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1 INTRODUCTION

1.1 Background

1 Cleve Hill Solar Park Ltd (“the Applicant”) is proposing to develop a solar photovoltaic

array and energy storage facility (“the Development”) on land to the south of Whitstable
Bay Coastal Waters (“the Core Study Area”), 2 kilometres (km) northeast of Faversham,
Kent, as is defined in Chapter 5 of the Environmental Statement (ES).

2. Arcus Consultancy Services Ltd ("Arcus”) has been commissioned to undertake a Flood
Risk Assessment (FRA) for the Development. This FRA is intended to meet the
requirements of the Environment Agency (EA) and specifically the following documents:

Revised National Planning Policy Framework (NPPF), paragraphs 155 to 165%;

Overarching National Policy Statement for Energy (EN-1)?;

The SuDS Manual (C753)3;

Swale Borough Council - Strategic Flood Risk Assessment for Local Development

Framework (2009) (the "SFRA™);

e Faversham Creek AAP - Developing proposals and future planning policy options to
deliver regeneration of the Creek area (October 2010)%;

e Water. People. Places. A guide for master planning sustainable drainage into
developments. Prepared by the Lead Local Flood Authorities of the South East of
England;

e Canterbury District Local Plan Adopted July 2017 - Policy CC4 Flood Risk, Policy CC5
Flood Zones, Policy CC12 Water Quality and Policy CC11 Sustainable Drainage
Systems °;

e Kent County Council ("KCC") Drainage and Planning Policy Statement. Local flood risk
management strategy guidance?;

e KCC - Flood Risk to Communities — Swale’; and

e Bearing Fruits 2031- The Swale Borough Local Plan (Adopted July 2017)8.

1.2 Consultation

3. Following consultation, the EA and KCC have commented on the FRA submitted as part
of the Preliminary Environmental Information Report (PEIR).

4, The EA stated that the Flood Risk Assessment detailed the development proposals and
outlined flood mitigation measures. The EA had no concerns in terms of flood risk to the
proposed development at this site and were satisfied with the application of the
Exception Test in relation to the site layout and design, and had reviewed the tidal flood
modelling undertaken and had no concerns. Therefore no action is needed other than to
update the FRA in respect of the application layout design.

5. KCC as Lead Local Flood Authority (LLFA) notes that within Volume 1, Chapter 10 of the
PEIR, environmental effects such as increased surface water runoff and potential transfer
of pollutants to surface water during construction are mentioned. However, there is no
elaboration of what these effects will be and no mention of surface water drainage.

! Ministry of Housing, Communities & Local Government (2018). “Revised National Planning Policy Framework” [online]
Available at: https://www.gov.uk/government/collections/revised-national-planning-policy-framework [Accessed 07/11/2018].
2 https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/47854/1938-overarching-
nps-for-energy-en1.pdf

3 https://www.ciria.org/Resources/Free_publications/SuDS_manual_C753.aspx

* Tony Fullwood Associates

5 https://www.canterbury.gov.uk/downloads/file/467/canterbury_district_local_plan_adopted_july_2017

6 KCC (June 2017).

7 https://www.kent.gov.uk/__data/assets/pdf_file/0010/71668/Flood-risk-to-communities-in-Swale.pdf

8 http://services.swale.gov.uk/media/files/localplan/adoptedlocalplanfinalwebversion.pdf
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6. The PEIR proposed surface water pollution prevention measures such as silt traps and

1.3

buffer strips to minimise sedimentation and erosion; further details of these measures
are outlined in Sections 2, 6 and 7 of the Outline Construction Environmental
Management Plan, ES Technical Appendix A5.4. These measures will protect the
hydrological environment during the construction phase. Subsequent communication with
KCC has indicated that attenuation for the compound is unlikely to be required and that
measures such as seeding the area under the PV arrays will be sufficient to control
surface water run-off rates compared to the baseline scenario.

Site Characteristics

The Hydrological Core Study Area, which contains all proposed works comprising the
Development and as shown in Plate 4, below, is located in Flood Zone 3a, which is the
second highest flood risk category and comprises land assessed as having a 1 in 100

(>1 %) annual probability of river or 1 in 200 (0.5 %) sea flooding in any year. However,
the EA flood map® identifies that the site is in an area that benefits from flood
defences!®:

Your reference
CHSP

Location (easting/northing)
603844/164015

Scale
1:50000

Created
8 Nov 2018 3:48

9 Selected point
B Fiood zone 3

?Z) Flood zone 3: areas
benefitting from flood
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Flood zone 2
D Flood zone 1
=== Flood defence
e Main river

3B Flood storage area

C——
0 500 1000 1500m

— - e - V4 Page 2 of 2

© Environment Agency copyright and / or database rights 2018. Al rights reserved. ® Crown Copyright and database right 2018. Ordnance Survey licence number 100024198,

Historical flood mapping shows that areas where Development infrastructure is proposed
did not flood to any depth during the historic tidal flooding events of 1953 and 1978. The
EA have stated during consultation, provided in Appendix 4 of this FRA, that * We do not
hold records of historic flood events from rivers and/or the sea affecting the area local to
this site.”. Whilst this does not categorically mean the Hydrological Core Study Area has
not flooded previously, the absence of recorded flooding at the Development site in EA

9 https://flood-map-for-planning.service.gov.uk/confirm-
location?easting=601721.695&northing=160864.518&placeOrPostcode=faversham
10 https://www.nationalarchives.gov.uk/doc/open-government-licence/version/3/
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records correlates with descriptions in the KCC Flood Risk to Communities — Swale!!
document.

identified as “46A — White A Drain” to the north of the Hydrological Core Study Area,
which in turn discharges into Whitstable Bay Coastal waters.

9. The Hydrological Core Study Area is located on arable agricultural land with a total site 14. Surface drains in the Hydrological Core Study Area appear to be relatively continuous and

area of approximately 4,920,000 m? (492 hectares (ha)), which is essentially flat, as free from natural blockages (such as trees / rushes / brash).

shown in Plate 1.

o _ 15 Several manmade concrete flow controls were observed within the Hydrological Core
Plate 1: Ste conditions Study Area, as shown in Plate 2.
Plate 2: Manmade flow control structures within drains

10. Site investigation borehole logs (provided as Technical Appendix A10.2 of the ES) and

trial pit logs confirm that superficial cover consists of clays with gravel and sand to

depths of between 7.5 m and 10.0 m BGL.
11. Soakage testing was anticipated to be undertaken at TPO1 to TP03, but groundwater

ingress in TPO1 deemed it unsuitable for testing. To facilitate testing TP02 and TP03

were filled with 20 millimetre (mm) diameter gravel from 1.0 m to 2.0 m to provide a

suitable test section. The tests were undertaken in accordance with Building Research

Establishment Report 365 (BRE, 2016) by filling the test sections with water and

recording the time taken for it to drain away. In addition to manual dipping, data loggers

were installed to record the level of the water. However, both tests failed due to

insufficient drainage over a 24 hour monitoring period. 16. A topographical survey shows that the Hydrological Core Study Area lies between 1 m
12 Given the homogeneous superficial geology cover, it is therefore concluded that disposal Above Ordnance Datum (AOD) and 4.5 m AOD. Isolated areas, such as those the south

of surface water runoff via infiltration to ground is not feasible at the Hydrological Core of the Core Study Area (in proximity to Graveney Hill), slope up to 15 m AGD.

Study Area via traditional SuDS methods. 17.  The Hydrological Core Study Area is afforded flood protection in the form of a raised
13, The hydrological regime within the Hydrological Core Study Area is typical of lowland embankment with a concrete wall. Plate 3 shows a typical example with the concrete sea

agricultural plains, primarily being drained by deep man-made ditches with slow water
being transferred slowly to the wider hydrological system. All infrastructure is located
within the catchment of the Lower Medway Internal Drainage Board (the "IDB") drain,

1 https://www.kent.gov.uk/__data/assets/pdf_file/0010/71668/Flood-risk-to-communities-in-Swale.pdf

wall sitting on a clay bund with the seaward side protected by a block work apron.
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Plate 3: Flood defences north of the Hydrological Core Study Area

18. The flood wall has a wave return profile and is in ‘Good’ and ‘Fair’ condition'?, although
short sections are affected by differential settling. At the Sportsman Pub, approximately
50 m east of the Hydrological Core Study Area, the defence is a grass covered clay bund
with a crest level of 5.7 m AOD that is set back but protected by a beach and high
shingle ridge!3.

19. As outlined within Section 7.3.9 of the North Kent Coastal Modelling Volume 2 - Isle of
Grain, Medway, Swale up to and including Whitstable, the embankment and wall to the
north of the Core Study Area provides protection from flooding up to the 1:1,000 year
return period (2012 tidal).

20. Historical timber groynes are intermittently placed along the length of the defences but
in most cases these do little to control beach movement!4.

21. The SFRA outlined details on flood defences within the area surrounding the
Development site. The defences around the mouth of Faversham Creek immediately
northwest of the Hydrological Core Study Area have a standard of protection uptoa 1 in
100 year event while Faversham Creek is protected from tidal flooding uptoa 1 in 10
year event.

2 METHODOLOGY

22. Flood risk will be classed as Negligible (where little or no risk is identified), Low (where
theoretical risk is identified but mitigating factors may influence flood levels) or Moderate
to High (where modelled levels or historical events show risk to the Development).

12 EA condition rating (2015).
13 http://www.se-coastalgroup.org.uk/media/north-kent/main-report.pdf
4 http://www.se-coastalgroup.org.uk/media/north-kent/main-report.pdf

Whether the risk is classed as Moderate or High is based on professional judgement and
is influenced by factors such as the end use of a site.

23. Several factors will be taken into account when attributing the residual risk of flooding to
the Development, including:

e Depth of flooding;
e Flooding extent / ingress into site;
e Type of infrastructure affected; and
e Intervening structures / flood protection.
24. A residual risk table is provided in the conclusion of this FRA and will provide comment

and justification for the risk category using professional judgement and experience of
assessing similar types of scenarios.

3 POTENTIAL SOURCES OF FLOODING

25. The following sections of this report evaluate the potential sources of flooding at the
Hydrological Core Study Area.

3.1 Tidal / Coastal Flooding

26. The Hydrological Core Study Area is located immediately to the south of flood defences
(as shown in Plate 2), which protect against tidal flooding up to the 1 in 1,000 year
event.

27. EA data shows that the flood defences to the north of the Core Study Area have a
condition rating of fair and good, whist other communication with the EA'* indicates that
the flood defences have a design life up to 2038, in the absence of maintenance.

28. Figure 7.13 of the North Kent Coastal Modelling Volume 2 - Isle of Grain, Medway, Swale
up to and including Whitstable!® illustrates that the modelled results for the 1:200 and
1:1,000 year tidal events predict some wave overtopping to occur at Graveney Marshes
but the extent is minimal and follows the line of the coast.

29. A pre-development meeting was held with the EA in September 2017 to discuss flood risk
and the appropriate scope of works to support a DCO application for the Development.
In the absence of Flood Hazard Mapping, the EA agreed that the coastal flood model
which informed the North Kent Coastal Modelling Volume 2 - Isle of Grain, Medway,
Swale up to and including Whitstable should be re-run to include a breach scenario for
the 1:200 year tidal event plus appropriate uplifts for climate change.

30. It was agreed that the North Kent Coastal Flood Model would be re-run by JBA
Consulting (who developed the original model on behalf of the EA) to inform the design
of the Development, using the following parameters and inputs:

e Topographical information for the flood wall from CHSP commissioned topographical
survey;

e The most recent LIDAR data available;
UK Climate Projections (UKCPQ9) for sea level rise for years 2017 and 2070;
Existing wave model re-run using sea level parameters from UK Climate Projections
(UKCPO09); and

e Two breach locations chosen and model run in accordance with the EA Modelling and
Forecasting Technical Guidance Note 2017:

15 pre-development meeting. September 2017.
16 North Kent Coastal Modelling Volume 2 - Isle of Grain, Medway, Swale up to and including Whitstable. JBA (2013).
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e Breach width set at 100 m for both locations;
e Defence failure water level of 4.6 m; and
e Defence failure time set at 56 hours.

31 The Cleve Hill Solar Park Coastal Flood Modelling report presented a total of 16 flood
scenarios including 1 in 200 and 1 in 1,000 year events for present day (2017) and 2070
using the following scenarios:

e Defended — assumes that the existing flood defences are in place and are structurally
sound;

e Defended Breach 1 — assumes a 100 m section of the flood defence is removed in the
northwest of the Site and simulates tidal ingress through this breach location;

e Defended Breach 2 — assumes a 100 m section of the flood defence is removed in the
northeast of the Site and simulates tidal ingress through this breach location; and

e Undefended — assumes the flood defences are not in place.

32 The 1in 200 and 1 in 1,000 year flood events have been used to design to in accordance
with guidance on Flood risk and coastal change!’, Engineering Design Standard, EDS 07-
0106 Substation Flood Protection (2016)!® and ETR138'° and the NPPF.

33. For completeness, JBA ran breach analysis on a third location, approximately 1 km to the
east of breach location 2. Under this scenario, the flood depths were much lower during
the 1in 200 and 1 in 1,000 year event, due to the presence of the topographical ridge to
the east of the Development preventing the ingress of coastal waters. Whilst the results
from the third breach location have not influenced the embedded development design,
they are included in Appendix 1 of this FRA for completeness.

3.1.1 Model Outputs

A The flood scenarios and maximum flood depths above ground level (AGL), across the
Hydrological Core Study Area, are presented in Table 1.

Table 1: Tidal Flood Model Parameters

Model Scenario Present Day (2017) 2070 (NPPF)

0.5% AEP* 0.1% AEP 0.5% AEP 0.1% AEP

Max depth (m) Max depth (m) Max depth (m) Max depth (m)

Defended (wave 0.00 0.75 0.70 1.75
overtopping)

Defended — Breach 1 3.50 3.85 3.95 4.35
Defended — Breach 2 3.40 3.75 3.85 4.25
Undefended 3.85 4.30 4.40 4.85

*AEP — Annual Exceedance Probability

35. Whilst the maximum flood depths are associated with drainage ditches, in the absence of
design measures / embedded mitigation, the Development is at risk of inundation during
a defended breach of the flood defences to the north of the Hydrological Core Study
Area. Given the significant modelled flood depths, the Development would be at High
risk of flooding and damage during this scenario.

17 https://www.gov.uk/guidance/flood-risk-and-coastal-change

18 https://library.ukpowernetworks.co.uk/library/en/g81/Design_and_Planning/Substations_- Major/General/EDS+07-
0106+Substation+Flood+Protection.pdf

19 Energy Networks Association publish Engineering Technical Report (ETR) 138 — Resilience to Flooding of Grid and Primary
Substations

Cleve Hill Solar Park Ltd Arcus Consultancy Services Ltd
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36. Whilst the Development is classed as “Essential Infrastructure” i.e. “ Essential utility

infrastructure which has to be located in a flood risk area for operational reasons,
including electricity generating power stations and grid and primary
substations” in accordance with Table 2: Flood risk vulnerability classification?’ and
therefore compatible (subject to passing the Exception Test) in Flood Zone 32! the site
should be designed to still function even under extreme breach conditions.

37. As such, embedded design measures to ensure the functionality of the Development
during a defended breach scenario are outlined in the following sections.

3.1.2 Embedded Mitigation
3121 Flood Sensitive Equipment

38. The 1in 200 and 1 in 1,000 year flood events have been used to design the
Development in accordance with guidance on flood risk and coastal change??,
Engineering Design Standard, EDS 07-0106 Substation Flood Protection (2016)23 and
ETR13824 and the NPPF. Freeboard is an allowance applied to flood levels to account
for residual uncertainty in flood modelling.

39. A freeboard allowance of 300 mm has been applied to maximum flood depths for the 1
in 1,000 year breach scenario for the substation, in accordance with Table 2 of the
Engineering Design Standard, EDS 07-0106 Substation Flood Protection (2016) and
ETR138.

40. Government guidance on flood risk and coastal change?* states that proposed flood
sensitive developments should be designed to be resilient against tidal flooding with a
0.5 % annual probability (a 1 in 200 chance of occurring each year).

41. Cleve Hill Solar Park Limited requested that the Development should be designed to be
resilient to a 0.1 % annual probability (a 1 in 1,000 chance of occurring each year) event
to provide an increased level of protection to the Development.

1, To achieve this, the developable area of the site has been split into separate
development parcels, and the substation and energy storage compound area. The design
of the Development has been informed by using maximum flood depths AGL or flood
levels AOD as appropriate to each specific area of the site, and applying an additional
freeboard allowance of 300 mm to identify the required level of protection.

43, Different model scenarios have been used to obtain different depths for critical
infrastructure (flood sensitive equipment, long lead time, high cost items critical to
operation — not the definition of critical national infrastructure (CNI)) and for the wider
development (non-flood sensitive equipment which has some resilience to flooding such
as the PV arrays).

2 https://www.gov.uk/guidance/flood-risk-and-coastal-change#flood-zone-and-flood-risk-tables

2 https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/575184/Table_3_-
_Flood_risk_vulnerability_and_flood_zone__compatibility_.pdf

2 https://www.gov.uk/guidance/flood-risk-and-coastal-change

3 https://library.ukpowernetworks.co.uk/library/en/g81/Design_and_Planning/Substations_- Major/General/EDS+07-

0106+ Substation+Flood+Protection.pdf

24 Energy Networks Association publish Engineering Technical Report (ETR) 138 — Resilience to Flooding of Grid and Primary
Substations

% https://www.gov.uk/guidance/flood-risk-and-coastal-change#design-flood
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31211 Critical Infrastructure (substation and battery storage area)

4, The critical infrastructure within the Development (the substation and battery storage
compound) has been designed to be resistant to a 1 in 1,000 year plus climate change
(year 2070) defended breach (breach 2) event.

45, The breach scenario 2 event has been used as it results in a greater flood depth (at the
electrical compound) than breach scenario 1 and is therefore considered to be a more
conservative approach to site design.

46. To achieve the required level of protection, an uninterrupted flood protection bund with a
crest height of 5.316 m AOD will encircle the substation and energy storage compound
to protect the critical infrastructure against this type of event.

47. To derive the flood protection level, flood data from the JBA Cleve Hill Solar Park Coastal
Flood Modelling report was imported into a GIS model and the maximum flood levels
within the substation and battery storage compound area was obtained. This derived a
maximum flood level of 5.016 m AOD. With the addition of 300 mm freeboard this results
in a flood protection level for critical infrastructure in the substation and battery storage
compound area of 5.316 m AOD.

31212 Wider Development

48. Non-flood sensitive infrastructure forming the wider development (photovoltaic (PV)
arrays, cabling, inverters and transformer stations) has been designed to be resilient to a
1in 1,000 year plus climate change (year 2070) defended (wave overtopping) event.

49, The wave overtopping event has been used as the design scenario for the wider
Development rather than a breach scenario, as the PV arrays and associated ancillary
infrastructure have resilience to flooding and are likely to be able to operate without
replacement once floodwaters have subsided.

50. To achieve the required level of protection, the lowest electrical connections for the PV
arrays, cabling and inverters will be located above the identified flood protection levels in
each field (development parcel). This will result in the bottom edge of the PV panels
being located approximately at the flood protection level. The transformers will be
designed with flood resilience measures built in, which could include protection
measures, or the transformers having the ability to float (secured by dolphins / fixed
tethers) during a 1 in 1,000 year overtopping flood event in the year 2070.

51. To derive the required flood protection levels, flood data from the JBA Cleve Hill Solar
Park Coastal Flood Modelling report was imported into a GIS model and the maximum
flood levels within each field (development parcel) were obtained. This derived a range
of maximum flood depths AGL within each land parcel from 0 m to 1.8 m. The minimum
height of the bottom edge of PV panels and therefore all other electrical connections was
set to 1.2 m AGL. With the addition of a 300 mm freeboard allowance, flood protection
levels for non-flood sensitive infrastructure therefore range from 1.2 m to 2.1 m AGL.

52. The heights of the PV array bottom edge in each field (development parcel) are shown in
Technical Appendix A5.1 and Figure 5.3 of the ES.

53. With the implementation of design measures, such as a bund around the critical
infrastructure and the raising of the bottom edge of the PV arrays, the Development will
be safe for its lifetime, even in the event of a breach in the flood defences to the north.

(-
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3122 Evacuation Plan

. The Development will not be permanently occupied but servicing personnel are likely to
visit the Development on a regular basis.

55. As such, the operator of the Development will sign up to the EA’s Flood Alert system to
ensure that they and their employees are aware of the current flood risk and can plan
accordingly. Additionally a Personal Flood Evacuation Plan?® should be drawn up based
on advice from the EA and the Local Authority.

3123 Flood Defences

56. The design of the Development has ensured that the flood defences protecting the
Development can be inspected and maintained by the operator of the Development to
ensure their functionality throughout the lifetime of the Development. An inspection
programme for the lifetime of the Development will be agreed with the EA and should
form part of a suitably worded DCO requirement.

3.1.3 Floodplain Loss

57. As the Development does not act as a functional floodplain, no loss is predicted and no
mitigation is proposed.

58. Additionally, during a breach of sea defences during the 1 in 200 year event the
Development would not impede water flow during a flood event due to the thin nature
and extremely small footprint of the PV racking system.

50. Whilst the bund around the compound has the potential to displace coastal waters under
a managed retreat scenario, flood modelling shows that the parameters and flood
conditions required for this scenario are extreme /.e. the 1 in 200 year tidal flood plus the
complete removal of flood defences totalling approximately 100 m in length. Given the
flat topography in the Hydrological Core Study Area, any displacement volume is likely to
be distributed over a wide area and therefore limiting the overall flood depth and extent.

60. The Site is situated on a theoretical floodplain and the land only operates to store water
under extreme breach or overtopping conditions. As such, in comparison to the area
covered by the floodplain, the volume of water displaced under a flood defence breach
scenario would be Negligible.

3.1.4 Tidal Flood Risk Summary

61. The Development is defended from tidal flooding up to the 1 in 1,000 year return period
by raised embankments with a concrete wall.

62. In the event of a breach in the flood defences, the Development would be at risk of
inundation to depths of up to 3.85 m during the 1 in 200 year return period and 4.25 m
during the 1 in 1,000 year return period.

63. The Development has been designed to protect the electrical infrastructure in the event
of a breach in flood defences.

A. Non-flood sensitive infrastructure forming the wider development (photovoltaic (PV)
arrays, cabling, inverters and transformer stations) has been designed to be resilient to a
1in 1,000 year plus climate change (year 2070) defended (wave overtopping) event.

% https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/444659/LIT_4112.pdf
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65. The critical infrastructure within the Development (the substation and electrical
compound) has been designed to be resistant to a 1 in 1,000 year plus climate change
(year 2070) defended breach (breach 2) event.

66. With the implementation of the embedded design measures, the residual risk of the
Development flooding from tidal sources is considered to be Low.

3.2 Fluvial
3.2.1 Watercourses
67. Faversham Creek is located immediately to the west of the Hydrological Core Study Area.

68. Section 5.4.2 of the SFRA states that Faversham Creek has a standard of flood protection
up to the 1:10 year event for tidal flooding.

69. Appendix 5: Faversham. NaFRA mapping of the Kent County Council Flood Risk to
Communities — Swale?” shows that the main areas associated with fluvial flooding from
Faversham Creek are within the urban areas of Faversham and areas at Ham Marshes,
on the opposite bank to the Development. These areas are shown as being at “High” risk
of flooding, while the Development is shown to be at “Medium” and “Low" risk.

70. The document also states that Faversham Creek (and Oare) is "..prone to tidal flooding
during particularly high astronomical tides or storm surges when significant volumes of
water propagate up their channels”. As such, fluvial contribution to flooding in proximity
to the Development is likely overwhelmed by inputs from tidal sources.

71, The major flooding events of 1953, 1978 and 2013 in Faversham are attributed to tidal
surges pushing water levels up within Faversham Creek.

72. Tile D (map) of the SFRA shows the EA Flood Zones and EA fluvial flooding records.
Although these zones are a combination of both tidal and fluvial flooding, there are no
specific records of fluvial flooding in the vicinity of the Hydrological Core Study Area.

73. Section 3.4.3 of The North Kent Coastal Modelling Volume 2 - Isfe of Grain, Medway,
Swale up to and including Whitstable document incorporated Faversham Creek identifies
that the was run as a linked fluvial tidal model?® /.e. run with hydrological inflow
boundaries and this scenario has been covered in the previous section of this FRA.

74. As such, it is considered that Faversham Creek has the potential to cause flooding at the
Development only in conjunction with tidal flooding and therefore flooding from
watercourses is considered to be Negligible.

3.2.2 Drainage Ditches

75. The IDB have confirmed that the drainage ditches onsite have flow controls and that the
IDB generally control levels within Cleve Marshes?.

76. The Flood Estimation Handbook ("FEH") web service®® shows that the drainage ditches
onsite drain a catchment area of 7.76 km?2.

77 https://www.kent.gov.uk/__data/assets/pdf_file/0010/71668/Flood-risk-to-communities-in-Swale.pdf
2 ISIS / Flood Modeller model provided to Arcus by the EA

2 Mike Watson — Lower Medway IDB, telephone communications 03/05/2018.

30 https://fehweb.ceh.ac.uk/
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77. The ReFH2 method has been used to develop flood hydrographs for the catchment in
which the Development is located, with catchment descriptors imported from the FEH
web service for a number of return periods (as a 100 % rural model).

78. ReFH2 method, indicates that the peak flow for the 1 in 100 year summer flood event
over the 7.76 km2 catchment is 2.83 m3/s (and 3.96 m3/s with the addition of a 40 %
climate change allowance), as shown in Appendix 2.

79. Given the low peak flow, the number of drainage ditches within the Hydrological Core
Study Area, the dimensions of the ditches and the active flow regulation by the IDB, the
flat nature of the site, even in the event that the ditches overtop it is likely that the out
of channel flows would extend over a wide area and to shallow depths. The PV array
would be installed above ground level, as described in Section 3.1.2 of this FRA, while
ancillary infrastructure has been designed to be flood resilient or to float on a tether. The
electrical compound will also be bunded preventing water ingress in the event that
ditches overtop. Therefore the mitigation outlined for tidal flooding will prevent the site
being damaged should these ditches overtop.

80. As such, the risk of the Development flooding from fluvial sources is considered to be
Negligible.

3.3 Pluvial (Surface Water)

81 The EA flood map identifies that isolated areas of the Hydrological Core Study Area are
at risk of flooding from surface water during the 1 in 100 year flood event, as shown in
Plate 4.

Plate 4: 1 in 100 pluvial flood extent
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82. These areas largely correspond with the areas on Map 2 of the Swale Surface Water

Management Plan (SSWMP)3!,

83. Figure 3.1 — Hotspots in Swale of the SSWMP does not identify the Hydrological Core
Study Area as an area where pluvial flood risk has been identified and that further action
is required to investigate.

& Inspection of the flood depths indicates that the deepest pluvial flood depths within the
Development for the 1 in 100 year flood correspond with areas where drainage ditches

exist. /,-

85. The deepest pluvial flood depth out of drainage ditches occurs in the southern section of [ core study Area / A
the Development site, approximately 150 m north of Sandbanks Lane, with a depth of ' Pluvial Flood Depth (m) 1 in 100 { S
between 0.3 m and 0.6 m. As shown in Plate 5, no Development infrastructure is located g froom /7
within this area. e b trect ',Br.},'el]rj-,'//'/_

0.15-0.30 g

Plate 5: Pluvial Flood Depth 1:100 year event in Proximity to Sandbanks Lane
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ﬂ, E —— E — %E: % z z rl ‘: REfZZiBV'REP‘WL Sl D000 A - ontal@ a © Crown Copyright and database'Hght 2018
| EEZE = EE::EE 86. Other isolated areas of pluvial flooding up to 0.6 m exist across the Development,
= S===N I —— = \ however it appears that these may be an error in the coarse EA pluvial flood model, as
\ [ core study Area = 1) = —— ‘J the areas in question are essentially flat, suggesting errors in the topography used to
——] I — = _— : . .
\ I v aray —H b = SEES=S map pluvial flooding.
Flivial Flood et (m) 2 I 200 —— . e e e 87.  The PV array would be installed above ground level, as described in Section 3.1 of this
. 000-015 — B2 B é::E_ FRA, while ancillary infrastructure has been designed to be flood resistant or float on a
0.15 - 0.30 — <Y = WarmH tether. Additionally, measures such as letting the Development vegetate with a grass or
EE \ L . E— wildflower mix will provide an improvement in terms of overland flow and permitting
G0 =She0 il | — infiltration compared to the baseline scenario.
\ B o009 use r \(:
B o010 ) 8. As such, the risk of the Development flooding from pluvial sources is considered to be
f Negligible.
[ EEEl ‘
I ! 3.4 Reservoirs
'iEf2238’REP'163 _ Sca'i‘ 6,000 A/ﬁmavﬁ © Crown Copyright and database right 2018
8. There are no Southern Water reservoirs within 5 km of the Development site32.
0. The EA Flood map shows that the Development site is not mapped to flood should the
nearest reservoir fail.
91. As such, the Development is not considered to be at risk of flooding from reservoirs.
3.5 Groundwater
92. Map 3 of the SSWMP3? identifies that the majority of the Hydrological Core Study Area is
not at risk of groundwater flooding, with the exception of the western section where it is
classified as having between 25-50% proportion of the square km susceptible to
groundwater flooding.
32 https://www.southernwater.co.uk/reservoir-levels
31 Kent County Council - https://www.kent.gov.uk/__data/assets/pdf_file/0011/50015/Swale_SWMP_Stage_1_Report.pdf 33 https://www.kent.gov.uk/__data/assets/pdf_file/0010/50014/Swale_SWMP_Stage_1_Appendix-F.pdf
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93. Given the shallow groundwater encountered at the substation compound, which is likely

to be a perched layer, and the presence of clays to a depth of 10 m BGL, the clays are
likely to act as a hydrological barrier to the upward movement of groundwater located at
deeper depths.

A In the unlikely event of groundwater reaching the surface, the measures to protect the
Development against tidal flooding, such as rising electrical equipment, will ensure the
Development is safe.

95. As such, the risk of the Development flooding from groundwater sources is considered to
be Negligible.

3.6 Sewers / Highways Drainage

%. There is no highways drainage or Southern Water drainage infrastructure in proximity to
the Development site. This was confirmed through visual observations from the site
walkover.

97. As such, there is no risk of the Development flooding from sewers or highways drainage.

4 ACCESS TRACK / SPINE ROAD RUNOFF

8. A permeable spine road (1.01 ha) and a section of impermeable spine road (0.47 ha) will
be installed across the central section of the Development site.

0. The introduction of areas of semipermeable aggregate track on a greenfield site will
increase the discharge of water from the developed area relative to the current state.
This effect could, in principle, lead to increased probability of down-stream flooding,
especially in extreme rainfall events. The EA / DEFRA guidance document3* identifies
that suitable mitigation of this effect is to provide storage for the excess discharge to
allow it to infiltrate into the ground, where possible, or otherwise to discharge to a
watercourse at less than 2 |/s/ha above that of the greenfield runoff rate.

100.  The method set out in the EA / DEFRA guidance document has been followed to identify
approximate rainfall storage volumes required on site. As set out in the guidance, details
of this would be designed and agreed with the EA at detailed design stage, and the
method applied here is approximate, but appropriate to this phase of the Development.

101.  The Development lies within Hydrological Region 7 of the UK.

102.  The Flood Estimation Handbook?> identifies that the Development site receives an
average annual rainfall (SARR) of 617 mm.

103.  Approximate greenfield runoff flow rates have been calculated using Micro Drainage
software and used to estimate appropriate storage volumes required.

104.  Calculations were derived using the IH124 method using Micro Drainage software and
are shown in Appendix 3 of this report.

3 Environment Agency/DEFRA (2005). “Flood Risk Assessment Guidance for New Development”. R&D Technical Report
FD2320/TR2. [online] Available at: http://evidence.environment-
agency.gov.uk/FCERM/Libraries/FCERM_Project_Documents/FD2320_3363_TRP_pdf.sflb.ashx [Accessed 21/04/2018].

% Flood Estimation Handbook [online] Available at: https://www.ceh.ac.uk/services/flood-estimation-handbook-web-service
[Accessed 21/04/2018].
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105.  The application of this approach leads to mean peak greenfield flow rates from the area
to be developed for the 1-year, 30-year and 100-year return periods, as shown in
Table 2.

Table 2: Estimated Runoff Flow Rates (Q) for 1, 30 and 100-year return periods
(taken from Micro Drainage)

Return Period Q (I/s)
QBAR Rural 4.3
QBAR Urban 4.3
1 3.7
30 9.8
100 13.8

106. A total of 1.01 ha of new Type 2 aggregate hardstanding will be introduced and is
assumed to be 40 % permeable (Cv value of 0.4 i.e. 40 % permeable3).

107.  The temporary storage required to hold the increase in runoff from the site is shown
below for the 1 in 100 year return period, as calculated using Micro Drainage software.

108. A 40 % increase in rainfall during these events has been included to account for the
potential effects of climate change over the operational life of the Development, in
accordance with the EA’s “Upper end” allowance in Table 2: peak rainfall intensity
allowance in small and urban catchments® and at the request of KCC.

109.  The overall storage required is shown below, based on 1.01 ha of new hardstanding and
assuming no infiltration:

£ Quick Storage Estimate EI@

‘ Variables
[ FEH Rainfall | Cv (Summer) 0.400
Retum Period (years) Gy (Vonier)

Impermeable Area (ha) 1.010

e oo Maximum Allowable Discharge

Variables
|GB 604250 164750 TR 04250 6475 Ve)

Results C (lkm) [-0.023 D3 (Tkm) 0,267

Feind D1 (1km)[0 305 E(lkm) [p315 | Infitration Coefficient (m/hr) |0 noooo 8

Overview 2D D2 (Tkm)|0.391 F(lkm) (2532 Safety Factor
Overview 3D Climate Change (%)
vt
Analyse QK Cancel Help

Enter Safety Factor between 1.0 and 50.0

% Taken from Table RO-3—Recommended Percentage Imperviousness Values - Gravel (packed). Drainage Criteria Manual
37 https://www.gov.uk/guidance/flood-risk-assessments-climate-change-allowances
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;}/-:'_uu:lr Storage Estimate EI@ ' Quick Storage Estimate ’E@
O | =
M"ﬂ Global i require i hﬂ" Global Variables require z
Drainage of between 341 m? and 522 m*. Drainage; of between 361 m* and 556 m*.
These values are estimates only and should not be used for design purposes. These values are estimates only and should not be used for design purposes.
Variables Variables
Results Results
Design
Design
Overview 2D
Overview 2D
Owverview 3D
Overview 3D
Vit
Vit 8 S S
T B L oK Cancel Help

Enter Maximum Allowable Discharge between 0.0 and 9359393.0
Enter Safety Factor between 1.0 and 50.0

0 114.  Table B.4 Scheme design assessment checklist of the SuDS Manual, which states that the
110.

Additionally, 0.47 ha of asphalt road could be installed for the Development and is following hierarchy for disposal of surface water should be observed unless ‘acceptable
assumed to be 90 % impermeable (Cv value of 0.9 /.e. 90 % impermeable). Justification for moving between levels'is provided:

111.  The temporary storage required to hold the increase in runoff from the site is shown o Infiltration to the maximum extent that is practical — where it is safe and acceptable
below for the 1 in 100 year return period, as calculated using Micro Drainage software. to do so;
e Discharge to surface waters;
112. A 40 % increase in rainfall during these events has been included to account for the e Discharge to surface water sewer, highway drain or other drain; and
potential effects of climate change. e Discharge to combined sewer (last resort).
113.  The overall storage required is shown below, based on 0.47 ha of new 90 % 115.  Asinfiltration testing demonstrated that the superficial deposits underlying the
impermeable hardstanding and assuming no infiltration: Development did not permit infiltration at a suitable rate to dispose of surface water via
discharging to ground, storage will be provided by installing shallow drainage ditches
7 ik Storage Extimae immediately adjacent to the spine road and these will discharge to the existing drainage
= ditch network via appropriately sized outlets.
B [ FEH Rainfall <] Cv (Summen) . . | -
Draino0C - Cv Winter) 116.  Given the total length of the spine road (approximately 2.8 km), this volume of storage
N impemeable Area ha) can easily be accommodated via a shallow drainage ditches, as shown in Plate 6.
|B 604250 164750 TR 04250 6473 | ... | uh}':fmum Sessais e 3

. Plate 6: Typical drainage ditch adjacent to access track
et C(km) [0023 | D3 (tkm)[D267

Design DI (km)[0305 | E(ikm) [p315 | Infitration Coefficient m/hr}

M| [=

= =|[=|[=][=
8||g||8
=

B
Overviewan | D2(lkm)|0.391 F(lkm) [2532 | Safety Factor
Dverview 3D Climate Change (%)
Vit
Analyse oK Cacd | Help

Enter Maximum Allowable Discharge between 0.0 and 999939.0

117.  Active management of runoff from all access tracks will reduce the potential of sediment
laden runoff entering watercourses and ditches. Measures could include placing semi-
permeable obstructions in the drainage ditches adjacent to the track. Outfall pipes will

38 Taken from Table RO-3—Recommended Percentage Imperviousness Values - Drive and walks. Drainage Criteria Manual
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drain into a bunded section of the drainage ditch to allow the attenuation of runoff flow
before entering the wider catchment.

5 ANCILLARY INFRASTRUCTURE

118.  Approximately 80 transformers are expected to be installed as part of the Development,
which would cover an area of approximately 4,365 m? (0.43 ha), including the foundation
pads.

119.  Based on Arcus' previous drainage inspections of operational solar farms*, ancillary
infrastructure as part of the Development is considered to be 90 % impervious (Cv value
of 0.9 /.e. 90 % impermeable)*:

120. A succinct quantitative assessment has been undertaken to identify runoff from the
transformers compared to the baseline scenario, as follows:

121, Rainfall Depth (1 in 100 year 360 minute storm) x area of transformers x Soil Index /
time (seconds).

122. A comparison is provided in Table 3.
Table 3: Runoff calculations for Transformers
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40 %
for
climate
change

103.2 4,365.60 m? 0.9%* 404.69 404,691.12 21,600 18.74
mm =
0.103 m

Baseline Scenario

Rainfall | Total Site Area | Soil Volume (m3) | Volume (I) Time /s
Depth Index?*! (seconds)
for
baseline
area +
40 %
for
climate
change*

103.236 3,876,000 m? 0.47 187,637.16 187,637,160.00 | 21,600 8,686.91
mm =
0.103 m

With Development Scenario

Rainfall | Area without Soil Volume (m3) | Volume (I) Time /s
Depth Transformers Index (seconds)
for
baseline
area +
40 %
for
climate
change

103.2 3,871,634.40 m? | 0.47 187,425.82 187,425,821.30 | 21,600 8,677.12
mm =
0.103 m

Rainfall | Area with Soil Volume (m3) | Volume (I) Time /s
Depth Transformers Index (seconds)
for
Develop
ment +

39 Malmaynes, Arkwright and Thorne Solar Farms drainage inspections
40 Taken from Table RO-3—Recommended Percentage Imperviousness Values - Roofs. Drainage Criteria Manual
4 http://www.uksuds.com/drainage-tools-members/greenfield-runoff-rate-tool.html
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* Flood Estimation Handbook:

RAINFALL MODELLING FOR CATCHMENT AT 604250,164750

FEH 1999 FEH 2013

6.0h (0.3days)
500yr: 109.20mm
200yr: 88.76mm
100yr: 73.74mm
50yr: 60 68mm
30yr: 53.01mm
20yr 47 87mm
10yr: 40.28mm

@ Design Rainfall Event Rarity 200

@ Catchment 604250, 164750
1km grid point 604000, 165000

o
=)

Catchment parameters
Area 6.41km*

Rainfall (mm)
8

Duration 6 Hours v

Return period 100 Years v 50

Depth 7374 mm

An areal reduction factor of 0 961 has been applied to a point rainfall of 76 7 mm to yield a catchment design rainfall of 73.74 mm

This design rainfall has been calculated for a return period on the annual maximum scale

Return period options Duration options
® Annual maximum Fixed

Peaks over threshold ® Sliding

**taken as 0.9 to represent impermeable nature of the transformers

123.  As a result of the installation of ancillary infrastructure, surface water runoff rates may
increase by 8.95 I/s across the entire Development compared to the baseline, which
equates to a 0.1 % percent increase in runoff rates.

124,  As such, the transformers foundations will be surrounded by crushed stone, as shown in
Plate 7.

Plate 7: Typical ancillary structures on crushed stone at solar farms

125. In areas where Type 1 and Type 2 stone will be installed there will be an improvement in
the overall ability of the Hydrological Core Study Area to slow the conveyance of surface

Arcus Consultancy Services Ltd Cleve Hill Solar Park Ltd
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water due to superficial deposit regrading during the construction phase and the 130.  As a result of the installation of PV panels, this calculation suggests that surface water
introduction of stone with voids as opposed to the baseline superficial cover of clays. runoff rates may increase by 3,615.78 |/s across the PV panel footprint compared to the

baseline, which would equate to a 41.62 % percent increase in runoff rates.
126.  As such, the potential increase in runoff rates from ancillary infrastructure is assessed as

Negligible. 131.  However, the solar panels will be located above the ground, rather than on it, and will
not prevent soil from absorbing rainwater as the panels will not be placed directly on the

6 PV PANEL RUNOFF ground. The same area of soil will be available for infiltration.

127.  The PV arrays have the potential to concentrate rainfall under the drip line. Research in 132.  Once rainfall has fallen off a PV panel, the water will be able to spread and flow along
the United States by Cook & McCuen*?, suggested this increase would not be great but is the ground under the PV panels. Given the flat nature of the Hydrological Core Study
an increase nonetheless. Other studies quantified this increase ranging from 1.5 % to Area it is likely that rain falling on each row of solar panels would flow evenly into the
8.6 %, depending on site specific parameters. rain-shadow of the row below, so as to mobilise the same percentage of the ground for

infiltration as was available before the panels were installed.
128, A succinct quantitative assessment has been undertaken to identify runoff from the PV
arrays compared to the baseline scenario, as follows: 133.  Each table of panels will comprise several PV modules, with dimensions typically as set
out in the ES chapter 5. Each module will be of the order of 1 m by 2 m, and water will
drip off each module (there will be small gaps between modules). This means that the
surface area to drip line length ratio will be the same as for "traditional" solar array
layouts, which use the same modules.

e Rainfall Depth (1 in 100 year 360 minute storm) x area of PV arrays x Soil Index /
time (seconds).

129. A comparison is provided in Table 4.

Table 4: Runoff calculations for PV arrays 134.  Whilst the Natural England Technical Information Note 101 (TIN101) “Solar Parks:

Baseline Scenario maximising environmental benefits"#* has been archived, the principles relating to solar

Rainfall Total Site | Soil Volume Volume (1) Time I/s parks, the_ir siting, their potentigl impacts and mitigation requirements _for the .

Depth for Area Index? | (m?) (seconds) safeguarding of the natural environment are still relevant. As such, this FRA considers

baseline the potential increase in runoff and soil erosion.

area + 40 %

for clim:te 135.  TIN101 states:

change “The key to avoiding increased run-off and soil into watercourses is to maintain soil

103.2 mm = 3,876,000 | 0.47 187,637.16 187,637,160.00 | 21,600 8,686.91 permeability and vegetative cover. Permeable land surfaces underneath and

0.103 m m? between panels should be able to absorb rainfall as long as they are not

With Development Scenario compacted and there is some vegetation to bind the soil surface”.

gszlf'or cvri‘::out f:"ilex }I;I;;me Volume (1) {;:1;“ ds) /s 136.  Apart from the construction of the substation compound, heavy machinery will only be

baseline PV arrays used during the delivery of the solar panels. All vehicles would follow the onsite access

area + 40 % tracks wherever possible. Where vehicles are required to travel off the access tracks this

for climate may lead to a temporary compaction of soils. Areas where infrastructure is located in

change the eastern part of the Core Study Area are largely flat or with very gentle gradients, and

103.2 mm = 2112601 | 0.47 102.271.01 102.271.014.41 | 21.600 4.734.77 hence increased runoff would be unlikely to lead to fast moving surface water and

0.103 m m ' o ' ' consequent erosion except on the small areas of steeper slopes in the southern parts of
the Development.

Rainfall Area with | Soil Volume Volume (1) Time /s

g:s:?of;:ent PVarrays | Index | (m?) (seconds) 137.  Furthermore, the percentage of the Core Study Area proposed for the new spine road is

+ 40 % for small (approximately 0.30 %%).

climate

change 138.  TIN101 highlights the effect of slope on runoff rates and soil erosion by concluding that:

103.2 mm = m?2 0.9%* 163,467.09 163,467,087.30 | 21,600 7,567.92 “the risks of run-off and soil erosion are lowest on low gradient land with cohesive

0.103m soils and highest on dry, sandy and steeply sloping soil surfaces.”

* Flood Estimation Handbook. 139.  Assuch, a Drainage Strategy will be implemented to ensure that grassed buffer strips

**taken as 0.9 to represent impermeable nature of PV arrays are located underneath the PV panel drip lines.

* Natural England Technical Information Note 101 “So/ar Parks: maximising environmental benefits” [online] Available at:

42 “Hydrologic Response of Solar Farms.” J. Hydrol. Eng., 18(5), 536-541. 2013 http://publications.naturalengland.org.uk/publication/32027 [Accessed 11/04/2018].
“ http://www.uksuds.com/drainage-tools-members/greenfield-runoff-rate-tool.html % Approximately 1.48 ha area of new access track / spine road in 492 ha site
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140.  The energy of the flow which drains from the solar panels will be greater than that of the
rainfall. Therefore, this could result in erosion under the driplines and possibly lead to
ground instability. In addition, intensification of the runoff from panels, along the ‘drip
line’, into small channels / rivulets, could be exacerbated where solar panels are not
positioned in alignment with the site topography. Given the flat topography in the
Hydrology Core Study Area, the potential for rivulets to form is minimal. In order to
avoid increased erosion rates, the grass beneath the panels would be well maintained
throughout the lifetime of the Development.

141.  During the operational phase of the Development the likelihood of soil erosion occurring
as a result of the Development is therefore considered to be minimal. Implementation of
mitigation measures will further reduce any potential effects. During the construction
phase, unnecessary soil disturbance on saturated soils would be avoided in order to
minimise soil compaction.

142.  As such, the area under the drip line should be seeded with a suitable grass mix, as
shown in Plate 8, to prevent rilling (incisions in soil caused by concentrated water flow)
and an increase in surface water runoff rates.

Plate 8: Establishing grass mix under PV drip line*%?

\-

Drip line

N

Grass mix

6 Photograph taken 6 months after construction of Malmaynes Solar Farm, Medway, 2016
7 Delfzijl solarpark, Netherlands
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143.

144.

145,

146.

N

Topography within the Hydrological Core Study Area is essentially flat, meaning rainfall
will not drain quickly down slope and will preferentially infiltrate where it lands under the
drip line. Should the rate of infiltration within the clay soils be exceeded then the velocity
of any standing water that does begin to form will be slow, giving a greater likelihood
that it will be absorbed by the drier land under the panels.

Furthermore, the baseline superficial geology cover is clay soils which are tilled or left as
stubble for large parts of the year which is likely limit infiltration and promote surface
water runoff and ponding of surface water. The proposed grass / vegetation cover during
the operational period of the Development is likely to generate lesser surface water
runoff rates.

It has been agreed in principal with Kent County Council and Upper and Lower Medway
IDB that, with the implementation of suitable planting (such as a wildflower or grass
mix), the ground cover is unlikely to generate surface water runoff rates beyond the
baseline scenario.

As such, effects associated with runoff from the PV array are assessed as Negligible.

Arcus Consultancy Services Ltd
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COMPOUND SURFACE WATER MANAGEMENT

As discussed and agreed in principal with KCC and Lower Medway IDB, given the
absence of residential properties and the proximity of coastal waters to the north there is
no requirement for attenuation or traditional SuDS at the electrical compound. The
compound will be drained by a 600 mm surface water sewer with a pump which will
discharge into a drainage ditch to the north of the compound.

A schematic of the proposed drainage network is provided in Appendix 5 of this FRA.

The detailed drainage design for the electrical compound area will be provided prior to
construction phase of the Development.

NPPF SEQUENTIAL AND EXCEPTION TESTS
Sequential Test

Paragraph 158 in NPPF states that developments located within Flood Zone 3 should
apply a risk based sequential test in order to steer the proposed development towards
areas classed as having a lower probability of flooding. Paragraph 159 and 160 in NPPF
does, however, acknowledge that under certain circumstances it may not be possible to
locate the development on land identified as having a lower risk of flooding (Flood Zone
1) but the benefits of the development should be clearly stated.

The Development site was identified through an ongoing site search exercise undertaken
by the Applicant as solar PV developers. A large number of sites have been identified by
a team of project developers at Hive via direct approaches and a network of land agents
across the country. The south of England was of particular interest to Hive due to the
higher levels of solar irradiation experienced relative to other parts of the UK.

A range of technical, environmental and economic factors are considered when Hive
investigate any potential site for large-scale ground-mounted solar PV development,
whether it is identified by Hive or brought to the attention of the developers by a third
party. Key factors for consideration included:

Solar irradiation levels;

Proximity to an available grid connection;
Proximity to local population;
Topography;

Field size / shading;

Access to the site for construction;
Archaeological interest;

Agricultural land classification;
Landscape designations;

Nature conservation designations; and
Commercial agreement with a landowner.

Following consideration of the above factors (as set out in Chapter 4: Site Selection,
Development Design and Consideration of Alternatives and Technical Appendix A4.1:
Sequential Test Analysis), the area in which the Development has been located was
identified as having good potential for a substantial large-scale ground mounted solar PV
array.

Given the proximity to an available grid connection and the area required for the PV
array, it has been concluded that there are no available sites that met the criteria in
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Flood Zones 1 or 2 in a Sequential Study Area of 5 km of Cleve Hill substation (see
Figures 1 and 2 of the Technical Appendix A4.1: Sequential Test Analysis).

As identified on Figure 2 of Technical Appendix A4.1: Sequential Test Analysis there is a
section of land on the Isle of Sheppey that is in Flood Zone 1 but the land parcel is much
smaller than the proposed footprint of the Development. Additionally, in order to
connect to the existing Cleve Hill substation cables would have to be installed under or
on the bed of the Swale Channel, potentially having significant effects on the costal
environment, which is designed as an SPA, Ramsar and Marine Conservation Area and
would render the Development unviable.

For these reasons, it is considered that the Development meets the requirements set out
in Table 3 of the Planning Practice Guidance and meets the requirements of the
Sequential Test.

Exception Test

The Planning Practice Guidance to the NPPF also states that the two criteria set out in
the Exception Test should be applied to developments. The two criteria are listed below:

1. 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; and

2. 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 Exception Test criteria are addressed in the following points:

1. The primary function of the Development is to produce green energy for export to
the National Grid. Sections 3 to 7 of this FRA have demonstrated that onsite flood
risk, and the potential risk of offsite flooding, will not increase as a result of the
Development. Additionally, it is considered that the Development will provide
significant wider sustainability benefits in terms of a significant supply of renewable
energy to the National Grid; and

2. Sections 4 to 7 of this FRA demonstrate that current surface water runoff rates will
be maintained for the life time of the Development, as climate change allowances
have been factored into surface water runoff calculations.

The embedded Development design ensures that the non-critical elements of the
Development have been designed to be flood resilient while the critical
infrastructure has been designed to be flood resistant. An evacuation plan for
construction contractors will be established in the event of a breach in flood
defences to the north of the Core Study Area during the construction phase.
Similarly, an evacuation plan for visiting servicing personnel will also be in place
during the operational phase.

Additionally, the Development is classed as “Essential Infrastructure” in Table 2 of
the Planning Practice Guidance, which is appropriate in the high risk Flood Zone
3a, in terms of flood risk vulnerability.

As such, the Development passes the requirements of the Exception Test.

Arcus Consultancy Services Ltd
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CONCLUSION

The Development is located in areas classed as Flood Zone 3a but is located in an “Area
Benefitting from Flood Defences”.

The Development is classed as “Essential Infrastructure” in accordance with Table 2:
Flood risk vulnerability classification and therefore compatible in Flood Zone 3a*, the
classification states that these types of development “need to remain operational in times
of flood'.

Non-flood sensitive infrastructure forming the wider development (PV arrays, cabling,
inverters and transformer stations) has been designed to be resilient to a 1 in 1,000 year
plus climate change (year 2070) defended (wave overtopping) event, which is above the
requirements of the 1 in 200 event identified by the NPPF and Government guidance.

The Development has been designed to safeguard the critical electrical infrastructure
(electrical compound) from a breach scenario for the 1 in 1,000 year flood event plus
climate change (year 2070), and a 300 mm freeboard allowance for the lifetime of the
Development.

Following implementation of the embedded design measures, the introduction of hard-
standing associated with the Development will not lead to an increase in discharge rates
above greenfield levels, for a 100-year return period. The residual effect of the
Development on flood risk is therefore considered to be negligible.

For lower return periods, the implemented mitigation measures will act to reduce any
effects of runoff from the site in the wider catchment relative to the greenfield levels and
therefore provide a beneficial effect.

Table 5 shows that the risk of the Development flooding from all sources is Negligible,
with the exception of tidal sources, which is classed as Low risk, following the
implementation of embedded design measures.

8 https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/575184/Table_3_-
_Flood_risk_vulnerability_and_flood_zone__compatibility_.pdf
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Table 5: Risk of Flooding
Flooding Potential Risk Comment Residual
Source Risk
Negligible | Low Mod High
Tidal VX Site afforded flood protection up to | Low
duri the 1:1,000 year event. Flood
£| |f1rmg defences are in ‘Good’ and ‘Fair’
etence condition.
breach
event) !3reach of flogd defences would
inundate a wide area up to 4.25 m
depth during the 1 in 1,000 year
flood.
Critical infrastructure at the
Development has been designed to
be safe for the 1 in 1,000 year flood
defence breach scenario, with an
allowance for climate change and
the application of 300 mm
freeboard.
Fluvial v No records of fluvial flooding in Negligible
(watercourse proximity to the Development.
s and Mechanism for flooding on
gfta'l':age Faversham Creek is tidal surge.
itches) Drainage ditches drain the Core
Study Area and convey water
slowly.
The IDB actively manage water
levels within the ditches with flow
control.
Pluvial v Development located in rural area Negligible
(Surface and only isolated areas mapped to
Water) flood from pluvial sources.
Critical electrical infrastructure has
been located outside these areas.
Groundwater v Development site underlain by clay | Negligible
deposits. Given lack of previous
groundwater flooding and shallow
water levels risk is considered to be
negligible.
Sewer / v Development located in rural area Negligible
Surface and does not have highways drains.
water drains
Reservoirs / v Not modelled to flood should the Negligible
Lochs retaining wall of the nearest

reservoir fail.

* assuming a worst-case scenario of a catastrophic breach to existing flood defences

167.  This report has been written to meet the requirements of the NPPF, NPS, Policy DM 21
Water, flooding and drainage of the Swale Borough Local Plan and the EA.
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1.1

1.2

Background

Terms of reference

Arcus Consultancy Services Limited commissioned JBA Consulting to re-run the North Kent Coastal
Flood Model, on behalf of their client. It is understood that the client wishes to turn the site, which
is currently farmland, into a solar park.

This report will investigate the flood risk at the site using the Environment Agency (EA) North Kent
Domain 2 coastal models (2015). This coastal flood modelling provides information on the nature
of flood risk at the site. The main flood risk is considered to be a consequence of tidal flooding from
The Swale, as such, flood risk will be assessed from a tidal perspective.

Site location

The site is situated 2km northeast of Faversham, to the northwest of the village of Graveney in Kent
(Figure 1-1). The site is located on the southern bank of The Swale, a 21km channel that separates
the Isle of Sheppey from the mainland of north Kent. The Swale is a tidal channel and the flood risk
to the site is predominantly tidal.

The site covers Cleve and Graveney Marshes; an area of roughly 400ha currently used as farmland.

Figure 1-1: Site location
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Tidal modelling

Assessment of flood risk methodology

Existing wave, overtopping and inundation models were used to assess tidal flood risk at the site.
The models were constructed as part of the EA North Kent Domain 2 coastal modelling, dating from
2015.

The existing wave model (Figure 2-1) was run for joint probability combinations of extreme water
levels and wind speeds based on EA Department for Environment, Food and Rural Affairs (Defra)
best practice guidance from 2005, as per the original modelling. The wave climate for each
combination of variables was extracted from the defence toes surrounding the site and used as
boundary conditions in the overtopping model. The worst-case (largest) overtopping rate for each
return period was determined and used to create a time series of overtopping (mean overtopping
discharge). The overtopping discharges were then simulated in the inundation model, along with
water level time series boundaries to determine tidal flood risk at the site. The inundation model
spans the North Kent coastline from Allhallows-on-Sea in the west to Whitstable in the east
(Figure 2-2).

A series of updates were made to the model boundary conditions and topography as discussed
below.

Figure 2-1: Existing North Kent wave model computational mesh and bathymetry
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1 Use of Joint Probability Methods in Flood Management: A Guide to Best Practice, Defra and the Environment Agency, March 2005
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Figure 2-2: Existing North Kent Domain 2 inundation model domain
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Flood inundation model modifications

The flood inundation modelling was completed using the existing Environment Agency North Kent
Coastal Domain 2 model. The model has a 10m grid resolution and was updated with the new
topographic and breach data. All modelling was completed using TUFLOW version 2013-12-AB-
iSP-w64 to match the version used for the original Environment Agency coastal model simulations.
All model runs were completed with no stability problems, very few negative depths and with a
Cumulative Mass Error that peaks at 0.03%, well within the recommended +1%.

Topographic

New defence crest information was available from several sources and incorporated into the model
(Figure 2-3). The defence data surrounding the site were derived from two sources, new
topographic survey data and Light Detection and Ranging (LIDAR) data. Other defence information
was already incorporated in the existing model.

2017s6759_Final_Report_v3.docx 3
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Figure 2-3: Updated defence information
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Boundary conditions
The existing model boundary conditions were based on the UK Climate Projections (UKCP09) sea
level rise projections.

For the purposes of planning and design the boundary conditions were updated to use the National
Planning Policy Framework (NPPF) sea level rise projections2 (Table 2-1). Tidal curves were
generated for present day (2017) and climate change (2070) to span the design life of the project.

Table 2-1: NPPF Sea level rise from 2008 base year

Epoch Sea Level Rise (m)
2017 0.036
2070 0.521

Wave model modifications

Boundary conditions

The existing wave model was run for the joint probability combinations of water levels and wind
speeds used in the original modelling. The joint probability water levels were adjusted for NPPF
sea level rise (Table 2-1). In addition, an allowance for wind speed was applied based on EA
sensitivity guidance for climate change. Wind speed was increased by 10% for the 2070 epoch.

Wave overtopping model modifications

Defence schematisation

At the site, the existing model set up included a wave overtopping boundary located immediately
on the landward side of the coastal defence (Figure 2-4). The overtopping calculations were based

2 https://www.gov.uk/guidance/flood-risk-assessments-climate-change-allowances
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on the primary defence at the site, a raised embankment and concrete wall (Figure 2-5), with the
defence profile being schematised using a mean beach profile and surveyed data (Figure 2-6). The
newly provided topographic survey was used to check the existing defence schematisation crest
level of 6.22mAQOD. The survey showed that a level of 6.10mAOD would better represent this length
of defence and was therefore adjusted.

Figure 2-4: Wave overtopping boundary at the site
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Contains Ordnance Survey data © Crown copyright and database right 2017

Figure 2-5: Defence image
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Figure 2-6: Defence profile
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3.1

3.2

Assessment of tidal flood risk

Environment Agency Flood Zones

The EA has developed a Flood Map that shows the risk of flooding in England and Wales for
different return period events. It should be noted that the EA Flood Map is an indication of the
potential flood risk to a site and the actual risk may differ.

The EA Flood Map shows that the site is within Flood Zone 3, Area Benefitting from Defences
(ABD), as shown on Figure 3-1 taken from the EA website. Land and property in this Flood Zone
would have a high probability of flooding without the local flood defences. The defences protect the
site against a 1% (1:100) and 0.5% (1:200) or greater probability of flooding from rivers and the sea
respectively in any given year; this is often referred to as the Annual Exceedance Probability (AEP).

Figure 3-1: Environment Agency flood probability maps
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(Source: https://flood-map-for-planning.service.gov.uk/summary/518295/415550)

Modelled flood outputs

Flood risk at the site was assessed using the North Kent Domain 2 coastal models (2015). The
models were simulated for the 0.5% (1:200) and 0.1% (1:1,000) AEP events for present day (2017)
and climate change (2070) conditions for the following scenarios:

e Defended - represents existing defence network and includes flooding from extreme sea
levels and wave overtopping of coastal defences.

e Undefended - represents the removal of all coastal defences and includes flooding from
extreme sea levels (but does not account for wave action).
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e Breach - represents existing defence network with a localised defence breach. Flooding is
from both wave overtopping of the intact defence network and extreme sea levels through
the breached defence.

Breach modelling and locations

Two defence breach locations, one on the western side of the site (breach 1) and one on the eastern
side (breach 2), have been simulated (Figure 3-2). The western breach is located at a sluice gate
through the primary coastal embankment (602716, 164486), and the eastern breach through Saxon
Shore Way embankment (605367, 164847).

The breach parameters were taken from the EA Modelling and Forecasting Technical Guidance
Note 2017 (Table 3-1).

Figure 3-2: Breach locations
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Table 3-1: Breach parameters

Source Open coast Open coast
Defence type Earth bank with facing Earth bank with facing
Toe level 0.26m 1.02m
Width 100.00m 100.00m
Defence failure water level 4.60m 4.60m
Failure time 56.00hrs 56.00hrs

Assessment of flood risk at the site

3.3.1.1 Defended present day flood risk

The site is afforded protection predominantly by raised earth embankments, with the primary
embankment running along the northern limit of the site incorporating a raised concrete wall on top.

The 0.5% and 0.1% AEP flood extents for the defended scenario are shown on Figure 3-3. The
site is afforded a high level of protection from tidal flood risk. During the 0.5% AEP flood event, a

2017s6759_Final_Report_v3.docx 8



small volume of wave overtopping occurs over the tidal embankment, but does not extend past the
drain on the landward side of the flood defence. During the 0.1% AEP flood event, wave
overtopping is more considerable, impacting primarily on the western part of the site. Flood depths
during this event are generally <0.20m but reach 0.75m on low ground with the site (Figure 3-4).

Figure 3-3: Defended - 0.5 and 0.1% AEP present day flood extents
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3.3.1.2 Undefended present-day flood risk

When considering the comprehensive removal of all tidal flood defences from the model, flood risk
at the site would be significant. The 0.5% AEP undefended flood extent would inundate the entire
site, with the 0.1% AEP flood extent being only slightly more extensive (Figure 3-5). Flood depths
during the 0.5% AEP event are generally between 2.50 and 3.00m across the site, but flood depths
reach 3.85m at a low point towards the north-western area of the site (Figure 3-6). During the 0.1%
AEP undefended event, flood depths show a similar spatial pattern to the 0.5% AEP event albeit
roughly 0.40m deeper across the site.

Based on the results of the 0.5% AEP present day defended and undefended outputs, the entire
site area would be classified as an ABD, as it would be at significant flood risk if the current defences
were not in place.

Figure 3-5: Undefended - 0.5 and 0.1% AEP present day flood extents
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Figure 3-6: Undefended - 0.5% AEP present day flood depth
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3.3.1.3 Defence breach present-day flood risk

Figure 3-7 and Figure 3-8 show that during a present-day 0.5% AEP flood event the site is at flood
risk from a defence breach. A defence breach at location 1, to the western part of the site at the
sluice gate, would lead to flood depths generally between 2.40 and 2.80m, while the lower part of
the site to the north west reaches 3.85m. A defence breach at location 2, through the embankment
to the eastern part of the site, would lead to flood depths generally between 2.30 and 2.50m, while
depths in the north-west of the site reach 3.75m at one or two low points.

2017s6759_Final_Report_v3.docx 11
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Figure 3-7: Defended defence breach location 1 - 0.5% AEP present day flood
depths
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Figure 3-8: Defended defence breach location 2 - 0.5% AEP present day flood

depths
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3.3.1.4 Defended future flood risk

Under future sea level rise conditions (2070), the site would be at greater risk of flooding. Figure 3-9
shows a comparison between the 0.5% AEP present day and future sea level rise (2070) flood
extents. The impact of sea level rise shows that the northern and western parts of the site would

Figure 3-10: Defended 0.5% AEP future sea level rise flood depths 2070

be at increased risk with flood depths generally reaching between 0.20 and 0.40m (Figure 3.10). [CIsite location

During the 0.1% AEP event, sea level rise modelled outputs show the entire site will be at flood risk 0.5% AEP Defended Depth 2070
(Figure 3-11) with flood depths generally between 0.50 and 0.80m, with the north-western part of B 0.00-025

the site reaching 1.75m (Figure 3-12). [710.25-0.50

: : [10.50-0.75
Figure 3-9: Defended 0.5% AEP present day and future sea level rise flood 70.75- 1.00
extents [1.00-1.25

Il >1.25

W

[ site location
[ 0.5% AEP Flood Extent
777 0.5% AEP 2070 Flood Extent

Figure 3-11: Defended 0.1% AEP present day and future sea level rise flood

extents

[ site location
[ 0.1% AEP Flood Extent
777 0.1% AEP 2070 Flood Extent
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Figure 3-12: Defended 0.1% AEP future sea level rise flood depths

Figure 3-13: Undefended 0.5% AEP present day and future sea level rise flood
extents
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3.3.1.5 Undefended future flood risk

Under future sea level rise conditions (2070), the comprehensive removal of all tidal flood defences Figure 3-14: Undefended 0.1% AEP present day and future sea level rise flood
from the model produces similar flood extents to the present-day equivalent simulations (Figure extents

3-13 and Figure 3-14). However, flood depths are generally 0.50m deeper than their present-day
equivalent. The 0.5% and 0.1% AEP undefended maximum flood depths reach 4.40 and 4.85m
respectively.

[ site location
[ 0.1% AEP Flood Extent
[7710.1% AEP 2070 Flood Extent
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Figure 3-16: Defended defence breach location 2 - 0.5% AEP future sea level rise flood

3.3.1.6 Defence breach future flood risk depths 2070
Figure 3-15 and Figure 3-16 show a 0.5% AEP flood event under future sea level rise conditions

(2070) for a defence breach in the west and east of the site respectively. Under sea level rise
conditions, the flood extents are similar to those for present day, albeit slightly more extensive. [ site location
Flood depths, shown in Figure 3-17 and Figure 3-18, are similar to those for present day but | Defence breach locations
generally 0.40m deeper. For breach 1, flood depths generally range between 2.80 and 3.00m with 0.5% AEP Flood Depth 2070 Breach 2
maximum depths in the western part of the site reaching 3.85m. For breach 2, flood depths o.0-1.0
generally range between 2.60 and 2.90m with maximum depths in the western part of the site [1.0-15
reaching 3.75m. For the 0.1% AEP event the maximum flood depths increase to 4.35m and 4.25m [ 115-20
for breaches 1 and 2 respectively. [J20-25
B25-3.0
Figure 3-15: Defended defence breach location 1 - 0.5% AEP future sea level rise flood I -3.0

depths 2070
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Figure 3-17: Defended defence breach location 1 - 0.1% AEP future sea level rise

flood depths 2070
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4  Findings of modelling

Figure 3-18: Defended defence breach location 2 - 0.1% AEP future sea level rise o

flood depths 2070 4.1  Findings

Arcus Consultancy Services Limited commissioned JBA Consulting to re-run the North Kent Coastal
Flood Model, on behalf of their client. The site is situated 2km northeast of Faversham and covers
Cleve and Graveney Marshes; an area of roughly 400ha currently used as farmland. The main
flood risk to the site is tidal, from The Swale, a tidal channel that separates the Isle of Sheppey from
the mainland of north Kent.

[Jsite location
__| Defence breach locations
0.1% AEP Flood Depth 2070 Breach 2

No0.0-10
E1.0-15 The EA’s North Kent Domain 2 coastal models (2015) were used to investigate flood risk at the site
= 1'5 2'0 under the Open Government Licence. Updates were made to the boundary conditions and model
R topography. New model outputs were generated to include defended, undefended and breach
E ig = §2 T —— .2 scenarios for present day and future sea level rise events.

R RCH v’&,‘;- »

SR me————
\ 3

B30 The following findings were made:

.";7

e The proposed development site is located within Flood Zones 3 of the EA Flood Maps. The
site is located in an ABD meaning that land and property in this Flood Zone would have a
high probability of flooding without the local flood defences.

e Defended present day model outputs for the 0.5% and 0.1% AEP events show the site is
afforded a high level of protection from the existing defences. During the 0.5% AEP flood
event wave overtopping flood waters are limited to the drain behind the primary coastal
defence, while during the 0.1% AEP flood event, wave overtopping impacts the western
part of the site to depths of generally <0.20m.

e Under future sea level rise conditions (2070) for the defended scenario, the site is
increasingly at risk, inundated to depths generally ranging between 0.20 and 0.40m and
between 0.50 and 0.80m during the 0.5% and 0.1% AEP flood events respectively.
Maximum flood depths occur in the north-western portion of the site where flood depths
reach 1.75m during the 0.1% AEP 2070 event.

e During the undefended scenario, which considers the comprehensive removal of all tidal
flood defences from the North Kent tidal model, the entire site would be inundated. Flood
depths during the 0.5% AEP event are generally between 2.50 and 3.00m, but flood depths
reach 3.85m towards the north-western part of the site.

e Under future sea level rise conditions (2070), the undefended scenario shows similar

Summary of modelled flood depths

Table 3.2 summarises the modelled flood depths for all defended, undefended and breach extents to the present-day equivalent, but depths are generally 0.50m deeper across the
scenarios. The depths are taken from low points in the site, excluding the ditches. site.

Table 3-2: Summary of modelled flood depths e Due to the low-lying nature of the topography behind the coastal defence, a defence breach

- would lead to significant still water flooding to the site. During present day conditions for

Model Scenario Present Day 2070 (NPPF) the 0.5% and 0.1% AEP events respectively, a defence breach would lead to food depths

0.5% AEP | 0.1% AEP | 0.5% AEP | 0.1% AEP generally ranging between 2.30 and 2.80m across the site, with maximum depths reaching

Max depth | Maxdepth | Maxdepth | Max depth 3.85m in the north west of the site. St_aa level rise for the 2070 epqch would increase flood

- depths by roughly 0.40m across the site from the present-day equivalent.

Defended (wave overtopping) | 0.00 0.75 0.70 1.75
Defended — Breach 1 3.50 3.85 3.95 4.35
Defended Breach 2 3.40 3.75 3.85 4.25
Undefended 3.85 4.30 4.40 4.85
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1.1

1.2

Background

Terms of reference

In October 2017, Arcus Consultancy Services Limited commissioned JBA Consulting to undertake
tidal flood risk modelling of Cleve Hill Marshes on the north Kent coast, where the construction of a
solar park is being proposed.

This report forms an addendum to the existing reporting?, where a full description about the
modelling and methodology can be found. This report investigates the consequences of a defence
breach to the east of the proposed development, and how flood waters may impact the bund running
south from the Sportsman pub along Seasalter Road and affect the site.

Model set up and simulations
In-line with the breach modelling already carried out within the site boundary, an additional breach
was simulated. Breach parameters using the EA Modelling and Forecasting Technical Guidance
Note 2017 are detailed in Table 1.1.

The new breach location (breach 3) and the previously simulated breach locations (breach 1 and 2)
are shown on Figure 1.1. The breach location was chosen based on the existing topography and
what would likely lead to the worst-case flooding to the east of the site. The location chosen has
the shortest defence width of the defences eastwards to Seasalter, and some of the defences
towards the east have a secondary line of defences which would limit flooding. Therefore, it is likely
that a breach in this location would provide a worst-case breach flood extent and depth along the
defence length from the Sportsman pub to Seasalter.

Due to the location of Faversham Road directly behind the defence, two different versions of the
breach were tested:

Breach 3a) Defence lowered/breached to the level of Faversham road behind at
2.50mAODN (assuming the road would remain intact).

Breach 3b) Defence lowered/breached to the level of the farmland behind at 1.8mAODN
(assuming the road would also be breached in any defence failure).

Table 1.1: Breach parameters

Source Open coast

Defence type Earth bank with facing
Toe level 1.10m

Width 100.00m

Defence failure water level = 4.95m

Failure time 56.00hrs

1 Arcus Consultancy Services Limited. Cleve Hill Solar Park Coastal Flood Modelling. Final Report. January 2018.

1.3

Figure 1.1: Breach location
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Model results

Figures 1.2 and 1.3 show the modelled results for breach location 3 for the 0.1% AEP future sea
level rise flood depths 2070 event when the breach is lowered to the level of the road and farm land
respectively.

The modelled results show that a breach to the coastal defence to the east of the site would result
in flooding of the farmland south of Faversham Road. Flood depths would be significant enough to

2018s0450_Addendum.docx 2
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enable flood waters to then pass westwards over the crest of the bund running south from the
Sportsman Pub along Seasalter Road and inundate the site.

Food depths within the site are generally 0.2m greater across the site during a complete breach
(breach 3b including Faversham Road) than if just the raised section of defence from the road failed
(breach 3a). Flood depths during the complete defence failure scenario are general between 1.0
and 1.30m across the site, with depths being generally 1.70m in the lowest part of the site to the
north west.

Flood depths are considerably lower than during a breach of the defence within the site boundary,
where flood depths reach >4.0m within the site.

2018s0450_Addendum.docx 4

Figure 1.2: Defended defence breach 3a— 0.1% AEP future sea level rise flood depths
2070 (road level)
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Figure 1.3: Defended defence breach 3b — 0.1% AEP future sea level rise flood depths
2070 (farm level)
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UK Design Flood Estimation

Generated on 21 May 2018 12:51:26 by liamn
Printed from the ReFH Flood Modelling software package, version 2.2.6589.25305

Summary of estimate using the Flood Estimation Handbook revitalised flood

hydrograph method (ReFH)

Site details

Site name: 2238 Cleve
Easting: 605250
Northing: 164800

Country: England, Wales or Northern Ireland

Catchment Area (km2): 7.76
Using plot scale calculations: No
Site description: None

Model run: 100 year

Summary of results

Rainfall - FEH 2013 (mm):

Total Rainfall (mm):
Peak Rainfall (mm):

Parameters

109.40
105.32
37.33

Checksum: D119-D968

Total runoff (ML): 175.23
Total flow (ML): 420.74
Peak flow (m3/s): 2.83

Where the user has overriden a system-generated value, this original value is shown in square brackets after

the value used.

* Indicates that the user locked the duration/timestep

Rainfall parameters (Rainfall - FEH 2013 model)

Name Value User-defined?
Duration (hh:mm:ss) 18:00:00 No
Timestep (hh:mm:ss) 02:00:00 No
SCF (Seasonal correction factor) 0.99 No
ARF (Areal reduction factor) 0.97 No
Seasonality Summer n/a
Loss model parameters
Name Value User-defined?
Cini (mm) 93.59 No
Cmax (mm) 683.35 No
Use alpha correction factor No No
Alpha correction factor n/a No

Routing model parameters

Page 1 of 6

Printed from the ReFH Flood Modelling software package, version 2.2.6589.25305

Page 2 of 6

Name Value User-defined?
Tp (hr) 11.15 No
Up 0.65 No
Uk 0.8 No
Baseflow model parameters
Name Value User-defined?
BFO (m3/5s) 0.17 No
BL (hr) 65.64 No
BR 1.41 No
Urbanisation parameters
Name Value User-defined?
Urban area (km2) 0.03 No
Urbext 2000 0 No
Impervious runoff factor 0.7 No
Imperviousness factor 0.3 No
Tp scaling factor 0.5 No
Sewered area (km2) 0.00 Yes
Sewer capacity (m3/s) 0.00 Yes

Printed from the ReFH Flood Modelling software package, version 2.2.6589.25305



Time series data

Time Rain Sewer Loss  Net Rain Runoff  Baseflow  Total Flow
(hh:mm:ss) (mm) (mm) (mm) (m3/s) (m3/s) (m3/s)
00:00:00  3.112 0.000 0.435 0.000 0.166 0.166
02:00:00  5.093 0.000 0.743 0.005 0.161 0.167
04:00:00  8.789 0.000 1.371 0.024 0.157 0.181
06:00:00 17.003 0.000 2.973 0.066 0.154 0.221
08:00:00 37.328 0.000 8.008 0.159 0.154 0.313
10:00:00 17.003 0.000 4.323 0.377 0.161 0.537
12:00:00  8.789 0.000 2.400 0.733 0.179 0.912
14:00:00  5.093 0.000 1.443 1.149 0.212 1.362
16:00:00  3.112 0.000 0.900 1.578 0.263 1.841
18:00:00  0.000 0.000 0.000 1.980 0.329 2.309
20:00:00  0.000 0.000 0.000 2.278 0.408 2.686
22:00:00  0.000 0.000 0.000 2.334 0.493 2.827
24:00:00  0.000 0.000 0.000 2.222 0.573 2.795
26:00:00  0.000 0.000 0.000 2.021 0.645 2.666
28:00:00  0.000 0.000 0.000 1.772 0.706 2.478
30:00:00  0.000 0.000 0.000 1.506 0.754 2.259
32:00:00  0.000 0.000 0.000 1.270 0.789 2.059
34:00:00  0.000 0.000 0.000 1.083 0.815 1.898
36:00:00  0.000 0.000 0.000 0.922 0.833 1.755
38:00:00  0.000 0.000 0.000 0.777 0.844 1.621
40:00:00  0.000 0.000 0.000 0.642 0.849 1.490
42:00:00  0.000 0.000 0.000 0.511 0.847 1.359
44:00:00  0.000 0.000 0.000 0.384 0.841 1.225
46:00:00  0.000 0.000 0.000 0.263 0.829 1.093
48:00:00  0.000 0.000 0.000 0.155 0.813 0.968
50:00:00  0.000 0.000 0.000 0.076 0.794 0.870
52:00:00  0.000 0.000 0.000 0.034 0.772 0.806
54:00:00  0.000 0.000 0.000 0.013 0.750 0.763
56:00:00  0.000 0.000 0.000 0.003 0.728 0.731
58:00:00  0.000 0.000 0.000 0.000 0.706 0.706
60:00:00  0.000 0.000 0.000 0.000 0.685 0.685
62:00:00 0.000 0.000 0.000 0.000 0.664 0.664
64:00:00  0.000 0.000 0.000 0.000 0.644 0.644
66:00:00  0.000 0.000 0.000 0.000 0.625 0.625
68:00:00  0.000 0.000 0.000 0.000 0.606 0.606
Page 3 of 6

Printed from the ReFH Flood Modelling software package, version 2.2.6589.25305

Time Rain Sewer Loss  Net Rain Runoff  Baseflow  Total Flow
(hh:mm:ss) (mm) (mm) (mm) (m3/s) (m3/s) (m3/s)
70:00:00  0.000 0.000 0.000 0.000 0.588 0.588
72:00:00 0.000 0.000 0.000 0.000 0.570 0.570
74:00:00  0.000 0.000 0.000 0.000 0.553 0.553
76:00:00  0.000 0.000 0.000 0.000 0.537 0.537
78:00:00  0.000 0.000 0.000 0.000 0.521 0.521
80:00:00  0.000 0.000 0.000 0.000 0.505 0.505
82:00:00  0.000 0.000 0.000 0.000 0.490 0.490
84:00:00  0.000 0.000 0.000 0.000 0.475 0.475
86:00:00  0.000 0.000 0.000 0.000 0.461 0.461
88:00:00  0.000 0.000 0.000 0.000 0.447 0.447
90:00:00  0.000 0.000 0.000 0.000 0.434 0.434
92:00:00  0.000 0.000 0.000 0.000 0.421 0.421
94:00:00  0.000 0.000 0.000 0.000 0.408 0.408
96:00:00  0.000 0.000 0.000 0.000 0.396 0.396
98:00:00  0.000 0.000 0.000 0.000 0.384 0.384
100:00:00  0.000 0.000 0.000 0.000 0.372 0.372
102:00:00  0.000 0.000 0.000 0.000 0.361 0.361
104:00:00  0.000 0.000 0.000 0.000 0.350 0.350
106:00:00  0.000 0.000 0.000 0.000 0.340 0.340
108:00:00  0.000 0.000 0.000 0.000 0.330 0.330
110:00:00 0.000 0.000 0.000 0.000 0.320 0.320
112:00:00  0.000 0.000 0.000 0.000 0.310 0.310
114:00:00  0.000 0.000 0.000 0.000 0.301 0.301
116:00:00  0.000 0.000 0.000 0.000 0.292 0.292
118:00:00  0.000 0.000 0.000 0.000 0.283 0.283
120:00:00  0.000 0.000 0.000 0.000 0.275 0.275
122:00:00  0.000 0.000 0.000 0.000 0.266 0.266
124:00:00  0.000 0.000 0.000 0.000 0.258 0.258
126:00:00  0.000 0.000 0.000 0.000 0.251 0.251
128:00:00  0.000 0.000 0.000 0.000 0.243 0.243
130:00:00  0.000 0.000 0.000 0.000 0.236 0.236
132:00:00  0.000 0.000 0.000 0.000 0.229 0.229
134:00:00  0.000 0.000 0.000 0.000 0.222 0.222
136:00:00  0.000 0.000 0.000 0.000 0.215 0.215
138:00:00  0.000 0.000 0.000 0.000 0.209 0.209
140:00:00  0.000 0.000 0.000 0.000 0.202 0.202
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Printed from the ReFH Flood Modelling software package, version 2.2.6589.25305



Time Rain Sewer Loss  Net Rain Runoff Baseflow  Total Flow
(hh:mm:ss) (mm) (mm) (mm) (m3/s) (m3/s) (m3/s)
142:00:00  0.000 0.000 0.000 0.000 0.196 0.196
144:00:00 0.000 0.000 0.000 0.000 0.190 0.190
146:00:00  0.000 0.000 0.000 0.000 0.185 0.185
148:00:00  0.000 0.000 0.000 0.000 0.179 0.179
150:00:00  0.000 0.000 0.000 0.000 0.174 0.174
152:00:00  0.000 0.000 0.000 0.000 0.169 0.169
Page 5 of 6

Printed from the ReFH Flood Modelling software package, version 2.2.6589.25305

Appendix

Catchment descriptors

Name Value User-defined value used?
Area (km?2) 7.76 No
ALTBAR 8 No
ASPBAR 349 No
ASPVAR 0.36 No
BFIHOST 0.66 No
DPLBAR (km) 3.79 No
DPSBAR (mkm-1) 11.6 No
FARL 0.97 No
LDP 8.1 No
PROPWET (mm) 0.21 No
RMED1H 12.1 No
RMED1D 31.8 No
RMED2D 40.2 No
SAAR (mm) 595 No
SAAR4170 (mm) 614 No
SPRHOST 30.73 No
Urbext2000 0 No
Urbext1990 0 No
URBCONC 0 No
URBLOC 0 No
Urban Area (km=2) 0.03 No
DDF parameter C -0.02 No
DDF parameter D1 0.32 No
DDF parameter D2 0.38 No
DDF parameter D3 0.28 No
DDF parameter E 0.31 No
DDF parameter F 2.52 No
DDF parameter C (1km grid value) -0.02 No
DDF parameter D1 (1km grid value) 0.31 No
DDF parameter D2 (1km grid value) 0.38 No
DDF parameter D3 (1km grid value) 0.27 No
DDF parameter E (1km grid value) 0.32 No
DDF parameter F (1km grid value) 2.53 No
Page 6 of 6

Printed from the ReFH Flood Modelling software package, version 2.2.6589.25305
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Flood Risk Assessment )
Cleve Hill Solar Park ARCUS

APPENDIX 3 - MICRO DRAINAGE CALCULATIONS

Cleve Hill Solar Park Ltd Arcus Consultancy Services Ltd
November 2018
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Standard NOtlce [not for use with Special Data, Personal Data or unlicensed 3’ party rights]

Information warning

We (The Environment Agency) do not promise that the Information supplied to You will always be
accurate, free from viruses and other malicious or damaging code (if electronic), complete or up to date
or that the Information will provide any particular facilities or functions or be suitable for any particular
purpose. You must ensure that the Information meets your needs and are entirely responsible for the
consequences of using the Information. Please also note any specific information warning or guidance
supplied to you.

Environment

W Agency

Permitted use

The Information is protected by intellectual property rights and whilst you have certain statutory rights
which include the right to read the Information, you are granted no additional use rights whatsoever
unless you agree to the licence set out below.

Commercial use is subject to payment of a £50 licence fee (+VAT) for each person seeking the benefit
of the licence, except for use as an Environment Agency contractor or for approved media use.

To activate this licence you do not need to contact us (unless you need to pay us a Commercial licence
fee) but if you make any use in excess of your statutory rights you are deemed to accept the terms
below.

Licence
We grant you a worldwide, royalty-free, perpetual, non-exclusive licence to use the Information subject
to the conditions below.

You are free to:

@ copy, publish, distribute and transmit the Information adapt the Information exploit the
@ Information commercially, for example, by combining it with other Information, or by
@ including it in your own product or application

You must (where you do any of the above):

Al acknowledge the source of the Information by including the following attribution statement:
“Contains Environment Agency information © Environment Agency and database right”
4 ensure that you do not use the Information in a way that suggests any official status or that We
-~ endorse you or your use of the Information
O ensure that you do not mislead others or misrepresent the Information or its source or use the
Information in a way that is detrimental to the environment, including the risk of reduced future
enhancement
0 ensure that your use of the Information does not breach the Data Protection Act 1998 or the Privacy

and Electronic Communications (EC Directive) Regulations 2003

These are important conditions and if you fail to comply with them the rights granted to you under this
licence, or any similar licence granted by us will end automatically.

No warranty

The Information is licensed ‘as is’ and We exclude all representations, warranties, obligations and
liabilities in relation to the Information to the maximum extent permitted by law. We are not liable for any
errors or omissions in the Information and shall not be liable for any loss, injury or damage of any kind
caused by its use. We do not guarantee the continued supply of the Information.

Governing Law
This licence is governed by the laws of England and Wales.

Definitions
+ “Information” means: the information that is protected by copyright or by database right (for example,
literary and artistic works, content, data and source code) offered for use under the terms of this licence.
+ “Commercial” means:
- offering a product or service containing the Information, or any adaptation of it, for a charge, or
- Internal Use for any purpose, or offering a product or service based on the Information for indirect
commercial advantage, by an organisation that is primarily engaged in trade, commerce or a
profession

They may be able to provide some knowledge on the risk of flooding from other sources. We are working with these organisations to improve

County Council, who are responsible for local flood risk (i.e. surface runoff, ground water and ordinary watercourse), which alongside their
knowledge and understanding of surface water flooding.

existing local information will help them in determining what best represents surface water flood risk in your area.
You may also wish to consider contacting the appropriate relevant Local Planning Authority and/or water/sewerage undertaker for the area.

Kent County Council have reviewed these and determined what it believes best represents surface water flood risk. You should therefore

We have provided two national Surface Water maps, under our Strategic Overview for flooding, to your Lead Local Flood Authority —Kent
contact this authority so they can provide you with the most up to date information about surface water flood risk in your area.

Orchard House, Endeavour Park, London Road, Addington, West Malling, Kent, ME19 5SH.

Email: kslenquiries@environment-agency.gov.uk

Surface Water

Orchard House, Endeavour Park, London Road, Addington, West Malling, Kent, ME19 5SH.
Email: kslenquiries@environment-agency.gov.uk
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tion condition grades

2.0 Visual inspec

Mar12

‘very good’ to ‘very poor’, and the descriptions reflect condition

The condition grading and descriptions given below are the standards
according to flood defence performance.

adopted by the Environment Agency. The five condition grades range

from

2.1 General assessment

Description

Rating

Grade

Cosmetic defects that will have no effect on
performance

Very Good

1

Minor defects that will not reduce the overall

performance of the asset

Good

2

Defects that could reduce performance of

the asset

Fair

3

Defects that would significantly reduce
the performance of the asset. Further

investigation needed

Poor

4

Severe defects resulting in complete

performance failure

Very Poor

5
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Flood Risk Assessment )
Cleve Hill Solar Park ARCUS

APPENDIX 5 — OUTLINE DRAINAGE SCHEMATIC

Cleve Hill Solar Park Ltd Arcus Consultancy Services Ltd
November 2018
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erneleFeEm 2100daTyPE 2 Vanhale PGC -3m T ATTENTION IMMEDIATELY. ALL DIMENSIONS MUST BE
Manhole PCC -3m CL:0.692 D400/ |
SWMH13 (PUMPING WET WELL) L4320 || CHECKED / VERIFIED ON SITE.
REQUIRED HEAD = 1.875m 2100daTYPE i
A Marhole Pcm‘n 3. ALL DIMENSIONS ARE IN MILLIMETRES UNLESS NOTED OTHERWISE.
SWNIH
/ Sy o 4. FOR GENERAL NOTES REFER TO DRAWING.
‘ i m;f;gi . 5. SITE LAYOUT TO BE CONFIRMED.
I 6. EXISTING SITE LEVELS ARE BASED ON EXTRACTION OF AVAILABLE
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