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Executive Summary

This Flood Risk Assessment (FRA) has been prepared by Stantec to support a Local Development
Order (LDO) for the Gravity Smart Campus, an industrial-led mixed-use development at the Former
Royal Ordnance Factory (ROF) Puriton in Somerset.

In accordance with the fundamental objectives of the National Planning Policy Framework (NPPF),
this FRA demonstrates that:

i. The development is safe.
ii. The development does not increase flood risk.
iii. The development does not detrimentally affect third parties.

Existing ground levels of site vary between 4.5mAOD and 15.5mAOD. Flood Modelling (approved as
part of the extant planning permission 42/12/00010) was updated to account for revised EA Climate
Change allowances. It is proposed that Finished Floor Levels will be set for less vulnerable
development at a minimum of 2102 Upper End Breach modelled depth plus suitable freeboard and for
more vulnerable development at a minimum of 2132 Upper End Breach modelled level plus suitable
freeboard or 300mm above existing ground, whichever is greater.

The Environment Agency (EA) ‘Flood Map for Planning’ shows the maijority of the site lies within Flood
Zone 3, with higher elevations towards the south being within Flood Zone 1. There is an intermediary
zone between the two shown as Flood Zone 2. The ‘Flood Map for Planning’ also indicates that all
areas of Flood Zone 3 benefits from flood defences along the Parrett Estuary.

The mixed-use proposals on site constitute Essential Infrastructure, More Vulnerable, Less Vulnerable
and Water-compatible development land uses (reference PPG: Tables 2 in Paragraph 066 Reference
ID: 7-067-20140306 and Table 3 in Paragraph: 067 Reference ID: 7-067-20140306). The sequential
approach has been applied to parameters plan as such all built development is located in a compatible
flood risk defined by the flood risk vulnerability.

The site currently benefits from a prior industrial use, enterprise zone status, allocation in the Core
Strategy for redevelopment, and has an extant outline planning consent. As this LDO does not
significantly vary the proposed land uses on site, the requirements of the Sequential Test are met.
This FRA and the findings within it are sufficient to meet the requirements of the Exception Test.

A Surface Water Drainage Strategy (SWDS) has been developed using best practice Sustainable
Drainage System (SuDS) techniques. Guidance on suitable techniques and methods has been
obtained from the EA, the Non-Statutory Technical Standards for Sustainable Drainage Systems,
Somerset County Council’s Strategic Flood Risk Assessment (SFRA) and CIRIA C753 “The SuDS
Manual” amongst other sources. Information regarding the proposed SWDS can be found in the
separate SWDS report.

In summary, the FRA demonstrates that the proposed development is safe and in accordance with the
requirements of national and local planning policy.
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1 Introduction

1.1 Scope of Report

1.1.1  This Flood Risk Assessment (FRA) has been prepared by Stantec of behalf of our Client, This
is Gravity Ltd. This Local Development Order (LDO) seeks consent for a Smart Campus at
the Former Royal Ordnance Factory (ROF) Puriton in Somerset.

1.1.2 The report is based on available information for the site as detailed in Section 1.2 and
prepared in accordance with the planning policy requirements set out in Section 1.3. The

scope of the FRA is consistent with the ‘site specific Flood Risk Assessment Checklist’ from
the National Planning Policy Framework (NPPF) Planning Practice Guidance (PPG).

1.2 Sources of Information

Previous Work Completed

1.2.1  Stantec has been involved in assessing Flood Risk and Drainage at this site for over 10 years
(formerly operating at Peter Brett Associates LLP (PBA)), including in support of an extant
Outline Planning Consent in 2017 (ref: 42/13/00010). As such, a number of reports and
assessments have been completed to date. These are listed below:
= Royal Ordnance Factory Puriton TUFLOW Modelling Report (July 2007)

= Royal Ordnance Factory Puriton TUFLOW Modelling Addendum to Technical Modelling
Report (October 2007)

= Royal Ordnance Factory Puriton TUFLOW Modelling Addendum NO.2 of Technical
Modelling Report (January 2008)

= Huntspill Energy Park Remediation Application — Flood Risk Assessment (October 2011)
= Borrow Pit Angling Club Flood Risk Assessment (October 2012)

= Huntspill Energy Park Remediation Phase 1 Drainage Scheme (March 2013)

= Huntspill Energy Park Flood Risk Assessment (April 2013)

= Huntspill Energy Park Surface Water Management Strategy (April 2013)

= Huntspill Energy Park Addendum to Surface Water Management Strategy (October 2013)

= Huntspill Energy Park Remediation Application Surface Water Management Strategy
(October 2013)

= Huntspill Energy Park Remediation Works Drainage Scheme for Plots J-K (January 2014)
= Puriton Solar Farm Drainage Strategy Technical Note (February 2015)

m  Huntspill Solar Park Surface Water Management Strategy (December 2015)

= Land at Puriton Abstraction Assets Assessment (March 2018)

= Huntspill Energy Park Tidal Flood Risk Summary Note (June 2018)
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1.2.2 It should be noted that whilst many of the findings and conclusions of the previously
completed works will inform this FRA, these documents were undertaken in relation to the
extant consent. Hence, the area assessed by these documents is smaller in extent than the
proposed LDO area. Where relevant, the findings of these documents have been referenced
and/or updated within this FRA to reflect this new site extent.

Additional or Updated Information
1.2.3 To provide an up-to-date assessment of flood risk, this FRA has also been prepared based on
the following sources of publicly available information, which have been updated since the
preparation of the previously completed works:
= Topographic survey of the site undertaken by Lewis Brown Chartered Land Surveyors;
= Parameter plans by LDA Design;
®=  British Geological Survey (BGS) mapping;
= Magic Map;
= Environment Agency (EA) Flood Map for Planning;
= EA Long Term Flood Risk;
= EA Historic Flood Map;
= EA South West River Basin Management Plan;
= EA North and Mid Somerset Catchment Flood Management Plan EA

= Sedgemoor District Council (SDC) Level 1 Strategic Flood Risk Assessment;

m  SDC Level 2 Strategic Flood Risk Assessment (Scott Wilson, 2009)

Flood Estimation Handbook (FEH) 13 rainfall data and point descriptors, extracted from the
FEH online service;

m  Remediation Verification Report Huntspill Energy Park — Phase 1 (March 2019);

= Groundwater Remediation Verification TNT Section Huntspill Energy Park (October
2019); and

®  Remediation Verification Report Huntspill Energy Park — Phase 2 (September 2020).
1.3 Relevant Planning Policy

1.3.1  This FRA has been prepared in accordance with the relevant national, regional and local
planning policy and statutory authority guidance as follows:

= National policy contained within the revised NPPF dated July 2021, issued by Ministry of
Housing, Communities and Local Government, with reference to Section 14 ‘Meeting the
challenge of climate change, flooding and coastal change’.

m  The PPG for Flood Risk and Coastal Change released in March 2014 and updated in July
2021 to incorporate the EA ‘Flood Risk Assessments: Climate Change Allowances’
guidance.
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®  The Water Framework Directive (WFD) (Commission of the European Communities,
released 2000) (ref 13.2) establishes a framework for a European-wide approach to action
in the field of water policy. Its ultimate aim is to ensure all inland and near shore
watercourses and water bodies (including groundwater) are of ‘Good’ status or better, in
terms of ecology, and also chemical, biological and physical parameters, by the year
2027. Therefore, any activities or developments that could cause detriment to a nearby
water resource or prevent the future ability of a water resource to reach its potential
status, must be mitigated so as to reduce the potential for harm and allow the aims of the
Directive to be realised.

The local planning authority will make decisions with regards to any LDO application within
any floodplain or flood risk area. The EA is a designated statutory consultee for areas within
Flood Zones, areas with critical drainage problems, and plays a key role in providing advice on
development and flood risk issues. The Lead Local Flood Authority (LLFA) is a statutory
consultee for major developments which have surface water or other local flooding impacts.

This FRA should be read in conjunction with other LDO application supporting documents.
Caveats and Exclusions

This FRA has been prepared in accordance with the NPPF, PPG and Local Planning Policy.
The proposed flood management (including ground floor level recommendations) and surface
water management strategies are based on the relevant British Standards (BS8533:2017), the
standing advice provided by the EA or based on common practice.

The Construction (Design and Management) Regulations 2015 (CDM Regulations) will apply
to any future development of this site which involves “construction” work, as defined by the
CDM Regulations. As such it is the responsibility of the proposed developer (ultimate client) to
fulfil its duties under the CDM Regulations.

The approach for the FRA and proposals for the surface water management strategy are
based on the requirements of the EA and Somerset County Council (SCC) in its role as Lead
Local Flood Authority (LLFA).

The findings of this FRA are based on data available at the time of the study and on the
subsequent assessment that has been undertaken in relation to the development proposals.

It should be noted that the insurance market applies its own tests to properties in terms of
determining premiums and the insurability of properties for flood risk. Those undertaking
development in areas which may be at risk of flooding are advised to contact their insurers or
the Association of British Insurers (ABI) to seek further guidance prior to commencing
development. Stantec does not warrant that the advice in this report will guarantee the
availability of flood insurance either now or in the future.

Flood Risk Assessment Credentials

Stantec has many years of experience in, amongst other areas, the assessment of flood risk,
hydrology, flood defence and river engineering. The authors and reviewers of the document
are all experienced engineers and members of chartered institutions such as the Chartered
Institution of Water and Environmental Management (CIWEM) or the Institution of Civil
Engineers (ICE).
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Proposed Development Site

Site Description

The 249-hectare (ha) (616acre) site is located north-east of Puriton and north-west of
Woolavington in Somerset. Both villages lie north of Bridgwater and east of the M5 motorway.
The site has an approximate central Ordnance Survey (OS) grid reference 333328m E,
142437m N. The site lies within the administrative boundaries of Somerset County Council
and Sedgemoor District Council.

The site consists primarily of brownfield land currently unused following remediation of the
ROF site.

Generally, the site is bordered by agricultural land, specifically on three of the four sides.
There is also some agricultural land to the south of the former BAE systems main fenced site.
The Huntspill River flows east to west adjacent to the northern boundary and Woolavington
Road, the road that connects Puriton and Woolavington is located to the south.

A site location plan is provided in Appendix A.
Existing Topography
The site is relatively flat, with nominal fall from the south to the north.

The topography is steepest near to the southern boundary of the site, with an average
elevation of 15.5mAQD, although the far southern extremity of the site LDO boundary reaches
an elevation of 40mAOD. This then falls to an average elevation of between 5mAOD and
6.5mAOD across the majority of the site. The far northern extremity of the site’s boundary has
an approximate elevation of 4.5mAOD. Despite these elevation changes, the scale of the site
gives rise to the relative flatness.

Topographical information can be found in Appendix B.
Hydrological Setting

There are no main rivers within the LDO boundary itself, although there are open surface
water drainage systems present as part of the existing drainage of the site (see Section 2.5).

The Huntspill River lies approximately 900m north of the major area of the site and 50m north
of the LDO boundary itself. The Huntspill River is designated as a Main River by the EA and is
essentially a large reservoir originally constructed to supply water to the former ROF site.
Water levels are managed by the EA to be 3.5mAOD in the summer and 2.9mAQOD in the
winter.

In a northern arm of the site, there are a series of constructed reed beds. When the site was
operational these were used for treating effluent prior to discharge from the site, however
following the removal of effluent sources following the closure and remediation of the site this
is no longer the case. Therefore, the reed beds are now a surface water-based system within
the site’s boundary. For further details of their former operation, refer to Section 2.5.

The site is bounded by a number of rhynes, typical of the area, which are viewed i.e.,
managed by the Somerset Drainage Boards Consortium (SDBC). The northern boundary of
the site is formed by the Black Ditch, which runs from east to west, whilst close to the eastern
boundary of the site is the Stoning Pound Rhyne. Both these rhynes discharge into the
Huntspill River. There is also an unnamed viewed rhyne close to the western boundary of the
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site, which appears to flow north and westwards towards an existing railway and the M5
motorway.

Although approximately 4.5km to the west of the site’s boundary, the River Parrett, its estuary
and Bridgwater Bay do have influence on the hydrology of the site and vicinity. The Huntspill
River discharges into the Parrett Estuary via the Huntspill Sluice (approx. 4.4km west of the
site), which manages water levels in the Huntspill River by controlling the rate of discharge
from the Huntspill but also impeding high tidal water levels continuing further upstream.

Water Framework Directive

The Water Framework Directive (WFD) establishes a framework for a European-wide
approach to action in the field of water policy. The EA Catchment Data Explorer [l website has
water quality data relating to the WFD targets for 2027.

The quality of the Huntspill River is monitored by the EA against the objectives of the WFD.
The nearest WFD designated water body is the Huntspill (GB108052021210). This is currently
(Cycle 2, 2019) classified as overall ‘Moderate’ status, with ‘Moderate’ ecological status and
‘Fail’ chemical Status.

The site does not currently lie within a WFD groundwater management catchment; therefore,
no status is provided regarding groundwater.

Geology and Hydrogeology

Review of British Geological Survey (BGS) online mapping indicates that the site is underlain
by bedrock geology of the Langport Member, Blue Lias Formation and Charmouth Mudstone
Formation (undifferentiated), which are describe as “porcellanous limestone below, calcareous
mudstone above”, “thinly interbedded limestone (laminated, nodular or massive and
persistent) and calcareous mudstone or siltstone (local laminated)” and “dark grey laminated
shales, and dark, pale bluish grey mudstone” respectively. The BGS online viewer also
indicates that the Charmouth Mudstone Formation and Langport Member form the upper and
lower boundaries to the Blue Lias Formation respectively.

Superficial deposits are indicated to be Tidal Flat Deposits, comprising clay, silt and sand, for
the majority of the site. Higher elevations in the southern part of the site do not have
superficial deposits recorded.

A review of EA mapping indicates that the bedrock geology underneath the site is a
Secondary A Aquifer. A Secondary A Aquifer is defined by the EA as “permeable layer
capable of supporting water supplies at a local rather than strategic scale, and in some cases
forming an important source of baseflow to rivers”.

The Tidal Flat Deposits are classified as a Secondary (undifferentiated) Aquifer by the EA. A
Secondary (undifferentiated) Aquifer is defined as “where it has not been possible to attribute
either category A or B”.

The site lies within a Groundwater Vulnerability Zone of ‘Medium — High’. ‘Mediunm’
vulnerability is defined as “areas that offer some groundwater protection”, whilst ‘High’ is
defined as “areas able to easily transmit pollution to groundwater...characterised by high
leaching soils and the absence of low permeability superficial deposits”.

The Remediation verification reports confirm the geology and states groundwater levels are
typically 0.5m and 1.5m below ground level.

] https://environment.data.gov.uk/catchment-planning/
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2.5 Existing Drainage Arrangements

On-Site Drainage

251 The site consists of brownfield land that currently benefits from an existing drainage system.
This system has been assessed and forms seven surface water drainage sub-catchments on
site.

= Sub-Catchment A — A small section of land on western boundary, and another north-west
of centre, discharges into the Black Ditch directly.

m  Sub-Catchment B — The majority of the western parts of the site drain to the “Site Acid
Ditch”.

m  Sub-Catchment C — A small section of land located centrally in the north of site drains to
the “Site Acid Ditch”.

= Sub-Catchment D — Central areas, representing a significant proportion of the site, drain
to a south-to-north rhyne which continues parallel to (but separate from) an existing reed
bed system before discharging into the Huntspill River via the “North Water Outfall”.

= Sub-Catchment E — Eastern parts of the site drain north-eastwards to the Stoning Pound
Rhyne.

m  Sub-Catchment F — South-western areas of the site which drain to the unnamed viewed
rhyne to the west. This area is associated with Gravity Link Road, which has been
consented as part of the previous outline consent and is currently under construction.

m  Sub-Catchment G — North-western areas of the site associated with the existing railway,
which appear to discharge into adjacent rhynes and ditches before conveying flows
westwards to either the Huntspill River or Parrett Estuary.

2.5.2 The Site Acid Ditch, reed beds and North Water Outfall lie within the site, whilst the Black
Ditch lies on the northern boundary.

2.5.3 While the ROF was operational, effluent was piped or pumped to a large treatment tank in the
centre of the Site, known as the “Lido”, and then pumped to the reed beds. The Lido also has
an overflow to the Site Acid Ditch which flows through the site and discharges into the reed
beds. Following passage through the reed beds, treated effluent was pumped into a ditch
immediately to the north of the reed beds, which runs west and flows parallel to (but separate
from) the Huntspill River and discharges into the Parrett Estuary. This ditch is referred to as
the “Acid Ditch” and lies outside of the site boundary. The Lido and overflow are still in-situ but
owing to the ceasing of operations on site, no longer receives effluent discharge, therefore no
effluent is discharged into either the Site Acid Ditch or the Acid Ditch and these are now
surface water only systems.

2.5.4 Remediation of the site is now complete; however, the existing surface water drainage
principles have not been altered from the undeveloped condition. The layout of rhynes and
ditches has been altered to accommodate the proposed building platforms, but continuity of
flows through the site of upstream and the outfall arrangements remain unaffected.

2.5.,5 The existing drainage regime and remediated drainage scheme is indicated within Appendix C.
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Public Sewers

2.5.6 As part of the previous work undertaken by Stantec on this site, Wessex Water (WW) mapping
of sewerage infrastructure for the site and surrounding area has been reviewed. Plans show
there to be no surface water, foul or combined sewers within the site and the surrounding
area. This is to be expected given the topography and the existing drainage infrastructure

present on site.
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3 Development Proposals & Sequential/Exception
Tests

3.1 Development Proposals

3.1.1  The LDO is submitted for:

a. any operations or engineering works necessary to enable the development of the Site,
including demolition, excavation and earthworks, the formation of compounds for the
stockpiling, sorting and treatment of excavated materials, import of material to create
development platforms, piling, and any other operations or engineering necessary for site
mobilisation, office and worker accommodation, communications, drainage, utilities and
associated environmental, construction and traffic management.

b. the development of a smart campus including
i.  commercial building or buildings with a total Gross External Area of up to
1,000,000m? which would sit within current Use Classes E(a) - (g), B2, B8 and sui

generis floorspace uses and

ii. arange of buildings up to 100,000m2 within use classes C1, C2, E (a) — (g) and F ,
B8, including restaurants / cafes, shops, leisure, education and sui generis uses and

jii. upto 750 homes in use class C3,

together with associated infrastructure including restoration of the railway line for
passenger and freight services, rail infrastructure including terminals, sidings and
operational infrastructure and change of use of land to operational rail land, multi-modal
transport interchange, energy generation, energy distribution and management
infrastructure, utilities and associated buildings and infrastructure, digital infrastructure,
car parking, a site wide sustainable water management system and associated green
infrastructure, access roads and landscaping.

3.1.2 A copy of the proposed concept plan and parameter plans can be found in Appendix D.

3.2 Development Vulnerability

3.2.1 PPG ‘Flood Risk and Coastal Change’ Table 2 (Paragraph 066 Reference ID: 7-067-
20140306) confirms the ‘Flood risk vulnerability classification’ of a site, depending upon the
proposed usage. This classification is subsequently applied to PPG Table 3 (Paragraph: 067
Reference ID: 7-067-20140306) to determine whether:
= The proposed development is suitable for the flood zone in which it is located, and;
= Whether an Exception Test is required for the proposed development.

3.2.2 The proposed development comprises the following uses and vulnerability classes:

m  Essential infrastructure: Water treatment works, energy generation, distribution and
management infrastructure.

= More vulnerable: Residential dwellings, education.

®m  |ess vulnerable: Commercial building(s), general industry, storage and distribution,
restaurants / cafes, shops, leisure.
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3.2.3

3.3

3.3.1

3.3.2

3.4

3.41

3.4.2

3.5

3.5.1

3.5.2
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m  Water-compatible development: Amenity open space, nature conservation and
biodiversity, sewage / water transmission infrastructure and pumping stations.

More Vulnerable land use is considered appropriate within Flood Zone 1 and 2. Less
Vulnerable land use, which is considered appropriate within Flood Zone 1, 2 and 3a (reference
NPPF PPG Tables 2 and 3). Both Essential Infrastructure and Water Compatible are
considered appropriate within Flood Zone 1, 2, 3a and 3b, with the application of the
Exception Test for Essential Infrastructure in Flood Zones 3a and b.

The Sequential Test

The NPPF requires local Planning Authorities to apply the Sequential Test to steer new
development towards areas of lowest flood risk.

The site currently benefits from allocation in the Core Strategy, enterprise zone status,
permission for remediation and an extant hybrid planning consent for an energy park (and
associated infrastructure) development. The proposals within the LDO application do not
represent a significant departure from the characteristics of the consented development types
on site, it is limited to an increased site area and alterations to the proposed development
layout. As such, the Sequential Test has already been applied to the site and the development
proposals and determined to have passed by the Local Planning Authority.

The Exception Test
The NPPF paragraph 102 states:
“...For the Exception Test to be passed:

it must be demonstrated that the development provides wider sustainability
benefits to the community that outweigh flood risk, informed by a Strategic Flood
Risk Assessment where one has been prepared; and

a site-specific flood risk assessment must demonstrate that the development will
be safe for its lifetime taking account of the vulnerability of its users, without
increasing flood risk elsewhere, and, where possible, will reduce flood risk
overall.”

The details provided within Section 4 of this FRA address the second part of the Exception
Test and demonstrate that the site is safe for its lifetime. An initial worst case review of
potential impacts suggests that there would be no significant increase in flood risk elsewhere,
however in the detailed design further analysis will be included to ensure that flood risk is
reduced or not increased

Sequential Approach

The NPPF encourages the application of the ‘sequential approach’ in the master-planning
process for new development, i.e., locating the more sensitive/vulnerable elements of new
development in the areas which lie at lowest probability of flooding and, conversely, reserve
the areas of the site at greatest risk of flooding for the least vulnerable elements of the
development (or, preferably, leave such areas undeveloped or as soft landscaping).

The sequential approach will be applied to the development proposals and their layout, by

using any updated tidal flood modelling to inform the location of more vulnerable classes of
development in areas with the lowest risk of flooding.
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4.1
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413

415

4.2

421

422

423

424

Assessment of Flood Risk

EA Flood Map for Planning
A review of publicly available ‘Flood Map for Planning’ produced by the EA was undertaken.

The Flood Zones are predominantly based on hydraulic modelling work ignoring defences,
although Flood Zone 2 can extend to include recorded flood outlines. Where detailed
modelling has not been carried out, the Flood Zones are based on the ‘National Generalised
Flood Model'. This model does not explicitly represent channel geometry or structures such as
culverts, bridges and weirs and hence may not provide an accurate estimation of the
probability of flooding.

The maijority of the site is shown by the EA’s ‘Flood Map for Planning’ to lie within Flood Zone
3 ‘High Probability’, but as an Area Benefitting from Flood Defences. These defences are
located alongside the Parrett Estuary. Areas of the site at higher elevations, towards the south
of the site, are shown to Flood Zone 2 ‘Medium Probability’ and then Flood Zone 1 ‘Low
Probability’ as levels rise further towards the Woolavington Road.

The source of flood risk in this mapping is tidal from the Parrett Estuary, rather than fluvial
from the Huntspill River or other watercourses.

In addition, the EA mapping is based on national-scale modelling and does not take account
of the likely impacts of climate change or flood defences. To provide a robust assessment of
site-specific flood risk and facilitate a resilient development, these impacts have be considered
as part of the site-specific flood risk modelling and therefore supersede the flood zone
mapping (Section 4.3 and 4.4).

Impact of Climate Change

As part of the assessment of flood risk to the site, it is necessary to fully consider the potential
impacts of climate change for the lifetime of the development within the mitigation measures.

In February 2016, the EA released guidance on the application of climate change allowances
in flood risk assessments [?land it was updated in July 2021 to reflect up to date information
on climate change allowances from the latest climate change projections (UKCP18).

Tidal

Table 3 in the EA’s guidance provides a range of allowances for areas of the coastline and
various epoch for sea level rise. The sea level allowances provide a range of allowances
based on percentile (i.e. the degree of certainty of an event occurring, based on the range of
climate change scenarios assessed through scientific investigations). The provided
allowances are also subject to the river basin district of the site.

The conditions at the site and consequent sea level allowances considered as part of the FRA
are as detailed in Table 4.1. The sea level rises are given in mm per year for each epoch,
whilst total sea level rise for each epoch is in brackets.

12 https://www.gov.uk/guidance/flood-risk-assessments-climate-change-allowances
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River Basin 2000to | 2036to | 2066 to 2096 to Cumulative
District Allowance 2035 2065 2095 2125 rise 2000 to
(mm) (mm) (mm) (mm) | 2125 (metres)
. 11.7 13.1
South West | Higher Central | 5.8 (203) | 8.8 (264) (351) (393) 1.21
11.4 18.4
South West Upper End 7 (245) (342) 16 (480) (552) 1.62

Table 4.1 Climate Change Allowances for Sea Level Rise in South West (July 2021)

Peak Rainfall Intensities

4.2.5 Increases in rainfall intensities would require consideration in a Surface Water Drainage

Strategy (SWDS) for new development are detailed in Table 4.2. The strategy is discussed in
a separate accompanying SWDS report.

. Total Potential Change Anticipated for
Applies Across All of England the '2080s’ (2010 to 2115)
Upper end 40%
Central 20%

Table 4.2 Climate Change Allowances for Peak Rainfall Intensity
Peak River Flow Allowances

4.2.6 Peak river flow allowances show the anticipated changes to peak flow by management
catchment and the range of allowances is based on percentiles. The South and West
Somerset Management Catchment peak river flow allowances are detailed in Table 4.3.

South and West Somerset Management Total Potential Change Anticipated for

Catchment the ‘2080s’
Upper 82%
Higher 50%

Central 37%

Table 4.3 Climate Change Allowances for Peak River Flow

4.2.7 Given the principal flood risk to the site is that of tidal inundation, tidal climate change
allowances were adopted within flood modelling as outlined in Section 4.3.
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4.3

4.3.1

4.3.2

4.3.3

434

435

4.3.6

437

4.4

441

Previous Flood Modelling

TUFLOW modelling reports and the FRAs previously completed in support of the extant
planning permission on site made several assessments of the tidal flood risk, taking account
of a potential breach of the existing defences.

The July 2007 TUFLOW modelling report assessed the five flood defence scenarios and
determined the following:

®m  The existing tidal defences provide a 1 in 200 year level of protection from extreme tidal
events, except for a few minor places where limited overtopping occurs.

m  The present-day 1 in 1,000 year extreme tidal event overtops the defences, but the
floodwater is contained within the low lying area next to the defences.

= Allowing for sea level rise as a result of climate change would result in more extensive
flooding. The road, railway and motorway provide a significant barrier to inland flow. The
land within ROF fence is not affected by tidal flooding, even including for climate change.

= Breaching of the tidal defences would result in more extensive flooding, but the analysis
has demonstrated that floodwater would still not reach the site, even allowing for climate
change up to the year 2070.

In October 2007, the EA requested that additional modelling was undertaken for the 1 in 1,000
year (0.1% AEP) extreme tidal level for both present-day and with climate change at the
breach location where the most extensive flooding was previously generated. The conclusion
remained the same, that the site would not experience tidal flooding in this scenario.

In January 2008, the modelling was updated to account for potential residential development
at the site. This meant that the development would have a longer design life and therefore the
climate change allowances applied needed to be amended. The results indicated that during
the 2110 climate change scenario for the 1 in 200-year event, flooding occurs in the northeast
corner of the site. The 1 in 1,000-year event results in flooding from the northeast of the Site
and from the low-lying lands to the west of the site.

By the time of the October 2011 remediation application FRA, climate change allowances had
been revised. The modelling assessment was updated to account for these as well as
increasing the defence breach width from 40m to 50m. The results confirmed that floodwater
will not reach the site during a breach of the tidal defences coincident with a 1,000-year tide
during the period of the remediation works.

This assessment was repeated for the April 2013 FRA supporting the extant consent on site.
The results confirm that during the present-day scenario, floodwater will not reach the site
during a breach of the tidal defences coincident with a 1 in 200-year tide. The TUFLOW model
was re-run to consider the predicted effects of climate change up to the year 2075. The
modelled results for the 1 in 200-year breach scenario show no floodwater reaching the site
due to the natural protection of the local topography.

The modelled results for the predicted 1 in 1,000-year overtopping scenario for the year 2075
show some shallow flooding beginning to encroach into the north-east corner of the site with a
peak water level of 5.06m AOD.

Updated Flood Modelling

There have been no significant changes in the modelling software, data or policy and practice
since the aforementioned works and so the baseline model used for the previously consented
scheme (42/13/00010) is considered to be suitable to support the LDO.
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442 The exception is the updated estimated Climate Change allowances, where new estimates
were released in July 2021 (presented in Table 3.1). An updated assessment has been
completed regarding the tidal flood risk onsite using these updated climate change
allowances.

45 Present day

4.5.1 The scenario applied was the defended conditions with a breach location, agreed with the EA,
for the 1 in 200-year event with an allowance for climate change as defined by EA guidance
(Table 4.1).

4.5.2 The model extents for the 1 in 200yr 2021 Higher Central (Defended and Breach), as well as
the 1 in 200yr 2021 Upper End (Defended and Breach) scenarios show no flood extents within
the LDO boundary. The Upper End represents the worst case as part of this assessment and
are shown in Figure 4.1 below (Appendix E).

Figure 4.1 Present Day (2021) Modelled Flood Extents

4.6 Design Scenarios

4.6.1 The design scenarios derived are for the defended conditions with a breach location, as
agreed with the EA, for the 1 in 200-year event with an allowance for climate change as
defined by EA guidance (Table 4.1). H++ scenario has been used as a sensitivity test.

4.6.2 The PPG ‘Flood Risk and Coastal Change’ (Paragraph 026 Reference ID: 7-026-20140306)
outlines that the lifetime of residential development should be considered as 100 years. For
this assessment the design life of commercial and other less vulnerable development is
considered to be 70years.

4.6.3 As a worst-case scenario, the lifetime of development has been considered post estimated
completed construction which is anticipated to be 2032.
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46.4

46.5

4.6.6

4.7

471

4.7.2

4.7.3

474

475

Pre-development scenarios (assuming no development) have been modelled based on the
ground levels within the baseline model. Post-development scenarios (assuming the site is
developed as proposed) have been assessed based on the ground levels proposed in LDO
parameters plans of land uses and building heights.

It is recommended that additional post-development modelling in undertaken at detailed
design stages to ensure any flood resilient and resistant measures are designed to a suitable
level.

Plans of modelled flood extents of provided in Appendix E.
Design Scenario — Commercial Development

The LDO parameters plans indicate that the majority of the proposed development is
commercial building(s), general industry, storage and distribution, which are all considered to
be less vulnerable development. Given the development type, the design life is 70 years from
2032. The design scenario is 1 in 200year 2102 Upper End Breach, thus assessing for a
70year design life post estimated completed construction in 2032.

In the pre-development 2102 design scenario, flood extents begin to the encroach on the
north east and north west fringes. In all pre-development scenarios, the southern portion of
the LDO boundary remains dry. Figure 4.2 shows the modelled extents

Post-development scenarios have been assessed based on the ground levels proposed in
LDO parameters plans of land uses and building heights.

For this development type, the FFLs should be set above the 1 in 200-year 2102 Upper End
Breach flood level. In this scenario, the greatest modelled flood depths are observed on along
the western edge of the LDO boundary at 5.80mAQOD, as such based on the current model
this would be set at minimum of 6.10mAOD which includes a suitable 300mm freeboard.

Therefore, the post-development 2102 design scenario, the flood extents show appropriate
levels of mitigation for all less vulnerable development.
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4.8

4.8.1

4.8.2

483

484

4.8.5

4.8.6

Figure 4.2 Commercial Design scenario Modelled Flood Extents
Design Scenario — Residential Development

The LDO parameters plans indicate that parts of the southern portion of the site (south of the
original ROF boundary) could contain residential dwellings and educational uses, which are
considered to be more vulnerable development. Given the development type, the design life is
100 years from 2032. The design scenario is 1 in 200year 2132 Upper End Breach, thus
assessing for a 100year design life post estimated completed construction in 2032.

Through the pre-development 2132 design scenario, the extents follow a similar trend of
encroaching from the north, east and west of the LDO boundary. In all pre-development
scenarios, the south of the LDO remains dry. Figure 4.3 shows the modelled extents.

As outlined by the buildings heights plan, the LDO has visual impact constraints meaning that
any development north of the original ROF boundary cannot be raised higher than 6.5mAQOD.
Therefore, post-development scenarios have been assessed based on the ground levels
proposed in LDO parameters plans of land uses and building heights.

For this type of development, the FFLs should be set above the 1 in 200-year 2132 Upper End
Breach flood level. In this scenario, the greatest modelled flood depths are observed on along
the western edge of the LDO boundary at 7.30mAQOD, as such based on the current model
this would be set at minimum of 7.60mAOD which includes a suitable 300mm freeboard.

Blue green zones areas to the south of the ROF boundary contain proposals for a mixture of
vulnerabilities. Therefore, the sequential approach will be applied to locate any more
vulnerable classes to be outside any modelled extents in these areas as shown in Figure 4.3.

Therefore, in the 2132 design scenario, the flood extents show appropriate levels of mitigation
of all more vulnerable development.
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Figure 4.3 Residential Design scenario Modelled Flood Extents
Sensitivity

4.8.7 The 1in 200-year 2100 H++, defended and breach, scenario has been assessed as a
sensitivity test. Due to the extreme nature of the event, there is by definition more extensive
flooding. In the H++ scenarios, the southern portion of the LDO boundary remains dry.

4.9 Residual Risk

4.9.1 From the post-development extents, the residual risk offsite has been considered. The post
development modelling is based on the worst-case scenario and show negligible impact off
site. It is recommended that additional post-development modelling in undertaken at detailed
design stages to ensure appropriate flood resilient and resistant measures are in place.
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5 Additional EA Flood Data

5.1 Flood Risk from Surface Water mapping

5.1.1 The ‘Flood Risk from Surface Water’ mapping hosted on the flood warning information service
website!') show areas which could be potentially susceptible to surface water flooding in
extreme rainfall events.

5.1.2 The mapping has been derived by broadscale modelling using ground levels defined on a 2m
square grid with building footprints raised by 0.3m, roads lowered by 0.125m and variable
roughness values used to account for different land uses. Rainfall events of various
likelihoods and durations were then simulated to determine likely flood depths and velocities
for different risk categories.

= High - each year, the area has a chance of flooding of greater than 1 in 30 (3.3%)

= Medium - each year, the area has a chance of flooding of between 1 in 100 (1%) and 1 in
30 (3.3%)

® | ow - each year, the area has a chance of flooding of between 1 in 1000 (0.1%) and 1 in
100 (1%)

= Very low - each year, the area has a chance of flooding of less than 1 in 1000 (0.1%)

5.1.3 The surface water maps are generated using a generic methodology on a national scale,
whereby rainfall is routed over a ground surface model. The analysis does not take account of
any specific local information on below-ground drainage infrastructure and infiltration, although
an adjustment is included in urban areas to account for the impact of sewerage and a
standard infiltration allowance based on soil type. Consequently, the mapping provides a
guide to potentially vulnerable areas based on the general topography of an area. As the site
contains no existing sewerage no adjustment is required in this case.

5.1.4 The mapping indicates that the site is predominately at ‘Very Low’ risk of surface water
flooding. There are limited areas of surface water flood risk ranging from ‘Low’ to ‘High’ across
the site, however these appear to correspond with the location of onsite drainage features
e.g., ditches, field drains etc. and therefore represent a local depression.

5.1.5 The mapping also indicates a number of overland flow paths initiating to the south of the site
and flowing north through the site. These flow paths form part of the upstream catchment
which drains through the site via the existing rhyne network. Conveyance of these flows
through the site post-remediation and post-development will be maintained (see Appendix A
for the proposed remediation SWDS and refer to separate SWDS report for further information
regarding the post-development SWDS).

5.1.6 A copy of the Risk of Flooding from Surface Water map is included within Appendix F.
5.1.7  Further information on the Flood Risk Maps for Surface Water can be found in Risk of flooding

from surface water - Understanding and using the map document hosted on the GO V.UK
websitel?.

I https://flood-warning-information.service.gov.uk/long-term-flood-risk/map
121 https://www.gov.uk/government/publications/flood-risk-maps-for-surface-water-how-to-use-the-map
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Flood Risk from Reservoirs Mapping

5.1.8 The ‘Flood Risk from Reservoirs Mapping’ is hosted on the flood warning information service
website [and present extents, depths, and velocities of flooding for simulated, hypothetical
‘credible worst case’ dam breaches for reservoirs with a capacity of 25,000m3 or greater.
These reservoirs fall under the Reservoir Act 1975.

5.1.9 The mapping indicates that the site is not at risk of flooding from reservoirs. A copy of the Risk
of Flooding from Reservoirs map is included within Appendix F.

5.2 Groundwater Flooding

5.2.1  During the information gathering for this FRA, no records of groundwater flooding were found
to have occurred within the site.

5.2.2 Groundwater levels were recorded on site between 2006 and 2011 over a range of months.
The range of recorded values are indicated in Appendix C.

5.2.3 The Sedgemoor District Council Strategic Flood Risk Assessment (SFRA) Level 1 mapping
indicates that the site and surround area lie outside an area susceptible to groundwater flood
emergence.

5.2.4 The North and Mid Somerset Catchment Flood Management Plan (CFMP) does not identify
groundwater as being a significant source of flood risk.

5.2.5 Mapping indicates the site does not lie within a Source Protection Zone (SPZ). A copy of the
SPZ map is included within Appendix F.

5.3 Sewer Flooding

5.3.1  Given that WW have indicated that no sewers are located within or the vicinity of the site,
existing flood risk from sewers is considered negligible on site.

5.4 Flooding from Artificial Sources

5.4.1 No artificial sources of flooding, such as canals, lakes and ponds, have been identified within
the vicinity of the site and therefore flood risk from these sources can be considered negligible
for the site.

5.5 Historic Flood Records

5.5.1 The Sedgemoor District Council SFRA Level 1 indicates a number of historic flood events in
the region, however none are recorded as impacting the proposed built development within
the LDO boundary.

5.5.2 The event included within the SFRA are as follows:
= October/November 1960 — prolonged rainfall caused widespread flooding across the

Levels and Moors.
= December 1981 — very high tidal levels resulted in overtopping of sea defences,
inundating approximately 3,570ha.
= August 1997 — intense summer rainfall caused significant vegetation damage and
pollution on the Levels and Moors.
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= November 2012 — exceptionally high groundwater levels were observed on the Levels
and Moors and surrounding villages. This was due to wetter than typical weather between
April and October of that year. Up to 150mm fell across some areas through late
November, leading to extensive flooding and road closures.

m  December 2013 to February 2014 — heavy prolonged rainfall led to extensive flooding
across the Levels and Moors affecting property and agricultural land. During January,
southern England experienced the highest rainfall since records began. The extent of
flooding led to a major incident being declared by Somerset County Council.

5.5.3 The Environment Agency’s ‘Historic Flood Map’ and ‘Recorded Flood Outlines’ identifies the
maximum extent of recorded flood outlines from rivers, the sea and groundwater springs. A
review of this mapping identifies there are three recorded historic flood events either within or
close proximity of the site’s boundary.

®  The mapped extents indicate that an area of the north-west of the site, corresponding
with the existing railway in the LDO boundary (outside the ROF fence), was affected by
the December 1981 event noted in the SFRA (section 5.5.2 above).

= Mapping and anecdotal evidence from operatives on site indicates that the site was
unaffected in 2012 and 2013-2014, although the 2012 event does indicate localised flood
areas close to the LDO western boundary which are generally associated with existing
bodies of water or natural low points in the topography.

5.5.4  The historic flood mapping and recorded flood outlines are shown in Figure 5.1 and included
in Appendix F.

Figure 5.1 EA Dated Historic Flood Extents
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Flood Resistant and Resilient Measures

Flood Resistant Measures

Because of the residual risk to the ground floor levels of the commercial properties, it is
proposed that flood resistant measures will be incorporated in the construction of the
development in line with the current recommendations from the DEFRA/EA document
‘Improving the Flood Performance of New Buildings — Flood Resilient Construction’.

Flood resistant measures aim to keep flood water out of the building by providing barriers and
incorporating low permeability measures in the wall and floors. Such measures include
demountable defences, water resistant wall rendering, the sealing of ground level vents and
anti-flood valves fitted to all drainage runs exiting the building. Typically, flood resistance
measures are effective up to a maximum flood depth of approximately 500mm, with suitable
measures incorporated up to the flood level.

Although the building plot levels and FFLs will be situated above the modelled flood level,
owing to the risk of high groundwater levels in addition to tidal flood risk, it is recommended
that flood resistant measures are incorporated into the ground floor construction of buildings.
Where essential infrastructure is located in Flood Zone 3, such measures will be required to
help seek that they remain operational and safe during a flood event.

Flood Resilient Measures

Because of the residual risk to the ground floor levels, it is proposed that flood resilient
techniques will be incorporated in the construction of the development in line with the current
recommendations from the Defra/EA document ‘Improving the Flood Performance of New
Buildings — Flood Resilient Construction’.

Flood resilient measures are incorporated where it is accepted that, in severe floods in excess
of the design event, water may enter parts of the building so it is necessary to ensure the
building will remain useable after the floodwater has receded and the area has been cleaned.
Therefore, the key issue is to incorporate materials that retain their structural integrity and
have good drying and cleaning properties (e.g., the use of suitable tiling over areas, with water
resilient grout). It is also recommended that services are secured and sockets etc. are located
a suitable freeboard above floor level.

Safe Access

It is necessary to consider and incorporate safe access arrangements as part of the mitigation,
to ensure the users/occupants of the development are safe in times of flooding.

Consideration of the safety of any pedestrian route has been based on the guidance in the EA
document ‘Supplementary Note on Flood Hazard Ratings and Thresholds for Development
Planning and Control Purpose — Clarification of the Table 13.1 of FD2320/TR2 and Figure 3.2
of FD2321/TR1".

The building plot levels and FFLs provide an adequate level of safe refuge for occupants to
remain within the respective building in the event of a flood.

Emergency safe access will also be provided to Flood Zone 1 via the main site entrance to the

south-west. Therefore, emergency safe access and egress from the site will be available at all
times.
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7 Managing Surface Water

7.1 Overview

7.1.1 A key requirement for the proposed development is to seek that flood risk downstream is not
increased. The potential is associated with additional runoff generated by the introduction of
roofs and hard-paved surfaces as part of the development. These surfaces replace natural
ground where water can percolate into soil pores and to a greater or lesser extent infiltrate into
the underlying rock. Additionally, natural ground is more uneven, promoting localised ponding
while vegetation intercepts rainfall by collecting water. Lastly, natural ground is generally more
resistant to flow, reducing the velocity of overland flow and the time that it takes to leave the
site.

7.1.2 The replacement of natural surfaces has two principal effects on the land’s response to
rainfall:

= Anincrease in the rate of runoff;
= An increase in the volume of runoff.

Both of these impacts have the potential to increase the flood risk downstream. The rate of
runoff is normally of principal concern as it can impact on the peak flow rate in the receiving
watercourse or drainage network. Increasing the volume of runoff can also increase flood risk
in particular situations.

7.1.3 The NPPF recognises that flood risk and other environmental damage can be managed by
minimising changes in the volume and rate of surface water runoff from development sites and
recommended that priority is given to the use of Sustainable Drainage Systems (SuDS) in new
development.

7.2  Surface Water Drainage Strategy

7.2.1 Details of the proposed SWDS for the LDO application are provided in a separate,
accompanying SWDS report. Please refer to this report for further details of how the SWDS
will contribute to managing surface water flood risk on and off site.
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8 Conclusion

8.1 Local Development Order

8.1.1  This FRA has been prepared to support a LDO for the development of the Gravity Smart
Campus at the Former ROF Puriton site in Somerset.

8.2 Flood Risk
8.2.1 This FRA concludes that:

= The proposed mitigation strategy demonstrates the development is safe through a number
of measures as follows:

- The development and definition of the parameters plans follows the sequential
approach.

- Finished Floor Levels will be set for less vulnerable development at a minimum of
2102 Upper End Breach modelled depth plus suitable freeboard and for more
vulnerable development at a minimum of 2132 Upper End Breach modelled level
plus suitable freeboard or 300mm above existing ground, whichever is greater.

- Flood resistant measures will be incorporated into buildings’ ground floor design
where appropriate, to mitigate against the residual risk of an exceedance flood event
and high groundwater levels. These measures will be required for all essential
infrastructure located in areas identified as at higher flood risk, so that they remain
safe and operational during a flood event.

- The main site access being located in Flood Zone 1, emergency safe access and
egress will be available during flood events.

8.2.2 This FRA demonstrates that the proposals are in accordance with the Sequential Test and the
Exception Test.

8.3  Surface Water Drainage Strategy

8.3.1  Matters relating to surface water drainage on site are covered by a separate, accompanying
SWDS report. Please refer to this report for further details.

8.4 Policy

8.4.1 In conclusion, the future occupants and users of the proposed development will be safe from
flooding and there will be no detrimental impact on third parties. The proposal complies with
the NPPF and local planning policy with respect to flood risk and is an appropriate
development at this location.
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Appendix A Baseline

Figure 1 - Site Location Plan
Figure 2 - Site Location Aerial
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Appendix B Topography

Figure 3 — Topography
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Appendix C Existing Drainage

332310092-4002-SK01 Existing Drainage Conditions
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Appendix D Development Proposals

6599 _PP201L_Land Uses
6599 _PP204H_Building Heights
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Appendix E 2021 Modelled Extents

Figure E.1 — 1in200yr Flood Extent 2021 UE Beach and Overtopping
Figure E.2 — Pre and Post Development 1in200yr Flood Extent 2102 UE Breach
Figure E.3 — Pre and Post Development 1in200yr Flood Extent 2132 UE Breach
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Appendix F  Flood Risk

Figure 4 — EA Flood Map for Planning

Figure 5 — EA Surface Water flooding

Figure 5a — EA Surface Water flood risk Depth 3.3%
Figure 5b — EA Surface Water flood risk Depth 1%
Figure 5¢c — EA Surface Water flood risk Depth 0.1%
Figure 6 — EA Reservoir Flood Risk Flood Speed
Figure 6a — EA Reservoir Flood Risk Flood Depth
Figure 6b — EA Reservoir Flood Risk Flood Extent
Figure 7 — Source Protection Zone

Figure 8a — EA Dated Historic Flood Map
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Executive Summary

This Surface Water Drainage Strategy (SWDS) has been prepared by Stantec to support a Local
Development Order (LDO) for industrial-led mixed-use development at the Former Royal Ordnance
Factory (ROF) Puriton in Somerset.

In accordance with the fundamental objectives of the National Planning Policy Framework (NPPF),
this SWDS, in conjunction with a separate Flood Risk Assessment (FRA) produced by Stantec,
demonstrates that:

i. The development is safe.
ii. The development does not increase flood risk.
iii. The development does not detrimentally affect third parties.

The SWDS has been developed using best practice Sustainable Drainage System (SuDS) techniques.
Guidance on suitable techniques and methods has been obtained from the Environment Agency (EA),
the Non-Statutory Technical Standards for Sustainable Drainage Systems, Somerset County Council’s
Strategic Flood Risk Assessment and CIRIA C753 “The SuDS Manual” amongst other sources.

The SWDS proposes a free discharge into the Huntspill River, which has been agreed by the EA and
Somerset Drainage Boards Consortium (SDBC). This will require an amendment to the existing
surface water drainage outfall on site to now pass through the existing reed beds, which no longer
need to treat effluent, and off site via the North Water Outfall by modifying the outfall from the reed
beds. Adequate temporary storage of surface water can be provided by the reed beds in the event of a
tide lock within the Huntspill River.

Surface water runoff will be managed by the modified / realigned rhynes and ditches on site. These
have been designed to continue to accommodate the flows generated upstream from the site but also
to manage a free discharge of runoff from the proposed development plots. These in combination with
the reed beds provide sufficient water quality treatment prior to discharge into the Huntspill River.

In summary, the SWDS demonstrates that the proposed development is safe and in accordance with
the requirements of national and local planning policy.
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1 Introduction

1.1 Scope of Report

1.1.1  This Surface Water Drainage Strategy (SWDS) has been prepared by Stantec of behalf of our
Client, This is Gravity Ltd. It accompanies a Flood Risk Assessment (FRA) also completed by
Stantec for the same site, both to support a Local Development Order (LDO), Gravity Smart
Campus, at the Former Royal Ordnance Factory (ROF) Puriton in Somerset.

1.1.2 The report is based on available information for the site as detailed in Section 1.2 and
prepared in accordance with the planning policy requirements set out in Section 1.3. The

scope of the SWDS is consistent with the requirements of the National Planning Policy
Framework (NPPF) Planning Practice Guidance (PPG).

1.2 Sources of Information

Previous Work Completed

1.2.1  Stantec has been involved in assessing Flood Risk and Drainage at this site for over 10 years,
including in support of an extant Outline Planning Consent in 2017 (ref: 42/13/00010). As
such, a number of reports and assessments have been completed to date. These are listed
below:
= Royal Ordnance Factory Puriton TUFLOW Modelling Report (July 2007)

= Royal Ordnance Factory Puriton TUFLOW Modelling Addendum to Technical Modelling
Report (October 2007)

= Royal Ordnance Factory Puriton TUFLOW Modelling Addendum NO.2 of Technical
Modelling Report (January 2008)

= Huntspill Energy Park Remediation Application — Flood Risk Assessment (October 2011)
= Borrow Pit Angling Club Flood Risk Assessment (October 2012)

= Huntspill Energy Park Remediation Phase 1 Drainage Scheme (March 2013)

= Huntspill Energy Park Flood Risk Assessment (April 2013)

= Huntspill Energy Park Surface Water Management Strategy (April 2013)

=  Huntspill Energy Park Addendum to Surface Water Management Strategy (October 2013)

= Huntspill Energy Park Remediation Application Surface Water Management Strategy
(October 2013)

= Huntspill Energy Park Remediation Works Drainage Scheme for Plots J-K (January 2014)
= Puriton Solar Farm Drainage Strategy Technical Note (February 2015)

= Huntspill Solar Park Surface Water Management Strategy (December 2015)

= Land at Puriton Abstraction Assets Assessment (March 2018)

= Huntspill Energy Park Tidal Flood Risk Summary Note (June 2018)
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1.2.2 It should be noted that whilst many of the findings and conclusions of the previously
completed works will inform this SWDS, these documents were undertaken in relation to the
extant consent. Hence, the area assessed by these documents is smaller in extent than the
proposed LDO area. Where relevant, the findings of these documents has been referenced
and/or updated within this SWDS to reflect this new site extent.

Additional or Updated Information
1.2.3 To seek that the assessment of flood risk is up to date, this SWDS has also been prepared
based on the following sources of publicly available information, which have been updated
since the preparation of the previously completed works:
= Topographic survey of the site undertaken by Lewis Brown Chartered Land Surveyors;
= Parameter plans by LDA Design;
= British Geological Survey (BGS) mapping;
= Magic Map;
= Environment Agency (EA) Flood Map for Planning;
m  EA Long Term Flood Risk;
m  EA Historic Flood Map;
= EA South West River Basin Management Plan;
= EA North and Mid Somerset Catchment Flood Management Plan EA
m  Sedgemoor District Council (SDC) Level 1 Strategic Flood Risk Assessment;

= SDC Level 2 Strategic Flood Risk Assessment (Scott Wilson, 2009);

= Flood Estimation Handbook (FEH) 13 rainfall data and point descriptors, extracted from the
FEH online service;

= Remediation Verification Report Huntspill Energy Park — Phase 1 (March 2019);

= Groundwater Remediation Verification TNT Section Huntspill Energy Park (October 2019);
and

= Remediation Verification Report Huntspill Energy Park — Phase 2 (September 2020).

1.3 Relevant Planning Policy

1.3.1  This SWDS has been prepared in accordance with the relevant national, regional and local
planning policy and statutory authority guidance as follows:

= National policy contained within the revised NPPF dated July 2021, issued by Ministry of
Housing, Communities and Local Government, with reference to Section 14 ‘Meeting the
challenge of climate change, flooding and coastal change’;

= The PPG for Flood Risk and Coastal Change released in March 2014 and updated in July
2021 to incorporate the EA ‘Flood Risk Assessments: Climate Change Allowances’
guidance;
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= The Water Framework Directive (WFD) (Commission of the European Communities,
released 2000) (ref 13.2) establishes a framework for a European-wide approach to action
in the field of water policy. Its ultimate aim is to ensure all inland and near shore
watercourses and water bodies (including groundwater) are of ‘Good’ status or better, in
terms of ecology, and also chemical, biological, and physical parameters, by the year
2027. Therefore, any activities or developments that could cause detriment to a nearby
water resource or prevent the future ability of a water resource to reach its potential
status, must be mitigated so as to reduce the potential for harm and allow the aims of the
Directive to be realised.

The local planning authority will make decisions with regards to any LDO application within
any floodplain or flood risk area. The EA is a designated statutory consultee for areas within
Flood Zones, areas with critical drainage problems, and plays a key role in providing advice on
development and flood risk issues. The Lead Local Flood Authority (LLFA) is a statutory
consultee for major developments which have surface water or other local flooding impacts.

This FRA should be read in conjunction with other LDO application supporting documents.
Caveats and Exclusions

This SWDS has been prepared in accordance with the NPPF and Local Planning Policy. The
proposed flood management (including ground floor level recommendations) and surface
water management strategies are based on the relevant British Standards (BS8533:2017), the
standing advice provided by the EA or based on common practice.

The Construction (Design and Management) Regulations 2015 (CDM Regulations) will apply
to any future development of this site which involves “construction” work, as defined by the
CDM Regulations. As such it is the responsibility of the proposed developer (ultimate client) to
fulfil its duties under the CDM Regulations.

The approach for the SWDS and proposals for the surface water management strategy are
based on the requirements of the EA and Somerset County Council (SCC) in its role as LLFA.

The findings of this SWDS are based on data available at the time of the study and on the
subsequent assessment that has been undertaken in relation to the development proposals.

It should be noted that the insurance market applies its own tests to properties in terms of
determining premiums and the insurability of properties for flood risk. Those undertaking
development in areas which may be at risk of flooding are advised to contact their insurers or
the Association of British Insurers (ABI) to seek further guidance prior to commencing
development. Stantec does not warrant that the advice in this report will guarantee the
availability of flood insurance either now or in the future.

Flood Risk Assessment Credentials

Stantec has many years of experience in, amongst other areas, the assessment of flood risk,
hydrology, flood defence and river engineering. The authors and reviewers of the document
are all experienced engineers and members of chartered institutions such as the Chartered
Institution of Water and Environmental Management (CIWEM) or the Institution of Civil
Engineers (ICE).
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Proposed Development Site

Site Description

The 249 hectare (ha) (616 acre) site is located north-east of Puriton and north-west of
Woolavington in Somerset. Both villages lie north of Bridgwater and east of the M5 motorway.
The site has an approximate central Ordnance Survey (OS) grid reference 333328m E,
142437m N. The site lies within the administrative boundary of SCC.

The site consists largely of brownfield land currently unused following remediation of the ROF
site.

Generally, the site is bordered on all sides by agricultural land. The Huntspill River lies
adjacent to the northern boundary, flowing east to west. Woolavington Road, the road that
connects Puriton and Woolavington is located to the south.

A site location plan is provided in Appendix A.
Existing Topography

A topographic survey of the site has been undertaken and indicates topography of the site is
relatively flat, with nominal fall from the south to the north.

The topography is steepest near to the southern boundary of the site, with an average
elevation of 15.5mAQD, although the far southern extremity of the site LDO boundary reaches
an elevation of 40mAOD. This then falls to an average elevation of between 5mAQOD and
6.5mAOD across the majority of the site. The far northern extremity of the site’s boundary has
an approximate elevation of 4.5mAOD. Despite these elevation changes, the scale of the site
gives rise to the relative flatness.

Topographical information can be found in Appendix B.
Hydrological Setting

There are no main rivers within the LDO boundary itself, although there are open surface
water drainage systems present as part of the existing drainage of the site (see Section 2.5).

The Huntspill River lies approximately 900m north of the major area of the site and 50m north
of the LDO boundary itself. The Huntspill River is designated as a Main River by the EA. The
Huntspill River is essentially a large reservoir originally constructed to supply water to the
former ROF site and its levels are managed by the EA to be 3.5mAQOD in the summer and
2.9mAOD in the winter.

In a northern arm of the site, there are a series of constructed reed beds. When the site was
operational these were used for treating effluent prior to discharge from the site, however
following the removal of effluent sources following the closure and remediation of the site this
is no longer the case. Therefore, the reed beds are now a surface water based system within
the site’s boundary. For further details of their former operation, refer to Section 2.5.

The site is bounded by a number of rhynes, typical of the area, which are viewed, i.e.,
managed, by the Somerset Drainage Boards Consortium (SDBC). The northern boundary of
the site is formed by the Black Ditch, which runs from east to west, whilst close to the eastern
boundary of the site is the Stoning Pound Rhyne. Both these rhynes discharge into the
Huntspill River. There is also an unnamed viewed rhyne close to the western boundary of the
site, which appears to flow north and westwards towards an existing railway and the M5
motorway.
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Although approximately 4.5km to the west of the site’s boundary, the River Parrett, its estuary
and Bridgwater Bay do have influence on the hydrology of the site and vicinity. The Huntspill
River discharges into the Parrett Estuary via the Huntspill Sluice (approx. 4.4km west of the
site), which manages water levels in the Huntspill River by controlling the rate of discharge
from the Huntspill but also impeding high tidal water levels continuing further upstream.

Water Framework Directive

The Water Framework Directive (WFD) establishes a framework for a European-wide
approach to action in the field of water policy. The EA Catchment Data Explorer [l website has
water quality data relating to the WFD targets for 2027.

The quality of the Huntspill River is monitored by the EA against the objectives of the WFD.
The nearest WFD designated water body is the Huntspill (GB108052021210). This is currently
(Cycle 2, 2019) classified as overall ‘Moderate’ status, with ‘Moderate’ ecological status and
‘Fail’ chemical Status.

The site does not currently lie within a WFD groundwater management catchment, therefore
no status is provided regarding groundwater.

Geology and Hydrogeology

Review of British Geological Survey (BGS) online mapping indicates that the site is underlain
by bedrock geology of the Langport Member, Blue Lias Formation and Charmouth Mudstone
Formation (undifferentiated), which are describe as “porcellanous limestone below, calcareous
mudstone above”, “thinly interbedded limestone (laminated, nodular or massive and
persistent) and calcareous mudstone or siltstone (local laminated)” and “dark grey laminated
shales, and dark, pale bluish grey mudstone” respectively The BGS online viewer also
indicates that the Charmouth Mudstone Formation and Langport Member form the upper and
lower boundaries to the Blue Lias Formation respectively.

Superficial deposits are indicated to be Tidal Flat Deposits, comprising clay, silt and sand, for
the majority of the site. Higher elevations in the southern part of the site do not have
superficial deposits recorded.

A review of EA mapping indicates that the bedrock geology underneath the site is a
Secondary A Aquifer. A Secondary A Aquifer is defined by the EA as “permeable layer
capable of supporting water supplies at a local rather than strategic scale, and in some cases
forming an important source of baseflow to rivers”.

The Tidal Flat Deposits are classified as a Secondary (undifferentiated) Aquifer by the EA. A
Secondary (undifferentiated) Aquifer is defined as “where it has not been possible to attribute
either category A or B”.

The site lies within a Groundwater Vulnerability Zone of ‘Medium — High’. ‘Medium’
vulnerability is defined as “areas that offer some groundwater protection”, whilst ‘High’ is
defined as “areas able to easily transmit pollution to groundwater... characterised by high
leaching soils and the absence of low permeability superficial deposits”.

The Remediation verification reports confirm the geology and states groundwater levels are
typically 0.5m and 1.5m below ground level.

] https://environment.data.gov.uk/catchment-planning/
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2.5 Existing Drainage Arrangements
On-Site Drainage

2.5.1 The site consists of brownfield land that currently benefits from an existing drainage system.
This system has been assessed and forms seven surface water drainage sub-catchments on
site.

= Sub-Catchment A — A small section of land on western boundary, and another north-west
of centre, discharges into the Black Ditch directly.

= Sub-Catchment B — The maijority of the western parts of the site drain to the “Site Acid
Ditch”.

= Sub-Catchment C — A small section of land located centrally in the north of site drains to
the “Site Acid Ditch”.

= Sub-Catchment D — Central areas, representing a significant proportion of the site, drain
to a south-to-north rhyne which continues parallel to (but separate from) an existing reed
bed system before discharging into the Huntspill River via the “North Water Outfall”.

= Sub-Catchment E — Eastern parts of the site drain north-eastwards to the Stoning Pound
Rhyne.

®  Sub-Catchment F — South-western areas of the site which drain to the unnamed viewed
rhyne to the west. This area is associated with Gravity Link Road, which has been
consented as part of the previous outline consent and is currently under construction.

m  Sub-Catchment G — North-western areas of the site associated with the existing railway,
which appear to discharge into adjacent rhynes and ditches before conveying flows
westwards to either the Huntspill River or Parrett Estuary.

2.5.2 The Site Acid Ditch, reed beds and North Water Outfall lie within the site, whilst the Black
Ditch, lies on the northern boundary.

2.5.3 While the ROF was operational, effluent was piped or pumped to a large treatment tank in the
centre of the Site, known as the “Lido”, and then pumped to the reed beds. The Lido also has
an overflow to the Site Acid Ditch which flows through the site and discharges into the reed
beds. Following passage through the reed beds, treated effluent was pumped into a ditch
immediately to the north of the reed beds, which runs west and flows parallel to (but separate
from) the Huntspill River and discharges into the Parrett Estuary. This ditch is referred to as
the “Acid Ditch” and lies outside of the site boundary. The Lido and overflow are still in-situ but
owing to the ceasing of operations on site, no longer receives effluent discharge, therefore no
effluent is discharged into either the Site Acid Ditch or the Acid Ditch and these are now
surface water only systems.

2.5.4 Remediation of the site is now complete, however the existing surface water drainage
principle has not been altered from the undeveloped condition. The layout of rhynes and
ditches has been altered to accommodate the proposed building platforms, but continuity of
flows through the site of upstream and the outfall arrangements remain unaffected.

2.5.5 The existing drainage regime and remediated drainage scheme is indicated within Appendix
C.
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Public Sewers

2.5.6 As part of the previous work undertaken by Stantec on this site, Wessex Water (WW) provided
copies of its sewerage infrastructure plans for the site and surrounding area. The plans show
there to be no surface water, foul or combined sewers within the site and the surrounding
area. This is to be expected given the topography and the existing private drainage
infrastructure present on site.
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Surface Water Drainage Principles

Surface Water Drainage Objectives

The design principles for the surface water drainage system are detailed in the following
documents:

= NPPF and PPG;

= DEFRA ‘Non-Statutory Technical Standards for Sustainable Drainage Systems’;
= CIRIA C753 ‘The SuDS Manual’;

m  SCC ‘Local Flood Risk Management Strategy’.

A key requirement for the proposed development is to seek that flood risk downstream is not
increased. The potential is associated with additional runoff generated by the introduction of
roofs and hard-paved surfaces as part of the development. These surfaces replace natural
ground where water can percolate into soil pores and to a greater or lesser extent infiltrate into
the underlying rock. Additionally, natural ground is more uneven, promoting localised ponding
while vegetation intercepts rainfall by collecting water. Lastly, natural ground is generally more
resistant to flow, reducing the velocity of overland flow and the time that it takes to leave the
site.

The replacement of natural surfaces has two principal effects on the land’s response to
rainfall:

= Anincrease in the rate of runoff;

= Anincrease in the volume of runoff.

Both of these impacts have the potential to increase the flood risk downstream. The rate of
runoff is normally of principal concern as it can impact on the peak flow rate in the receiving
watercourse or drainage network. Increasing the volume of runoff can also increase flood risk
in particular situations.

In addition, the development of any site can introduce sources of pollution to downstream
surface water bodies and groundwater, through both the introduction/change of impermeable
surfaces and human activity.

The NPPF and CIRIA C753 recognise that flood risk and other environmental damage can be
managed by minimising changes in the volume and rate of surface water runoff and

maintaining or improving water quality discharged from development sites. It is recommended
that priority is given to the use of Sustainable Drainage Systems (SuDS) in new development.

Outfall Destination
Based on the CIRIA C753 guidance, consistent with the PPG and Building Regulations Part H,
the aim should be to discharge surface water runoff as high up the following hierarchy of
drainage options as reasonably practical:

i Into the ground (infiltration);

ii. To a surface water body;

fii. To a surface water sewer, highway drain or another drainage system;
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3.2.2

3.2.3

3.24

3.2.5

3.2.6

3.2.7

3.2.8

3.2.9

3.2.10

3.2.11

3.2.12

iv. To a combined sewer.

The hierarchy is considered in order below.
Discharge into the Ground (Infiltration)

Based on the hierarchy, the preferred method for disposal of surface water from the new
development is via infiltration drainage.

The local geology has been identified as principally clay/silt deposits over mudstone bedrock
(see Section 2.4). These underlying ground conditions typically have low permeability
characteristics, which is supported by the historic use of land drainage rhynes and ditches on
site and the local area.

Groundwater levels were monitored on site between 2006 and 2010, indicating that the site
currently experiences a shallow groundwater table i.e. groundwater levels were shown to be
on average 1.5m below existing ground levels. However, many locations indicated
groundwater levels could reach less than 1m below the existing ground level, in some cases
being at ground level itself.

In order to ensure adequate drainage during storm events, CIRIA C753 requires a minimum
head difference between the base of an infiltration feature and the seasonal high groundwater
level of 1m. Given the observed groundwater levels on site, this design requirement is not
achievable. Therefore, discharge of surface water via infiltration has been discounted as a
viable option for the proposed development.

Discharge to a Surface Water Body

In areas where infiltration is not possible, the next preference in the hierarchy is to discharge
to a surface water body.

As discussed in Section 2.5, currently the site is served by a network of ditches that convey
surface water generally northwards to the Huntspill River north of the site, via the North Water
Outfall which runs parallel to the existing reed beds.

The “Addendum to the SWMS” produced for the extant planning consent indicated through
liaison with the relevant stakeholder, including the EA and SDBC, that the preferred option for
discharging surface water from the site would be via the reed beds and then directly into the
Huntspill River.

At present, the reed beds have a pumped discharge into the Acid Ditch which runs parallel to
the Huntspill River (but separate from it) and discharges into the Parrett Estuary. The Acid
Ditch is currently subject to a legal agreement whereby the EA maintain it. However, to
discharge directly into the Huntspill River, it was agreed as part of the extant planning consent
that this arrangement would be amended. Surface water from the reed beds would discharge
directly into the Huntspill River via the existing North Water Outfall, which currently runs
parallel, but separate, to the reed beds. A free discharge would be permissible into the
Huntspill River due to its effective operation as a tidally influenced feature with very significant
storage capacity. Therefore, with this option no attenuation storage would be required within
the site.

The SWDS within this report proposes to maintain this agreed strategy, which has been
confirmed following more recent liaison with the EA regarding this LDO application.

The “Addendum to the SWMS” also indicated that once the reed beds’ function of treating
effluent from the site was no longer needed and the new outfall constructed, the Acid Ditch
would be redundant as an outfall route. However, it has been identified by the EA that the Acid
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3.3.3

3.34

3.3.5

3.3.6

Ditch provides excellent water vole habitat, and, at the time, the desire was expressed to
create a link for sweetening flow to preserve this. The existing outfall from the reed beds to the
Acid Ditch could be modified as part of the proposed scheme to direct some surface water into
the Acid Ditch. The details of this connection need to be established in further discussion with
the EA, but the future of the water vole habitat can be protected by these means.

In summary, surface water runoff will be discharged from the proposed development into the
Huntspill River via the reed beds and North Water Outfall, following modification of the outfall
arrangements. Further modifications could be made to maintain a sweetening flow in the now
redundant Acid Ditch to preserve water vole habitat.

No other points of discharge e.g., to a public sewer, have been considered as part of this
SWDS.

Discharge Rate Control

As part of the extant hybrid planning permission, it was agreed with the EA and the SDBC that
the site is permissible to freely discharge into the Huntspill River due to its effective operation
as a tidally influenced reservoir with significant storage capacity.

Therefore, there are no discharge rate control requirements for surface water runoff leaving
the site. The impact of a free discharge during periods of ‘tide lock’ has been considered
below.

Tide Lock

The proposed free discharge into the Huntspill River from the reed beds could be restricted or
even prevented during periods of tide lock (when high tide in the Parrett Estuary prevents
outflow from the Huntspill River).

If an extreme rainfall event coincides with the period of tide lock the development’s discharge
could increase flood risk to the open farmland downstream of the site. It is therefore proposed
that a suitable storage volume to retain runoff within the development’'s SWDS is provided so
that no additional runoff volume enters the surrounding land drainage network during this
scenario.

The parameters for calculating this storage volume were agreed with the EA within the
“Addendum to the SWMS” produced in support of the extant outline consent. The worst-case
duration of tide lock was provided by the EA as 6 hours. Therefore, the design rainfall event
considered was the 100 year, 6 hour event, including a 20% allowance for climate change.

Calculations were made for two distinct catchments within the site as follows:

The existing surface water catchment draining to the reed beds:

= This catchment is currently independent from the Huntspill River because it drains to the
Parrett Estuary via the Acid Ditch. Under the proposals, all runoff from this catchment will
be additional flow to the Huntspill River and thus tide lock storage is required for the total
runoff volume.

The remainder of the site:

= The rest of the site currently drains to the Huntspill River via North Water Outfall.

Therefore, there is no increase in catchment area to consider and only the proposed
increase in impermeable surfacing as a result of development.
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3.5.1

3.5.2

3.5.3

3.5.4

The total combined tide lock storage requirement has been calculated as 38,200m?. It is
proposed to accommodate this volume within the existing reed beds by defining an
appropriate outfall level.

An assessment of the reed beds current condition and means in which this tide lock storage
volume can be accommodated are included in a separate report, which can be found in
Appendix D.

In the unlikely event that the capacity of the reed beds is exceeded, water would overtop the
eastern bank and spill into the adjacent land drainage rhyne. In discussion with the SDBC it

was identified that any overspill could be managed within the existing system whereby flows
head eastward to the South Drain. When necessary, water is pumped from the South Drain

into the Huntspill River to control flood levels in the land drainage system.

Under the Flood and Water Management Act 2010, a storage feature would be regulated as a
Reservoir if it is “capable of holding 25,000 cubic metres of water above the natural level of
any part of the surrounding land”. Natural ground levels around the reed beds are generally
equivalent to the east bank crest levels at around 4.5m AOD.

Calculations for the tide lock storage volume and implications regarding potential storage of
tide locked water above the natural ground level (4.5m AOD) are also provided in
Appendix D.

Discharge Volume Control

As previously discussed, it was agreed with EA and SDBC as part of the extant planning
consent that the site is permissible to freely discharge into the Huntspill River due to its
effective operation as a tidally influenced reservoir with significant storage capacity. More
recent liaison with both parties has indicated their position remains the same.

Therefore, owing to there being no discharge rate control requirements (aside from the
storage provided by the reed beds in the event of tide lock), there are also no discharge
volume control requirements for surface water runoff leaving the site.

Water Quality Control

All sites have a requirement to protect downstream water quality and contribute to the aims of
the WFD. Therefore, the SWDS for the site will need to demonstrate that adequate water
quality treatment is provided within the system. To achieve this, priority is given to the use of
SuDS techniques, as recommended in the NPPF and CIRIA C753.

Furthermore, as part of the “Addendum to the SWMS” produced in support of the extant
planning consent, and assessment of the impact on water quality in the Huntspill River as a
result of the unrestricted surface water drainage was agreed with the EA and SDBC.

The Huntspill River is a National Nature Reserve (NNR) and therefore adequate treatment of
site runoff is important to avoid any detrimental effects on ecology. The proposed strategy
includes bringing the existing reed beds into the surface water system as the final element of
the SWDS before discharge from site. The reed beds cover an area of 3.7 hectares and were
originally designed to provide treatment for up to 25,000m? per day of effluent from the former
ROF. The reed beds would therefore make a suitable treatment facility for surface water.

The reed bed system includes a small separate lagoon at the south. This previously collected
the pumped and gravity-drained effluent flows from the site. From this lagoon water is pumped
along a manifold pipe into each bay of the reed beds, with final discharge from the reed beds
into the Acid Ditch. When the reed beds are converted to the surface water system, the lagoon
at the southern end can be used to in effect as a sediment forebay. In addition, a new gravity
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connection into the reed beds will replace the existing pump/manifold arrangement, with water
allowed to flow through the entire system towards the site’s outfall in the north.

In addition to the treatment provided by the reed beds, each development plot / occupier
parcel will discharge runoff into the proposed rhyne and ditch network, which will in turn
convey flows to the reed bed facility. Being an open and vegetated system, this network will
also provide inherent treatment of surface water.

This constitutes a two-stage treatment process, utilising the rhyne and ditch network, and the
reed beds as two substantial SuDS features. The degree of treatment provided by these
features is considered further in Section 4.6.

It is important to note that in order to bring the reed beds into optimum condition to serve the
surface water network some improvement works will likely be required. A condition survey of
the reed beds has been undertaken (see Appendix D). The required improvement works will
be subject to further design in collaboration with an ecologist and landscape architect,
following receipt of consent for this LDO application.

13
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4 Managing Surface Water On-Site

4.1 Overview

4.1.1 Based on the existing site information and surface water drainage principles previously, a
strategic-level SWDS has been developed to demonstrate a viable surface water drainage
option for the proposals.

4.1.2 This has been developed to a suitable level of detail to support a LDO application and will be
subject to further design following grant of consent. Where further design/details will be
required in the future, this is indicated within this report.

4.2 Development Proposals
421 The LDO application is submitted for:

a. any operations or engineering works necessary to enable the development of the Site,
including demolition, excavation and earthworks, the formation of compounds for the
stockpiling, sorting and treatment of excavated materials, import of material to create
development platforms, piling, and any other operations or engineering necessary for site
mobilisation, office and worker accommodation, communications, drainage, utilities and
associated environmental, construction and traffic management.

b. the development of a smart campus including

i. ~ commercial building or buildings with a total Gross External Area of up to
1,000,000m? which would sit within current Use Classes E(a) - (g), B2, B8 and sui
generis floorspace uses and

ii. arange of buildings up to 100,000m2 within use classes B8, C1, C2, E (a) — (g) and
F, including restaurants / cafes, shops, leisure, education and sui generis uses and

iii. up to 750 homes in use class C3,

together with associated infrastructure including restoration of the railway line for
passenger and freight services, rail infrastructure including terminals, sidings and
operational infrastructure and change of use of land to operational rail land, multi-modal
transport interchange, energy generation, energy distribution and management
infrastructure, utilities and associated buildings and infrastructure, digital infrastructure,
car parking, a site wide sustainable water management system and associated green
infrastructure, access roads and landscaping.

4.2.2 A copy of the land use parameters plan layout can be found in Appendix E.

4.3 Impermeable Areas and Urban Creep

4.3.1 CIRIA C753 recommends that an urban creep factor is applied to residential property
impermeable areas, to account for future land use changes such as paving front gardens for
parking, building conservatories, increasing patio areas etc. Applying an urban creep factor
therefore adds another degree of robustness to the SWDS. Based on the Local Authority
SuDS Officer Organisation (LASOQ) (now called the Association of SuDS Authorities (ASA))
“Non-Statutory Technical Standards for Sustainable Drainage: Practice Guidance” and an
approximate housing density of 35dph, an urban creep uplift of 6% has been applied to the
indicated residential roof and patio areas shown in the proposed layout.
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Impermeability percentages (PIMP) have been applied to each proposed land use as follows:
=  Areas of hardstanding e.g., roads, rail etc. — 100% PIMP.

= Industrial, commercial and educational areas — 80% PIMP

= Residential areas — 66% PIMP (inc. urban creep)

These values are considered to be moderately robust as they do not account for any losses
due to evapotranspiration, infiltration through cracks etc.

Remediation Surface Water Drainage Strategy

The remediation drainage strategy included the diversion or infilling of existing rhynes and
ditches to serve the proposed development layout for the sequent planning consent
(42/13/00010), alongside new and temporary routes created on the plots themselves order to
preserve the system capacity and protect water quality prior to construction of the proposed
development.

The remediation drainage strategy was devised so that it could also serve the proposed
development on site for the sequent planning consent (42/13/00010), seeking to minimise
additional works to the strategic rhynes and ditches that will convey flows through the site
(both from arising on site and upstream off site) to the outfall. The remediation works do not
include for the amendments to the surface water outfall into the Huntspill River, as this will be
subject to further design in liaison with the EA and SDBC following consent of the LDO
application, and do not fully align with the LDO parameters plans.

The proposed remediation drainage strategy is illustrated in Appendix A and was based on the
following general principles:

= Rhynes carrying flow through the site from the upstream catchment will be preserved with
diversions around proposed plot outlines where necessary.

= Drainage ditches within the proposed development plot areas to be filled in.

= Drainage ditches outside of the proposed development area retained.

m  Temporary drainage ditches within the proposed development plot areas to be
constructed, serving as interim plot drainage prior to construction of the proposed
development.

= Culverts on retained rhynes and ditches to be opened up, wherever possible.

= Culverts on redundant rhynes and ditches to be broken out and filled in.

= New / retained culverts at proposed development plot area’s access locations to be
installed.

= Pollution control measures required for the construction phase to be installed.
Proposed Development Surface Water Drainage Strategy

Strategic Rhynes and Ditches

The proposed SWDS builds upon the remediation drainage strategy to serve the future
development. It is proposed for each development plot to discharge into the site’s rhyne and
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ditch network, as constructed during remediation, which in turn will convey flows into existing
reed beds located north of the site and then directly into the River Huntspill.

These features are considered as strategic infrastructure on site and will be clearly separated
from on-plot development drainage. Following grant of consent of this LDO application, the
layout and principles of these strategic features will not alter, although further details (including
for construction details) will be provided in the near future. Future on-plot development
drainage designs will be required to discharge into these strategic rhynes and ditches, in a
way that is analogous to discharging to a nearby watercourse.

Calculations have been undertaken for these strategic rhynes and ditches so that they are
adequately sized to cater for the upstream catchment which drains for the site but also the
development itself. These have allowed for free discharge from the proposed development
plots, in accordance with the overall SWDS. These calculations can be found in Appendix F.

The strategic rhynes and ditches have proposed to maintain the character of the existing
drainage system on site, which is also in accordance with the ecological requirements on site.
As such, side slopes will be between 1:1 and 1:2 and the depth of these features will be
approximately 0.75m, although this will vary on site. The width of these channels also varies
on site, increasing as they flow northwards through the site and therefore manage surface
water from an increasing area.

Planting and vegetation of the strategic rhynes and ditches will be subject to the relevant
Landscape Architect’s design, but for the purpose of flood risk and drainage design, it has
been assumed that post-development the vegetation will be consistent with what currently
exists on site. The only requirement is that the planting should not be so significant that it
impedes flows, which could be achieved either through plant choice or regular maintenance.

Large Commercial Building(s)

The SWDS has been developed to accommodate a single, large commercial building within
the centre of the site. Owing to the need to convey flows from off-site through the development
in addition to a generally flat topography, the strategy has been developed to capture flows
and realign the existing rhynes and ditches to flow around this building rather than culvert
them underneath it. This removes the need for access points within the building for
maintenance whilst also reducing the maintenance burden of access to de-silt the culvert,
which would have significant health and safety constraints. As this represents a significant
diversion from the existing rhyne and ditch routes, this scenario is effectively viewed as “worst
case scenario” from a surface water drainage perspective.

In addition, owing to the large scale of the scenario building, and therefore potential high
volume/velocity discharges from its roof area, a perimeter rhyne surrounding the plot has been
proposed to manage runoff from this plot only, prior to discharge into the wider strategic
network.

Should this scenario of a single commercial building be split into multiple, separate buildings,
there is an opportunity to retain and improve existing rhynes and ditches which currently flow
through the centre of the plot. Depending on the scale of these buildings as they emerge
through the LDO compliance process, it may be possible to reduce the scale or remove
entirely the need for the perimeter rhyne or indeed keep it as a contingency measure. This
would provide additional space for waterside amenity and habitat for flora and fauna on site. In
addition, it would provide additional resilience to the proposed SWDS as the overall drainage
would include additional drainage routes to the outfall. In the event of significant potential
maintenance or remedial works (e.g. following a pollution event) this result in the works having
less of an impact on the functioning of the SWDS.
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4.5.9 The nature of the large commercial building(s) is subject to confirmation following consent of
this LDO application, therefore final designs of the diverted rhynes and ditches, as well as
perimeter rhyne, will be provided as part of further detailed design of the site at the LDO
compliance stage.

4.6 Water Quality Treatment

4.6.1 The need for water quality control has been previously identified by this SWDS report.

4.6.2 Based on the strategic components alone, surface water runoff will flow through rhynes and
ditches and the reed beds prior to discharge from site. An assessment of the water quality
treatment provision provided by the reed beds has been undertaken using the Simple Indices
Approach, as set out in the CIRIA C753. The results of the assessment are set out below.

4.6.3 Table 4.1 indicates the Pollution Hazard Indices for the proposed land uses within the
development.

. Total
Land Use PoIIutll-:r‘ilel-llazard Suspended Metals Hydrocarbons
Solids (TSS)
Residential roofs Very low 0.2 0.2 0.05
Residential car
parking, access road, Low 05 04 0.4
cul de sacs,
homezones etc.
Commercial yard and
delivery areas, non-
residential car
parking with frequent Medium 07 06 07
change, all roads
except low traffic
roads and trunk
roads/motorways
Sites with heavy
pollution, site where
chemicals and fuels
are to be delivered,
handled, stored, High 08 08 0.9
used or
manufactured,
industrial sites and
trunk
roads/motorways
Table 4.1 - Pollution Hazard Indices
4.6.4 At this stage, it is not clear whether the eventual operations on site will include activities
viewed as having a “high” pollution hazard level by the Simple Indices Approach. However, it
has been included in our assessment for robustness should this come to reality in the future.
4.6.5 Based on the strategic provision of the rhynes and ditches and reed beds, Table 4.2 indicates
Pollution Mitigation Indices for these respectively.
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Type of SuDS

Components Metals Hydrocarbons
Rhynes and Ditches 05 0.6 06
(Swale)
Reed Beds (Wetland) 0.8 0.8 0.8

Table 4.2 - Pollution Mitigation Indices

4.6.6 The Simple Indices Approach assumes that a conventional, i.e. dry, swale is implemented for
treatment purposes. However, wet and vegetated habitats are generally considered by CIRIA
C753 to have improved water quality treatment provision. Furthermore, the flat topography
and thus shallow longitudinal slopes of the rhynes and ditches will increase retention time for
these treatment processes to take place. Therefore, it is considered that by assessing the
rhynes and ditches as swales, this represents a conservative approach to the treatment they
provide.

4.6.7 Finally, Table 4.3 provides a summary of the water quality treatment sufficiency of the
strategic features for each land use in each scenario after calculating the Total Mitigation
Index as set out in CIRIA C753.

Land Use Metals Hydrocarbons

Residential roofs Sufficient Sufficient Sufficient

Residential car parking, access
road, cul de sacs, homezones Sufficient Sufficient Sufficient
etc.

Commercial yard and delivery
areas, non-residential car parking
with frequent change, all roads Sufficient Sufficient Sufficient
except low traffic roads and trunk
roads/motorways

Sites with heavy pollution, site
where chemicals and fuels are to

be delivered, handled, stored, Sufficient Sufficient Sufficient
used or manufactured, industrial
sites and trunk roads/motorways

Table 4.2 - Water Quality Treatment Sufficiency Results

4.6.8 The results above indicated that strategic rhynes and ditches and reed bed will be sufficient in
providing the required water quality treatment for the proposed development’s surface water
runoff. The on-plot SuDS also recommended as part of the SWDS (see Section 5) will provide
additional treatment, contributing to improving water quality on site and downstream.
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5.1

5.1.1

5.1.2

5.1.4

5.2

5.21

5.2.2

On-Plot SuDS

Overview

Although beyond the scope of this LDO application at this stage, some consideration has been
made in this SWDS with regard to on-plot SuDS features which can help inform the design
guide and the compliance processes. The inclusion of on-plot SuDS will ultimately be
determined by future development design for each plot as they come forward.

Although on-plot SuDS are not required to meet discharge rate, discharge volume or water
quality control requirements, they will provide a degree of attenuation i.e. “slowing the flow”, of
surface water runoff by temporarily storing it in discrete locations. The potential for large areas
of hardstanding draining to the strategic rhynes could introduce high-velocity point inflows
which could generate bank erosion and more onerous maintenance requirements. This is
because the rhyne system has developed over time to manage slow overland flows generated
by a flat topography and is not adapted for a formal drainage system. On-plot SuDS would
reduce these velocities, better mimicking the existing drainage regime on site and therefore
reducing potential future maintenance requirements.

Moreover, on-plot SuDS will add further climate change resilience to the proposed SWDS as
well as contributing to the wider ecological and landscape aims on site i.e. forming part of
holistic Green-Blue Infrastructure.

On-plot SuDS would provide “source control” and interception of rainfall close to the point in
which it reaches the ground. Their inclusion better mimics the drainage characteristics of an
undeveloped site, in accordance with SuDS principles, but is also shown to be the most
effective method to provide surface water quality treatment.

As mentioned, additional treatment beyond the reed beds and rhynes and ditches is not a
requirement for day-to-day flows, but due to the potential industrial uses on different plots, the
ability to partition the SWDS i.e. close off sections of the system, to prevent a potential
pollution incident entering the strategic network would be beneficial.

Additionally, by providing further improvement of the quality of surface water runoff in the
everyday scenario prior to reaching the rhynes and ditches, this will facilitate generation of a
better habitat for flora and fauna whilst also improving the aesthetic, and thus amenity benefit,
of these features. As the rhynes and ditches will be fully integrated throughout the
development, it is a key objective that these are attractive spaces for people.

There are a number of SuDS features that could be included on individual plots, but their
respective appropriateness will be dependent on the final design of each plot. Below is a
summary of the different types of SuDS that could be implemented. It is likely that a more
detailed assessment of the on-plot SuDS options will be undertake following grant of consent
of this LDO application and included within the subsequent compliance applications.

Rainwater Harvesting

Rainwater harvesting (RWH) is the collection of rainwater runoff for use, as opposed to
directing runoff to a surface water drainage system immediately. Runoff can be collected from
impermeable areas within the development e.g., roofs, hardstanding etc. and then stored and
treated (where required) before being re-used for non-potable purposes, such as flushing
toilets, washing machines and external uses.

In the UK, private water supplies for locations not connected to main water supply networks
have to comply with the Private Water Supplies Regulations 2009.
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525

5.2.6

5.3

5.3.1

5.3.2

5.3.3

5.3.4

There are three main types of RWH system:
= Gravity-based systems

= Pumped systems

= Composite systems

In addition, a RWH system (regardless of type) can have one of the following design
objectives:

= Water conservation / supply
= Water conservation / supply and surface water management (passive systems)
= Water conservation / supply and surface water management (active systems)

RWH systems could be implemented to serve individual properties and buildings or small
groups of properties and buildings. However, larger contributing areas and demands will likely
result in larger tanks and associated infrastructure. Care should be taken that where RWH
systems are shared, the properties or buildings which the RWH serves should be constructed
at the same time i.e. as part of the same phase of development. Otherwise, onerous
construction requirements may be enforced on earlier phases.

Albion Water will operate and maintain the surface water and effluent drainage following
development of the site. As part their overall scheme, there has been an opportunity identified
for a high-level off-take of surface water into an offline pond near to the reed beds which could
provide water for non-potable uses. This would augment the other opportunity identified for
recycling water from effluent (following treatment to the necessary standards) and re-use as
non-potable water across the site. This would represent a strategic RWH option which may
render the use of on-plot RWH systems redundant or of less benefit. However, this strategic
RWH option is subject to ongoing review and design and will be confirmed as part of future
detailed design works on site.

Green / Blue Roofs

Green roofs are areas of living vegetation installed on the top of buildings / structures for a
range of reasons including visual benefit, ecological value, enhanced building performance
and the reduction of surface water runoff.

Types of green roof are typically categorised as:
= Extensive — low substrate depths, simple planting and low maintenance requirements.

= Intensive — deeper substrate depths that can support a wide variety of planting but
require more maintenance.

Blue roofs are explicitly designed to store water. This can be designed as attenuation storage
(rainfall stored and released in a controlled manner), use for irrigation (potentially of adjacent
green roof areas), cooling water (reducing roof temperatures during hot days or for cooling
plant) or non-potable use within the building. Storage in blue roofs can be provided as open
water surfaces, storage within or beneath a porous medium or below a raised decking surface
or impermeable cover.

Green roofs that include reservoir storage zones beneath the growing medium could also be
termed blue roofs. This form of blue roof can also be used for RWH, examples of which are
common in Germany and Switzerland, however guidance is limited and due to filtering through

\\Tnt-vfps-001\tnt\Projects\49102 Gravity LDO\4002 Flood Risk & Drainge_TA-HYD\EIA Outgoing\5 - SWDS\Appenc 20
Surface Water Drainage Strategy FINAL ADOPTED VERSION_January 2022_AW.docx



Surface Water Drainage Strategy @ Stantec
This is Gravity

5.3.5

5.3.6
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5.4.2

5.4.3

5.4.4

5.4.5

5.4.6

5.5

5.5.1

the substrate, the water available is often discoloured. Furthermore, uptake from vegetation
will reduce the yield from the roof area.

Green and blue roofs would be constructed as part of individual structures and are therefore
well suited to the likely modular implementation of the proposed development. In addition,
their use would not be limited to commercial or residential buildings; there are many cases of
green roofs being constructed as part of transport infrastructure e.g. bus stops. This again is
easily incorporated into a modular implementation.

Consideration should be given to the scale of the building whereby a green or blue roof is
implemented. Water can impose significant loads on structures when stored for a prolonged
period, which may make use of these systems where large roof spans existing technically and
financially unviable.

Green Walls / Facades

Green walls and facades are similar to green roofs in that they are areas of living vegetation,
however in this case they are installed as vertical systems on walls building faces. Their
benefits span water management, heat reduction, biodiversity enhancement and improved air
quality.

They can be used to protect a building against storms by intercepting rainfall and reducing soil
moisture around a building’s foundations, effects which are more pronounced when evergreen
plants are used. However, buildings that may be affected by humidity (due to their use) can be
damaged by vegetation due to inhibited evapotranspiration from the building itself. In this
instance, adequate ventilation of the building would be required.

Vertical vegetation protects the building from direct solar radiation, resulting in the facade
heating up less, absorbing less heat and emitting less heat at night. The plants also emit water
vapour through evapotranspiration which enhances the cooling effect. Furthermore, if
evergreen plants are utilised, they can provide a degree of insulation during cooler months,
protecting the fagade from cooling. By tempering the building temperatures in both winter and
summer, the green wall or fagade can contribute to saving on energy demands for the
building.

By providing additional vegetation within the urban environment, there is also a significant
contribution to enhancing the biodiversity and ecology. Green walls and fagades can provide
habitat and shelter for birds and insects as well as providing a food source. Occupants can be
concerned that birds and insects will enter the building via the vegetation, but the likelihood of
this can be reduced if windows and other openings are kept clear of vegetation.

As with green roofs, green walls and fagades can easily be implemented across the site. They
are not reliant on any other features for their function and their water management capabilities
are not such that they would form a strategic part of the surface water drainage strategy for
the site.

Therefore, green walls and fagades can be installed across the site on a case by case basis.
Furthermore, they could easily be retrofitted to buildings across the site at a future date if
required.

Swales

Swales are shallow, flat bottomed, vegetated open channels designed to convey, treat and
sometimes store surface water runoff. When incorporated into site design, they can contribute
to enhancing the natural landscape and provide aesthetic and biodiversity benefits. Swales
can have a variety of profiles, can be uniform or non-uniform, and can incorporate a range of
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different planting strategies, depending on the site characteristics and site aims and
aspirations.

Being linear features, they are often used to drain roads, paths or car parks, where it is
convenient to collect distributed inflows of runoff or as a means of conveying runoff around a
site. Swales can replace conventional pipework and the use of adjacent filter strips and/or flow
spreaders can also remove the need for kerbs and gullies. This is particularly useful on flat
sites where the use of pipework would lead to significantly deeper drainage infrastructure,
resulting in cost and health and safety implications.

Given the retention of a strategic rhyne and ditch network on site and the obvious similarity
between those and swales, the use of swale on site will likely be limited. However, they may
be used where there are significant drainage pathways or adjacent to transport links where a
rhyne or ditch is not already present.

Rills / Channels

Rills and channels are open surface water features with hard edges and can be commonly
found in some existing cities, towns and villages. They can have a variety of cross-sections to
suit their setting, lending them to urban areas particularly well, and can also be planted to
provide water quality treatment and amenity value.

The terms “rill” and “channel” can also be extended to include hollow roads and gutters (which
itself can include fluted, open or covered gutters).

These features are often best employed when draining large impermeable areas, such as
streets, parking or communal squares, without the need for below ground infrastructure as
they are easily integrated into the overall design with minimal land take. That said, this often
means they are small features so may need to be augmented with another drainage feature.
They also provide limited ecological benefit, although this is to the benefit of their amenity
value.

Bioretention Systems / Rain Gardens / Tree Pits

Bioretention systems (including rain gardens) are shallow landscaped depressions that can
reduce runoff rates and volumes whilst treating runoff pollution through the use of engineered
soils and vegetation. They are a flexible surface water management component which can be
used in a variety of development landscapes. For example, in low density development the
system might have softer edges whilst in higher density development the edges may be
harder and more linear.

Runoff collected by the bioretention system temporarily ponds on the surface before filtering
through the vegetation and underlying soils, where the majority of water quality treatment
takes places. Submerged anaerobic zones can also be included to promote better nutrient
removal. The filtered runoff is then collected by an underdrain system or infiltrates to the
ground.

There are many different approaches to the design of bioretention systems, which can be
broadly broken down into the following types:

= Rain garden
= Raised planter
= Bioretention tree pit

= Anaerobic bioretention system
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Rain gardens are typically small systems that are likely to be less engineered than typically
bioretention components.

Raised planters are boxed systems constructed above the surrounding ground surface,
providing an alternative to a rain garden. Raised planters are easily retrofitted.

Bioretention tree pits have enhanced performance when compared to conventional tree pits.
This is achieved through extra surface planting. Trees and large shrubs are beneficial in
bioretention systems as they intercept precipitation and allow water to evaporate from leaf
surfaces, dissipate rainfall-runoff energy, facilitate infiltration and groundwater recharge
(because of the their more extensive root systems), provide shade and can reduce runoff
temperatures and provide further amenity and biodiversity benefits.

An anaerobic bioretention system has the outlet piped design so that there is a permanent
water level within the drainage layer, allowing vegetation to access it during dry periods. This
also assists with the treatment of some pollutants such as nitrogen. These systems are
particularly good where trees are planted.

Given that bioretention systems are best suited to managing and treating surface water runoff
at source and best serve smaller catchments, they are naturally suited towards a modular
implementation. In addition, the various forms of system available mean that their design can
be easily adapted to suit the surrounding development character. They can easily be
incorporated into areas of hardstanding, alongside transport corridors or as part of a building
or dwelling frontage.

All forms of bioretention can contribute to integrating biodiversity enhancement and amenity
provision within the site, with multiple studies indicating that connection and visibility of green
spaces improving the wellbeing of occupants and site users.

Pervious Pavements

Pervious pavements provide a hard surface suitable for pedestrian and/or vehicular traffic,
while allowing rainfall to infiltrate through the surface and into the underlying structural layers.
The water is temporarily stored underground before infiltrating to the ground or controlled
discharge downstream. They are an effective means of managing surface water runoff close
to source — intercepting runoff, reducing the volume and frequency of runoff and providing an
effective method of treatment.

There are two types of pervious pavements:

= Porous pavements — Infiltrate water across their entire surface material

= Permeable pavements — Surface is formed of material that itself is impervious to water,
but the materials are laid to provide void space through the surface to the sub-base.

The main types of surfaces used as part of pervious pavement construction are:
= Modular permeable paving — The most common modular permeable paving surface is
concrete block permeable paving. The joints are widened and filled with grit to allow

water into the underlying bedding layer and sub-base.

m  Porous asphalt — This can be used as an independent surface or to provide a stronger
base to concrete block permeable pavements under high traffic loadings.

= Grass reinforcement — Uses plastic or concrete grids infilled with grass or gravel.
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= Resin bound gravel — Provide a range of finish colours, making them well suited to public
or recreational spaces.

= Porous concrete — Can be applied in a similar manner to porous asphalt.

= Macro pervious — These systems are where normally impermeable surfaces are drained
to channels or other collection systems designed to trap oil and silt before being directed
to the sub-base for storage and further treatment.

m  Sports surfaces — Either and aggregate sub-base or plastic sub-base replacement unit
system can be used below turf or porous surfaces to manage surface water runoff.

= Block porous paving — Utilises porous block materials rather than water permeating
through widened joints.

5.8.4 Pervious pavements can be used in most ground conditions and can replace proposed
hardstanding. Therefore, they are well suited to be implemented across the site, with no
additional requirements necessary to facilitate their use.
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Residual Risks

The predominant residual risk to the proposed development and downstream are overland
flows. These could be generated potential blockages of drainage infrastructure and/or the
occurrence of (rare) storm events which exceed the design conditions.

Overland Flows

Potential Blockage

The risk associated with a potential blockage for the main drainage system onsite is
considered to be small, given that the majority of drainage on site will comprise open systems.
Routine inspection and maintenance procedures as described in Section 7 of this report will
minimise the risk of the accumulation of detritus and debris as well as ensuring that the
drainage systems continue to operate efficiently. However, the residual risk of these events
needs to be managed. The principles of dealing with these is set out below.

Exceedance Storm Event

In the event of a rare storm (beyond the design condition), the capacity of the drainage
network could be temporarily exceeded, and drainage inlets could be bypassed creating
overland flow. To minimise and manage the impact of these events at source the SuDS
features for the scheme will be designed with controlled overflows such as spillways and
weirs.

Designing for Overland Flows

It is recommended that an overland flow assessment is undertaken once a completed
proposed ground model, including FFLs, highway levels, landscaping etc., for each proposed
development plot as they are designed. This is so that any hotspots can be identified and
designed out to demonstrate that properties are not at risk.

In finalising the proposed ground model for the proposed development plots, the following
principles should be followed to cater for overland flows:

= All buildings should be provided with internal threshold levels raised above surrounding
ground levels and designated flow paths created around the buildings to the lower lying
levels. Localised grading may be required to achieve level access criteria. Exceedance
flows would then naturally be directed around the buildings to lower ground.

= Gutters and hollow roads can be employed to direct overland flows via defined and
managed routes.

= Divert flows to any present landscaped areas (e.g., natural depressions) away from critical
infrastructure and buildings to further mitigate the impact.

®=  |n certain circumstances it may be necessary to utilise road corridors to deliver this

function. This, however, should not be considered the preferred option and should still
facilitate safe access and egress as well as taking reasonable steps to protect property.
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Operation and Maintenance

Aims & Objectives

To ensure the ongoing performance of the existing surface water management system on the
site, there will be a requirement for regular maintenance over its lifetime. The SWDS has been
developed based on the principles of SuDS, therefore the performance criteria of the SWDS is
not limited to managing water quantities (discharge rates and volumes), but also improving
water quality, providing amenity and enhancing biodiversity.

Typically, the maintenance of SuDS within a surface water management system involves
regular removal of litter/debris in the system and general landscaping. Final designs of SuDS,
outfalls, inlets etc. will need to be designed with regard for future maintenance, details of
which will be appended to this report in accordance with 1.2. All areas will need to be easily
accessible and safe for maintenance operatives without compromising the performance
criteria requirements.

Responsibility for maintenance of the SWDS will lie with This is Gravity Ltd and their partners
Albion Water, who will retain an overall management responsibility of the developed site. It is
likely that operation and maintenance activities for all surface water drainage infrastructure on
site will be contracted by This is Gravity Ltd and Albion Water to a management company
(details of this are yet to be confirmed). It is also likely that this management company’s
responsibility will extend to the hard and soft landscaping of the site to ensure a consistent,
holistic management regime.

Operation & Maintenance Details

Operation and maintenance activities for the rhynes and ditches and reed beds will primarily
concern the management of their respective vegetation. However, following regular
inspections, it may also be required that sediments are removed from these systems
occasionally.

A separate draft Operation & Maintenance Manual for the strategic SWDS components on site
has been produced and can be found in Appendix G. This contains further details regarding
the types of maintenance activities, their purpose and the frequency in which they would need
to be undertaken.
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Conclusion

Planning Submission

This SWDS has been prepared to support an LDO application, the Gravity Smart Campus, at
the Former ROF in Puriton, Somerset.

Surface Water Drainage

The SWDS detailed as part of the LDO application, comprises utilising the diverted and
realigned systems constructed as part of the remediation of the site. These have been
designed to accommodate the upstream catchment flows they currently already manage, as
well as proposed surface water runoff from the development proposals.

As previously agreed with the EA and SDBC, the site will discharge freely into the Huntspill
River via an alteration to its current outfall. Surface water flows will be directed into the
existing reed beds, which are no longer required to treat effluent, before an amended outfall
will direct surface water to the existing North Water Outfall into the Huntspill River. The reed
beds will no longer need to discharge via a pump into the Acid Ditch, however modifications
could be made to maintain a sweetening flow and preserve the water vole habitat in that
watercourse.

An assessment has been undertaken to determine that there is adequate storage within the
reed beds to temporarily store surface water runoff in the event of a tide lock in the Huntspill
River.

Given that there is no discharge rate restriction required, there is also no requirement to
manage discharge volumes on site, above that provided for a tide lock scenario.

The Huntspill River is an NNR, therefore the water quality discharge from the site must be
adequate so that there is no negative impact as a result of the development proposals. This
report has demonstrated that the strategic rhynes and ditches and reed beds provide
adequate water quality treatment for all potential land uses on site.

In spite of adequate water quality treatment provision, this SWDS report recommends that on-
plot SuDS are implemented to further add robustness to the management of surface water
runoff on site, but also to contribute to the ecological and placemaking aims and objectives of
the development proposals by forming part of an integrated Green-Blue Infrastructure
strategy.
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Appendix A Baseline

Figure 1 - Site Location Plan
Figure 2 - Site Location Aerial

\\Tnt-vfps-001\tnt\Projects\49102 Gravity LDO\4002 Flood Risk & Drainge_TA-HYD\EIA Outgoing\5 - SWDS\Appenc
Surface Water Drainage Strategy FINAL ADOPTED VERSION_January 2022_AW.docx



[ site Boundary

/

/S [

Huntspill Moor

r
L \‘/
=]

L‘°”94~ /

I~

—

all

i

emasned=3a Yy’

0

/

e

r%Gombe: La ne“;—\\z

’A’ér

" = e:Dj\
A ) A S—

-

=

Woodlands
&

%

o AP

= L\é

Bey

5

GRAVITY
Site Location

1:15,000 @ A3 Date: 18/08/2021
Drawn: CE Checked: RR
Figure 001 Rev A




) RS []site Boundary

\:‘v
1
3 ¥,
/]
rs
S 1 in ’,‘ i
e ? '. {
¥ § -
~ J
¥
it s
-
a
F «
i
-\
’
:
a'\
A
[
- "'"’
: N -
i .' § .'
— ;Qr B o, i 1 'i. &
i oo -
. WA . F -
§ o U=
5 ! - - {
0 U Lu
8 -
3
e { % a \ ,l
t . X {
Al B, W
< 4
3 - o
} )
- h."
! <
=y |
=, - — =
\ A w
s f N 2 -
2 <IN
© R Ty
FE LT r
“w {
3 » 5 = ¥

)
4
>
N
x
o

0 250
[ =e— )
Source: Esri, Maxar, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community
Contains Ordnance Survey data (c) Crown copyright and database right 2019.
Figure 002

GRAVITY
Site Location (Aerial)

Z:\Projects\332310102\02_mxd\FRA\mxd/Figure002_SiteLocation.mxd




Surface Water Drainage Strategy @ Stantec
This is Gravity

Appendix B Topography

Figure 3 - Topography
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Appendix C  Existing Drainage

332310092-4002-SK01 Existing Drainage Conditions
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Appendix D Reed Bed Assessment

Existing Surface Water & Effluent Infrastructure Assessment
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report is addressed (‘Client’) in connection with the project described in this report and takes into
account the Client's particular instructions and requirements. This report was prepared in accordance
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Existing Surface Water & Effluent Infrastructure Assessment @ Stantec
This is Gravity

1 Introduction

1.1 Scope of Report

1.1.1  This Existing Surface Water & Effluent Infrastructure Assessment (henceforth referred to as
“report”) has been produced by Stantec UK (Stantec) as an appendix to the Surface Water
Drainage Strategy (SWDS), also produced by Stantec, in support of a Local Development
Order (LDO) application. The LDO application is made by our Client, This is Gravity Ltd, for an
industrial-led multi use development at the Former Royal Ordnance Factory (ROF) Puriton in
Somerset.

1.1.2 This report is intended to provide a summary of the on-site water management regime,
covering surface water and foul drainage, for both the pre-remediation and post-remediation
condition. This report also assesses the capacity and condition of the reed bed and lagoon
system to the north of the site.

1.1.3 Some documentation relevant to the surface water management plan, and which have been
developed in the context of the preparation of a LDO, has already been produced and

approved by the relevant authorities, where required, including: the Strategic Design Code,
Strategic Landscape Masterplan and the Clean and Inclusive Growth Strategy.

1.2  Source of Information

1.2.1  Stantec has been involved in assessing Flood Risk and Drainage at this site for over 10 years,
including in support of an extant Outline Planning Consent in 2017 (ref: 42/13/00010). As
such, a number of reports and assessments have been completed to date. These are listed
below:

= Royal Ordnance Factory Puriton TUFLOW Modelling Report (July 2007)

= Royal Ordnance Factory Puriton TUFLOW Modelling Addendum to Technical Modelling
Report (October 2007)

= Royal Ordnance Factory Puriton TUFLOW Modelling Addendum NO.2 of Technical
Modelling Report (January 2008)

= Huntspill Energy Park Remediation Application — Flood Risk Assessment (October 2011)
= Borrow Pit Angling Club Flood Risk Assessment (October 2012)

= Huntspill Energy Park Remediation Phase 1 Drainage Scheme (March 2013)

= Huntspill Energy Park Flood Risk Assessment (April 2013)

= Huntspill Energy Park Surface Water Management Strategy (April 2013)

= Huntspill Energy Park Addendum to Surface Water Management Strategy (October 2013)

= Huntspill Energy Park Remediation Application Surface Water Management Strategy
(October 2013)

= Huntspill Energy Park Remediation Works Drainage Scheme for Plots J-K (January 2014)
= Puriton Solar Farm Drainage Strategy Technical Note (February 2015)

= Huntspill Solar Park Surface Water Management Strategy (December 2015)
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= Land at Puriton Abstraction Assets Assessment (March 2018)
= Huntspill Energy Park Tidal Flood Risk Summary Note (June 2018)

1.2.2  Additionally, a survey report undertaken by Duntech Environmental Services in January 1994
and a topographical survey of the reed bed system north of the site undertaken by Lewis
Brown Chartered Land Surveyors in March 2020 have been reviewed.

1.2.3 As part of the LDO application, Stantec have produced updated Flood Risk Assessment (FRA)
and SWDS reports, with this report forming an appendix to the SWDS. It should be noted that
whilst many of the findings and conclusions of the previously completed works have informed
the SWDS, these documents were undertaken in relation to the extant consent. Hence, the
area assessed by these documents is smaller in extent than the proposed LDO area. Where
relevant, the findings of these documents has been referenced and/or updated to reflect this
new site extent.
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Pre-Remediation

The Site

Prior to the commencement of the remediation works, the former ROF comprised of a number
of factory buildings and ancillary office buildings located centrally within the site. Munitions
production buildings enclosed by blast mounds were located within the remainder of the site.
In addition, there were several greenfield, wooded areas.

The surface water and foul water management regime, and potable water supply conditions
for the site prior to remediation have been outlined in the following sections.

Surface Water Management

Prior to remediation, the site was drained by a network of ditches and rhynes that conveyed
surface water generally northwards. The ditches within the site fall into two categories; those
that convey flows through the site from the upstream catchment, and those that only serve the
site itself.

A Surface Water Management Strategy (SWMS) was prepared in 2013 to support the outline
planning application for the remediation works. As part of the SWMS, a detailed inspection of
the existing ditch network within the site was carried out to understand the flow routes and
connections across the site. The inspection also confirmed the sub-catchment areas and
various outfall locations.

The pre-remediation drainage patterns including sub-catchments and outfall locations are
described as below:

= Sub-Catchment A — A small section of land on western boundary, and another north-west
of centre, discharges into the Black Ditch directly.

m  Sub-Catchment B — The maijority of the western parts of the site drain to the “Site Acid
Ditch”.

= Sub-Catchment C — A small section of land located centrally in the north of site drains to
the “Site Acid Ditch”.

= Sub-Catchment D — Central areas, representing a significant proportion of the site, drain
to a south-to-north rhyne which continues parallel to (but separate from) an existing reed
bed system before discharging into the Huntspill River via the “North Water Outfall”.

= Sub-Catchment E — Eastern parts of the site drain north-eastwards to the Stoning Pound
Rhyne.

®  Sub-Catchment F — South-western areas of the site which drain to the unnamed viewed
rhyne to the west. This area is associated Gravity Link Road, which has been consented
as part of the previous outline consent and is currently under construction.

®  Sub-Catchment G — North-western areas of the site associated with the existing railway,
which appear to discharge into adjacent rhynes and ditches before conveying flows
westwards to either the Huntspill River or Parrett Estuary.

The Black Ditch and the Stoning Pound Rhyne are managed by the Somerset Drainage Board
Consortium, while the Huntspill River is managed by the Environment Agency.
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Water levels in the Huntspill and the upstream rhyne network are managed seasonally. In
winter, water levels in the rhynes are lowered to reduce the risk of flooding by provided greater
storage and conveyance capacity. In summer, water levels are maintained at a higher level to
provided irrigation and water supply for nearby agricultural land. Prior to remediation works,
the typical water level in the Huntspill was approximately 3.5mAQOD in the summer, and
2.9mAOD in the winter. Water levels within the rhynes are managed through the use of pens
and stop-logs.

It is assumed that water levels within the on-site ditches and rhynes were of a comparable
level, given the flat topography and therefore limited hydraulic head.

Foul Water Management

When the ROF site was operational, large volumes of process effluent were treated and
discharged each day. Effluent was piped or pumped to a large treatment tank, known as ‘The
Lido’ in the centre of the site. The effluent was then pumped from the Lido towards the large
reed bed facility in the north of the site. The Lido also has an overflow to a ditch which runs
west towards the site boundary before turning north and circumnavigating the site clockwise
as far as the reed beds. This ditch is known as the ‘Acid Ditch’.

The reed bed system requires the use of inter-stage pumping to utilise the reed bed system.
This circulation and transfer pumping station is located just south of the reed bed locations

Following the passage through the reed beds, treated flows are then pumped into an outfall
ditch immediately north of the reed beds. This ditch then turns west and flows parallel to (but
separate from) the Huntspill all the way to the Parrett Estuary. The ditch is subject to a
maintenance agreement with the EA and the outfall from the reed beds falls under a discharge
consent license.

The outfall ditch from the reed beds is also known as the ‘Acid Ditch’. To avoid confusion, the
ditch within the site is referred to as the ‘Site Acid Ditch’.

Potable Water Supply

During operation of the ROF site, potable water supply was not provided by the local water
company, in this instance Wessex Water. Instead, water demands were met via abstraction
and treated privately before distribution across the site.

A water treatment works for the site was located approximately 1.2km south of the site on
Knowle Hill. This site included two combined covered reservoirs, which are assumed to have
supplied both potable and process/demineralised water to the site. In combination, these
reservoirs had a capacity of 250,000 gallons (approximately 1,140m?3 or 1,140,000 litres).
There were two 250mm (10”) diameter pipes for supplying process water to the site and two
150mm (6”) diameter pipes for potable water supply.

There are two abstractions associated with the ROF. Firstly, there is a licence
16/52/011/S/048 for the abstraction of water from the Huntspill River at ST 344 436. This is for
industrial purposes and the maximum quantity of the water permitted is 3,500m? per day and
420,000m3 per year. The licence also states that the annual abstraction shall be regarded as
the maximum to be taken from the Huntspill River but shall be within the maximum aggregated
quantity of water authorised to be abstracted in any year under licence number
16/52/008/S/122 relating to abstraction from the Kings Sedgemoor Drain.
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2.4.4 The second licence is 16/52/008/S/122 for the abstraction of water from the Kings Sedgemoor
Drain at ST 330 400. This is for general cooling water and the maximum quantity permitted is
700m3 per hour, 3,000m? per day and 1,000,000m? per year. The licence states that it is
linked to 16/52/011/S/048 with an aggregate annual licence quantity of 1,000,000m3. It also
states that abstraction must stop when the level in the Kings Sedgemoor Drain drops below
that required to meet agricultural needs or the flow over the Dunball Clyst stops.
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Post-Remediation

Nature of Completed Remediation Works

The completed remediation works have been undertaken cognisant of the layout supporting
the approved hybrid planning application 42/13/00010 and the separate remediation works
planning application 42/11/00017.

The scope of the remedial works completed to dates is as follows:
= Demolition of remaining buildings;

= Treatment of contaminated material;

= Creation of a landscaped mound at the west of the site;

Importantly, the principles of the remediated strategy remain the same as previously
consented but updated to better reflect the proposed development plots as proposed within
the LDO application. A plan of the remediated surface water drainage strategy can be found
appended to this report.

Subject to planning approval, it is intended the remediation works are completed in 2022.
Surface Water Management

The remediation of the former ROF site involves modification of the existing site land drainage
network including realignment or diversion of existing rhyne and ditch routes around the plot
areas. The remediation strategy originally proposed in 2013 was prepared based on five key
objectives. These have been maintained as part of the current S73 application to vary
Condition 9. They are as follows:

1. To provide treatment and pollution prevention measures during the remediation works.

2. To preserve the function and hydraulic continuity in the land drainage network through the
site.

3. To reflect/accommodate the emerging future developments surface water management
strategy.

4. To provide sufficient land drainage including temporary drainage features to serve the site
in its remediated condition prior to the commencement of the future development
construction.

5. To ensure adequate maintenance of the drainage system including the existing outfall
routes.

The drainage scheme proposed as part of the remediation strategy intended to reflect the pre-
remediation drainage characteristics while preserving the flexibility for the design of any future
development.

It is understood that pre-remediation whilst the ROF site was operational the ditches and
rhynes within the site were well maintained and thought to have been of sufficient capacity.
During the decommissioning of the ROF site the maintenance of the ditches has
understandably become less frequent. Despite this, the network was still seen to be
preforming well, which suggests the layout and size of the ditches are adequate to serve the
site.
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3.2.4 The arterial ditch routes will be diverted to accommodate the plots within the development
proposals. Ultimately, all drainage on site, both post-remediation and post-development, will
drain to these ditches, therefore these will be diverted during the initial remediation works to
provide the necessary plot layouts as the development is progressed. This will also avoid
individual plots being reliant on one another, allowing greater flexibility regarding the
development programme.

3.2.5 Where ditches are to be diverted it will be important to design the new connections with
sufficient capacity so as to avoid impeding the existing flows. Some of the diversion routes
make use of existing ditches. These ditches will be cleared and profiles upgraded as required
to ensure capacity is undiminished.

3.2.6 ltis proposed to infill all ditches within the proposed plot boundaries as part of the works. As
each plot is brought forward for development in the future, an on-plot drainage system will be
required linking into the overall surface water strategy for the development proposals.
However, a temporary/interim land drainage system will be needed to drain the plot and this
will be installed as part of the remediation works.

3.2.7 Ditch modifications is based on the following principles:
®  All existing ditches within the plot boundaries to be infilled.

= Where ditches that convey flows from upstream pass through the plot area, these will be
diverted around the perimeter of the plot.

= A network of ditches will be provided on-plot to serve as land drainage in the remediated
condition.

= Existing catchments and outfall locations will be preserved as far as practicable in order to
avoid impacts on the downstream drainage regime.

3.2.8 The existing site ditches are generally spaced around 100m apart and the proposed layout of
on-plot ditches has been prepared with a similar spacing.

3.2.9 Material will be imported on site to form the proposed LDO development platforms, raising
levels above existing. Ground levels will be defined to provide a slight fall into the plot from the
boundaries towards the ditches. Watersheds within the plot will be defined between the
ditches.

3.2.10 A minimum interim earthworks level of 5.25m AOD has been identified based on the FRA
work previously carried out by Stantec (in support of the extant outline planning permission,
not the LDO). This will be the lowest ground level on all plots upon completion of the
remediation works. This will form a level in which the design levels stated in the FRA and
Surface Water Drainage Strategy for the LDO can be constructed above.

3.2.11 Therefore, the proposed ditch top-of-bank levels have been set to 5.25m AOD, except where
existing ground levels are greater than this. In those locations, the proposed top-of-bank level
is based on the existing ground level to avoid being in ‘cut’.

3.2.12 A general ditch profile based on the existing ditch characteristics has been applied to the new
ditch design. This profile comprises a 1m bed width, around 0.7m deep, with 1:1 bank slopes.
A bed gradient of 1 in 1,000 has generally been used, with depths a little greater than 0.7m at
the downstream end and a little less than 0.7m at the upstream end.

3.2.13 Culverts on retained watercourses will be opened up wherever possible although some new
culverts/bridges may be required at plot access locations.
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The remediation works do not include any introduction of hardstanding areas. Conversely,
existing buildings and hardstanding areas at the site are being demolished. Therefore, there
will be no increase in runoff rates and volumes from the site as a result of the works. Hence,
there is no requirement to limit discharge rates and provide attenuation storage.

Foul Water Management

As the ROF is no longer operational, it has been assumed that any remaining foul drainage
infrastructure on site has been decommissioned and removed from the site or is no longer fit
for purpose. In any case, the remaining foul drainage infrastructure is no longer carrying foul
drainage as there is no effluent generated on the site in its post-remediation condition.

However, the retained buildings and 37 Club drain to a package treatment plant that is located
in an area of land just outside the main access gate to the site. The treated effluent is
discharged to the main ditch under licence from the EA.

Potable Water Supply

As with the foul water management on site, there is no longer demand for potable water
supply on site. Therefore, it is again assumed that potable water supply infrastructure on site
has either been decommissioned and removed from the site or is no longer fit for purposed.

The off-site infrastructure at Knowle Hill remains in place and is unaffected by the remediation
works but is not fit for purpose and is not required for the purposes of the Gravity site for future
use.
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4 Reed Bed Survey Information

4.1 1994 Survey

4.1.1 A survey of the reed bed system was undertaken by Duntech Environmental Services in
January 1994, on behalf of then site owners British Aerospace Defence Limited. This not only
recorded the condition of the reed beds but also made recommendations for future
maintenance.

4.1.2 The survey indicated that the reed bed is approximately 700m long and has an average width
of 70m, covering and area of 4.9ha. At the time of this survey, the base of the reed bed was
stated as alluvial clay overlain by varying amounts of sediment topped by up to 0.5m of
degrading peat and reed detritus. The depth of the water channel along the reed bed’s
western edge varied between 0.5-1.2m, with an average depth of 0.78m given.

4.1.3 Commentary was provided on the geology and hydrogeology of the area in which the reed
bed is located, and it was noted that both of these were typical of what is recorded in the
Somerset Levels. The combination of the alluvial grey clay (resulting in a low permeability soil)
and flat topography accounts for the poor drainage in the area and the high groundwater
levels, which were indicated to never be more than 1.5m below the soil surface. The reed bed
is isolated from adjacent watercourses by clay banks. It was noted that the levels in the reed
bed are lower than the surrounding water table and in a number of cases, surface water runoff
flows from adjacent fields into the reed bed.

4.1.4 The survey stated that the reed beds were generally well established, with an increase in
vegetation compared to a previous survey of the system. It did, however, comment that the
reeds were not fully established across the system, particularly where effluent enters the reed
beds. The conclusion was that the conditions, both nutrient-wise and pH levels, within the
system were generally favourable for the health of the reed bed system, although low levels of
potassium and phosphates (key nutrients) have been replaced by sulphate which was found
to be in high levels across the system and resulted in poorer growth towards the southern end.

4.1.5 The survey report indicates that without intervention, eventually the reed bed detritus will
exceed the water level resulting in self-extinguishing of the reed bed system. This can be
prevented either by increasing the water level or burning back the reeds. However, at the time
of the survey the detritus build-up was not of a sufficient level to enable efficient effluent
treatment.

4.1.6 The 1994 report proposed the following design:

= Construction of an inlet lagoon to act as a buffer and permit the further establish of the
reed beds in the southern end of the system. This would occupy the whole width of the
bed and be approximately 20m north to south;

= At the north east corner of the lagoon would be a screened inlet chamber with a 300mm
diameter PVC pipe running the whole length of the bed;

= The PVC pipe would be fitted with two valved outlets leading into each section of the bed,
therefore effluent would flow by gravity from the inlet chamber to the eastern edge of the
reed bed;

= |n the north west corner of the lagoon, a bypass weir would be constructed to allow
excessive surface water runoff to drain into the north to south ditch along the western
edge of the reed beds. This would normally be fairly well diluted effluent which would mix
with treated effluent coming off the reed beds;
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= At the northern end of the reed bed system, where it narrows into a single channel, would
be constructed the main lift pump station comprising a screened chamber and three dirty
water low lift pumps with a duty of 90m3/hr each. These will allow water levels to rise
concurrently with the detritus level but then still drain the reed beds into their existing
outlet.

A copy of the 1994 survey report can be found in Appendix A.

2020 Survey

A new topographical survey of the reed beds was undertaken in January 2020 by Lewis
Brown Chartered Land Surveyors to confirm the location and condition of key infrastructure
within the reed bed system as well as to determine the levels of siltation within the reed beds
themselves.

The 2020 survey generally indicates that the design proposals put forward in the 1994 survey
report were constructed. However, as noted in paragraph 3.2.3 the lack maintenance of the
overall infrastructure on site in recent years has meant that not all aspects of the 1994 design
could be found on site or confirmed without some degree of uncertainty. Nonetheless, the
presence of ‘hard’ infrastructure in locations closely matching the 1994 proposals were
identified.

At the southern end of the reed bed system, two chambers were found; one in the east and
one in the west, suggesting that that bypass weir overflow into the western channel and
300mm diameter PVC pipe discharging effluent into the reed beds from the east were
constructed. This pipe was not observed during the survey, but underground services along
the eastern flank of the reed bed system was found, which may corroborate with this pipe.

At the northern end, no outfall pipe was observed, either visually or audibly. However,
chambers were observed in the north-eastern corner which may be the location of the uplift
pumps.

Not all detritus levels could be determined for all reed beds, but where bed and detritus levels
could be measured, the detritus layer across the reed bed system varies from approximately
0.1m deep to 0.5m depth, with one excepting indicating nearly 1.0m depth of detritus.

Much of the reed beds themselves and the surrounding area, including the eastern and
western bunds and outfall ditches, were indicated to be overgrown and covered by dense
vegetation.

A copy of the 2020 reed bed survey can be found in Appendix B.
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5 Reed Bed Condition Assessment

5.1 Surveyed Condition

5.1.1 Table 5.1 below summarises average bed and silt levels within the reed beds, as surveyed in
2020. The reed bed references are also consistent with that survey, with Reed Bed 01 being
the most southerly and Reed Bed 15 the most northerly.

Averaged Measured Bed | Averaged Measured Silt | Average Accumulated

s:feﬂeiii Level Level Silt Depth

(mAOD) (mAOD) (m)

01 3.24 3.38 0.14*

02 342 3.82 0.40

03 3.49 3.80 0.31

04 3.55 3.86 0.31

05 3.40 3.76 0.36

06 3.51 3.82 0.31

07 3.47 3.94 0.47

08 Not obtained Not obtained Not obtained

09 Not obtained Not obtained Not obtained

10 Not obtained Not obtained Not obtained

11 Not obtained Not obtained Not obtained

12 Not obtained Not obtained Not obtained

13 Not obtained Not obtained Not obtained

14 3.47 3.57 0.10

15 3.35 3.59 0.24

Table 5.1: 2020 Survey Summary

*Bed and silt level only provided at one location in Reed Bed 01. Additional bed level provided
but no silt level to compare against.

5.1.2 Bed levels and silt levels were not recorded for all reed beds. However, it is reasonable to
assume that the bed levels of the reed beds vary little from Reed Bed 01 in the south and
Reed Bed 15 in the north. Based on the information available, the average bed level is
3.45mAOD.
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5.1.3

5.2

5.21

5.2.2

5.2.3

524

5.2.5

The level of silt accumulation appears to reduce from Reed Bed 01 and Reed Bed 15. This
was to be expected as silt is “trapped” upstream by the reeds themselves and thus reducing
the sediment load available for siltation further downstream.

Water levels were recorded in Reed Bed 01 (4.44mAQOD on 05 March 2020), Reed Bed 02
(4.43mAOD on 05 March 2020), and Reed Bed 15 (4.38mAQOD on 04 March 2020 and
4.46mAOD on 18 March 2020).

Capacity Assessment

For the purpose of assessing the capacity of the of the reed beds following the 2020 survey,
the same methodology utilised within the 2013 SWMS. The 2013 SWMS methodology
estimated the available storage based on the outfall depth, the minimum crest level and the
total area of the reed beds and also accounted for potential “tide-locking” of the reed beds.

In this assessment, the downstream level has been based on the measured bed levels within
the reed beds, assessing against the maximum, minimum and average level. The crest level

remains the lowest level surveyed. These calculations have been repeated for the maximum,
minimum and average measured silt accumulation depth, as this information is now available
when compared with the 2013 SWMS. This assessment also accounts for the current outfall

depth and the likely impacts of ecological enhancement works within the reed beds.

The 2013 SWMS nor this assessment took account of the current water levels within the reed
beds. This is because it is assumed that the existing water volume within the reed beds above
the outfall would be “pushed” out by incoming flows and thus does not represent a volume
restriction. This point is more relevant as the outfall arrangement, as proposed and consented,
changes from a pumped discharge into the Acid Ditch to a gravity discharge via the North
Water Outfall into the Huntspill River.

Available Capacity — All Silt Removed

Table 5.2 provides an assessment of available capacity assuming all silt is removed.

‘ Minimum Average Maximum

Reed Bed Area (m?) ‘

Surveyed Bed Level
(mAOD)

Lowest Surveyed
Crest Level (mMAOD)

Reed Bed Capacity
(m?)

Table 5.2: Summary of Available Capacity with All Silt Removed

Based on the storage volume requirement calculated in the 2013 SWMS (38,200m3), the
average surveyed bed level in conjunction with the lowest surveyed crest level will provide
adequate storage. However, this assessment does not accurately take account of the volume
lost to the banks between each reed bed (although, given the scale, this is likely to be of
negligible impact) nor the fact that as an average value, there will be areas with higher bed
levels which will reduce this level. Therefore, raising of the reed beds crest level is likely to still
be required to provide some freeboard.
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Available Capacity — Silt Remains In-situ

5.2.6 The previous assessment does not take account of the level of siltation evident within the reed
beds. Table 5.3 below indicates the available capacity when accounting for silt within the reed
beds.

‘ Minimum Average Maximum

Reed Bed Area (m?) ‘

Surveyed Bed Level
(mAOD)

Surveyed Silt Level
(mAOD)

Lowest Surveyed
Crest Level (mMAOD)

Reed Bed Capacity
(m?)

Table 5.3: Summary of Available Capacity with Silt Remaining In-Situ

5.2.7 Taking account of siltation, there is no longer sufficient capacity within the reed beds based on
the average silt level recorded, which indicates a 11,372m? shortfall. In a “do nothing”
scenario, to provide enough capacity (as per the 2013 SWMS) the crest level across the reed
bed area would need to be raised to 4.81mAOD (raised by 0.31m). This again does not take
account of the volume lost to the banks nor does this raised crest level include for any
freeboard.

5.2.8 By raising the crest level of the reed beds by 0.31m, the volume impounded above natural
levels (11,372m3) would not be considered a Reservoir under the Flood and Water
Management Act 2010 and therefore would not fall under the regulations defined in the
Reservoirs Act 1975.

5.2.9 However, it is recommended that a risk assessment for the potential breach or failure of the
raised crest level is undertaken prior to design. Furthermore, it is also recommended that
regular inspection of the raised crest level is undertaken during the site’s operation so that
potential.

5.2.10 Atthis stage, it can be stated that in the event of the available tide lock storage volume being
utilised i.e. water temporarily stored above existing natural levels, the surrounding landscape
would likely be inundated with tidal waters. Therefore, in the event of a breach or failure of the
raised crest level embankment, the impounded waters would flood already flooded land. In the
event the surround land was not inundated, this land is used solely for agriculture therefore
the risk of people and buildings is minimal. The impounded waters would also drain into the
Huntspill River, based on the topography.

5.2.11 This high-level assessment of risk remains true for all potential options discussed where
raising of the crest level is required.

Impact of Existing Outfall Level

5.2.12 The current outfall level is 3.5mAQD, therefore as previously calculated in 2013 SWMS the
crest level will need to be raised to 4.6mAQOD (raised by 0.10m) to provide sufficient capacity
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5.2.13

5.2.14

5.2.15

5.2.16

5.2.17

5.2.18

5.2.19

(without freeboard). This assumes that all silt is removed to this level or lower and that the
reed beds can completely dewater, once the outfall is amended from the current pumped
discharge to the Acid Ditch to the consented strategy of a gravity discharge to the Huntspill
River via the North Water Outfall.

As with the option of leaving the silt in-situ, raising the crest level of the reed beds by 0.10m,
the volume impounded above natural levels (3,675m3) would not be considered a Reservoir
under the Flood and Water Management Act 2010 and therefore would not fall under the
regulations defined in the Reservoirs Act 1975.

It is recommended that a risk assessment for the potential breach or failure of the raised crest
level is undertaken prior to design. Furthermore, it is also recommended that regular
inspection of the raised crest level is undertaken during the site’s operation so that potential.

Impact of Biodiversity New Gain Opportunities

It is likely that biodiversity measures could be required within the reed beds, which in turn will
require a permanent water level to be present i.e. the reed beds cannot completely dewater.
There are two options available for achieving this; lowering the bed level below the outfall
invert or raising the outfall invert. The latter option is likely to be the easiest to achieve
construction-wise and financially.

Based on the recommendations of CIRIA C753 “The SuDS Manual”, water levels within the
reed beds should vary between 0.4m and 2.0m deep. For the purpose of this assessment we
have assumed an average water depth of 0.5m, as the reed beds are more characteristic of a
wetland than a pond and therefore requires a shallower permanent water depth. Therefore,
the outfall needs to be raised to 4.0mAOD. Assuming that silt levels are removed to this level
or lower, this yields a capacity of 18,375m3, which indicates a 19,825m? shortfall and which
would require the crest level to be raised to 5.04mAOD (raised by 0.54m) to mitigate this
(without freeboard).

By raising the crest level of the reed beds by 0.54m, the volume impounded above natural
levels (19,825m3) would still not be considered a Reservoir under the Flood and Water
Management Act 2010 and therefore would not fall under the regulations defined in the
Reservoirs Act 1975.

However, as this is still a large volume and close to the threshold, it is recommended that a
risk assessment for the potential breach or failure of the raised crest level is undertaken prior
to design. Furthermore, it is also recommended that regular inspection of the raised crest level
is undertaken during the site’s operation so that potential.

Should the option of lowering the bed levels be preferred, by lowering the bed level to at least
3.0mAOD and ensuring silt accumulation is removed to 3.5mAQOD or lower, it will only be
necessary to raise the reed bed crest level to 4.6mAQOD (raised by 0.10m) (without freeboard)
to achieve the necessary volume. Again, the impounded volume stored above existing natural
levels in this option would not be considered a Reservoir.
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6

6.1

6.1.1

6.2

6.2.1

6.2.2

6.2.3

6.2.4

6.2.5

Recommended Works

Hydraulic Capacity

Based on the assessment of available capacity within the reed beds outlined in Section 5, it
will be necessary to include some bank raising/reinforcement to provide sufficient storage
within the reed beds and account for “tide-locking”. The following scenarios and degrees to
which the banks need raising are as follows:

= “Do Nothing”, average silt level remains at 3.77mAQOD and the outfall at 3.5mAOD —
Raise banks by 0.1m to 4.6mAQOD;

= Remove silt to outfall invert level (3.5mAOD) — Raise banks by 0.1m to 4.6mAQOD;

= Raise outfall to 4.0mAOD to provide 0.5m permanent water depth — Raise banks by at
least 0.44m to 5.04mAQD;

= | ower bed level to provide 0.5m permanent water depth — Raise banks by 0.1m to
4.6mAQOD.

Which option is preferred is subject to a technical and financial feasibility assessment beyond
the scope of this report. Following that feasibility assessment, the detailed design of the
surface water drainage strategy and the reed beds will be undertaken and submitted as part of
future stages of work.

Ecological Considerations

The following section provide a high-level consideration of ecological constraints and
opportunities affecting the reed bed works. The details of these considerations will be subject
to further input from an ecologist, but this is beyond the scope of this report.

It is understood that the raising of the reed beds banks can be undertaken at any time of year,
provided it does not disturb nesting birds. However, in previous planning processes, the reed
beds have been identified as a receptor site for water vole relocation from other areas of the
site. In the LDO, Natural England are working with the promotor to considering landscaping
issues and it is now possible that water vole relocation off site may be possible. Therefore, the
reed bed works require reconsideration.

Furthermore, if silt is to be removed from the reed beds, this will also need to be undertaken in
advance of the water vole relocation. The reeds themselves would likely also be removed at
this stage, to allow controlled regeneration, which may affect nesting birds. Therefore, silt and
reed removal should be undertaken outside of the nesting season. The removal of the reeds
may also need an ecological permit for this reason.

It is not a requirement that all reed beds are rehabilitated at the same time, and in fact it may
not be beneficial to do so from a practicality and ecological perspective. Therefore, these
works can be undertaken in phases.

Removal of the reeds and silt should be undertaken in accordance with the recommendations
of the Surface Water Operation and Maintenance Manual.
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6.2.6 As part of the ecological enhancement of the reed beds, there will likely be the introduction of
varying levels to create a variety of submerged, marginal and dry habitat within the reed beds.
These enhancements are subject to further ecological and engineering design. When these
are available, an assessment of the reed bed capacity should be undertaken as a check. This
would be done as part of a future Reserved Matters Application related to another condition
concerned with detailed surface water drainage design, as opposed to the strategic-level of
this report.
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Appendix A 1994 Reed Bed Survey

Duntech Environmental Services January 1994 Reed Bed Survey: Royal Ordnance Explosives
Division Bridgewater Somerset
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Pipe sizes and connections are determined from surface level
inspection and service records where available.

UNDERGROUND SERVICES

Any underground services shown on this survey are from information
on service enquiries and tracing with Electrolocation equipment.

Some underground services may be undetectable, e.g. non-conductive
pipes or cables and therefore NOT SHOWN
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B Any contours depicted on this drawing have been interpolated from
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The contour line positions have been generated by ground modelling
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Micromobility connections
(including pedestrian and cycle)

East-west landscape corridor to
incorporate landscaping such as
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Existing trees/ woodland to be
retained where possible

Structural tree and woodland
planting
(indicative extents)

Trees to be retained where possible
subject to rail alignment and
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Gravity Park

Green Edge to Woolavington

Indicative location of greenspace

Placemaking Node

— important focal points, development
should respond appropriately
through landscape and built form.

Green Edge to Woolavington Road
— landscaped area adjoining
highway to reflect campus feel.

Landscape bund and planting

Existing water bodies to be retained

Indicative location of water attenuation

Attenuation areas to be delievered as
part of the link road
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Wellbeing and Arrival Zone

Up to 50% of the zone will
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tree nursery, community uses, sports,
leisure or associated infrastructure such
as roads, footpaths and cycle routes.

Rail corridor - Freight and Passenger,
and associated infrastructure

Passenger Station
(indicative location)

Development zone

Development zone - Up to 50% of the
zone will accommodate buildings, the
remainder will be associated
infrastructure such as rail, including
mobile gantry cranes, roads and
laydown space and/or green
infrastructure.

Overhead powerlines 400 kVA
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Stantec UK Ltd

Caversham Bridge House
Waterman Place
Reading, RG1 8DN

Date 18/08/2021 14:30
File GRAVITY.MDX

Designed by dgroves
Checked by

Innovyze

Network 2020.1

STORM SEWER DESIGN by the Modified Rational Method

Design Criteria for Storm

Pipe Sizes STANDARD Manhole Sizes STANDARD
FEH Rainfall Model

Return Period (years) 100
FEH Rainfall Version 2013
Site Location GB 391363 263985 SO 91363 63985
Data Type Point
Maximum Rainfall (mm/hr) 50
Maximum Time of Concentration (mins) 30
Foul Sewage (1/s/ha) 0.000
Volumetric Runoff Coeff. 0.750
PIMP (%) 100
Add Flow / Climate Change (%) 0
Minimum Backdrop Height (m) 0.200
Maximum Backdrop Height (m) 1.500
Min Design Depth for Optimisation (m) 1.200
Min Vel for Auto Design only (m/s) 1.00
Min Slope for Optimisation (1:X) 500

Designed with Level Soffits

Network Design Table for Storm

« - Indicates pipe capacity < flow

PN Length Fall Slope I.Area T.E. Base n HYD DIA Section Type Auto
(m) (m) (1:X) (ha) (mins) Flow (1/s) SECT (mm) Design
$1.000 174.208 2.500 69.7 9.692 10.00 0.0 0.040 \/ -2 Pipe/Conduit &
$1.001 68.976 0.046 1499.5 0.488 0.00 0.0 0.040 \/ -5 Pipe/Conduit I3
51.002 50.644 0.204 248.3 0.000 0.00 0.0 0.040 \/ -3 Pipe/Conduit of
5$1.003 49.705 1.000 49.7 0.000 0.00 0.0 0.040 \/ -3 Pipe/Conduit I3
$2.000 23.605 0.500 47.2 8.180 10.00 0.0 0.040 \/ -2 Pipe/Conduit &
51.004 41.249 0.750 55.0 0.000 0.00 0.0 0.040 \/ -3 Pipe/Conduit I3
S51.005 53.899 0.750 71.9 0.000 0.00 0.0 0.040 \/ -3 Pipe/Conduit of
$1.006 27.034 1.250 21.6 0.000 0.00 0.0 0.040 \/ -3 Pipe/Conduit I3
S$1.007 26.281 2.652 9.9 0.000 0.00 0.0 0.040 \/ -2 Pipe/Conduit ]
S$3.000 43.816 1.000 43.8 7.418 10.00 0.0 0.040 \/ -2 Pipe/Conduit &
$3.001 80.001 4.750 16.8 0.000 0.00 0.0 0.040 \/ -2 Pipe/Conduit I3
$3.002 18.710 0.250 74.8 0.263 0.00 0.0 0.040 \/ -2 Pipe/Conduit of
Network Results Table

PN Rain T.C. US/IL = I.Area L Base Foul Add Flow Vel Cap Flow
(mm/hr) (mins) (m) (ha) Flow (1/s) (1/s) (1/s) (m/s)  (1/s) (1/s)
51.000 50.00 11.33 15.750 9.692 0.0 0.0 0.0 2.18 6541.9 1312.4
S$1.001 50.00 13.46 13.250 10.180 0.0 0.0 0.0 0.54 3244.2 1378.6
51.002 50.00 14.14 13.204 10.180 0.0 0.0 0.0 1.23 4938.1 1378.6
S51.003 50.00 14.44 13.000 10.180 0.0 0.0 0.0 2.76 11035.8 1378.6
S$2.000 50.00 10.15 12.500 8.180 0.0 0.0 0.0 2.65 7947.9 1107.7
51.004 50.00 14.70 12.000 18.360 0.0 0.0 0.0 2.62 10491.3 2486.2
51.005 50.00 15.10 11.250 18.360 0.0 0.0 0.0 2.29 9177.9 2486.2
51.006 50.00 15.20 10.500 18.360 0.0 0.0 0.0 4.18 16730.4 2486.2
51.007 50.00 15.28 9.250 18.360 0.0 0.0 0.0 5.78 17347.5 2486.2
$3.000 50.00 10.27 17.000 7.418 0.0 0.0 0.0 2.75 8250.0 1004.5
S$3.001 50.00 10.57 16.000 7.418 0.0 0.0 0.0 4.44 13306.7 1004.5
$3.002 50.00 10.71 11.250 7.682 0.0 0.0 0.0 2.10 6312.5 1040.2

©1982-2020 Innovyze




Stantec UK Ltd
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Caversham Bridge House

Waterman Place
Reading, RG1 8DN

Date 18/08/2021 14:30
File GRAVITY.MDX

Designed by dgroves
Checked by

Innovyze Network 2020.1
Network Design Table for Storm
PN Length Fall Slope I.Area T.E. Base n HYD DIA Section Type Auto
(m) (m) (1:X) (ha) (mins) Flow (1/s) SECT (mm) Design
$3.003 49.823 0.033 1509.8 0.000 0.00 0.0 0.040 \/ -5 Pipe/Conduit &
53.004 10.958 0.007 1565.4 0.000 0.00 0.0 0.040 \/ -5 Pipe/Conduit of
$3.005 17.085 0.011 1553.2 0.000 0.00 0.0 0.040 \/ -5 Pipe/Conduit &
53.006 24.982 0.948 26.4 0.000 0.00 0.0 0.040 \/ -2 Pipe/Conduit of
$3.007 13.386 0.250 53.5 0.183 0.00 0.0 0.040 \/ -2 Pipe/Conduit &
S$3.008 22.523 0.500 45.0 0.000 0.00 0.0 0.040 \/ -2 Pipe/Conduit of
$3.009 127.759 0.750 170.3 0.194 0.00 0.0 0.040 \/ -4 Pipe/Conduit &
s3.010 86.536 1.750 49.4 1.885 0.00 0.0 0.040 \/ -4 Pipe/Conduit of
S$3.011 163.547 0.109 1500.4 2.593 0.00 0.0 0.040 \/ -11 Pipe/Conduit &
S3.012 65.241 0.044 1482.8 1.973 0.00 0.0 0.040 \/ -11 Pipe/Conduit of
S51.008 78.844 0.053 1487.6 3.258 .00 0.0 0.040 \/ -10 Pipe/Conduit of
51.009 145.650 1.618 90.0 0.000 .00 0.0 0.040 \/ -5 Pipe/Conduit &
$4.000 160.373 0.500 320.7 15.140 10.00 0.0 0.040 \/ -5 Pipe/Conduit &
S4.001 23.446 0.016 1465.4 0.000 0.00 0.0 0.040 \/ -7 Pipe/Conduit of
$4.002 24.295 0.016 1518.4 0.000 0.00 0.0 0.040 \/ -7 Pipe/Conduit &
S4.003 60.127 1.968 30.6 0.000 0.00 0.0 0.040 \/ -2 Pipe/Conduit of
$4.004 37.107 2.500 14.8 0.000 0.00 0.0 0.040 \/ -2 Pipe/Conduit &
S4.005 29.859 2.500 11.9 0.000 0.00 0.0 0.040 \/ -2 Pipe/Conduit of
S4.006 99.059 1.750 56.6 1.564 0.00 0.0 0.040 \/ -2 Pipe/Conduit &
S4.007 110.900 0.074 1498.6 1.330 0.00 0.0 0.040 \/ -8 Pipe/Conduit ]
S$5.000 41.040 1.574 26.1 0.000 5.00 0.0 0.040 \/ -1 Pipe/Conduit &
S4.008 22.176 0.015 1478.4 1.303 0.00 0.0 0.040 \/ -8 Pipe/Conduit of
$4.009 55.223 1.911 28.9 1.706 0.00 0.0 0.040 \/ -3 Pipe/Conduit &
S4.010 230.261 1.500 153.5 5.962 0.00 0.0 0.040 \/ -4 Pipe/Conduit of
S4.011 242.460 0.162 1496.7 3.475 0.00 0.0 0.040 \/ -10 Pipe/Conduit &
S4.012 242.460 0.162 1496.7 2.304 0.00 0.0 0.040 \/ -10 Pipe/Conduit ]
S1.010 294.526 0.464 635.4 2.008 0.00 0.0 0.040 \/ -14 Pipe/Conduit of
Network Results Table

PN Rain T.C. US/IL £ I.Area I Base Foul Add Flow Vel Cap Flow
(mm/hr) (mins) (m) (ha) Flow (1/s) (1/s) (1/s) (m/s) (1/s) (1/s)

$3.003 50.00 12.26 11.000 7.682 0.0 0.0 0.0 0.54 3233.1 1040.2
53.004 50.00 12.60 10.967 7.682 0.0 0.0 0.0 0.53 3175.1 1040.2
S$3.005 50.00 13.14 10.960 7.682 0.0 0.0 0.0 0.53 3187.6 1040.2
53.006 50.00 13.25 10.949 7.682 0.0 0.0 0.0 3.55 10638.0 1040.2
53.007 50.00 13.34 10.001 7.865 0.0 0.0 0.0 2.49 7463.0 1065.0
$3.008 50.00 13.48 9.751 7.865 0.0 0.0 0.0 2.71 8136.6 1065.0
S$3.009 50.00 14.85 9.251 8.059 0.0 0.0 0.0 1.56 7780.6 1091.3
$3.010 50.00 15.35 8.501 9.944 0.0 0.0 0.0 2.89 14441.0 1346.5
S3.011 50.00 19.99 6.751 12.537 0.0 0.0 0.0 0.59 7046.2 1697.6
$3.012 50.00 21.83 6.642 14.510 0.0 0.0 0.0 0.59 7088.0 1964.8
51.008 50.00 24.08 6.598 36.129 0.0 0.0 0.59 6435.4 4892.3
S1.009 50.00 25.18 6.545 36.129 0.0 0.0 2.21 13240.7 4892.3
S4.000 50.00 12.29 18.000 15.140 0.0 0.0 0.0 1.17 7014.5 2050.1
S4.001 50.00 12.97 17.500 15.140 0.0 0.0 0.0 0.57 4554.7 2050.1
S4.002 50.00 13.70 17.484 15.140 0.0 0.0 0.0 0.56 4474.4 2050.1
$4.003 50.00 14.00 17.468 15.140 0.0 0.0 0.0 3.29 9879.8 2050.1
54.004 50.00 14.13 15.500 15.140 0.0 0.0 0.0 4.72 14174.7 2050.1
$4.005 50.00 14.23 13.000 15.140 0.0 0.0 0.0 5.27 15801.7 2050.1
S4.006 50.00 14.91 10.500 16.703 0.0 0.0 0.0 2.42 7258.4 2261.8
54.007 50.00 18.15 8.750 18.033 0.0 0.0 0.0 0.57 5138.0 2441.9
S$5.000 50.00 5.22 10.250 0.000 0.0 0.0 0.0 3.18 6351.5 0.0
54.008 50.00 18.79 8.676 19.336 0.0 0.0 0.0 0.57 5173.1 2618.4
S4.009 50.00 19.04 8.661 21.042 0.0 0.0 0.0 3.62 14473.6 2849.4
S4.010 50.00 21.38 6.750 27.005 0.0 0.0 0.0 1.64 8196.2 3656.8
S4.011 50.00 28.31 5.250 30.480 0.0 0.0 0.0 0.58 6415.9 4127.4
S4.012 50.00 30.00 5.089 32.784 0.0 0.0 0.0 0.58 6415.9 4439.3
S1.010 50.00 30.00 4.927 70.921 0.0 0.0 0.0 1.05 19987.1 9603.6
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Innovyze Network 2020.1
Network Design Table for Storm
PN Length Fall Slope I.Area T.E. Base n HYD DIA
(m) (m) (1:X) (ha) (mins) Flow (1/s) SECT (mm)
$1.011 294.662 0.464 635.7 6.089 0.00 0.0 0.040 \/ -14
S1.012 54.568 0.036 1515.8 0.000 0.00 0.0 0.040 \/ -15
§1.013 133.777 0.090 1486.4 0.000 0.00 0.0 0.040 \/ -15
S1.014 117.224 0.124 945.4 0.000 0.00 0.0 0.040 \/ -15
§1.015 76.058 0.043 1768.8 0.751 0.00 0.0 0.040 \/ -15
S51.016 92.412 0.053 1743.6 0.000 0.00 0.0 0.040 \/ -15
§1.017 75.260 0.043 1750.2 0.000 0.00 0.0 0.040 \/ -15
S1.018 38.718 0.022 1759.9 3.137 0.00 0.0 0.040 \/ -15
$1.019 10.530 0.006 1755.0 0.000 0.00 0.0 0.040 \/ -15
S51.020 7.896 0.005 1579.2 0.000 0.00 0.0 0.040 \/ -15
§1.021 5.390 0.003 1796.7 0.000 0.00 0.0 0.040 \/ -15
s1.022 14.368 0.008 1796.0 0.000 0.00 0.0 0.040 \/ -15
$§1.023 37.467 0.021 1784.1 0.000 0.00 0.0 0.040 \/ -15
51.024 15.192 0.009 1688.0 4.129 0.00 0.0 0.040 \/ -15
51.025 10.836 0.006 1806.0 0.000 0.00 0.0 0.040 \/ -15
51.026 11.048 0.006 1841.3 0.000 0.00 0.0 0.040 \/ -15
$§1.027 26.547 0.015 1769.8 0.000 0.00 0.0 0.040 \/ -15
S1.028 14.888 0.009 1654.2 0.000 0.00 0.0 0.040 \/ -15
$§1.029 50.033 0.029 1725.3 0.000 0.00 0.0 0.040 \/ -15
S$1.030 49.507 0.028 1768.1 0.000 0.00 0.0 0.040 \/ -15
S6.000 550.262 0.366 1503.4 6.801 5.00 0.0 0.040 \/ =7
$6.001 272.012 0.181 1502.8 0.000 0.00 0.0 0.040 \/ -6
$6.002 272.012 0.181 1502.8 6.801 0.00 0.0 0.040 \/ -6
$6.003 282.777 0.188 1504.1 6.775 0.00 0.0 0.040 \/ -6
S6.004 282.777 0.188 1504.1 6.801 0.00 0.0 0.040 \/ -6
S57.000 549.222 0.366 1500.6 6.801 5.00 0.0 0.040 \/ =7
§7.001 272.012 0.091 2989.1 0.000 0.00 0.0 0.040 \/ -6
57.002 272.012 0.182 1494.6 6.801 0.00 0.0 0.040 \/ -6
§7.003 277.485 0.232 1196.1 6.801 0.00 0.0 0.040 \/ -6
57.004 276.445 0.232 1191.6 6.801 0.00 0.0 0.040 \/ -6
Network Results Table
PN Rain T.C. US/IL £ I.Area I Base Foul Add Flow Vel
(mm/hr) (mins) (m) (ha) Flow (1/s) (1/s) (1/s) (m/s)
S1.011 50.00 30.00 4.464 77.010 0.0 0.0 0.0 1.05
51.012 50.00 30.00 3.500 77.010 0.0 0.0 0.0 0.76
S1.013 50.00 30.00 3.464 77.010 0.0 0.0 0.0 0.77
$1.014 50.00 30.00 3.374 77.010 0.0 0.0 0.0 0.96
S1.015 50.00 30.00 3.250 77.761 0.0 0.0 0.0 0.70
$1.016 50.00 30.00 3.207 77.761 0.0 0.0 0.0 0.71
S$1.017 50.00 30.00 3.154 77.761 0.0 0.0 0.0 0.71
51.018 50.00 30.00 3.111 80.898 0.0 0.0 0.0 0.70
S1.019 50.00 30.00 3.089 80.898 0.0 0.0 0.0 0.71
51.020 50.00 30.00 3.083 80.898 0.0 0.0 0.0 0.74
51.021 50.00 30.00 3.078 80.898 0.0 0.0 0.0 0.70
51.022 50.00 30.00 3.075 80.898 0.0 0.0 0.0 0.70
51.023 50.00 30.00 3.067 80.898 0.0 0.0 0.0 0.70
51.024 50.00 30.00 3.046 85.026 0.0 0.0 0.0 0.72
51.025 50.00 30.00 3.037 85.026 0.0 0.0 0.0 0.70
51.026 50.00 30.00 3.031 85.026 0.0 0.0 0.0 0.69
51.027 50.00 30.00 3.025 85.026 0.0 0.0 0.0 0.70
51.028 50.00 30.00 3.010 85.026 0.0 0.0 0.0 0.73
S1.029 50.00 30.00 3.001 85.026 0.0 0.0 0.0 0.71
51.030 50.00 30.00 2.972 85.026 0.0 0.0 0.0 0.70
$6.000 50.00 21.32 5.350 6.801 0.0 0.0 0.0 0.56
S6.001 50.00 29.52 4.984 6.801 0.0 0.0 0.0 0.55
56.002 50.00 30.00 4.803 13.602 0.0 0.0 0.0 0.55
S6.003 50.00 30.00 4.622 20.377 0.0 0.0 0.0 0.55
56.004 50.00 30.00 4.434 27.178 0.0 0.0 0.0 0.55
57.000 50.00 21.27 5.350 6.801 0.0 0.0 0.0 0.56
S7.001 50.00 30.00 4.984 6.801 0.0 0.0 0.0 0.39
57.002 50.00 30.00 4.893 13.602 0.0 0.0 0.0 0.55
S7.003 50.00 30.00 4.711 20.403 0.0 0.0 0.0 0.62
57.004 50.00 30.00 4.479 27.204 0.0 0.0 0.0 0.62
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Cap
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17267.
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4343.
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Flow
(1/s)

10428.
10428.
10428.
10428.
10529.
10529.
10529.
10954.
10954.
10954.
10954.
10954.
10954.
11513.
11513.
11513.
11513.
11513.
11513.
11513.

921.

921

1841.
2759.
3680.

921.
921.
1841.
2762.
3683.
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Network Design Table for Storm
PN Length Fall Slope I.Area T.E. Base n HYD DIA
(m) (m) (1:X) (ha) (mins) Flow (1/s) SECT (mm)
S6.005 257.224 0.170 1513.1 0.000 0.00 0.0 0.040 \/ -11
$6.006 129.778 0.362 358.5 0.000 0.00 0.0 0.040 N/  -11
$1.031 2.873 0.002 1436.5 0.000 0.00 0.0 0.035 \/ -20
S51.032 2.881 0.002 1440.5 0.000 0.00 0.0 0.035 \/ -20
$1.033 11.659 0.007 1665.6 0.000 0.00 0.0 0.035 \/ -20
S51.034 3.876 0.002 1938.0 0.000 0.00 0.0 0.035 \/ -20
51.035 2.832 0.002 1416.0 0.000 0.00 0.0 0.035 \/ -20
51.036 14.804 0.008 1850.5 0.000 0.00 0.0 0.035 \/ -20
51.037 9.386 0.005 1877.2 0.000 0.00 0.0 0.035 \/ -20
Network Results Table
PN Rain T.C. US/IL I I.Area L Base Foul Add Flow Vel
(mm/hr) (mins) (m) (ha) Flow (1/s) (1/s) (1/s) (m/s)
S6.005 50.00 30.00 3.976 54.382 0.0 0.0 0.58
56.006 50.00 30.00 3.806 54.382 0.0 0.0 0.0 1.20
51.031 50.00 30.00 2.944 139.409 0.0 0.0 0.0 0.91
S51.032 50.00 30.00 2.942 139.409 0.0 0.0 0.0 0.91
51.033 50.00 30.00 2.940 139.409 0.0 0.0 0.0 0.85
S51.034 50.00 30.00 2.933 139.409 0.0 0.0 0.0 0.79
51.035 50.00 30.00 2.931 139.409 0.0 0.0 0.0 0.92
S51.036 50.00 30.00 2.929 139.409 0.0 0.0 0.0 0.80
51.037 50.00 30.00 2.921 139.409 0.0 0.0 0.0 0.80

Section Type

Auto

Design

Pipe/Conduit
Pipe/Conduit

Pipe/Conduit
Pipe/Conduit
Pipe/Conduit
Pipe/Conduit
Pipe/Conduit
Pipe/Conduit
Pipe/Conduit

Cap Flow
(1/s) (1/s)

7016.6«  7364.
14415.0 7364.
29406.4 18877.
29365.6 18877.
27309.5 18877.
25317.4 18877.
29618.5 18877.
25909.0 18877.
25724.1 18877.
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Pipe
Number
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.000
.001
.002
.003

000

.005

006
007
000
001

003
004
005
006
007

009
010

.011

.012

.008

009

.000
.001
.002
.003

004

.006
.007
.000
.008

009
010

.011

.012

.010

.011
.012

013

.014
.015
.016
.017

018

.020
.021
.022
.023
.024

025

.026
.027
.028
.029

030
000

Area Summary for Storm

PIMP
Type

PIMP PIMP Gross
Name (%) Area (ha)
- 27 35.897
- 100 0.488
- 100 0.000
- 100 0.000
- 27 30.296
- 100 0.000
- 100 0.000
- 100 0.000
- 100 0.000
- 27 27.475
- 100 0.000
- 100 0.263
- 100 0.000
- 100 0.000
- 100 0.000
- 100 0.000
- 100 0.183
- 100 0.000
- 100 0.194
- 100 1.380
- 100 0.505
- 100 0.232
- 100 0.771
- 100 1.590
- 100 1.247
- 100 0.727
- 100 0.214
- 100 1.167
- 100 1.878
- 100 0.000
- 27 56.073
- 100 0.000
- 100 0.000
- 100 0.000
- 100 0.000
- 100 0.000
- 100 1.564
- 100 1.330
- 100 0.000
- 100 1.303
- 100 1.706
- 100 3.344
- 100 1.037
- 100 1.581
- 100 2.475
- 100 1.001
- 100 1.163
- 100 0.757
- 100 0.384
- 100 1.355
- 100 0.654
- 100 6.089
- 100 0.000
- 100 0.000
- 100 0.000
- 100 0.751
- 100 0.000
- 100 0.000
- 100 3.137
- 100 0.000
- 100 0.000
- 100 0.000
- 100 0.000
- 100 0.000
- 100 4.129
- 100 0.000
- 100 0.000
- 100 0.000
- 100 0.000
- 100 0.000
- 100 0.000
- 100 6.801

Imp.
Area (ha)

[
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.692
.488
.000
.000

180
000

.000
.000
.000
.418

000
263

.000
.000
.000
.000

183
000

.194
.380
.505
.232
.771

590
247

L7217
.214
.167

878
000

.140
.000
.000
.000

000
000

.564
.330
.000
.303
.706

344

.037
.581
.475
.001
.163

757

.384
.355
.654
.089
.000

000

.000
.751
.000
.000
.137

000

.000
.000
.000
.000
.129

000

.000
.000
.000
.000
.000
.801

Pipe Total

(ha)

-
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.692
.488
.000
.000

180

.000
.000
.000
.418

000

.000
.000
.000
.000

183
000

.194
.380
.885
.232

003
593
247

.973
.214
.381

258
000

.140
.000
.000
.000

000
000

.564
.330
.000
.303

706

.381
.962
.475
.475

163

.304
.355
.008
.089

000

.000
.751
.000
.000
.137

000

.000