Part B - Your Representations

Please note: this section will need to be completed for each representation you make on each separate policy.

Local Plan

For Official Use Only
Person 10 Rep ID:




7. Please give details of why you consider the Local Plan is not legally compliant or is unsound or fails to
comply with the duty co-operate. Please be as precise as possible. If you wish to support the legal
compliance or soundness of the Local Plan or its compliance with the duty to cooperate, please also
use this box to set out your comments.

Pleasa see balow

Continue on a separate sheet if necessary

8. Please set out what modification(s) you consider necessary to make the Local Plan legally compliant or
sound, having regard to the test you have identified at 7. above where this relates to soundness. (Please
note that any non-compliance with the duty to co-operate is incapable of modification at examination).
You will need to say why this modification will make the Local Plan legally compliont or sound, It will be
helpful if you are able to put forward your suggested revised wording of any policy or text. Please be
as precise as possible.

The number of dwellings on the two sites combined should be increased to approximately 40 on the Meadow
House and Kingswood Farm sites.

Continue on a separate sheaet if necessary

Please note your representation should cover succinctly all the information, evidence and supporting information
necessary to supportfjustify the representation and the suggested modification, as there will not normally be a
subsequent opportunity to make further representations based on the original representation at publication stage.
After this stage, further submissions will be only at the request of the Inspector, based on the matters and issues
helshe identifies for examination.

For Officicl Use Only
Parson ID: Rep ID:




9. If your representation is seeking a modification, do you consider it necessory to participate at the oral

part of the examination?

No, | do notwish to porticipate at tha oral examinaticn

v

Yes, | wish to participate ot the oral examination

10. Iif you wish to participate ot the oral part of the examination, please cutline why you consider
this to be necessary:

To discuss the issues surrounding the allocation.

Continue oh o separate sheet if necessary

Please nota: This writtan reprasantation camies the same weight and will be subject to the some scruting as oral
reprasantations. The Inspector will determine tha most appropriate procedure to adopt to hear those who have

indicated that they wish to participate al the oral part of the axamination.

11. Declaration

| understand that oll comments submitted will be considered in line with this consultation, and that my comments will
be made publicly availoble and may be identifioble to my namelorganisation.

27/06/2014

Date :

Copies of all the objections ond supporting reprasentations will ba mode available for others to see at the Cauncil's
offices at Riverside House and anline via the Council's e-consultation system. Please note that all comments on the
Local Plan are in the public domain and the Council cannot accept confidential objections. The information will ba
held on o dotobase ond used to assist with the preporation of the new Local Plon and with considaration of
planning applications in occordance with the Data Protection Act 1998,
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Palicy DS11 praposes the allocation of land at Kingswood — Meadow House for 10
dwellings and Kingswood ~ Kingswood Farm for a further 10 dwellings (sites H20 arid
H30). In separate representations we have supported theprinciple of this aliocation
and provide a reasoned justification for this. However the combined sites have a
developable area outside of flood zone 2 (1:1000) or 3 £:100) of approximately 1.9
hectares (excluding The Meadow House), and are ¢apable of accommodating more
than the 20 dwellings proposed between them. . Indeed the Village Housing Options
and Settlernent Boundaries Consultation indicated the Meadow House site should
accommodate 20 dwellings on a developable area of 1.43 hectares, subject to detailed
fioed risk assessment work, and the Kingswood Farm site 10 dwellings on a 054
hectare developable area. Failure t0 propose the allocation of the land for a higher
number of units is not justified and is not consistent with national policy.

National planning guidance requires the best use ta be made of land, to minimise the
overall take up of green fields and thus to reduce the impact on the wider landscape.
Failure to make bast use of the land results in conflict with the NPPF. In this case the
averall suitabilityof the site to accommodatedevelopment is not in question. Howevyer
as aresult of concerns over potential flood rigk by the Council, the number of dwellings
has been reduced to a level which does not make best use of the land.

Itis a matter of fack that the site has not flooded. However in response to issues raised
about flooding a meeting was convened to agree with the District Council what
information they required to overcome their concems. As a result Robert West
Consulting was instructed to undertake detailed hydrological flood modelling work.
The outcome was a report which was submitted to the District Council and is attached
herawith. The report is backed up by a detailed topographical survey of the land
undertaken by Midland Survey, and confirms both the gxtent of the flood zone and the
estimated depth of any flood water in a flood event,

A further meeting was then arranged, attended by persons from Rabert West and the
Council's flood team. At this meeting the Coungil agreed that those parts of the site
which ware not prone to flooding could be developed provided a dry emergency accass
was available, for vehicles and pedestrians. Duning the meeting officers at t he Council
were shown an indicative layout which showed both parcels of land being developed
using the existing access for Meadow House and Nursary Cottages. The hydrological
study establishes that part of the access road could be subject to shallaw flood water
(to a depth of approximately 150mm) during a flood event, For emergency purpeses
(which is very unlikely ta ever be nesdad} an access mute autside of the flood zone 3
is shown taken through the Kingswood Farm tand

The District Council accepted that this was a salisfactory solution (as the attached
minutes confirm}. Follawing the mesting the indicative layout was further emended to
show how surface water run-off will be deait with, whilst accommodating 39 dwellings
between the two sites (retaining Meadow House) (attached),

This level of development, given the constraints (which including avoiding the land
within flood zones 2 and 3, and the impact on the Kingswoed Farm, which is a listed
building), makes best use of the land available whilst still creating an attractive
development which ¢an meet the needs of the local 2 m and the wider District. Thus
increasing the number of units on the Kingswood — Meadow House site to
approximately 27 would make this part of the Plan sound, overcoming problems of
consistency with National Policy and justification. Similarly the housing numbers for
Kingswood - Kingswood Farm should be increased to approximately 12,



During the detailed design development stage A C Lioyd will investigate options to

further reduce any flood risk issues. These my intlude: _

1. The possibility of enlarging the culvert under the Warwick Road to improve flows
under the main road and thereby remove the shallow surface flooding of the
adjacent highway / pedestrian access route. This may mean the emergancy
access could be avoided and may also provide benefit to the wider area,

2. Re-grading and deepening the exisiing chanrel back from the canal / rail culvert ta
approximately | in 500 gradient, within the Meadow House site.

3. Utilisingland to the west of the Meadow House site for compensatory flood storage,
which may increase the number of units which could be accommodated on the
Kingswaod — Meadow House site.

Attached are the following:

¢ Flood Report preparsd by Rober! West Consulting

= Minutes from |he meeting held to discuss the outcome of the modelling work
o  Swale size calculations

*  Revised indicative layout showing 39 dwellings
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1 INTRODUCTION

Robert Wesl Consulting have been instructed by A C Lloyd Homes Ltd. to undertake a Flood
Mapping Study in relation to a possible residential development on land adjacent to
Kingswood Nursery, Lapworth, Warwickshire. Grid Reference: SP18800 70750. Due to
Environment Agency Flood maps not being available for this location and to pravide a level
of confidence to existing local residents and possible future residents, hydrodynamic

modelling is to be used to prepare flood maps. The site location is shown in Figure 1 below:
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2 SITE AND DEVELOPMENT DESCRIPTION

The existing site is partially developed and includes Kingswood Nursery. The land relating to
this proposed development is located south of the B4439 Old Warwick Road. Kingswood
Brook runs along the western boundary of the site while a Railway Line runs along part of the
southern boundary and the Grand Union Canal forms the eastern boundary to the site. A
number of residential properties are located in the area with agricultural land surrounding

these residential areas. Figure 2 below shows the existing site layout.

Figure 2;: Development Site Photograph with Topographic info overlaid

Kingswood Nursery, Lapworth 5300/001
Feport No CHZ34/01 Fage 2



Robert - S

Infrastructure

weSt Transport & Environment

3 SCOPE & OBJECTIVES

3.1 The scope of this report is to assess the risk of flooding to the site at Kingswood Nursery.
It has involved a hydrological st udy to estimate the peak I in 100 and 1 In 1000 year
flows.

3.2 A topographical survey of the site including Kingswood Brook has been undertaken.
Using this topographical information, supplemented by a 'Next Map 2" digital terrain
model (OTM) an ISIS-TUFLOW model has been created.

3.3 This model, together with the peak flow estimates frem the hydrological study, predicts
the flood extents of Flood Zones 2 and 3 on the gite and provides peak flood water levels.

Kingswood Nursery, Lapworth 5300/001
Report No CH234/01 Page 3
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4 HYDROLOGY

4.1 Hydrological analyses of Kingswood Brook have been undertaken to estimate peak
design flows.

The calculation of flows is based on methods detailed in the Flood Estimation Handbook
(FEH) and latest Environment Agency's FEH guidelines (Version 4), June 2012.

Full details of the analyses are shown in Appendix A.

Flows have heen estimated for return periods 2, 5, 10, 50, 100, 200 and 1000 vears
using 4 different methods:

FEH statistical method using pooling growth curves
The revitalised flood hydrograph method (ReFH)
Statistical method using ReFH growth curve

FEH statistical method using single site growth curves

A summary of the flows for all methods is shown in Table 4.1 below:

Statistical Method Pooling Group

Site Return Period (Years)
2 5 10 20 50 75 100 200 1000
Kings 1.91 2,76 3.37 4.01 4.96 - 277 6.69 89.31

Flood Flows from ReFH Method

Site Return Period (Years)
2 5 10 20 50 75 100 200 1000
Kings 2058 270 3.23 372 453 - 528 6.21 9.36

Flow Estimates using Stats method extended ReFH Growth Curves

Site Return Period (Years)
2 5 10 20 50 75 100 200 1000
Kings 1.91 2,76 3.37 4.01 4.96 877 6.79 10.23

FEH Statistical Method using single site growth curve

Site Return Period {Years)
2 5 10 20 50 75 100 200 1000
Kings 1 1.23 1.41 1.60 1.87 - 2,11 2.36 3.06

Table 4-1; Peak flows (m®s) from hydrological analysis

Kingswood Nursery, Lapworth 5300/001
Feport No CHZ34/01 Fage 4
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5 SELECTION OF METHOD

Fload flows are based on the methods detailed in the Flood Estimation Handbook and the
Environment Agency's FEH Guidelines (Version 4). The Statistical Pooling Group Method is
based on using flow data from a nearby donor gauging station to adjust QMED and WINFAP
used to construct a pooling group from hydrologically similar stations. The Revitalised Flood

Hydrograph Method (ReFH) was also used.

ReFH provides slightly lower flows than the Stats method but the differences are small and
these are similar. The ReFH growth curve is flatter but the higher GMED provides the similar

flood flow estimates.

The choice of method is entirely subjective as without historical flood data there is no means
of confirming which method provides the best flood estimates. The Statistical method is based
on local data and a pooled growth curve using the most recent HiFlows data set although some
of the component stations are far removed.

The single site growth curve, at the nearest local station with records suitable for pooling, is
flatter than the Pooling Group and ReFH methods but this is based on a limited number of
years of data and for a far larger catchment area where a flatter growth curve may be expected.
The choice is subjective but the FEH standard approach and UK practice is to use the pooling
group the recommended flows area based on the FEH Statistical Method extended to the 1000
year return period.

As such, it is the flows derived using the Statistical Pooling Group Method, extended to the 1

in 1000 year flow using the Pooling Group growth curve.

Due to the uncertainties in flood estimation and expected climate change impacts, it is required
that flood flows should include an allowance for climate change and the latest guidance

requires a 20% increase in river flows by 2110,
As a design hydrograph is required it is recommended that the hydrograph shape from the
ReFH method is used but forced to fit the peak flows from the Statistical method, referred to in

the FEH as the hybrid method. This has been achieved in the ReFH boundary unit in ISIS.

Acsummary of the flows used in the hydrodynamic modelling are shown in Table 5.1 below:

Kingswood Nursery, Lapworth 5300/001
Feport No CHZ34/01 Fage 5
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Flow estimates using Stats method extended using ReFH Growth Curves
Sho Return Pariod (year)
2 5 10 20 50 100 200 1000
Kings 1.91 2.76 3.37 4.01 4.96 5.77 6.69 9.31
Tabk M: Peak fliows (m®s) used In hydrodynamic modeiling
Kingswood Nursery, Lapworth S300/001
Report No CH234/01 Page 6
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6 TOPOGRAPHICAL SURVEY

6.1 Afull topographical survey of the site, including Kingswood Brook, has been undertaken.
The survey included top and bottom of banks and bed levels at Kingswood Braok.

6.2 Alsincluded in the survey were details of the Old Warwick Road twin arch culvert at the
upstream end of the site and the canal culvert at the downstream end.

6.3 The culvert survey details induded upstream and downstream soffit and invert levels,
springing level and dimensians at openings. Additional fopographical data was abtained
using NextiMap2 DTM.

Kingswood Nursery, Lapworth S300/001
Report No CH234/01 Page 7
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7 MODELLING
7.1  INTRODUCTION

To fully demonstrate the flood risk to the development area, a modelling study was
undertaken to accurately assess the flood plain extent. A system of a 1-dimensional channel
model {1513) dynamically linked to a 2-dimensional flood plain model (TUFLOW) was
adopted. The combination of ISIS-TUFLOW provides an accurate assessment of the extent,
depth, level and velocity of flooding. The model was developed using topographical
information provided by Midland Survey Ltd and flows from the Flood Hydrology Report
undertaken by Dr Paul Garrad shown in Appendix A.

The upstream boundary of the model on Kingswood Brook has been applied approximately

10m upstream of the Old Warwick Road Bridge.

Flows have been introduced to the |51S Model using ReFH boundary conditions with
catchment descriptors extracted from the FEH CD-Rom at SP 18800 70750.

The downstream boundary, a normal depth boundary has been set at a suitable location

downstream of the Railway line culvert.

Topographical data for the floodplain has been abtained through a combination of the

topographical survey data provided and NextMap2 DTM.

7.2 18IS MODEL

The ISIS model has been developed from cross seclions created from a digital ground model
created from the topographic survey. Cross sections were generated at 25m centers and
upstream and downstream of structures.
There are two structures represented within the model:

= Warwick Road bridge

= Canal culvert

Warwick Road Bridge has been modelled in ISIS using an Arch Bridge unit, is shown in
Photograph 0281 in Appendix B.

7.3 ISIS MODEL PARAMATURES

Kingswood Nursery, Lapworth 5300/001
Feport No CHZ34/01 Fage 8
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Manning's roughness values of 0.04 have been used for the river channels while a
manning's roughness value of 0.015 has been applied to the culvert arch. A typical value of

Manning's n equals 0.04 is shown in the Photograph 0283 contained in Appendix B.

74 TUFLOW MODEL

The ISI5 model has been linked to a TUFLOW 2-dimensional flood plain model. The 1-d/2-d
boundary was formed using HX lines with ZP (level) points to model the elevation of the river
banks. The ZP points were taken from topographical survey data. A model schematic is
shown in Drawing No MWA_CH234 IS_003 in Appendix C of this report.

Loss coefficients were applied to the HX lines to represent riparian conditions. A value of 0.2
was included were no fence was present while a value of 0.5 was applied at fence locations.

Flood plain roughness was defined as the following, shown in Table 7.1.

Type of terrain Manning's roughness
Grass 0.04

Footpaths and paved areas 0.025

Manmade 0.03

Other surface 0.04

Table 7-1: Flood plain roughness

Buildings have been represented using the “porous buildings method” (Syme, 2008)".

7.5 KEY ASSUMPTIONS MADE
Some key assumptions have been made in this modeling which includes the following:

+ Channel roughness has been estimated from photographs. Details of the sensitivity

analysis runs carried out is included in the next chapter.

= Alow loss coefficient of 0.2 was assumed for the river banks, with a higher value of 0.5

where a fence is present. These assumptions are tested in the sensitivity analysis.

Kingswood Nursery, Lapworth 5300/001
Feport No CHZ34/01 Fage 9
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8 SENSITIVITY ANALYSIS

There is no gauging station within the modeiled reach, nor is any higterical flood event data
available, hence a calibration and verification exercise has notb e n possible for this model.
However, sensitivity analyses have baen undertaken to test the key more parameaters.

Roughness runs were carried out to test the sensitivity of the model to roughness. The
Manning's n numbers selected in the model ranged between 0.016 and 0.04 in accordance
with the roughness estimated from photographs of the channel. Therefors, for the sensitivity
runs an increase of 20% was apgplied to all manning's numbers in a separate model run (h +
20%) and a reduction of 20% in a further model run {n - 20%). This was also applied to all
material roughness valuesin the TUFLOW template.tmf file.

As an additional sensitivity run areduction in loss coefficient due to fence lines adjacent o
the channel was carried out with values changed from 0.2 to 0.0 where no fence is prasent
and from 0.5 to 0.3 where a fence is present.

Kingswood Nursery, Lapworth 5300/001
Report No CH234/01 Page 10
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9 MODEL RESULTS

A summary of the model runs undertaken are shown in Table 9.1 below:

Run ID Event Description
01 1in 100 Year | Statistical Pooling Group method flow
1in 100 year
Statistical Pooling Group method flow with 20%
02 + Climate
added to account for climate change
Change

Statistical Pooling Group method flow extended
03 1in 1000 year | to the 1 in 1000 year using the Pooling Group

growth curve.

04 1in 100 Year | Sensitivity test of Manning’s n + 20%

Qs 1in 100 year | Sensitivity test of Manning’s n-20%

Sensitivity test of loss coelficient at 2d_hx
06 1in 100 year
boundary.

Table 9-1: Table of model runs for the various event scenarios

The flood outlines for the 1 in 100 year (Flood Zone 3) event and 1 in 1000 (Flood Zone 2)
year event, is shown on Drawing No. MWA/CH234/GIS/001 which is included within Appendix
D of this report. This shows the sile of the existing Kingswood Mursery to be partially within
Flood Zone 3 with a slightly greater extent in Flood Zone 2. The eastern area of the sile nearesl
to the canal is noted to be in Flood Zone 1. The maximum 100 year flood level at Section $1
is 100.306m AQD while at 511 this is 99.341m AQD.

For the 1 in 100 year plus climate change event the flood extent is very similar to that of the
100 year event but with a slightly larger extent. Modelled flood levels in relation to this event
are shown on drawing MWA/CHZ234/GIS/002 in Appendix D. The maximum flood level
recorded at Section S1 at the entrance to the site is 100.358m AOD at S11 its 99.5m AOD.

Kingswood Nursery, Lapworth 5300/001
Feport No CHZ34/01 Page 11
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The sensilivity to roughness results (n + 20%) are illustrated in table form in Appendix E of this
report with relatively small difference in teivel shown between the 1 In 100 year maximum stage
and the n + 20% maximum stage results, The biggest difference In the maximum stage is
shown at S10 with an increase of 0.026m in terms of maximum stage for the n + 20% result.
The biggest reduction of -0.005m in maximum stage {n + 20%) is shown at 813, CulvertA and
S13B.

In relation to the n — 20% results the biggest increase in level of 0.041m is shown at the section
“Inflow” and §19 while the biggest reduction of -0.019m is shown at saction S3.

A further seritivity run was carried out which included a ¢hange in loss coefficient due to the
fence boundary to the channel. The second runincluded a HX line loss coefficient of O and
0.3 compared to 0.2 and 0.5 in the ariginal model runs.

These results showed little difference other than an increase of 0.063m at section S10 and the
biggest reduction of 0.01m at section “Inflow™ and S1B.

Kingswood Nursery, Lapworth S5300/001
Report No CH234/01 Page 12
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10 POTENTIAL FLOOD MITIGATION OPTIONS

“Two flood mitigation options are possible 1o teduca the flood extent. Consultation with the
Environment Agency should be undertaken regarding the suitability of any flood mitigation
option and the standard required.

With any flood mitigation option it must be demonstrated that no detriment {i.e. increase in
flooding) is caused to adjacent land. Any flwd mitigation option is subject to approval by the
Environment Agency and may require floud defence consent.

Option 1: Lower levels In corridor along western bank

Raise levels to take part of the flooded area out of the 1 in 100 year flood plain. The loss of
storage could be compensated by lowering levels adjacent to the brock left hand bank, but
not lowering the top of bank itse!f, Figure 3 is & sketch that demonstrates the principle of this
aption.

1in 100 Year Flood Level

\ \ : -

\ Proposed Ground Level

Existing Ground Level

Flgure 3 Sketch showing fleod mitigation option 1

Option 2; Purchase additional [and aS flood starage

The client has proposed purchasing extra lang, on the opposite side of Kingswood Brook t 0
the proposed development to be wed as flood storage. The location of the proposed storage
is shown in Figure 4

Kingswood Nursery, Lapworth S300/001
Report No CH234/01 Page 13
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Figure 4 Sketch showing fioed mitigation option 2

Kingswood Nursery, Lapworth S300/001
Report No CH234/01 Page 14



Robert -

Infrastructure
ESt Transport & Environment

Kingswood Nursery, Lapworth 5300/001
Report No CH234/01 Page 15



Robert Buildings

Infrastructure

WESt Transport & Environment

11 CONCLUSIONS

The flow hydrographs for this modeling work have been obtained from the ReFH method but
forced to fit the peak flows from the statistical methad, referred ta in FEH as the hybrid methed.

hown part of the is located Flood Zone 3 and
The modellint‘; has hat site within a slightly
greater extent within Flood Zone 2.

Little difference is shown in the sensitivity compariseng carried out mrelation to the 1 in 100
year event.

Two flood mitigation optians have been proposed. Option I involves lowering levels linearly
adjacent ta the brook western bank to compensate for land raising. Option 2 propose purchase
of additional land on the oppaosite side to the development to be used as flyod storage.

Any flood mitigation option is subject to approval by the Environment Agency and may require
flood defence consent.

Kingswood Nursery, Lapworth 5300/001
Report No CH234/01 Page 16
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Flood Hydrology Report
Kingswaoad Rrook at Lapwaorth

1 INTRODUCTION

1.1 Flood Estimate Locations
As part of a flood risk assessment flood flow estimates are required at one location on the
Kingswood Brook at Kingswood Nursery, Old Warwick Road near Lapworth, 094 6LX.
(Table 1.1). The watercourse is located 8km to the south east of Solihull in Warwickshire
immediately upstream of the canalandrailway crossing (Figure 1.1).
Table 1.1  Flood Estimate Location

ID Grid Ref Description
Kings |418783 270778 | Kingswood Brook at Kingswood Nursery, Old Warwick Road

Flood flowsare required for the 20year, 100 year and 1000 year retwrn periods but to allow
for a comparison between different methods flows are provided for the 2, 5, 10, 20, 50, 100,
200 and the 1000 events. The impact of climate change and methods to provide flood
hydrographs arealsoconsidered.

1.2 Catchment Descriptors

The FEH CD ROM wersion 3 has been used te provide the catchment delineation for the
water cour se at the required location [Figure 1.2). The catchment descriptors (Table 1.2)
indicate that this watercourse has a small catchment area (597 km?), with a small
proportion Of lakes or reservoirs {FARL=0.991), a high percentage runoff (SPRHOST =
40.33%) and is essentially rural (URBEXT90 = 0.024),

Tablel2  FEH Catchment Descriptors at Flow Estimation Point

Slite Kingswood Brook
Grid ref SP 18800 70750
ARM 5.97
FARL 0.991
ALTBAR 115
BFIHOST 0.321
DPLBAR 2.09
DPSBAR 282
SAAR 702
SPRHOST 40.33
URBEXT 1950 0.024

These catchment descriptars suggest ne obvious reasons far not using FEH methods. The
catchment areais small but abovethe 0.5km? lower limit of FEHmethods. A full definition of
the parameters in Table 1.2is given in the FEH. A comparison of FEHand 05 maps suggests
the FEH delineation is quiter easonableand manual changes to the area or other catchment
descriptors isnotrquired.
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1.3  Methodology

The calculation of flood flows is based on the methods detailad in the Flood Estimation
Handbeok (PEH) and the Environment Agency’s FEH Guidelines (‘'Version 4) June 2012. The
recommended approach isto usethe Revised FEH statistical method using fl ovdataframa
nearby donor gauging station to adjust the median annual flood [QMED) and to then to
construct a pooling group from hydrologically Smilar stations. This isdescribed in Section 2.

TheRevi tal i sed Flood Hydregraph Method (ReFH) can also be used to derive peak flaws and
the hydrograph shape and this method isconsidered in Sction 3. Extension to the 1000
year return period and a comparison of fl ood estimates fram the two net hods, and with
single site growth curves a local gauging Sations, is considered in Section 4, The
conclusions are presented in Section 5.
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pA

FEH STATISTICAL METHOD

2.1

Z2:1.3

2.1.2

As the site of interest is ungauged as a first approach it ts convenient and appropriate to use
the FEH Statistical method, This Is based on a two stage approach;

o  Calculation of the index flood (the median annual flood, QMED} which at an ungauged
site i s derlved firam catchment descriptors, but which Is then adjusted using the ratio of
QMED from catchment descriptors and Row dataata near by [donor] gauging station.

e The fitting of various extreme value distributionsto a pesied group of annual maximum
flow data from hydrologically similar sites (pooling group) to estimate the T year flows,

The procedure is described in the following sections.

FEH Index Flood (QMED)

QMED from Catchment Descriptors

The FEH catchment descriptors. for the subject site [Table 1.2) are used to derive QMED
[Tabie 2.1). The original FEH equation for QMED! is given for comparison but preference IS
now given to the Revised Statistical M ehod QMED equation2,

Table2.1 QMEDfrom Catchment Descriptors at Subject Site

Site Original FEH QMED | Revised Method Revised Method

(m?¥/s) QMED (m?/s) | QMED URBAN (m?/s)

Kings 2.14 1.86 1.89

The revised method provides slightly lower flons than the original FEH equation. The EAs
FEH guidelinesrecommend the use of urban adjusted Revised Method QMED for consistency
but the rural and urban QMED valuesare similar as the catchment s essentially rural,

QMED at Donor Sites

The flaw estimation pracess then requires the adjustment af the empirically derived QVED
using recorded flow datz a one er n@re nearby Environment Agency flow measurement
stations. The Agency do not operate any gauging stations in the upstream or immediate
downstream catchment but the extent of data at the nearest Agency gauging stations as
available on the HiFlows database {version 311 July2011) is summarised in Table 2.2.
These potential donor sites arewithin 15km of the subject site (Figure 2.1).

1 Flood Estimationr Handbook Volume 3, Cenmre for \Ecology and Hydrology, 1999,
 Improving the FEH statistical procedures for flood frequency estimation. CEH Science Report SC050050, July 2008
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Table 2.2 EA Gauging Stations near the Kingswood Brook Catchment

CEH Watercourse Locatlon QMED? | Pooling ? | Start Date | End Date | No
RefNo Years
54004 Sowe Stoneleigh | Yes Yes 26-Map51 | 13-Dec-08 | 59
54019 Avon Stareton Yes No 30-Mar 63| 15-Dec-08 | 46
54112 Avon Warwick No No 02-Sep-56 | 28-Jan-78 | 23
54907 Arrow Broom Old No No 0

HiFlows provides tha followingcommentson these gauges:

54004, Sowe at Stoneleigh. From 1951 M 1979 the control was formed by two flumes
with an overflow weir at 1.45m. The rating was derived from the fl une formulaand
checked with current meter gaugings. A new coempound Crump pmAleweir (3 channels]
with crest tapping wasinstalled frem 1979 based on the standard weir equation. There
are few gaugings above 0.6m and no high flow gaugings. How records are suitable far
QVED asthe rating issupported by gaugings up to QVED. Also considered suitable far
poolingasdl flows are contained bythe structure.

54019, Avon at Stareton. A 7.3m wide crump profilewsir but the highest floods»vartop
the right bank The highest gauging at 1.75m supportst he In bank part of the ratingbut
the flood section of the rating is estimated. How recordsart suitable for QVEDwhichis
below bankfull where the rating Is considered t¢ b accurate but nat Suitable for pooling
asthe out of bank section rating is estimated and there are no gaugings to supporti t

54112. Avon at Vrwi ck, No data located on Hiflows but the gauge is considered not
suitablefar QMED or pooling.

54907, Arrow at Broom Old, Station data combined with another Sation and was closed
in 1978 with limited availablerecords. Not suitable for QMED ar pooling,

The time scale of thisstudy do¢s not allow for adetailed analysisof the high flew ratings or
flow series at thesefive sites. However the flow data is considered suitablefor QVEDat two
of these four local stations and the available A M . series is therefore used in the flood
estimation pracess deseribed below*

2,13

Donor Adjusted QMED

FEH requires that the catchmeant descriptors derived QVED at an ungauged site is adjusted
using the ratio between QVED from catchment descriptors and flow data at one or more
local donor gauging stations. As detailed abevs there are two potentia donor gauging
stations with flow records suitable for estimating QVBD. However in selecting a suitable
gauging station for use in the Satidical method FEH provides hydrological similarity criteria
as follows;:

AREA - afactorof 4 or 5

FARL - a difference o 0.05.
BFIHOST - adifference of 0.18
SAAR - afactor of 1.25
SPRHOST - differencecf 15
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A comparison of the catchment descriptors at the potential donor gauging stationswith the
subject site (Table 2.3) suggests both donor stations are unsuitable due ta having far larger
catchment areas all of which are outside the acceptable range. Station 54004 also has
dissimilar geology, as reflected in the BFIHOST. However the QMED donos ratio Is caleulated
at these two stati ons asa check

Table 23 Catchment Descriptors at Subj ect Sites and Donor Gauging Stations
Stte AREA FARL BFIHOST SAAR SPRHOST | URBEXT
1990
Kings 597 0.991 0.321 702 4033 0.0240
54004 262,79 0977 0,510 0667 35.79 0.1345
54019 346.08 0.950 0424 654 42.53 0.0350

2.1'4

QMED is calculated from flow data and catchment descriptors at these two gauging stations
to confirm the QMED ratio. For stations with more than 13 years o flow data FEH

recommends that QM ED iscalculated from annual naxi NUM({AMAX) data (Table 2.4).

Table24 QMED Ratio at Donor Gauging Stations
Station QMED-CD QMED-AMAX Ratio
(m3/s) (m3/s)
54004 28.494 29.337 1.030
54019 34.540 32.572 0.943

The ratio (Table 24) show that QVED from catchment descriptors under estimates that
from flow data at 54004 by around 3% and over estimates at 54019 by &% and either could
be used an the QMED-CD estimates. These ratiog are reasonably consistent, or rather not
extreme, and could be applied t0 the catchment descriptors estimate of QMED at the
ungauged site of interest. However the Revised Statistical method requires a further
adjusment based on gecgraphical proximity as detailed below.

Revised Donor Adjusted QMED

The QMED ratio at the donor gauging stations is then adjusted according to the distance
between the catchment centroids using an exponent 'a. This is taken franthe distance
between the eentroid of the subject catchnent and the revised ratio varies from 1% at
54004 to 1.3% at 54019, both of which are clese to 1.0. The nearest donor gauging statlon Is
adapted and that at S4004 gives an adjusment ratio for the site of interest of 1.01[Table
2.5).

Table25 Adjusted QVIEDRatio at Donor Gauging Stations
Site Centroid | Centroid Centroid | Exponent | Unadjusted | Adjusted
Easting Northing |[Distance (km) ‘a' Ratio Ratio
Kings 419160 271805
54004 434145 279835 17.00 0.3274 1.030 1.010
54019 453915 278534 3540 0.2265 0.943 0,987

This adjugment ratio suggest s that QVBD from CDs should be increasad by 1% and this
ratioisadopted to givetheadjusted QVEDat the Steof interest (Table 2.6).
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2.2

Table 2.6  Adjusted QMED at Subject Sites

Site QMED-CD Ratio Adopted QMED
(m?/s) (m*/s)
Kings 1.89 1.010 1.91
Flood Frequency Curve

The calculation of a flood frequency curve and peak flows at the flood estimation point
requires the construction of a pooling group and the fitting of an extreme value distribution
to the pooled group data using WINFAP.

Theinitial pooling group contains 16 stations with 530 station yearsof record. Onastation
veas removed for having less than the required 8 years of data (32029, Flores at Flores
Experimental). The pooling group is heterageneous and areview considered desirable [H2 =
3.287). Two stationswere removed from the group for having growth curves with a positive
curvature and whicha ndissmilar to other stationsin thegroup, 36009 (Brett at Cockfield)
and 203046 (Rathmors at Rathmore 8ridgs). These stations are often removed from a
pooling group. With the addition d one new station therevised pooled group then contains
14 stations and 508 station yearsd record and is then possibly heterogeneous and a further
reviewis optional (H2 = 1.978). However therewasno valid reason far the removal af any
other of the stations.

The component stations [Figure 2.2) indicate that this pooling group includes several
stations with relatively steep and several with relatively flat growth curves hence SONe
discordancy may be expected. This often occurs and reflects the lack of small gaugsd
catchments in the HiFlows data set. A summary of theselected pooling group stations [Table
2,7) shows these are located in various parts of the UK, fram East Lothian in Scotland, the
North Zast Northern Ireland, Essex and Sussex and with none from the River Avon
catchment.

Table2.7 Pooling Group Component Stations

Site Yrs | L-CV | L-Skw | L-Kurt | Discord Dist
27051 (Crimple @ Burn Bridge Near Pannal) 37 [0.220 | 0.133 0.109 (.729 0.550
36010 [Bumpstead Brook @ Broad Green) 42 | 0428 | 0223 | 0.104 2.691 1.031
27010 (Hodge Beck @ Bransdale) 42 | 0.225 | 0.297 0.238 0.606 1.091
24007 (Browney @ Lanchester) 15 0.222 | 0.212 0.054 1.970 1.115
41020 (Bevern Stream @ Clappers Bridge) 40 0.229 | 0.220 0.237 0477 1.144
22003 (Usway Burn @ Shillmoor) 13 0.282 | 0.311 0.111 1.151 1.281
20002 (West Peffer Burn @ Luffness) 41 0.292 | 0.015 0.142 1.250 1.316
203049 (Clady @ Clady Bridge) 27 |1 0197 | 0.123 0.191 0.841 1.442
37016 (Pant @ Copford Hall) 44 | 0,293 | 0.043 0.109 0.798 1.444
36004 (Chad Brook @ Long Melford) 42 | 0315 | 0.190 0.217 0.787 1.452
37013 (Sandon Broolk @ Sandon Bridge) 44 | 0.298 | 0.107 0.093 0.446 1.466
203042 [Crumlin @ Cidercourt Bridge) 30 | 0,203 | 0.342 0.291 1.515 1.482
36012 (Stour @ Kedington) 42 0.282 | 0.185 0.189 0.147 1.496
24004 (Bedburn Beck @ Bedburn) 49 [ 0270 0321 | 0.178 0.592 1.500

The use of WINFAP3 was also considered but it isoften found that this provides pooling
groups that are even more di scordant than WINFAP2. This arises because WINFAP3 uses
the FEH parameters FARL and FPEXT te generatea pesling group, measures of flood storage
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and attenuation, whereas WINFAP2 is based on the soils or geology as reflected in BFIHOST.
WINFAP3 will often provide a more discordant pooling group as the growth curves of the
component stations is mure likely to be a function of the geology whereas WINFAP3 m vy
select clay asS well as chalk tatchments. The EAs FEH Guidelines confirm it is quite
reasonable to expect BFIHOST to influence the growth curve, despite the findings of Science
Report 8CO50050. WINFAP2, which uses geology to locats Similar stations, is therefore
preferred but as detailed in Secton 4 this i Simmaterial to thefinal selecdon of flood flows

The pooled graup frequency curve (Table 2.8) is then based on the adjusted QMED (Table
2.6) and with URBEXT1990 adjusted t0 2013 according to methods detailed in the FBH, and
based onthe CL distributionas recommended by FEH.

Table 2.8  Pooled Group Flood Frequency Curves (m3/s)

Site Return Period (Years)
2 5 10 20 50 100
Kings 1.91 2.76 3.37 41.01 4.96 8.77
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3 REVITALISED RAINFALL-RUNOFF METHOD

3.1

3.2

ReFH Parameters

An alternative approach to flood estimation is given by the rainfall runoff (RR) method. The
original FSR/FEH rainfall runoff method underwent significant modification in 2006 taking
advantage of new data and m m advanced hydrological modelling tachniques since the
original method was developad. The improved or revitalised Rainfall-Runoff model (ReFH)
retains the overall structure of the earlier FSR/FEH approach but with various
improvements, ReFH is now preferred {0 the original RR method. ReFH is therefore also
used to derive peak flows for the specified design events based on the time to peak (Tp) and'
critical storm duration (Table 3.1) for the catchment, which is adjusted so it is an odd
multipleof the selected time Step

Table31 Time toPeak and Critical Storm Duration
Site Tp Cmax BL BR Storm Time | Adopted
duration| Step |Duration
Kings 3.51 275.2 319 0.695 5.98 0.25 5.75
Peak Flows

Flows for the required design events at thesite of interest (Table 3.2) arebased on the ReFH
parameters from CDs rather than any adjuded parameters as N0 local data areavailableand

the time Scale of this study dees not allow for such a detailed analyses.

Tabb32  ReFH Flood Frequency Curves (m3/s)
Site Return Period (Years)
Zz 5 10 20 50 100
Kings 2.05 2.70 3.23 372 4.53 5.28
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4  DISCUSSION

4.1

4.1.1

4.1.2

Extension to the 1000 year Event

This study also requires flood flows up to the 1080 year return period. The Statistical
method was originally recommended only up t o the 200 year return period and ReFH is not
calibrated beyond 158 years. Technicatly, the two methods used above are not suitable for
extrapolating to very extreme events such as the 200 or 1000 year event, Flood estimates for
these longer return periods were historically devived using the FSR/FEH rainfall-runoff
method as the rainfall growth curves for long return periods could be defined with much
more confidence than flood growth curves. However the original FEH rainfall-runoff
net hod was known to overestimate flows and more recently the extension of the Stats
method hasbeen preferred.

The Environment Agency's latest Flood Edimation Guidelines® provide two suggestions for
calculatingextreme floods up to the 1000 year event Firgtly usingtheStatistical method but
as the 1000 year pooling group Is likely to be inhomogeneous with many component
stations a simple extenston of the 200 year and more recently the 100 year has been
proposed A second approach is to derive the ReFH growth factor sfor the 100 to 1000 year
event Which is then applied to the Stats method 100 year peak flow. Thase mathods arc
described below.

FEH Stats Method

The Stats method flood frequency curve is extended to the 1000 year return period using the
samepaooled growth curve as detailed in Section 2 above(Table 4.1).

Table 4.1  Statistical Method Pooling Group Extended to 1000 year

Site Return Period (Years)
2 5 10 20 50 100 200 1000
Kings 1.91 276 3.37 401 496 577 6.69 9.31

ReFH Growth Curves

Flood estimatesfor longer return periods may be derived using the ReFH method as it is
thought that the rainfall growth curves for longer return periodscan be defined with much
more confidence than floed growth curves. In some cases the Satidical method may be
preferred for the shorter and ReFH for longer return periods. TO avoid a discontinuity [N the
resultsthe recommended approach is to use ReFH to obtain the ratio of the 200 year and
1000-year flow to the 100-year flow, the growth factors (Table 4.2). These can then be
multiplied by the preferred estimate of the 100-year flow from the statistical method,

3 Environment Agency's Hood Estimation Guidelines, Version 4 (2012)
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Table 4.2 RelFH Growth Factors
Site ReFH Flow (m3/s) Growth Factor
100 200 1000 100 200 1000
Kings 5.28 6.21 9.36 1.000 1.176 1.772

Theflood estimates ar ethen based on the Stats method pooled growth curve to the 100 year
eventand the Ré-H growth factor sfrem the 100 to the 1000 year event (Table 4.3).

Table43 Flow ESimatesusing Stats method extended using ReFH Growth Curves
Site Return Period (years)

2 5 10 20 50 100 200 1000

Kings 1.91 2.76 3.37 4.01 496 5.77 6.79 10.23

However there are concerns that some aspects of the ReFHhave not been tested at return
periods longer t han the calibration limit of 150 years, such asthecalibr ation coefficient and
the seasonal correction Factors used for design rainfalls. Recent research has alsa suggest ed
that ReFH nay overestimate extreme rainfall and revising the FEH rainfall data and hence
updating ReFHis part of a current research programme. This method should therefore be
treated with caution.

4.2 (Comparison of Flood Estimates

A comparison of the Rood estimates (Table 4.4) indicates that ReFH provides slightly lower
flows than the Stats method at lower reurn periods up to the 200 year event [Figure 4.1)
but these are quilt similar at the higher 1000 year raturn perlod. The differences are smati
and the metheds providequiteSmilar result.

Table 44 Comparison of Flood Estimates (m3/s)

Method Return Period (years)
2 5 10 20 50 100 200 1000
Stats 1.91 2.76 3.37 4.01 4.96 5.77 6.69 0.31
ReFH 2.05 2.70 3.23 3.72 4.53 5.28 6.21 9.36
ReFH+Stats 1.91 2.76 3.37 4.01 496 5.77 6.79 10.23

A comparisonoftheflood growth eurves (Figure 4.2) shows ReFH hasa flatter growth curve
that the Stats method but as the RéFH QMED Is higher the flood estimates from the two
methodsarequite similar

Table 4.5 Comparison of Flood Growth Curves
Method Return Period (years)
2 S 10 | 20 50 100 200 1000
Stats 1.00 1.45 1.76 2.10 2.60 3.02 3.50 1.87
Rel'H 1.00 132 1.58 1.81 2.21 2.58 3.03 4.56
ReFH+Stats 1.00 1.45 1.76 2.10 2.60 3.02 3.55 5.36
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43

4.4

The EAs FEH Guidelines indicate the ReFH approach should always be checked against the
PoolingGr oup estitnates which implies the latter is more appropriate. The choice is entirely
subjective as, unless there is any historical flood data, there is N0 means of confirming which
method providesthe best flood estimates.

There is reasonable confidence in the Stats method estimates of QVED, which isbased on a
donor adjustment usinglocal data and a pooled growth curve usingthe nast recent HiFlows
data set, although some of the component stationsare far removed from Lapworth. The
adopted flowsare therefors based on the FEH Stats methed flood frequency curveext ended
to the 1000 year return period usi ng the GL digtribution as detailed in Sectian 2 as these
provide slightly conservative fleed estimates.

Single Site Growth Curves

Due to shewidevariation in the growth curves in the pooling group (Figure 2.2) it iSusually
considered prudent W check the Raed flaw estimates against lecal flaw data and single Ste
flood grawth curves. As detailed abave thereare four local stations [Figure 2.1) two of which
have flow records suitable for estimating QVEDbut only one (54004) is suitable for pooling.
Thesinglesite growth curves can of ten be used to supporta poolinggroup but a comparison
revels that this[Table 4.6} is far flatter than the Stats method at the ungauged site [Figure
4.3). This could suggest that the pooled group overestimates flood flowspossibly dueto the
inclusion of stations around the UK where the flood response nay be quite different. The
single site growth curve relate to a far larger catchment area and is based on a limited
number of years of data and a flood frequency cur ve should not be extended beyond this
length of record.

Table46 Pooled Group and Single Site Growth Curves

Site  No Years Return Period (years)
2 5 10 20 50 100 200 | 1000
Kings PG 1.00 1.45 1.77 2.10 2.60 3.02 3.50 4.87
54004 58 1.00 1.23 1.41 1.60 1.87 2.11 2.36 3.06

The preference for the use of local data rather than WINFAP washighlighted at a recent BHS
meeting (November 2013) where the EA-South West iN Devon stated a preference for the
use of local growth curves rather than a national FEH pooling group. The choice is
subjective, and whilst there is some merit in uging the local data approach In this case the
FEH standard and UK practice pooling group flood estimates (Table 4.6) are adopted despite
the large variation on the poaling group stations (Figure 2.2).

Climate Change

Due to the uncertaintiesin flood estimation and expected climate change impacts, it iS
required that hydrological and ysi s of flood flowsand definition of defence sandardsshould
include an allowance for increased flows that are anticipated due to climate change, The
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latest guidance?, which is included in NPPF, suggests (Table 4.7) a 20% increase in river
flows by 2110. The adopted 100 year peak flow should therefore be adjusted over a 100
year design life by increasing peak flows by 20%.

Table 4.7  Anticipated Change in River Flow due to Climate Change

 Parameter 1990-2025 | 2025-2055 | 2055-2085 2085-2115

Peak river flow +10% +20% +20% +20%

4.5 Hydrographs

If a design hydrograph is required it iSrecommended that the hydrograph shape from the
ReFH method is used but forced to fit B e peak flows frein the Stats method, referred to In
FEH as the hybrid method.

TheFEH Guiddinessuggest two hybrid methods for ungauged sites:

[a] Generatinga hydrograph usi ng ReFH method and scaling the ordinates so the peak flow
matchesthe statistical estimate.

[b) Adjustingthe parameters of t he ReFH model util the simulated peak fl o/g nat ch the
preferred val ues. This Mgt appear more €l egant than option (a) but it can prove
difficultto nat chthestaisticd results over arange of return periods, becauset he ReFH
net hod uses a different growth curve.

Option (a) is the quickest method and often the best and can be achieved in the ReFH
beundary unit in ISIS.

* Fload and Coastal Defence Appraisal Guidance, Supplementary Nate to Operating Authorities - Climate Change Impacts
(October 2006)
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5 CONCLUSIONS

Hood flow estimates are provided at one location om the Kingswood Brook near
Lapworth and for a range of return periods up to the 1040 year event.

The PEH CD ROM indicates this is a small catchment with small or limited Jakes or
reservoirs, amoder ately high percentage runoff and is essentially rural. There are no
obvious reasons for not using FEH methods and a comparison of FEH and OS maps
suggests the FEH delineation is reasonable and no manual changes to the area or
catchment desceriptors is required.

Flood flowsars based on themethads detaflad in the Flood Estirnation Handbaok (FEH]
and the Environment Agency's PEH Guidelines (Version 4). The Revised Statistical
Methodis based on usi ng flow dataframanearby donor gzuginz station to adjust QMED
and WINFAP used to construct a poolinggroup from hydrolegically similar stations. The
Revitalised Flood Hydrograph Method {ReFH) was also used.

ReFH provides dightly lower flows than the Stats method but the difference are small
and thesearesimilar, The ReFH growth curve is flatter but the higher QVED provides
the similar flood fl Qvastimates,

The cheice of methad is entirely subjective as without histarical flood data there isno
means of confirming which method provides the best floed estimates. The Stats method
is based on lacal data and a pooled growth curve using the mast recent HiFlows dataset
athough sameof the component stationsar e far removed.

The single site grawth curve, at the nearest local Station vith records suitable for
pooling, is flatter than the Peoling Group and ReFH methods but this is based on a
itmited number of years of data and for a far larger catchment area where a flatter
growth curve may beexpected. The choiceissubjective but the FEH standard approach
and UK practice is to use the peeling graoup the recommended flows are based on ths
FEH Stats method extended to the 1000 year return period.

Due to the uncertainties in flood estimation and expected climate change impacts, it iS

required that flood flows shouldinclude an allowance for climate change and the |atest
guidance requiresa 20% increasein river flaws by 2110.

If @ design hydrograph is required it is recommended that the hydrograph shape from
the ReFH method isused but forced to fit the peak flowsfram the Stats method, referred
to in FEH asthe hybrid method. Thiscan be achieved in the ReFH boundary unitin [$15.
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Figure 1.1 Flow Estimate Location
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Figure 2.1 Subject Site and Potential Donor Sites
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Figure 4.1 Comparison of Flood Frequency Curves
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Fipure 4.2 Comparison of Flood Growth Curves
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Flovd Hydrology Report
Kingswaaod Brook at Lapworth

Flgure 4.3 Comparison Of Flood Growth Curves with Single Site Growth Curves
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Appendix B = Photographs
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Appendix C - Isis Tuflow
Model Schematic
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Appendix D = Flood Outline
Maps
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Appendix E: Sensitivity to
roughness results table.
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Minutes of meeting at WDC 28™ April 10am

Kingswood, Lapworth

Present:

Paul Taylor and Sophie Wynne: Health & Community Protection, Warwick District Council
Mark Bellringer: Robert West Consultancy

Des Wynne, Alistalr Clark, Darren Avern: A C Lioyd Homes Ltd

DW outlined the recent history on the site, the survay work undertaken and the issuest hat have
Beer highlighted relating to the access Into the site, the highway at the entrance In the 1:100 flood
zone, and modelling to identify the depth of expected flood In the event of a 1:100 event,

MR confirred that the depth of water in a 1:100 went would be aggrox, 130mm to 150mm.

DW asked if this meantthat we wauld require an emergency pedestrian access or a full emergency
vehicular access.

PT confirmed that a vehlcular acoess would be reguired in the avent that the main access road into
the site would reamain in the 1:193 flood zone.

ACL tabled the sketch scheme produced by Robotham Architects fur 35 houses. P1 agvised that we
would nead to provide a retention pond {3UDS) outside of the flood zone, this will nead to be
suitable sired to attenuate flows from the site to mimic greenfield runoff rates up to a 1in 100y +30
allowance far climate change event which will reducethe amount of plats on this plan. {or
alternately by undergroundstorage). Subject to this, there should b2 no objectionin principle to
layout as proposed.

PT advised that ACL should consult with WGT planning staff direct re property numkber allocations
for the site and that he deals with drainage and Rood risk matters.

Discussion took place on the possible options for reducing the extent of the 1:100 zone,

¢ The culvert under the main road is a €00mm pipe with a 450mm overflow. MR confirmed
the reasan why the main road was in the 1:100 zone was because these two culverts were
Insufficlent to cope with the flow and In such an event would pour over the road. The option
of widening this culvert with the construction of a box culvert was discussed and would
remove anumber of existing properties from the flood zone at great benefit to the existing
local community. This iSthe more favoured option for WDC and the local community. This
would involve & road closure and some passible service diversionworks. While this might
improve the flows upstream it might conversely have the effeet of increasing the flow
downstream with potentially greater impact on our site. It was agreed that modelling works
would be used to determine the affects of the upsize of the culvert.

We also discussed raisingthe level of the accass madinto the site by 150mm apprex. This
would need te be compensated for by providing some increased storage further inte the



sitef or localised channel widening at this peint, and it was concluded that this might not be
an effective solution due to the limited space at this point. It might also cause some issues to
access points into the ekisting properties close to the main road, Modelling works would
detertmine a switable solution.

¢ Other alternative measures could include regrading the brook, or diverting part of the brook
into another channel or onto the adjacent triangular land (eurrently outside the scheme
proposals]

e Finally discussion took place on the benefit of a trash sereen to the cubvert. The conclusion of
both MR and PT is that this might not be an effective benefit where there is no guaranteed
management regime in place.

In eenelusion PT confirmed he would haw no objectionin principle to the new adoptable estate
road belng constructed on the line and level of the existing acz2:s as lang &b flooding is not
exacerbated In this area and provided that a separate emergency and pedestrian access is provided
linking onto the Warwick Road outside the line of the 1in 100 flood which would provide a
permanentdry access.

Ha would also glue consideratlon to engineering solutlons that we might put forward to free up
additional land or that weuld removs the existing 1in 100 year flooding to the existing access which
would therefare negate the need for an alternative emergency/pedestrian access.

It was agreedthat we would now work towards a planning applicationapproximately basad on the
layout tabled, to include the emergency access out onto the main road adjacent to the canal.
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Micro Drainage Scuzece Control 2014.1.1

Summary of Results for 100 vear Return Period (+30%)]

15 min Winter 99.710 4.310
30 min Winter 99.796 0.396

Storm Max Max Max Hax ¥ax Max Status
Evant Level Dapth Control Overflow = Outfiow Volume
{m} {m) (1/3) (1/s) (1/s) (m*)
15 min Summer 9%, §TE 0,278 9.0 0.0 9.8 179.0 0K
30 min Summer 49.755 0.355 9.0 9.0 9.0 22%.9 Flogd Risk
60 min Swwwer S%.827 0,427 9.0 D.0 90 285.2 Elood Risk
120 min Summer 99,256 0,488 9.0 D.O 9.0 329.8B Fload Rink
180 min Summar 89.805 0.505 9.0 .2 9.5 346.1 Fleood Risk
240 min Summer 99. 211 0.511 9.0 (- 10.3  348.5 Flood Risk
3AC min Summear 9%.%08 0.508 9.p 1.2 9.% 346.5 Flaad Risk
480 min Summer 99.904 0.504 8.P D.4 9.0 343.6 Flood Risk
600 min sSummer 99.895 0.495 9.0 Q.P #.0 336.5 Flood Risk
T20 min Swwmer 99.885 0.485 9.P D.O 9.0 328.7 rlocd Risk
950 min Summer 99.061 O0.461 9.0 DP 2.0 310.9 Flood Rizk
1440 min Suammer 99. RO7 0.407 9.0 0.0 9.n 27M0.7 Fload Risk
260 min Summar 99.731 0.332 9.0 D.O 9.0 216.9 Flaad Risk
2880 min Samer #%.6869 0,269 9.0 0.0 9+0 173.0 o K
4320 wmin Swewmer 99,584 0.184 9.0 0.0 2.0 1l15.8 QK
5760 min Summer 49.545 0.145 B.4 0.0 8.4 90.6 0K
7200 min Summer 2%.527 0.127 7.3 D. 0 73 4.0 oK
B640 min Summar 89.516 0.116& 6.4 D P 6.4 514 a K
10080 min Summer 99.507 0.107 L D.0 5.7 65.5 o K
9.p D.O
9.P D.O

9.0 201.3 Flaad Risk
9.0 162.3 Flood Risk

Storm Rain Flooded Discharge Overflow | | |-——
Event — Volume 11 \Y —]
=) {=m*) {m*1

15 min Somper 123. 371 0.0 100.4 n.0 26
30 min gurmer 81.055 0.0 238.6 0.0 40
60 min Summer 50.758 0.0 304.8 0.0 58
120 min Summer 30.731 0.0 369.6 0.0 126
180 min Summer 22.618 0.0 408.3 1.3 182
240 min Summer 18.094 0.0 435. 6 51 238
360 min Summer 15.134 0.0 474.5 5.1 302
480 min Bummer 10.469 0.0 504.3 1.0 378
600 min Summer 8.975 0.0 520.3 0.0 448
720 min Bummer 7592 0.0 548.5 0.0 514
960 min Summer  6.037 0.0 581.5 0.0 654
1440 min Susmmer 4.964 0.0 630.1 0.0 916
2160 min Suwmer 9.150 0.0 686.6 0.0 1300
2460 min Summer 2.497 0.0 725.3 0.0 1152
4320 min Sommer 1,747 0.0 781.0 0.0 2336
S760 min Sommer 1.922 Q.0 827.6 0.1 3000
7200 min Summer 1.185 0.9 £61.8 0.0 3588
8640 min Surmer 1.020 0.0 890.0 0.0 4416
10080 min Summer 0.899 0.0 913,1 0,0 5144
15 min Winter 123.371 0.0 Z02.7 G.0 25
30 min Winter 81.055 0.0 267.7 0.0 a0
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Nicholls House
Tachbrook Park
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Micro Drainage Source Control 2014.1.1

Summary of Results for 100 vear Return Period (+30%)}

Max Max Max Status
Event Level Depth Control Qverflow = Outflow Volume
{m) (m) (1/s) (1/s) (1/s) (m?)

60 min Winter 99.876 0.476 4.0 9.0 9.0 322.0 Fleod Risk
120 min Winter 99.930 0.530 9.0 9.0 363.5 Flogd Elgk
180 min Wintar 89.955 0.535 8.0 11.0 19.6 5367.0 Flocd Risk
240 min Winter 0.537 9.0 20.8 363.% Flood Elak
360 min Wintar 90.935 0.533 9.0 i1.3 19.9 367.0 Flecd Riak
480 min Wintar 99.931 0.531 9.0 .4 18.0 3645 Flosd Riak
EO0 min Wintar 99.%25 0.526 9.0 TP 5.8 360.5 Flood Riak
T20 min Wintar 99.921 0.521 9.0 5.1 13.6 356.2 Flood Risk
960 min winter 99.906 0.506 9.0 0.7 #,1 3447 Fleod Risk:

1440 min winter 9%.830 0.430 9.0 0.P 9.0 287.9 Bload Biak
2150 min Wintazr 99.714 0.314 9.0 P.O 2.0 204.4 Flocd Risk
2B80 min Winter S8.825 0.225 3.0 apP 9.0 1427 Q K
4320 min Wintar 55.542 0.142 B.2 0.P 8.2 AG.4 Q K
5760 mn winter 9%.518 0.118 6.6 00 6.6 73.2 o

7200 ran winter 99.505 0.105 5.6 9.0 5.6 64.5 oK
8640 min Winter 9%.435 0.095 4.8 Q.0 4.8 585 o K
10080 min Winter %%.488 0.085 o 0.0 4.3 51.1 QK

Storm Flooded Discharge Overflow Time-Peak

Evant {am/hx) (mins)
(m* {m?} {m*)

60 min Winter 50.758 0.0 341.7 0.0 58

320 min Hinter 30.731 D.D 414.3 16.7 120

1B0 min Hinter 22.618 D 457.7 37.3 154

240 min Winter 18.094 0.0 488.4 4T7.8 188

360 min Wintexr 13.134 0 531.3 52.0 264

480 min Winter 10.48% 0.0 565.3 46.5 542

600 min Winter 8.775 0.0 592.2 35.% 424

T20 min Winter 7.592 0.0 &14.8 24.5 508

960 min Winter 5.037 0.0 651.6 2.4 694

14490 min Winter 4.384 0.0 706.0 0.0 1000

2160 min Winter 5.150 0.0 TES. 3 0.0 1372

2880 min Winter  2.497 e]g 812.7 0.0 1708

4320 min Winter 1.74%7 0.0 875, 0.0 2296

5760 min Winter 1.422 0.0 927.1 0.0 3000

7200 min Winter 1.185 .0 965.4 0. 3744

8640 min Winter 1.020 0.0 997.2 0.0 4416

10080 min Wnter 0.849 0.0 1023.5 0.0 5144
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Nicholls House
Tachbhrook Park

cv34 oT1T

Date 28/05/2014 15:56 Designed by

File lapworth.srex Chacked by

Micro Drainage Securca Control 2014.1.1

Mod=)l Details
Steraga la Online Cover Level (m) 100.000

Tank ex Pond Structure

Invart Laval (m) 99.400
Depth [m) {m®) Depth (m} Area (m?)

0.000 600.Q 0.600 800.0

Hydr o- Br ake Optimum® Qutflew Control

unit Reference MO-SHE-0144-9100-0600-9100

Danign Head [m) 0,600
Deslgn Flow (1/3) P.1
Fiush-Fla™ Caloulatad

Objective Hinimiee upetream Storage
Piameter {(mm)

I nvert {m} 99.400
Minimm Outlet Pipe Dimmetar {mm) 225
Suggasted Hanhola Diameter {mm) 1200

Contrel Points (m) Flow (1/s)

0.600 4.1

Piush-Trlo™ 0,228 9.0

Kick=-Flow 0.451 7.9

Hean Fl ow ¢over Head Range = 7

The hydrological caleulations have h en based on the Head/Discharge relationship for the
Hydro-Brake Optimun® as specifled, Should another type of conttol device other than a
Hydro-Brake Optimum® be utilized then these storage muting calculetions will ba
invalldated

Flow {1/e] |Depth (m) Flew (1/s) Depth (m) Flew (1/s) |Depth (m) (1/8)
n. 100 52 200 12.5 3.000 19.4 7.000 2.1
n.200 9.0 1.400 13.5 3.500 20.9 T.500 an.
P. 200 2.8 1.4500 4.4 4.000 22.3 5.000 3l.
0.400 8.5 1.800 500 23.6 8.500
(@)-11 1] 8.3 2.000 16.0 S.000 24.8 9.000 33.1
0. 600 9.1 2.200 16.7 5.500 26.0 9.500 34.0
0.800 10.4 2,400 17.4 6.000 27.1
1 06 1.5 2.600 1| €. 500 28.0

wear Ovacfloew Control

Discharge Ccef 0.544 Width (my 1.000 Imvert Leval (m) 99.900
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