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EXECUTIVE SUMMARY

This Flood Risk Assessment has been undertaken to accompany the outline planning application for
the proposed strategic development of Milton Keynes East, in accordance with the guidelines set out
in the National Planning Policy Framework (NPPF) published in February 2019 along with other
relevant local and national guidance.

The Environment Agency have confirmed their support for the Scheme stating that they have no in
principle objections to the scheme.

Item Overview

Site Location The site is located between the M1 which largely forms the
southern boundary of the site and the A422 which forms the
northern boundary. The grid reference for the site is 488630,
241770, with a nearest postcode of MK15 9LZ. The site is allocated
for strategic development under the local plan.

Development Proposals The masterplan for the development is appended to Chapter C of
the ES at Appendix C2, this is for A large-scale mixed-use urban
extension (creating a new community) including:

= Approximately 4,000 up to a maximum of 4,600 new
homes;

= Up to 403,650 sq.m of employment floorspace;

= A community hub containing a range of commercial and
community uses;

= Associated services, amenities and open space; and

= New road and redway extensions, including a new bridge
over the M1 motorway and works to the Tongwell Street
corridor.

The development will also include the creation of a linear park
along the floodplain of the River Ouzel, along with a new highway
link across the floodplain with a 30m bridge opening centred on the

River Ouzel.
Environment Agency Flood The majority of the site is located in Flood Zone 1 based on the
Zone(s) Environment Agency’s Flood Map for Planning. Within the west of

the site the land adjacent to the River Ouzel is located in Flood
Zone 3. There is also a small area in the south of the site within
Flood Zone 3, located next to Broughton Brook.

Vulnerability Classification(s) Essential Infrastructure for the proposed Highway Link over the
River Ouzel.

More Vulnerable for the proposed residential dwellings,
educational establishments and healthcare facilities.

Less Vulnerable for the Employment land.

Water-compatible for the proposed play area and the linear park
along the River Ouzel.

Milton Keynes East WSP
Project No.: 70057521 | Our Ref No.: FRA-RV1 MARCH 2021
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Fluvial Flood Risk The majority of the site is located in Flood Zone 1 based on the
Environment Agency’s Flood Map for Planning. Within the west of
the site the land adjacent to the River Ouzel is located in Flood
Zone 3. There is also a small area in the south of the site within
Flood Zone 3, located next to Broughton Brook.

Hydraulic modelling of the River Ouzel and the Broughton Brook
has been undertaken for present day baseline conditions and for
the proposed post-development scenario.

Excluding the water compatible parts of the development, such as
the proposed linear park along the River Ouzel, all of the proposed
development is to be situated above the modelled 1 in 100 year
plus 65% climate change flood level.

The post-development hydraulic modelling demonstrates that there
will be no increase in flood risk downstream of the site (including at
Newport Pagnell) as a result of the proposed development. With
negligible impacts on land upstream of the scheme. This
constrained to land owned by the Milton Keynes Development
Partnership (MKDP), who intend to write in support of the proposals
and is part of the current floodplain.

Tidal Flood Risk The site is located inland at elevations of between approximately
55mAOD and 80mAOD and there are no tidally influenced
watercourses in the vicinity of the site.

Surface Water Flood Risk Based on information from the Flood Risk from Surface Water map,
the risk of surface water flooding to the majority of the proposed
development is assessed to be very low. The post-development
surface water drainage strategy will restrict peak flows from the
impermeable areas to the equivalent greenfield flow (QBAR) or
4/l/slimpermeable hectare, whichever is less, thereby ensuring the
risk of surface water flooding does not increase. The surface water
drainage strategy accounts for the impacts of climate change for
the lifetime of the Scheme.

There are several High Risk surface water flowpaths across the site
and these are associated with IDB designated watercourses and
drains. As a result of the development the majority of these drains
will have their catchments significantly altered with the surface
water runoff becoming controlled and managed by the drainage
strategy, thus managing the flood risk, with exceedance flow paths
incorporated into the layout.

Groundwater Flood Risk Medium: The western half of the site, associated with the
floodplain of River Ouzel is in an area with a high susceptibility to
groundwater flooding. There is surface water — groundwater
interaction within the superficial aquifers along the River Ouzel and
its tributaries. There are however no recorded incidents of
groundwater flooding within the site boundary and the majority of
the proposed development is to be situated away from the
floodplain of the River Ouzel where this surface water —
groundwater interaction may occur.

Sewer Flood Risk Low. There are no recorded incidents of sewer flooding within the
vicinity of the site.

WSP Milton Keynes East
MARCH 2021 Project No.: 70057521 | Our Ref No.: FRA-RV1
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Artificial Flood Risk Low. The site is within the maximum flood extents in the event of a
failure of Willen Lake Reservoir, which is heavily managed under
UK legislation.

Sequential & Exception Test The site is allocated for development under the local plan (policy
SD12) and therefore it is not necessary to undertake the sequential
test.

The exception test is only required for the River Ouzel crossing
(Highway Link 107) which is categorised as essential infrastructure
and is located in flood zones 3a and 3b. Highway Link 107 passes
the exception test because it will provide wider sustainability
benefits to the community and through hydraulic modelling it has
been demonstrated that Highway Link 107 will be safe for the its
lifetime and does not increase the risk of flooding outside of the
scheme extents.

Milton Keynes East WSP
Project No.: 70057521 | Our Ref No.: FRA-RV1 MARCH 2021
St James Group Limited Page 7 of 50
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INTRODUCTION

1.1

1.1.1.

1.1.2.

1.1.3.

1.2.

1.2.1.

1.2.2.

1.3.

1.3.1.

1.4.

1.4.1.

BACKGROUND

WSP UK Ltd (WSP) has been appointed by St James Group Ltd (St James) to prepare a Flood Risk
Assessment (FRA) to support the planning application for a large mixed use development located on
land to the east of the M1 Motorway at Milton Keynes, (Approximate Post Code: MK15 9LZ).

The proposed development, referred to as Milton Keynes East (MKE) will consist of up to 4,600
homes, with approximately 80 to 90 hectares of land for a mix of employment uses, along with
associated community facilities and infrastructure.

The objective of the study is to demonstrate that the site can be developed safely, without exposing
the development to an unacceptable degree of flood risk or increasing the flood risk to third parties.
The objectives are to:

= Confirm the sources of flooding which may affect the site;

= Provide an appraisal of the availability and adequacy of existing information; and

= Undertake an appraisal of the flood risk posed to the site and potential impact of the
development on flood risk elsewhere.

LIMITATIONS

WSP has prepared this report in accordance with the instructions of their client, St James, for their
sole and specific use relating solely to the above site. Any person who uses any information
contained herein does so at their own risk and shall hold WSP harmless in any event.

Whilst this report was prepared using the reasonable skill and care ordinarily exercised by engineers
practicing under similar circumstances and reasonable checks have been made on data sources
and the accuracy of the data, WSP accepts no liability in relation to the report should any data,
information or condition be incorrect or have been concealed, withheld, misrepresented or otherwise
not fully disclosed to WSP. In any event, WSP shall not be liable for any loss or damages arising
under or in connection to the use of this report

SCOPE OF ASSESSMENT

The assessment has been undertaken in accordance with the overarching national requirements for
Flood Risk Assessments for proposed developments including, but not limited to, the following:

= National Planning Policy Framework (NPPF)

* Flood Risk Assessments: Climate Change Allowances 2019

CONSULTATION

The Scheme has been developed in line with on-going consultation with the Environment Agency,
the key consultations are summarised below.

= Letter of in principle agreement for the Scheme dated February 2019 — The Environment Agency
provided the In Principle in Agreement to support the HIF application following the submission of
a Hydraulic Modelling Report dated February 2019.

= Meeting on 16 January 2020;

Mitlon Keynes East WSP
Project No.: 70057521 | Our Ref No.: FRA-RV1 MARCH 2021
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Meeting on 30 July 2020;

Meeting on 11 January 2021; and

Letter of support for the scheme, dated March 2021 — The Environment Agency confirmed their
support for the Milton Keynes SUE development, stating that they have no in principle objections
to the scheme (Appendix G).

The key agreements are:

Baseline Flood Model - The baseline flood model (as developed from the existing Environment
Agency model) was deemed suitable for use in developing the Scheme on 16 January 2020.
However, since this agreement, WSP have further refined the model to include the inflows on the
Broughton Brook, the Moulsoe Stream and improved channel representation of the watercourses
as they flow under and in close proximity to the M1. The Environment Agency have undertaken a
review of this iteration of the baseline hydraulic model and confirmed that it is suitable for use
(agreed January 2021). The final iteration of the baseline model is documented in a Technical
Note dated 11 May 2020;

Willen Lake Weirs — The modelling has been developed based on the Environment Agency
assumption that the weirs associated with the overflow lakes are in the lifted flood position
(agreed January 2020);

Hydrology - The timing of the River Ouzel and the Broughton Brook over the period February
2019 to February 2020 do not indicate any substantial differences in time to peak, therefore they
are modelled with the peaks aligning. The approach to the hydrology is summarised in the
baseline flood model submission which the Environment Agency have approved (agreed January
2021);

Climate Change — The 1 in 100 year plus 35% climate change allowance is to be the design
scenario with sensitivity undertaken on the 65% climate change allowance (agreed in January
2020). There is no requirement to consider the H++ scenario (agreed in July 2020)..

Freeboard — the Finished Floor Level (FFL) to be 300mm above the 1 in 100 year plus 35%
climate change flood level (agreed January 2020);

Compensation — in relation to the highway crossing, flood plain compensation for the
embankment is not required in level for level volume for volume terms, this will instead need to be
achieved by demonstrating that there is no increase in flows at the peak of the hydrograph at the
downstream boundary of the site. The modelling submitted shows there is a small overall
reduction in the peak flows that continue downstream to Newport Pagnell.

In other areas of the development, i.e. excluding the highway crossing, the floodplain
compensation will be provided on a level for level, volume for volume basis, but only if the
increase in flood risk is not on land under St James’ control or on third party land with their
agreement (agreed January 2020).

Post Development Scenario — the Environment Agency have agreed (January 2020) the
baseline and post development flood modelling along with the flood management strategy for the
Scheme detailed in the Approach to Flood Management (dated 14 December 2020), this forms
Appendix C).

Moulsoe Steam — the Environment Agency have been consulted on the flood modelling, the
model and accompanying report was issued in February 2021.

This report is also based on information from the following:

Environment Agency online flood mapping

WSP Milton Keynes East
MARCH 2021 Project No.: 70057521 | Our Ref No.: FRA-RV1
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= British Geological Survey online Geology of Britain Viewer

= Milton Keynes Council Level 1 Strategic Flood Risk Assessment (April 2015)

= Plan:MK 2016-2031 (Adopted March 2019)

= Bedford Group of Internal Drainage Boards Upper River Great Ouse Tri Lead Local Flood
Authority Preliminary Flood Risk Assessment (PFRA) (June 2011)

= The Indicative Parameter Plans (Appendix E)

Mitlon Keynes East WSP
Project No.: 70057521 | Our Ref No.: FRA-RV1 MARCH 2021
St James Group Limited Page 11 of 50
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2. SITE SETTING

2.1. LOCATION

2.1.1. The site is located between the M1 which largely forms the southern boundary of the site and the
A422 which forms the northern boundary. The grid reference for the site is 488630, 241770, with a
nearest postcode of MK15 9LZ. The Site covers an area of 437 hectares.

2.1.2. The Site largely consists of undeveloped land and is bordered by:
= The A422 to the north;
= Agricultural land to the east;
= The M1 Motorway / Willen Lake to the south; and
= Willen Road to the west.

2.1.3. The site location plan is shown in Figure 1.

Figure 1 — Site Location
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DEVELOPMENT PROPOSALS

‘Milton Keynes East’ (MKE) has been identified as an allocation for a strategic urban extension
within Plan:MK and Milton Keynes Council’'s (MKC) aspirations for the allocation is set out within
Policy SD12 of Plan:MK.

The broad configuration of the proposed layout / land uses for the Scheme is shown in Figure 2
against which this assessment has been prepared, subsequently the land use parameter plan has
been updated and is appended to Chapter C of the ES at Appendix C2 and the illustrative plot plan
which is included as Figure C3.2 of Chapter C. This updated parameter plan does not change the
findings of the assessment. The proposed Scheme is a large-scale mixed-use urban extension
(creating a new community) including:

= Approximately 4,000 up to a maximum of 4,600 new homes;

= Up to 403,650 sg.m of employment floorspace;

= A community hub containing a range of commercial and community uses;

= Associated services, amenities and open space; and

= New road and redway extensions, including a new bridge over the M1 motorway and works to the
Tongwell Street corridor.”

Figure 2 - Indicative Parameter Plan

Source: JTP
Mitlon Keynes East WSP
Project No.: 70057521 | Our Ref No.: FRA-RV1 MARCH 2021
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The proposed works that have the potential to impact the flood regime associated are outlined below
and shown in Figure 3:

Highway Link 107 (the River Ouzel Crossing), with a 30m bridge opening centred on the River
Ouzel. The bridge opening will include a share footpath / cycle way on each bank along with the
20m wide river channel. Additionally, two flood relief culverts (each 3m high by 5m wide), which
outside of times of flooding will act as pedestrian routes, are proposed beneath the highway
connecting the floodplain. These flood relief culverts are also intended to provide vehicular access
for maintenance purposes (including that undertaken by the Environment Agency). The proposed
cross section showing the bridge and pedestrian routes is contained in Appendix E (Scheme
Drawings).

Widening of V11 (Tongwell Street), this is to be a new bridge structure and will be constructed
largely mirroring the existing piers and embankments. The general arrangement for this included as
Appendix C;

Managing future flood risk to the development platforms. The changes to the floodplain by
Highway Link 107 (the River Ouzel Crossing) introduce an element of risk to some of the proposed
development parcels adjacent to the floodplain, to counter this they have been raised, a minimum of
600mm:;

Recreational uses to be located within the floodplain, including one formal playground with
two raised walkways. This play area and the associated raised walkways are located within the
linear park to ensure the sustainability and amenity value of the Scheme. To ensure that they are
safe for their users they are to be set above the 1 in 100 year plus 65% climate change flood level;

Raising of land adjacent to the upstream face of Highway Link 107 (the River Ouzel
Crossing). A small parcel of land on the right bank on the upstream face of the Highway Link has
been raised by 400mm, to a minimum level of 58.2mAOD. This is required to ensure that the flow
through the bridge structure are suitably throttled to prevent an increase in flood flows conveyed
downstream. This approach ensures that all impacts are contained within the redline boundary (i.e.
land which is under the applicants control to prevent third party impacts). This is inline with the
approach discussed with the Environment Agency in January 2020;

Replacement of the Moulsoe Stream culvert beneath the A509 (Culvert 3). The widening of the
A509 means that the existing 19m 900mm diameter culvert needs to be replaced with one an
equivalent diameter but 21m in length; and

New road bridge crossing of Moulsoe Stream. The eastern link will cross the Moulsoe Stream at /
in close proximity to the eastern boundary; and

Change in surface permeability. The development will result in the change of surface permeability
from permeable surfaces to a combination of impermeable / permeable surfaces which, unmitigated,
would result increase surface water runoff.

WSP Milton Keynes East
MARCH 2021 Project No.: 70057521 | Our Ref No.: FRA-RV1
Page 14 of 50 St James Group Limited
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Figure 3 - Proposed scheme elements which may impact flood regime
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The Environment Agency 1m DTM LIiDAR has been used to assess the topography at the site, as
shown in Figure 4, with topographical survey obtained at key locations across the site (e.g.

watercourses to aid the development of hydraulic models).

There is a gentle slope from south to north through the site, along the channel route of the River
Ouzel, from approximately 60mAQOD in the south of the site down to approximately 55mAOD in the
north of the site.

The land either side of the River Ouzel significantly elevated above the floodplain, rising to a high
point of approximately 80mAOD to the east of the site, with a high point in the land to the west of the
Ouzel of approximately 70mAOD.

The high land either side of the river corridor can be seen in Figure 4, with the low lying floodplain
area shown in blue. The main areas of development are to be located outside of the river corridor.
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Figure 4 - Site Topography

490000 491000 492000
KEY:
<[] Planning Application Boundary
= Main Rivers
70 - ==~ |DB WaterCourses
| DTM (mAOD)
N 55
575
60
62.5
65
[ 67.5
I 70
725
75

—— 5m Contours

,,,,,,

P ek

Milton Keynes East:
Site Topography

VRIGHT

RIGHT 2921 CONTAINS.

GEOLOGICAL AND HYDROGEOLOGICAL CONTEXT
Geology

The British Geological Survey (BGS) Geolndex indicates that the majority of the site is underlain by
Mudstone bedrock from the Peterborough Member.

In the northwest of the site the bedrock comprises of Sandstone, Siltstone and Mudstone from the
Kellaways Formation. To the east of the site, towards Moulsoe, the site is underlain by bedrock from
the Stewartby Member Mudstone.

Superficial Head and Alluvium deposits are present across the floodplain of the River Ouzel and the
Broughton Brook. There is also an area of superficial sand and gravel deposits to the west of the
site, with superficial Diamicton deposits from the Oadby member present in the east of the site
towards Moulsoe.

Hydrogeology

According to the Source Protection Zone map provided by the Environment Agency, the site does
not lie within any Source Protection Zones (see Appendix A).

According to the Environment Agency'’s aquifer designation map, the bedrock to the west of the site
is classified as a Secondary A Aquifer, whilst the bedrock to the east of the site is classified as
Unproductive Strata. The superficial alluvium and head deposits associated with the floodplain of the
River Ouzel and its tributaries are categorised as Secondary A aquifers.

Secondary A aquifers are defined as permeable layers capable of supporting water supplies at a
local rather than strategic scale, in some cases forming an important source of base flow to rivers.

WSP Milton Keynes East
MARCH 2021 Project No.: 70057521 | Our Ref No.: FRA-RV1
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3. PLANNING POLICY CONTEXT

3.1 NATIONAL PLANNING POLICY FRAMEWORK 2019

3.1.1. The National Planning Policy Framework (NPPF) as updated in February 2019, sets out the
Government's national policies for flood risk management in a land use planning context within
England.

3.1.2. Paragraph 155 of the NPPF states “Inappropriate development in areas at risk of flooding should be
avoided by directing development away from areas at highest risk (whether existing or future).
Where development is necessary in such areas, the development should be made safe for its
lifetime without increasing flood risk elsewhere.”

3.1.3. As the proposed development contains residential as well as commercial development, the lifetime
of the development is considered to be 100 years.

3.1.4. The guidance further states that local planning authorities should “ensure that flood risk is not
increased elsewhere. Where appropriate, applications should be supported by a site-specific flood-
risk assessment.”

3.1.5. Allocation and planning of development must therefore be considered against a risk-based search
sequence as provided by the guidance.

3.1.6. A sequential risk-based approach to determining the suitability of land for development in flood risk
areas is central to the policy statement and should take into account the current and future impacts
of climate change (Para. 157). This includes the intent to steer the most vulnerable parts of the
development to the areas that experience the least, or an acceptable, degree of flood risk.

3.2. LOCAL PLANNING POLICY
Local Plan

3.2.1. Policy FR1 of Milton Keynes Council’s local plan (Plan:MK 2016-2031') sets out the council’s current

approach to flood risk management. Policy FR1 states that:

“All new development must incorporate a surface water drainage system with acceptable
flood control and demonstrate that water supply, foul sewerage and sewage treatment
capacity is available or can be made available in time to serve the development. Suitable
access is safeguarded for the maintenance of water supply and drainage infrastructure.

Plan:MK will seek to steer all new development towards areas with the lowest probability of
flooding. The sequential approach to development, as set out in national guidance, will
therefore be applied across the Borough, taking into account all sources of flooding as
contained within the Council’s Strategic Flood Risk Assessment (SFRA).

! Milton Keynes Council (2019) Plan:MK Adopted Version. Available online: https://www.milton-
keynes.gov.uk/assets/attach/59718/PlanMK-Adoption-Version-March-2019-.pdf
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Development within areas of flood risk from any source of flooding, will only be acceptable if
it is clearly demonstrated that it is appropriate at that location, and that there are no suitable
available alternative sites at a lower flood risk.”

3.2.2. Policy FR2 of the local plan sets out the requirement for new developments to incorporate
Sustainable Drainage Systems (SuDS) and to take an integrated approach to flood risk
management.

3.2.3. Policy FR3 (Protecting and Enhancing Watercourses) states that “all new development must be set

back at a distance of at least 8 metres from any main rivers, at least 9 metres from all other ordinary
watercourses, or at an appropriate width as agreed by the Environment Agency, Lead Local Flood

Authority or Internal Drainage Board”.

WSP Milton Keynes East
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4. VULNERABILITY AND SEQUENTIAL AND EXCEPTION TESTS
4.1. VULNERABILITY CLASSIFICATION
4.1.1. Under the NPPF the proposed Link 107 (the highway link across the River Ouzel) is classified as
‘Essential Infrastructure’ ‘using the flood risk vulnerability classification. Essential Infrastructure
development in Flood Zone 3 is considered acceptable as shown in Table 1.
4.1.2. The proposed residential dwellings, educational establishments and healthcare facilities would be
classified as ‘More Vulnerable’ and should be located outside of Flood Zone 3.
4.1.3. Employment land (including uses B2 ‘General Industrial’ and B8 ‘Storage or distribution’ would be
classified as ‘Less Vulnerable’ and as such is permitted to be located in Flood Zone 1, 2 or 3a.
4.1.4. Water-compatible development, such as the proposed play areas and the linear park along the River
Ouzel is permitted to be located in Flood Zones 3a and 3b.
Table 1 - Flood Vulnerability and Flood Zone Compatibility (PPG Table 3)
Flood Risk Essential Water Highly More Less
Vulnerability Infrastructure | Compatible Vulnerable Vulnerable Vulnerable
Classification
Zone 1 v v v v v
o | Zone2 v v Exception Test v v
5 Required
N
°
8 | Zone3a | Exception Test v x Exception Test v
L Required Required
8
3 | Zone3b Exception Test v x x x
- Required
Sequential Test
4.1.5. The PPG and NPPF Guidance states that Planning Authorities should complete a risk based
“Sequential Test” when developing Local Plans, to ascertain areas most suitable, from a flood risk
perspective, for future development.
4.1.6. The essence of the “Sequential Test” is to “steer new developments to areas with the lowest
probability of flooding” (Paragraph 158 of the NPPF, February 2019).
4.1.7. Developments within Flood Zone 2 and Flood Zone 3 require a sequential test if a sequential test
has not already been carried out for the development type in question at the proposed site.
4.1.8. The site is allocated for development under Policy SD12 (Milton Keynes East Strategic Urban

Extension) of Plan:MK, therefore it is not necessary to undertake the sequential test. However, the
proposed land uses have been sequentially steered within the Scheme extents, as demonstrated
within the lllustrative Parameter Plan (Appendix E), with the water compatible uses within the linear
park and the other uses within Flood Zone 1.

Mitlon Keynes East WSP
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Exception Test

While the Sequential Test should be employed on all sites to direct development to locations having
the lowest probability of flooding, the Exception Test is to be used on select sites where it is shown
necessary, through the Sequential Test, to apply development of a given Flood Risk Use
Vulnerability in a Flood Zone that is ordinarily reserved for a less vulnerable use.

Table 3 of Planning Practice Guidance identifies four circumstances where the combination of a
given Vulnerability of Use and Flood Zone justify the application of the Exception Test. PPG Table 3
is reprinted as Table 1.

The Exception Test is only required for Link 107 (the essential infrastructure which is located within
Flood Zone 3 a and b). The Exception Test is not required for the other aspects of the Scheme as
the site has been allocated for development and a sequential test is not required.

To pass the Exception Test it should be demonstrated that:

(a) the development would provide wider sustainability benefits to the community that outweigh the
flood risk; and

(b) 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.

With both elements needing to be satisfied for the development to be permitted.

In terms of part A of the Exception Test Link 107 will provide wider sustainability benefits to the
community by providing enhanced transport linkages between MK, the Scheme and Newport
Pagnell, the need for this aspect is detailed within Plan:MK.

In terms of Part B of the Exception Test this FRA demonstrates that Link 107 will be safe for its
lifetime and does not increase flood risk outside of the Scheme Extents.

WSP Milton Keynes East
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5. ASSESSMENT OF FLOOD RISK
5.1. RETURN PERIODS
5.1.1. The PPG identifies Flood Zones in relation to flood frequency. In this instance the zones refer to the
probability of river (fluvial) ignoring the presence of defences. Table 2 summarises the relationship
between Flood Zone category and the identified flood risk.
Table 2 - Flood Zone Categorisations
Flood Zone | Identification Annual probability of | Annual Exceedance
fluvial flooding Probability
Zone 1 Low probability <1in 1000 <0.1%
Zone 2 Medium probability 1in 100 -1in 1000 0.1% - 1.0%
Zone 3a High probability >1in 100 >1.0%
Zone 3b* Functional Floodplain >1in 20 >5.0%
*The definition of the functional floodplain should take account of local circumstances. The annual flood probability is
stated as a starting point for consideration.
When assessing the flood risk to the site the above return periods have been utilised, with the
exception of the 1 in 100 year event, which given it is the design flood event, in accordance with the
NPPF, it is imperative that an allowance for climate change is added in accordance with the
Environment Agency’s guidance?. For this Scheme it has been agreed with the Environment Agency
to use a climate change allowance of 35% for the design scenario and 65% as a sensitivity test, as
stated in section 1.4.
5.2. OVERVIEW
5.2.1. An overview of flood risk for the proposed development at Milton Keynes East and its surroundings

is provided below, based on information obtained from a desk-based assessment and consultation
responses that have been provided by the Environment Agency.

2 https://www.gov.uk/quidance/flood-risk-assessments-climate-change-allowances
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Table 3 - Flood Risk Overview

Mechanism

Risk
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Comment

Fluvial

Tidal

Surface Water

Ground Water

Low for the built
aspects of the Scheme

High for the water
compatible uses

Negligible

Low

Medium

The majority of the site is located in Flood Zone 1 based on the
Environment Agency’s Flood Map for Planning. Within the west of
the site the land adjacent to the River Ouzel is located in Flood
Zone 3. There is also a small area in the south of the site within
Flood Zone 3, located next to Broughton Brook.

Hydraulic modelling of the River Ouzel and the Broughton Brook
has been undertaken for present day baseline conditions and for
the proposed post-development scenario.

Excluding the water compatible parts of the development, such as
the proposed linear park along the River Ouzel, all of the proposed
development is to be situated outside the modelled 1 in 100 year
plus 65% climate change flood extents.

The post-development hydraulic modelling demonstrates that there
will be no increase in flood risk downstream of the site as a result of
the proposed development.

The site is located inland at an elevation of between approximately
55mAOD and 80mAOD and there are no tidally influenced
watercourses in the vicinity of the site.

Based on information from the Flood Risk from Surface Water map,
the risk of surface water flooding to the majority of the proposed
development is assessed to be very low. There is a high risk
associated with the Moulsoe Stream for which hydraulic modelling
has been undertaken for present day baseline conditions and for
the proposed post-development scenario. This demonstrates that
the flood waters are constrained to the channel

For the other areas across the site the flow paths and risk areas will
be substantially altered as a result of the development, this will be
managed through a comprehensive surface water drainage
strategy.

The post-development surface water drainage strategy will restrict
peak flows from the impermeable areas to the equivalent greenfield
flow (QBAR) or 4/l/s/impermeable hectare, whichever is less,
thereby ensuring the risk of surface water flooding does not
increase.

There are several High Risk surface water flowpaths across the site
and these are associated with IDB designated watercourses and
drains. These drains will largely be utilised within the development
as part of the drainage strategy, which will control and manage the
surface water runoff.

Based on the Environment Agency’s Areas Susceptible to
Groundwater Flood Map, the western half of the site, associated
with the floodplain of River Ouzel is in an area with a high
susceptibility to groundwater flooding. According to the MKC Level
1 SFRA, there is surface water — groundwater interaction within the
superficial aquifers along the River Ouzel and its tributaries. There
are however no recorded incidents of groundwater flooding within
the site boundary and the majority of the proposed development is

WSP
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to be situated away from the floodplain of the River Ouzel where
this surface water — groundwater interaction may occur.

There are no recorded incidents of sewer flooding within the vicinity
of the site.

Sewers Low
Avrtificial Low
Sources

HISTORIC FLOODING

In the event of a failure of the nearby Willen Lake Reservoir the site
would be within the maximum flood extents. However, the likelihood
of reservoir flooding impacting the site is considered to be low.

The Environment Agency’s Historic Flood Map (see Figure 5) shows that part of the site has
previously flooded, with this dataset indicating that the site experienced flooding in March 1947,

September 1992 and Easter 1998.

Figure 5 - Environment Agency Historic Flood Map
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The 2015 MKC Level 1 SFRA? confirms that fluvial flooding occurred in the vicinity of the site from
River Ouzel and Great Ouse in March 1947 and in September 1992 from the River Ouzel.

It is also understood from antedotal sources that there was flooding on part of the site from the River
Ouzel during December 2020.

All these flood incidences are a result of flood waters exceeding the capacity of the River Ouzel
channel and are constrained to the associated floodplain which is to be maintained within the
Scheme as a linear park.

FLUVIAL FLOOD RISK

There are a number of watercourses in proximity to the site which pose a risk of fluvial flooding to
the site, these are:

= The River Ouzel, a Main River, which flows from south to north through the western half of the
site, before it joins the River Great Ouse approximately 1.3km downstream of the site.

= The Broughton Brook, an ordinary watercourse overseen by the Bedford Group of IDB’s, which
flows along the southern boundary of the site before flowing north and discharging into the River
Ouzel.

The location of the River Ouzel and Broughton Brook, along with several tributaries of these
watercourses are shown in Figure 6.

8 Milton Keynes Council (2015) Level 1 Strategic Flood Risk Assessment. Available online: https://www.milton-
keynes.gov.uk/assets/attach/29342/Update_Milton-Keynes-L1-SFRA-FINAL-with-Appendices.pdf
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Figure 6 - Surface Water Features
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Figure 7 shows the Environment Agency’s Flood Map for Planning for the Scheme and the
surrounding area. The map shows areas that are affected by tidal and/or fluvial flooding and

provides a classification of whether there is a High level of risk (Flood Zone 3), Medium level of risk
(Flood Zone 2) or a Low level of risk (Flood Zone 1).

There are no tidally influenced watercourses in the vicinity of the site, therefore the risk of the
flooding shown on the flood map for planning corresponds entirely to fluvial flooding.

The Environment Agency’s Flood map for Planning shows that the majority of the site is located in
Flood Zone 1, which corresponds to less than a 1 in 1000 annual probability (0.1% AEP) of fluvial

flooding, for which all types of development in accordance with the NPPF vulnerability classes are
acceptable.

In the west of the site, is the River Ouzel corridor, which is designated as Flood Zone 3, meaning a

greater than 1 in 100 (1%) annual probability of fluvial flooding. This also extends along the
Broughton Brook.
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Figure 7 - Environment Agency Flood Map for Planning
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Mapping from the Level 1 SFRA* indicates that part of the River Ouzel floodplain through the
Scheme is within Flood Zone 3b, the functional floodplain. The functional floodplain comprises land
where water has to flow or be stored in times of flood and is defined as land which would flood with
an annual probability of 1 in 20 (5% AEP) or greater or is designed to flood in an extreme (0.1%
AEP) flood.

“Milton Keynes Council (2015) Level 1 SFRA: Risk of Flooding from Rivers Mapping. Available online at: https://www.milton-
keynes.gov.uk/assets/attach/29344/Appendix-C. pdf
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FLOOD DEFENCES

Whilst there are no flood defences within the Scheme extents, there are defences immediately
upstream (Willen Lake) and downstream within Newport Pagnell, these are outlined below and
shown on the Environment Agency’s Flood Map for Planning (Figure 7, above).

The site is located downstream of Willen Lake which acts as a balancing lake for the River Ouzel.
Willen Lake has control gates to regulate flow on the River Ouzel and was built to compensate for
increased flows in Broughton Brook and increased discharge from the sewage treatment works, as
well as increased surface water run off flows in the River Ouzel' as a result of the development of
Milton Keynes.

Caldecotte Lake (upstream of the Scheme and within Milton Keynes) is another a balancing lake on
the River Ouzel, which works in tandem with Willen Lake. It is understood that the original design
criteria for Caldecotte and Willen Lakes was that the development of Milton Keynes should not result
in a decrease in flood storage along the River Ouzel, therefore the lakes were designed to provide
the replacement storage capacity for a flood event of equivalent magnitude of the 1947 floods®.
Whilst a return period of the 1947 floods is not documented within the SFRA, there is evidence that
this is one of the worst flood events in the region in the 20™ century®.

There are several discrete sections of flood defences throughout Newport Pagnell, these consist of
raised walls, embankments, areas of high ground and flapped outfalls. These are maintained and
managed by the Environment Agency and are shown on their Asset Management Database®. These
defences protect the properties in the lower lying areas adjacent to the Rivers Ouzel and Ouse. For
flood defences to be shown on the Environment Agency’s Flood Map for Planning, they have to
generally offer a Standard of Protection greater than or equal to the 1 in 100 year event (1% AEP).

RIVER OUZEL HYDRAULIC MODELLING

The Environment Agency’s Flood Map for Planning is based upon strategic scale hydraulic
modelling which does not include a detailed representation of the channel characteristics of the
River Ouzel through the Scheme extents, furthermore, the Broughton Brook is not included within
the model. To gain a better understanding of the nature of the flood mechanisms and regime
through the Scheme Extents and the immediate vicinity Scheme specific hydraulic modelling was
undertaken, this is summarised below with further detail in Appendices B and C. This modelling has
been reviewed by the Environment Agency who have confirmed their support for the Scheme stating
that they have no in principle objections to the scheme.

BASELINE MODELLING

The baseline flood model is detailed in the WSP Report “Hydraulic Modelling Report - Proposed
Highway” (Ref: 51078-HMR-001, February 2019), this was subsequently refined as detailed in the

5 https://www.thequardian.com/world/2007/jul/25/weather.flooding1

6 https://environment.data.gov.uk/asset-
management/index.html?element=http%3A%2F%2Fenvironment.data.gov.uk%2Fasset-
management%2Fid%2Fasset%2F122650&layer=all-assets
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WSP Technical Note “Milton Keynes East - St James - Revised baseline hydraulic modelling” (May
2020) with the Environment Agency’s comments addressed in the WSP Technical Note “Response
to Environment Agency Queries on Baseline Flood Modelling” (October 2020). No further changes
to the baseline model have been made. A summary of the baseline model is provided below:

The baseline flood model represents the flood risk to the development site area prior to
development. The modelling has been based on the existing ESTRY-TUFLOW model of the River
Ouzel and tributaries provided by the Environment Agency. The full Environment Agency model was
run with output locations included to capture out of bank flows for input into a cut down version.

The Environment Agency model was trimmed between the Ouzel Valley Park and Newport Pagnell
and the 1D and 2D results from the full model used as inputs to the site specific trimmed model. This
is common practise in scheme specific flood modelling, as it reduces the model run time, to enable a
number of iterations to be assessed, to ensure that the optimum post development scenario can be
derived.

A number of improvements were identified and included within the baseline model. These are listed
below:

= Inclusion of additional cross sections along the River Ouzel;

= Inclusion of the Broughton Brook as a 1D ESTRY channel element;

= Inclusion of a small channel flowing adjacent to the Cotton Valley Sewage Treatment Works
(STW), under the M1 through Pineham Nature Reserve;

= Inclusion of an additional ordinary watercourse on the right bank of the River Ouzel upstream of
the proposed highway crossing location as a point input;

= Revised hydrology for the Broughton Brook and additional watercourses (e.g. the Moulsoe
Stream).

Baseline Flood Depths / Extents

The baseline modelling demonstrates that all the flood extents are relatively well constrained by the
topography within the site. The future baseline (i.e. the design scenario) 1 in 100 year plus 35%
climate change flood extents cover approximately 12% of the site and the 1 in 1000 year flood
extents cover approximately 12.8% of the site. Approximately 10.2% of the site is shown to be within
the 1 in 20 year flood extent and is therefore considered to be within the functional floodplain.
Baseline flood extents for the 1 in 20 year, 1 in 100 year, 1 in 100 year +35% climate change, 1 in
100 year +65% climate change and 1 in 1000 year events are shown in Appendix B.

Modelled flood depths for the River Ouzel for the baseline 1 in 100 year + 35% climate change event
are shown in Figure 8. Across most of the site flood depths are expected to be below 0.6m, with
areas of depths of up to 1.0m near the confluence of the Broughton Brook and the River Ouzel in
the south of the site.
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Figure 8 - Baseline modelled flood depths for the River Ouzel (1 in 100 year+35% event)
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POST DEVELOPMENT HYDRAULIC MODELLING

The baseline model was modified to incorporate the post-development aspects of the scheme as
detailed in Section 6 of the Approach to Flood Management Report (Appendix C). The key
differences between the baseline model are as follows:

= Highway Link 107 (the River Ouzel Crossing) has been added to the model;

= Two flood relief culverts which outside of times of flood will act as pedestrian routes measuring
5m by 3m have been added through Highway Link 107 (the River Ouzel Crossing;

= The development parcels adjacent to the floodplain (R11, R12, R02, R0O3a, RO3b, and R04) have
been raised, with the new ground level for the parcels set 600mm above the design event flood
level (1 in 100 year plus 35% climate change);

= The piers of the Tongwell bridge are increased in size following the construction of the scheme;
and

= A formal playground area within the linear park but connected to the adjacent development
platform, all raised above the 1 in 100 year plus 65% flood level. This playground area has been
designed to ensure the provision of safe access / egress during flood events and the avoidance
of dry islands within the linear park.

Both the baseline and post development models, demonstrates that the A422 bridge, at the
downstream extent of the site, is the key constraint to downstream flow conveyance, with flood
waters starting to back up across the floodplain (within the Scheme Extents) once the A422 bridge
capacity is exceeded. This is the primary constraint to the flows which can pass under Highway Link
107 (the River Ouzel Crossing).

The flood extents in the post-development scenario remain largely the same as those in the baseline
scenario. Changes to the flood depth and extent occur on land within the Scheme’s red line
boundary, with no impacts on third party land, with the exception of area downstream of Highway
Link 107, where the levels increase between 0.01m to 0.1m, and land to the west of the Anglian
Water WWTW where the levels increase by between 0.01m and 0.1m.

The area downstream of Highway Link 107 is part of the current floodplain and is owned by Milton
Keynes Council, who in their role as the Local Planning Authority will give planning consent for the
Scheme and have stated that it is their aspiration for this land to become part of the Adjacent Linear
Park (as shown in Figure 10).

The land adjacent to the Anglian Water WWTW is also situated on land owned by the Milton Keynes
Development Partnership (MKDP) and is part of the current floodplain. There is very limited increase
in flood extents here and the increase in flood depths are considered to be negligible when the
baseline flood depths are taken into account.

The impacts of the scheme on both flood levels and flows are summarised in Table 4 and Table 5,
with an explanation following these tables. The locations of the key on-site areas are shown in
Figure 9, whilst the key offsite areas are shown in Figure 10.
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Figure 9 - Key Flood Level Locations
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Table 4 - Flood depths (m) at key locations

level

Anglian Water WWTW 61.2

Willen Lake Spillway 58.95

Willen Lake
59.7
Weir

Upstream of M1 60.46
Downstream of M1 60.46
Broughton Brook confluence @&

Upstream of Highway Link

107 (the River Ouzel 62.21
Crossing)

Downstream of Highway Link

107 (the River Ouzel 62.21

Crossing)

Upstream of the A422 -
Newport Pagnell -

Critical

mAOD

Designated Floodplain

Proposed

1in 20 year
Baseline

57.36 57.37
58.10 58.11
59.30 59.30
57.47 57.48
57.38 57.39
57.32 57.33
56.75 57.11
56.74 56.72
55.85 55.85
54.83 54.83

Difference

0.01

0.00

0.00

0.01

0.01

0.01

0.36

-0.02

0.00

0.00

Design Scenario

1in 100 year + 35% Climate

Change
Baseline
57.85

58.40

S

57.94
57.71

57.59

57.20

57.10

56.44

55.21

Proposed

57.98

58.42

S

58.03

57.87

57.82

57.70

57.05

56.44

55.21

Difference

0.13

0.02

0.00

0.09

0.16

0.22

0.50

-0.05

0.00

0.00

Sensitivity Scenario

1in 100 year + 65% Climate Change

Baseline Proposed Difference
57.99 58.16 0.17
58.50 58.53 0.03
59.64 59.64 0.00
58.05 58.18 0.14
57.80 58.03 0.23
57.68 57.98 0.30
57.29 57.87 0.58
57.18 57.15 -0.03
56.60 56.60 0.00
55.32 55.32 0.00

Extreme Scenario

1in 1,000 year

Baseline

57.83

58.37

59.55

57.92

57.70

57.59

57.19

57.09

56.42

55.20

Proposed

57.96

58.39

59.55

58.01

57.86

57.80

57.69

57.04

56.42

55.20

Difference

0.13

0.02

0.00

0.9

0.16

0.21

0.50

-0.04

0.00

0.00
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Table 5 - Comparison of flood flows (m?/s) at key locations

Frequent Event Design Scenario Sensitivity Scenario Extreme scenario

1in 20 year 1in 100 year + 35% Climate 1in 100 year + 65% Climate 1in 1000 year
Change Change

Baseline Proposed Difference Baseline Proposed Difference Baseline Proposed Difference Baseline Proposed Difference

Willen Lake 32.9 32.9 0.0 62.3 62.3 0.0 69.9 69.9 0.0 59.8 59.8 0.0

Downstream of
Highway Link 107

(the River Ouzel 56.8 56.6 -0.2 138.0 137.3 -0.7 167.2 166.8 -0.4 135.4 134.9 -0.5
Crossing)
Newport Pagnell 57.4 57.3 -0.1 1335 1335 0.0 163.4 163.4 -0.1 131.20 131.24 0.0
WSP Milton Keynes East
MARCH 2021 Project No.: 70057521 | Our Ref No.: FRA-RV1

Page 34 of 50 St James Group Limited



5.5.13.

5.5.14.

5.5.15.

5.5.16.

5.5.17.

\\\I)

Onsite Changes

The post-development model shows that there are a range of impacts on the flood regime within the
application boundary these are summarised below and shown in Figure 9 (flood difference maps for
all return periods are in the appendices of the Approach to Flood Management Report, see
Appendix C):

= A reduction in flood levels of 0.04m immediately downstream of Highway Link 107 (the River
Ouzel Crossing) for the 1 in 100 plus 65% climate change scenario.

= Downstream of parcel R04, point there is a negligible to no change to the flood levels (0.03m for
the 1 in 100 year plus 35% climate change and 0.01 for the 1 in 100 year plus 65% scenarios),
this continues decreases with distance to the A422, by which point there is no change, and for
clarity there is no change downstream beyond the A422.

= Upstream of Highway Link 107 (the River Ouzel Crossing) flood waters have a greatest increase
in depth in the reach where the Broughton Brook converges with the River Ouzel. In this section
an increase in modelled peak flood depths of 0.51m is predicted for the 1 in 100 plus 35% climate
change scenario, and an increase of 0.58m is predicted for the 1 in 100 plus 65% climate change
scenario. This is an area designated as a linear park.

= At the M1, for the 1 in 100 plus 65% scenario the peak flood level reaches 58.18mAOD which
remains 2.28m below the deck level of the carriageway, which is at a level of 60.46mAQOD. Given
that the level of the carriageway is significantly above the maximum flood level, no increase in
flood risk to the M1 is predicted. The increase of flood depth adjacent to the M1 is currently under
discussion with Highways England.

Offsite changes
Land Between Link 107 and the A422

Parts of this area lie outside the red line boundary in land owned by Milton Keynes. Milton Keynes
have aspirations for the land to be incorporated onto the proposed linear park. The maximum
change in levels here occurs adjacent to parcel RO4 in the 1 in 100 year plus 35% climate change
event and is 0.03m.

The change in the maximum water level is negligible upstream of the A422 for all modelled return
periods.

Willen Lake

The change in flood levels gradually reduces with distance from Highway Link 107 (the River Ouzel
Crossing) towards Willen Lake. At Willen Lake adjacent to the spillway, the pertinent information is:

= The top of the exceedance spillway is 58.95mAOD.

= The crest of the weir which controls the flows between the main River Ouzel channel towards the
site is at a level of 59.7mAOD. In the baseline scenario, the maximum water level in the channel
is 59.64mMAOQOD in the 1 in 100 year + 65% climate change scenario.

At Willen Lake adjacent to the exceedance spillway, , there is no change in the flood level (<1mm,
which is well within the model tolerance). Whilst at the crest of the weir which controls the flows
between the main River Ouzel channel towards the site and those diverted into Willen Lake there is
no change in modelled flood level.

Mitlon Keynes East WSP
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Anglian Water WWTW

The Anglian Water WWTW lies to the south of the scheme, to the north east of Willen Lake. Whilst
there are very minor changes in water levels on the floodplain, the WWTW is elevated above the
floodplain at a level of 61.2mAOD which is 3.04m above the 1 in 100 year plus 65% climate change
post development flood level. Therefore, no change in flood risk is predicted.

Land adjacent to the east of the WWTW is also shown to experience very minor increases in flood
depths, with increases of up to 0.1m in the 100 year plus 35% climate change event. Baseline flood
depths here are between 0.6m to 0.8m, therefore increases of depths of up to 0.1m are considered
to have only a marginal impact. Changes in flood extent are negligible (limited to the odd model
cell).

Newport Pagnell

As outlined in Table 4 the model demonstrates that for all design scenarios there is no change in the
peak flows that are conveyed downstream towards Newport Pagnell, or the flood levels at Newport
Pagnell as shown in the flood difference maps in the Approach to Flood Management Report
(Appendix D). This demonstrates that the Scheme does not result in changes in peak flood depths
at or downstream of the A422.

There is no change in the overall duration of the flood event for any of the modelled scenarios, the
flood peak occurs at 40 modelled hours and returns to baseline conditions at 62 hours. This is
comparable to the baseline model results.

WSP Milton Keynes East
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Figure 11 - In 100 year +35% climate change flood difference map
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RESIDUAL RISK

The residual risk of blockage of the River Ouzel Crossing (Highway Link 107) is discussed in section
6.2.

FLUVIAL FLOOD RISK SUMMARY

The majority of the site is not at risk of fluvial flooding, however approximately 13% of the site is
shown to be within the 1 in 100 year plus 35% climate change flood extents.

Scheme specific hydraulic modelling has been undertaken to assess the impact on flood risk of the
proposed Scheme. The modelling has been based on the baseline model which was submitted to
the Environment Agency for their review. The post development model incorporates changes that
include the representation of Highway Link 107 (the River Ouzel Crossing) which includes two flood
alleviation culverts / pedestrian walkways, development parcels raised out of the floodplain and the
inclusion of the play area in the linear park. The Environment Agency have approved both the
models for use in supporting the planning application.

The results of the modelling indicate that the scheme causes an increase in flood depth and extent
upstream of Highway Link 107 (the River Ouzel Crossing), but that this increase is largely contained
within the red line boundary with the exception being negligible impact on third party land to the east
of the Anglian Water WWTW. This land is owned by the Milton Keynes Development Partnership
(MKDP), who intend to write in support of the proposals and is part of the current floodplain.

The modelling has been incorporated within the masterplan for the Scheme to ensure that it will be
safe for events up to and including the 1 in 100 plus 65% (the sensitivity scenario) as well as the 1 in
1,000 year event (the extreme scenario).

There is no difference in flood flows or levels downstream of the Scheme for any design scenario, it
is therefore demonstrated that the Scheme does not alter the flood risk up or downstream.

Details of the fluvial flood risk mitigation measures are included in section 6.

Identified Fluvial Flood Risk: Low for all parts all of the development apart from the linear
park which is at High Risk

SURFACE WATER FLOOD RISK

Flooding from surface water is caused when rainfall cannot soak away because the ground is fully
saturated, or drainage systems are full. This form of flooding is usually associated with high intensity
rainfall events but can also occur with lower intensity rainfall or melting snow where the ground is
saturated, frozen, developed or otherwise has a low permeability. The flood risk relates to both the
conveyance of waters to the site by overland flow from areas outside the site and also areas within
the site itself, and the ponding of these waters in depressions in the topography.

The Environment Agency’s Risk of Flooding from Surface Water Map (see Figure 12) indicates that
large parts of the site are at very low risk of surface water flooding, meaning a less than 1 in 1000
(0.1%) annual probability of surface water flooding.

WSP Milton Keynes East
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However, this mapping also shows that there are several high risk surface water flowpaths across
the site, with high risk referring to that land has a 1 in 30 year or greater annual probability of
flooding (>3.3% AEP).

Figure 12 - Risk of Surface Water Flooding Map
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Within the site boundary there are high risk (>3.3% AEP) surface water flowpaths along the following
IDB designated watercourses; the Moulsoe Stream; the Hermitage Stream; the Barn Stream and
Brooklands Stream North. The locations of these IDB designated watercourses are shown in Figure
13. Itis envisaged that most of these watercourses will remain in the post development scenario,
this is discussed in later sections.

Adjacent to the River Ouzel and Field Drains 3 there in an area at medium risk (1.0% - 3.3%AEP) of
surface water ponding.

The land next to Field Drains 1 and 2 and the land to the east of the River Ouzel is shown to be at
Low Risk (0.1% - 1.0% AEP) of surface water flooding.
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Figure 13 - IDB Watercourses and Surface Water Flowpaths
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SURFACE WATER MODELLING

To refine the surface water flood extents for the site, hydraulic modelling has been undertaken of the
Moulsoe Stream, as this is the most significant surface water flowpath through the site. This
modelling has been reviewed by the Environment Agency who have confirmed their support for the
Scheme stating that they have no in principle objections to the scheme.

A 1D/2D Estry- Tuflow hydraulic model was constructed for the Moulsoe Stream, extending from
where the stream crosses the site boundary (in the west) to where it meets the River Ouzel in the

centre of the site.

The inflows for the model were derived from the hydrology derived as part of the River Ouzel model
that was submitted to and approved by the Environment Agency. The downstream boundary for the
model was also based upon information taken from the Scheme specific River Ouzel model.

The baseline modelled flood extents (see Figure 14) show that the flows are mostly contained within
the extent of the channel for all events up to and including the 1 in 100 event plus 65% climate
change. There are small areas of out of bank flow just upstream of London Road / A509. These are
however contained to a small area and do not lead to overtopping of the road. The only notable
flooding is as a result of high water levels modelled in the River Ouzel at the downstream extent and
extracted from the MKE River Ouzel flood model. These lead to flood extents that reach up the
watercourse as far as the downstream end of the London Road culvert.
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Project No.: 70057521 | Our Ref No.: FRA-RV1
St James Group Limited

WSP
MARCH 2021
Page 40 of 50



5.6.11.

242000

242500

\\\I)

As a result of maintenance undertaken by the IDB, the channel of the Moulsoe Stream has been
engineered and therefore has very uniform channel dimensions along the reach through the site,
thereby maximising the volume of water that it can convey. Therefore significantly more volumes
can be contained within the channel than would be expected from a natural channel and this

explains why the flood extents are largely contained in bank for events up to the 100 year plus 65%
climate change event.

Figure 14 - Modelled Baseline Flood Extents for the Moulsoe Stream
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The post-development flood extents (see Figure 15) are largely the same as the baseline extents
upstream of London Road and are mostly contained to the channel.

Downstream of London Road, the proposed ground raising removes the development areas from
flood risk, this is shown by the reduced flood extents in Figure 15. This land raising has been agreed
within the Environment Agency for both the River Ouzel and Moulsoe Stream, as the River Ouzel
includes flow estimates for the River Ouzel immediately downstream of London Road.

At the upstream boundary of the site the Moulsoe Stream will flow under the eastern link road. This
crossing is to be a clear span bridge, to include the Moulsoe Stream (channel remaining as is) and
an adjacent footpath / bridleway). No change in flood risk as a result of this structure is expected
given the flood waters associated with the Moulsoe Stream remain in bank and the new bridge
structure is clear of the channel and significantly higher.
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Figure 15 - Modelled Post-Development Flood Extents for the Moulsoe Stream
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SURFACE WATER FLOOD RISK SUMMARY

Whilst the majority of the site is at low to very low risk of surface water flooding, there are several
areas within the application boundary that are currently shown to be at medium to high risk.

The most significant surface water flowpath across the site is associated with the Moulsoe Stream.
Hydraulic modelling of the stream has demonstrated that the post-development flood extents are
largely the same as the baseline extents upstream of London Road and are mostly contained to the
channel.

Following the development, for the majority of the drains and non main river watercourses within the
development, surface water runoff will be controlled by the SuDS strategy (see section 6.5).

Details of the SuDs strategy and surface water flood risk mitigation measures are included in section
6.5.

Identified Surface Water Flood Risk: Low

GROUNDWATER FLOOD RISK

According to the Source Protection Zone map provided by the Environment Agency, the site does
not lie within any Source Protection Zones.
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Figure 5.6 of the 2011 Tri LLFA PFRA shows an extract of the Environment Agency’s Areas
Susceptible to Groundwater Flooding (AStGWF) Map’, which indicates that the western half of the
site, associated with the floodplain of the River Ouzel, is in an area with a high susceptibility to
groundwater flooding. The eastern half of the site is shown to have a low susceptibility to
groundwater flooding.

The 2015 Level 1 SFRA states that there is surface water — groundwater interaction within
superficial aguifers along the River Ouzel, the River Great Ouse and their tributaries. Figure B8 of
the Level 1 SFRA indicates that there are no groundwater flood records within the site boundary,
however groundwater flooding has been recorded downstream of the site in Newport Pagnell.

Groundwater monitoring was undertaken at the site in August — September 2020 by CC Ground
Investigations Ltd. Across a series of boreholes on the western floodplain of the River Ouzel (close
to field drain 2), groundwater was encountered at depths of between 0.5mbgl and 3.2mbgl. These
groundwater levels are at/around same level as river ouzel water level. It is expected that in winter
that these groundwater levels may be higher.

Based on the Environment Agency’s AStGWF map and the absence of any recorded groundwater
flooding incidents in the vicinity of the site, the risk that groundwater flooding poses to the site is
assessed to be medium. It is envisaged that a lower risk is likely to be experienced at the
development parcels which are at a higher elevation than the linear park and the units will have the
finished floor levels raised above the adjacent ground levels.

Identified Groundwater Flood Risk: Medium

SEWER FLOOD RISK

Sewer flooding occurs as a result of a number of influencing factors. It is most likely to occur during
storms, when large volumes of rainwater enter the sewers. However, it can also occur when pipes
become blocked or damaged.

Figure B7 of the 2015 Level 1 SFRA shows that the site is located in an area where external sewer
flooding has been recorded, however it is not known if the incident of sewer flooding occurred within
the site boundary.

Identified Sewer Flood Risk: Low

ARTIFICIAL SOURCES FLOOD RISK

The Scheme is located within the Environment Agency’s Risk of Flooding from Reservoir map.
These are associated with the failure of Willen Lake and other upstream reservoirs (Figure 16). In
the event of such a failure occurring depths of flooding would mostly be between 0.3m and 2.0m,
with small areas in the southwest and northwest corners at the site at risk of depths in excess of
2.0m.

" Bedford Group of Internal Drainage Boards (2011) Joint Preliminary Flood Risk Assessment — Milton Keynes Groundwater Flooding.
Available online at: https://bbcdevwebfiles.blob.core.windows.net/webfiles/Files/Fig%205.6%20MKC%20AStGW. pdf

Mitlon Keynes East WSP
Project No.: 70057521 | Our Ref No.: FRA-RV1 MARCH 2021
St James Group Limited Page 43 of 50



5.9.2.

5.9.8.

5.9.4.

\\\I)

These flood extents are largely outside of the areas which will be developed as part of the Scheme,
with the lower risk categories impacting some of the development parcels. Although it should be
considered that this mapping does not take account of the construction of Link 107 or the raising of
the development parcels to protect against fluvial flooding. Given that reservoirs are highly regulated
with regular inspections, this is considered to be of residual risk with no further design
considerations required.

Consultation was undertaken with the Milton Keynes Council Emergency Planning Officer on 25%
February 2021 and no flood risk concerns with the proposed development were raised.

Figure 16 - Environment Agency Reservoir Flood Risk Map
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Identified Flood Risk from Reservoirs: Low

Other sources

No canals or other artificial waterbodies in the vicinity of the Scheme that could pose a risk of
flooding to the site have been identified.
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6. FLOOD RISK MITIGATION
6.1.1. This section explores the flood risk to each section of the Scheme and how appropriate
management approaches will be included to ensure that the development is not exposed to an
unacceptable level of flood risk.
6.1. DEVELOPMENT PARCELS
6.1.1. Each of the development parcels which are adjacent to the River Ouzel floodplain have been raised
600mm above the 1 in 100 year plus 35% climate change flood level. This platform level remains
above the sensitivity design threshold of the 1 in 100 year plus 65% climate change flood level along
with the 1 in 1,000 year flood level, this is detailed in Table 6.
Table 6 - Minimum Platform Levels
Design Scenario - 1in Sensitivity Scenario -1  Extreme Scenario - 1in
100 year plus 35% in 100 year plus 65% 1,000 year
climate change climate change
Blecfelelyl=le | Flood Level Minimum Flood Level Freeboard Flood Level Freeboard
Parcel (mAOD) Platform (mAOD) (m) (mAOD) (m)
Level
(MAOD)
58.44 58.00 -0.44 57.82 0.62
58.43 57.99 -0.44 57.81 0.62
58.40 57.97 -0.43 57.79 0.61
58.44 58.00 -0.44 57.83 0.61
58.34 57.94 -0.4 57.73 0.61
57.46 57.01 -0.45 56.85 0.61
6.2. HIGHWAY LINK 107 (RIVER OUZEL CROSSING)
6.2.1. The soffit level of the bridge and flood relief culverts of Highway Link 107 (the River Ouzel Crossing)

will be set above the 1 in 100 year plus 35% flood level plus 600mm freeboard, see Table 7.
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Table 7 - Comparison of Soffit and Flood Levels for Highway Link 107 (the River Ouzel
Crossing)

Soffit Level [MAOD]

Opening Soffit Design Scenario - Sensitivity Extreme Scenario
Level 1in 100year plus Scenario-1in -1in 1,000 year
35% climate 100 year plus
change 65% climate
change
61.00 57.58 57.75 57.58
Central 59.52 57.72 57.88 57.7
Pedestrian
Underpass
Western 59.46 57.75 57.90 57.73

Pedestrian
Underpass

The residual risk of blockage of these features has been assessed as a part of the hydraulic
modelling carried out for the scheme. A percentage blockage of 50% has been used to inform the
blockage sensitivity testing of the pedestrian access routes under Highway Link 107 (the River
Ouzel Crossing).

Flood extents largely remain the same in the 50% blockage scenario as they were in the approved
post-development scenario.

Minor increases in flood depths are predicted in the 50% blockage scenario within the development
boundary. For the 1 in 100 year +35% climate change design event plus 50% blockage scenario
there is a maximum flood depth increase of approximately 0.03m, immediately upstream of Highway
Link 107. In the context of the predicted flood depths at this location (approximately 1.2m), a 0.03m
increase in flood depths is considered negligible.

Flood difference maps illustrating the difference between the post-development and 50% blockage
scenario results are shown in Appendix F.

Given there is a negligible difference in flood depths and extents in the modelled 50% blockage
scenario, it is not considered that a blockage of Highway Link 107 would cause an increase in flood
risk.

PLAY AREA

To ensure the safety of the playground area users, the proposed playground on the edge of the
linear park has a platform level above the 1 in 100 year plus 65% climate change level
(57.95mAOD), this includes the two walkways that serve as access and egress routes from the
adjacent development platform to the play area, to ensure that in large flood events all users would
be able to safely leave the play area.
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LINEAR PARK

The inclusion of the linear park within the Scheme will result in additional users within the floodplain.
No increase in risk to people is predicted as the flood waters are considered to raise relatively slowly
given the size of the catchment. This will provide sufficient time for users of the linear park to exit the
area via the numerous access / egress points which will be located along the boundaries of the park
to the development parcels, with connection between the two sides of the development provided, in
the immediate vicinity, by Link 107 and the A422.

The detailed design stage will also consider the inclusion of additional signage at the access /
egress points to the linear park to ensure that all users are aware that this is an active floodplain.

POST-DEVELOPMENT SURFACE WATER STRATEGY

To mitigate the risk of surface water flooding to the development a comprehensive drainage / SUDS
strategy has been developed and is provided as a standalone document. This strategy involves
attenuating the surface water runoff at source, attenuating in ponds and swales, prior to discharge to
the River Ouzel or the Broughton Brook.

In summary the SuDS Strategy has been developed in accordance with the policies set out within
Plan MK, this requires the Scheme to continue the exemplar sustainable drainage model of Milton
Keynes, with drainage infrastructure to be provided as strategically as possible and as part of a
maintained, multi-functional blue-green infrastructure. The drainage strategy is being developed in
accordance with these guiding principles.

Watercourses will be maintained and enhanced within the development wherever possible. The
future maintenance regime associated with these watercourses is currently under review with the
relevant stakeholders to ensure that drainage, flood risk, bio-diversity and amenity requirements are
aligned.

There may be a range of small field drains / ordinary watercourses which are removed / realigned to
become part of the SuDS strategy as a result of the Scheme, however, this will be determined
during the detailed design phase and permission will be sought as part of the reserved matters
applications. There may be a range of small field drains / ordinary watercourses which are removed
/ realigned to become part of the SuDS strategy as a result of the Scheme, however, this will be
determined during the detailed design phase and permission will be sought as part of the reserved
matters applications.

During exceedance events surface water will be directed along highways and towards open
attenuation facilities.
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1. MAINTENANCE REQUIREMENTS

7.1.1. The Drainage Strategy Report which accompanies this FRA outlines the likely maintenance
requirements for the various aspects of the drainage features, these requirements will be confirmed
during detailed design.

7.1.2. There are other parts of the Scheme require an appropriate maintenance strategy, to manage the
residual flood risk, these are associated with the highway network, as such the responsibility will fall
to Milton Keynes Council as the Highway Authority. These aspects include:

= Link 107 flood relief culverts (*2) and associated bridge opening;

= The Moulsoe Stream Culvert under the A509;

= The Moulsoe Stream under the eastern link road (this is to remain in channel); and
= The River Ouzel beneath the widened Tongwell Street Bridge.
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CONCLUSIONS

8.1.1.

8.1.2.

8.1.3.

8.1.4.

8.1.5.

8.1.6.

8.1.7.

8.1.8.

8.1.9.

This FRA determines that the risk of flooding to and from the proposed development is compliant
with the NPPF. Pre-application consultation has been held with the Environment Agency, who have
confirmed their support for the Scheme, stating that they have no in principle objections to the
scheme.

The site is located adjacent to the River Ouzel, with the River Ouzel flowing from south to north
through the western half of the site, this means that part of the site is located within Flood Zones 2
and 3. Several tributaries of the River Ouzel are also located within the site boundary, the most
significant of which is the Broughton Brook. This watercourse flows through the southern boundary
of the site and underneath the M1 motorway before it reaches its confluence with the River Ouzel in
the centre of the site. Where the Broughton Brook passes through the south of the site there is land
designated within Flood Zone 2 and 3.

Extensive hydraulic modelling has been undertaken for the River Ouzel and the Broughton Brook to
better understand the baseline fluvial flood risk to the site and to assess the impact on flood risk of
the proposed scheme (which includes Highway Link 107 (the River Ouzel Crossing) and the raising
of the development parcels). Given that climate change is expected to increase the risk of fluvial
flooding, this modelling has accounted for the impacts of climate change over the lifetime of the
development. The development parcels are designed to be above the 1 in 100 year plus 35%
climate change fluvial flood level to ensure they remain safe over the course of their lifetime.
Furthermore, sensitivity testing demonstrates that they will remain safe for the 1 in 100 year plus
65% climate change scenario.

The baseline and post development hydraulic models have been deemed acceptable by the
Environment Agency to form part of the evidence base supporting this planning application.

The modelling demonstrates that the Scheme will be safe for events up to and including the 1 in 100
plus 65% (the sensitivity scenario) as well as the 1 in 1,000 year event (the extreme scenario) and
there is no alteration in the fluvial flood risk up or downstream of the Scheme.

The modelling demonstrates that the scheme does not result in any differences in flood flows or
levels downstream of the Scheme. This means that the Scheme does not impact the flood risk to
Newport Pagnell, which is understood to be largely protected from flooding caused by the River
Ouzel due to flood defences maintained by the Environment Agency.

The modelling demonstrates that the scheme causes an increase in flood depth and extent
upstream of Highway Link 107 (the River Ouzel Crossing), but that this increase is largely contained
within the red line boundary with the exception being negligible impacts on third party land to the
east of the Anglian Water WWTW. This land is owned by the Milton Keynes Development
Partnership (MKDP), who intend to write in support of the proposals and is part of the current
floodplain.

There is no risk of tidal flooding (either in the current day or future scenarios) as the site is located
inland at elevations between approximately 55mAOD and 80mAOD.

The majority of the proposed development is to be situated outside Flood Zone 3, and is such
acceptable under the NPPF, with no requirement for the sequential or exception tests. The
exceptions are Highway Link 107 and the linear park.
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= The proposed River Ouzel crossing (Highway Link 107) is classified as being ‘Essential
Infrastructure’. Table 3 of the PPG identifies that ‘Essential Infrastructure’ is a compatible use for
sites in Flood Zone 3, if the site can pass the exception test. This report demonstrates that
Highway Link 107 passes the exception test as detailed in section 4.1.

o Part A of the exception test is passed as Highway Link 107 provides wider sustainability
benefits to the community by providing enhanced transport linkages between Milton Keynes,
the scheme and Newport Pagnell.

o Part B of the exception test is passed as the hydraulic modelling demonstrates that Highway
Link 107 will be safe for its lifetime and does not increased flood risk outside of the scheme
extents.

= Table 3 of the PPG demonstrates that the proposed play area and linear park are considered
‘water compatible’ infrastructure and are therefore permitted to be located in Flood Zones 3a and
3b with no requirement to undertake the exception test.

The risk of flooding from surface water is considered to be very low, for the majority of the site.
There are however several areas within the application boundary that are currently shown to be at
medium to high risk, these are associated with IDB designated watercourses and drains. As a result
of the development the majority of these drains will have their catchments significantly altered with
the surface water runoff becoming controlled and managed by the drainage strategy, thus removing
the flood risk, with exceedance flow paths incorporated into the layout.

The surface water drainage strategy, implemented as part of the development, will manage the
surface water flows across the site and restrict peak flows from the impermeable areas to the
equivalent greenfield flow (QBAR) or 4/l/s/impermeable hectare, whichever is less. This surface
water drainage strategy has been designed to accommodate climate change for the lifetime of the
Scheme.

The risk from groundwater flooding is considered to be medium within the linear park, the
development parcels are at a higher elevation and the FFL will be raised above the adjacent land.

The site is located downstream of Willen Lake, a large raised reservoir, as such there is a residual
risk of failure, however, given the management of reservoirs in the UK, the risk from artificial sources
considered to be low.
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Flood zone maps are modelled using local and national river and sea data. This information provides an indication of the likelihood of flooding and is
intended for planning use only.

Flood Zone 1 - Land having a less than 1 in 1,000 annual probability of river or sea flooding. (Shown as ‘clear’ on the Flood Map — all land outside Zones
2 and 3).

Flood Zone 2 - Land having between a 1 in 100 and 1 in 1,000 annual probability of river flooding; or land having between a 1 in 200 and 1 in 1,000
annual probability of sea flooding. (Land shown in light blue on the Flood Map)

Flood Zone 3 - Land having a 1 in 100 or greater annual probability of river flooding; or Land having a 1 in 200 or greater annual probability of sea
flooding. (Land shown in dark blue on the Flood Map)
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High risk means that each year this area has a chance of flooding of greater than 3.3%.
Medium risk means that each year this area has a chance of flooding of between 1% and 3.3%.
Low risk means that each year this area has a chance of flooding of between 0.1% and 1%.
Very low risk means that each year this area has a chance of flooding of less than 0.1%.

This takes into account the effect of any flood defences in the area. These defences reduce but do not completely stop the chance of flooding as they
can be overtopped, or fail.
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ENVIRONMENT AGENCY RISK OF FLOODING FROM SURFACE WATER
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High risk means that each year this area has a chance of flooding of greater than 3.3%.
Medium risk means that each year this area has a chance of flooding of between 1% and 3.3%.
Low risk means that each year this area has a chance of flooding of between 0.1% and 1%.
Very low risk means that each year this area has a chance of flooding of less than 0.1%.

Flooding from surface water is difficult to predict as rainfall location and volume are difficult to forecast. In addition, local features can greatly affect the
chance and severity of flooding.
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ENVIRONMENT AGENCY RISK OF FLOODING FROM RESERVOIRS
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If a location is at risk, flooding from reservoirs is extremely unlikely. There has been no loss of life in the UK from reservoir flooding since 1925.

An area is considered at risk if peoples’ lives could be threatened by an uncontrolled release of water from a reservoir.
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ENVIRONMENT AGENCY RISK OF FLOODING FROM MULTIPLE SOURCES
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High risk means that each year this area has a chance of flooding of greater than 3.3%.
Medium risk means that each year this area has a chance of flooding of between 1% and 3.3%.
Low risk means that each year this area has a chance of flooding of between 0.1% and 1%.
Very low risk means that each year this area has a chance of flooding of less than 0.1%.

This dataset is not suitable for identifying whether an individual property will flood. The Risk of Flooding from Multiple Sources (RoFMS) information is a
national scale assessment. It gives an indication of what areas of land may be at risk of flooding from more than one source. This first version of the
assessment considers flooding from rivers, the sea and surface water.
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