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Limitations 

Rossi Long Consulting Ltd has prepared this Report for the sole use of Chapel Farm Partnership (“Client”) 

in accordance with the Agreement under which our services were performed [email dated 27 June 2016]. 

No other warranty, expressed or implied, is made as to the professional advice included in this Report or 

any other services provided by Rossi Long Consulting Ltd. This Report is confidential and may not be 

disclosed by the Client nor relied upon by any other party without the prior and express written agreement 

of Rossi Long Consulting Ltd.  

The conclusions and recommendations contained in this Report may be based upon information provided 

by others and upon the assumption that all relevant information has been provided by those parties from 

whom it has been requested and that such information is accurate.  Information obtained by Rossi Long 

Consulting Ltd has not been independently verified by Rossi Long Consulting Ltd, unless otherwise stated 

in the Report.  

The methodology adopted and the sources of information used by Rossi Long Consulting Ltd in providing 

its services are outlined in this Report. The work described in this Report was undertaken during            

July 2016 to March 2018 and is based on the conditions encountered and the information available during 

the said period of time. The scope of this Report and the services are accordingly factually limited by these 

circumstances.  

Where assessments of works or costs identified in this Report are made, such assessments are based 

upon the information available at the time and, where appropriate, are subject to further investigations or 

information which may become available.   

Rossi Long Consulting Ltd disclaim any undertaking or obligation to advise any person of any change in 

any matter affecting the Report, which may come or be brought to Rossi Long Consulting Ltd’s attention 

after the date of the Report. 

Certain statements made in the Report that are not historical facts may constitute estimates, projections or 

other forward-looking statements and even though they are based on reasonable assumptions as of the 

date of the Report, such forward-looking statements by their nature involve risks and uncertainties that 

could cause actual results to differ materially from the results predicted. Rossi Long Consulting Ltd 

specifically does not guarantee or warrant any estimate or projections contained in this Report. 

 

Copyright 

© This Report is the copyright of Rossi Long Consulting Ltd.  Any unauthorised reproduction or usage by 

any person other than the addressee is strictly prohibited. 
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1 Introduction and Client’s Brief 

1.1 We were instructed by La Ronde Wright Ltd, on behalf of Chapel Farm Partnership, to 
undertake a Flood Risk Assessment and Surface Water Drainage Strategy for a proposed 
development on land at Norwich Road, Dickleburgh. 

1.2 The proposal for the site is for a development of up to 14 residential dwellings, 8 retirement 
units and a community facility. 

1.3 When determining planning applications, the Local Planning Authority should ensure flood risk 
is not increased as a result of the development.  A site-specific Flood Risk Assessment is 
required for proposals of one hectare or greater in Flood Zone 1 and all proposals for new 
development in Flood Zones 2 and 3. 

For major development greater than 0.5 hectares, the Lead Local Flood Authority is a statutory 
consultee and will comment on surface water flood risk and surface water drainage proposals.  

1.4 An indicative layout is shown on the drawing included at Appendix A. 

1.5 This report is compiled with the benefit of our findings from local research, topographical 
survey and walk-over survey, and with reference to data from the Environment Agency and 
river modelling by Evans Rivers & Coastal Ltd. 
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2 Site Description 

2.1 The site is located to the west of Norwich Road, Dickleburgh using the existing vehicular 
access taken from Norwich Road.  The site area is 1.6 hectares.  A location plan is shown 
below: 

 
 

Location Plan 

2.2 The site is agricultural land with boundaries comprising a mixture of hedgerows and trees.  The 
site is bounded by residential housing to the south and east.  The site boundary extends to the 
Dickleburgh Stream to the north and is bounded by a land drainage stream on its western 
boundary. 
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2.3 Ground levels on the site are falling towards the north boundary.  On the south boundary 
ground levels are at about 31.2m AOD, falling to 29.0m along the north boundary at 
Dickleburgh Stream.  A site survey drawing is included in Appendix B. 

2.4 The site is immediately north of the recent residential development by Saffron Housing Trust.  
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3 Planning Policy and Flood Risk 

3.1 The National Planning Policy Framework (NPPF) was published by the Department for 
Communities and Local Government in March 2012.  The NPPF requires that flood risk is 
taken into account in the planning process, to avoid inappropriate development in areas at risk 
of flooding and to direct development away from areas at highest risk.  The aim should be to 
steer new development towards Flood Zone 1.  

3.2 Flood Zone 1 is a low probability zone that comprises land assessed as having a less than          
1 in 1000 annual probability of river flooding in any year. 

Flood Zone 2 is a medium probability flood zone that comprises land assessed as having 
between a 1 in 100 and 1 in 1000 annual probability of river flooding in any year. 

Flood Zone 3 is a high probability flood zone that comprises land assessed as having a               
1 in 100 or greater annual probability of river flooding in any year. 

3.3 From Environment Agency flood zone mapping it is confirmed that the majority of the site is 
situated in Flood Zone 1.  The area of land close to the northern boundary at Dickleburgh 
Stream is situated in Flood Zone 3.  

3.4 There are no restrictions to the type of development permitted within Flood Zone 1. 

3.5 The NPPF permits certain types of developments within the other two higher probability zones, 
Zone 2 (medium) and Zone 3 (high), subject to the type of development and mitigation 
measures being put in place. 

The NPPF “Flood Risk Vulnerability Classification” sets out these development types and 
categorises them as follows: 

a) Essential Infrastructure 

b) High Vulnerability 

c) More Vulnerable 

d) Less Vulnerable 

e) Water Compatible Development 

The NPPF defines “Buildings used for dwelling houses” as ‘more vulnerable’ development.  
Community Centre usage is not specifically defined but is also likely to be considered as ‘more 
vulnerable’ development.  
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Table 3: Flood risk vulnerability and flood zone ‘compatibility’ 

Flood risk 
vulnerability 
classification (see 
table 2) 

Essential 
infrastructure 

Water 
compatible 

Highly 
vulnerable 

More 
vulnerable 

Less 
vulnerable 

F
lo

o
d

 z
o
n
e
 (

s
e

e
 t
a

b
le

 1
) 

Zone 1 ✓ ✓ ✓ ✓ ✓ 

Zone 2 ✓ ✓ Exception 
Test 

required 

✓ ✓ 

Zone 3a Exception 
Test required 

✓ x Exception 
Test 

required 

✓ 

Zone 3b 
functional 
floodplain 

Exception 
Test required 

✓ x x x 

  

Key:  ✓  Development is appropriate    x  Development should not be permitted 

‘More vulnerable’ development is appropriate in Flood Zone 1 and the Exception Test is not 
required. 

Properly prepared assessments of flood risk will inform the decision-making process at all 
stages of development planning.  A Strategic Flood Risk Assessment is a study carried out by 
one or more local planning authorities to assess the risk to an area from flooding from all 
sources, now and in the future, taking account of the impacts of climate change, and to assess 
the impact that changes or development in the area will have on flood risk.  It may also identify, 
particularly at more local levels, how to manage those changes to ensure that flood risk is not 
increased.  A site-specific Flood Risk Assessment is carried out by, or on behalf of, a developer 
to assess the risk to a development site and demonstrate how flood risk from all sources of 
flooding to the development itself and flood risk to others will be managed now, and taking 
climate change into account.    

3.6 For site-specific Flood Risk Assessments the main study requirement is to identify the flood 
zone and vulnerability classification relevant to the proposed development, based on an 
assessment of current and future conditions.  A site-specific Flood Risk Assessment must 
demonstrate that the development will be safe for its lifetime, taking account of the vulnerability 
of its users without increasing flood risk elsewhere and, where possible, will reduce flood risk 
overall.  

3.7 For sites in Flood Zone 1, the Flood Risk Assessment is principally required to consider the 
management of surface water run-off together with flood risk from sources other than rivers 
and the sea.  Surface water arising from a developed site should, as far as practicable, be 
managed in a sustainable manner to mimic the surface water flows arising from the site prior to 
the proposed development, while reducing the flood risk to the site itself and elsewhere, taking 
climate change into account.   
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4 Ground Conditions 

4.1 British Geological Survey (BGS) mapping shows that the site is situated upon superficial 
deposits of Lowestoft Formation – Diamicton (Glacial Till).  The underlying bedrock is Lewes 
Chalk and other Chalk Formations: 

 

4.2 Although no on-site site investigation has been completed, BGS records indicate that the 
superficial deposits are cohesive soils described as ‘Glacial Till – Boulder Clay’.  BGS records 
include a series of boreholes for the nearby Dickleburgh Bypass.  An extract of one of the 
boreholes is shown below, confirming shallow soils comprising silty, sandy CLAY (Glacial Till): 
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4.3 BRE365 infiltration tests have not been completed in the Glacial Till but, by reference to    
Table 25.1 of CIRIA C753, The SuDS Manual 2015, for ‘clay’ and ‘till’ typical infiltration rates 
are given as < 3.0 x 10-8 m/sec.  This represents very poor infiltration media: 

 

4.4 The Environment Agency website shows the site is not within a Groundwater Source Protection 
Zone (see below): 

 

Extract of Groundwater Map           

THE SITE 

GROUNDWATER 
SPZ 
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4.5 The superficial deposits aquifer designation is Secondary (undifferentiated).  The bedrock 
aquifer designation is ‘principal’. 
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5 Existing Drainage 

5.1 We are not aware of any formal provision of land drainage serving the site.  For surface water     
run-off, the fall of land in the area is to the north where the Dickleburgh Stream is located on 
the northern site boundary.  A shallow ditch runs through the centre of the site, with another 
ditch located on the western site boundary flowing north and converging with the     
Dickleburgh Stream (see below): 

 

5.2 The Dickleburgh Stream is a Primary River not a designated Main River (see below): 
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5.3 A plan showing the location of public sewers is shown on the Anglian Water drawing included 
in Appendix C, with an extract shown below: 

 

Extract of Anglian Water Plan 

The above plan shows foul sewers only in the vicinity of the development.  There are no public 
surface water sewers available for the development. 
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6 Flood Risk Sources 

6.1 River Flooding: The site is situated in Flood Zone 1, as shown on Environment Agency flood 
zone mapping.  Flood Zone 1 is a low probability flood zone and comprises land assessed as 
having a less than 1 in 1000 annual probability of river or sea flooding in any year (< 0.1%). 

 

The northern area of the site adjacent to Dickleburgh Stream is situated in Flood Zone 3.  The 
development has been sequentially sited to be within Flood Zone 1 with Flood Zone 3 land 
retained as open space. 

6.2 Due to the proximity of the Dickleburgh Stream, an enquiry was made to the Environment 
Agency for modelled river flood levels.  Although it is proposed to place all housing in the area 
of the site at the lowest risk of fluvial flooding (i.e. Flood Zone 1), information was required to 
assess the effects of climate change on flood levels.  The Environment Agency advised that 
the Dickleburgh Stream has not been modelled and flood levels were not available. 
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In order to assess the climate change effect on flood levels, Evans Rivers & Coastal was 
commissioned to undertake a hydraulic analysis to determine the extent of the future NPPF 
Flood Zones across the site.  The model included the stream that runs north along the west 
boundary.  The results show that during all modelled return period events, up to and including 
the worst case climate change 1 in 1000 year event, there is flooding across the northern part 
of the site.  The results show that the main flood risk to the site is from the Dickleburgh Stream 
and, although there is flooding from Watercourse B around its confluence with the   
Dickleburgh Stream, there is no flooding across the site directly from Watercourse B.  A copy of 
the Evans Rivers & Coastal report is included in Appendix D. 

The extent of 1 in 1000 year flooding with an allowance for future climate change is illustrated 
on the site plan extract below: 

 

The drawing shows that all housing is located in Flood Zone 1, both now and when future 
climate change allowances are considered. 

6.3 Groundwater flooding occurs when water levels in the ground rise above surface elevations.  
BGS records for a nearby borehole confirmed a groundwater level at 6.4m below ground level 
(m bgl).  The ground conditions and topography are such that the risk of flooding from 
groundwater is ‘low’. 
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6.4 Surface water flooding occurs when intense rainfall is unable to soak into the ground or enter 
drainage systems but lies on or flows over the ground instead.  The Environment Agency 
publishes mapping showing the risk of flooding from surface water.  An extract of this mapping 
is shown below and confirms that the site is generally at ‘very low’ risk from surface water 
flooding.  ‘Very low’ risk means that each year this area has a chance of flooding of less than 
0.1% (< 1 in 1000): 

 

An area around Watercourse B shows out of bank ‘low’ and ‘medium’ risk flooding; however, 
the Evans Rivers & Coastal report has modelled the flows to this watercourse and concluded 
that there is no flooding of the site up to the 1 in 1000 year plus climate change event. 

The risk of flooding from surface water is ‘low’. 

6.5 From our review of Ordnance Survey mapping of the site and the surrounding area, our 
assessment is that there are no significant flood risks to the site from reservoirs, canals or 
other artificial sources.  This is confirmed by reference to Environment Agency online mapping. 

6.6 As far as we have been able to establish, there has been no history of flooding in the area of 
the site.  All sources of flooding listed in paragraph 2 of the Technical Guidance to the NPPF 
have been considered.  The site is at ‘low’ risk of flooding from all sources. 
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7 Surface Water Drainage 

7.1 The Building Regulations Approved Document H3 requires that rainwater from buildings and 
paved areas shall discharge to one of the following, listed in order of priority: 

a) An adequate soakaway or some other adequate infiltration system; or where that is not 

reasonably practicable, 

b) A watercourse; or where that is not reasonably practicable, 

c) A sewer. 

 The Building Regulations therefore adopt a design philosophy that accords with sustainable 

drainage systems (SuDS). 

7.2 The National Planning Policy also requires that, for planning applications relating to major 
development (development of 10 dwellings or more) or equivalent non-residential or mixed 
development, sustainable drainage systems for the management of run-off are put in place, 
unless demonstrated to be inappropriate.  Sustainable drainage is an approach to managing 
surface water run-off which seeks to mimic natural drainage systems and retain water on or 
near the site, as opposed to traditional drainage approaches which involve piping water off-site 
as quickly as possible.  SuDS involves a range of techniques including soakaways, infiltration 
trenches, permeable pavements, grassed swales, ponds and wetlands.  SuDS offers significant 
advantages over conventional pipe drainage systems in reducing flood risk by attenuating the 
rate and quantity of surface water run-off from a site, promoting groundwater recharge and 
improving water quality and amenity. 

Planning Practice Guidance considers what sort of sustainable drainage system should be 
considered.  Generally, the aim should be to discharge surface run-off as high up the following 
hierarchy of drainage options as reasonably practicable: 

1) Into the ground (infiltration); 

2) To a surface water body; 

3) To a surface water sewer, highway drain or another drainage system; 

4) To a combined sewer. 

Particular types of sustainable drainage systems may not be practicable in all locations. 

This hierarchy follows the same order of priority of Approved Document H3 of the Building 
Regulations.  
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7.3 Norfolk County Council (NCC) is the Lead Local Flood Authority (LLFA) for this area and the 
Local Planning Authority (LPA) should consult with the LLFA on surface water drainage.  CIRIA 
has published guidance on the use of sustainable drainage systems, which is an approach to 
managing surface water run-off which seeks to mimic natural drainage systems and retain 
water on or near the site, as opposed to traditional drainage approaches which involve piping 
water off-site as quickly as possible.  SuDS involves a range of techniques including 
soakaways, infiltration trenches, permeable pavements, grassed swales, ponds and wetlands.  
SuDS offers significant advantages over conventional pipe drainage systems in reducing flood 
risk by attenuating the rate and quantity of surface water run-off from a site, promoting 
groundwater recharge and improving water quality and amenity. 

7.4 BGS mapping and nearby boreholes have confirmed predominantly fine grained cohesive soils 
in this area.  From CIRIA guidance a soil infiltration rate of less than 3.0 x 10-8 m/sec can be 
expected.  This confirms that a reliance on infiltration drainage would not be suitable for this 
site. 

7.5 The site naturally drains to the local watercourse at ‘greenfield’ run-off rates that are calculated 
as follows: 

Return Period 
Pre-development 

‘Greenfield’ Run-off Rate 

1 year 4.0 l/sec 

30 years 10.9 l/sec 

100 years 16.2 l/sec 

 

QBAR = 4.5 l/sec 

The total development area of 1.6ha comprises approximately 0.152ha of roads and 0.279ha of 
roofs / hardstanding.  The total impermeable area is 0.4174ha, which represents an 
impermeable area of run-off of 38%.  Equivalent ‘greenfield’ run-off rates for the proposed 
impermeable area are as follows: 

Return Period 
Impermeable Area 

‘Greenfield’ Run-off Rate 

1 year 1.0 l/sec 

30 years 2.9 l/sec 

100 years 4.2 l/sec 

 

QBAR = 1.2 l/sec 
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7.6 It is a requirement of the NPPF that the development does not increase flood risk elsewhere.  
Regulators will normally require that, for the range of annual flow rate probabilities up to and 
including the 1% annual probability (1 in 100 year event), the developed rate of run-off should 
be no greater than the undeveloped rate of run-off for the same event.  Exceptions only apply 
where it is not practical to achieve this due to the size of the hydraulic control unit. 

7.7 Non-statutory technical standards for sustainable drainage require that for: 

(i) Peak Flow Control 
S2 For ‘greenfield’ developments, the peak run-off rate from the development to any 
highway drain, sewer or surface water body for the 1 in 1 year rainfall event and the          
1 in 100 year rainfall event should never exceed the peak ‘greenfield’ run-off rate for the 
same event. 
 

(ii)  Volume Control 
S4 Where reasonably practicable, for ‘greenfield’ development, the run-off volume from the 
development to any highway drain, sewer or surface water body in the 1 in 100 year,         
6 hour rainfall event should never exceed the ‘greenfield’ run-off volume for the same 
event. 
S6 Where it is not reasonably practicable to constrain the volume of run-off to any drain, 
sewer or surface water body in accordance with S4 above, the run-off volume must be 
discharged at a rate that does not adversely affect flood risk.  

7.8 The pre and post development run-off volumes are calculated as follows: 

Return Period 
Pre-development Run-off 

Volume 
Post Development Run-off 

Volume 

1 year 91. 482 m3 140.370 m3 

30 years 215.166 m3 319.860 m3 

100 years 299.457 m3 408.870 m3 

7.9 It would not be reasonably practicable to constrain the volume of run-off to the ‘greenfield’   
run-off volume and, in these circumstances, any additional volume should be stored and 
released at a low rate that will not increase downstream flood risk.  To achieve this, 
BS8582:2013 requires that all of the run-off from the site should be discharged at a rate of    
2.0 l/sec per hectare or QBAR (whichever is the greater) for all storms up to and including the 1 
in 100 year plus climate change event. 

7.10 Accordingly, the following surface water drainage strategy is proposed for the site: 

 Private driveways will be constructed using permeable paving.  This will be a Type B 

system that allows for any partial infiltration to occur into the subsoil.  A series of perforated 

pipes at formation level will convey the proportion of the rainfall that exceeds the infiltration 

capacity of the subsoil to the receiving drainage system; 

 Roof water run-off will be directed to the receiving drainage system.  Wherever possible 

this will be via the permeable driveways.  This will delay any discharge to the receiving 

drainage system and provide water quality benefits.  Rainwater butts will be provided to 

rear elevations of the dwellings; 
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 Adoptable estate roads will drain to the receiving drainage system via trapped road gullies.  

During the detailed design stage, alternative SuDS techniques will be considered for estate 

road drainage to reduce the volume of storage and to provide pollution treatment stages.  

Options include: 

o Filter strips; 

o Swales; 

o Rain gardens. 

All to comply with Highway Authority adoption requirements. 

 The receiving drainage system will discharge to the off-site watercourse via a detention 

basin and flow control device.  The detention basin will store all peak storms up to and 

including the 1 in 100 year event +40% allowance for climate change.  A maximum 

discharge rate of 1.2 l/sec (QBAR) is proposed.  The detention basin will provide water 

quality benefits by allowing settlement and delaying the rate of discharge to the wider are 

network. 

7.11 Surface water calculations are included in Appendix F and a drainage strategy drawing is 
included in Appendix G. 

7.12 Permeable driveways will be maintained by individual householders / occupiers.  The receiving 
drainage system and detention basin will be offered for adoption by Anglian Water.  A 
management and maintenance plan will be prepared in conjunction with the detailed designs.  
A preliminary copy is included in Appendix H.  
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8 Conclusions and Recommendations 

8.1 The proposal for the site is for a development of 14 residential dwellings, 8 retirement units and 
a community facility.   

8.2 From examination of site levels and by reference to Environment Agency flood zone mapping, 
it is demonstrated that the development area of the site is situated in Flood Zone 1.  This is a 
low probability flood zone with a less than 1 in 1000 annual probability of flooding.  Hydraulic 
modelling of the Dickleburgh Stream and the local watercourse has defined potential areas at 
risk of flooding and the dwellings have been sequentially positioned on the site to be located in 
Flood Zone 1 for the lifetime of the development. 

8.3 The site is at ‘low’ risk of flooding from all sources. 

8.4 The ground conditions are not suitable for infiltration drainage due to clay soils and a poor 
ground infiltration rate.  A sustainable approach is proposed for surface water drainage 
incorporating source control using permeable paving and attenuation storage of peak flows and 
discharge to the local watercourse at a maximum controlled rate of 1.2 l/sec for a 1 in 100 year 
storm, including an allowance for climate change.  Additional SuDS features will be considered 
at the detailed design stage that will provide water quality benefits to the receiving watercourse. 

 



 

Chapel Farm Partnership  

Norwich Road, Dickleburgh 

Flood Risk Assessment & SW Drainage Strategy [Rev 00] March 2018 
23 

9 Appendices 
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Appendix A – Indicative Layout 
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Appendix B – Site Survey Drawing 



STN
BBS5

ST
NB

BS
6

STN
BBS7

30.69

30.49

30.35

30.18

30.08

30.29

30.29

30.30

30.32

30.75

30.80

31.04

30.97

30.76

30.52
30.40

30.39

30.69

30.84

30.86

30.90

31.15

31.04

30.83

30.42

30.44

30.65

30.82

30.87

31.32

31.27

31.12

30.77

30.62

30.6630.65

30.77

31.04

31.14

31.20

31.44

31.30

31.17

30.99

30.75

30.92

30.96

31.07

31.21

31.48

31.26

31.08

31.07

31.02

31.00

31.14

31.18

31.22

29.17

29.13

29.20

29.27

29.36

29.08

29.23

29.52

29.58

29.57

29.94

29.87
29.97

29.67

29.61

29.53

29.50

29.32

29.34

29.12

29.03

29.50

29.37

29.66

29.80

29.70

30.07

30.26

30.44

30.30

30.11

30.04

30.74

29.03

29.07

29.27

29.32

29.20

29.24

29.23

29.32

29.27

29.61

30.00

30.42

30.66

30.98

31.39

31.77

32.22

32.52

32.77

32.98

32.81

32.5632.59

32.28

31.92

31.57

31.17

30.60

30.38

30.14

29.68

29.63

29.57

29.46

29.45

29.38

29.35

29.31

29.12

29.08

29.16

29.13

29.20

29.09

29.37

29.47

29.48

29.60

29.68

29.66

29.66

29.81

30.02

30.22

30.54

30.83

31.17

31.50

31.64

32.00

32.09

29.95

29.82

29.69

29.71

29.89

30.00

29.97

30.00

30.08

30.11

29
.2

5

29
.3

4

29
.43

29
.1

7

29
.1

4

29
.2

2

29
.1

7

29
.1

7

29
.1

8 29.11

28.99

29
.0

8

29.22

29.23

29.22

29.19

29.17

29.32

29.36

29.43

29.77

30.00

29.99

28.31

28.28

28.22

28.36

28.31

28.56

29.15

29.85

29.91

30.28

30.68

31.50

32.18

32.53
32.53

30.40

30.86

31.31

31.90

32.53

32.94 32
.7

6

32.38

31.98

31.60

31.34

30.95

30.41

29.94

29.53

29.44

29.42

29.30

29.09

29.23

29.05

29.00

29.10

29.36 29.45

29.40

29.50

29
.7

3

29.98

30.29
30.41

30.57
30.75

30.46

30.26
30.34

30.19

29.93

29.74

29.61

30.75

30.77

30.89

31.13

31.38

31.38

31.63

31.87

31.89

31.93

32.39

32.91

33.10

32
.76

33.07

33
.42

32.9032.71

32.53

32.96

33.55

33
.1

7

33.0332.8932.74

32
.30

31.73

31.35

30.82

30.91

30.29

30.19

29.99
29.86

29.85
29.41

29
.3

4

29.76
29.45

29.17
29.72

29.87

30.18
30.57

30.73

30.98

29.76

29
.2

8

29.56
28.93

29
.0

2

28
.7

6

28
.8

9

28
.7

3

29
.0

2

28.93
29.28

29.34

29.41

29
.8

5

29.86
29.99

30.19

29.97

29.9730.03
30.2329.91

30.14

29
.9

7

29
.6

0

29.95

29.70

29
.8

9

30
.2

0

29.78

30
.1

6

30.50

30.29

30.62

30.80
30.87

31.28

28.16

28.37

28.58

28.43

28.45

28.44

28.56

28
.8

3

28
.5

9

29.67

29.59

29.34

29.29

29.57

29.98

29.98

29.57

29.29

29.34

29.59

29.67

28
.8

2

28
.8

4

28.90

28.56

28.38

28.58

28.37

28.14

30.73

30.41

30.14

29.68

29.95

29
.87

29
.8

8

29
.5

4

29.52

29.62

29.66

29.69

29.50

29.33 29.03

29.23

29.34

29.24

29.32

29.50

29.48
29.67

29
.8

2

29
.7

9

29.73

29.7529.84

30.63

30.24

29.97

29.93

32.72

32.34

32.05

31.71

31.34

30.95

30.59

30.37

30.16

29.97

29.79

29.60

29.41

29.28

29.23

29.34

29.42

29.68

29.96

30.27

30.56

30.85

31.08

31.27

31.46

31.58

31.71

31.95

32.17

32.54

32.71 32.87

32.88

32.89

32
.9

0

33.40

29.54

29.52

29.51

29.52

29.52

29.55

29.58

29.64

29.73

29.80

29.80

29.72

29.62

29.59

29.55

29.52

29.75

29.77

29.79

29.79

29.83

29.86

29.87

29.91

29.93

30.03

30.15

30.17

30.21

30.26

30.28

30.21

30.19

30.12

30.07

30.06

30.02

29.68
29.64

29.55

29
.5

4
29

.6
3

29
.6

7
29

.7
1

29
.7

6

29
.8

3

29
.9

0

29
.9

3

29
.7

9

29
.6

8

29
.6

7

29
.64

29
.62

29.82
29.86

29.87
29.80

29.85

29
.8

8
29

.9
6

29
.9

9
30

.0
4

30
.1

1

30
.2

2
30

.2
7

30
.3

0

30
.3

5

30
.3

7

30
.2

8
30

.2
2

30
.1

3

30
.08

30
.13

30
.09

29
.7

0

29
.56

29
.5

9

29
.5

5

29
.6

7

29
.7

7

29.64 29.54 29.90

29
.96

29
.85

28
.8

330
.0

0

29
.9

7

28.79

28.46

29
.79

29
.88

29
.9

7

30
.0

5

30
.0

8

30
.0

5

29
.9

7

29
.8

9

29
.8

1
29

.7
9

29.77
29.78

Soff
it=

29
.22

m

Soffit=
29.22m

28
.84

28.88

W
at

er
 L

vl=
27

.6
7m

Water Lvl=27.67m

27
.23

27.16
27.21

Bed
 Lv

l=2
7.1

6mBed Lvl=27.32m

27.76

IL450

27
.16

27
.1

3

27
.0

6

26
.98

G
29.51

29.84
29.85

29
.8

9
29

.9
1

29
.9

6
30

.0
5

30
.1

3

MH
29.90

30
.1

2 30.17

30.16

30.13

30
.1

5

30
.1

7

30
.2

1

30
.3

6

30
.3

8

30
.4

0

30
.3

3

30
.2

9

30
.2

3

30
.1

6

30
.0

7

30
.0

1
29

.9
2

29
.8

9

29.88
29.84

29.88
29.88

29.85

29
.9

1

29
.8

9
29

.8
1

29
.8

0

29
.9

7

29
.9

5

30
.0

0

30
.03 30

.4
1

30
.4

0

30.40

30
.4

1

30
.2

7

29
.6

5

29
.6

3

29
.52

29.08

28.83

27.29

27.34

27.45 29.22

29.22

29.22

29.22
29.53

29.53

31.28

30.87

30.80

30.62

30.29

30.50

29
.91

30.23
30.03

29.97

29.87

30.29
30.91

30.82

27
.1

6

27
.1

3

27
.0

6

26
.98

27.29

27.34

27.45

29.23

30.11

29.87

29.65

29.67

29.58

29.35

29.21

29.19

29.17

29.15

29.31

29.28

29.25

29.22

29.21

29.18

29.15

29.12

29.34

29.35

29.36

29.48

29.48

29.47

29.73

29.65

29.56

29.74

29.69

29.64

Nor
wich

 R
oa

d

40
mph

 S
pe

ed
 Li

mit

N
orw

ich R
oad

40m
ph Speed Lim

it

Overgrown Bushes / Trees

Overgrown Bushes / Trees

Overgrown Bushes / Trees

Overgrown Bushes / Trees

D
itch Bottom

O
vergrow

n Bushes / Trees

D
itch Top

D
itch Top

D
itch Bottom

O
vergrow

n Bushes / Trees

O
vergrow

n Bushes / Trees

D
itch Top

D
itch Bottom

D
itch Top

D
itch Top

D
itch Bottom

D
itch Top

D
itch Bottom

D
itch Top

Fence P/R Fence P/R

D
itch Top

D
itch Bottom

D
itch Top

Bushes / Trees

Bushes / Trees

Bushes / Trees

D
itc

h 
To

p

Ditch Top

D
itc

h 
B

ot
to

m

Ditch Bottom

Ditch Top

D
itch Top

D
itch Bottom

D
itch Top

D
itch Top

D
itch B

ottom

D
itch Top

D
itch Top

D
itch Bottom

Ditch Bottom

Ditch Top

D
itch Top

D
itch Bottom

Ditch Top

Foot Bridge

Overgrown

Bushes / Trees

Ditch Top

Ditch Bottom

Ditch Bottom

Ditch Top

Ditch Top

D
itc

h 
To

p

D
itc

h 
Bo

tto
m

D
itc

h 
To

p

D
itc

h 
To

p

D
itc

h 
To

p

Field

Field

Field

Field

Field

Field

Field

Field

Field

Field

Field

Field

Field

Overgrown Bushes / Trees

Fence C
/B

Shed

Fence C/B

Fence C
/L

Fence C
/B

Bushes / Trees

Bushes / Trees

B
us

he
s 

/ T
re

es

Bushes / Trees

Fence P/R

Fence P/R

A
sphalt

As
ph

al
t

As
ph

alt

Ditc
h B

ott
om

Ditc
h 

To
p

Ditc
h T

op

AssumedCulvertDirection.Spring Point Lvl= 28.53m

Hea
dw

all

Wing Wall

Derelict Wing Wall

Ditch Bottom

Ditch Top

Hed
ge

30.50

30.00

30.00

30
.00

29.50

29.50

29.50

29
.5

0

29.50

29.50

30.00

30
.0

0

30.00

30.00

30.50

30.50

31.00

31.50

32.00

32.50

33.00

30.50

31.00

31.50

32.00

32.50

31.50

32.00

32.50

31.00

33.00

33.00

30.50

31.00

31.50

32.00

32.50

32.00

32.50

31.50

31.00

30.00

30.50

29.50

29.50

29.50

30.00

30.00

30.50

30.50

31.00

31.00

31.50

30
.00

30
.5

0

30.50

30
.5

0

30
.0

0

30
.5

0

30.50

31.00

31.00

31
.0

0

31
.0

0

31
.00

30
.0

0

30
.0

0

30
.0

0

27.50 28.00 28.50 29.00 29.50

27
.5

0

28
.0

0

28
.5

0

29
.0

0

28.00
28.50



 
Chapel Farm Partnership  
Norwich Road, Dickleburgh 

Flood Risk Assessment & SW Drainage Strategy [Rev 00] March 2018 
26 

Appendix C – Anglian Water Drawing 



This plan is provided by Anglian Water pursuant its obligations under the Water Industry Act 1991 sections 198 or 199. It must be used in conjunction with any 
search results attached. The information on this plan is based on data currently recorded but position must be regarded as approximate. Service pipes, private 
sewers and drains are generally not shown. Users of this map are strongly advised to commission their own survey of the area shown on the plan before 
carrying out any works. The actual position of all apparatus MUST be established by trial holes. No liability whatsoever, including liability for negligence, is 
accepted by Anglian Water for any error or inaccuracy or omission, including the failure to accurately record, or record at all, the location of any water main, 
discharge pipe, sewer or disposal main or any item of apparatus. This information is valid for the date printed. This plan is produced by Anglian Water Services 
Limited (c) Crown copyright and database rights 2018 Ordnance Survey 100022432.This map is to be used for the purposes of viewing the location of Anglian 
Water plant only. Any other uses of the map data or further copies is not permitted. This notice is not intended to exclude or restrict liability for death or 
personal injury resulting from negligence.
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Date: 22/03/18 Scale: 1:1250 Data updated: 03/02/18Map Centre: 616502,282421(c) Crown copyright and database rights 2018 Ordnance Survey 100022432 Wastewater Plan A2Our Ref: 258110 - 1

robert.chapman@digdat.co.uk
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Manhole Reference Liquid Type Cover Level Invert Level Depth to Invert

6201 F 32.79 32.1 0.69

6202 F 32.34 31.57 0.77

7201 F 33.47 31.6 1.87

7202 F 32.86 31.01 1.85

7301 F 32.83 30.94 1.89

7302 F 32.45 31.21 1.24

7303 F 34.37 30.17 4.2

8201 F 32.98 31.69 1.29

8202 F 32.79 31.35 1.44

8401 F 35.34 29.59 5.75

8402 F - - -

8404 F 35.7 31.98 3.72

8405 F 35.19 31.74 3.45

8406 F 35.38 31.88 3.5

8501 F 33.97 29.31 4.66

8502 F 33.38 29.1 4.28

8601 F 31.15 28.65 2.5
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Appendix D – Evans Rivers & Coastal Report  
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CONTRACT  
 
Evans Rivers and Coastal Ltd has been commissioned by Chapel Farm Partnership to carry out a 
Flood Modelling Assessment for a proposed residential development off Norwich Road, 
Dickleburgh, Norfolk. 
 
QUALITY ASSURANCE, ENVIRONMENT AND HEALTH AND SAFETY   
 
Evans Rivers and Coastal Ltd operates a Quality Assurance, Environmental, and Health and 
Safety Policy.   
 
This project comprises various stages including data collection; depth analysis; and reporting.  
Quality will be maintained throughout the project by producing specific methodologies for each 
work stage.  Quality will also be maintained by providing specifications to third parties such as 
surveyors; initiating internal quality procedures including the validation of third party 
deliverables; creation of an audit trail to record any changes made; and document control using 
a database and correspondence log file system. 
 
To adhere to the Environmental Policy, data will be obtained and issued in electronic format and 
alternatively by post.  Paper use will also be minimised by communicating via email or 
telephone where possible.  Documents and drawings will be transferred in electronic format 
where possible and all waste paper will be recycled.  Meetings away from the office of Evans 
Rivers and Coastal Ltd will be minimised to prevent unnecessary travel, however for those 
meetings deemed essential, public transport will be used in preference to car journeys. 
 
The project will follow the commitment and objectives outlined in the Health and Safety Policy 
operated by Evans Rivers and Coastal Ltd.  All employees will be equipped with suitable 
personal protective equipment prior to any site visits and a risk assessment will be completed 
and checked before any site visit.  Other factors which have been taken into consideration are 
the wider safety of the public whilst operating on site, and the importance of safety when 
working close to a water source and highway.  Any designs resulting from this project and 
directly created by Evans Rivers and Coastal Ltd will also take into account safety measures 
within a “designers risk assessment”.  
 
Report carried out by: 
 
 

 
…………………………………………………………. 
Rupert Evans, BSc (Hons), MSc, CEnv, C.WEM, MCIWEM, AIEMA 
 
DISCLAIMER 
 
This report has been written and produced for Chapel Farm Partnership.  No responsibility is 
accepted to other parties for all or any part of this report.  Any other parties relying upon this 
report without the written authorisation of Evans Rivers and Coastal Ltd do so at their own risk. 
 
COPYRIGHT 
 
The contents of this document must not be copied or reproduced in whole or part without the 
written consent of Evans Rivers and Coastal Ltd or Chapel Farm Partnership.  The copyright in 
all designs, drawings, reports and other documents (including material in electronic form) 
provided to the Client by Evans Rivers and Coastal Ltd shall remain vested in Evans Rivers and 
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Coastal Ltd.  The Client shall have licence to copy and use drawings, reports and other 
documents for the purposes for which they were provided.  
 
© Evans Rivers and Coastal Ltd 
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1. INTRODUCTION 
 
1.1 Project Scope  
 
1.1.1 Evans Rivers and Coastal Ltd has been commissioned by Chapel Farm Partnership to 

carry out a Flood Modelling Assessment for a proposed residential development off 
Norwich Road, Dickleburgh, Norfolk. 
  

1.1.2 Specifically, this assessment intends to: 
 
a) Estimate the fluvial flood flows within the adjacent watercourse using appropriate 

and up-to-date Flood Estimation Handbook methods for a range of return period 
events and updated climate change allowances. 
 

b) Develop an InfoWorks flood model of the watercourse to determine the likely extent, 
depth and velocity of the floodwater.   

 
c) Carry out a sensitivity analysis; 
 
d) Determine the extents of the NPPF Flood Zones across the site together with depths 

of floodwater and hazard;  
 
e) Report findings. 

 
1.1.3 This assessment is carried out in accordance with the requirements of the National 

Planning Policy Framework (NPPF) dated March 2012.  Other documents which have 
been consulted include: 
 

• Science Report (SC050050/SR) entitled Improving the FEH statistical procedures 
for flood frequency estimation, carried out by the Centre for Ecology and 
Hydrology and published in 2008 by DEFRA and the EA. 

 
• EA guidance document entitled Flood Estimation Guidelines Operational 

Instruction (197_08) dated June 2012. 
 

• DEFRA/EA document entitled Estimating flood peaks and hydrographs for small 
catchments: Phase 1 (SC090031) dated May 2012.    

 
• National Planning Practice Guidance – Flood Risk and Coastal Change. 

 
• UK Government’s climate change allowances guidance dated February 2016.  
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2. DATA COLLECTION 
 
2.1 To assist with this report, the data collected included: 
 

• Ordnance Survey 1:10,000 street view map (Evans Rivers and Coastal Ltd OS licence 
number 100049458). 
 

• Filtered NEXTMAP data at 5m resolution covering the site and surrounding area. 
 

• Topographical survey of the site and watercourse carried out by BB Surveys Ltd 
(Drawing Numbers 2219-244-S01 to 2219-244-S21). 

 
• 1:250,000 Soil Map of Eastern England (Sheet 4) published by Cranfield University 

and Soil Survey of England and Wales 1983. 
 
• 1:625,000 Hydrogeological Map of England and Wales, published in 1977 by the 

Institute of Geological Sciences (now the British Geological Survey). 
 
• 1:125,000 Hydrogeological Map of Northern East Anglia published in 1976 by the 

Institute of Geological Sciences (now the British Geological Survey). 
 

2.2 All third party data used in this study has been checked and verified prior to use in 
accordance with Evans Rivers and Coastal Ltd Quality Assurance procedures. 
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3. SITE CHARACTERISTICS  
 
3.1 Existing Site Characteristics and Location  
 
3.1.1 The site is located off Norwich Road, Dickleburgh, Norfolk.  The approximate Ordnance 

Survey (OS) grid reference for the site is 616640 282560 and the location of the site is 
shown on Figure 1.   

 

  
Figure 1: Site location (Source: Ordnance Survey) 

 
3.1.2 The site currently comprises arable farmland and Chapel Farm occupies an area adjacent 

to the site.  Figure 1 shows a watercourse flowing in a northerly direction through the 
central part of the site and converging with Dickleburgh Stream which flows in a westerly 
direction along the north frontage of the site.      

 
3.1.3 A GPS topographical survey of the study area and watercourses has been carried out by 

BB Surveys Ltd and can be seen on Drawing Numbers 2219-244-S01 to 2219-244-S21.  
It should be noted that parts of the site and watercourse were inaccessible due to 
heavily overgrown vegetation.  The topographical survey shows other smaller drainage 
ditches across the study area, however, these are not considered significant in terms of 
hydrology and are likely to be draining localised parts of the field and not a large 

Dickleburgh Stream. 

“Watercourse B” 
running north 
through the site. 
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catchment area in comparison to the aforementioned watercourses which flow through 
the site.    

 
3.1.4 Filtered NEXTMAP data at 5m resolution (i.e. LIDAR data not available at this location) 

has also been obtained to determine and illustrate the topography across the 
surrounding area (Figure 2) and to supplement the topographical survey.   

 

  
Figure 2: Filtered NEXTMAP survey of the site and surrounding area combined with OS 

(where low ground is denoted by blue colours and higher ground is denoted by 
green and yellow colours) 
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4. BASELINE INFORMATION  
 
4.1 Environment Agency Flood Zone Map 
 
4.1.1 As discussed earlier, Figure 1 shows a watercourse flowing in a northerly direction 

through the central part of the site and converging with Dickleburgh Stream which flows 
in a westerly direction along the north frontage of the site. 
 

4.1.2 The Environment Agency Flood Map (Figure 3) shows that the site is largely located 
within the NPPF Flood Zone 1, ‘Low Probability’ which comprises land as having less than 
a 1 in 1000 year annual probability of fluvial or tidal flooding (i.e. an event more severe 
than the extreme 1 in 1000 year event).  NPPF states that all uses of land are 
appropriate in this zone. 
 

4.1.3 The Environment Agency Flood Map also show that the northern frontage of the site is 
partially located within the Flood Zone 3 and 2. 
 

4.1.4 The Agency has indicated in their response dated 4th December 2015 (ref: 
CCE/2015/56288) that the watercourses which flow through the site have not been 
modelled by them.  
 

  
Figure 3: Environment Agency Flood Map (Source: Environment Agency) 
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5. HYDROLOGICAL SETTING AND CATCHMENT DESCRIPTORS 
 
5.1.1 The watercourse which flows through the site in a northerly direction is a tributary of the 

Dickleburgh Stream which flows in a westerly direction adjacent to the northern frontage 
of the site.  The OS maps and FEH CD-ROM show that the two watercourses converge at 
a point 130m downstream of the site, however, this is not shown on the topographical 
survey due to the dense vegetation restricting access.  The extent of the upstream 
catchments (selected up to the confluence) associated with the watercourses is shown 
on the FEH CD-ROM (Figure 4).        

 
5.1.2 Reference to the catchment descriptors extracted from the FEH CD-ROM Version 3 

(Figure 5) shows that the Dickleburgh Stream drains an upstream catchment of 12.57 sq 
km.  The catchment receives a standard average annual rainfall (SAAR) of 609mm and 
there is little attenuation from lakes and reservoirs which is denoted by a FARL value of 
1.  The catchment has a moderate gradient (DPSBAR = 10.5m/km) and is of a moderate 
elevation (ALTBAR = 40m). 

 
5.1.3 Reference to Figure 6 indicates that “Watercourse B” drains an upstream catchment of 

0.91 sq km.  The catchment receives a standard average annual rainfall (SAAR) of 
611mm and there is no significant attenuation from lakes and reservoirs which is 
denoted by a FARL value of 1.  The catchment has a moderate gradient (DPSBAR = 
9.8m/km) and is of a moderate elevation (ALTBAR = 41m).  

        
5.1.4 The new FEH catchment descriptor URBEXT2000, the development of which is discussed in 

the DEFRA/EA report entitled URBEXT2000 – A New FEH Catchment Descriptor, indicates 
that the Dickleburgh Stream catchment is essentially rural, and the Watercourse B 
catchment is moderately urbanised (i.e. an URBEXT2000 value of 0.0068 and 0.0671 
respectively). 

 

  
Figure 4: Location of site in relation to catchment watershed (Source: FEH CD-ROM 

Version 3) 

Watercourse A 
Catchment 

Watercourse B 
Catchment 

Confluence 
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Figure 5: Catchment descriptors Dickleburgh Stream (Source: FEH CD-ROM Version 3) 

 

 
Figure 6: Catchment descriptors Watercourse B (Source: FEH CD-ROM Version 3) 
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5.1.5 URBEXT2000 is based on a different methodology than URBEXT1990 and therefore results in 
a separate set of FEH categories of urbanisation.  For example, a moderately urbanised 
catchment will have an URBEXT2000 value of up to 0.150 as opposed to 0.125 if using the 
former URBEXT1990 value.   

 
5.1.6 Urbanisation of the catchments since 2000 has been checked against the FEH CD-ROM 

values using OS mapping.  The urban extent shown from the FEH CD-ROM (URBEXT2000) 
is similar to the extent shown on the OS map.  Therefore, as there has been no 
substantial development since 2000, the updating of URBEXT2000 to 2016 using the 
national average model of urban growth in WINFAP-FEH Version 3 is acceptable.  
URBEXT for the Dickleburgh Stream catchment has therefore increased from 0.0068 to 
0.0070, and URBEXT for the Watercourse B catchment has increased from 0.0671 to 
0.0694 and the catchments remain essentially rural and moderately urbanised 
respectively. 
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6. ESTIMATION OF FLUVIAL FLOWS  
 
6.1 Choice of Method  
 
6.1.1 In order to determine the most suitable flow estimation method, the guidance outlined in 

the FEH Handbook and the Environment Agency’s Operational Instruction entitled Flood 
estimation guidelines (2008), has been referred to, together with the EA guidance 
document entitled Flood Estimation Guidelines Operational Instruction (197_08) dated 
June 2012, and DEFRA/EA document entitled Estimating flood peaks and hydrographs for 
small catchments: Phase 1 (SC090031) dated May 2012. 

 
6.1.2 There are two main approaches for estimating flood flows for catchments of this size; the 

FEH Statistical Method (pooled analysis) and the Revitalised Flood Hydrograph Method 
(ReFH).  The FEH Statistical Method is based on a larger dataset of gauged flow records 
across the UK than the ReFH Method. 

 
6.1.3 The FEH Statistical Method uses flow records from either a single reliable gauged site 

located within the catchment or several other gauged sites which are located in other 
hydrologically similar catchments.  The method is based on a large flood event dataset in 
the UK and is more directly calibrated to reproduce flood frequency for UK catchments. 

 
6.1.4 The original FEH Rainfall-Runoff Method was largely superseded by the Revitalised Flood 

Hydrograph Method (ReFH) in 2006.  The ReFH Method is intended to update and 
address several constraints of the FEH Rainfall-Runoff method.  The key changes are 
that in the ReFH Method baseflow varies throughout the event and the ReFH method 
uses a new (kinked) unit hydrograph shape.  Furthermore, additional calibration data 
has been used within the ReFH which includes a larger number of flood events across the 
UK. 

 
6.1.5 Note: In earlier guidance for small catchments below 25 km2 the methodology outlined 

within the Institute of Hydrology Report 124 (IoH 124) was considered suitable, in which 
the mean annual flood flow QBAR is calculated.  The recently published operational 
instruction 197_08 and science report SC090031 discourages the use of the IoH 124 
method for estimating flood flows in small catchments.  The guidance recommends that 
FEH methods should be used in preference. 

 
6.1.6 Although both of the above methods are considered appropriate for flow estimation, the 

FEH Statistical Method is likely to be more appropriate in this instance as it is based on a 
larger dataset across the UK and uses good quality donor site data.   

 
6.1.7 However, flow estimates have also been derived using the ReFH Method for comparison 

later in this Chapter. 
 
6.2 Improved Statistical Method - Introduction 
 
6.2.1 The original FEH Statistical Method has been improved with the release of the Science 

Report (SC050050/SR) entitled Improving the FEH statistical procedures for flood 
frequency estimation, carried out by the Centre for Ecology and Hydrology and published 
in 2008 by DEFRA and the EA.   

 
6.2.2 As stated by the research document, the improved features include a new QMED 

(median annual flood) equation; an improved procedure for the formation of pooled 
growth curves; and a revised procedure for the use of donor catchments in the data 
transfer process.  A new catchment descriptor which describes the floodplain extent 
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(FPEXT) was also developed as part of the study to assist in the derivation of pooling 
groups. 

 
6.2.3 The WINFAP-FEH Version 3 software incorporates all of these changes to the FEH 

Statistical Method and has therefore been used to assist in the flood estimation process. 
 
6.2.4 There is no observed flow or level records available as the watercourse is ungauged at 

this location and the Agency has no spot gauging records.  Therefore FEH Statistical 
Method single-site analysis is not possible.  Consequently, estimation of the flood flows 
has been carried out using the catchment descriptor method and pooled analysis.            

 
6.3 Improved Statistical Method - Estimation of QMED 
 
6.3.1 To estimate QMED for the catchment, the catchment descriptor method has been used.  

This method is described in Volume 3, Chapter 13, of the FEH and has been updated in 
the Science Report.  The method produces the mean annual flood QMED, which is the 
flood flow along the river that is statistically exceeded on average every other year. 

 
6.3.2 The exercise can be done by hand using the catchment descriptors taken from the FEH 

CD-ROM and using the following improved QMED equation: 
                                

 
 
6.3.3 The QMED equation only applies to rural catchments (URBEXT2000 <0.030) and as the 

Dickleburgh Stream catchment remains essentially rural, an urban adjustment to the 
QMED (rural) formula is not required.   

 
6.3.4 The calculation using WINFAP-FEH based on catchment descriptors gives a value for 

QMEDs,cds/QMED rural of 2.443 cu m/sec for the Dickleburgh Stream catchment. 
 
6.3.5 As the Watercourse B catchment is moderately urbanised, an urban adjustment to the 

QMED (rural) formula is required.  To adjust for urbanisation, an Urban Adjustment 
Factor (UAF) based on the urbanisation (URBEXT) and soil type (SPRHOST) of the 
catchment is applied to the QMED (rural) value. 

 

 
 
6.3.6 The UAF is calculated automatically by WINFAP-FEH Version 3 and applied to QMED 

(rural) to give the final QMED value.     
 
6.3.7 The calculation using WINFAP-FEH based on catchment descriptors for the Watercourse 

B catchment gives a value for QMEDs,cds/QMED rural of 0.265 cu m/sec and UAF adjusted 
QMED value of 0.286 cu m/sec. 

 
6.4 Improved Statistical Method - Revised Data Transfer Process 
 

Dickleburgh Stream 
 
6.4.1 In order to make the ungauged rural estimate of QMEDs,cds more accurate, it is necessary 

to use flow data from a similar (rural) donor site either within the catchment, or in 
another catchment with similar hydrological characteristics, and where gauged 
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information does exist for an adequate number of years.  The suitability of the donor 
catchment will depend on how similar its catchment descriptors are to the subject 
catchment.  For example, AREA should not differ by more than a factor of 5 and SAAR a 
factor of 1.1.  Additional guidance is offered in the FEH Handbook.   

 
6.4.2 A local correction or adjustment factor to the estimate of QMEDs,cds at the subject site 

can then be applied.  The procedure involves deriving QMED from the observed annual 
maximum record at a gauged site (QMEDg,obs), and also from the catchment descriptors 
at a gauged site (QMEDg,cds) and using the ratio of these two estimates to adjust the 
catchment descriptor estimate of QMEDs,cds at the subject site.     
 

6.4.3 The Science Report and Operational Instruction 197_08 also states that in addition to 
catchment similarity, the geographical proximity is important when considering the 
suitability of a donor site for the data transfer process, and the chosen donor should be 
the closest to the subject site.  A new equation has therefore been developed and 
documented in the Science Report: 

 

 
 
6.4.4 The subscript s refers to the ungauged subject site and g refers to the gauged donor 

site.  The subscript cds refer to catchment descriptors and obs refers to the observed 
value at the donor site.  The subscript dsg refers to the geographical distance between 
the centroid of the subject site and donor site.  The subscript adj refers to the adjusted 
value of QMED at the ungauged subject site.    

    
6.4.5 A list of suitable donor sites (ranked by geographical proximity) for the data transfer 

process has been determined using the WINFAP-FEH software by following the Pooled 
Analysis/Flood Frequency Curve Development options and selecting Donor Station as the 
method to calculate QMED.  The software uses the latest NRFA Peak Flow Data (version 
4.1) which is suitable for WINFAP-FEH (Note: HiFlows-UK data is now integrated with the 
National River Flow Archive on the CEH website).  Table 1 shows the list of suitable 
donor catchments as generated by the WINFAP-FEH software.  

 
Table 1: List of potential donor sites to be used in the data transfer process for the 

catchment 

Station
QMED 
donor Centroid X Centroid Y

Centroid 
distance (km) AREA SAAR BFIHOST FARL URBEXT

Years of 
data QMED AM QMED cds

Watercourse A 618720 282956 12.57 609 0.313 1 0.007
34006 (Waveney @ Needham Mill) 2.178 613458 275350 9.25 376.05 594 0.422 0.998 0.014 50 23.524 31.629
33045 (Wittle @ Quidenham) 1.889 605154 287146 14.2 27.55 608 0.534 0.974 0.01 46 1.158 2.432
33011 (Little Ouse @ County Bridge Euston) 2.163 599445 278215 19.85 130.1 596 0.653 0.985 0.008 53 3.89 5.764
33046 (Thet @ Redbridge) 2.466 602298 295014 20.37 143.43 624 0.581 0.944 0.016 47 8.44 8.189
33044 (Thet @ Bridgham) 2.319 600029 291906 20.72 274.99 620 0.681 0.942 0.013 47 7.92 9.407
35003 (Alde @ Farnham) 2.601 631314 266280 20.9 62.9 592 0.365 0.988 0.008 53 9.32 7.577
33019 (Thet @ Melford Bridge) 2.309 599012 291010 21.29 311.37 620 0.707 0.932 0.014 54 7.472 9.018
33034 (Little Ouse @ Abbey Heath) 2.326 596477 281368 22.3 707.72 607 0.694 0.959 0.017 45 16.781 19.841
34001 (Yare @ Colney) 2.281 606922 304371 24.45 228.81 635 0.528 0.971 0.019 56 13.29 16.952
33048 (Larling Brook @ Stonebridge) 1.787 592750 290650 27.09 21.99 635 0.694 0.907 0.003 32 0.303 0.978  
 
6.4.6 Reference to Table 1 shows that almost all suitable potential donor sites have catchment 

areas which are higher than the subject site (some significantly higher) and typically 
greater than the recommended limit as discussed in paragraph 6.4.1.  Therefore, in this 
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instance the chosen donor site should be the closest to the subject site, and Station 
34006, Waveney at Needham Mill, which is ranked first in Table 1, is most acceptable in 
terms of its similarity and proximity to the subject catchment.  The NRFA/CEH website 
also indicates that this station is suitable for QMED. 

 
6.4.7 Reference to Table 1 shows that QMED for the gauged site based on observed records 

(QMEDg,obs) equates to 22.674 cu m/sec.  QMED from catchment descriptors at the 
gauged site (QMEDg,cds) equates to 31.629 cu m/sec.  The geographical distance between 
the sites (dsg) equates to 9.25 km.  The Science Report suggests that influence of the 
donor site reduces when the geographical distance between the centroids increases 
(typically above 75km).  Therefore, by using a geographically closer donor site, there will 
be more of an influence on QMED at the subject site.  Table 1 shows that the adjusted 
QMED value at the subject site, QMEDs,adj using the new data transfer equation is 2.178 
cu m/sec. 

 
Watercourse B  

 
6.4.8 The original Flood Estimation Handbook states that particular caution is required when 

proposing a transfer to or from a catchment affected by urbanisation and the guidance 
notes associated with WINFAP-FEH Version 3 state that when a catchment is urbanised 
the use of data transfer methods to improve the estimate of QMED is not recommended.  
Therefore, the UAF adjusted QMED value of 0.286 cu m/sec will not be subjected to the 
data transfer procedure. 

 
6.5 Improved Statistical Method - Pooled Analysis and Flood Growth Curve 
 
6.5.1 In order to estimate a range of statistical flood return period events which will occur in 

the catchment, it is necessary to determine a flood growth curve and a flood frequency 
curve.  This is done by forming a pooling group, which involves a group of gauged rural 
catchments across the UK which have very similar catchment characteristics such as 
AREA and SAAR. 

    
6.5.2 The catchment output from the FEH CD-ROM is entered as a data file to the WINFAP-FEH 

software, which sorts a pooling group of similar catchments.  The FEH states that the 
pooling group should contain 5 times as many station-years as the target return period 
(5T); however the Science Report recommends that a fixed pooling group size of at least 
500 AMAX events for all required return periods should be used.  The WINFAP-FEH 
Version 3 software incorporates the latest download of NRFA Peak Flow Data (version 
4.1). 

      
6.5.3 The recommended generalised logistic (GL) technique has been applied in the statistical 

analysis.  The updated Statistical Method uses an enhanced procedure which no longer 
relies on pooling group ranking, but calculates separate weighting equations of the L-
moment ratios within the pooling group based on record length.  Weight is also applied 
to each catchment depending on distance in catchment space from the subject site, with 
more weight assigned to available “at site” data than the FEH procedure.     

 
6.5.4 Stations that had been identified in the WINFAP-FEH software as not being suitable for 

pooling (as indicated by the NRFA Peak Flow Data), were removed from the pooling 
group and other more suitable stations added at the end of the pooling group to ensure 
that the total record length was at least 500 years.  
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Table 2: Pooling Group for Dickleburgh Stream catchment  
Station Distance Years of data QMED AM L-CV L-SKEW Discordancy
27073 (Brompton Beck @ Snainton Ings) 0.707 33 0.82 0.192 0.052 0.721
20002 (West Peffer Burn @ Luffness) 1.524 41 3.299 0.292 0.015 2.095
203046 (Rathmore Burn @ Rathmore Bridge) 2.178 32 10.821 0.133 0.1 1.642
26802 (Gypsey Race @ Kirby Grindalythe) 2.271 15 0.109 0.284 0.27 0.659
33054 (Babingley @ Castle Rising) 2.292 38 1.132 0.208 0.06 0.385
36010 (Bumpstead Brook @ Broad Green) 2.327 47 7.5 0.375 0.186 1.436
41020 (Bevern Stream @ Clappers Bridge) 2.348 45 13.66 0.21 0.189 1.164
72014 (Conder @ Galgate) 2.379 47 17.703 0.196 0.049 0.326
25019 (Leven @ Easby) 2.421 36 5.538 0.345 0.383 2.032
73015 (Keer @ High Keer Weir) 2.442 24 12.187 0.164 0.008 0.704
33032 (Heacham @ Heacham) 2.452 46 0.461 0.31 0.099 1.141
27051 (Crimple @ Burn Bridge) 2.56 42 4.539 0.221 0.149 0.751
34005 (Tud @ Costessey Park) 2.573 53 3.146 0.275 0.17 0.315
26003 (Foston Beck @ Foston Mill) 2.58 54 1.739 0.248 0.002 0.629

Total 553
Weighted means 0.25 0.121  

 
Table 3: Pooling Group for Watercourse B catchment 

Station Distance Years of data QMED AM L-CV L-SKEW Discordancy
76011 (Coal Burn @ Coalburn) 1.697 37 1.84 0.168 0.337 1.141
27073 (Brompton Beck @ Snainton Ings) 3.179 33 0.82 0.192 0.052 1.232
45816 (Haddeo @ Upton) 3.527 21 3.522 0.313 0.404 0.949
27051 (Crimple @ Burn Bridge) 3.542 42 4.539 0.221 0.149 0.578
28033 (Dove @ Hollinsclough) 3.795 35 4.666 0.259 0.417 0.73
91802 (Allt Leachdach @ Intake) 4.265 34 6.35 0.153 0.257 1.059
25019 (Leven @ Easby) 4.273 36 5.538 0.345 0.383 1.622
26802 (Gypsey Race @ Kirby Grindalythe) 4.274 15 0.109 0.284 0.27 0.467
25003 (Trout Beck @ Moor House) 4.366 41 15.164 0.174 0.285 0.507
25011 (Langdon Beck @ Langdon) 4.383 28 15.878 0.238 0.318 1.403
47022 (Tory Brook @ Newnham Park) 4.384 21 7.331 0.255 0.072 1.398
54022 (Severn @ Plynlimon Flume) 4.473 38 14.988 0.156 0.171 1.049
206006 (Annalong @ Recorder) 4.543 48 15.33 0.189 0.052 1.99
27010 (Hodge Beck @ Bransdale Weir) 4.655 41 9.42 0.224 0.293 0.084
203046 (Rathmore Burn @ Rathmore Bridge) 4.705 32 10.821 0.133 0.1 0.791

Total 502
Weighted means 0.219 0.236  
 
6.5.5 The WINFAP-FEH software indicates that the Dickleburgh Stream pooling group is 

strongly heterogeneous and a review of the pooling group is desirable.  The WINFAP-FEH 
software indicates that the Watercourse B pooling group is possibly heterogeneous and a 
review of the pooling group is optional.   

 
6.5.6 All of the sites which are ranked are satisfactory in terms of their hydrological similarity 

with the subject site and the pooling group distribution provides an acceptable statistical 
fit.  Removal or addition of extra sites was not justifiable and a representative, but 
heterogeneous, pooling group generally gives better flood frequency estimates, than 
either single site data or a pooling group that has been made homogeneous by 
inappropriately removing sites.  The FEH also states that a significant proportion of 
pooling group remains heterogeneous, even after a review and adapting a 
heterogeneous pooling group to make it homogeneous is not advised. 
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6.6 Improved Statistical Method - Flood Frequency Curve  

 
6.6.1 When considering the Dickleburgh Stream, the WINFAP-FEH software allows the user to 

generate a flood frequency curve for the specified return period based on the adjusted 
QMEDs,adj value and growth curve fittings established during the pooling group stage and 
statistical analysis.  The results can be seen on Figure 7. 

 
6.6.2 When considering Watercourse B, the WINFAP-FEH software allows the user to construct 

a flood frequency curve for the specified return period and choose whether to apply the 
UAF to the QMED rural value and as-rural growth curve. 

 

 
Figure 7: Flood Frequency Curve Fittings for the Dickleburgh Stream catchment (cu 

m/sec)  
 

 
Figure 8: Flood Frequency Curve Fittings for the Watercourse B catchment (cu m/sec) 
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6.7 Revitalised Flood Hydrograph Method (ReFH) 
 
6.7.1 The FEH Rainfall Runoff Method was largely superseded by the Revitalised Flood 

Hydrograph Method (ReFH) in 2006.  The ReFH Method is intended to update and 
address several constraints of the FEH Rainfall-Runoff method.  The key changes are 
that in the ReFH Method baseflow varies throughout the event and the ReFH method 
uses a new (kinked) unit hydrograph shape.  Furthermore, additional calibration data 
has been used within the ReFH which includes a larger number of flood events across the 
UK.  The method uses a loss model, routing model and baseflow model to generate a 
flood hydrograph. 

 
6.7.2 The catchment descriptors were imported into Version 11.5 of the InfoWorks modelling 

software.  The appropriate flood return period, storm duration and data interval was set, 
as discussed below, to enable appropriate flows to be estimated. 

   
6.7.3 The model parameters for the ReFH Method (time-to-peak, baseflow, and standard 

percentage runoff) should ideally be based on actual flood event data comprising rainfall 
and flow records rather than catchment descriptors alone.  However, due to the lack of 
available rainfall and flow data for the catchment, the catchment descriptor method and 
ReFH design standards has been adopted in this instance based on the relevant technical 
guidance. 

 
6.7.4 For the Dickleburgh Stream catchment the critical storm duration was calculated as 

9.503 hours from the time-to-peak (Tp) from catchment descriptors (5.906 hours) using 
the equation provided in Volume 4 of FEH:  
 
D = Tp (1+ SAAR/1000) 

   
Where: 
D is the critical storm duration 
Tp is the time-to-peak 
SAAR is the standard average annual rainfall 

 
6.7.5 Using the equation above for the Watercourse B catchment, the critical storm duration 

was calculated as 4.533 hours from the time-to-peak (Tp) from catchment descriptors 
(2.814 hours). 

 
6.7.6 In addition to the storm duration it is necessary to select an appropriate data interval. 

According to the FEH handbook (Volume 4) a data interval of 10-20% of the time-to-
peak (Tp) is usually suitable so that the design flood hydrograph is well defined.  A data 
interval of 1 hour was selected as a convenient and appropriate value which produced a 
smooth hydrograph.     

 
6.7.7 The ReFH requires the user to have a design storm duration divided by the data interval 

which is an odd integer to ensure the use of an odd number of rainfall blocks in the 
storm profile.  Therefore, for the Dickleburgh Stream catchment the design storm 
duration was rounded to 9 hours which is the nearest odd integer.  For the Watercourse 
B catchment the design storm duration was rounded to 5 hours which is the nearest odd 
integer.   

 
6.7.8 A 75% winter storm profile was used as the catchments are not considered to be 

urbanised according to the ReFH Method (N.B. urban catchments are defined as those 
with URBEXT >0.125 in the ReFH Method). 
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Table 4: Results from ReFH using catchment descriptors  
Catchment Data 

Interval 
(hours) 

Design Storm 
Duration 
(hours) 

20 year event 
(cu m/sec) 

100 year 
event (cu 
m/sec) 

1000 year 
event (cu 
m/sec) 

Dickleburgh 
Stream 

1 9 5.476 8.011 15.032 

Watercourse B 1 5 0.653 0.979 1.901 
   
6.8 Flow Method Comparison 
 
6.8.1 Reference to Table 5 indicates that the results from the FEH Statistical Method are lower 

than the ReFH Method.  The ReFH Method is known to overestimate flows especially for 
longer return periods which are outside of its calibration range, hence why in particular 
the 1000 year event results are shown to be high when using the ReFH Method.  

    
Table 5: Comparison of Flood Flows (cu m/sec) 

Catchment ReFH Statistical 
20 100 1000 20 100 1000 

Dickleburgh 
Stream 

5.476 8.011 15.032 4.115 5.543 8.089 

Watercourse 
B 

0.653 0.979 1.901 0.543 0.793 1.369 

 
6.9 Flood History 
 
6.9.1 There have been no known flood incidents across the site.  There is no observed flow or 

level records available as the watercourse is ungauged at this location.  There is a lack of 
available rainfall and flow data for the catchment, hence the reason for the catchment 
descriptor method being adopted based on the relevant technical guidance. 

 
6.10 Final Choice of Method 
 
6.10.1 Although the FEH Statistical Method and ReFH Method are considered appropriate for 

flow estimation, the FEH Statistical Method is likely to be more appropriate in this 
instance as it is based on a larger dataset across the UK and uses good quality donor site 
data.  Therefore, the results shown on Figures 7 and 8 have been taken forward in this 
assessment. 

 
6.11 Estimating Long Return Period Floods 
 
6.11.1 The Agency’s Operational Instruction indicates that there is no preferred method for 

calculating long return periods (i.e. between 150 and 1000 years), however there has 
been a tendency to estimate these flows using the FEH Statistical Method.  There are 
some concerns about using the ReFH method to determine such flows as the seasonal 
correction factors used for design rainfalls may not be applicable for extreme events.   

 
6.11.2 However, the study by Faulkner and Barber (2009) suggests that as rainfall is a more 

spatially consistent variable than flood flow, the ReFH could be preferred over the FEH 
statistical method for estimation of design floods for long return periods.  For 
consistency, the FEH Statistical Method has been used to estimate the 1 in 1000 year 
flood flow. 
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6.12 Climate Change 
 
6.12.1 The NPPF requires that the effects of climate change for the lifetime of the development 

be considered in any assessment of flood risk.  It is usual to enhance present day flood 
levels by an appropriate increment to account for the expected effects of sea level rise 
and the increase in rainfall expected on fluvial catchments.   

 
6.12.2 Climate change levels should reflect the UK Government’s climate change allowances 

guidance dated February 2016.  By consulting the guidance and FEH CD-ROM it can be 
seen that the site and catchment fall within the Anglian river basin district. 

 
6.12.3 It is understood that for future flood zones and general design purposes the “Higher 

Central” climate change allowance for the Anglian region of 35% as outlined in Table 1 of 
the guidance should be applied to the peak flow rate for “more-vulnerable” development 
in Flood Zone 3a. 

 
6.12.4 According to the guidance, the “Upper End” increase in peak flow rate of 65% also needs 

to be considered, and it is understood that this should be applied to the 1 in 100 year 
event when determining the potential increase in flood risk to people, as this will also 
consider the scientific uncertainty in the climate change estimates. 

 
6.12.5 The resultant flood flows when applying 35% to accommodate the expected climate 

change effect over the lifetime of the development can be seen in Tables 6 and 7 (also 
showing 65% allowance on 1 in 100 year flow).   

 
Table 6: Final Flood Flows – Dickleburgh Stream (cu m/sec) 
Flood Frequency Q20 Q100 Q1000 
Flood Flow 4.115 5.543 8.089 
Flood Flow including (35%) 
climate change 5.560 

7.483 
9.146 
(65%) 

10.920 

 
Table 7: Final Flood Flows – Watercourse B (cu m/sec) 

Flood Frequency Q20 Q100 Q1000 
Flood Flow 0.543 0.793 1.369 
Flood Flow including (35%) 
climate change 0.733 

1.071 
1.308 
(65%) 

1.848 

 
6.13 Hybrid Method 
 
6.13.1 Having determined that the FEH Statistical Method is preferred for estimating flood 

flows, a flow hydrograph is required for input into the hydraulic model, with a peak flow 
that matches the corresponding flood frequency estimate.   

 
6.13.2 It is common to generate a hydrograph using the ReFH Method, then scaling it to match 

the FEH statistical estimates shown in Tables 6 and 7.     
 
6.13.3 The parameters such as critical duration and data interval was determined as discussed 

in Section 6.7.   
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Figure 9: Flood hydrograph using the hybrid method without climate change 

(Dickleburgh Stream) 
 

 
Figure 10: Flood hydrograph using the hybrid method without climate change 

(Watercourse B) 
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Figure 11: Flood hydrograph using the hybrid method with 35% climate change 

(Dickleburgh Stream) 
 

 
Figure 12: Flood hydrograph using the hybrid method with 35% climate change 

(Watercourse B) 
 

 
Figure 13: 1 in 100 year with Upper End climate change (Dickleburgh Stream) 
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Figure 14: 1 in 100 year with Upper End climate change (Watercourse B) 
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7. HYDRAULIC ANALYSIS  
 
7.1 Introduction  

7.1.1 A site specific assessment of the probability and consequences of the site flooding from 
the watercourse has been undertaken using well established hydraulic modelling and 
flood mapping techniques.  The Agency’s guidance document entitled Fluvial Design 
Guide (2009), and Agency’s Best Practice Guide dated 2006 entitled Using Computer 
River Modelling as part of a flood risk assessment have been consulted.  

 
7.2 InfoWorks Model Development 
 
7.2.1 One-dimensional (1D) unsteady hydrodynamic modelling of the study area was 

undertaken using the hydraulic modelling package InfoWorks RS Version 11.5.  This 
software package combines the advanced ISIS Flow simulation engine and GIS 
functionality within a single environment.   

 
7.2.2 The GPS topographical survey (3D and geo-referenced) was imported into the MapInfo 

GIS software and a ground model was generated which allowed the interpolation of 
ground levels between available elevation points.  Filtered NEXTMAP survey data was 
used to supplement the ground model in areas outside of the site boundary and 
therefore not covered by the topographical survey (i.e. due to access restrictions as a 
result of heavily overgrown areas).  The combined ground model (Figure 15) was then 
exported in a suitable format which could be read by the InfoWorks software.  The final 
ground model as it appears in the InfoWorks model is shown on Figure 16. 

 

  
Figure 15: Combined NEXTMAP and topographical survey (where higher ground is 

represented by yellow and orange colours) 
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Figure 16: 3D representation of DTM with OS as presented in InfoWorks RS  

 
7.2.3 Figure 17 shows that by forming a ground model which includes the topographical 

survey information, a more accurate and representative ground model can be generated 
in contrast to NEXTMAP data alone. 

 

  
Figure 17: Comparison between NEXTMAP survey and topographical survey across the 

site when creating a ground model 
 
 

Ground model based 
on NEXTMAP only. 

Ground model including 
topographical survey. 
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7.3 Surface Roughness 
 
7.3.1 Surface roughness varies across the study area as a result of different land uses.  To 

ensure an accurate representation of the impact of different surface roughness values on 
the flood flows, information from the OS map and site observations was used.  The 
anticipated roughness values were checked with the CES Roughness Advisor created by 
Wallingford Software and resultant Manning’s “n” values were entered for each cross 
section. 

 
7.3.2 The watercourse channel is generally free from vegetation (Figure 19), however, the 

topographical survey indicates that some sections of the watercourse suffer from heavily 
overgrown bank vegetation which hangs over or into the channel.  Therefore, despite the 
CES Roughness Advisor suggesting a channel roughness of 0.018 on Figure 18, a 
channel roughness of 0.035 has been used in the model instead of that shown on Figure 
18 to consider vegetation growth during the summer months, or fallen bank vegetation.    

 

 
Figure 18: Manning’s “n” roughness values derived from the CES Roughness Advisor 

 

 
Figure 19: Photo of surveyed section of watercourse  
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7.4 Structures 
 
7.4.1 The topographical survey and OS map indicates that the Dickleburgh Stream flows 

through a large brick arch bridge upstream of the site to the east and beneath Norwich 
Road.  Watercourse B flows through a small brick arch bridge beneath Burston Road to 
the south of the site (although the upstream extent is not clearly defined on the 
topographical survey or OS map).   

 
7.4.2 In order to consider a more conservative scenario (and due to model instabilities), the 

upstream cross section on both watercourses was positioned immediately downstream of 
the aforementioned bridges located upstream of the site.  This assumes that no flood 
flow is restricted by these structures and that all flood flow calculated in this report will 
reach the site immediately.  (Although the inflow boundaries are shown on the model 
Geoplan to be located upstream of these bridges, this is for illustrative purposes only, 
and all flood flow will reach the cross sections downstream of the bridges without 
obstruction). 

 
7.4.3 Approximately 60m downstream of the bridge beneath Burston Road (but still upstream 

of the site), Watercourse B flows through a 1m high, 10m long rectangular culvert as 
shown on the topographical survey (Figure 20).  Despite restricted access to the culvert 
due to overgrown vegetation, some topographical information was obtained for this 
structure.  The culvert was included in the model using a rectangular conduit unit and 
the dimensions of the culvert, including invert and soffit, were taken from the 
topographical survey.  As the rectangular conduit unit does not model the potential 
overtopping of floodwater across the deck, a Spill unit was applied perpendicular to the 
culvert and levels were derived from the ground model and topographical survey. 

 

 
Figure 20: Photo of rectangular culvert along Watercourse B upstream of the site 



Flood Modelling Assessment –  
Dickleburgh                                      Evans Rivers and Coastal Ltd 
____________________________________________________________________________  
                                                                 

____________________________________________________________________ 
 
Report Ref: 1650/RE/07-16/01    25 
 

7.4.4 Approximately 300m downstream of the aforementioned culvert and along Watercourse 
B, the topographical survey shows that Watercourse B discontinues for a length of 7m.  
However, it is understood that Watercourse B is hydraulically connected at this point and 
that a buried/silted up culvert exists.  Despite Watercourse B remaining dry at this 
location during the time of the topographical survey, it can be deduced that there 
remains a hydraulic connection (possibly by seeping through the soil and bed material).    
Due to the difficulty in accessing the culvert, there is little information such as size and 
invert/soffit level.  Therefore, this structure has not been included in the model and it is 
assumed that there is sufficient hydraulic connectivity between upstream and 
downstream parts.  However, in order to include a restriction in the model at this point, 
a Blockage link unit has been included in the model at this location and is set to consider 
a 50% blockage of the channel. 

 
7.4.5 The topographical survey indicates that 10m downstream of the aforementioned buried 

culvert a wide spanning timber footbridge (i.e. simple planks of wood crossing 
Watercourse B) exists.  However, due to the nature of the structure, in order to consider 
a more conservative scenario this bridge was not included in the model, as it is unlikely 
to limit flood flows significantly. 

 
7.4.6 Approximately 300m west of the site, Dickleburgh Stream flows under the A140 and 

through a large rectangular concrete culvert (Figure 21).  The culvert was included in the 
model using a rectangular conduit unit (i.e. as this structure could have an impact on 
upstream water levels at the site) and the dimensions of the culvert, including invert and 
soffit, were taken from the topographical survey.  A Spill unit was applied perpendicular 
to the culvert and levels were derived from the ground model.   

 

 
Figure 21: Concrete rectangular culvert under A140 
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Figure 22: Culvert beneath A140 as it appears in the model 

 
7.5 Model Boundary Conditions 
 
7.5.1 The following flood event scenarios have been considered to allow the extent of the 

fluvial floodplain across the site to be determined and appraised in terms of NPPF:  
 

1. 20yr event (present day Flood Zone 3b) 
2. 20yr plus climate change event (future Flood Zone 3b) 
3. 100yr event (present day Flood Zone 3a)  
4. 100yr plus climate change event (future Flood Zone 3a) 
5. 1000yr event (present day Flood Zone 2)  
6. 1000yr plus climate change event (future Flood Zone 2) 
7. 100yr plus climate change event (Upper End) 

 
Upstream Boundary 

 
7.5.2 Having determined that the FEH Statistical Method is preferred for estimating flood 

flows, a flow hydrograph is required for input into the hydraulic model, with a peak flow 
that matches the corresponding flood frequency estimate. 

 
7.5.3 It is common to generate a hydrograph using the ReFH Method, then scale it to match 

the statistical flow estimate as discussed in Section 6.13.  This hydrograph then forms 
the upstream inflow boundary condition and considers all of the catchment flow 
discussed in Chapter 5.  It was ensured that the hydrograph parameters, shape, 
duration, data interval and results for each return period determined in Section 6.13 
were reproduced in the InfoWorks RS software. 

 

Rectangular 
culvert 

Spill 
unit 
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 Downstream Boundary 
 
7.5.4 For the downstream boundary, the InfoWorks software allows the user to define a 

Normal/Critical Depth downstream boundary which generates a flow-head relationship 
based on the downstream slope at the end of the model (i.e. 1 in 880 based on the GPS 
topographical survey and NEXTMAP data).   

 
7.5.5 In accordance with the EA Best Practice Guide dated 2006 entitled Using Computer River 

Modelling as part of a flood risk assessment, the downstream boundary should be 
located sufficiently downstream of the site so that any errors in the boundary will not 
significantly affect predicted water levels at the site.  This is proven by carrying out a 
sensitivity analysis in Section 7.8 which indicates that when making the downstream 
slope shallower there is no change in upstream water level at the site.   

 
7.5.6 The aforementioned EA guidance states that for a typical fluvial river, a rule of thumb is 

that a backwater effect extends a length L = 0.7D/s, where D = bankfull depth and s = 
river slope (as a decimal).  Hence, if the downstream boundary is greater than L from 
the site, it is likely that any errors in the rating curve at the boundary will not affect 
flood levels at the site.   

 
7.5.7 It has been calculated that the “L” value is 770m based on a river slope of 1 in 880 and 

downstream bankfull depth of 1.43m.  However, as the topographical survey extends 
430m downstream of the site and as only NEXTMAP data exists beyond this point, it is 
considered that the downstream boundary is set 430m downstream of the site (i.e. 
130m downstream of the A140), as this will ensure that more reliable topographical 
survey defines this boundary.  This will also improve the stability of the model and it is 
likely that the rectangular culvert beneath the A140 will have an overriding influence on 
upstream water levels. 

 
7.5.8 Moreover, the sensitivity analysis in Section 7.8 confirms that the downstream boundary 

is sufficiently positioned downstream of the site.  The results indicate that when making 
the downstream slope 20% shallower, the flood level within the channel adjacent to the 
site does not increase significantly during the climate change 1 in 100 year event.  
Therefore, the downstream boundary is sufficiently downstream of the site and the 
Agency’s requirement outlined in paragraph 7.5.5 above will be met. 
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Figure 23: Model schematic as it appears in the InfoWorks software 

 
7.6 Results 
 
7.6.1 The model was initially run to consider the worst-case climate change 1 in 1000 year 

event, as this would allow the identification of any model instabilities and errors and the 
opportunity to correct them.   

 
7.6.2 The results show that during all modelled return period events up to and including the 

worst-case climate change 1 in 1000 year event (extreme event), there is flooding 
across the northern part of the site.     

 
7.6.3 The results also show that the main flood risk to the site is from the Dickleburgh Stream, 

and although there is flooding from Watercourse B within the vicinity of the confluence 
(and marginally upstream across lower lying land), there is no flooding across the site 
from Watercourse B.  Therefore, the cross section results (as shown in the following 
tables) relevant to the affected part of the site are between 36 and 31. 

 
7.6.4 Note: The “plan view” results as illustrated within the software have not been provided 

in this report, as a review of the tabulated results and cross sections indicate a mapping 
inaccuracy caused by the software (i.e. showing inaccurate flooding along Watercourse 
B).  Long sections are provided instead and on Figures 24 and 25. 

Upstream 
Boundary  

Downstream Boundary  

Rectangular culvert  

Rectangular culvert  

Blockage unit  

Upstream 
Boundary  
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Figure 24: Long section along Watercourse B during worst-case climate change 1 in 1000 year event 
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Figure 25: Long section along Dickleburgh Stream during worst-case climate change 1 in 1000 year event 
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Table 8: Results for 1 in 20 year event  
Results - 20yr

Cross Section Max Flow (m3/s) Max Stage (m AD) Max Velocity (m/s)
79 0.543 31.513 0.978

79a 0.543 31.499 1.016
79b 0.543 31.482 1.065
79c 0.543 31.454 1.162
79d 0.543 31.429 1.261
79e 0.543 31.409 1.356

78 0.543 31.352 1.043
77 0.543 31.263 0.918
76 0.543 31.216 0.6
75 0.542 31.189 1.009
74 0.542 31.143 0.801
73 0.542 31.045 0.96
72 0.542 30.969 0.735
71 0.542 30.894 0.798
70 0.541 30.871 0.453
69 0.541 30.811 0.529
68 0.541 30.789 0.519
67 0.541 30.509 1.247
66 0.541 30.403 0.867
65 0.541 30.362 0.673
64 0.541 30.299 0.839
63 0.541 30.064 1.427
62 0.542 29.835 0.787
61 0.542 29.648 1.382
60 0.542 29.454 0.389
59 0.542 29.328 1.07
58 0.542 29.208 0.789
57 0.542 28.991 1.019
56 0.542 28.969 0.781
55 0.542 28.893 0.706
54 0.542 28.728 1.1
53 0.541 28.64 0.574
52 0.541 28.567 0.592
51 0.54 28.533 0.666
50 0.54 28.529 1.206
49 0.54 28.528 0.862
48 0.54 28.527 1.076
47 0.537 28.527 0.691
46 0.535 28.526 0.433
39 4.115 28.898 0.762
38 4.115 28.889 0.756
37 4.114 28.877 0.764
36 4.114 28.865 0.773
35 4.113 28.852 0.782
34 4.113 28.828 0.801
33 4.112 28.808 0.816
32 4.112 28.794 0.826
31 4.107 28.816 0.798
30 4.101 28.788 0.862
29 4.1 28.76 0.928
28 4.099 28.711 1.027
27 4.1 28.633 1.16
26 4.1 28.526 1.32
25 4.277 28.526 0.788
24 4.277 28.478 0.898
23 4.277 28.301 1.481
22 4.277 28.273 1.48
21 4.277 28.245 1.474
20 4.277 28.22 1.451
19 4.277 28.198 1.416
18 4.277 28.193 1.316
17 4.277 28.19 1.22
16 4.277 28.186 1.148
15 4.277 28.181 1.099
14 4.277 28.194 0.872
13 4.277 28.2 0.737
12 4.277 28.202 0.647
11 4.277 28.204 0.577
10 4.277 28.161 0.776
9 4.277 28.159 0.676
8 4.277 28.156 0.608
7 4.277 28.157 0.511
6 4.277 28.16 0.394
5 4.277 28.163 0.265
4 4.277 28.164 0.175
3 4.276 28.162 0.253
2 4.277 28.161 0.242
1 4.276 28.142 0.588  
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Table 9: Results for climate change 1 in 20 year event 
Results - 20yrCC

Cross Section Max Flow (m3/s) Max Stage (m AD) Max Velocity (m/s)
79 0.733 31.588 1.08

79a 0.733 31.573 1.12
79b 0.733 31.556 1.172
79c 0.733 31.525 1.275
79d 0.733 31.5 1.369
79e 0.733 31.479 1.451

78 0.733 31.433 1.119
77 0.733 31.347 0.996
76 0.732 31.298 0.689
75 0.732 31.261 1.118
74 0.732 31.223 0.849
73 0.732 31.113 1.092
72 0.732 31.041 0.747
71 0.731 30.962 0.866
70 0.731 30.942 0.508
69 0.73 30.875 0.607
68 0.73 30.848 0.605
67 0.73 30.568 1.346
66 0.73 30.466 0.965
65 0.731 30.423 0.76
64 0.731 30.334 1.023
63 0.731 30.108 1.504
62 0.731 29.897 0.878
61 0.731 29.71 1.497
60 0.731 29.517 0.455
59 0.731 29.403 1.084
58 0.731 29.301 0.846
57 0.731 29.057 1.14
56 0.731 29.042 0.835
55 0.731 28.971 0.755
54 0.731 28.78 1.248
53 0.731 28.751 0.577
52 0.73 28.747 0.609
51 0.73 28.746 0.665
50 0.729 28.745 1.266
49 0.728 28.744 0.93
48 0.727 28.743 1.11
47 0.724 28.743 0.682
46 0.721 28.743 0.441
39 5.56 29.032 0.9
38 5.559 29.018 0.901
37 5.559 29 0.918
36 5.558 28.982 0.934
35 5.558 28.961 0.952
34 5.557 28.922 0.99
33 5.556 28.889 1.021
32 5.556 28.866 1.044
31 5.551 28.916 0.772
30 5.544 28.895 0.858
29 5.541 28.874 0.927
28 5.539 28.844 1.025
27 5.538 28.804 1.156
26 5.539 28.743 1.323
25 5.774 28.743 0.792
24 5.774 28.714 0.901
23 5.773 28.438 1.713
22 5.773 28.403 1.719
21 5.773 28.369 1.715
20 5.773 28.338 1.691
19 5.773 28.309 1.659
18 5.773 28.304 1.547
17 5.773 28.299 1.449
16 5.773 28.293 1.378
15 5.773 28.284 1.335
14 5.773 28.307 1.048
13 5.773 28.316 0.882
12 5.773 28.32 0.772
11 5.773 28.322 0.692
10 5.773 28.251 0.939
9 5.773 28.25 0.811
8 5.773 28.248 0.718
7 5.773 28.25 0.593
6 5.773 28.255 0.454
5 5.773 28.259 0.31
4 5.772 28.262 0.201
3 5.772 28.259 0.243
2 5.772 28.257 0.219
1 5.772 28.24 0.588   
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Table 10: Results for 1 in 100 year event 
Results - 100yr

Cross Section Max Flow (m3/s) Max Stage (m AD) Max Velocity (m/s)
79 0.793 31.61 1.11

79a 0.793 31.595 1.15
79b 0.793 31.577 1.201
79c 0.793 31.547 1.298
79d 0.793 31.521 1.393
79e 0.793 31.501 1.477

78 0.793 31.456 1.143
77 0.793 31.371 1.017
76 0.792 31.322 0.713
75 0.792 31.281 1.15
74 0.792 31.246 0.864
73 0.792 31.128 1.139
72 0.791 31.059 0.758
71 0.791 30.981 0.882
70 0.791 30.964 0.522
69 0.79 30.895 0.625
68 0.79 30.868 0.626
67 0.79 30.586 1.372
66 0.79 30.484 0.991
65 0.79 30.441 0.783
64 0.79 30.344 1.076
63 0.79 30.12 1.529
62 0.791 29.915 0.902
61 0.791 29.727 1.526
60 0.791 29.538 0.47
59 0.791 29.427 1.09
58 0.791 29.327 0.86
57 0.791 29.076 1.169
56 0.791 29.064 0.848
55 0.791 28.994 0.765
54 0.791 28.795 1.293
53 0.79 28.752 0.576
52 0.789 28.747 0.625
51 0.788 28.746 0.667
50 0.788 28.745 1.274
49 0.787 28.744 0.96
48 0.786 28.743 1.208
47 0.783 28.743 0.755
46 0.78 28.743 0.506
39 5.543 29.032 0.899
38 5.542 29.017 0.899
37 5.542 28.999 0.916
36 5.541 28.981 0.932
35 5.54 28.961 0.95
34 5.54 28.921 0.988
33 5.539 28.889 1.019
32 5.539 28.866 1.041
31 5.535 28.916 0.774
30 5.531 28.894 0.86
29 5.529 28.873 0.928
28 5.529 28.844 1.024
27 5.53 28.804 1.156
26 5.531 28.743 1.322
25 5.777 28.743 0.793
24 5.776 28.714 0.902
23 5.776 28.439 1.714
22 5.776 28.403 1.72
21 5.776 28.369 1.716
20 5.776 28.338 1.691
19 5.775 28.309 1.659
18 5.776 28.304 1.548
17 5.775 28.299 1.449
16 5.775 28.293 1.379
15 5.775 28.285 1.335
14 5.775 28.307 1.048
13 5.775 28.316 0.882
12 5.775 28.32 0.772
11 5.775 28.323 0.692
10 5.775 28.251 0.939
9 5.775 28.25 0.811
8 5.775 28.248 0.718
7 5.775 28.251 0.594
6 5.775 28.255 0.454
5 5.775 28.259 0.31
4 5.775 28.262 0.201
3 5.774 28.259 0.252
2 5.774 28.257 0.237
1 5.774 28.24 0.587  
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Table 11: Results for 1 in 100 year plus climate change (35%) event 
Results - 100yrCC

Cross Section Max Flow (m3/s) Max Stage (m AD) Max Velocity (m/s)
79 1.071 31.702 1.221

79a 1.071 31.686 1.263
79b 1.071 31.667 1.316
79c 1.071 31.635 1.414
79d 1.071 31.61 1.499
79e 1.071 31.589 1.575

78 1.071 31.556 1.223
77 1.07 31.474 1.096
76 1.07 31.425 0.806
75 1.07 31.369 1.271
74 1.07 31.341 0.926
73 1.069 31.2 1.309
72 1.069 31.142 0.796
71 1.069 31.066 0.955
70 1.068 31.052 0.582
69 1.067 30.977 0.705
68 1.066 30.946 0.715
67 1.067 30.66 1.472
66 1.067 30.564 1.088
65 1.067 30.522 0.859
64 1.067 30.394 1.274
63 1.067 30.178 1.6
62 1.068 29.993 0.993
61 1.068 29.804 1.642
60 1.068 29.622 0.536
59 1.068 29.523 1.096
58 1.068 29.434 0.927
57 1.068 29.15 1.318
56 1.068 29.147 0.917
55 1.068 29.077 0.84
54 1.068 28.984 1.445
53 1.068 28.984 0.579
52 1.067 28.982 0.671
51 1.067 28.981 0.668
50 1.064 28.981 1.276
49 1.062 28.981 1.018
48 1.06 28.98 1.235
47 1.056 28.98 0.709
46 1.053 28.98 0.523
39 7.483 29.215 0.972
38 7.481 29.198 0.984
37 7.48 29.177 1.013
36 7.479 29.153 1.048
35 7.478 29.125 1.082
34 7.476 29.066 1.159
33 7.475 29.015 1.224
32 7.475 28.978 1.27
31 7.465 29.052 0.701
30 7.459 29.039 0.745
29 7.46 29.026 0.79
28 7.463 29.012 0.849
27 7.467 28.995 1.132
26 7.471 28.98 1.317
25 7.775 28.98 0.795
24 7.774 28.967 0.906
23 7.773 28.596 1.965
22 7.773 28.554 1.969
21 7.773 28.512 1.965
20 7.773 28.474 1.944
19 7.774 28.439 1.916
18 7.773 28.432 1.798
17 7.774 28.425 1.703
16 7.774 28.415 1.642
15 7.773 28.401 1.61
14 7.773 28.438 1.246
13 7.773 28.453 1.04
12 7.773 28.46 0.909
11 7.773 28.463 0.816
10 7.773 28.342 1.126
9 7.773 28.341 0.973
8 7.773 28.34 0.851
7 7.773 28.347 0.674
6 7.773 28.355 0.5
5 7.773 28.361 0.335
4 7.773 28.364 0.22
3 7.772 28.361 0.243
2 7.772 28.359 0.228
1 7.772 28.341 0.588  
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Table 12: Results for 1 in 1000 year event 
Results - 1000yr

Cross Section Max Flow (m3/s) Max Stage (m AD) Max Velocity (m/s)
79 1.369 31.789 1.316

79a 1.369 31.772 1.359
79b 1.369 31.752 1.413
79c 1.369 31.72 1.508
79d 1.369 31.696 1.582
79e 1.369 31.674 1.656

78 1.369 31.652 1.286
77 1.368 31.575 1.157
76 1.367 31.526 0.881
75 1.367 31.453 1.37
74 1.367 31.433 0.978
73 1.367 31.268 1.461
72 1.366 31.22 0.832
71 1.365 31.145 1.019
70 1.365 31.136 0.636
69 1.363 31.056 0.762
68 1.363 31.021 0.791
67 1.364 30.731 1.56
66 1.364 30.637 1.177
65 1.364 30.612 0.879
64 1.364 30.442 1.445
63 1.364 30.231 1.67
62 1.364 30.058 1.082
61 1.364 29.87 1.766
60 1.364 29.699 0.613
59 1.363 29.624 1.101
58 1.362 29.53 0.989
57 1.362 29.214 1.456
56 1.362 29.22 0.983
55 1.362 29.148 0.914
54 1.361 29.019 1.557
53 1.361 29.019 0.58
52 1.361 29.015 0.724
51 1.36 29.014 0.668
50 1.359 29.013 1.276
49 1.357 29.012 1.031
48 1.355 29.01 1.415
47 1.35 29.01 0.882
46 1.347 29.01 0.652
39 8.089 29.243 1.046
38 8.089 29.225 1.066
37 8.089 29.203 1.104
36 8.089 29.179 1.15
35 8.089 29.151 1.197
34 8.089 29.091 1.301
33 8.089 29.036 1.392
32 8.089 28.996 1.463
31 8.09 29.074 0.665
30 8.284 29.061 0.699
29 8.511 29.05 0.736
28 8.717 29.037 0.786
27 8.959 29.023 0.991
26 9.312 29.01 1.311
25 10.133 29.01 0.798
24 10.365 28.998 0.907
23 10.212 28.791 1.99
22 10.177 28.753 2.034
21 10.163 28.712 2.091
20 10.155 28.682 2.042
19 10.147 28.655 1.981
18 10.143 28.649 1.876
17 10.14 28.64 1.81
16 10.139 28.626 1.772
15 10.139 28.609 1.764
14 10.14 28.658 1.348
13 10.144 28.678 1.117
12 10.15 28.688 0.97
11 10.158 28.693 0.856
10 10.158 28.41 1.285
9 10.126 28.412 1.08
8 10.1 28.413 0.913
7 10.073 28.422 0.697
6 10.039 28.429 0.531
5 9.987 28.435 0.36
4 9.93 28.438 0.235
3 9.807 28.435 0.255
2 9.722 28.432 0.244
1 9.681 28.415 0.589  
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Table 13: Results for climate change 1 in 1000 year event 
Results - 1000yrCC

Cross Section Max Flow (m3/s) Max Stage (m AD) Max Velocity (m/s)
79 1.848 31.911 1.44

79a 1.848 31.893 1.482
79b 1.848 31.872 1.536
79c 1.848 31.838 1.63
79d 1.848 31.814 1.698
79e 1.848 31.792 1.767

78 1.848 31.781 1.384
77 1.847 31.705 1.253
76 1.847 31.653 0.993
75 1.847 31.572 1.495
74 1.846 31.563 1.046
73 1.845 31.359 1.674
72 1.841 31.326 0.894
71 1.847 31.243 1.138
70 1.854 31.235 0.733
69 1.836 31.163 0.763
68 1.867 31.11 0.869
67 1.894 30.812 1.791
66 1.846 30.705 1.486
65 2.016 30.725 0.879
64 2.065 30.54 1.708
63 2.04 30.322 1.878
62 1.998 30.146 1.25
61 1.854 29.983 1.763
60 1.979 29.808 0.599
59 1.906 29.789 1.102
58 1.834 29.657 1.078
57 1.834 29.295 1.666
56 1.835 29.318 1.079
55 1.842 29.249 0.981
54 1.845 29.121 1.698
53 1.841 29.122 0.581
52 1.818 29.12 0.775
51 1.816 29.12 0.669
50 1.807 29.119 1.277
49 1.815 29.119 1.024
48 1.965 29.118 1.472
47 2.336 29.118 0.844
46 2.331 29.118 0.68
39 10.92 29.444 1.04
38 11.182 29.417 1.065
37 10.972 29.389 1.116
36 10.919 29.354 1.185
35 10.918 29.307 1.27
34 10.918 29.195 1.454
33 10.918 29.126 1.623
32 10.918 29.061 1.772
31 11.963 29.183 0.632
30 11.268 29.17 0.66
29 11.391 29.159 0.685
28 11.542 29.146 0.723
27 12.187 29.131 0.768
26 11.8 29.118 0.818
25 12.683 29.118 0.798
24 12.89 29.104 0.91
23 12.616 28.967 1.991
22 12.11 28.93 2.139
21 11.77 28.895 2.322
20 11.755 28.86 2.298
19 11.725 28.828 2.179
18 11.678 28.805 1.972
17 11.637 28.793 1.905
16 11.593 28.778 1.871
15 11.558 28.76 1.867
14 11.496 28.81 1.418
13 11.387 28.831 1.16
12 11.372 28.844 0.993
11 11.371 28.854 0.86
10 11.371 28.484 1.431
9 11.371 28.486 1.267
8 11.37 28.486 1.16
7 11.388 28.493 0.913
6 11.497 28.499 0.691
5 11.416 28.504 0.465
4 11.367 28.507 0.291
3 11.367 28.504 0.249
2 11.365 28.5 0.256
1 11.365 28.484 0.59  
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7.7 Flood Zones and Upper End climate change 1 in 100 year event 
 
7.7.1 Due to the flood mapping inconsistencies produced by the model as discussed in 

paragraph 7.6.4,  instead of exporting the flood contours directly from the model, the 
tabulated results have been mapped onto the topographical survey and the resultant 
flood zones exported into MapInfo software and mapped onto the OS map.   

 
7.7.2 Reference to Figure 26 indicates that the site is located mainly within the Flood 1, with 

some northern parts of the site located within Flood Zones 3b, 3a and 2.      
 

 
Figure 26: Present day flood extents and flood zones (note that only the southern 

floodplain of the Dickleburgh Stream has been mapped accurately) 
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Figure 27: Future flood extents and flood zones (note that only the southern 

floodplain of the Dickleburgh Stream has been mapped accurately) 
 
7.7.3 Figure 28 shows the flood extent when considering the Upper End climate change 1 in 

100 year event.  Figure 28 also shows that the Upper End flood extent lies between the 
present day and future Flood Zone 2/1 in 1000 year flood extent. 
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Figure 28: Extent of Upper End climate change 1 in 100 year event in relation to 

present day Flood Zone 2 and future Flood Zone 2 
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Table 14: Results for 1 in 100 year plus climate change event (Upper End) 
Results - 100yrCC (Upper End)

Cross Section Max Flow (m3/s) Max Stage (m AD) Max Velocity (m/s)
79 1.308 31.772 1.298

79a 1.308 31.755 1.342
79b 1.308 31.735 1.397
79c 1.308 31.703 1.489
79d 1.308 31.679 1.565
79e 1.308 31.657 1.642

78 1.308 31.633 1.274
77 1.307 31.555 1.145
76 1.307 31.506 0.868
75 1.307 31.437 1.353
74 1.306 31.416 0.967
73 1.306 31.255 1.433
72 1.306 31.205 0.825
71 1.305 31.13 1.005
70 1.305 31.12 0.624
69 1.303 31.041 0.754
68 1.302 31.007 0.776
67 1.302 30.718 1.544
66 1.303 30.623 1.158
65 1.303 30.592 0.88
64 1.303 30.432 1.416
63 1.303 30.223 1.652
62 1.305 30.054 1.061
61 1.307 29.862 1.738
60 1.316 29.697 0.588
59 1.334 29.621 1.1
58 1.349 29.526 0.989
57 1.349 29.211 1.453
56 1.349 29.218 0.981
55 1.352 29.146 0.913
54 1.354 29.026 1.554
53 1.349 29.025 0.579
52 1.335 29.019 0.708
51 1.323 29.015 0.666
50 1.308 29.018 1.27
49 1.307 29.024 1.024
48 1.306 29.015 1.261
47 1.529 29.003 0.682
46 1.991 29.002 0.536
39 9.146 29.295 1.043
38 9.142 29.27 1.068
37 9.142 29.237 1.123
36 9.141 29.203 1.189
35 9.141 29.165 1.252
34 9.14 29.093 1.395
33 9.14 29.035 1.525
32 9.14 28.992 1.624
31 9.134 29.077 0.683
30 9.13 29.059 0.719
29 9.128 29.049 0.761
28 9.129 29.046 0.814
27 9.129 29.02 0.915
26 11.554 29.002 1.228
25 13.545 29.002 0.795
24 14.087 28.99 0.906
23 11.916 28.808 1.991
22 11.725 28.77 2.233
21 11.668 28.722 2.376
20 11.643 28.688 2.355
19 11.652 28.66 2.346
18 11.689 28.653 2.247
17 11.742 28.643 2.186
16 11.774 28.629 2.158
15 11.726 28.611 2.136
14 11.534 28.66 1.542
13 11.186 28.696 1.214
12 10.711 28.72 0.996
11 10.152 28.734 0.854
10 10.152 28.412 1.301
9 10.141 28.414 1.092
8 10.136 28.416 0.933
7 10.144 28.425 0.712
6 10.16 28.431 0.536
5 10.181 28.437 0.366
4 10.186 28.441 0.241
3 10.088 28.437 0.245
2 9.933 28.434 0.247
1 9.752 28.417 0.589  
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7.8 Sensitivity Analysis 
 
7.8.1 Chapter 7 of the Agency’s guidance document entitled Fluvial Design Guide (2009), and 

Section 4.3 of the EA Using Computer River Modelling as part of a flood risk assessment  
guide, suggests that the model should be tested for sensitivity by adjusting key 
parameters such as the channel roughness values, downstream slope, flow rate and 
blockage.   

 
7.8.2 In order to determine whether the model is sensitive when considering a particular 

parameter, each sensitivity test was carried out individually and as a separate model 
run.  The sensitivity analysis has been carried out for the design climate change (35%) 1 
in 100 year event. 

 
7.8.3 The channel Manning’s roughness has been increased by 20% (i.e. from 0.035 to 0.042 

in order to consider an even higher density of channel vegetation).   
 
7.8.4 The gradient of the downstream boundary slope has also been made shallower by 20% 

(i.e. from 1:880 to 1:1056). 
 
7.8.5 To model a 50% blockage of the downstream A140 concrete culvert caused by lack of 

maintenance, debris or vegetation growth, a Blockage unit was placed before the 
rectangular conduit unit in the model and the blockage proportion set at 0.5.  It is 
considered that a blockage scenario of this culvert will have the most impact on 
upstream water levels and flood risk at the site.   

 
7.8.6 When considering changes to inflows, it is considered that modelling of the climate 

change 1 in 1000 year event and climate change (Upper End) 1 in 100 year event in this 
assessment is sufficient. 

 
Results  

 
7.8.7 The results in Table 15 show that when considering an increase in channel roughness, 

flood levels are overall higher and typically by up to 0.088m.  However, downstream of 
the site between cross sections 23 and 11 the level is up to 0.203m higher.  There is not 
a significant increased risk to the site and it is considered that the previous conservative 
manning’s value used in this assessment remains suitable.      

 
7.8.8 Table 16 shows that there is a negligible increase in flood levels at the site when 

considering a shallower downstream slope, which is to be expected as the downstream 
boundary is sufficiently downstream of the site as discussed in Section 7.5.  

 
7.8.9 Table 17 shows that when introducing a 50% blockage to the opening of the A140 

rectangular culvert unit, the upstream flood levels increase significantly and by up to 
1.198m (i.e. at cross section 15 upstream of the culvert).  Floodwater is also shown not 
to flow over the A140 road deck/spill unit (i.e. the road deck is set higher than the flood 
level) which could explain why upstream flood levels are higher.  Figure 29 shows that 
there would be an increase in flood extent across the site in relation to the baseline 
climate change (35%) 1 in 100 year flood event.  The flood level across the northern 
part of the site would reach 29.617m AOD (i.e. at cross section 36). 
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Table 15: Results comparison for increased “n” during climate change 1 in 100 year 
event  

Channel Manning's n = 0.042 Original Results
Node Max Stage (m AD) Max Velocity (m/s) Node Max Stage (m AD) Max Velocity (m/s) Stage Difference (m)

79 31.756 1.098 79 31.702 1.221 0.054
79a 31.74 1.133 79a 31.686 1.263 0.054
79b 31.722 1.175 79b 31.667 1.316 0.055
79c 31.695 1.239 79c 31.635 1.414 0.06
79d 31.677 1.287 79d 31.61 1.499 0.067
79e 31.658 1.34 79e 31.589 1.575 0.069

78 31.627 1.057 78 31.556 1.223 0.071
77 31.541 0.962 77 31.474 1.096 0.067
76 31.479 0.74 76 31.425 0.806 0.054
75 31.436 1.109 75 31.369 1.271 0.067
74 31.398 0.82 74 31.341 0.926 0.057
73 31.267 1.145 73 31.2 1.309 0.067
72 31.198 0.686 72 31.142 0.796 0.056
71 31.131 0.822 71 31.066 0.955 0.065
70 31.111 0.52 70 31.052 0.582 0.059
69 31.035 0.626 69 30.977 0.705 0.058
68 31.002 0.642 68 30.946 0.715 0.056
67 30.712 1.283 67 30.66 1.472 0.052
66 30.616 0.963 66 30.564 1.088 0.052
65 30.564 0.769 65 30.522 0.859 0.042
64 30.437 1.147 64 30.394 1.274 0.043
63 30.219 1.378 63 30.178 1.6 0.041
62 30.081 0.802 62 29.993 0.993 0.088
61 29.83 1.536 61 29.804 1.642 0.026
60 29.663 0.494 60 29.622 0.536 0.041
59 29.575 0.951 59 29.523 1.096 0.052
58 29.469 0.864 58 29.434 0.927 0.035
57 29.212 1.143 57 29.15 1.318 0.062
56 29.197 0.814 56 29.147 0.917 0.05
55 29.118 0.763 55 29.077 0.84 0.041
54 29 1.255 54 28.984 1.445 0.016
53 28.996 0.494 53 28.984 0.579 0.012
52 28.992 0.6 52 28.982 0.671 0.01
51 28.991 0.609 51 28.981 0.668 0.01
50 28.991 1.052 50 28.981 1.276 0.01
49 28.99 0.872 49 28.981 1.018 0.009
48 28.989 1.045 48 28.98 1.235 0.009
47 28.988 0.682 47 28.98 0.709 0.008
46 28.988 0.463 46 28.98 0.523 0.008
39 29.302 0.841 39 29.215 0.972 0.087
38 29.281 0.874 38 29.198 0.984 0.083
37 29.256 0.93 37 29.177 1.013 0.079
36 29.23 0.977 36 29.153 1.048 0.077
35 29.199 1.023 35 29.125 1.082 0.074
34 29.134 1.126 34 29.066 1.159 0.068
33 29.069 1.216 33 29.015 1.224 0.054
32 29.018 1.282 32 28.978 1.27 0.04
31 29.063 0.6 31 29.052 0.701 0.011
30 29.049 0.638 30 29.039 0.745 0.01
29 29.037 0.68 29 29.026 0.79 0.011
28 29.021 0.735 28 29.012 0.849 0.009
27 29.004 0.858 27 28.995 1.132 0.009
26 28.988 1.196 26 28.98 1.317 0.008
25 28.988 0.701 25 28.98 0.795 0.008
24 28.975 0.808 24 28.967 0.906 0.008
23 28.798 1.852 23 28.596 1.965 0.202
22 28.75 1.913 22 28.554 1.969 0.196
21 28.709 1.977 21 28.512 1.965 0.197
20 28.677 1.94 20 28.474 1.944 0.203
19 28.634 1.926 19 28.439 1.916 0.195
18 28.621 1.851 18 28.432 1.798 0.189
17 28.614 1.793 17 28.425 1.703 0.189
16 28.603 1.765 16 28.415 1.642 0.188
15 28.585 1.772 15 28.401 1.61 0.184
14 28.619 1.374 14 28.438 1.246 0.181
13 28.635 1.148 13 28.453 1.04 0.182
12 28.642 1.006 12 28.46 0.909 0.182
11 28.645 0.908 11 28.463 0.816 0.182
10 28.419 1.34 10 28.342 1.126 0.077
9 28.415 1.174 9 28.341 0.973 0.074
8 28.413 1.02 8 28.34 0.851 0.073
7 28.418 0.769 7 28.347 0.674 0.071
6 28.422 0.559 6 28.355 0.5 0.067
5 28.427 0.369 5 28.361 0.335 0.066
4 28.429 0.232 4 28.364 0.22 0.065
3 28.426 0.241 3 28.361 0.243 0.065
2 28.422 0.224 2 28.359 0.228 0.063
1 28.406 0.509 1 28.341 0.588 0.065  
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Table 16: Results comparison for shallower downstream slope during climate change 
1 in 100 year event  

Channel slope = 1:1056 Original Results
Node Max Stage (m AD) Max Velocity (m/s) Node Max Stage (m AD) Max Velocity (m/s) Stage Difference (m)

79 31.702 1.221 79 31.702 1.221 0
79a 31.686 1.263 79a 31.686 1.263 0
79b 31.667 1.316 79b 31.667 1.316 0
79c 31.635 1.414 79c 31.635 1.414 0
79d 31.61 1.499 79d 31.61 1.499 0
79e 31.589 1.575 79e 31.589 1.575 0

78 31.556 1.223 78 31.556 1.223 0
77 31.474 1.096 77 31.474 1.096 0
76 31.425 0.806 76 31.425 0.806 0
75 31.369 1.271 75 31.369 1.271 0
74 31.341 0.926 74 31.341 0.926 0
73 31.2 1.309 73 31.2 1.309 0
72 31.142 0.796 72 31.142 0.796 0
71 31.066 0.955 71 31.066 0.955 0
70 31.052 0.582 70 31.052 0.582 0
69 30.977 0.705 69 30.977 0.705 0
68 30.946 0.715 68 30.946 0.715 0
67 30.66 1.472 67 30.66 1.472 0
66 30.564 1.088 66 30.564 1.088 0
65 30.522 0.859 65 30.522 0.859 0
64 30.394 1.274 64 30.394 1.274 0
63 30.178 1.6 63 30.178 1.6 0
62 29.993 0.993 62 29.993 0.993 0
61 29.804 1.642 61 29.804 1.642 0
60 29.622 0.536 60 29.622 0.536 0
59 29.523 1.096 59 29.523 1.096 0
58 29.434 0.927 58 29.434 0.927 0
57 29.15 1.318 57 29.15 1.318 0
56 29.147 0.917 56 29.147 0.917 0
55 29.077 0.84 55 29.077 0.84 0
54 28.992 1.445 54 28.984 1.445 0.008
53 28.987 0.579 53 28.984 0.579 0.003
52 28.985 0.671 52 28.982 0.671 0.003
51 28.984 0.668 51 28.981 0.668 0.003
50 28.984 1.276 50 28.981 1.276 0.003
49 28.984 1.009 49 28.981 1.018 0.003
48 28.983 1.223 48 28.98 1.235 0.003
47 28.983 0.697 47 28.98 0.709 0.003
46 28.983 0.514 46 28.98 0.523 0.003
39 29.216 1.018 39 29.215 0.972 0.001
38 29.199 1.032 38 29.198 0.984 0.001
37 29.178 1.065 37 29.177 1.013 0.001
36 29.155 1.098 36 29.153 1.048 0.002
35 29.127 1.14 35 29.125 1.082 0.002
34 29.068 1.222 34 29.066 1.159 0.002
33 29.016 1.291 33 29.015 1.224 0.001
32 28.981 1.346 32 28.978 1.27 0.003
31 29.056 0.695 31 29.052 0.701 0.004
30 29.042 0.74 30 29.039 0.745 0.003
29 29.028 0.78 29 29.026 0.79 0.002
28 29.014 0.839 28 29.012 0.849 0.002
27 28.998 1.113 27 28.995 1.132 0.003
26 28.983 1.299 26 28.98 1.317 0.003
25 28.983 0.779 25 28.98 0.795 0.003
24 28.97 0.884 24 28.967 0.906 0.003
23 28.812 1.934 23 28.596 1.965 0.216
22 28.788 1.963 22 28.554 1.969 0.234
21 28.752 1.967 21 28.512 1.965 0.24
20 28.722 1.922 20 28.474 1.944 0.248
19 28.69 1.88 19 28.439 1.916 0.251
18 28.677 1.812 18 28.432 1.798 0.245
17 28.663 1.769 17 28.425 1.703 0.238
16 28.646 1.75 16 28.415 1.642 0.231
15 28.626 1.755 15 28.401 1.61 0.225
14 28.673 1.353 14 28.438 1.246 0.235
13 28.691 1.13 13 28.453 1.04 0.238
12 28.7 0.99 12 28.46 0.909 0.24
11 28.704 0.883 11 28.463 0.816 0.241
10 28.423 1.385 10 28.342 1.126 0.081
9 28.426 1.246 9 28.341 0.973 0.085
8 28.427 1.137 8 28.34 0.851 0.087
7 28.434 0.876 7 28.347 0.674 0.087
6 28.438 0.652 6 28.355 0.5 0.083
5 28.444 0.441 5 28.361 0.335 0.083
4 28.447 0.285 4 28.364 0.22 0.083
3 28.445 0.276 3 28.361 0.243 0.084
2 28.442 0.264 2 28.359 0.228 0.083
1 28.428 0.533 1 28.341 0.588 0.087  
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Table 17: Results comparison for 50% blockage of A140 culvert opening during 
climate change 1 in 100 year event  

Blockage 50% Original Results
Node Max Stage (m AD) Max Velocity (m/s) Node Max Stage (m AD) Max Velocity (m/s) Stage Difference (m)

79 31.702 1.221 79 31.702 1.221 0
79a 31.686 1.263 79a 31.686 1.263 0
79b 31.667 1.316 79b 31.667 1.316 0
79c 31.635 1.414 79c 31.635 1.414 0
79d 31.61 1.499 79d 31.61 1.499 0
79e 31.589 1.575 79e 31.589 1.575 0

78 31.556 1.223 78 31.556 1.223 0
77 31.474 1.096 77 31.474 1.096 0
76 31.425 0.806 76 31.425 0.806 0
75 31.369 1.271 75 31.369 1.271 0
74 31.341 0.926 74 31.341 0.926 0
73 31.2 1.309 73 31.2 1.309 0
72 31.142 0.796 72 31.142 0.796 0
71 31.066 0.955 71 31.066 0.955 0
70 31.052 0.582 70 31.052 0.582 0
69 30.977 0.705 69 30.977 0.705 0
68 30.946 0.715 68 30.946 0.715 0
67 30.66 1.472 67 30.66 1.472 0
66 30.564 1.088 66 30.564 1.088 0
65 30.522 0.859 65 30.522 0.859 0
64 30.394 1.274 64 30.394 1.274 0
63 30.178 1.6 63 30.178 1.6 0
62 29.993 0.993 62 29.993 0.993 0
61 29.804 1.642 61 29.804 1.642 0
60 29.622 0.536 60 29.622 0.536 0
59 29.609 1.096 59 29.523 1.096 0.086
58 29.608 0.926 58 29.434 0.927 0.174
57 29.604 1.316 57 29.15 1.318 0.454
56 29.604 0.915 56 29.147 0.917 0.457
55 29.604 0.837 55 29.077 0.84 0.527
54 29.604 1.44 54 28.984 1.445 0.62
53 29.604 0.579 53 28.984 0.579 0.62
52 29.604 0.655 52 28.982 0.671 0.622
51 29.604 0.668 51 28.981 0.668 0.623
50 29.604 1.273 50 28.981 1.276 0.623
49 29.604 0.973 49 28.981 1.018 0.623
48 29.604 1.153 48 28.98 1.235 0.624
47 29.604 0.682 47 28.98 0.709 0.624
46 29.604 0.468 46 28.98 0.523 0.624
39 29.626 0.791 39 29.215 0.972 0.411
38 29.623 0.791 38 29.198 0.984 0.425
37 29.62 0.804 37 29.177 1.013 0.443
36 29.617 0.817 36 29.153 1.048 0.464
35 29.614 0.832 35 29.125 1.082 0.489
34 29.608 0.862 34 29.066 1.159 0.542
33 29.609 0.885 33 29.015 1.224 0.594
32 29.608 0.904 32 28.978 1.27 0.63
31 29.607 0.606 31 29.052 0.701 0.555
30 29.606 0.629 30 29.039 0.745 0.567
29 29.606 0.649 29 29.026 0.79 0.58
28 29.605 0.676 28 29.012 0.849 0.593
27 29.604 0.702 27 28.995 1.132 0.609
26 29.604 0.733 26 28.98 1.317 0.624
25 29.604 0.69 25 28.98 0.795 0.624
24 29.603 0.745 24 28.967 0.906 0.636
23 29.602 1.028 23 28.596 1.965 1.006
22 29.601 0.999 22 28.554 1.969 1.047
21 29.601 0.962 21 28.512 1.965 1.089
20 29.6 0.918 20 28.474 1.944 1.126
19 29.6 0.873 19 28.439 1.916 1.161
18 29.6 0.876 18 28.432 1.798 1.168
17 29.599 0.864 17 28.425 1.703 1.174
16 29.599 0.777 16 28.415 1.642 1.184
15 29.599 0.72 15 28.401 1.61 1.198
14 29.598 0.571 14 28.438 1.246 1.16
13 29.597 0.482 13 28.453 1.04 1.144
12 29.597 0.422 12 28.46 0.909 1.137
11 29.597 0.38 11 28.463 0.816 1.134
10 28.297 1.035 10 28.342 1.126 -0.045
9 28.297 0.889 9 28.341 0.973 -0.044
8 28.295 0.781 8 28.34 0.851 -0.045
7 28.3 0.638 7 28.347 0.674 -0.047
6 28.305 0.483 6 28.355 0.5 -0.05
5 28.311 0.325 5 28.361 0.335 -0.05
4 28.314 0.211 4 28.364 0.22 -0.05
3 28.311 0.245 3 28.361 0.243 -0.05
2 28.309 0.223 2 28.359 0.228 -0.05
1 28.291 0.59 1 28.341 0.588 -0.05  
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Figure 29: Extent of climate change (35%) 1 in 100 year flood extent with A140 
blockage in relation to baseline climate change (35%) 1 in 100 year flood extent 
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8. CONCLUSIONS 
 

• An InfoWorks RS model has been developed to determine the fluvial flood risk to the site 
from the watercourses. 
   

• The results show that the site is mainly located within the present day and future Flood 
Zone 1, however, the northern part of the site is located within the Flood Zone 3b, 3a 
and 2. 
 

• A sensitivity analysis has been carried out in which the model was tested for a change in 
channel roughness, change in downstream slope and partial blockage of the downstream 
A140 culvert.  The results indicate that the model is not particularly sensitive and does 
not result in significant changes in flood extent.  However, when considering the 
blockage scenario, there is a significant increase in flood level upstream and across the 
northern part of the site. 
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Appendix E – Surface Water Calculations 
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16 Meridian Way Norwich Road,

Norwich Dickleburgh

NR7 0TA SW-Drainage

Date 28/03/2018 Designed by GMA

File SW-Drainage.mdx Checked by RAC

Micro Drainage Network 2017.1.2

Existing Network Details for Storm

©1982-2017 XP Solutions

* - Indicates pipe has been modified outside of System 1

PN Length

(m)

Fall

(m)

Slope

(1:X)

I.Area

(ha)

T.E.

(mins)

k

(mm)

HYD

SECT

DIA

(mm)

Section Type

* 1.000 21.382 0.052 410.0 0.070 1.00 0.600 o 450 Pipe/Conduit

* 1.001 27.237 0.066 410.0 0.070 0.00 0.600 o 450 Pipe/Conduit

* 1.002 42.761 0.104 410.0 0.070 0.00 0.600 o 450 Pipe/Conduit

* 1.003 19.221 0.047 410.0 0.070 0.00 0.600 o 450 Pipe/Conduit

* 1.004 54.215 0.132 410.0 0.070 0.00 0.600 o 450 Pipe/Conduit

* 1.005 31.513 0.077 410.0 0.068 0.00 0.600 o 450 Pipe/Conduit

* 1.006 15.896 0.039 410.0 0.000 0.00 0.600 o 450 Pipe/Conduit

* 1.007 17.932 0.044 410.0 0.000 0.00 0.600 o 450 Pipe/Conduit

* 1.008 7.167 0.072 100.0 0.000 0.00 0.600 o 150 Pipe/Conduit

PN US/MH

Name

US/CL

(m)

US/IL

(m)

US

C.Depth

(m)

DS/CL

(m)

DS/IL

(m)

DS

C.Depth

(m)

Ctrl US/MH

(mm)

* 1.000 1 30.000 28.000 1.550 29.800 27.948 1.402 1500

* 1.001 2 29.800 27.948 1.402 29.600 27.882 1.268 1500

* 1.002 3 29.600 27.882 1.268 30.200 27.778 1.972 1500

* 1.003 4 30.200 27.778 1.972 30.200 27.731 2.019 1500

* 1.004 5 30.200 27.731 2.019 29.300 27.599 1.251 1500

* 1.005 6 29.300 27.599 1.251 29.200 27.522 1.228 1500

* 1.006 7 29.200 27.522 1.228 29.300 27.483 1.367 1500

* 1.007 8 29.300 27.483 1.367 29.100 27.439 1.211 1500

* 1.008 9 29.100 27.439 1.511 29.300 27.367 1.783 Hydro-Brake® 1500

Free Flowing Outfall Details for Storm

Outfall

Pipe Number

Outfall

Name

C. Level

(m)

I. Level

(m)

Min

I. Level

(m)

D,L

(mm)

W

(mm)

1.008 10 29.300 27.367 0.000 1500 0

Simulation Criteria for Storm

Volumetric Runoff Coeff 0.750 Additional Flow - % of Total Flow 0.000

Areal Reduction Factor 1.000 MADD Factor * 10m³/ha Storage 2.000

Hot Start (mins) 0 Inlet Coeffiecient 0.800

Hot Start Level (mm) 0 Flow per Person per Day (l/per/day) 0.000

Manhole Headloss Coeff (Global) 0.500 Run Time (mins) 60

Foul Sewage per hectare (l/s) 0.000 Output Interval (mins) 1

Number of Input Hydrographs 0 Number of Offline Controls 0

Number of Online Controls 1 Number of Storage Structures 1
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16 Meridian Way Norwich Road,

Norwich Dickleburgh

NR7 0TA SW-Drainage

Date 28/03/2018 Designed by GMA

File SW-Drainage.mdx Checked by RAC

Micro Drainage Network 2017.1.2

Simulation Criteria for Storm

©1982-2017 XP Solutions

Number of Time/Area Diagrams 0 Number of Real Time Controls 0

Synthetic Rainfall Details

Rainfall Model FSR Profile Type Summer

Return Period (years) 100 Cv (Summer) 0.750

Region England and Wales Cv (Winter) 0.840

M5-60 (mm) 20.000 Storm Duration (mins) 30

Ratio R 0.450
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16 Meridian Way Norwich Road,

Norwich Dickleburgh

NR7 0TA SW-Drainage

Date 28/03/2018 Designed by GMA

File SW-Drainage.mdx Checked by RAC

Micro Drainage Network 2017.1.2

Online Controls for Storm

©1982-2017 XP Solutions

Hydro-Brake® Optimum Manhole: 9, DS/PN: 1.008, Volume (m³): 5.5

Unit Reference MD-SHE-0047-1200-1400-1200

Design Head (m) 1.400

Design Flow (l/s) 1.2

Flush-Flo™ Calculated

Objective Minimise upstream storage

Application Surface

Sump Available Yes

Diameter (mm) 47

Invert Level (m) 27.439

Minimum Outlet Pipe Diameter (mm) 75

Suggested Manhole Diameter (mm) 1200

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

Design Point (Calculated) 1.400 1.2

Flush-Flo™ 0.211 0.9

Kick-Flo® 0.423 0.7

Mean Flow over Head Range - 0.9

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 0.8 1.200 1.1 3.000 1.7 7.000 2.5

0.200 0.9 1.400 1.2 3.500 1.8 7.500 2.6

0.300 0.8 1.600 1.3 4.000 1.9 8.000 2.7

0.400 0.7 1.800 1.3 4.500 2.0 8.500 2.7

0.500 0.8 2.000 1.4 5.000 2.1 9.000 2.8

0.600 0.8 2.200 1.5 5.500 2.2 9.500 2.9

0.800 0.9 2.400 1.5 6.000 2.3

1.000 1.0 2.600 1.6 6.500 2.4



Rossi Long Consulting Ltd Page 4

16 Meridian Way Norwich Road,

Norwich Dickleburgh

NR7 0TA SW-Drainage

Date 28/03/2018 Designed by GMA

File SW-Drainage.mdx Checked by RAC

Micro Drainage Network 2017.1.2

Storage Structures for Storm

©1982-2017 XP Solutions

Tank or Pond Manhole: 8, DS/PN: 1.007

Invert Level (m) 27.483

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

0.000 96.0 1.400 333.0 2.800 0.0 4.200 0.0

0.200 123.0 1.600 376.0 3.000 0.0 4.400 0.0

0.400 152.0 1.800 421.0 3.200 0.0 4.600 0.0

0.600 184.0 2.000 0.0 3.400 0.0 4.800 0.0

0.800 218.0 2.200 0.0 3.600 0.0 5.000 0.0

1.000 254.0 2.400 0.0 3.800 0.0

1.200 292.0 2.600 0.0 4.000 0.0
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16 Meridian Way Norwich Road,

Norwich Dickleburgh

NR7 0TA SW-Drainage

Date 28/03/2018 Designed by GMA

File SW-Drainage.mdx Checked by RAC

Micro Drainage Network 2017.1.2

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

for Storm

©1982-2017 XP Solutions

Simulation Criteria

Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 0.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000

Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000

Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Storage Structures 1

Number of Online Controls 1 Number of Time/Area Diagrams 0

Number of Offline Controls 0 Number of Real Time Controls 0

Synthetic Rainfall Details

Rainfall Model FSR Ratio R 0.450

Region England and Wales Cv (Summer) 0.750

M5-60 (mm) 20.000 Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 400.0

Analysis Timestep 2.5 Second Increment (Extended)

DTS Status OFF

DVD Status ON

Inertia Status ON

Profile(s) Winter

Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600,

720, 960, 1440, 2160, 2880, 4320, 5760,

7200, 8640, 10080

Return Period(s) (years) 1, 30, 100

Climate Change (%) 0, 0, 40

PN

US/MH

Name Storm

Return

Period

Climate

Change

First (X)

Surcharge

First (Y)

Flood

First (Z)

Overflow

Overflow

Act.

Water

 Level

(m)

1.000 1 15 Winter 1 +0% 100/15 Winter 28.107

1.001 2 15 Winter 1 +0% 100/15 Winter 28.072

1.002 3 15 Winter 1 +0% 100/15 Winter 28.019

1.003 4 15 Winter 1 +0% 30/720 Winter 27.943

1.004 5 15 Winter 1 +0% 30/360 Winter 27.891

1.005 6 480 Winter 1 +0% 30/60 Winter 27.849

1.006 7 480 Winter 1 +0% 30/30 Winter 27.849

1.007 8 480 Winter 1 +0% 30/30 Winter 27.849

1.008 9 480 Winter 1 +0% 1/15 Winter 27.851

PN

US/MH

Name

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

Pipe

Flow

(l/s) Status

Level

Exceeded

1.000 1 -0.343 0.000 0.09 11.9 OK

1.001 2 -0.326 0.000 0.14 18.7 OK
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16 Meridian Way Norwich Road,

Norwich Dickleburgh

NR7 0TA SW-Drainage

Date 28/03/2018 Designed by GMA

File SW-Drainage.mdx Checked by RAC

Micro Drainage Network 2017.1.2

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

for Storm

©1982-2017 XP Solutions

1.002 3 -0.313 0.000 0.18 25.4 OK

1.003 4 -0.285 0.000 0.26 32.3 OK

1.004 5 -0.290 0.000 0.27 38.5 OK

1.005 6 -0.200 0.000 0.05 6.5 OK

1.006 7 -0.123 0.000 0.06 6.1 OK

1.007 8 -0.084 0.000 0.01 1.2 OK

1.008 9 0.262 0.000 0.06 0.8 SURCHARGED

PN

US/MH

Name

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

Pipe

Flow

(l/s) Status

Level

Exceeded
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16 Meridian Way Norwich Road,

Norwich Dickleburgh

NR7 0TA SW-Drainage

Date 28/03/2018 Designed by GMA

File SW-Drainage.mdx Checked by RAC

Micro Drainage Network 2017.1.2

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

for Storm

©1982-2017 XP Solutions

Simulation Criteria

Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 0.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000

Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000

Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Storage Structures 1

Number of Online Controls 1 Number of Time/Area Diagrams 0

Number of Offline Controls 0 Number of Real Time Controls 0

Synthetic Rainfall Details

Rainfall Model FSR Ratio R 0.450

Region England and Wales Cv (Summer) 0.750

M5-60 (mm) 20.000 Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 400.0

Analysis Timestep 2.5 Second Increment (Extended)

DTS Status OFF

DVD Status ON

Inertia Status ON

Profile(s) Winter

Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600,

720, 960, 1440, 2160, 2880, 4320, 5760,

7200, 8640, 10080

Return Period(s) (years) 1, 30, 100

Climate Change (%) 0, 0, 40

PN

US/MH

Name Storm

Return

Period

Climate

Change

First (X)

Surcharge

First (Y)

Flood

First (Z)

Overflow

Overflow

Act.

Water

 Level

(m)

1.000 1 720 Winter 30 +0% 100/15 Winter 28.229

1.001 2 720 Winter 30 +0% 100/15 Winter 28.229

1.002 3 720 Winter 30 +0% 100/15 Winter 28.229

1.003 4 720 Winter 30 +0% 30/720 Winter 28.229

1.004 5 720 Winter 30 +0% 30/360 Winter 28.230

1.005 6 720 Winter 30 +0% 30/60 Winter 28.230

1.006 7 720 Winter 30 +0% 30/30 Winter 28.230

1.007 8 720 Winter 30 +0% 30/30 Winter 28.229

1.008 9 600 Winter 30 +0% 1/15 Winter 28.327

PN

US/MH

Name

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

Pipe

Flow

(l/s) Status

Level

Exceeded

1.000 1 -0.221 0.000 0.01 1.8 OK

1.001 2 -0.169 0.000 0.03 3.6 OK
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16 Meridian Way Norwich Road,

Norwich Dickleburgh

NR7 0TA SW-Drainage

Date 28/03/2018 Designed by GMA

File SW-Drainage.mdx Checked by RAC

Micro Drainage Network 2017.1.2

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

for Storm

©1982-2017 XP Solutions

1.002 3 -0.103 0.000 0.04 5.3 OK

1.003 4 0.001 0.000 0.05 6.5 SURCHARGED

1.004 5 0.049 0.000 0.05 7.9 SURCHARGED

1.005 6 0.181 0.000 0.07 9.1 SURCHARGED

1.006 7 0.258 0.000 0.08 8.9 SURCHARGED

1.007 8 0.296 0.000 0.05 6.2 SURCHARGED

1.008 9 0.738 0.000 0.06 0.9 SURCHARGED

PN

US/MH

Name

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

Pipe

Flow

(l/s) Status

Level

Exceeded
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16 Meridian Way Norwich Road,

Norwich Dickleburgh

NR7 0TA SW-Drainage

Date 28/03/2018 Designed by GMA

File SW-Drainage.mdx Checked by RAC

Micro Drainage Network 2017.1.2

100 year Return Period Summary of Critical Results by Maximum Level (Rank

1) for Storm

©1982-2017 XP Solutions

Simulation Criteria

Areal Reduction Factor 1.000 Additional Flow - % of Total Flow 0.000

Hot Start (mins) 0 MADD Factor * 10m³/ha Storage 2.000

Hot Start Level (mm) 0 Inlet Coeffiecient 0.800

Manhole Headloss Coeff (Global) 0.500 Flow per Person per Day (l/per/day) 0.000

Foul Sewage per hectare (l/s) 0.000

Number of Input Hydrographs 0 Number of Storage Structures 1

Number of Online Controls 1 Number of Time/Area Diagrams 0

Number of Offline Controls 0 Number of Real Time Controls 0

Synthetic Rainfall Details

Rainfall Model FSR Ratio R 0.450

Region England and Wales Cv (Summer) 0.750

M5-60 (mm) 20.000 Cv (Winter) 0.840

Margin for Flood Risk Warning (mm) 400.0

Analysis Timestep 2.5 Second Increment (Extended)

DTS Status OFF

DVD Status ON

Inertia Status ON

Profile(s) Winter

Duration(s) (mins) 15, 30, 60, 120, 180, 240, 360, 480, 600,

720, 960, 1440, 2160, 2880, 4320, 5760,

7200, 8640, 10080

Return Period(s) (years) 1, 30, 100

Climate Change (%) 0, 0, 40

PN

US/MH

Name Storm

Return

Period

Climate

Change

First (X)

Surcharge

First (Y)

Flood

First (Z)

Overflow

Overflow

Act.

Water

 Level

(m)

1.000 1 960 Winter 100 +40% 100/15 Winter 28.748

1.001 2 960 Winter 100 +40% 100/15 Winter 28.748

1.002 3 960 Winter 100 +40% 100/15 Winter 28.748

1.003 4 960 Winter 100 +40% 30/720 Winter 28.748

1.004 5 960 Winter 100 +40% 30/360 Winter 28.747

1.005 6 960 Winter 100 +40% 30/60 Winter 28.747

1.006 7 960 Winter 100 +40% 30/30 Winter 28.747

1.007 8 960 Winter 100 +40% 30/30 Winter 28.746

1.008 9 960 Winter 100 +40% 1/15 Winter 28.851

PN

US/MH

Name

Surcharged

Depth

(m)

Flooded

Volume

(m³)

Flow /

Cap.

Overflow

(l/s)

Pipe

Flow

(l/s) Status

Level

Exceeded

1.000 1 0.298 0.000 0.02 2.6 SURCHARGED

1.001 2 0.350 0.000 0.04 5.1 SURCHARGED



Rossi Long Consulting Ltd Page 10

16 Meridian Way Norwich Road,

Norwich Dickleburgh

NR7 0TA SW-Drainage

Date 28/03/2018 Designed by GMA

File SW-Drainage.mdx Checked by RAC

Micro Drainage Network 2017.1.2

100 year Return Period Summary of Critical Results by Maximum Level (Rank

1) for Storm

©1982-2017 XP Solutions

1.002 3 0.416 0.000 0.05 7.4 SURCHARGED

1.003 4 0.520 0.000 0.08 9.8 SURCHARGED

1.004 5 0.566 0.000 0.08 11.9 SURCHARGED

1.005 6 0.698 0.000 0.10 14.2 SURCHARGED

1.006 7 0.775 0.000 0.13 14.1 SURCHARGED

1.007 8 0.813 0.000 0.06 7.1 SURCHARGED

1.008 9 1.262 0.000 0.07 1.1 FLOOD RISK

PN

US/MH

Name

Surcharged
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Appendix F – Drainage Strategy Drawing 
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SURFACE WATER DRAINAGE STRATEGY
· ROOF DRAINAGE, PERMEABLE SURFACES AND ESTATE

ROAD DRAINAGE TO MAIN SURFACE WATER SYSTEM WITH
DETENTION BASIN AND OUTFALL TO DICKLEBURGH
STREAM.

· DISCHARGE TO THE WATERCOURSE AT A MAXIMUM RATE
OF 1.2L/S.

· ALL FEATURES DESIGNED FOR THE 1 IN 100 YEARS + 40%
CLIMATE CHANGE EVENT.

SITE LOCATION
Scale 1:2000
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Appendix G – Preliminary Management & Maintenance Plan 
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1.0 General Description 

1.1 The site is a development of residential dwellings, retirement units and a community facility 
with access off Norwich Road, Dickleburgh.  The responsibility for the maintenance of SuDS 
features rests with the following. 

1.2 The responsibility for the maintenance of private systems rests with householders for features 
within the curtilage of their own property.  Shared features will be maintained by a Management 
Company on behalf of the residents. 

1.3 The principal surface drainage system with attenuation storage, flow control and discharge to 
the Dickleburgh Stream will be offered for adoption by Anglian Water.  Anglian Water will be 
responsible for the operation and maintenance of this system.  Should Anglian Water not be 
prepared to adopt the system, the responsibility for future maintenance will rest with the 
Management Company. 

1.4 For the purposes of this manual, maintenance refers to: 

1) Inspections required to identify performance issues and plan appropriate maintenance 
needs. 
 

2) Operation and maintenance of the drainage system.  

1.5 The SuDS features comprise: 

1) Pervious Paving 
 

2) Inlets, Outlets and Inspection Chambers 
 

3) Detention Basin 
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2.0 Operation and Maintenance Requirements 

  2.1 Pervious Paving – Table 20.15 CIRIA C753 
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2.2  Detention Basin 
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3.0 Operation and Maintenance Activities 

  3.1    Operation and Maintenance Activity Categories 
 Maintenance activities can be broadly defined as: 

1) regular maintenance (including inspections); 

2) occasional maintenance; and 

3) remedial maintenance. 

There may also be initial one-off requirements sometimes referred to as “establishment 
maintenance”, particularly for planting (e.g. weeding and watering).  Regular maintenance 
consists of basic tasks carried out to a frequent and predictable schedule, including inspections 
/ monitoring, silt or oil removal if required more frequently than once per year, vegetation 
management, sweeping of surfaces and litter and debris removal. 

Occasional maintenance comprises tasks that are likely to be required periodically, but on a 
much less frequent and predictable basis than the regular tasks (e.g. sediment removal or filter 
replacement).  The table overleaf summarises the likely maintenance activities required for 
each SuDS component. 

Remedial maintenance describes the intermittent tasks that may be required to rectify faults 
associated with the system, although the likelihood of faults can be minimised by good design, 
construction and regular maintenance activities.  Where remedial work is found to be 
necessary, it is likely to be due to site-specific characteristics or unforeseen events, and so 
timings are difficult to predict.  Remedial maintenance can comprise activities such as: 

 inlet and outlet repairs; 

 erosion repairs; 

 infiltration surface rehabilitation; 

 replacement of blocked filter materials / fabrics; 

 construction stage sediment removal (although this activity should have been undertaken 
before the start of the maintenance contract); 

 system rehabilitation immediately following a pollution event. 
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3.2    Operation and Maintenance Activity Schedule 
 

Operation and maintenance activity SuDS 
component 
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Regular maintenance (Monthly or as Required) 

Inspection     
Inspect after leaf fall in the Autumn     
Litter and debris removal     
Grass cutting     
Weed and invasive plant control     
Shrub management (including pruning)     
Brush regularly and remove sweepings      

Occasional maintenance (Annually) 

Sediment management     
Vegetation replacement     
Vacuum sweeping and brushing     
Check topsoil levels are 20mm above 
chambers to avoid mower damage     

Remove covers and inspect ensuring water is 
free flowing and that any inlet / outlet is 
unobstructed 

   
 

Remedial maintenance (As Required) 

Jet wash and suction cleaning     
Structure rehabilitation / repair     
Infiltration surface reconditioning     

  
Key  
 will be required  
 may be required  
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