the surrounding catchment 
as well as the additional 7.9 l/s arising from the development.  
 

Legend

Development site outline
Catchment B boundary
Catchment C boundary
Field drains / ditches 

© Crown Copyright and database rights 2019 Ordnance Survey
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Furthermore, the 300 mm dia. pipe immediately downstream of the proposed outfall 
to Ditch B has sufficient capacity to convey flows both from the development and 
arising from the upstream catchment area of Ditch C in the 1 in 100 year plus 40% 
climate change event. However, it should be acknowledged that a 300 mm diameter 
could potentially be prone to blockage which could pose a potential flood risk.  
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4. CONCLUSIONS 

Ardent were commissioned by RCP Consulting to carry out on exercise to determine 
the potential impact of a proposed SuDS strategy involving discharge to two 
separate drainage ditches.  

There was a potential concern that runoff arising from the proposed development 
and an adjacent development may result in flooding.  

However, Ardent have been able to demonstrate through a hydrological analysis as 
well as use of the Manning’s Empirical Equation that the both Ditch A and Ditch B 
have appropriate capacity to convey flows arising from both developments. The 
proposed drainage strategy should therefore be considered appropriate and fit for 
purpose.  
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Appendix C 
Crayfern Drainage Strategy 
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Appendix D 
Hydraulic Calculations 
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(upstream)

X Y

0 5.26

2 4.53

4.15 5.46

2 4.53

4.15 5.46

2 4.53

3.68 5.26

4.15 5.46

Slope

Fall 1.14

Length 200

= 0.006

S ^ 1/2 0.075

Manning's 'n'

n = 0.055

Hydraulic Radius 

R 4.27

R^2/3 2.63

Area 

Depth 0.73

Width 3.68

= 1.34

Flow

Q= 4.85 m³/s

DITCH 1 

y = 0.4326x + 3.6649

4.4

4.6

4.8

5

5.2

5.4

5.6

0 1 2 3 4 5

XS1 US 
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DITCH 1 (middle section)

X Y

0 5.4

1.7 4.34

3 5.65

1.7 4.34

3 5.65

1.7 4.34

2.75 5.4

3 5.65

Slope

Fall 1.14

Length 200

= 0.00570

S ^ 1/2 0.075

Manning's 'n'

n = 0.055

Hydraulic Radius 

R 3.49

R^2/3 2.30

Area 

Depth 1.06

Width 2.75

= 1.46

Flow

Q= 4.60 m³/s

y = 1.0077x + 2.6269

4.2

4.7

5.2

5.7

6.2

0 0.5 1 1.5 2 2.5 3 3.5

XS2 - Middle
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(downstream)

X Y

0 5.26

2.7 3.75

4.95 5

2.7 3.75

0 5.26

0.4 5

2.7 3.75

4.95 5

Slope

Fall 1.14

Length 200

= 0.006

S ^ 1/2 0.075

Manning's 'n'

n = 0.055

Hydraulic Radius 

R 5.18

R^2/3 2.99

Area 

Depth 1.25

Width 4.55

= 2.84

Flow

Q= 11.69 m³/s

DITCH 1 

y = -0.5593x + 5.26

3.5

4

4.5

5

5.5

0 1 2 3 4 5 6

XS3 - DS 
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DITCH 2 (upstream of pipe)

X Y

0 3.48

1.6 2.89

3.75 4.28

0 3.48

1.6 2.89

3.75 4.28

0 3.48

1.6 2.89

2.51 3.48

3.75 4.28

Slope

Fall 0.06

Length 6.11

= 0.010

S ^ 1/2 0.099

Manning's 'n'

n = 0.055

Hydraulic Radius 

R 2.78

R^2/3 1.98

Area 

Depth 0.59

Width 2.51

= 0.74

Flow

Q= 2.64 m³/s

2.7

3.2

3.7

4.2

4.7

0 1 2 3 4

XS1 - US of 300 mm dia pipe 
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DITCH 2 (downstream of pipe)

X Y

0 3.3

0.8 2.82

3.9 3.63

0 3.3

0.8 2.82

3.9 3.63

0 3.3

0.8 2.82

2.63 3.3

3.9 3.63

Slope

Fall 0.54

Length 13.5

= 0.040

S ^ 1/2 0.200

Manning's 'n'

n = 0.055

Hydraulic Radius 

R 2.82

R^2/3 2.00

Area 

Depth 0.48

Width 2.63

= 0.63

Flow

Q= 4.58 m³/s

y = 0.2613x + 2.611

2.7

2.9

3.1

3.3

3.5

3.7

0 1 2 3 4 5

XS2 - DS of 300 mm dia pipe 
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Ditch B 

Ditch C

Ditch A 

XS 1

XS 2

XS 3

Ditch B 

XS 1

XS 2

300 mm dia. pipe
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Appendix E 
Hydrological Analysis 
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Greenfield runoff rate

estimation for sites
www.uksuds.com | Greenfield runoff tool

Calculated by: John Easton

Site name: 196790

Site location: Pagham

Site Details

Latitude: 50.77994° N

Longitude: 0.74085° W
This is an estimation of the greenfield runoff rates that are used to meet normal best
practice criteria in line with Environment Agency guidance “Rainfall runoff management
for developments”, SC030219 (2013) , the SuDS Manual C753 (Ciria, 2015) and
the non-statutory standards for SuDS (Defra, 2015). This information on greenfield runoff rates may be
the basis for setting consents for the drainage of surface water runoff from sites.

Reference: 3765018434

Date: Nov 04 2019 10:46

Runoff estimation approach IH124

Site characteristics

Total site area (ha): 38

Methodology

Q  estimation method: Calculate from SPR and SAAR

SPR estimation method: Calculate from SOIL type

Soil characteristics
Default Edited

SOIL type: 3 3

HOST class: N/A N/A

SPR/SPRHOST: 0.37 0.37

Hydrological characteristics
Default Edited

SAAR (mm): 693 693

Hydrological region: 7 7

Growth curve factor 1 year: 0.85 0.85

Growth curve factor 30 years: 2.3 2.3

Growth curve factor 100 years: 3.19 3.19

Growth curve factor 200 years: 3.74 3.74

Notes

(1) Is Q  < 2.0 l/s/ha?

When Q  is < 2.0 l/s/ha then limiting discharge rates are set at

2.0 l/s/ha.

(2) Are flow rates < 5.0 l/s?

Where flow rates are less than 5.0 l/s consent for discharge is

usually set at 5.0 l/s if blockage from vegetation and other

materials is possible. Lower consent flow rates may be set where

the blockage risk is addressed by using appropriate drainage

elements.

(3) Is SPR/SPRHOST ≤ 0.3?

Where groundwater levels are low enough the use of soakaways

to avoid discharge offsite would normally be preferred for

disposal of surface water runoff.

Greenfield runoff rates
Default Edited

Q  (l/s): 107.89 107.89

1 in 1 year (l/s): 91.71 91.71

1 in 30 years (l/s): 248.14 248.14

1 in 100 year (l/s): 344.17 344.17

1 in 200 years (l/s): 403.5 403.5
This report was produced using the greenfield runoff tool developed by HR Wallingford and available at www.uksuds.com. The use of this tool is subject to the UK SuDS terms and conditions

and licence agreement , which can both be found at www.uksuds.com/terms-and-conditions.htm. The outputs from this tool are estimates of greenfield runoff rates. The use of these results is

the responsibility of the users of this tool. No liability will be accepted by HR Wallingford, the Environment Agency, CEH, Hydrosolutions or any other organisation for the use of this data in the

design or operational characteristics of any drainage scheme.

BAR

BAR

BAR

BAR
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Appendix
Catchment descriptors *

Name Value User-defined value used?

Area (km²) 0.38 [0.69] Yes

ALTBAR 5 No

ASPBAR 106 No

ASPVAR 0.74 No

BFIHOST 0.69 No

DPLBAR (km) 0.64 No

DPSBAR (mkm-¹) 3.8 No

FARL 1 No

LDP 1.52 No

PROPWET (mm) 0.34 No

RMED1H 9.3 No

RMED1D 32.1 No

RMED2D 40.4 No

SAAR (mm) 694 No

SAAR4170 (mm) 732 No

SPRHOST 29.84 No

Urbext2000 0.05 [0] Yes

Urbext1990 0 No

URBCONC 0 No

URBLOC 0 No

DDF parameter C -0.03 No

DDF parameter D1 0.4 No

DDF parameter D2 0.26 No

DDF parameter D3 0.39 No

DDF parameter E 0.31 No

DDF parameter F 2.28 No

DDF parameter C (1km grid value) -0.03 No

DDF parameter D1 (1km grid value) 0.4 No

DDF parameter D2 (1km grid value) 0.26 No

DDF parameter D3 (1km grid value) 0.4 No

DDF parameter E (1km grid value) 0.31 No

DDF parameter F (1km grid value) 2.28 No

Values in square brackets are the original values loaded from the FEH Web Service or FEH CD-ROM

Printed from the ReFH2 Flood Modelling software package, version 3.0.7257.24553
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Summary of estimate using the Flood Estimation Handbook revitalised flood 
hydrograph method (ReFH2)

Site details

Site description:

Catchment Area (km²): 0.38 [0.69]*

None

Site name: FEH_Catchment_Descriptors_486650_98250

Easting: 486650

Northing: 98250

Model run: 100 year
Summary of results

Rainfall - FEH 2013 model 
(mm):

62.67

Total Rainfall (mm): 60.82

Peak Rainfall (mm): 18.81 0.20

10.35

4.09Total runoff (ML):

Total flow (ML):

Peak flow (m³/s):

Loss model parameters

Name Value User-defined?

Cini (mm) 79.96 No

Cmax (mm) 672.6 No

Use alpha correction factor No No

Alpha correction factor n/a No

Use seasonal CIni for equations No [Yes] Yes

Rainfall parameters (Rainfall - FEH 2013 model)

Name Value User-defined?

Duration (hh:mm:ss) 05:30:00 No

Timestep (hh:mm:ss) 00:30:00 No

SCF (Seasonal correction factor) 0.99 No

ARF (Areal reduction factor) 0.98 No

Seasonality Summer [Winter] Yes

Routing model parameters

Parameters
Where the user has overriden a system-generated value, this original value is shown in square brackets after the 
value used.
* Indicates that the user locked the duration/timestep

UK Design Flood Estimation

Generated on 03 December 2019 13:53:44 by JEaston
Printed from the ReFH2 Flood Modelling software package, version 3.0.7257.24553

Checksum: 48F4-3477

Country: England, Wales or Northern Ireland

Using plot scale calculations: No

Model: ReFH2.2

Printed from the ReFH2 Flood Modelling software package, version 3.0.7257.24553

Page 1 of 8
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Summary of estimate using the Flood Estimation Handbook revitalised flood 
hydrograph method (ReFH2)

Site details

Site description:

Catchment Area (km²): 0.38 [0.69]*

None

Site name: FEH_Catchment_Descriptors_486650_98250

Easting: 486650

Northing: 98250

Model run: 100 year
Summary of results

Rainfall - FEH 2013 model 
(mm):

62.67

Total Rainfall (mm): 42.62

Peak Rainfall (mm): 9.68 0.13

6.68

2.65Total runoff (ML):

Total flow (ML):

Peak flow (m³/s):

Loss model parameters

Name Value User-defined?

Cini (mm) 79.96 No

Cmax (mm) 672.6 No

Use alpha correction factor No No

Alpha correction factor n/a No

Use seasonal CIni for equations No [Yes] Yes

Rainfall parameters (Rainfall - FEH 2013 model)

Name Value User-defined?

Duration (hh:mm:ss) 05:30:00 No

Timestep (hh:mm:ss) 00:30:00 No

SCF (Seasonal correction factor) 0.69 No

ARF (Areal reduction factor) 0.98 No

Seasonality Winter No

Routing model parameters

Parameters
Where the user has overriden a system-generated value, this original value is shown in square brackets after the 
value used.
* Indicates that the user locked the duration/timestep

UK Design Flood Estimation

Generated on 03 December 2019 13:51:36 by JEaston
Printed from the ReFH2 Flood Modelling software package, version 3.0.7257.24553

Checksum: 6621-57C4

Country: England, Wales or Northern Ireland

Using plot scale calculations: No

Model: ReFH2.2

Printed from the ReFH2 Flood Modelling software package, version 3.0.7257.24553
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