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1 Introduction

Background

1.1 Cotswold Transport Planning (CTP) were appointed by Aqua Construction (the
Applicant) to undertake a Flood Risk Assessment (FRA) to support a full planning

application for a proposed residential development at High Street, Saul.

1.2 This assessment considers the risks of flooding to the site including tidal, fluvial, surface,
groundwater, sewer and artificial sources and recommends mitigation measures where

appropriate. The FRA also includes a drainage strategy.

1.3 This report supersedes that produced for application reference S.20/1732/FUL. This
assessment accounts for the details requested by the Environment Agency in their

consultation response to the previous application (their reference SV/2020/110731/01).
National & Local Policies

1.4 The National Planning Policy Framework (NPPF)' sets out the Government’s national
policies on different aspects of land use planning in England in relation to flood risk.

Planning Practice Guidance (PPQ) is also available online?.

1.5 The PPG 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.

1.6 New applications will require a surface water drainage scheme submitted to accompany
all planning applications and will be required to demonstrate the use of SuDS within the

design and should be in line with the requirements as set out within PPG.

1.7 The NPPF states that a site-specific Flood Risk Assessment will be required for

proposals:

1) that are greater than 1 hectare in area within Flood Zone 1;

i) for all proposals for new development (including minor development and change of
use) in Flood Zones 2 and 3;

i) in an area within Flood Zone 1 which has critical drainage problems; and where
proposed development or a change of use to a more vulnerable class may be

subject to other sources of flooding.

I https://www.gov.uk/government/publications/national-planning-policy-framework--2
2 https://www.gov.uk/guidance/flood-risk-and-coastal-change
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V)

In an area within Flood Zone 1 identified in a Strategic Flood Risk Assessment as
being at increased flood risk in the future.
In an area in Flood Zone 1 that may be subject to other sources of flooding, where

its development would introduce a more vulnerable use.

1.8 This FRA aims to provide sufficient flood risk information to satisty the requirements of

the NPPF, PPG and regional/local government plans and policies.

1.9 This assessment considers the risks of all types of flooding to the site including tidal,

fluvial, surface, groundwater, sewer and artificial sources and provides mitigation

measures to ensure that the flood risk to the site is minimised and that flood risk off-site

IS not increased.

1.10 This FRA has been based on the following sources of information:

NPPF.

NPPF-PPG.

Site Layout Plan

OS Explorer Series mapping

Site Topographical Survey

DEFRA Magic mapping

British Geological Survey (BGS) mapping

Environment Agency flooding information and mapping

Severn Trent Water sewer records

Gloucestershire County Council drainage guidance

Gloucestershire County Council Local Flood Risk Management Strategy (LFRMS)
Stroud District Council Strategic Flood Risk Assessment (SFRA) Level 1, 2008
Stroud District Council Strategic Flood Risk Assessment (SFRA) Level 2, 2014

Cotswold Transport Planning Ltd Page 2
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2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

Existing Site and Hydrology Characteristics

Site Location and Composition

The site is located on the western side of High Street (B4071) within the south of the
village of Saul, Gloucestershire, post code GL2 7LW at grid reference coordinates, X
(easting): 374810 Y (northing): 209224.

High Street forms the eastern boundary of the site, from where it is accessed, with
residential property to the north and open agricultural land to the west and south (horse

paddocks).

The majority of the site is grassed. An area of gravel/bare earth surfacing is situated
within the north and east of the site along with a concrete base. A minor
watercourse/ditch is located within the south east of the site along the eastern boundary.
A brick wall is present along the eastern boundary between the ditch and pavement on
High Street.

The application site area is approximately 0.1ha.
The site location is shown in Appendix A and outlined in red on Figure 2.1.
Topography

The existing topographical survey shows ground levels generally fall in a south eastern
direction. The highest levels on site are circa 7.93 metres above ordnance datum
(mAQOD) towards the western boundary of the site with a low of 7.06mAQD in the south

eastern corner adjacent to the ditch.
A copy of the existing topographical survey can be found in Appendix B.
Ground Conditions

Geological data held by the British Geological Survey (BGS) and as displayed on the
Geology of Britain Viewer® shows that the bedrock geology underlying the entire site and
wider surrounding area is Blue Lias Formation and Charmouth Mudstone Formation with

sand and gravel river terrace superficial deposits.

Soilscapes Mapping* shows that the soil underlying the site is classified as lime rich

loamy and clayey slowly permeable soils with impeded drainage.

3 http://mapapps.bgs.ac.uk/geologyofbritain/home.html

4 http://www.landis.org.uk/soilscapes/
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2.10

2.11
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Figure 2.1: Site Location

Existing Drainage and Hydrology

A section of minor watercourse is located along the eastern boundary of the site as
shown on the topographical survey. Flows are directed south within a 750mm diameter
culvert prior to returning to open channel within the south east of the site, which continues

as open channel within the paddock’s development to the south (see Figure 2.2).

The ditch was observed with a relatively high water level but with no discernible flow as

part of conducting a visit to the site and surrounding area on 11" December 2020.

Cotswold Transport Planning Ltd
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&

Figure 2.2: Looking North at Ditch along Site Eastern Boundary

2.12 The River Frome (see Figure 2.3) is located 606m to the north east of the site with its

flows directed north towards its confluence with the River Severn at Upper Framilode just

under a mile north west of the site.
2.13 The River Severn is located 0.8 miles to the south west and north of the site.
2.14 The Gloucester and Sharpness Canal is located 560m adjacent to the south of the site.

2.15 Severn Trent Water records indicate there is a foul sewer located within High Street

adjacent to the site. Records are included in Appendix C.
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River Sevem

River Sevemn

Site Location

River Frome

igure 2.3: Nearby Main Rivers
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3 Proposed Development

Site Proposals

3.1 The proposed development, drawings details of which provided in Appendix D, shows

the development proposals as follows:

3.2 Plot 1 — Detached four bedroom residential property totalling 168m=# (excluding garage)

with associated car parking and garden amenity space.

3.3 Plot 2 — Detached four bedroom house totalling 130m? (excluding garage) with private

car parking and garden space.

Cotswold Transport Planning Ltd Page 7
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4 Development Vulnerability and Flood Zone
Classification
National Planning Policy Framework (NPPF)

4.1 Local Planning Authorities, (LPA) have a statutory obligation to consult the Environment

Agency, (EA) on all applications in flood risk zones. The EA will consider the effects of

flood risk in accordance with the NPPF.

4.2 NPPF requires that, as part of the planning process:

e A ‘site specific’ Flood Risk Assessment will be undertaken for any site that has a
flood risk potential.

e Flood risk potential is minimised by applying a 'sequential approach' to locating
'vulnerable' land uses.

e Sustainable drainage systems are used for surface water disposal where practical.

e Flood risk is managed through the use of flood resilient and resistant techniques.

e Residual risk is identified and safely managed.

4.3 Table 1 of NPPF, categorises flood zones into:

e Zone 1- Low probability (< 1in 1000 years)
e Zone 2- Medium probability (1 in 1000 - 1 in 100 years)
e Zone 3a- High probability (> 1 in 100 years)

e Zone 3b- The functional floodplain (>1 in 20 years)

4.4 The site is located within Flood Zone 3 as shown on the Environment Agency Flood Map
for Planning® and Figure 5.1. This is the area shown to be at high risk of river/tidal

flooding associated with the River Frome and River Severn.

4.5 The proposed development is considered to be ‘more vulnerable’ in terms of its land use

type flood risk vulnerability as shown in Table 2 of the PPG®.

4.6 The NPPF sets out a matrix indicating the flood risk vulnerability types of development
that are acceptable in different flood zones based upon the Flood Map for Planning as

shown in Table 4.1.

> https://flood-map-for-planning.service.gov.uk/
° https://www.gov.uk/guidance/flood-risk-and-coastal-change#flood-zone-and-flood-risk-tables
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Flood Risk Vulnerability Classification

Essential Highly More Less Water

Infrastructure Vulnerable Vulnerable Vulnerable = Compatible
Zone 1 v v v v v
Zone 2 v Exception v v v

Test
Required

Zone 3a Exception X Exception v v

Test Required Test

Required

Zone 3b Exception x x x v

Test Required

Table 4.1: Land Use Vulnerability & Flood Zone Compatibility

Sequential and Exception Test

4.7 The site is located in Flood Zone 3, development in these areas is considered

acceptable, subject to the Sequential Test and Exception Test being passed.

Cotswold Transport Planning Ltd Page 9
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< Site Specific Flooding

National Planning Policy Framework (NPPF)

5.1 In accordance with the National Planning Policy Framework, this Flood Risk Assessment

considers all sources of flooding including:

1) Fluvial flooding — from rivers and streams;

i) Tidal flooding — from the sea;

i) Pluvial flooding — overland surface water flow and exceedance;

Iv) Groundwater flooding — from elevated groundwater levels or springs;

v) Flooding from sewers — exceedance flows from existing sewer systems; and

vi) Artificial sources — reservoirs, canals etc.
Fluvial Flooding

5.2 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 debris is mobilised by high

flows and accumulates at structures.

5.3 The Environment Agency Flood Zones are the current best information on the extent of
the extremes of flooding from rivers or the sea that would occur without the presence of
flood defences, since these can be breached, overtopped and may not be in existence
for the lifetime of a development.

5.4 The site and wider surrounding area are located wholly within Flood Zone 3 as shown
on the Environment Agency Flood Map for Planning” and on Figure 5.1 and indicated to
be at high risk of flooding. The site is shown to be located within an area that benefits
from flood defences.

” hitps://flood-map-for-planning.service.qgov.uk/confirm-
location?easting=374830&northing=209294 &placeOrPostcode=saul
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Flood Zone 3 -

Flood Zone 2 :]

Areas Benefiting pz
from Defences

Flood Defence

Main River s

Figure 5.1: Environment Agency Flood Map for Planning

5.5 A minor watercourse is shown to be present crossing the site, flowing south,
predominantly within a 750mm diameter culvert, prior to returning to open section for a
short reach within the site and continuing in open channel on land to the south of the site

parallel to the carriageway on High Street.

5.6 It is understood this watercourse serves as highway drainage for High Street. Flows are
understood to be directed along Church Lane to the north east of the site, in a short
section of open channel (see Figure 5.2) prior to entering a culvert east of the road
junction between Church Lane and High Street. Flows are believed to be directed in a
north east to south west direction crossing High Street before returning to open channel

within the site.

Cotswold Transport Planning Ltd Page 11
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Figure 5.2: Looking East at Open Channel on Church Lane

5.7 No specific records of localised flooding in relation to the watercourse crossing the site
have been obtained via desk based research. In view of the large, culverted nature of
the watercourse and its primary purpose as a highway drainage ditch, the risk of flooding

from this watercourse is considered to be low.

5.8 The Environment Agency were contacted for their records and data relating to flooding
that could be used for the purposes of a site specific assessment. The details provided
are included within Appendix E. The EA provided flood model outlines for their River

Frome and River Severn models.

5.9 Historic records of flooding identify that the site was flooded during July 1968 from the

River Severn.

Cotswold Transport Planning Ltd Page 12
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5.10 The River Frome flood model extents provided are displayed on Figure 5.2. The site is
shown to sit well outside the area at high risk of river flooding shown in mid blue (100yr
event) due to the presence of the flood defences (high ground/embankments) but within
the area at medium risk of flooding in a 1 in 1000 year event (light blue) ignoring the
presence of the defences. Extents mapping for the defended 1000yr event were not

supplied.

Figure 5.2: River Frome Model Flood Extents

5.11 Flood model depth grid data provided applicable to the site area has enabled maximum
depths that could be encountered to be understood in defended and undefended
situations. On review of this information, the maximum depth flooding that could be
encountered from a 1000yr event is circa 450mm in the undefended scenario. Where
the two proposed houses are to be positioned, potential flood depths are less,

approximately 300mm.

Cotswold Transport Planning Ltd Page 13
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5.12 The depth grid data for the defended scenarios identifies that the site is protected from
flooding from events up to the 1000yr event as shown by the dark pink area made up of
the depth grid points in Figure 5.3. Review of flood defence data applicable to the River
Frome along its reach from Saul Junction Bridge (upstream of the site) to the Moor Street
Bridge (downstream of the site) identifies a design crest level of 9.38mAOD. The 1000
year return period undefended flood level applicable from node reference 01119.1
(parallel to the site within the river channel) is 9.08mAQD.

it 4

.

Figure 5.3: River Frome Model 1000yr Event Depth Grid Data

5.13 In view of the above assessment and the information supplied by the Environment
Agency, the site is effectively protected from fluvial flooding from the River Frome from
high and medium risk flood events. So, the risk of flooding to the proposed development
IS residual.

Cotswold Transport Planning Ltd Page 14
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River Frome Climate Change

5.14 The Environment Agency now require that the latest climate change allowances be
applied to 100 year return period, high risk flood levels in accordance with revised

guidance published in 20168.

5.15 In accordance with local area EA guidance, (see Appendix E) the development
proposed is classed as minor development, so the use of the nominal allowances
provided, or interpolated flood levels are applicable as opposed to re-running the flood

models available.

5.16 Due to the nature of the proposed development being of a ‘more vulnerable’ classification
within land shown to lie within Flood Zone 3; it is appropriate to consider the ‘higher
central’ climate change allowance (35%) as a conservative estimate of potential climate

change in relation to fluvial flooding.

5.17 The applicable identified design flood level, 100 year plus 35% allowance for climate
change, could be interpolated as follows utilising the provided 100yr+20% event to
represent the flood event that accounts for previous climate change allowances and

applying to model node applicable (ref 01119.1):

e 100yr+20%CC (9.08mAOD) — 100yr (9.07mAOD) = 0.01m

e 0.01m/20% = 0.0005m per 1% increase

e (0.0005m x 35%CC = 0.0175m (increase due to 35% climate change allowance)
e 100yr (9.07mAQOD) + 0.0175m = 9.09mAOD

5.18 The interpolated method flood level derived using the calculation above identifies a

0.01m increase in flood levels accounting for a 35% climate change allowance. The flood
level of 9.09mAOD determined would not result in a material increase to fluvial flood risk

at the site due to the defences present providing protection to a height of 9.38mAQD.

5.19 Part of the reason why the previous application was objected to by the Environment
Agency related to the manner in which climate change flood levels had been interpolated.
The way in which this was undertaken was described as incorrect, but no details were

provided to explain why this was the case.

5.20 In acknowledgement of the above, through following local EA guidance the pre-defined
increase in flood levels (300mm) can be applied through identifying the River Frome to

be a tributary watercourse of the River Severn. This would mean the 100 year plus

8 https://www.gov.uk/guidance/flood-risk-assessments-climate-change-allowances
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climate change flood level applicable is 9.37mAOD. As the crest level of flood defences
present along the River Frome applicable to the site is 9.38mAOD then the previous
application conclusions are considered to remain applicable because the site would just
remain protected from a local guidance, conservative 100 year plus climate change

event.
River Frome Defence Breach Scenario

5.21 A further request from the Environment Agency on consultation related to the previous
application was to provide defence breach assessment details and how the site could be

affected by flooding in such an extreme, residual risk situation.

5.22 For the River Frome it was advised that the undefended model results would be sufficient
for this process. The 100yr event is applicable for such an assessment. Extents are

shown below in grey based on the flood depth grid point data on Figure 5.4.
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Figure 5.4: River Frome Model Undefended 100yr Event Extents
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5.23

5.24

5.25

5.26

8.27

5.28

h.29

Reviewing this information and comparing the undefended flood data to ground levels
on the site identifies the majority of site, (with the exception of the south west corner) the
High Street outside the site and the majority of Saul would be at high risk of flooding In

such an extreme eventuality.

Maximum depths of potential flooding near the site entrance are shown to be 420mm.
Where the two new properties are to be constructed the depth is circa 320mm. The

maximum high risk flood level identified to be on site is 7.80mAQOD.

So, to summarise, the actual risk of fluvial flooding to the proposed development has
been identified as low and residual up to an including flood events with a 1000 year
return period from the River Frome for the present day situation. This is due to the
standard of protection afforded by flood defences. On this basis there will be no actual
loss of floodplain storage capacity as a result of the proposal that could increase flood

risk elsewhere.

In acknowledgement of the future effects of climate change, the site is identified to

remain protected from flooding from the River Frome, based on local office EA

assessment guidance. In an unlikely breach situation, the site could be flooded to a
maximum height of 7.80mAQD.

Tidal Flooding

Inundation of low lying coastal areas by the sea may be caused by seasonal high tides,
storm surges and storm driven wave action. Tidal flooding is most commonly a result of
a combination of two or more of these mechanisms, which can result in the overtopping

or breaching of sea defences. River systems may also be subject to tidal influences.

In their consultation response to the previous planning application for the site the EA

advised that tidal flooding is the primary risk to the site from the River Severn.

The EA provided flood model extents from their River Severn flood model for reference.
Figure 5.5 displays the extent (outlined in blue) in relation to the site (undefended). This
identifies the site is at high risk of tidal flooding from the River Severn in a 1 in 200 year

event in an undefended scenario.
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Figure 5.5: River Severn Model Tidal 200yr Event Extents (Undefended)

5.30 Tidal flood levels applicable to the site are 10.6mAOD and 10.43mAOD (nodes SEV24
and 83) for the 200 year event (high risk) based upon the 2007 produced model data.

Flood levels from the 2020 model re-run version for the year 2020 are 10.54mAOD and
10.40mAQD for nodes SEV24 and 83.

5.31 Flood defence data obtained in relation to the defences along the banks of the River
Severn, applicable to the model nodes related to the site and the area identified to benefit
from defences, details design defence crest levels associated with the corresponding
model nodes as 10.7mAQOD (SEV24) and 10.6mAQOD (83).

Cotswold Transport Planning Ltd Page 18
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5.32 The defences applicable to node SEV24 include the Upper Framilode Wall and the Upper
Framilode Lock Defence. Figure 5.6 shows the defence wall present opposite St Peters
Church (at grid coordinates location: 3750029, 210468).

YT TR
' - ."_ﬂ”- .«
TR

4
vprl_" L]

Figure 5.6: Looking West along Upper Framilode Wall Defence

5.33 The defences applicable to model node 83 include the embankment present (Hock Ditch
to Hock Cliff asset) south of the village of Fretherne as shown on Figure 5.7. At the time
of the site visit on 11" December 2020, improvement works were being undertaken to

the embankment.
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Figure 5.7: Looking East at Defence Embankment

5.34 Review of the applicable tidal flood levels against the defence crest levels confirms the
site is protected from high risk tidal flood events, as suggested by the EA Flood Map for
Planning.

5.35 In flood events in excess of this return period, the flood levels increase to 10.63mAQOD
and 10.59A0D respectively for nodes SEV24 and 83 when accounting for the 1000 year
return period scenario provided (2007 model data). Again, the defences would appear to
be high enough to protect the site from such a flooding scenario and a such the risk of

tidal flooding is considered to be residual.
River Severn Climate Change

5.36 Since submission of the previous application and FRA, the EA released updated flood

model data related to the River Severn, which accounts for the latest allowances for
climate change (see Appendix D). Applicable flood levels are provided for the years
2040, 2070 and 2125.

5.37 Modern residential development is considered to be built with a 100 year design lifetime.
On this basis the 2125 flood levels are appropriate to consider, which are 10.86mAOD

and 11.05mAQD (higher central allowance) for nodes SEV24 and 83. Comparison of
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these flood levels to the current defence crest design heights identify they would be

overtopped.
River Severn Defence Breach & Overtopping Scenario

5.38 To undertake a breach and/or overtopping assessment related to the River Severn, the
guidance set out in the DEFRA report ref FD2321/TR2 (2006)9 should be followed as
advised by the EA.

5.39 A simple desktop assessment was commissioned by the applicant and is discussed as
follows to satisfy the requirements of this particular assessment requirement given the

scale and nature of the proposal.
Overtopping

5.40 A simple overtopping assessment and identifying danger to people has been undertaken
through reference to lookup table 12.1 within the DEFRA guidance document (see
Figure 5.8). This involves assessment of the hazard posed by an overtopping situation

through cross referencing the distance of the site from the flood defences in question

and the head above crest level applicable (difference between flood level and defence
height).

5.41 The simple approach was undertaken based on applying the 200 year 2125 climate
change event flood levels which could overtop the defences in relation to defence design

crest levels.
5.42 The hazard classifications are based on four categories listed as follows:
e Danger for All — includes emergency services
e Danger for Most — includes the general public
e Danger for Some — includes children, the elderly and infirm

e Danger for None — no risk to human health

Y http://randd.defra.gov.uk/Document.aspx?Document=FD2321 3437 TRP.pdf

Cotswold Transport Planning Ltd Page 21



Aqgua Construction
High Street, Saul

Flood Risk Assessment

Distance from Key:

defencem) | 05 1 2/ 3 Danger for some
1Moo Danger for most
280 B Danger for all
2 s000 @ f

. o00] |

18000 @ | @y

=000 | |

__2s00f |
%00 | 0y
300 | |
4000 | 0\ P
_4s00f | 1
__se00f | | |

Figure 5.8: Overtopping Assessment Table

5.43 Table 5.1 below summaries the results of this exercise and identifies that there is no
hazard posed to human health from a defence overtopping situation. It should be noted

that this approach assumes a flat floodplain.

EA Model Node Location Distance Head Above Hazard
Node Coordinates to Site Defence Crest
SEV24 375007, 210485 1,237m 0.16m Danger for None
83 373295, 208841 1,569m 0.45m Danger for None

Table 5.1: Defence Overtopping Assessment Results

Breach Scenario

5.44 For the simple defence breach assessment, the lowest ground levels on the site are
referred to in addition to the distance of the defences from the site and the applicable

flood levels.

5.45 Table 5.2 displays the results of the breach assessment is relation to the development

site through reference to lookup table 12.1 within the DEFRA guidance (see Figure 5.9).

5.46 The hazard is calculated through subtracting the applicable flood level from the ground
level height to determine the ‘head’ of water and cross referencing against the distance

of the defences from the site.
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Figure 5.9: Breach Assessment Table

EA Node Distance Ground 200yr 2025 Head Hazard
Model Location | to Site (m) Level Flood Level Above
Node (mAOD) | (mAOD) (B) Ground
(A) Levels
(m)
(B-A)
SEV24 375007, 1,237 7.06 10.86 /0 Danger for
210485 Most
83 373295, 1,569 7.06 11.05 3.99 Danger for
208841 Most

Table 5.2: Defence Breach Assessment Results

5.47 The results of the exercise identify a significant hazard would be posed to future
occupants of the site due to the maximum head of floodwaters that could be

encountered.

5.48 In summary, this assessment has identified actual tidal flood risk to the site is low and
residual in the present day based on the protection afforded by defences up to a 1000

year return period.

5.49 The tidal Severn defences could be overtopped in the year 2125 as a result of climate
change should there be no improvement to the existing defences applicable. However,
there is considered to be no danger posed to the development from such a situation

given the distance of the site from the flood defences.

5.50 In a breach of the Severn defences, which would be an extreme eventuality, a danger

for most would be present and a head of floodwaters in excess of 3m depth could occur.
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5.51

9.02

5.53

5.54

5.55

It is understood that there is a current policy within the Severn Estuary Strategy for
Fretherne, Epney and Saul whereby the defences are to be raised and integrity
maintained in response to the threat of climate change. It is understood works are/have
taken place to the defences in Epney where they are being raised by 600mm, as advised

by the applicant on this basis.

Given the catastrophic nature of a Severn defences breach flood event occurring and
the impact it could have to Saul and the wider surrounding area as well as the site; it is

understandable why such a policy/strategy is in place to improve and maintain the

standard and integrity of the defences to prevent a reduction of protection to existing

communities and settlements.
Pluvial Flooding

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.

The Surface Water (Pluvial) Flood map provided by the Environment Agency (Figure
5.10) indicates that the site is partially at high risk of pluvial flooding. The majority is

identified to be at very low risk.

10 https://flood-warning-information.service.gov.uk/long-term-flood-risk/map
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Figure 5.10: Pluvial Flood risk Map

5.56 The north west of the site is identified to be at low risk (1 in 1,000 year annual chance of

flooding) in the vicinity of the site access point. Depths of flooding are predicted as less

than 300mm for the area considered to be at risk.

5.57 High Street adjacent to the site and within/along the site eastern boundary associated
with the ditch present and lowest ground levels is considered to be partially at high risk

of pluvial flooding to a depth less than 300mm.

5.58 It should be noted the pluvial maps do not fully consider the surrounding underground
drainage systems and therefore any flooding entering the site from existing roads will
likely be intercepted by road gullies and discharged into the local drainage network

instead of flow through the site.

5.59 The development is considered to be partially at high risk of flooding from surface water

based upon the EA mapping.
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5.60

5.01

5.62

5.63

5.64

5.65

5.66

5.67

Groundwater Flooding

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.

Mapping available from the Department for Environment, Food & Rural Affairs (DEFRA)

Magic Mapping Service'' shows that the site is located in a Secondary Undifferentiated

aquifer. This designation has been assigned in cases where it has not been possible to
attribute either category A or B to a rock type. In most cases, this means that the layer
In question has previously been designated as both minor and non-aquifer in different
locations due to the variable characteristics of the rock type.

Geological data held by the BGS shows that the bedrock geology underlying the site is
Mudstone. Superficial deposits are indicated as Sand and Gravel. Consequently, it is

considered any risk to the site from groundwater would occur in the superficial deposits.

High level mapping included with GCC-LRFMS mapping indicates that there is a medium
susceptibility of groundwater flooding.

In the absence of any other evidence to the contrary, the risk of groundwater flooding is
considered to be medium.

Flooding 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.

Severn Trent Water records indicate there is a 150mm diameter foul sewer located within
High Street to the east of the site directing flows north past the site, (see Appendix C).

Details within the SFRA identify that Stroud district is at medium-low risk of sewer

flooding and that the greatest risk areas are within postcode areas that do not include
Saul, however there are records of flooding within the GL2 7 postcode area, which the

site is located within.

1 https://magic.defra.gov.uk/MagicMap.aspx
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5.68 The risk of sewer flooding to the site is therefore considered to be medium.
Flooding from Artificial Sources
Reservoirs

5.69 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.

5.70 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.

5.71 Mapping data from the EA long term flood risk mapping indicate that the site and wider

area Is not at risk of flooding from reservoirs.
5.72 The development is considered to be at negligible risk of flooding from reservoirs.
Canals

5.73 The site is located north of the Gloucester and Sharpness Canal. The canal is a
waterbody maintained by the Canal and River Trust (CRT) and they are generally
responsible for maintaining water levels within this canal system using reservoirs,
feeders and boreholes and manages water levels by transferring it within the canal

system.

5.74 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.

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

5.76 Where required overflows into adjacent rivers such as the River Frome are available,

and this process ensures for the most part that canal flooding does not pose a risk.

12 https://flood-warning-information.service.gov.uk/long-term-flood-risk/map
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5.77 As detailed within the SFRA, there is one recorded incident of breach/overtopping
associated with this canal. This occurred in June 1990 at Parkend (SO 7746 1055) circa

2 miles north east of the site as a result of culvert collapse at Saul Junction.
5.78 The development is considered to be at low risk of flooding from the canal.
Flood Risk Summary

5.79 The conclusion of the assessment is summarised in Table 5.3 as follows:

Source of Potential Flooding Flood Risk
Tidal Low
Fluvial (River) Low
Pluvial High
Groundwater Medium
Sewers Medium
Artificial Low

Table 5.3: Flood Risk Summary
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6

6.1

6.2

6.3

6.4

6.5

6.6

6.7

Flood Mitigation Measures

It is important to demonstrate that future users will not be at risk from flood hazards

during the lifetime of the development, as well as ensuring that flood risk is not increased

elsewhere.
Finished Floor Levels (FFLSs)

In accordance with Environment Agency guidance, finished floor levels (FFLs) should
(where possible) be set a minimum of 600mm above the 100 year+35% climate change
allowance flood levels for the site. In relation to the River Frome this would imply an FFL
of 9.97/mAOD and for the River Severn a FFL of 11.65mAQOD.

In this instance, given the height of flood levels predicted from both the River Frome and
River Severn based on in channel flood levels, at a considerable distance from the site
it is not realistic to set FFLs near or above 10mAQOD as this would involve significant

raising of existing ground levels.

It is recommended that FFLs be set a minimum of 400mm above the proposed ground
levels in the vicinity of the proposed two dwellings at a height of 8mAOD to provide
protection against flooding from surface water runoff and the residual risk of fluvial
flooding. This is in consideration of the extreme, undefended 1000 year return period
River Frome flood depth data provided specific to the site and simple River Frome

defence breach scenario data which identified a flood level of 7.8mAQD is applicable.
Ground Levels

Ground levels should be profiled to remove hollows/depressions within the site

topography and the area of potential risk of pluvial flooding.

Ground levels should be finished so that overland runoff is encouraged to flow away from
the proposed new buildings and be directed to the nearest on site drainage system runoft

collection point.
Floodplain Compensation

As identified in the previous section, the development will not result in any actual loss of
floodplain storage capacity for either the River Frome or the River Severn. This is due to
the protection afforded by flood defences and the primary tidal flood risk nature of the

River Severn.
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Access and Egress

6.8 Access and egress from the site will be via High Street. The site access point and the
wider surrounding area is wholly located within defended floodplain so on this basis safe
access would be readily achievable to leave Saul and travel south to Frampton on

Severn and access land outside the floodplain.

6.9 Further onward travel in a south easterly direction on roads outside the floodplain could

be undertaken to ultimately reach the M5 motorway.

6.10 Surface water flood mapping shows there to be areas of risk along High Street adjacent

to the site. Potential depths of flooding are less than 300mm and considered to be

shallow. It is expected that this flow route is dealt with by the drainage infrastructure
present serving the highway, and therefore access and egress is not considered to be a

significant risk.
Flood Warning and Evacuation Plan

6.11 The reality is the site is protected from fluvial and tidal flooding from maintained
defences. A strategy is in place to ensure such defences remain to required standards
in the future to provide the design protection required. However, it is acknowledged that
in the unlikely and residual event of a defence breach scenario, floodwaters could reach
depths posing a significant hazard to future occupants of the properties as identified In

the simple approach breach assessment.

6.12 It is therefore recommended that future occupants of the proposed residential dwellings
sign up to the available Environment Agency flood warning service for Saul'®. This is to

be aware of and receive warnings of predicted flooding in order to act appropriately and

make plans to evacuate to areas of lower risk as required.

6.13 Itis recommended that a flood plan be prepared by future occupants. This should include
the actions to be taken before, during and after a flood. Further details for preparing a

flood plan can be found at: https://www.gov.uk/prepare-for-flooding/future-flooding.

6.14 The site is located a significant distance away from the River Frome and River Severn in
order to act before defence breach floodwaters reached the site. The site should be
evacuated if either a flood warning indicates that this is appropriate action, or if advised
to do so by the Environment Agency, Lead Local Flood Authority, or a Category 1

responder.

13 https://www.fws.environment-agency.gov.uk/app/olr/viewmap?tald=c4d121090ab71fc5190b3e3f3fc89a26
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6.15 In the unlikely event of a defence breach and significant depth floodwaters reaching the
site prior to occupants leaving, safe refuge could be sought on the first floor of the
respective properties prior to rescue by the emergency services when safe and available
to do so.

Resilience

6.16 As well as production of a flood warning plan, it is recommended that consideration be

given to the use of flood resilient building materials in view of the risk posed by a defence
breach flooding situation in accordance with Environment Agency standing advice and
Communities and Local Government document Improving the Flood Performance of

New Buildings.

6.17 Resilience measures are either an integral part of the building or features inside the
building. Flood resilient buildings are designed to reduce the impact of flood water
entering the building to restrict permanent damage, ensure structural integrity is
maintained and to assist with drying and cleaning following flooding.

Groundwater

6.18 The potential for 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 should be employed.
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7.6
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7.8

Proposed Drainage Strategy

Consideration of flood issues is not confined to the floodplain. This is recognised in the
NPPF and associated guidance. The alteration of natural surface water flow patterns
through developments can lead to problems elsewhere in a catchment, particularly
flooding downstream; and replacing permeable vegetated areas with low permeability
roofs, roads and other paved areas will increase the speed, volume and peak flow of

surface water runoff.

A surface water management strategy for the development is proposed to manage and
reduce the flood risk posed by surface water runoff from the site. The surface water
drainage arrangements for any development site should be such that the volume and
peak flow rates of surface water leaving a developed site are no greater than the rates
prior to the proposed development unless specific off-site arrangements are made and

result in the same net effect.

An assessment of the surface water runoff rates was undertaken to determine the

surface water options and attenuation requirements for the site and is discussed below.
Existing Drainage

The current site totalling approximately 0.1ha in area, is a predominantly greenfield,
undeveloped plot of land, considered to drain via natural infiltration at existing greentield

rates of runoff.

The existing greenfield runoff rates have been calculated using the Micro Drainage
Source Control tool and the Interim Code of Practice (ICP) SuDs method. The resulting

calculations are included within Appendix F.

The QBAR (annual average) runoff rate is determined to be 0.2l/s for the area of the

application site, (approximately 1200m2 - 0.12ha).

This level of flow restriction is not considered to be feasible. The BBA Agrément

Certificate for Hydro International’'s S-Range Hydro-Brake Optimum Flow Controls states

a minimum design flow rate of 0.71/s with a minimum design head value of 0.4m.

For the proposed development, a design flow rate of 0.7l/s shall therefore be used, with
a design head value of 1.0m. Flows shall be restricted through use of a vortex flow
control, and upstream storage provided by an underground geocellular crate system and

within the sub-base material below permeable parking areas.
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1.9

7.10

711

7.12

7.13

7.14

7.15

7.16

The storage shall be sized to attenuate the design 1 in 100 year storm, with a 40%

iIncrease to account for the effects of climate change
Surface Water Management

Sustainable drainage system measures (SuDS) should be used to control the surface
water runoff from the proposed development site, thereby managing the flood risk to the
site and surrounding areas from surface water runoff. These measures will also improve

the quality of water discharged from the site.

The SuDS hierarchy demands that surface water run off should be disposed of as high

up the following list as practically possible:

e [nto the ground (infiltration) and re-use, or then;
e To a surface water body, or then;
e To0 a surface water sewer, highway drain or another drainage system, or then;

e [0 acombined sewer.

Due to the presence of Mudstone geology, it is assumed for the purposes of this
assessment that the use of soakaway drainage for the proposed development is not
feasible. This is because the drain down rates likely to be encountered during intrusive
site investigations are expected to be poor and unsuitable to meet development drainage

design requirements in accordance with BRE Digest 365 methodology standards.

On the above basis it is proposed to discharge flows of runoff generated to the section

of open watercourse located within the south east of the site.

Infiltration testing should be carried out prior to further design development to investigate

whether the use of permeable paving or mass infiltration is feasible.
Proposed Drainage

The introduction of hardstanding associated with the proposed development will
introduce an impermeable area of which will increase the amount of runoff generated
and could increase flood risk elsewhere unless managed to Lead Local Flood Authority

(LLFA) drainage requirements'®, which in this case is Gloucestershire County Council.

It is proposed to introduce a new gravity stormwater system with attenuation and a
controlled discharge for up to a 1 in 100 year event plus 40% climate change allowance,

which will reduce risk of flooding downstream.

“https://www.gloucestershire.gov.uk/media/6846/gloucestershire_suds design_and _maintenance quide -

dec_2015-compressed-63334.pdf
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7.17 As detailed in paragraph 7.6, the QBAR (annual average) runoff rate is determined to be
0.2l/s for the area of the application site. This level of flow restriction is not considered to
be feasible. For example, the BBA Agrément Certificate for Hydro International’'s S-
Range Hydro-Brake Optimum Flow Controls states a minimum design flow rate of 0.7l/s

with a minimum design head value of 0.4m.

7.18 For the proposed development, a design flow rate of 0.7l/s shall therefore be used, with

a design head value of 1.0m.

7.19 Surface water shall be collected through a traditional gravity drainage system. Areas of

hardstanding shall be drained with highway gullies and grated surface water channels

with appropriate loading classes for the proposed traffic, while the buildings shall be
drained with traditional roof gutters and downpipes. All surface water drainage shall be
conveyed via gravity and discharged to the ditch via the vortex flow control device, with
excess flows stored in the offline geocellular storage system and in the sub-base below

permeable paving areas.

/.20 Micro Drainage Source Control Calculations have been undertaken for the 1 in 100 year
storm event with 40% climate change to assess storage requirements. Results indicate
a minimum 34.3m? of storage is required for stormwater runoff. This model uses a hydro-

brake control discharging at a max rate of 0.7 I/s.

/.21 The storage can be accommodated within the geocellular crate system and the sub-base

below the permeable parking areas.

7.22 A drainage strategy layout has been produced and is included in Appendix G with

supporting calculations.
Water Quality

/.23 ltis acknowledged that SuDS can be incorporated into the stormwater strategy to provide

water quality measures.

7.24 It is proposed that parking areas may be constructed from permeable paving. Infiltration
rates are considered likely to be low, however a full or partial infiltration system may be

viable for these areas. This will help to reduce the volume entering the system.
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Maintenance Regime

7.25 Maintenance of SuDS features are essential to ensure that the surface water drainage
system operates effectively and that flooding of the site and surrounding areas is

prevented.

7.26 The responsibility of maintaining the private surface water and foul water drainage
components would lie with the landowner of the site, who may delegate responsibility to

an appointed external private management company.

7.27 For all drainage aspects a full maintenance regime should be carried out to ensure that
drainage systems remain operational in accordance with manufacturer’s guidelines and
drainage features maintenance requirements as set out in the SuDS Manual (C753) see

Table 7.1 overleaf.
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Drainage

Required Action

Typical Frequency

Component

Pipework,
manholes,
flow control
chambers,
catch pits
and silt traps

Stabilise adjacent areas As required
Remove weeds As required
Clear any poor performing structures. As required

Inspect all structures for poor operation

Three monthly, 48 hours
after large storms in first
SiXx months

Monitor inspection chambers. Inspect silt
accumulation rates and determine silt clearance
frequencies

Annually

Inspect and identify any areas that are not
operating correctly. If required, take remedial
action

Monthly for 3 months,
then annually.

Remove debris from the catchment surface

to the structural performance or a hazard to
users, and replace jointing material

. . Monthly
(where it may cause risks to performance)
. Inspect inlets, outlets, banksides, structures,
AtteTr::le:(tlon Repair/rehabilitate inlets, outlet, overtflows and As Required
vents
Inspect/check all inlets, outlets, vents and
overflows to ensure that they are in good Annually
condition and operating as designed.
Survey inside of tank for sediment build-up and Every 5 years or as
remove Iif necessary required.
Brushing and vacuuming Once a yeal Dl
required
Stabilise and mow contributing and adjacent As required
areas
Removal of weeds or management using As required — once per
glyphospate applied directly into the weeds by year on less frequently
an applicator rather than spraying used pavements
Remediate any landscaping which, through
vegetation maintenance or soll slip, has been As required
raised to within 50mm of the level of the paving
Permeable Remedial work to any depressions, rutting and
Paving cracked or broken blocks considered detrimental As required

Rehabilitation of surface and upper substructure
by remedial sweeping

Every 10 to 15 years or
as required.

Inspect for evidence of poor operation and/or
weed growth

3 monthly, 48 hours
after large storms in first

6 months
Inspect silt accumulation rates and establish A
: : . nnually
appropriate brushing frequencies
Monitor inspection chambers Annually
Table 7.1: Initial Operation and Maintenance Plan
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8.1

8.2

8.3

8.4

8.5

8.6

8.7

8.8

Summary and Conclusion

Cotswold Transport Planning were appointed by Aqua Construction to produce a Flood

Risk Assessment (FRA) for a proposed residential development at High Street, Saul.

This assessment has considered the risks of all types of flooding to the site including
tidal, fluvial, surface, groundwater, sewer and artificial sources and provides mitigation
measures to ensure that the flood risk to the site is minimised and that flood risk off-site

IS not increased.

The site is classified as being located within defended Flood Zone 3, as displayed on the

Environment Agency Flood Map for Planning and at high risk of flooding.

The proposed development is categorised as more vulnerable, which is acceptable to
consider in Flood Zone 3 locations in line with the NPPF provided flood risk is not

Increased elsewhere.

Review of flood data received from the Environment Agency and available flood defence
crest level information in relation to the topography of the development site has identified
the site is at residual risk of flooding and protected from fluvial and tidal flooding from the

River Frome and River Severn.

Over the lifetime of the development, unless flood defences are raised on the River
Severn, floodwaters could overtop them through the effect of climate change. However,
such an eventuality is not considered to pose a hazard to the site. This is based on a
simple approach overtopping assessment conducted in view of the distance of the site

away from the defences and the head of floodwaters that could be encountered.

In the unlikely scenario that the flood defences along the River Severn and/or the River
Frome are breached, whereby the Environment Agency do not continue to maintain the
defence integrity; the site could be at significant risk of flooding from the River Severn,
as would the rest of Saul and the surrounding area. In acknowledgement of this, it is
recommended that future occupants sign up to receive Environment Agency flood
warnings as part of preparing a flood evacuation plan. Refuge could be sought within the
properties proposed on the first floor if evacuation were not possible or did not occur for

whatever reason.

The site is not considered to be at a significant <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>