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Notice

All comments and proposals contained in this report, including any conclusions, are based on information available
to BWB Consulting during investigations. The conclusions drawn by BWB Consulting could therefore differ if the
information is found to be inaccurate or misleading. BWB Consulting accepts no liability should this be the case, nor
if additional information exists or becomes available with respect to this scheme.

Except as otherwise requested by the client, BWB Consulting is not obliged to and disclaims any obligation to update
the report for events taking place after: -

0] The date on which this assessment was undertaken, and
(i) The date on which the final report is delivered

BWB Consulting makes no representation whatsoever concerning the legal significance of its findings or the legal
matters referred to in the following report.

All Environment Agency mapping data used under special license. Data is current as of October 2019 and is subject
to change.

The information presented, and conclusions drawn, are based on statistical data and are for guidance purposes only.
The study provides no guarantee against flooding of the study site or elsewhere, nor of the absolute accuracy of water
levels, flow rates and associated probabilities.

This document has been prepared for the sole use of the Client in accordance with the terms of the appointment
under which it was produced. BWB Consulting Limited accepts no responsibility for any use of or reliance on the
contents of this document by any third party. No part of this document shall be copied or reproduced in any form
without the prior written permission of BWB
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This Flood Risk Assessment (FRA) has been prepared in accordance with the requirements set
out in the National Planning Policy Framework (NPPF) and the associated Planning Practice
Guidance. It has been produced on behalf of Bloor Homes Limited in respect of an outline
planning application involving a proposed mixed use urban extension of land at Lower
Bullingham (known as the ‘Southern Urban Expansion’ in the adopted Herefordshire Local Plan
- Core Strategy) to provide up to 1300 dwellings (including specialist housing), B1, B2 and B8
employment uses, a Neighbourhood Community Hub, a new primary school, a Park and
Choose, a country park, public open space, access, drainage and other associated works
and demolition of existing industrial buildings. All matters are reserved for future consideration
save for ‘access’.

This report demonstrates that the proposed development is not at significant flood risk, subject
to the recommended flood mitigation strategies being implemented.

For the purpose of this report the site has been divided into three development parcels, and
the Watery Lane vehicle bypass facility.

A park and choose scheme is proposed on the ‘western’ parcel. While this area is in close
proximity to the Norton Brook, a detailed hydraulic modelling exercise has shown that the
development can be located within the site on land solely within Flood Zone 1 - land at a low
risk of fluvial flooding. Additionally, all other sources of flooding have been shown to pose a
low risk to the proposed development area.

A country park is proposed within the ‘central’ parcel. The Norton Brook floodplain is present
within this centre of this area. The proposals do not include any built development; therefore,
it is considered to be water compatible and the existing flood risk conditions acceptable.

The maijority of the development is located within the ‘eastern’ parcel, this is to comprise of a
mix of residential, employment, education, and community uses. The Red Brook and two
smaller watercourses flow through the area. Hydraulic modelling of the local fluvial system has
been used to define the Red Brook floodplain through the centre of the site. The modelling has
also shown that the Withy Brook floodplain enters the eastern parcel from the west, creating
an additional floodplain in the north of the site. The hydraulic modelling includes for the
influence of the River Wye on the smaller ordinary watercourses.

As part of the traffic management solutions for the development it is proposed to stop-up
Watery Lane at the railway line. To preserve the existing residents’ access to the high ground
on the southern side of the railway line during a flood event, a gated layby arrangement is
proposed. This is included within the application boundary as a means to preserve the existing
egress routes during a flood event, as opposed to representing a new built development.

A review of the available British Geological Survey data and site specific ground investigations
suggest the potential for shallow groundwater which could pose a flood risk to the

development unless suitably mitigated.

Flood risk from other sources such as reservoir and canal are considered to be low.
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The development has been arranged to avoid the floodplain in the eastern parcel where
possible, but there are thought to be a few locations where the development could encroach
into the design floodplain (the 1 in 100-year floodplain with a 35% allowance for climate
change). These include a proposed bridge crossing of the Red Brook, and the edge of a
proposed surface water attenuation pond/basin. To mitigate the impact that this loss of
floodplain volume could have on the wider catchment, it is proposed to compensate for the
loss in a level-for-level manner. Itis also recommended that the potential impact of any bridge
crossings are identified within the hydraulic model to ensure that impedance of flow routes do
not result in detriment to third party land.

To ensure that the proposed development is resilient to the potential flood risk posed by the
local watercourses, it is recommended that finished floor levels are set a minimum of 600mm
above the relevant 1 in 100-year+35% peak flood level. The hydraulic modelling has shown
that this freeboard is sufficient to raise finished levels above the 1 in 100-year+70% climate
change event, the 1in 1000-year event, and also above the flood levels generate by potential
blockages of culverts and bridges around the site.

It is recommended that finished flood levels are also set a minimum of 150mm above
surrounding finished ground levels, and that ground levels are profiled to encourage overland
flows away from the built development and towards the nearest drainage point, to help
mitigate the flood risk posed by pluvial events in excess of the drainage’s design standard.

Safe dry access and egress will be fully achievable within all modelled flood events via the
B4399 road to the south, and if necessary via Hoarwithy Road southwards to the north-west of
the site.

The development will inevitably result in an increase in the totalimpermeable area. To account
for this, it is proposed that the development discharge rates be limited to the equivalent QBAR
greenfield rate thereby mitigating any potential negative impacts. Moreover, on site surface
water attenuated storage in the form of Sustainable Drainage Systems (SuDS) will be provided
within the development for storm events up to the 1 in 100-year with a 40% allowance for
climate change.

In compliance with the requirements of National Planning Policy Framework, and subject to
the mitigation measures proposed, the development could proceed without being subject to
significant flood risk. Moreover, the development will not increase flood risk to the wider
catchment area as a result of suitable management of surface water runoff discharging from
the site.
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1.1

This Flood Risk Assessment (FRA) has been prepared in accordance with the
requirements set out in the National Planning Policy Framework (NPPF) and the
associated Planning Practice Guidance. The FRA has been produced on behalf of Bloor
Homes Limited in respect of an outline planning application involving a proposed mixed
use urban extension of land at Lower Bulingham (known as the ‘Southern Urban
Expansion’ in the adopted Herefordshire Local Plan - Core Strategy) to provide up to
1300 dwellings (including specialist housing), B1, B2 and B8 employment uses, a
Neighbourhood Community Hub, a new primary school, a Park and Choose, a country
park, public open space, access, drainage and other associated works and demolition
of existing industrial buildings. All matters are reserved for future consideration save for
‘access’.

This FRA is intended to support an outline planning application and as such the level of
detail included is commensurate and subject to the nature of the proposals.

Table 1.1: Site Summar

Site Name Lower Lane, Bullingham

Location Hereford, HR2 7RZ

NGR (approx.) 351930, 237400

Application Site Area (ha) 75.64

Development Type Residential / Commercial / Education

Flood Zone Classification Flood Zone 1, 2 and 3

NPPF Vulnerability More Vulnerable

Environment Agency Office West Midlands

Lead Local Flood Authority Herefordshire Council

Local Planning Authority Herefordshire Council

Sources of Data

The report is based on the following information

i. Topographical Survey by BWB Consulting, reference BULL-BWB-00-01-DR-G-001
(available as Appendix 1)

ii. Site Layout Plan by Barton Willmore, reference 9300 (available as Appendix 2)
ii. Local Authority Surface Water Flood Risk Maps
iv. Herefordshire Strategic Flood Risk Assessment

v. Herefordshire Preliminary Flood Risk Assessment
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vi. Herefordshire Local Flood Risk Management Strategy

vii. Hydraulic modelling of the Red Brook, Norton Brook and Withy Brook undertaken by
BWB Consulting, reference BUL-BWB-EWE-XX-RP-EN-0002_HMR (available as
Appendix 3)

viii. Welsh Water Sewer Records (available as Appendix 4)

ix. British Geological Survey Drift & Geology Maps

X. Integral Géotechnique, 2012, Lower Bullingham, Hereford, Site Investigation Report
(11037/GNS/12/9l).

Existing Site

The site is located on the southern edge of Hereford, approximately 2.5km from the city
centre. The entire site ownership covers an area of approximately 75 hectares and is
predominately pasture and arable farmland which also includes some farm buildings. It
is considered to be greenfield.

Culvert to
Red Brook
Lower
Bullingham Lane
Withy Brook
3 Red Brook
Tributary 2

Railway
Embankment

Red Brook L

B4399

Norton Brook

Red Brook
Tributary 1

Hoarwithy Road

Figure 1.1: Site Location
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1.12

1.15

The site falls within the River Wye valley between an embanked railway line to the north,
the B4399 to the south, the A49 to the west and Watery Lane to the east.

The River Wye is located roughly 500m to the north of the site. The Norton and Withy
Brook system, and the Red Brook flows through the site. All the minor watercourses flow

in a northerly direction and ultimately outfall to the River Wye.

For the purpose of this report, the site has been divided into three parcels, which are
illustrated within Figure 1.1.

Western Parcel

The Western Parcel is located adjacent to the A49 and the B4399.

The Norton Brook flows along the southern boundary of this parcel in a north-eastly
direction, after first passing under the B4399.

Topographic elevations within the parcel range from 71.05mAOD on the western
boundary to 61.24mAOD on the southern boundary, adjacent to the watercourse. The
general fall of the area is towards the Norton Brook.

Central Parcel

The Central Parcel is located to the north of the B4399, between Hoarwithy Road and
Bullinghope.

The Norton Brook flows through the centre of the site, in a northerly direction before its
confluence with the Withy Brook approximately 430m to the north.

Topographic elevations within the parcel range from 74.34mAOD on the western
boundary to 59.63mAOD in the south-western corner of the parcel. The topographical
survey identifies a valley line in the centre of the site, in which the Norton Brook flows.
Therefore, the majority of the site is likely to drain directly towards this watercourse.

Eastern Parcel

The Eastern Parcel is located to the north of the B4399, and to the south of the railway
line, between Hoarwithy Road and Watery Lane. Lower Bulingham Lane runs through
the western half of the site.

The Red Brook flows through the centre of the site, and a smalll tributary of the Red Brook
flows under the B4399 and enters the parcel at its southern boundary. An unnamed
drainage ditch is located within the eastern portion of this parcel.

Topographic elevations within the parcel range from 72.5mAOD on the southern
boundary to 51.5mAOD on the northern boundary. The topographical survey identifies
a valley line in the centre of the site in which the Red Brook flows. Therefore, the majority
of the site is likely to drain directly to this watercourse.
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1.19

1.21

Watery Lane Vehicle Bypass Facility

This minor development parcelis located on Watery Lane, just to the south of the railway
line. The Red Brook runs in close proximity to this area before it passes beneath the
railway line and flows to meet the River Wye.

Proposed Development

Western Parcel

It is proposed that the Western Development Parcel consist of a car park serving a ‘Park
and Choose’ to encourage the use of public transportation within the city centre. The
proposed developed is classifies as ‘Less Vulnerable’.

Central Parcel

It is proposed that the Central Development Parcel consist of a country park, which is
classified as ‘Water Compatible’.

Eastern Parcel
It is understood that the proposals are for a mixed-use, residentially-led development
which is to be delivered onto site in phases. The Eastern Development Parcel is classified

as ‘More Vulnerable'.

Watery Lane Vehicle Bypass Facility

As part of the traffic management solutions for the development it is proposed to stop-
up Watery Lane at the railway line. To preserve the existing residents’ access to the high
ground on the southern side of the railway line during a flood event, a gated layby
arrangement is proposed. This is included within the application boundary as a means
to preserve the existing egress routes during a flood event, as opposed to representing
a new arrangement.
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2.1

2.7

National Planning Policy Framework

The NPPF!L sets out the Government’s national policies on different aspects of land use
planning in England in relation to flood risk. Planning Practice Guidance is also available
onlinez,

The Planning Practice Guidance sets out the vulnerability to flooding of different land
uses. It encourages development to be located in areas of lower flood risk where
possible and stresses the importance of preventing increases in flood risk off site to the
wider catchment area.

The Planning Practice Guidance also states that alternative sources of flooding, other
than fluvial (river flooding), should also be considered when preparing a Flood Risk
Assessment.

The Planning Practice Guidance includes a series of tables that define Flood Zones
(Table 1), the flood risk vulnerability classification of development land uses (Table 2)
and ‘compatibility’ of development within the defined Flood Zones (Table 3).

This Flood Risk Assessment is written in accordance with the NPPF and the Planning
Practice Guidance.

Flood Map for Planning

With particular reference to planning and development, the Flood Map for Planning
produced by the Environment Agency identifies Flood Zones in accordance with Table
1 of the Planning Practice Guidance.

Flood Zone 1 (Low Probability) is defined as land having less than a 1 in 1000 annual
probability of river or sea flooding (<0.1% Annual Exceedance Probability).

Flood Zone 2 (Medium Probability) is defined as land having between a 1 in 100 and 1
in 1000 annual probability of river flooding (1% - 0.1% AEP); or between a 1 in 200 and 1
in 1000 annual probability of sea flooding (0.5% - 0.1% AEP).

Flood Zone 3a (High Probability) is defined as land having a 1 in 100 or greater annual
probability of river flooding (>1% AEP); or land having a 1 in 200 or greater annual
probability of flooding from the sea (>0.5% AEP). This is represented by “Flood Zone 3"
on the Flood Map for Planning.

Flood Zone 3b (The Functional Floodplain) is defined as land where water has to flow or
be stored in times of flood. This is not identified or separately distinguished from Zone 3a
on the Flood Map for Planning.

1 National Planning Policy Framework, CLG, February 2019
2 Planning Practice Guidance: https://www.gov.uk/government/collections/planning-practice-guidance
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Figure 2.1: Flood Map for Planning

The Design Flood

The Planning Practice Guidance identifies that new developments should be designed
to provide adequate flood risk management, mitigation, and resilience against the
‘design flood’ for their lifetime.

Thisis a flood event of a given annual flood probability, which is generally taken as fluvial
(river) flooding likely to occur with a 1% annual probability (a 1 in 100 chance each
year), or tidal flooding with a 0.5% annual probability (1 in 200 chance each year),
against which the suitability of a proposed development is assessed and mitigation
measures, if any, are designed.
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Climate Change
In February 2016 the predicted future change in peak river flows were updated by the
Environment Agencys. This replaced the previous national 20% allowance, with a range

of projections applied to regionalised ‘river basin districts’.

The Wye catchment falls within the Severn river basin district. Table 2.1 identifies the
relevant peak river flow allowances from this river basin district.

Table 2.1: Peak River Flow Allowance for the Severn River Basin District

Total potential change | Total potential change | Total potential change

Aé';:ggg?ye anticipated for the anticipated for the anticipated for the
120205’ (2015 to 2039) | ‘2050s’ (2040 to 2069) | ‘2080s’ (2070 fo 2115)
Upper End 250% 40% 70%
Higher Central 15% 25% 35%
Central 10% 20% 25%

When determining the appropriate allowance for use in a Flood Risk Assessment the
Flood Zone classification, flood risk vulnerability and the anticipated lifespan of the
development should be considered.

Table 2.2 provides a matrix summarising the Environment Agency's guidance on
determining the appropriate allowances.

The site as a whole is located partially within Flood Zone 3, and the highest vulnerability
of the proposed is classified as ‘More Vulnerable’, with an anticipated lifespan of over
60 years. Therefore, the higher central and upper end allowances for the 2080 epoch
should be considered.

Therefore, to ensure the development is designed adequately for its lifetime an
allowance of 35% and 70% should applied to the design flood. The 35% allowance will
be used to determine appropriate flood mitigation measures and assess the
developments potential impact in the wider catchment, and the 70% and will be used
to assess the resilience of the proposed flood mitigation strategy.

3 Environment Agency. 2016. Flood risk assessments: climate change allowances: https://www.gov.uk/guidance/flood-risk-assessments-climate-change-
allowancestttable-1. [last accessed 24 April 18].
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Table 2.2: Application of the Appropriate Climate Change Allowance

Flood Essential Highly More Less Water
Zone | Infrastructure Vulnerable Vulnerable Vulnerable Compatible
Use none of
1 Use the central allowance the
allowances
Use the
higher Use the higher | Use the central
central and central and and higher Use none of
Use the central
2 upper end to upper end to central to the
allowance
assess a assess arange | assess a range allowances
range of of allowances of allowances
allowances
Use the higher | Use the central
Use the Development central and and higher
Use the central
3a upper end should not be upper end to central to allowance
allowance permitted assess a range | assess a range
of allowances of allowances
Use the Development Development Development Use the central
3b upper end should not be should not be should not be
. . . allowance
allowance permitted permitted permitted
*If development is considered appropriate when not in accordance with Flood Zone
vulnerability categories, then it would be appropriate to use the upper end allowance.

Strategic Flood Risk Assessment

A Strategic Flood Risk Assessment (SFRA) 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.

The Herefordshire Level 1 SFRA* has been reviewed in the production of this FRA. The
SFRA provides information specific to the site location in the form of fluvial, surface water
and groundwater flood risk mapping, as well as records of historical flooding.
Information from the Level 1 SFRA will be referenced within Section 3 where applicable.

Preliminary Flood Risk Assessment

A Preliminary Flood Risk Assessment (PFRA) is an assessment of floods that have taken
place in the past and floods that could take place in the future. It generally considers
flooding from surface water runoff, groundwater and ordinary watercourses, and is
prepared by the Lead Local Flood Authorities.

The Hereford PFRAS considers flooding from surface water runoff, groundwater, ordinary
watercourses and canals. It also references any historical river flooding. However, no

4Level 1 Strategic Flood Risk Assessment (Herefordshire Council, April 2019)
5Preliminary Flood Risk Assessment (JBA Consulting, May 2011)
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historic instances of flooding at the site are referenced. Information from the PFRA wiill
be referenced within this report where applicable.

Local Flood Risk Management Strategy

A Local Flood Risk Management Strategy (LFRMS) is prepared by a Lead Local Flood
Authority to help understand and manage flood risk at a local level. The LFRMS aims to
ensure that the knowledge of local flood risk issues is communicated effectively so that
they can be better managed. The LFRMS also aims to promote sustainable
development and environmental protection.

The Herefordshire Council LFRMS¢ has been reviewed and will be referenced within this
report where applicable.

Local Plan

A Local Plan is prepared by a Local Planning Authority to set out a vision and framework
for the future development of the area - addressing needs and opportunities in relation
to housing, the economy, community facilities and infrastructure — as well as a basis for
safeguarding the environment, adapting to climate change and securing good design.

The site is included within the Herefordshire Local Plan” under Policy HD6 — Southern
Urban Expansion (Lower Bullingham).

6Local Flood Risk Management Strategy (Herefordshire Council, October 2017)
7Herefordshire Local Plan 2011-2031 (Herefordshire Council, October 2015)

Page | 9



Bullingham, Hereford

Flood Risk Assessment

October 2019
BUL-BWB-EWE-XX-RP-EN-0003_FRA

3.1

Flooding can occur from a variety of sources, or combination of sources, which may be
natural or artificial. Table 3.1 below identifies the potential sources of flood risk to the site
in its current condition, and the impacts which the development could have in the wider
catchment, prior to mitigation. These are discussed in greater detail in the forthcoming
section. The mitigation measures proposed to address flood risk issues and ensure the
development is appropriate for its location are discussed within Section 4.0.

Flood Source

Fluvial

Table 3.1: Pre-Mitigation Sources of Flood Risk

Potential Risk

Medium

Description

The site is located outside the
floodplain of the River Wye.

The Eastern and Central
Development Parcels are
located in Flood Zone 3,
attributed to ordinary
watercourses.

Canals

There are no canals in the vicinity
of the site.

Groundwater

Groundwater is relatively shallow
under the site. There is a risk of
emergence within the low-lying
areas of the site.

Reservoirs and
waterbodies

The site is shown to fall outside of
the area at risk of reservoir
failure.

Pluvial runoff

The is site is identified as being at
risk of flooding from pluvial
sources.

Sewers

The site is greenfield, with the
majority of the local
infrastructure located
downstream of the site.

Effect of
Development
on Wider
Catchment

The development could result in
the impedance of surface water
flow routes if not factored into
the masterplan.

The development will increase
the area of impermeable
surfaces leading to a potential
increase in runoff.
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Fluvial Flood Risk

Flooding from watercourses occurs when flows exceed the capacity of the channel, or
where a restrictive structure is encountered, which leads to water overtopping the banks
into the floodplain. This process can be exacerbated when debiris is mobilised by high
flows and accumulates at structures.

The site is located approximately 500m to the south of the River Wye, the nearest
Environment Agency Main River. A series of ordinary watercourses flow through the site
in a northerly direction and ultimately outfall to the River Wye, as follows:

e The Norton Brook flows past the western parcel and through the central parcel,
before flowing into the Withy Brook.

e The Red Brook flows through the centre of the eastern parcel.

e A small tributary of the Red Brook flows under the B4399 and enters the eastern
parcel at its southern boundary.

A secondary tributary of the Red Brook is also located within the eastern parcel. This
flows under the B4399, through the site, and beneath Watery Lane, before it is
culverted to meet the Red Brook as it flows next to Watery Water upstream of the
railway line.

Asshown in Figure 2.1, the application site isidentified as being partially located in Flood
Zone 3, hence fluvial flooding is considered to pose a high risk to the site.

The Herefordshire SFRA outlines that fluvial flood risk in the area is significant, particularly
within the Lower Bullingham residential site. Flooding events in the past few years have
been particularly significant.

The SFRA states that any development on the south side of Bulingham will carry the
potential to increase loadings on the Withy Brook and Red Brook. These watercourses
already suffer from significant flooding at present. It is understood that this is largely due
to high tailwater levels arising from the River Wye itself. Additional flows from new
upstream development are anticipated to exacerbate this risk.

The SFRA points to the Preliminary Flood Risk Study undertaken in 2004. A HEC-RAS model
was used to assess flood risk problems, particularly regarding Watery Lane, a flood prone
area which borders the eastern site boundary. It is stated this road floods at the 1 in 50-
year event.

The Herefordshire Preliminary Flood Risk Assessment (PFRA) was also undertaken in 2011.
This document identifies the development to be located just south of a ‘hofspot for
flooding’, as concluded from a number of reports of flooding within the local area, but
particularly within the residential area to the north of the site.

The EA has provided mapping which demonstrates that the site has experienced
flooding previously. The flood events detailed occurred in 1929-30, 1947 and 1960 and
although it is likely that the nature of the landscape and hydrology has changed since
this time, it gives an indication of the area naturally at risk from this source.
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The Herefordshire 2019 Strategic Flood Risk Assessment identifies recent flood history of
Lower Bulingham Lane and Watery Lane, in: 2007, 2008, 2012, 2014. The report notes
that the 2007, 2012 and 2014 coincided with River Wye flood events.

A review of news articles also identified additional road closures on Bullingham Lane
and Watery Lane due to flooding in 2015 and 2018.

Additionally, Herefordshire County Council have reported that the industrial estate
adjacent to Watery Lane has flooded five times since 1990.

A hydraulic model of the Red Brook, Norton Brook, Withy Brook, and smaller tributary
channels has been prepared by BWB Consulting to assess the fluvial flood risk to the site.

This takes the form of a dynamically linked 1D-2D Flood Modeller-TUFLOW model.

The details of the model and detailed floodplain maps are available in the Hydraulic
Model Report which is available in Appendix 3.

Western Parcel

The Norton Brook flows directly through the eastern portion of the Western Parcel, as
such it is affected by all modelled flood events, from the 1 in 5-year event upwards.

However, the local topography confines the floodplain within a narrow corridor directly
next to the watercourse, and the majority of the parcelis located outside of the 1 in 100-
year + 35% and 1 in 1000-year floodplains. This is illustrated in Error! Reference source not
found..

The culvert under the B4399 directly upstream of the site is shown to restrict flood flows
leading to flooding over right bank, upstream of the B4399. This flooding follows the fall
of the local topography and is directed away from the site.

A 75% blockage of the B4399 culvert on the Norton Brook is shown to increase upstream
flood levels by up to 480mm during the 1 in 100-year event. Thisresultsin a slightincrease
in floodplain extents, but no negative impacts are predicted within the site. Floodplain
mapping of this scenario is shown with Appendix 3.

A culvert under an informal access track is present on the Norton Brook at the
downstream extent of the western parcel. A 75% blockage of this culvert on the Norton
is shown to result in a localised increase in flood levels of up to 460mm during the 1 in
100-year event. This is accompanied by an increase in floodplain extents. While this
scenario increases flood levels, the impact dissipates before reaching the proposed
development area. Floodplain mapping of this scenario is shown with Appendix 3.

The modelling has shown that a decrease in channel and floodplain roughness
(representative of winter seasonal conditions or following maintenance) results in a
decrease in flood depths of between to 10-200mm during the 1 in 100-year event. This
is a result of the ordinary watercourses becoming more efficient and capable of
conveying more flow within bank. Floodplain mapping of this scenario is shown with
Appendix 3.
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An increase in channel and floodplain roughness (representative of summer seasonal
conditions, and a period without maintenance) is shown to result in an increase in flood
depths of up to 10-90mm during the 1 in 100-year event. This has a nominal effect on
floodplain extents. Floodplain mapping of this scenario is shown with Appendix 3,
Appendix 3.

Figure 3.1 - Western Parcel Baseline Flood Extents

Central Parcel

The Norton Brook flows directly through the centre of the Central Parcel, as such it is
affected by all modelled flood events, from the 1 in 5-year event upwards.

The local topography confines the floodplain within a relatively narrow corridor on either
side of the watercourse. Therefore, there is little difference between modelled floodplain
extents of the various events, from the 1 in 20-year to the 1 in 1000-year. This is illustrated
within Figure 3.2.
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A 75% blockage of the culvert under the informal access track in the western parcel,
also affects flood levels in the central parcel. A localised increase in flood levels of up
to 467mm is shown during the 1 in 100-year event. This is accompanied by an increase
in floodplain extents. Floodplain mapping of this scenario is shown with Appendix 3.

Figure 3.2 - Central Parcel Baseline Flood Extents

The modelling has shown that a decrease in channel and floodplain roughness in the
central area results in a decrease in flood depths of between to 10-200mm during the 1
in 100-year event.

An increase in channel and floodplain roughness (is shown to result in an increase in
flood depths of up to 10-90mm during the 1 in 100-year event. This has a nominal effect
on floodplain extents.

Eastern Parcel

The floodplain extents within the Eastern Parcel are illustrated within Figure 3.3.
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The Withy Brook is shown to be constrained by the culvert under the railway

embankment. This leads to out of bank flows crossing Hoarwithy Road and entering the
eastern parcel in the 1 in 20-year event and above.
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Figure 3.3 — Eastern Parcel Baseline Flood Extents

The flood route from the Withy Brook leaves the eastern development parcel and flows
north under the railway embankment via Lower Bulingham Lane.

At events over the 1 in 100-year+25%, the Withy Brook floodplain overtops Lower
Bullingham Lane and continues further into the eastern development parcel.

The Red Brook channel in the south of the eastern development parcel is located on
the left extremity of the floodplain, therefore the majority of the out of bank flows occur
in the right bank floodplain. Out of bank flooding is generally predicted to occur in
events over the 1 in 20-year. Due to the constrained valley floor the extents of the 1 in

100, 1 in 100 + 35%, 1 in 100 + 70% and the 1 in 1000-year flood events are relatively
similar.
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As the topography flattens out in the northern half of the development parcel, a wide
and relatively shallow flood route from the left bank of the Red Brook is generated at
the 1 in 20-year event and above. This joins up with the flood route from Withy Brook
before flowing onto Watery Lane.

A smaller flood route from the right bank of the Red Brook is also generated at and
above the 1in 20-year, this flows on to Watery Lane and into the industrial estate around
Twyford Road.

The in-channel and left bank floodplain flows of the Red Brook leave the site via Watery
Lane, but then pass under the railway embankment. Due to the flat nature of the
floodplain downstream of the railway there is some interaction between the Red Brook
and the River Wye.

Watery Lane and the adjacent industrial estate are shown to be at flood risk from the
River Wye and Red Brook in all modelled scenarios, at events as low as the 1 in 5-year.
It is believed that this agrees with the anecdotal reports.

During events in excess of the 1 in 100-year flood, the River Wye flood levels reverse the
flow direction through the railway embankment, in these instances flood water is
directed off Watery Lane and into the industrial around Twyford Road (i.e.: away from
the site).

Flood flows in the tributary watercourse in the east of the parcel are predicted to remain
in bank through the parcel but flooding of Watery Lane is predicted at and above the
1in 20-year due to the restrictive culvert on Watery Lane.

A 75% blockage of the railway culvert on the Withy Brook shows that this would lead to
a significant increase in the overland flows being directed towards the eastern parcel
of site along the raillway embankment. This leads to an increase of up to 150mm in peak
flood levels within the north of the site, and an increase to the predicted floodplain
extents. However, the additional floodplain falls in an area which is already at flood risk
in the climate change scenarios. Floodplain mapping of this scenario is available within
Appendix 3.

Blockages of the Watery Lane and B4399 culvert on the Red Brook, the B4399 culvert on
the Red Brook tributary, and the B4399 culvert and a farm access track culvert on the
unnamed ditch have also been assessed. Each of these have been shown to not pose
a significant flood risk to the site. Floodplain mapping of these scenarios are available
within Appendix 3.

The modelling has shown that a decrease in channel and floodplain roughness results
in a decrease in flood depths of between to 10-100mm within the site, and a significant
reduction in floodplain extents.

Anincrease in channel and floodplain roughness is shown to result in an increase in flood
depths of up to 10-70mm within the site. The floodplain extents are also shown to
generally increase within the site, although the main increases occur in the flatter
northern proportion of eastern parcel, which is already at flood risk in the climate
change scenarios.
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Recommended mitigation measures to address the fluvial flood risk are summarised in
Section 4.

Watery Lane Vehicle Bypass Facility

The Watery Lane vehicle bypass facility is at risk in all modelled scenarios. As stated
previously there is no proposed development at this location, simply the preservation of
existing egress routes.

Flood Risk from Canals

The Canal and River Trust (CRT) generally maintains canal levels using reservoirs, feeders
and boreholes and manages water levels by transferring it within the canal system.

Water in a canal is typically maintained at predetermined levels by control weirs. When
rainfall or other water enters the canal, the water level rises and flows out over the weir.
If the level continues rising it will reach the level of the storm weirs. The control weirs and
storm weirs are normally designed to take the water that legally enters the canal under
normal conditions. However, it is possible for unexpected water to enter the canal or for
the weirs to become obstructed. In such instances the increased water levels could
result in water overtopping the towpath and flowing onto the surrounding land.

Flooding can also occur where a canal isimpounded above surrounding ground levels
and the retaining structure fails.

Ordnance Survey mapping shows there to be no canals within the vicinity of the site.
Groundwater Flood Risk

Groundwater flooding occurs when the water table rises above ground elevations. It is
most likely to happen in low lying areas underlain by permeable geology. This may be
regional scale chalk or sandstone aquifers, or localised deposits of sands and gravels
underlain by less permeable strata such as that in a river valley.

The SFRA does not detail any groundwater flooding as having occurred within the local
area.

All the parcels in the site are shown to be underlain by Raglan Mudstone Formation
(Siltstone and Mudstone interbedded), which is designated by the Environment Agency
as Secondary A aquifer. Secondary A aquifers are described as permeable layers
capable of supporting water supplies at a local rather than strategic scale, and in
sometimes forming an important baseflow to rivers.

The site also contains various superficial deposits as shown in Figure 3.4, which are also
classified as Secondary A aquifers. The site investigation report that the depths of the
superficial deposits vary across the site from 0.5m to 3.5m. Groundwater was generally
recorded at depths of 2.0m to 3.5m below ground.
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Site investigations have shown that soils of the site very between 0.2m to 0.5m depth
and are comprised of silt, sandy clay, and clayey silts.

Figure 3.4 - Superficial Deposits at Site Location

Western Parcel

The Western Parcel is shown to be underlain by Alluvium superficial deposits (Clay, Silt,
Sand and Gravel) associated with the Norton Brook floodplain. There is a risk of
groundwater flooding from the alluvium, but this would likely be in continuity with the
watercourse, and unlikely to exceed the extent of the fluvial floodplain.

The majority of the western parcel is elevated above the Norton Brook floodplain and
so should be at low risk of groundwater flooding.
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Central Parcel

The Central Parcel is shown to be underlain by Alluvium superficial deposits associated
with the Norton Brook floodplain. There is also a region of River Terrace Deposits (Sand
and Gravel) located on the eastern edge of the central parcel.

There is a risk of groundwater flooding from the alluvium, but this would likely be in
continuity with the watercourse, and unlikely to exceed the extent of the fluvial
floodplain.

The catchment of the River Terrace Deposit is understood to be limited, therefore the
risk of groundwater emerging directly from the aquifer is considered to be low, unless
excavations into the deposits are made.

However, it is underlain by less permeable mudstone, which may limit the ability for
groundwater to drain away from the aquifer into the underlying strata. This may manifest
itself at surface level as reduced infiltration and increased runoff during prolonged storm
events.

Eastern Parcel

The Eastern Parcel is shown to be underlain by Alluvium superficial deposits associated
with the Red Brook floodplain. There is are also isolated regions of River Terrace Deposits
located on the southern boundary, and a large region in the north of the parcel.

There is a risk of groundwater flooding from the alluvium, but this would likely be in
continuity with the watercourse event, and unlikely to exceed the extent of the fluvial
floodplain.

The catchment of the isolated River Terrace Deposit on the southern boundary are
understood to be limited, therefore the risk of groundwater emerging directly from these
is considered to be low, unless excavations into the deposits are made.

However, they are underlain by less permeable mudstone, which may limit the ability
for groundwater to drain away from the aquifer into the underlying strata. This may
manifest itself at surface level as reduced infiltration and increased runoff during
prolonged storm events.

The potential catchment of the River Terrace Deposit on the north of the site is
potentially much greater and likely to be continuity with the River Wye, and there is a
risk of that groundwater levels could rise in prolonged storm events. The clayey
composition of the overlying soil may reduce the likelihood that groundwater could
resurge at the surface, any potential emergence would occur in the low-lying areas to
the north of the site or within the Red Brook floodplain via the alluvium, unless
excavations into the deposits are made.

Recommended mitigation measures to address the groundwater flood risk are
summarised in Section 4.
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Watery Lane Vehicle Bypass Facility

The Watery Lane vehicle bypass facility is considered to be at risk from groundwater
flooding. As stated previously there is no proposed development at this location, simply
the preservation of existing egress routes.

Flood Risk from Reservoirs & Large Waterbodies

Flooding can occur from large waterbodies or reservoirs if they are impounded above
the surrounding ground levels or are used to retain water in times of flood. Although
unlikely, reservoirs and large waterbodies could overtop or breach leading to rapid
inundation of the downstream floodplain.

To help identify this risk, reservoir failure flood risk mapping has been prepared, this shows
the largest area that might be flooded if a reservoir were to fail and release the water it
holds. The map displays a worst case scenario and is only intended as a guide. An
extract from the mapping is included as Figure 3.5.

Figure 3.5 - Reservoir Failure Flood Risk Map
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The site is shown to be located outside of the area at risk of reservoir flooding.
Pluvial Flood Risk

Pluvial flooding can occur during prolonged or intense storm events when the infiltration
potential of soils, or the capacity of drainage infrastructure is overwhelmed leading to
the accumulation of surface water and the generation of overland flow routes.

Risk of flooding from surface water mapping has been prepared, this shows the potential
flooding which could occur when rainwater does not drain away through the normal
drainage systems or soak into the ground, but lies on or flows over the ground instead.
An extract from the mapping is included as Figure 3.6.

Figure 3.6 - Risk of Flooding from Surface Water Mapping

The surface water mapping shows the majority of the site to be at very low risk of flooding
from surface water.
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The areas at risk of flooding from surface water are representative of the floodplains
associated with the minor watercourses, and the presence of the elevated B4399 on
the southern boundary means that pluvial runoff outside of the site can only enter the
site as part of the fluvial system. Therefore, this source of flood risk is considered as part
of the fluvial flood modelling.

However, it is considered that pluvial runoff generated within the development itself
could pose a potential flood risk.

The Herefordshire PFRA (2011) outlines that the local area is at ‘significant’ risk from
surface water flooding. However, this is based on coarse mapping and is informed by
the Flood Maps for Surface Water (FMfSW), which are ‘indicative’.

The flood risk from surface water flooding is addressed within mitigation measures
outlined in Section 4.0.

Flood Risk from Sewers

Sewer flooding can occur when the capacity of the infrastructure is exceeded by
excessive flows, or as a result of a reduction in capacity due to collapse or blockage, or
if the downstream system becomes surcharged. This can lead to the sewers flooding
onto the surrounding ground via manholes and gullies, which can generate overland
flows.

Welsh Water Sewer Records are included within Appendix 4. The local sewer network is
predominately present within the residential and industrial areas downstream of the site.
Given the difference in elevation between these areas and the site, this source of flood
risk is considered to be generally low.

Effect of Development on Wider Catchment

Displacement of Floodplain

The development of the site will be sequential arranged to avoid the existing floodplain
where possible. However, it is envisaged that some encroachment into the 1 in 100-
year+35% floodplain could occur at locations where a bridge over a watercourse is
required, or where the floodplain needs to be rearranged to form a more favourable
development area.

Displacement of the floodplain reduces the volume of available floodplain, potentially
leading to detriment within the wider area, unless appropriate mitigation measures are
implemented. The mitigation measures proposed to address the displacement of the
floodplain within the development are discussed within Section 4.0.

Impedance of Flood Flows

The development of the site has the potential to impede floodplain flows where a bridge
crossing of a watercourse is proposed, unless appropriate mitigation measures are
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implemented. This has the potential to divert flood water into third party leading to
detriment.

The mitigation measures proposed to address the displacement of the floodplain within
the development are discussed within Section 4.0.

Development Drainage

The development will inevitably result in a significant increase in impermeable surfaces
on site when compared to its existing greenfield state. This will require suitable mitigation
measures which are discussed within Section 4.0.

The SFRA emphasises that importance of a detailed surface water management plan
in order to address problematic and conflicting surface water and flood risk issues. In
instances where it is not clearly established what the downstream risks may be, the SFRA
outlines that the most appropriate option is to maintain the same runoff from the
development site as that for the greenfield for the same event.

Downstream flooding issues exist as a result of the route of the Red Brook through the
Watery Lane residential area. The SFRA states that any development on the south side
of Bulingham will carry the potential to increase loadings on this watercourse. The
proposed development drainage strategy will need to take this issue into account.
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4.1

4.4

4.7

Section 3.0 has identified the sources of flooding which could potentially pose a risk to
the site and the proposed development. This section of the FRA sets out the mitigation
measures which are to be incorporated within the proposed development to address
and reduce the risk of flooding to within acceptable levels.

Sequential Arrangement

The illustrative development areas are mapped against the floodplain within Appendix
5.

Western Parcel

The area proposed for development on the Western Parcel will be arranged to fall on
land outside of the modelled floodplain, on land within Flood Zone 1. Therefore, the park
and choose will be at a low risk of fluvial flooding.

Central Parcel

The hydraulic modelling exercise has shown that the Central Development Parcel is at
a high flood risk. However, the proposed development is a country park and is classified
as ‘Water Compatible’ with no proposed built development, this is deemed to be
acceptable under the NPPF.

Eastern Parcel

The site layout has been arranged in an attempt locate the proposed development
outside of the 1 in 100-year + 35% floodplain (the design floodplain) where possible to
minimise the risk of fluvial flooding.

There are thought to be a few locations where the development could encroach into
the design floodplain. These include the proposed bridge crossing of the Red Brook, and
the edge of a proposed surface water attenuation pond/basin. These areas are
highlighted within Appendix 5.

Development Levels

Finished floor levels should be set at a minimum of 600mm above the adjacent 1 in 100-
year + 35% flood level.

Peak flood levels are mapped and detailed within Appendix 3. This shows that the
recommended 600mm freeboard is sufficient to offer resilience against the 1 in 100-
year+70% and the 1 in 1000-year flood events, and also against the increased flood
levels resulting from potential blockages of key structure and changes in floodplain and
channel condition (roughness).

It is also recommended that finished floor levels are set a minimum of 150mm above
adjacent ground levels, and that ground levels are profiled to encourage pluvial runoff
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4,11

4.14

and overland flows away from the built development and towards the nearest drainage
point.

Safe Access and Egress

Safe dry access and egress will be achievable from the eastern parcel during all flood
events via a new access from the B4399 road to the south, and also via Hoarwithy Road
southwards to the north-west of the site, where necessary.

Safe dry access and egress will be achievable from the western parcel during all flood
events via a new access from the B4399 or A49.

Watery Lane Vehicle Bypass Facility

As part of the traffic management solutions for the development it is proposed to stop-
up Watery Lane at the railway line. To preserve the existing residents’ access to the high
ground on the southern side of the railway line during a flood event a gated layby
arrangement is proposed.

Floodplain Compensation

Level for level floodplain compensation will be provided as required by the Environment
Agency and SFRA. Approximate areas which could be used for future compensation
are highlighted within Appendix 5.

As the development is only at an outline stage, the final extent of
development/earthworks within the floodplain is currently unknown. Therefore, design
of any necessary floodplain compensation has not yet been completed. Itis envisaged
that this will be undertaken at the detailed design stage.

However, as an informative at this outline stage, the illustrative parameter plan was used
to raise land within the development parcels above flood levels within the hydraulic
model. As a worst-case assessment no representation of floodplain compensation was
included.

The comparative analysis is mapped within Appendix 3, for flood events up to and
including the design flood (1 in 100-year+35%). As an informative the comparison also
includes for the 1 in 100-year+70% and 1 in 1000-yrear events, but it should be noted that
these are beyond typical design standard.

The comparative analysis shows that there are localised changes in flood levels centred
around the proposed bridge crossing, but that any changes dissipate within a short
distance.

In the 1 in 100-year, 1 in 75-year, and 1 in 50-year events some nominal impacts are
predicted to the north of the application site. The impacts eminent from the proposed
bridge crossing, but occur on land within the wider land ownership. Therefore, these are
considered acceptable.
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It should be noted that in reality floodplain compensation will be offered to offset the
loss in floodplain resulting from the development, thereby reducing any potential
impacts. But even with no floodplain compensation represented within the model, the
developments impact on the floodplain outside of the site is minimal.

Additionally, attenuated surface water drainage in the form of SuDS will reduce the
equative runoff from the development to the greenfield QBAR rate, thereby offering
some betterment to the contributing runoff from the site to the downstream floodplain.

Surface Water Drainage

The surface water drainage strategy is discussed within the Sustainable Drainage
Document, document reference BULL-BWB-ZZ-XX-RP-EN-0004_SDS, and an illustrative
plan from the drainage strategy is provided in Appendix 5.

The potential infiltration rate of the site has been preliminarily investigated in the site
investigations. This reported that two of the four tests within the site resulted in no
infiltration, due to the clayey nature of the soil. The other two tests reported an initial
infiltration rate within the superficial granular soils, but that this was short lived due to the
clay substrate below. The shallow nature of the groundwater also means that this is likely
to be a feasible method of discharging surface water from the development.

It is therefore proposed to continue to discharge surface water to the Red Brook and
associated watercourses. Attenuated surface water drainage in the form of SuDS wiill
reduce the equative runoff from the development to the greenfield QBAR rate, thereby
offering betterment to the contributing runoff from the development to the overloaded
fluvial system downstream of the site.

This approach could increase the risk of the site runoff coinciding with the River Wye
flood peak, but it is believed that the relatively low discharge rate is nominal when
compared to flood flows on the River Wye, and therefore the development should aim
to aid the flood risk immediately downstream of the site.

A surface water drainage strategy will be implemented at the Western Parcel (‘Park and
Choose'). Surface water attenuated storage will be designed to accommodate the
100-year storm, plus an allowance for climate change. This will minimise impact on the
receiving waterbody in all but extreme events.

Runoff from the proposed country park will drain naturally through a combination of
infiltration and sheet runoff to the local watercourse, as existing.

Itis proposed that surface water runoff from the Parcel is discharged into the Red Brook,
and tributary watercourses, as existing. Surface water attenuated storage will be
designed to accommodate the 100-year storm, plus an allowance for climate change.
This will minimise any additional loading on the receiving waterbody in all but extreme
events.

Page | 26



Bullingham, Hereford

Flood Risk Assessment

October 2019
BUL-BWB-EWE-XX-RP-EN-0003_FRA

Foul Water Drainage

It is proposed to drain used water from the development separately to surface water.

It is proposed to work with the local surface operator to ensure sufficient capacity for
the development is available within the sewage infrastructure prior to occupation.

Land Drainage

The flood risk posed by the shallow groundwater levels in the site will be mitigated
through elevating the development levels above surrounding ground levels.

However, the presence of the shallow groundwater levels should be considered in the
design of the earthworks, foundations, and below ground infrastructure.

The shallow groundwater should also be considered during the construction phase of
the development, particularly during the excavations. It is recommended that
groundwater levels are monitored during the construction phase, and where
groundwater is encountered appropriate dewatering solutions should be employed.
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5.1

This Flood Risk Assessment (FRA) has been prepared in accordance with requirements
set out in the National Planning Policy Framework (NPPF) and the associated Planning
Practice Guidance. The FRA has been produced on behalf of Bloor Homes Limited in
respect of a planning application for a mixed-use, residentially-led development at
Bullingham, Hereford.

This FRA is intended to support an outline planning application and as such the level of
detail included is commensurate and subject to the nature of the proposals.

This report demonstrates that the proposed development is not at significant flood risk,
subject to the recommended flood mitigation strategies being implemented. The

identified risks and mitigation measures are summarised within Table 5.1:

Table 5.1: Summary of Flood Risk Assessment

Flood Source Proposed Mitigation Measures

The development has been arranged within the site to avoid the 1 in 100-year
plus climate change floodplain, where possible.

Finished floor and threshold levels of the development will be set a minimum
of 600mm above the 1 in 100-year plus climate change flood level.

Fluvial

The development has been arranged within the site to avoid the low-lying
floodplain and the underlying alluvium, where possible.

Finished floor levels are to be set a minimum of 150mm above adjacent
ground levels, and ground levels are profiled to encourage overland flows
Groundwater | away from the built development and towards the nearest drainage point.
The presence of the shallow groundwater levels should be considered in the
design of the earthworks, foundations, and below ground infrastructure
Where groundwater is encountered appropriate dewatering solutions will be
employed.

Finished floor levels are to be set a minimum of 150mm above adjacent
ground levels, and ground levels are profiled to encourage pluvial runoff and
overland flows away from the built development and towards the nearest
drainage point.

Pluvial runoff

Any loss in the 1 in 100-year+35% floodplain resulting from the development
will be recreated in a level-for-level manner.

Impact of the | Surface water runoff from the development will be limited to the equivalent
Development | greenfield QBAR runoff rate, and on-site attenuated storage will be provided
outside of the floodplain up to the 1 in 100-year + climate change storm
event.

This summary should be read in conjunction with BWB's full report. It reflects an assessment of
the Site based on information received by BWB at the time of production.

It is proposed to compensate for the loss in floodplain in a level-for-level manner, and
designs should be prepared at the detailed design stage when the final extent of
development is confirmed.
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The development will include at least one bridge crossing of the watercourses. It is
envisaged that the bridge parameters and appropriate floodplain compensation will
be identified at the detailed design stage.

In compliance with the requirements of National Planning Policy Framework, and
subject to the mitigation measures proposed, the development could proceed without
being subject to significant flood risk. Moreover, the development will not increase flood
risk to the wider catchment area as a result of suitable management of surface water
runoff discharging from the site.
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Station Coordinates

Station Name | Eastings (m) | Northings (m) Height (m)
BWBO01 350673.350 236536.303 65.429
BWBO02 350520.089 236564.891 68.521 \l
BWBO03 351554.229 237240.099 72.952 NAPPROX
BWBO04 351552.216 237294.990 70.844

Notes

1. Do not scale this drawing. All dimensions must be checked/ verified
on site. If in doubt ask.

2. This drawing is to be read in conjunction with all relevant architects,
engineers and specialists drawings and specifications.

3. All dimensions in metres unless noted otherwise. All levels in metres
unless noted otherwise.

4.  Any discrepancies noted on site are to be reported to the engineer
immediately.

5. No scale factor has been applied to this survey, therefore the os
coordinates are to be treated as arbitrary. Please refer to survey
station information below for on site control establishment.

6. All coordinates and height data relate to OSGB36(15). Control stations
are coordinated by means of GPS receiving real time corrections via
OS smart net.

7. All manhole data is collected from ground level therefore discrepancies
may occur. More accurate data is only achievable via confined space
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1.1

1.2

13

BWB Consulting Ltd has been commissioned by Bloor Homes to undertake a hydraulic
river modelling exercise to investigate the fluvial flood risk at a future development site
within the Lower Bullingham area of Hereford. The modelling exercise will be used to
inform the masterplanning of the site as well as in supporting a Flood Risk Assessment of
the development.

The site is located on the southern edge of Hereford, approximately 2.5km from the city
centre. The site is split into three main parcels — a ‘Park and Choose’ car parking area
located to the west, a country park located centrally, and a mixed-use development
located on the largest parcel to the east. A fourth smaller parcel is located on Watery
Lane. This comprises a bypass facility is for use by existing residents along Watery Lane
in time of flood, to ensure their egress route to higher land is preserved.

A site location plan is illustrated within Figure 1.1.

Culvert to
Lower Red Brook
Bullingham Lane
Railway Red Brook L
Embankment
Withy Brook
B4399

Red Brook
Tributary 2

Red Brook
Tributary 1
B4399 Hoarwithy Road
Norton Brook

Figure 1.1: Site Location
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1.4

15

1.6

1.7

1.8

1.9

The River Wye is located approximately 500m to the north of the site, this is the nearest
main river. A series of ordinary watercourses flow through the site in a northerly direction
and ultimately outfall to the River Wye, as follows:

i. The Norton Brook flows past the western parcel and through the central parcel,
before flowing into the Withy Brook.

i. The Red Brook flows through the centre of the eastern parcel.

ii. A small tributary of the Red Brook flows under the B4399 and enters the eastern
parcel at its southern boundary.

iv. A secondary tributary of the Red Brook is also located within the eastern parcel. This
flows under the B4399, through the site, and beneath Watery Lane, before it is
culverted to meet the Red Brook as it flows next to Watery Water upstream of the
railway line.

Previous Studies & Available Data

2013 BWB Hydraulic Model — Red Brook & Withy Brook

A hydraulic model of the Red Brook, Withy Brook, and smaller tributary ditches was
prepared by BWB Consulting in 2013 to assess the fluvial flood risk to the eastern
development parcel. This took the form of a dynamically linked 1D-2D Flood Modeller-
TUFLOW model. The model was peer reviewed by the Environment Agency under ref:
PAC/MI/WE/00002 (SV/2013/107280/02).

The previous model forms the basis of this updated study. In order to assess the fluvial
flood risk to the western and central parcels, the hydraulic model has been extended

and the flood hydrology revisited, the details of which are the subject of this report.

2007 Halcrow Hydraulic Model - Withy Brook & Norton Brook

Halcrow Group Ltd produced a Flood Risk Assessment for a site to the west of Hoarwithy
Road in 2007 for the client. As part of this assessment a 1D flood model of the Withy and
Norton Brook was produced. The model has been made available for use within this
exercise.

2012 Strateqic Flood Risk Mapping - River Wye

The SFRM2 (2012) version of the one-dimensional (1D) ISIS hydraulic model of the River
Wye was obtained from the Environment Agency (EA). This includes the Wye through
Hereford as well as the reach adjacent to the site; it does not include any representation
of the Red Brook or Withy Brook fluvial systems.

Flood Maps for Planning

The Environment Agency Flood Maps for planning include the Red Brook, Withy Brook
and Norton Brook within the study site. It is understood that these are not based on
detailed hydraulic modelling and should only be used at a strategic scale. An extract
of the mapping is included as Figure 1.2. This shows that the site falls across Flood Zone
3,2and 1.

Page | 2



Lower Bullingham, Hereford
Hydraulic Modelling Report

October 2019

BUL-BWB-EWE-XX-RP-EN-0002_HMR

1.10

Figure 1.2: Flood Map for Planning

Other Sources of Data

The following additional datasets were used within the hydraulic modelling exercise:

EA 1m LIDAR Digital Terrain Model (DTM)

Topographic survey of the site

Watercourse cross-sectional survey of the Red Brook, Withy Brook and Norton Brook
Flood Estimation Handbook Catchment Descriptions

CEH National River Flow Archive ‘Hi-Flows' data

Ordnance Survey 1:25,000 scale mapping

Ordnance Survey 1:10,000 scale mapping

lllustrative historic flood outlines for the 1929/30,1947 and 1960 events provided by
the EA
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1.12

1.13

1.14

1.15

Consultation with the EA did not return any additional historical flood outlines or
hydrometric data applicable to the site.

The Herefordshire 2019 Strategic Flood Risk Assessment identifies recent flood history of
Lower Bulingham Lane and Watery Lane, in: 2007, 2008, 2012, 2014. The report notes
that the 2007, 2012 and 2014 coincided with River Wye flood events.

A review of news articles also identified additional road closures on Bullingham Lane
and Watery Lane due to flooding in 2015 and 2018.

Aims and Objectives

The aim of this exercise is to establish a good hydrological and hydraulic representation
of the fluvial flooding mechanisms and magnitude within the site. The model will be used
to inform the site layout and a Flood Risk Assessment of the development.

To achieve this aim, the following objectives have been identified:

e Extend the current 1D element of the model (in-channel environment) to include
the Withy and Norton Brook within the vicinity of the western and central
development parcels.

e Extend the current 2D representation of the floodplain to include the Withy and
Norton Brook within the vicinity of the western and central development parcels.

e Combine and link the updated 1D and 2D model domains.

e Undertake a hydrological review of the Withy Brook, Norton Brook, Red Brook and
the unnamed ditch to estimate peak flows and generate flood hydrograph profiles,
where necessary.

¢ Simulate flood events, including the latest climate change scenarios, within the EA
River Wye Model. Utilise results as a downstream boundary to the 1D and 2D model
domains.

e Simulate flood events within the combined 1D-2D model to establish a set of
baseline conditions.

e Verify the results against the available historic data within the site.

e Simulate sensitivity tests and residual risks within the model, to include: roughness
coefficients; blockage scenarios; 1 in 100-year flows; and impact of the
development on the floodplain.
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2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

2.10

2.11

In the previous BWB Consulting model, the flood hydrology was derived using a hybrid
approach. Peak flows were estimated using the Flood Estimation Handbook (FEH)
Statistical approach, and the Revitalised Flood Hydrography rainfall-runoff model was
used to provide an appropriate hydrograph shape.

As the modelled domain has been extended to include additional watercourses, the
hydrological assessment has been revisited.

Method Statement

Flood flow estimates are required to support a hydraulic modelling exercise. The
hydraulic model will be used to identify floodplain extents and peak flood levels through
the study site and surrounding area.

The hydraulic assessment will model unsteady flood flows, therefore hydrographs as well
as peak flood levels are required.

The Red Brook, Norton Brook and Withy Brook are un-gauged catchments, therefore
there are no hydrometric records of river flows and levels on which a hydrological
assessment of flood flows can be made.

This updated hydrological analysis is therefore based on industry standard
methodologies which utilise the FEH catchment descriptors: the FEH Statistical Analysis;
and the ReFH2 (Revitalised Flood Hydrograph) rainfall-runoff model.

Other methodologies such as IH124, and the Modified Rational method were dismissed
due to the size and rural nature of the catchment. The FEH rainfall-runoff hydrological
model was not utilised as this has been superseded by the ReFH2 model.

The catchments as delimited at the downstream extent of the study site were assessed
in this analysis. This approach means that only flows generated upstream or within the

site will be applied to the hydraulic model.

Flow estimates from the catchments will be applied at the upstream of the modelled
reaches, a ‘lumped’ approach.

As the flow estimates will be supporting a Flood Risk Assessment in support of a planning
application a conservative approach to the decision making will be made where
applicable.

Catchment(s) Review

Norton Brook Catchment Area

Catchment descriptors were extracted immediately upstream of the confluence with
the Withy Brook.
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2.12 A review of the Norton Brook watershed was undertaken against Ordnance Survey
contour data (see Figure 2.1). A fair correlation between the contour derived watershed
and the FEH catchment was observed, and an adjustment was not required.

Figure 2.1: Catchment Schematic

2.13 Key catchment descriptors for the Norton Brook are summarised within Table 2.1.

Table 2.1: Norton Brook Key Catchment Descriptors

AREA (km?2) 4.783
BFIHOST — Base Flow Index 0.579
FARL — Flood attenuation from reservoirs & lakes 1
FPEXT — Floodplain extent 0.0763
PROPWET - Proportion of time that soils are wet 0.33
SAAR - Standard Average Annual Rainfall 677
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2.14

2.15

2.16

2.17

2.18

2.19

2.20

Descriptor ‘

SPRHost — Standard Percentage Runoff (Host soils classification) 37.76
URBEXT1900 — Fraction of Urban Extent 0.0042
URBEXT2000 — Fraction of Urban Extent 0.0016

Withy Brook Catchment Area

Catchment descriptors were extracted at the culvert under the railway. The railway
embankment effectively acts as a catchment break preventing flows generated
downstream of the railway impacting the site.

To avoid considering the Norton Brook again, it was necessary to ‘subtract’ the Norton
Brook from the Withy Brook catchment and amend the catchment descriptors
accordingly using the methodologies outlined in Section 7, Volume 5 of the FEH.

A review of the Withy Brook watershed was undertaken against Ordnance Survey
contour data. This is illustrated within Figure 2.1.

Generally, a fair correlation between the contour derived watershed and the FEH
catchment was observed. However, due to the elevated nature of the railway line, it
was considered prudent to manually extend the catchment to meet this barrier to flows.

This resulted in additional 0.24km2 being assigned to the catchment upstream of the
railway - this is only a small percentage change of the overall catchment; therefore, it
was not considered necessary to alter the other catchment descriptors.

Key catchment descriptors for the amended Withy Brook are summarised within Table
2.2.

Table 2.2: Withy Brook Key Catchment Descriptors

AREA (km?) 3.726
BFIHOST — Base Flow Index 0.57
FARL — Flood attenuation from reservoirs & lakes 0.998
FPEXT — Floodplain extent 0.072
PROPWET - Proportion of time that soils are wet 0.33
SAAR - Standard Average Annual Rainfall 666
SPRuost — Standard Percentage Runoff (Host soils classification) 39.153
URBEXT1990 — Fraction of Urban Extent 0.005
URBEXT2000 — Fraction of Urban Extent 0.004

Red Brook & Tributary 1 Catchment Area

Catchment descriptors were extracted at the culvert under the railway, downstream of
the site. The FEH catchment included the "Red Brook Tributary 1" watercourse. The
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2.21

2.22

2.23

2.24

2.25

2.26

2.27

catchment will be assessed as a whole, and the resultant flow prorated on an area basis
within the hydraulic model.

Areview of the Red Brook watershed was undertaken against Ordnance Survey contour
data (see Figure 2.1), A fair correlation between the contour derived watershed and
the FEH catchment. However, due to the elevated nature of the railway line, it was
considered prudent to manually extend the catchment to meet this barrier to flows.

This resulted in additional 0.21km2 of catchment being assigned to the catchment
upstream of the railway. This represents only a small change of the overall catchment

therefore it was not considered necessary to alter the other catchment descriptors.

Key catchment descriptors are summarised within Table 2.3.

Table 2.3: Red Brook & Tributary Key Catchment Descriptors

AREA (km2) 4.561
BFIHOST — Base Flow Index 0.612
FARL — Flood attenuation from reservoirs & lakes 1
FPEXT — Floodplain extent 0.0339
PROPWET — Proportion of time that soils are wet 0.33
SAAR - Standard Average Annual Rainfall 684
SPRuost — Standard Percentage Runoff (Host soils classification) 33.75
URBEXT1900 — Fraction of Urban Extent 0.0055
URBEXT2000 — Fraction of Urban Extent 0.0006

Red Brook Tributary 2 Catchment Area

The second tributary watercourse which runs through the eastern proportion of the site
does not appear on the FEH, due to its small scale. Therefore, its catchment extent was
estimated using the available Ordnance Survey data (see Figure 2.1).

It is believed this catchment will have similar hydrological characteristics to the Red
Brook, as it is essentially an extension to its catchment. Therefore, the peak flows for the

ditch will be derived from the Red Brook's estimates on an area basis.

Geology & Urban Influence

British Geological Society (BGS) geological mapping indicates that the all the
catchments are underlain by Raglan Mudstone Formation overlain by River Terrace and
Alluvial Fan deposits. This underlying geology suggests that the BFlhosr and SPRuosr values
from the FEH are reasonable.

The BFlhost and SPRuost values identify that the catchments are not classified as

permeable. These values do not necessitate any special measures in the FEH
procedures, nor do they prohibit the use of either the ReFH or FEH Statistical Approach.
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2.28

2.29

2.30

231

2.32

2.33

2.34

2.35

URBEXT values are low indicating predominantly rural catchments. These relatively low
values do not necessitate any special measures in the application of the FEH
procedures, nor do they prohibit the use of either the ReFH or FEH Statistical Approach.

FEH-Statistical Analysis

WINFAP version 4 was utilised to undertake a statistical analysis of each of the
catchments using a hydrometric record of gauged catchments with similar descriptors.
The February 2018 version of the Hi-Flow dataset was used to provide an up-to-date
hydrometric record. Appendix 1 contains extracts from the statistical procedure
illustrating the methodology and detailing the composition of the pooling groups.

Pooling Group Development

A group of hydrologically similar gauged sites was generated for each catchment by
the software from the ‘OK for Pooling’ dataset. In each instance the group was
identified as ‘heterogenous’ to ‘strongly heterogeneous’ - this does not mean that the
group is inappropriate, just that it should be reviewed.

The groups were reviewed to identify sites which may be inappropriate due to being
significantly hydrologically dissimilar to the study site(s), or if they have any inaccuracies,
uncertainties or limitations in their data record.

In all cases, three stations within the pooling groups were identified as permeable
catchments (BFlhost>0.80, SPRHos<20%): Gypsey Race (26802), South Winterbourne
(44008), and Brompton Beck (36010). However, a review of their respective growth
curves showed that they are responsive to storm events, therefore their retention in the
pooling group was considered acceptable.

All other stations in the pooling groups were considered to be acceptable: they were
all identified as having sufficient record length, and to be of sufficient hydrological
similarity for the purpose of this study (i.e.: no other sites within the Hi-Flows dataset are
believed to be more representative). The sites were of a rural nature, had similar flood
seasonality, and were not of a permeable nature. It is believed that the heterogeneous
nature of the pooling groups is a result of the limited number of small gauged sites which
are available in the record.

Following the reviews, the resultant record length for the pooling groups exceeded 500-
years, which meets the recommended guidelines on minimum record length.

In line with the generally accepted approach, the ‘generalised logistic’ distribution

(regarded as the best fit for most UK catchments) was selected to derive a growth curve
from each pooling group.
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2.36

2.37

2.38

2.39

2.40

241

2.42

2.43

2.44

QMED Development

The updated catchment descriptors were initially used to estimate the rural QMED of
the catchments (QMEDcpos) using the revised equation from Science Report SC0500501.

The Hi-Flows dataset was used to generate a list of 10 potential donor sites from the “OK
for QMED & Pooling” dataset for each catchment. It is the recommended procedure
to use six Donor Stations to refine the estimation of QMED. This resulted in an adjusted
QMED (QMEDAaDs).

To account for the influence of the urban extent, the QMEDaps value was updated using
an Urban Adjustment Factor (UAF) based upon the Urban Extent of each catchment.

Change in QMED estimation through this process are summarised within Table 2.4.

Table 2.4: QMED Development

Catchment Q'\(/Iri?;;:AN

Withy Brook 1.135 1.481 1.005 1.489

Norton Brook 0.704 0.924 1.002 0.925
Red Brook 0.616 0.812 1.001 0.812

The growth curve derived from each the pooling group was also adjusted to reflect the
urban influence, using the standard recommended approachz?.

The QMEDurean Was applied to the adjusted growth curve to derive a flood frequency
curve. The peak flood flow estimates are detailed in Table 2.5 and Table 2.6.

Revitalised Flood Hydrograph Analysis

The ReFH2 Revitalised Flood Hydrograph Modelling tool (version 2.2) was utilised to
undertake an estimation of the peak flows from the catchment. This makes use of the
latest changes to the rainfall-runoff model to incorporate the FEH13 Depth Duration
Frequency rainfall model.

A critical duration of 5.5hrs was identified at a 0.5hr timestep for all of the catchments.
Due to the rural nature of the catchments a winter storm profile was adopted; all

parameters were left as default.

The resultant peak flood flow estimates are detailed in Table 2.5 and Table 2.6.

1 Kjeldsen, T.R., Jones, D. A. and Bayliss, A.C. (2008) Improving the FEH statistical procedures for flood frequency estimation. Science Report SC050050,
Environment Agency.

2 Kjeldsen, T.K., 2010. Modelling the impact of urbanization on flood frequency relationships in the UK. Hydrology Research, volume 41, issue 5, pp391-405
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2.45

2.46

2.47

2.48

Discussion

Flow estimates for the Withy and Norton Brook are summarised within Table 2.5. This
shows that the FEH Statistical approach has generated higher flow estimates than the
ReFH2. To promote a conservative assessment the FEH Statistical flows were adopted
within the hydraulic model.

The combined Withy and Norton Brook peak flows are compared against the flows
adopted in the previous 2013 hydraulic model. This shows that the flow predictions are

essentially the same, if slightly higher under the latest estimates.

Table 2.5: Withy and Norton Brook Flow Estimation Comparison (m3/s

Return Withy Brook Norton Brook Combined Withy and
Period North Brook Catchment
FEH-Stat FEH-Stat 2013 Updated
Estimate assessment
0.79 0.68 1.01 0.82 1.57 1.65
1.10 0.92 1.41 1.11 2.25 2.28
20 1.66 1.31 2.16 1.57 3.24 3.29
50 1.98 1.64 2.56 1.96 4.00 4.11
75 2.17 1.82 2.82 2.17 4.36 4.53
100 2.32 1.96 3.02 2.34 4.64 4.85
1000 3.98 3.66 5.19 4.38 7.42 8.34

Flow estimates for the Red Brook & the Red Brook tributary 1 watercourse are
summarised within Table 2.6. This shows that the FEH Statistical approach has again
generated higher flow estimates than the ReFH2. To promote a conservative assessment
the FEH Statistical flows were adopted within the hydraulic model. Additionally, a
comparison against the previous modelled flows shows that the latest estimates are
consistent.

To allow for the modelling of unsteady flows, the FEH statistical peak flows were applied
to the original ReFH hydrographs. The ReFH hydrographs were compared to the
hydrographs generated by ReFH2 and were found to have identical shapes. The ReFH
hydrographs adopted due to their ease to apply within the model, and because ReFH2
requires an additional license agreement. The final hydrograph plots applied within the
model are included as Appendix 2.
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Table 2.6: Red Brook & Tributary Catchment Flow Estimation Comparison (m3/s

Return Red Brook & Tributary
Period
I FEH-Stat 2013 Estimate

0.89 0.72 0.85
1.24 0.97 1.21

20 1.92 1.38 1.78

50 2.28 1.72 2.23

75 2.52 1.91 2.46

100 2.71 2.07 2.63

1000 4.78 3.89 4.46

2.49 Peak flows for the unnamed ditch were derived from the Red Brook’s statistical analysis
on a prorated area basis - this is detailed within Table 2.7.

Table 2.7: Flow Estimates for the Unnamed Ditch (m3/s

Return Period Red Brook Flow per km?2 Unnamed Ditch Peak Flow
(cumecs/Km?) (0.66km?)
0.20 0.13
0.27 0.18
20 0.42 0.28
50 0.50 0.33
75 0.55 0.36
100 0.59 0.39
1000 1.04 0.69

Climate Change

2.50 In February 2016 the predicted future change in peak river flows were updated by the
Environment Agencys. This replaced the previous national 20% allowance used in the
previous hydraulic model, with arange of projections applied fo regionalised ‘river basin
districts’.

2.51 The modelled catchments fall within the Severn river basin district. Table 2.8 identifies the
relevant peak river flow allowances.

Table 2.8: Peak River Flow Allowance for the Severn River Basin District

Total potential change | Total potential change | Total potential change

Allowance

Category : antic’ipated for the : antic,ipated for the : antic,ipated for the
2020s’ (2015 to 2039) 2050s’ (2040 to 2069) 2080s’ (2070 to 2115)
Upper End 25% 40% 70%
Higher Central 15% 25% 35%
Central 10% 20% 25%

3 Environment Agency. 2016. Flood risk assessments: climate change allowances. [ONLINE]. Available at: https://www.gov.uk/guidance/flood-risk-
assessments-climate-change-allowances#table-1. [Accessed 24 February 16].
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2.52 When determining the appropriate allowance for use in a Flood Risk Assessment the
Flood Zone classification, the flood risk vulnerability, and the anticipated lifespan of the
development should be considered. Table 2.9 provides a matrix summarising the
Environment Agency's guidance on determining the appropriate allowances.

Table 2.9: Application of the Appropriate Climate Change Allowance

2.53

2.54

2.55

Flood Essential Highly More Less Water
Zone | Infrastructure Vulnerable Vulnerable Vulnerable Compatible
Use none of
1 Use the central allowance the
allowances
Use the
higher Use the higher | Use the central
central and central and and higher Use none of
Use the central
2 upper end to | upper end to central to the
allowance
assess a assess arange | assess a range allowances
range of of allowances | of allowances
allowances
Use the higher | Use the central
Use the Development central and and higher Use the
3a upper end should not be upper end to central to central
allowance permitted assess a range | assess a range allowance
of allowances | of allowances
Use the Development Development Development Use the
3b upper end should not be should not be should not be central
allowance permitted permitted permitted allowance
*If development is considered appropriate when not in accordance with Flood Zone
vulnerability categories, then it would be appropriate to use the upper end allowance.

The proposed development is for mixed use and includes residential use (more
vulnerable) with an anticipated lifespan of over 60 years, therefore the total potential
change for the ‘2080s’ will be adopted. The site includes areas is located in Flood Zone
3, therefore the higher central (35%) and the upper end (70%) allowances will be
considered.

The Design Flood

Developments should be designed to provide adequate flood risk management,
mitigation, and resilience against the ‘design flood' for their lifetfime. The design event
for fluvial flooding is generally taken as the 1 in 100-year event (1% AEP) 4.

To allow the development’s flood risk management strategy to be adequately
designed for its lifetime the climate change the allowances discussed previously will be
applied to the baseline (present day) 1 in 100-year hydrograph.

4 Planning Practice Guidance. http://planningguidance.planningportal.gov.uk/. Paragraph: 054 & 055
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Flow Distribution

2.56 Flow estimates from the catchments were applied at the upstream of the modelled
reaches, a ‘lumped’ approach. A lumped approach is considered to be conservative
as the site is subjected to all flows in the sub-catchment, not just those generated
upstream.
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3.1

3.2

3.3

3.4

3.5

3.6

3.7

The previous hydraulic model included for the Red Brook, its tributary watercourses, and
a length of the Withy Brook.

To provide sufficient representation of the larger study site, the model geometry needed
to be extended upstream on the Withy and Norton Brook.

The following section discusses the changes made to existing model to meet this
objective.

The 1D In-Channel Domain - Flood Modeller Pro

The in-channel conditions and hydraulic structures are modelled within a one-
dimensional (1D) Flood Modeller Pro (FMP) domain.

The original model was based on survey data collated in 2012 and 2013. To extend the
model domain, a supplementary cross-sectional survey of the watercourse channels
was completed in October 2017.

The Withy Brook was extended 700m upstream through the addition of 11 river sections
and 2 hydraulic structures.

A 1.85km stretch of the Norton Brook was added in the form of 19 river sections and 3
hydraulic structures.

Table 3.1 - Table of Structures
Structure ’ Model ID ‘ Details | Photograph

Domain: FMP

Unit Type:
USBPR1978
Withy Brook U/S IL:

WB1592BU 57.47TmAOD None available

Footbridge D/S IL:
57.47TmAOD

Length: 2.3m
Blockage: 0%

Domain: FMP
Unit Type:
Withy Brook USBPR1978
u/s IL:
Bulingham | WB1506BU 57.34mAOD None available
Lane D/S IL:
Culvert 57.34mAOD
Length: 6.7m

Blockage: 0%
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Norton
Brook

B4399
Culvert

NB1533C

Domain: FMP

Unit Type:
Conduit
Rectangular

U/s IL:
60.8mAOD

D/S IL:
60.84mAOD

Length: 23m
Blockage: 0%

Norton
Brook

Footbridge

Not included
as not
deemed to
be
hydraulically
significant

Domain: N/A
Unit Type: N/A

u/sS IL:
58.72mAOD

D/S IL:
58.88mAOD

Length: 1.2m
Blockage: N/A
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Domain: FMP

Unit Type:
Conduit
Rectangular
u/s IL:
NB1000C 58.75MAOD

Track D/S IL:
Culvert 58.74mAOD

Length: 5m

Norton
Brook

Blockage: 0%

Domain: FMP

Unit Type:
Conduit
Circular

/s IL:
NB0480C 56.28MAOD

Track D/S IL:
Culvert 56.22mAOD

Length: 6m
Blockage: 0%

Norton
Brook

3.8 The out of channel lengths of the river sections were de-activated to remove the
floodplain representation from the 1D environment.

3.9 Theroughness values of the floodplain were set to be consistent with the original model,
with the Manning’s n for the 1D domain being based on the catchment walkover and
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3.10

3.11

3.12

3.13

3.14

3.15

3.16

3.17

visual inspection, and the 2D domain based on Ordnance Survey 1 to 10,000 series
mapping.

The downstream connectivity of the “Red Brook Tributary 2" watercourse was previously
unknown, and the model terminated at the industrial estate. For this model update,
Herefordshire County Council were able to provide confirmation that the watercourse
is culverted to meet the Red Brook by Watery Lane. The model was updated to reflect
this through the additional of a culvert conduit between the two open channel reaches.

The 2D Floodplain Domain = TUFLOW

In line with the previous model, Environment Agency 1m resolution LIDAR DTM (Digital
Terrain Model) data was used to set elevations of the 2D floodplain.

A topographical survey of the eastern development parcel was conducted in 2012, with
the central and western parcels surveyed in 2017. These topographical surveys were

prepared as ground models and incorporated into the 2D domain.

The original 5.0m resolution grid was retained for the TUFLOW model as this is considered
to be sufficient to capture out of bank flows and represent the narrow channel.

Surveyed river banks levels were reinforced using ‘Z-line’ commands, as per the original
modelling approach.

The B4399 crossing of the Norton Brook, was not captured within the Environment
Agency’s Tm resolution LIDAR DTM. Therefore, the carriageway level, as surveyed, was

manually added to the model in the form of a ‘Z-Shape’.

The roughness values of the floodplain were set to be consistent with the original model.
The material layers were extended where appropriate.

The change in model extent is illustrated within Figure 3.1.
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3.18

3.19

3.20

3.21

Figure 3.1: Updated Model Extents

Boundary Conditions

The FMP-TUFLOW interface was digitised on top of bank lines; a HX (External Head)
boundary was adopted as the interface type.

The 1D channel was removed from the TUFLOW domain using a ‘code’ layer, and ‘NWK’
and ‘WLL" layers were used to display the ESTRY results within TUFLOW to aid in floodplain

mapping.

Inflows into the model were applied using the results of the hydrological assessment as
detailed previously. FMP event files were used for inflows at the upstream extent of the
FMP domain.

The EA River Wye model was used to extract stage hydrographs for the Lower
Bullingham floodplain reservoir (node: S1.040RR), from the '?1-hour duration defended’
design events. These represent the worst-case flood levels within the vicinity of the site.
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3.22

3.23

3.24

3.25

3.26

3.27

3.28

3.29

These were used as the downstream boundary to represent the interactions with the
Wye.

The downstream boundary conditions were varied depending on the flood return
period, and the same return period was adopted for each boundary (e.g.: the 100-year
event on the ordinary watercourses were simulated against the 100-year Wye event).
This is considered to be a conservative approach as in reality a storm would generate
very different magnitude flood events on each catchment.

The inflows to the model were delayed by approximately 74 hours so that the peak flows
coincided with the peak water level within the River Wye. In reality it is likely that an
event on the smaller ordinary watercourses would have passed long before the Wye
reached peak, therefore this approach is also considered to be conservative.

Downstream of the railway embankment a flow-head boundary (HQ) was applied to
the floodplain, this allowed flows to exit the model domain while still accounting for the
backwater effects from the downstream floodplain. The boundary was based upon a
gradient of 1 in 1000 which was informed from the LIDAR. The downstream boundary
was located 800m from the lowest areas of the site, and 200m away from the eastern
corner of the site. This was considered acceptable given the height difference of almost
10m between the downstream boundary and the site in this location. This is the same
approach as previously accepted.

Model Calibration

As no hydrometric data is available for the watercourses the model could not be directly
calibrated against historic flood events.

Coarse flood outlines for the 1929/30, the 1947 and the 1960 events were provided by
the EA, and overlaying the model results shows that there are some inconsistencies
between them and the present day flood outlines, as illustrated within Figure 3.2.

Given the anecdotal and unknown quality of the outlines as well as the significant
changes which have occurred within the floodplain and catchment over the past 60+
years it is considered that this historic data does not offer a reliable
verification/calibration data source.

Anecdotal reports of regular flooding from the Red Brook onto Watery Lane were
reported at a public consultation event in March 2018. Specific material to calibrate
against was not available, but the model predicates that Watery Lane is at risk of
flooding in at very small events (<1 in 5-year) and it is believed that this agrees with the
anecdotal reports.

Additionally, Herefordshire County Council have reported that the industrial estate
adjacent to Watery Lane has flooded five times since 1990. Again, the model predicts
that the industrial estate is risk of flooding in at very small events (<1 in 5-year) and it is
believed that this agrees with the anecdotal reports.
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3.30 Despite the lack of hydrometric calibration material, it is believed that the conservative
approach to the model build (worst-case hydrology, coinciding return periods and
flood peaks on all catchments) should offer a sufficiently robust model for the purposes
of assessing fluvial flood risk to the study site.

Figure 3.2: Historic Flood Record

Design Events
3.31 The model was simulated against the following key design flood events:

e 1lin5-year

e 1in 20-year

e 1lin50-year

e 1lin75-year

e 1in100-year

e 1in100-year + 25%
e 1in100-year + 35%
e 1in100-year + 70%
e 1in 1000-year
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3.32

3.33

3.34

3.35

3.36

3.37

3.38

3.39

3.40

For information purposes an alternative set of simulations at the same return period
events were also performed without the influence of the River Wye.

Model Stability and Limitations

Simulation Parameters

TUFLOW version 2018-AE-iDP-W64 and FMP version 4.5 were used in all simulations.

A time step of 1.0 seconds was adopted for the TUFLOW and FMP domains, this is
representative of 1/5 of the grid size and is therefore within the typical range.

All TUFLOW parameters were retained as default.

Most Flood Modeller simulation parameters were retained as default except for the
following, these are consistent with the original modelling approach:

e The height of dummy vertical wall (DFlood) was increased from 3m to 5m to
accommodate the significant depths generated by the River Wye on the lower
reaches

¢ The maximum number of iterations (Maxitr) was raised from 6 to 13 to allow for more
computations

e 'Theta’ was raised from 0.7 to 0.9 to smooth the water surface and aid stability.

e Anautomated Preissmann slot was ufilised to prevent the channel 'drying out’ under
low flow conditions

Stability

During all simulated events, there were no recorded negative depths, and the final
cumulative mass error was between -0.31% and 0.00%, which is well within the typical
tolerance limits.

Limitations

The modelling exercise has made use of the available data at the time of construction
and simulation.

The model contains no formal representation of the conveyance within minor
watercourses or ditches other than that captured by the model grid and within the FMP
model domain.

Due to the lack of hydrometric data, the model has not been calibrated. However, a
conservative approach to the model build has been adopted where possible, and a
range of sensitivity tests have been undertaken to help to compensate for this limitation.
In addition to this, the model results have been compared to anecdotal reports from
local residents where appropriate.
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3.41

3.42

3.43

3.44

3.45

3.46

3.47

3.48

The 5.0m resolution of the model may negate any small scale topographic features,
although all the significant features are believed to have been captured.

The baseline floodplain levels are derived from LIDAR which has limited accuracy (+/-
0.15m). This is considered to be more than sufficient for the purpose of this exercise.

The exercise has taken a worst-case approach when modelling flood events by forcing
the flood hydrograph on the Withy Brook, Norton Brook, Red Brook and ditch to coincide
with peak flood levels on the River Wye.

A conservative approach has also been adopted when determining the joint
probability of events, by applying the same return period event to all watercourses, as
well as by delaying the hydrographs of the watercourses so that they all coincide with
the Wye peak.

This modelling exercise has been undertaken to produce a good representation of flood
risk mechanisms in and around the site. It has not been designed to accurately map
fluvial flooding in the wider catchment or flooding from other sources within the site.

Results Parameters

TUFLOW maximum results were output for water levels, depths, and UK Hazard Rating.
UK Hazard rating was derived from the following equations:

Hazard Rating = D * (V+0.5) + DF

Where:

D = depth

V = velocity

DF = Debris Factor

Table 3.2 identifies the recommended debris factors from FD2321/TR1. The debris factor
has been set at ‘Conservative’, which is considered suitable for informing a Flood Risk
Assessment of the site.

Table 3.2: Guidance Debris Factors (Ref: FD2321/TR1
Woodland

Conservative”

Pasture/Arable Urban

0to 0.25m 0 0 0 0.5

0.25t00.75m 0 0.5 1 1

d>0.75 m and/or v>2 0.5 1 1 1

Table 3.3 identifies the thresholds of the flood hazard categories as identified within
DEFRA guidance document FD2320 and the "Supplementary Note on Flood Hazard

5 DEFRA R&D Outputs: Flood Risks to People Phase Two Draft FD2321/TR1 and TR2
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Ratings and Thresholds for Development Planning and Control Purpose” (DEFRA, 2008)
which have been adopted within this exercise.

Table 3.3: Hazard to People®
Threshold for

Degree of Flood

Flood I-_Iazard Hazard Description
Rating
Caution
<0.75 Low “Flood zone with shallow flowing water or deep

standing water”

Danger for some (i.e.: children, the elderly and the
infirm)
“"Danger: Flood Zone with deep or fast flowing
water”

0.75-1.25 Moderate

Danger for most (includes the general public)

1.25-2.0 Significant . .
“Danger: Flood Zone with deep fast flowing water”

Danger for all (includes the emergency services)

20> Extreme “Extreme Danger: Flood Zone with deep fast flowing
water”

62008, DEFRA. Supplementary Note on Flood Hazard Ratings and Thresholds for Development Planning and Control Purposes.
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4.1

4.2

River Wye, Red Brook, Withy Brook, & Norton Brook

Floodplain maps for the baseline conditions are provided within Appendix 3, and Figure
4.1 provides a summary of the floodplain extents at the study site for the key events.

Figure 4.1: Baseline Modelled Flood Extents — River Wye, Red Brook, Withy Brook & Norton
Brook

The fluvial flooding mechanisms are detailed below:

i. The Norton Brook is shown to be constrained by the B4399 culvert, which leads to
some flooding of the upstream side of the highway in events greater than the 1 in 5-
year.

i. Immediately downstream of the B4399 flows largely remain within bank, and the
western development parcel is shown to fall outside of the floodplain.

ii. As the Norton Brook flows through the central development area a narrow
floodplain is present in events at and above the 1 in 20-year.

iv. Downstream of the central development area, at the confluence of Norton and
Withy Brooks, some out of bank flows also occur in events at and above the 1 in 20-
year.
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4.3

Vi.

Vii.

Vii.

Xi.

Xil.

Xiii.

XiV.

The Withy Brook is shown to be constrained by the culvert under the railway
embankment. This leads to out of bank flows crossing Hoarwithy Road and entering
the eastern development parcel in the 1 in 20-year event and above.

The flood route from the Withy Brook leaves the eastern development parcel and
flows north under the railway embankment via Lower Bullingham Lane.

At events over the 1 in 100-year+25%, the Withy Brook floodplain overtops Lower
Bulingham Lane and continues further into the eastern development parcel.

The Red Brook channel within the eastern development parcel is located on the left
extremity of the floodplain, therefore the majority of the out of bank flows occur in
the right bank floodplain. Out of bank flooding is generally predicted to occur in
events over the 1 in 20-year. Due to the constrained valley floor the extents of the 1
in 100, 1in 100 + 35%, 1in 100 + 70% and the 1 in 1000-year flood events are relatively
similar.

As the topography flattens out in the northern half of the site, a wide and relatively
shallow flood route from the left bank of the Red Brook is generated at the 1 in 20-
year event and above. This joins up with the flood route from Withy Brook before
flowing onto Watery Lane.

A smaller flood route from the right bank of the Red Brook is also generated at and
above the 1 in 20-year, this flows on to Watery Lane and into the industrial estate
around Twyford Road.

The in-channel and left bank floodplain flows of the Red Brook leave the site via
Watery Lane, but then pass under the railway embankment. Due to the flat nature
of the floodplain downstream of the railway there is some interaction between the
Red Brook and the River Wye.

Watery Lane is shown to be at flood risk from the River Wye and Red Brook in all
modelled scenarios

During events in excess of the 1 in 100-year flood, the River Wye flood levels reverse
the flow direction through the railway embankment, in these instances flood water
is directed off Watery Lane and into the industrial around Twyford Road (i.e.: away
from the site).

Flood flows from the Red Brook Tributary 2 are predicted to remain in bank through
the eastern development parcel but flooding of the downstream industrial estate is
predicted at all tested scenarios due to the limited capacity of the downstream
culvert. Watery Lane is predicted to flood from the tributary watercourse at and
above the 1 in 20-year due to the restrictive culvert on Watery Lane.

Red Brook, Withy Brook, & Norton Brook (no River Wye)

As an informative an alternative set of simulations at the same return period events were
also performed without the influence of the River Wye. Floodplain maps for are provided
within Appendix 4, and Figure 4.1 provides a summary of the floodplain extents at the
study site for the key events.

Page | 26



Lower Bullingham, Hereford
Hydraulic Modelling Report
October 2019
BUL-BWB-EWE-XX-RP-EN-0002_HMR

Figure 4.2: Baseline Modelled Flood Extents = Red Brook, Withy Brook & Norton Brook

4.4  The results show the same extents and flood mechanism in the south of the site, where
the flooding is primarily a product of the minor watercourse. In the north of the site and
the land beyond, floodplain extents are reduced without the influence of the River Wye.

4.5 To promote a conservative and robust assessment the site and proposed development
are to be assessed against the results which include for the River Wye.
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5.1

5.2

5.3

54

55

5.6

5.7

5.8

5.9

To account for the seasonal variations in vegetation, and the risk of bridge/culvert
blockages a series of sensitivity tests were conducted against the baseline conditions
using the 1 in 100-year flows.

It was not considered necessary to undertake blockage scenarios on the minor
footbridges within the model domain due to their narrow decks which can be easily
bypassed by out of bank flows. It was also not considered necessary to test the other
structures outside from the site as these are unlikely to have a significant influence on
the flood risk within the site.

It was not considered necessary to undertake sensitivity analysis on the predicted flood
flow estimates as a range of climate change allowances have been included within the
design events.

It was not considered necessary to undertake sensitivity tests on the downstream
boundary conditions as a conservative approach had been adopted within the design
events by adopting the same return period for all watercourses and by delaying flows
so that all events coincide with the River Wye peak.

The change in peak water level from the baseline conditions are mapped within
Appendix 5.

Manning’s n = Channel & Floodplain Roughness

The modelling has shown that a decrease in channel and floodplain roughness
(representative of winter seasonal conditions or following maintenance) results in a
decrease in flood depths of between to 10-200mm within the site, and a significant
reduction in floodplain extents. This is a result of the ordinary watercourses becoming
more efficient and capable of conveying more flow within bank.

An increase in Manning's N (representative of summer seasonal conditions, and a
period without maintenance) is shown to result in an increase in flood depths of up to
10-90mm within the site. The floodplain extents are also shown to generally increase
within the site, although the main increases occur in the flatter northern proportion of
eastern parcel.

These tests show that the ordinary watercourses within the site are influenced by
changes in roughness. Therefore, any alternations to the channel or floodplain which
are proposed as part of the development will need testing within the flood model.

Sensitivity Tests — Blockage Scenarios

A blockage of the railway culvert on the Withy Brook (BL1) shows that this would lead to
a significant increase in the overland flows being directed towards the eastern parcel
of site along the railway embankment. This leads to an increase of up to 150mm in peak
flood levels within the north of the site, and an increase to the predicted floodplain
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5.10

511

5.12

5.13

5.14

5.15

5.16

extents. Given this impact, the residual risk posed by such an occurrence should be
considered within the flood mitigation strategy of a future development on the site.

A blockage of the Watery Lane culvert on the Red Brook (BL2) is shown to increase flood
levels by up to 140mm within the channelimmediately upstream. However, any impacts
are shown to be local to the structure, which is removed from the future development
areas, therefore this residual risk should not increase the flood risk to the development.

A blockage of the B4399 culvert on the Red Brook (BL3) is shown to increase upstream
flood levels by up to 410mm which results in a slight increase in floodplain extents.
However, this is shown to have no negative impacts on flood risk within the site.

A blockage of the B4399 culvert on the Red Brook Tributary (BL4) is shown to increase
flood levels by up to 260mm upstream of the site and 15mm within the site. However, no
additional out of bank flooding is shown to occur within the site.

A blockage of the Water Lane culvert on the unnamed ditch course (BL5) is shown to
increase upstream flood levels by up to 112mm as well as increasing flows over Watery
Lane into the downstream industrial estate. However, no additional out of bank flooding
is shown to occur within the site.

A blockage of the farm access track culvert on the unnamed ditch course (BL6) is not
predicted to effect flood levels within the site.

A blockage of the B4399 culvert on the Norton Brook (BL7) is shown to increase upstream
flood levels by up to 480mm which results in a slight increase in floodplain extents.
However, this is shown to have no negative impacts on flood risk within the site.

A blockage of the access track culvert on the Norton Brook (BL8) is predicted to result
in a localised increase in flood levels of up to 460mm. This is accompanied by an
increase in floodplain extents. While this scenario increases flood levels, the impact
occurs within the Central Development Parcel, where no built development is
proposed.
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6.1

6.2

6.3

6.4

A mixed used development is proposed within the study site. The development
parameters at this outline planning stage are as follows:

Western Development Parcel — Park and Choose Scheme (car parking facilities).

Central Development Parcel — County Park (footpath improvements, no built
development)

Eastern Development Parcel — a mixed use including residential, primary school, and
commercial areas.

Watery Lane Vehicle Bypass Facility — Watery Lane is to be stopped-up as part of
the traffic management scheme for the development. This gated bypass track
ensures that the existing residents on Watery Lane will still be able to access the high
land to the south of the railway line during a flood event.

The proposed built development has been arranged sequentially to fall on land outside
of the 1 in 1000-year floodplain wherever possible — this is illustrated within Figure 6.1.

However, to meet the required development numbers from the allocation in the Local
Plan, the Eastern Development Parcel does encourage into the 1 in 1000-year and 1 in
100-year+35% floodplains in a few isolated areas:

The very northern tip of the development parcel to the east of Lower Bullingham
Lane. Flood depths at the 1 in 100-year+35% flood event are under 100mm in this
area.

A marginal encroachment by a surface water drainage basin, which is to be
elevated above flood levels. Flood depths at the 1 in 100-year+35% flood event are
all under 100mm in this area.

A crossing of the Red Brook floodplain to create a new bridged connection across
the floodplain. Flood depths at the 1 in 100-year+35% flood event fall between 100
to 500mm in this area. Due to the nature of a bridge crossing, this feature also
encroaches into the 1in 100, 1in 75, 1 in 50, and 1 in 20-year floodplains.

It is proposed that any loss of in the 1 in 100-year +35% floodplain, resulting from the
development, will be recreated in a level-for-level manner within the site, and any
bridge or culvert crossings will be analysed within the hydraulic model to assess their
impact on flow conveyance.
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6.5

6.6

6.7

6.8

Watery Lane
Vehicle
Bvpass Facility

Eastern

Development

Parcel
Western Eastern
Development Development
Parcel Parcel

Central
Development
Parcel

Figure 6.1: Proposed Development Parcels

Post-Development Hydraulic Modelling

As the development is only at an outline stage, the final extent of
development/earthworks within the floodplain is currently unknown. Therefore, design
of any necessary floodplain compensation has not yet been completed. It is envisaged
that this will be undertaken at the detailed design stage.

However, as an informative to assess the sensitivity of the floodplain to the expected
development encroachments, the illustrative parameters plan was used to raise land
within the development parcels above flood levels.

As a worst-case assessment no representation of floodplain compensation was
included.

Initial model simulations found that the Red Brook floodplain was sensitive to the left-
hand bank abutment of the proposed bridge. Therefore, this outline model scenario
assumes that the only the right-hand bank abutment and highway embankment will
displace floodplain. It is assumed that the channel and left-hand bank floodplain will be
clear spanned by a bridge. The final arrangement of the new Red Brook crossing will be
determined at the detailed design stage.
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6.9

6.10

6.11

6.12

6.13

6.14

6.15

6.16

The updated model geometry was simulated against flood events and the resultant
peak water levels were compared against the baseline conditions. The comparative
analysis is mapped within Appendix 6, for flood events up to and including the design
flood (1 in 100-year+35%).

As an informative the comparison also includes for the 1 in 100-year+70% and 1 in 1000-
yrear events, but it should be noted that these are beyond typical design standard.

The comparative analysis shows that there are localised changes in flood levels centred
around the proposed bridge crossing, but that any changes dissipate within a short
distance.

In the 1 in 100-year, 1 in 75-year, and 1 in 50-year events some nominal impacts are
predicted to the north of the application site. The impacts eminent from the proposed
bridge crossing, but occur on land within the wider land ownership. Therefore, these are
considered acceptable.

It should be noted that in reality floodplain compensation will be offered to offset the
loss in floodplain resulting from the development, thereby reducing any potential
impacts. But even with no floodplain compensation represented within the model, the
developments impact on the floodplain outside of the site is minimal.

Additionally, attenuated surface water drainage in the form of SuDS will reduce the
equative runoff from the development to the greenfield QBAR rate, thereby offering
betterment to the contributing runoff from the site to the downstream floodplain. This is
also not currently represented within the flood model.

Tabulated Flood Levels

A table of peak flood levels from key flood events is provided within Appendix 7, along
with a map illustrating their location. It isrecommended that these are considered within
the Flood Management Strategy for the development.

It is envisaged that the final flood mitigation strategy will be confirmed at the detailed
design stage once the final layout is fixed.
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7.1

7.2

7.3

7.4

7.5

7.6

7.7

7.8

7.9

7.10

An existing hydraulic model of the Red Brook, its associated unnamed tributary, the
Withy Brook, and a small unnamed ditch have been updated and extended to include
the Norton Brook. The model includes for the influence of the River Wye.

The update to the model has included a hydrological review, and the incorporation of
the latest topographical surveys and climate change allowances.

It is believed that the aim of the modelling exercise has been achieved and a good
hydrological and hydraulic representation of the fluvial flooding mechanisms and
floodplain extents within the study site has been produced.

The modelling has adopted a conservative approach where necessary: an example of
which is applying the same return period event to all watercourses including the River
Wye, and by delaying the flood hydrographs of the Red Brook, Withy Brook and
unnamed ditch to coincide with the peak water level on the Wye.

Hydraulic tests have shown that the floodplain is sensitive to blockages of the Withy
Brook culvert beneath the railway, as well as changes in floodplain and channel
condition (roughness).

The development has been sequentially arranged to fall outside of the floodplain where
possible, but due to the need to meet the required allocation numbers some marginal
encroachment into the design floodplain occurs (the 1 in 100-year+35% floodplain).

It is proposed to compensate for the loss in floodplain in a level-for-level manner, and
designs should be prepared at the detailed design stage when the final extent of
development is confirmed.

The development will include a bridge crossing of the Red Brook. It is envisaged that the
bridge parameters and appropriate floodplain compensation will be identified at the
detailed design stage. Similarly, any other bridge crossing in the wider development
area will be assessed in the same manner at the detailed design stage.

At this outline stage, a test of the developments potential impact with no floodplain
compensation has been undertaken as a worst-case analysis. This has shown that the
potential impacts on the fluvial flood risk are nominal and are contained within the site
or the wider land ownership.

To minimise the flood risk to the future development of the site it is recommended that
the 1 in 100 year + 35% flood levels are used to inform the development’s flood
mitigation strategy (e.g.: finished floor levels, access/egress routes, etc.). Additionally,
freeboard levels should be compared against peak flood levels from the sensitivity tests
and the +70% climate change event to ensure the development will be resilient against
residual sources of fluvial flood risk.
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7.11 The fluvial floodplain within the site has proven to be sensitive to changes in roughness,
therefore any proposed changes to the channel or floodplain land use should be run
through the flood model to confirm that it will have no negative impacts.
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APPENDIX 1: WINFAP FEH Statistical Approach
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APPENDIX 2: Hydrograph Plots
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APPENDIX 3: Baseline Floodplain Maps - River Wye, Red Brook, Withy Brook & Norton
Brook
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APPENDIX 4: Baseline Floodplain Maps - Red Brook, Withy Brook & Norton Brook (No
River Wye)
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APPENDIX 6: Post-Development Comparative Analysis



(=]

&
Caravan,
Site~

— e S

204D

%
ST

Tyri1t! EEREAREAR

il
i =

Redhill Cottages

LY 'I’]‘.f

AL
=

(f

PW

War

Grove Farm .

N
\ 59m

¥ Track

hope Court

ullinghope

qz Bullj

The Glympse

Manho
Farm

£ _SHIRES

Mona {O
Dene

0

Green Crize
Cottage

Swaedish
Cottage

Caravan
Park

|| [):Pen;y-Bryn

NE

Hilaire

Watery Lane
Farm

Popl
Lower Cottags

Bullingham

Notes

1. Do not scale this drawing. All dimensions must be
checked!/ verified on site. If in doubt ask.

2. This drawing is to be read in conjunction with all relevant
architects, engineers and specialists drawings and
specifications.

3. All dimensions in millimetres unless noted otherwise. All
levels in metres unless noted otherwise.

-_| 4 Any discrepancies noted on site are to be reported to the
engineer immediately.

i Key

D Illustrative Site Boundary
:l Tllustrative Development Parcels
Change in Peak Flood Level (m)

B - 0125
I -0.125 - -0.100
[ -0.100 - -0.075
[ -0.075 - -0.050
[ ]-0050--0025
[ ]-0025--001
[ -0.01 - 0.01 (No Change)
[ Jooi-0025

% N [ ]0.025-0050
[ Joo050-0075
[ 0.075 - 0.100
I 0.100 - 0.125
B > 0.125

Change in Floodplain Extent
- Former Wet Areas Now Dry

- Former Dry Areas Now Wet

-

Wi b

P5 081019 | GENERAL UPDATE RG

P4 281118 | GENERAL UPDATE o

P3 291018 | GENERAL UPDATE L

P2 140518 |GENERAL UPDATE RG

PRELIMINARY ISSUE L

33|3|8(3

P1 060218

Rev | Date Detais of issues! revision Drw.

2

| Issues & Revisions

“, |BWB
x

CONSULTANCY | ENVIRONMENT

M Birmingham | 0121 233 3322
O Leeds | 0113 233 8000
[JLondon | 0207 407 2879
[IManchester | 0161 233 4260

© Copyright BWB Consulting Ltd

The Gaks

Lightwoods [9‘3

Far Crize

——— -
——

Track

Grove
Farm

®

Path

o ——

FB

Cumbﬁa\\\

N

Television
Station

I Nottingham | 0115 924 1100
www.bwbconsulting.com

INFRASTRUCTURE | BUILDINGS

Client

BLOOR HOMES

- 9 Proiect Title

0 LOWER BULLINGHAM
_—">" HEREFORD

Drawing Title

ILLUSTRATIVE
DEVELOPMENT ANALYSIS:
1IN 1000-YEAR

Drawn: L Towle ‘ Reviewed: |R Green

BWB Ref:

BMW 2135 ‘Da(e: 28.11.18 | Scale@A3:| NTS

Drawing Status

b PRELIMINARY

Project - Originator - Zone - Level - Type - Role - Number

Status Rev

BULL-BWB-ZZ-XX-DR-YE-0129 S2 | P5




(=]

&
Caravan,
Site~

— e S

204D

%
ST

Tyri1t! EEREAREAR

il
i =

Redhill Cottages

LY 'I’]‘.f

AL
=

(f

PW

War

Grove Farm .

N
\ 59m

¥ Track

hope Court

ullinghope

qz Bullj

The Glympse

Manho
Farm

£ _SHIRES

Mona {O
Dene

0

Green Crize
Cottage

Swaedish
Cottage

Caravan
Park

|| [):Pen;y-Bryn

NE

Hilaire

Watery Lane
Farm

Popl
Lower Cottags

Bullingham

Notes

1. Do not scale this drawing. All dimensions must be
checked!/ verified on site. If in doubt ask.

2. This drawing is to be read in conjunction with all relevant
architects, engineers and specialists drawings and
specifications.

3. All dimensions in millimetres unless noted otherwise. All
levels in metres unless noted otherwise.

-_| 4 Any discrepancies noted on site are to be reported to the
engineer immediately.

i Key

D Illustrative Site Boundary
:l Tllustrative Development Parcels
Change in Peak Flood Level (m)

B - 0125
I -0.125 - -0.100
[ -0.100 - -0.075
[ -0.075 - -0.050
[ ]-0050--0025
[ ]-0025--001
[ -0.01 - 0.01 (No Change)
[ Jooi-0025

% N [ ]0.025-0050
[ Joo050-0075
[ 0.075 - 0.100
I 0.100 - 0.125
B > 0.125

Change in Floodplain Extent
- Former Wet Areas Now Dry

- Former Dry Areas Now Wet

-

Wi b

P5 081019 | GENERAL UPDATE RG

P4 281118 | GENERAL UPDATE o

P3 291018 | GENERAL UPDATE L

P2 140518 |GENERAL UPDATE RG

PRELIMINARY ISSUE L

33|3|8(3

P1 060218

Rev | Date Detais of issues! revision Drw.

2

| Issues & Revisions

“, |BWB
x

CONSULTANCY | ENVIRONMENT

M Birmingham | 0121 233 3322
O Leeds | 0113 233 8000
[JLondon | 0207 407 2879
[IManchester | 0161 233 4260

© Copyright BWB Consulting Ltd

The Gaks

Lightwoods [9‘3

Far Crize

——— -
——

Track

Grove
Farm

®

Path

o ——

FB

Cumbﬁa\\\

N

Television
Station

I Nottingham | 0115 924 1100
www.bwbconsulting.com

INFRASTRUCTURE | BUILDINGS

Client

BLOOR HOMES

- 9 Proiect Title

0 LOWER BULLINGHAM
_—">" HEREFORD

Drawing Title

ILLUSTRATIVE
DEVELOPMENT ANALYSIS:
1IN 100-YEAR+70%

Drawn: L Towle ‘ Reviewed: |R Green

BWB Ref:

BMW 2135 ‘Da(e: 28.11.18 | Scale@A3:| NTS

Drawing Status

b PRELIMINARY

Project - Originator - Zone - Level - Type - Role - Number

Status Rev

BULL-BWB-ZZ-XX-DR-YE-0130 S2 | P5




(=]

&
Caravan,
Site~

— e S

204D

%
ST

Tyri1t! EEREAREAR

il
i =

Redhill Cottages

LY 'I’]‘.f

AL
=

(f

PW

War

Grove Farm .

N
\ 59m

¥ Track

hope Court

ullinghope

qz Bullj

The Glympse

Manho
Farm

£ _SHIRES

Mona {O
Dene

0

Green Crize
Cottage

Swaedish
Cottage

Caravan
Park

|| [):Pen;y-Bryn

NE

Hilaire

Watery Lane
Farm

Popl
Lower Cottags

Bullingham

Notes

1. Do not scale this drawing. All dimensions must be
checked!/ verified on site. If in doubt ask.

2. This drawing is to be read in conjunction with all relevant
architects, engineers and specialists drawings and
specifications.

3. All dimensions in millimetres unless noted otherwise. All
levels in metres unless noted otherwise.

-_| 4 Any discrepancies noted on site are to be reported to the
engineer immediately.

i Key

D Illustrative Site Boundary
:l Tllustrative Development Parcels
Change in Peak Flood Level (m)

B - 0125
I -0.125 - -0.100
[ -0.100 - -0.075
[ -0.075 - -0.050
[ ]-0050--0025
[ ]-0025--001
[ -0.01 - 0.01 (No Change)
[ Jooi-0025

% N [ ]0.025-0050
[ Joo050-0075
[ 0.075 - 0.100
I 0.100 - 0.125
B > 0.125

Change in Floodplain Extent
- Former Wet Areas Now Dry

- Former Dry Areas Now Wet

-

Wi b

P5 081019 | GENERAL UPDATE RG

P4 281118 | GENERAL UPDATE o

P3 291018 | GENERAL UPDATE L

P2 140518 |GENERAL UPDATE RG

PRELIMINARY ISSUE L

33|3|8(3

P1 060218

Rev | Date Detais of issues! revision Drw.

2

| Issues & Revisions

“, |BWB
x

CONSULTANCY | ENVIRONMENT

M Birmingham | 0121 233 3322
O Leeds | 0113 233 8000
[JLondon | 0207 407 2879
[IManchester | 0161 233 4260

© Copyright BWB Consulting Ltd

The Gaks

Lightwoods [9‘3

Far Crize

——— -
——

Track

Grove
Farm

®

Path

o ——

FB

Cumbﬁa\\\

N

Television
Station

I Nottingham | 0115 924 1100
www.bwbconsulting.com

INFRASTRUCTURE | BUILDINGS

Client

BLOOR HOMES

- 9 Proiect Title

0 LOWER BULLINGHAM
_—">" HEREFORD

Drawing Title

ILLUSTRATIVE
DEVELOPMENT ANALYSIS:
1IN 100-YEAR+35%

Drawn: L Towle ‘ Reviewed: |R Green

BWB Ref:

BMW 2135 ‘Da(e: 28.11.18 | Scale@A3:| NTS

Drawing Status

b PRELIMINARY

Project - Originator - Zone - Level - Type - Role - Number

Status Rev

BULL-BWB-ZZ-XX-DR-YE-0131 S2 | P5




(=]

&
Caravan,
Site~

— e S

204D

%
ST

Tyri1t! EEREAREAR

il
i =

Redhill Cottages

LY 'I’]‘.f

AL
=

(f

PW

War

Grove Farm .

N
\ 59m

¥ Track

hope Court

ullinghope

qz Bullj

The Glympse

Manho
Farm

£ _SHIRES

Mona {O
Dene

0

Green Crize
Cottage

Swaedish
Cottage

Caravan
Park

|| [):Pen;y-Bryn

NE

Hilaire

Watery Lane
Farm

Popl
Lower Cottags

Bullingham

Notes

1. Do not scale this drawing. All dimensions must be
checked!/ verified on site. If in doubt ask.

2. This drawing is to be read in conjunction with all relevant
architects, engineers and specialists drawings and
specifications.

3. All dimensions in millimetres unless noted otherwise. All
levels in metres unless noted otherwise.

-_| 4 Any discrepancies noted on site are to be reported to the
engineer immediately.

i Key

D Illustrative Site Boundary
:l Tllustrative Development Parcels
Change in Peak Flood Level (m)

B - 0125
I -0.125 - -0.100
[ -0.100 - -0.075
[ -0.075 - -0.050
[ ]-0050--0025
[ ]-0025--001
[ -0.01 - 0.01 (No Change)
[ Jooi-0025

% N [ ]0.025-0050
[ Joo050-0075
[ 0.075 - 0.100
I 0.100 - 0.125
B > 0.125

Change in Floodplain Extent
- Former Wet Areas Now Dry

- Former Dry Areas Now Wet

-

Wi b

P5 081019 | GENERAL UPDATE RG

P4 281118 | GENERAL UPDATE o

P3 291018 | GENERAL UPDATE L

P2 140518 |GENERAL UPDATE RG

PRELIMINARY ISSUE L

33|3|8(3

P1 060218

Rev | Date Detais of issues! revision Drw.

2

| Issues & Revisions

“, |BWB
x

CONSULTANCY | ENVIRONMENT

M Birmingham | 0121 233 3322
O Leeds | 0113 233 8000
[JLondon | 0207 407 2879
[IManchester | 0161 233 4260

© Copyright BWB Consulting Ltd

The Gaks

Lightwoods [9‘3

Far Crize

——— -
——

Track

Grove
Farm

®

Path

o ——

FB

Cumbﬁa\\\

N

Television
Station

I Nottingham | 0115 924 1100
www.bwbconsulting.com

INFRASTRUCTURE | BUILDINGS

Client

BLOOR HOMES

- 9 Proiect Title

0 LOWER BULLINGHAM
_—">" HEREFORD

Drawing Title

ILLUSTRATIVE
DEVELOPMENT ANALYSIS:
1IN 100-YEAR+25%

Drawn: L Towle ‘ Reviewed: |R Green

BWB Ref:

BMW 2135 ‘Da(e: 28.11.18 | Scale@A3:| NTS

Drawing Status

b PRELIMINARY

Project - Originator - Zone - Level - Type - Role - Number

Status Rev

BULL-BWB-ZZ-XX-DR-YE-0132 S2 | P5




(=]

&
Caravan,
Site~

— e S

204D

%
ST

Tyri1t! EEREAREAR

il
i =

Redhill Cottages

LY 'I’]‘.f

AL
=

(f

PW

War

Grove Farm .

N
\ 59m

¥ Track

hope Court

ullinghope

qz Bullj

The Glympse

Manho
Farm

£ _SHIRES

Mona {O
Dene

0

Green Crize
Cottage

Swaedish
Cottage

Caravan
Park

|| [):Pen;y-Bryn

NE

Hilaire

Watery Lane
Farm

Popl
Lower Cottags

Bullingham

Notes

1. Do not scale this drawing. All dimensions must be
checked!/ verified on site. If in doubt ask.

2. This drawing is to be read in conjunction with all relevant
architects, engineers and specialists drawings and
specifications.

3. All dimensions in millimetres unless noted otherwise. All
levels in metres unless noted otherwise.

-_| 4 Any discrepancies noted on site are to be reported to the
engineer immediately.

i Key

D Illustrative Site Boundary
:l Tllustrative Development Parcels
Change in Peak Flood Level (m)

B - 0125
I -0.125 - -0.100
[ -0.100 - -0.075
[ -0.075 - -0.050
[ ]-0050--0025
[ ]-0025--001
[ -0.01 - 0.01 (No Change)
[ Jooi-0025

% N [ ]0.025-0050
[ Joo050-0075
[ 0.075 - 0.100
I 0.100 - 0.125
B > 0.125

Change in Floodplain Extent
- Former Wet Areas Now Dry

- Former Dry Areas Now Wet

-

Wi b

P5 081019 | GENERAL UPDATE RG

P4 281118 | GENERAL UPDATE o

P3 291018 | GENERAL UPDATE L

P2 140518 |GENERAL UPDATE RG

PRELIMINARY ISSUE L

33|3|8(3

P1 060218

Rev | Date Detais of issues! revision Drw.

2

| Issues & Revisions

“, |BWB
x

CONSULTANCY | ENVIRONMENT

M Birmingham | 0121 233 3322
O Leeds | 0113 233 8000
[JLondon | 0207 407 2879
[IManchester | 0161 233 4260

© Copyright BWB Consulting Ltd

The Gaks

Lightwoods [9‘3

Far Crize

——— -
——

Track

Grove
Farm

®

Path

o ——

FB

Cumbﬁa\\\

N

Television
Station

I Nottingham | 0115 924 1100
www.bwbconsulting.com

INFRASTRUCTURE | BUILDINGS

Client

BLOOR HOMES

- 9 Proiect Title

0 LOWER BULLINGHAM
_—">" HEREFORD

Drawing Title

ILLUSTRATIVE
DEVELOPMENT ANALYSIS:
1IN 100-YEAR

Drawn: L Towle ‘ Reviewed: |R Green

BWB Ref:

BMW 2135 ‘Da(e: 28.11.18 | Scale@A3:| NTS

Drawing Status

b PRELIMINARY

Project - Originator - Zone - Level - Type - Role - Number

Status Rev

BULL-BWB-ZZ-XX-DR-YE-0133 S2 | P5




(=]

&
Caravan,
Site~

— e S

204D

%
ST

Tyri1t! EEREAREAR

il
i =

Redhill Cottages

LY 'I’]‘.f

AL
=

(f

PW

War

Grove Farm .

N
\ 59m

¥ Track

hope Court

ullinghope

qz Bullj

The Glympse

Manho
Farm

£ _SHIRES

Mona {O
Dene

0

Green Crize
Cottage

Swaedish
Cottage

Caravan
Park

|| [):Pen;y-Bryn

NE

Hilaire

Watery Lane
Farm

Popl
Lower Cottags

Bullingham

Notes

1. Do not scale this drawing. All dimensions must be
checked!/ verified on site. If in doubt ask.

2. This drawing is to be read in conjunction with all relevant
architects, engineers and specialists drawings and
specifications.

3. All dimensions in millimetres unless noted otherwise. All
levels in metres unless noted otherwise.

-_| 4 Any discrepancies noted on site are to be reported to the
engineer immediately.

i Key

D Illustrative Site Boundary
:l Tllustrative Development Parcels
Change in Peak Flood Level (m)

B - 0125
I -0.125 - -0.100
[ -0.100 - -0.075
[ -0.075 - -0.050
[ ]-0050--0025
[ ]-0025--001
[ -0.01 - 0.01 (No Change)
[ Jooi-0025

% N [ ]0.025-0050
[ Joo050-0075
[ 0.075 - 0.100
I 0.100 - 0.125
B > 0.125

Change in Floodplain Extent
- Former Wet Areas Now Dry

- Former Dry Areas Now Wet

-

Wi b

P5 081019 | GENERAL UPDATE RG

P4 281118 | GENERAL UPDATE o

P3 291018 | GENERAL UPDATE L

P2 140518 |GENERAL UPDATE RG

PRELIMINARY ISSUE L

33|3|8(3

P1 060218

Rev | Date Detais of issues! revision Drw.

2

| Issues & Revisions

“, |BWB
x

CONSULTANCY | ENVIRONMENT

M Birmingham | 0121 233 3322
O Leeds | 0113 233 8000
[JLondon | 0207 407 2879
[IManchester | 0161 233 4260

© Copyright BWB Consulting Ltd

The Gaks

Lightwoods [9‘3

Far Crize

——— -
——

Track

Grove
Farm

®

Path

o ——

FB

Cumbﬁa\\\

N

Television
Station

I Nottingham | 0115 924 1100
www.bwbconsulting.com

INFRASTRUCTURE | BUILDINGS

Client

BLOOR HOMES

- 9 Proiect Title

0 LOWER BULLINGHAM
_—">" HEREFORD

Drawing Title

ILLUSTRATIVE
DEVELOPMENT ANALYSIS:
1IN 75-YEAR

Drawn: L Towle ‘ Reviewed: |R Green

BWB Ref:

BMW 2135 ‘Da(e: 28.11.18 | Scale@A3:| NTS

Drawing Status

b PRELIMINARY

Project - Originator - Zone - Level - Type - Role - Number

Status Rev

BULL-BWB-ZZ-XX-DR-YE-0134 S2 | P5




(=]

&
Caravan,
Site~

— e S

204D

%
ST

Tyri1t! EEREAREAR

il
i =

Redhill Cottages

LY 'I’]‘.f

AL
=

(f

PW

War

Grove Farm .

N
\ 59m

¥ Track

hope Court

ullinghope

qz Bullj

The Glympse

Manho
Farm

£ _SHIRES

Mona {O
Dene

0

Green Crize
Cottage

Swaedish
Cottage

Caravan
Park

|| [):Pen;y-Bryn

NE

Hilaire

Watery Lane
Farm

Popl
Lower Cottags

Bullingham

Notes

1. Do not scale this drawing. All dimensions must be
checked!/ verified on site. If in doubt ask.

2. This drawing is to be read in conjunction with all relevant
architects, engineers and specialists drawings and
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Notes

1. Do not scale this drawing. All dimensions must be
checked!/ verified on site. If in doubt ask.

2. This drawing is to be read in conjunction with all relevant
architects, engineers and specialists drawings and
specifications.

3. All dimensions in millimetres unless noted otherwise. All
levels in metres unless noted otherwise.

-_| 4 Any discrepancies noted on site are to be reported to the
engineer immediately.
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Notes

1. Do not scale this drawing. All dimensions must be
checked!/ verified on site. If in doubt ask.

2. This drawing is to be read in conjunction with all relevant
architects, engineers and specialists drawings and
specifications.

3. All dimensions in millimetres unless noted otherwise. All
levels in metres unless noted otherwise.

-_| 4 Any discrepancies noted on site are to be reported to the
engineer immediately.
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APPENDIX 7: Tabulated Flood Levels
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Modelled Flood Levels (MAOD)

ID Design Flood Events Sensitivity Tests (@ 1 in 100-Year Event)
1in20 1in 100 1in 100+35% | 1 in 100+70% 1in 1000 Roughness - 20% Roughness + 20% | Blockage 8 | Blockage 7 | Blockage 6 | Blockage 5 | Blockage 4 | Blockage 3 | Blockage 2 | Blockage 1

1 63.06 63.08 63.11 63.14 63.15 63.03 63.13 63.08 63.08 63.08 63.08 63.10 63.08 63.08 63.08
2 60.37 60.40 60.44 60.46 60.47 60.36 60.45 60.40 60.40 60.40 60.40 60.41 60.40 60.40 60.40
3 59.71 59.72 59.72 59.75 59.75 59.70 59.73 59.72 59.72 59.72 59.72 59.72 59.72 59.72 59.72
4 58.72 58.86 58.97 59.03 59.04 58.76 58.93 58.86 58.86 58.86 58.86 58.86 58.85 58.86 58.86
5 58.84 58.85 58.86 58.86 58.85 58.84 58.84 58.84 58.84 58.84 58.84 58.84 58.84
6 58.14 58.25 58.31 58.34 58.34 58.17 58.30 58.25 58.25 58.25 58.25 58.25 58.24 58.25 58.25
7 58.25 58.28 58.30 58.31 58.27 58.25 58.25 58.25 58.25 58.25 58.24 58.25 58.25
8 57.71 57.81 57.85 57.86 57.86 57.74 57.83 57.81 57.81 57.81 57.81 57.81 57.80 57.81 57.81
9 57.70 57.73 57.74 57.75 57.72 57.70 57.70 57.70 57.70 57.70 57.69 57.70 57.70
10 57.28 57.36 57.40 57.42 57.43 57.31 57.39 57.36 57.36 57.36 57.36 57.36 57.36 57.36 57.36
11 57.28 57.32 57.35 57.35 57.31 57.28 57.28 57.28 57.28 57.28 57.27 57.28 57.28
12 56.99 57.10 57.14 57.16 57.17 57.04 57.11 57.10 57.10 57.10 57.10 57.10 57.09 57.10 57.10
13 57.21 57.24 57.26 57.26 57.24 57.21 57.21 57.21 57.21 57.21 57.21 57.21 57.21
14 56.37 56.49 56.57 56.62 56.62 56.41 56.54 56.49 56.49 56.49 56.49 56.49 56.48 56.49 56.49
15 56.67 56.68 56.69 56.69 56.68 56.67 56.67 56.67 56.67 56.67 56.66 56.67 56.67
16 55.70 55.84 55.93 55.98 55.99 55.74 55.90 55.84 55.84 55.84 55.84 55.84 55.83 55.84 55.84
17 56.04 56.05 56.06 56.06 56.05 56.04 56.04 56.04 56.04 56.04 56.04 56.04 56.04
18 55.54 55.70 55.78 55.83 55.83 55.59 55.74 55.70 55.70 55.70 55.70 55.70 55.68 55.70 55.70
19 55.66 55.68 55.69 55.69 55.67 55.66 55.66 55.66 55.66 55.66 55.66 55.66 55.66
20 55.00 55.14 55.25 55.30 55.30 55.04 55.22 55.14 55.14 55.14 55.14 55.14 55.13 55.14 55.14
21 55.26 55.28 55.31 55.31 55.27 55.26 55.26 55.26 55.26 55.26 55.25 55.26 55.26
22 54.44 54.55 54.62 54.66 54.66 54.46 54.61 54.55 54.55 54.55 54.55 54.55 54.54 54.55 54.55
23 54.72 54.73 54.75 54.75 54.73 54.72 54.72 54.72 54.72 54.72 54.72 54.72 54.72
24 54.07 54.23 54.31 54.35 54.35 54.11 54.29 54.23 54.23 54.23 54.23 54.23 54.21 54.23 54.23
25 53.64 53.76 53.81 53.82 53.83 53.67 53.80 53.76 53.76 53.76 53.76 53.76 53.75 53.76 53.76
26 53.18 53.27 53.29 53.30 53.30 53.21 53.29 53.27 53.27 53.27 53.27 53.27 53.26 53.27 53.27
27 53.26 53.27 53.28 53.28 53.27 53.26 53.26 53.26 53.26 53.26 53.26 53.26 53.26
28 52.45 52.45 52.45 52.45 52.45 52.45 52.45 52.45 52.45 52.45 52.44 52.45 52.45
29 52.68 52.73 52.73 52.74 52.74 52.70 52.73 52.73 52.73 52.73 52.73 52.73 52.72 52.73 52.73
30 53.93 53.95 53.96 53.96 53.94 53.93 53.93 53.93 53.93 53.93 53.93 53.93 53.93
31 53.49 53.53 53.55 53.55 53.52 53.49 53.49 53.49 53.49 53.49 53.49 53.49 53.49
32 52.89 52.89 52.90 52.90 52.89 52.89 52.89 52.89 52.89 52.89 52.89 52.89 52.89
33 52.23 52.24 52.24 52.23

34 52.25 52.14 52.09




Modelled Flood Levels (MAOD)

ID Design Flood Events Sensitivity Tests (@ 1 in 100-Year Event)
1in20 1in 100 1in 100+35% | 1 in 100+70% 1in 1000 Roughness - 20% Roughness + 20% | Blockage 8 | Blockage 7 | Blockage 6 | Blockage 5 | Blockage 4 | Blockage 3 | Blockage 2 | Blockage 1

35 52.06 52.26 52.14 52.13
36 52.06 52.27 52.14 51.89 51.87 52.13
37 52.13 52.29 52.16 52.15
38 52.43 52.49 52.53 52.56 52.55 52.49 52.49 52.49 52.45 52.49 52.49 52.49 52.49 52.49 52.58
39 52.73 52.76 52.79 52.80 52.81 52.76 52.76 52.76 52.74 52.76 52.76 52.76 52.76 52.76 52.82
40 53.64 53.70 53.74 53.77 53.77 53.70 53.70 53.70 53.66 53.70 53.70 53.70 53.70 53.70 53.80
41 58.29 58.31 58.33 58.34 58.34 58.33 58.31 58.32 58.16 58.31 58.31 58.31 58.31 58.31 58.31
42 58.31 58.34 58.36 58.37 58.37 58.35 58.35 58.35 58.19 58.34 58.34 58.34 58.34 58.34 58.34
43 58.50 58.52 58.54 58.55 58.55 58.52 58.53 58.53 58.40 58.52 58.52 58.52 58.52 58.52 58.52
44 58.75 58.76 58.78 58.78 58.78 58.75 58.78 58.77 58.69 58.76 58.76 58.76 58.76 58.76 58.76
45 59.14 59.15 59.15 59.16 59.16 59.14 59.16 59.15 59.12 59.15 59.15 59.15 59.15 59.15 59.15
46 59.38 59.39 59.41 59.41 59.41 59.38 59.43 59.35 59.35 59.39 59.39 59.39 59.39 59.39 59.39
47 59.83 59.88 59.94 60.00 60.00 60.01 59.88 60.24 59.69 59.88 59.88 59.88 59.88 59.88 59.88
48 60.46 60.49 60.51 60.52 60.52 60.49 60.51 60.53 60.38 60.49 60.49 60.49 60.49 60.49 60.49
49 60.93 60.93 60.94 60.94 60.94 60.92 60.93 60.83 60.89 60.93 60.93 60.93 60.93 60.93 60.93
50 61.16 61.17 61.18 61.18 61.18 61.16 61.18 61.12 61.12 61.17 61.17 61.17 61.17 61.17 61.17
51 61.40 61.42 61.43 61.44 61.44 61.40 61.43 61.42 61.36 61.42 61.42 61.42 61.42 61.42 61.42
52 61.91 61.94 61.97 61.98 61.98 61.92 61.98 61.94 61.82 61.94 61.94 61.94 61.94 61.94 61.94
53 62.11 62.22 62.27 62.30 62.30 62.19 62.23 62.20 62.32 62.22 62.22 62.22 62.22 62.22 62.22
54 60.67 60.71 60.73 60.76 60.76 60.68 60.72 60.71 60.71 60.71 60.71 60.71 60.71 60.71 60.71
55 58.52 58.58 58.60 58.63 58.64 58.59 58.60 58.58 58.58 58.58 58.63 58.58 58.58 58.58 58.58
56 57.41 57.47 57.49 57.51 57.52 57.45 57.49 57.47 57.47 57.47 57.51 57.47 57.47 57.47 57.47
57 56.02 56.10 56.12 56.15 56.15 56.08 56.12 56.10 56.10 56.10 56.19 56.10 56.10 56.10 56.10
58 54.72 54.79 54.80 54.81 54.81 54.76 54.81 54.79 54.79 54.79 54.88 54.79 54.79 54.79 54.79
59 52.94 53.64 53.65 53.66 53.66 53.65 53.64 53.64 53.64 53.64 53.68 53.64 53.64 53.64 53.64
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APPENDIX 4: Sewer Records
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APPENDIX 5: Illustrative Surface Water Drainage Strategy



Notes

. T ™ RSV -

1. Do not scale this drawing. All dimensions must be checked!/ verified on
site. If in doubt ask.

2. This drawing is to be read in conjunction with all relevant architects,
engineers and specialists drawings and specifications.

3. All dimensions in millimetres unless noted otherwise. All levels in metres
unless noted otherwise.

4.  Any discrepancies noted on site are to be reported to the engineer
immediately.

5. This strategy is purely indicative and has been prepared to demonstrate
the principles of the surface water drainage strategy. This is not for
construction.

6. The topographic survey and masterplan have been used to locate and
size the surface water storage features. Their location does not account
for the presence of potential underground services or utilities.

7. The illustrated storage areas do not account for the batter required to
meet existing ground levels.

8. The illustrated drainage catchments assume that development levels will
be re-profiled where necessary.

9. All discharge rates, SuDS, storage locations and volumes are indicative
only and are subject to change during detailed design.

10. An assumed offset of 8m has been provided from each side of the
watercourse channels.
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Attenuation Basin Concept (R4): \_ Invert Level: 59.0 Max Delpth. 1.3m [] Manchester |
Cover Level: 57.6 — \ Depth of Storage: 0.6m Max Vol.: 830m? CONSULTANCY | ENVIRONMENT Nottingham | 0115 924 1100
Invert Level: 56.4 \\ Plan Area: 300m?2 Design Vol. @100yr+20%: 576m?3 INFRASTRUCTURE | BUILDINGS O 9 | )
Slope Batter: 1:4 "\ Porosity: 95% 100yr+20% Depth: 0.98m : www.bwbconsulting.com
_|Max Depth: 1.2m \\ Max Vol.: 171m3 Vol. @100yr+40%: 685m3
~[Max Vol.: 1359m3 . |Design Vol. @100yr+20%: 139m3 100yr+40% Depth: 1.13m Client
Design Vol. @100yr+20%: 925m3 " 100yr+20% Depth: 0.49m Discharge Rate: 5.0l/s
~ [100yr+20% Depth: 0.90m _— Vol. @100yr+40%: 166m? 3\
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o , 100yr+40% Depth: 1.03m _— Discharge Rate: 5.0l/s \
T | ‘ | I e Discharge Rate: 12.4l/s — N
WeSte n Develo p m ent Parcel Equivalent Greenfield Assumed Future Drainage Area (Ha) | o o Conceptual Storage Provision (m?) Flow Control:
7 T T Park & Ch Drainage Catchment Area (Ha) QBAR runoff Rate Development Drainage Area (Ha) following application of 10% pRate (Ui~ 9 - — The Hereford SFRA identifies that over attenuation of surface water runoff from a development can
] Aar & &hoose 39H (@ 4.5l/s/ha) Coverage Urban Creep to Resi area Design Evint Resilience C(l:eck lead to an increase in flood risk in the next sequential watercourse due to the extension of the
rea: . -eha (100yr+20%) (100yr+409%) discharge hydrograph. It suggests using a variable greenfield discharge rate to mimic the existing
E lent G field QBAR:  14.2l/
quivalent Greenfield QBAR: -2Vs Residential 1 3.6 16.2 55% 2.0 22 16.2 1202 1433 conditions, but also that each development should be reviewed separately to understand all the local
Assumed Imp. Area (80%): 2.5Ha - - : - -
Residential 2 9.6 43.3 55% 5.3 5.8 43.3 3215 3846 ISsues. Project Title
) ) ) - - 5
Attenuatlorll. Basin Concept (P1): Res!dent!al 3 /3 328 SSOA) 4.0 4.4 32.8 2413 2876 The Hereford SFRA identifies that the Red Brook is likely to be overloaded by additional runoff from L OWE R B U L L I N G HA M
I(:overll_eve;'. ggg Res!dent!al 4 2.8 124 55% 15 17 124 925 1102 the site. Therefore, it is believed that restricting runoff from the site to the equivalent greenfield QBAR y
nlvert eve " - Residential 5 5.3 23.9 55% 2.9 3.2 23.9 1750 2083 rate would represent the best approach to minimise the impact of the development:
'\SAopTDBattrt]e.r. ig Residential 6 4.4 19.6 55% 2.4 2.6 19.6 1413 1684 e as it mitigates any increase in runoff rates and volumes from the development to the Red Brook; H E R E FO R D
Mgi ng: ‘ 2'5 (Srgm3 . School 15 6.5 30% 1.2 1.2 6.5 690 827 o itis beliedved Lha;lthed efllttenuatedhﬂo;\{s Ieaning the development will be insignificant when
Design Vol. @100yr+20%:  1424me } Commercial 1 0.4 19 80% 03 03 50 139 166 compared to the flood flows on the River Wye.
100yr+20% Deptoh:' 0.95m \ Commercial 2 1.2 5.5 80% 1.0 1.0 5.0 576 685 Discharge Location:
| Vol. @10(?yr+40 f : 1700m A Commercial 3 17 .7 80% 14 14 5.0 856 1015 The underlying ground conditions are understood to have little infiltration potential, and the site
%)QOyr:+40 AJRDept ’ ifglr? Park & Choose 3.2 14.2 80% 2.5 2.5 14.2 1424 1700 currently drains via overland flows towards the local watercourses.lt is proposed that the development
Isc ‘arge : ate: — -2lS TOTAL 40.9 184.1 R 24.5 26.3 184.0 14603 17417 continues to outfall to the local watercourse at the equivalent greenfield QBAR rate.
AMinimum flow restriction of 5l/s adopted. Volume Control: Drawing Title
Development of the site will increase the equivalent runoff volume due to the introduction of new
impermeable surfaces. It is proposed to mitigate this increase through adopting a maximum discharge CO N C E PTUA L S U R FA C E
rate set to the equivalent greenfield QBAR rate.
Storage Volumes: WATER DRAINAGE
Potential surface water storage volumes have been calculated for the 100-year storm event, with a
Return Period Runoff Rates (Is) 20%.allowance for climate change, for thg illustrative drainage areas. Storage requirements and ST RAT EG Y
(Yrs) — locations presented are based on an outline assessment, and are subject to change as the masterplan
Existing Proposed develops and as any potential constraints become apparent.
QBAR 184.1 184.0
30YR 324.8 184.0 The illustrative storage provision have also been tested against the 100-year storm event, with a 40%
100YR 401.5 184.0 allowance for climate change as a resilience check.
100YR+40% B 184.0 . Drawn: H. GRIFFITHS Reviewed: | R. GREEN
Water Treatment & Conveyance:
The rquired surface water storage has been located within attenuatign ba§ins where pos.sible,. these BWB Ref: | BMW 2135 | Date: 25.01.18| scale@A1: | 1:2000
will provide a level of treatment to the runoff from the development prior to it leaving the site. It is
recommended that permeable materials and other source control techniques such as filter strips, Drawing Status
swales, bio-retention and filter drains are considered throughout the development to provide additional
levels of water treatment. P R E L | M | NA RY
It is recommended that runoff is put through a minimum of 2 levels of treatment prior to leaving the site. Project - Originator - Zone - Level - Type - Role - Number Stats | Rev
Itis recom;nendedt th?; swal;:ihare _;Jsed where possible in preference to a piped drainage system to BUL-BWB -ZZ-XX-SK-YE-OOO]. 82 P11
© Copyright BWB Consulting Ltd convey surface water through the site.
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