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be achieved by, amongst others, ensuring that: ñnew developments that 

are vulnerable to harm will not be located in areas at risk from floodingò. 

2.4.2 In order to adapt to the effects of climate change Policy PS 6 (Alleviating and 
adapting to the effects of climate change) requires proposals to take account 
and respond to a number of concerns, including: ñLocating (developments) 
away from flood risk areas, and aim to reduce the overall risk of flooding within 
the Plan area and areas outside it, taking account of a 100 years and 75 years 
of flood risk in terms of the lifetime of residential and non-residential 
development, respectively, unless it can be clearly demonstrated that there is 
no risk or that the risk can be managedò and to:  ñAim for the highest possible 
standard in terms of water efficiency and implement other measures to 
withstand drought, maintain the flow of water and maintain or improve the 
quality of water, including using sustainable drainage systemsò. 

2.4.3 The Anglesey and Gwynedd Joint Local Development Plan Stage 1 Strategic 
Flood Consequence Assessment [RD8] forms a key part of the evidence base 
for planning with respect to review of FCAs.  The document helps to determine 
appropriate development policies and land allocations that avoid or minimise 
flood risk from all sources, and helps to assess any future development 
proposals in line with the precautionary framework in PPW and TAN 15.  This 
document and the IACCôs Preliminary Flood Risk Assessment [RD9] include 
information on surface water, groundwater, ordinary watercourses and small 
reservoir flooding.  Information on the IACC flood strategy and the Councilôs 
objectives in managing flood risk is provided in the Anglesey Local Flood Risk 
Management Strategy [RD10]. 

2.5 River Basin Management Plan 

2.5.1 The proposed Off-Site Power Station Facilities are wholly located within the 
Western Wales River Basin District, an area encompassing river basins from 
Anglesey in the north of Wales to the Bristol Channel in the south.  The 
Western Wales River Basin Management Plan for 2015 ï 2021 [RD11] 
provides an overview of NRWôs approach to managing flood risk within the 
Western Wales River Basin and details measures designed to reduce the 
potential flooding, such as use of sustainable drainage systems and 
improvements and maintenance of flood defence schemes.  In addition, the 
plan proposes improving the understanding of flood risk through the 
application of mapping and modelling. 
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3 Baseline site context 

3.1 Climate 

3.1.1 The UK Meteorological Office rainfall data available online for the period 1981 
to 2010 show an average annual rainfall at Valley (11km to the south of the 
proposed Off-Site Power Station Facilities site) of 841mm/year, which is below 
the UK average of 1,154mm/year.  Long-term data indicate rainfall is typically 
higher in the late autumn/early winter and lowest in late spring/early summer. 

3.2 Landscape 

3.2.1 The key feature of the landscape is a drumlin field: a series of low rolling 
hillocks formed by glaciation.  The hillocks run south-west to north-east and 
the majority are covered by improved grassland. There are also areas of 
marsh, scrub and rocky outcrops in the surrounding area.  

3.2.2 The vegetation pattern in the vicinity of the proposed site for the Off-Site Power 
Station Facilities includes hedgerows with dense linear belts of planting. Areas 
of low-level vegetation fill small pockets around local farmsteads.  

3.3 Topography 

3.3.1 The proposed Off-Site Power Station Facilities site is located within an area 
of undulating landform gently rising to the north-west. There are also 
noticeable drumlin features to the west and east. The site topography gently 
falls from 55 metres Above Ordnance Datum (mAOD) at the western edge 
along the A5025 to 48mAOD on the eastern edge.  A bund 1.5m to 2.0m high 
is present along the southern and eastern boundaries. This bund contains the 
site and separates it from the East Drain. The topographic survey is provided 
in appendix E8-1-2. 

3.4 Off-site receptors 

3.4.1 The proposed Off-Site Power Station Facilities are located on the immediate 
eastern side of the A5025.  This road is a critical transport route from Holyhead 
and Valley to the north of Anglesey, and onwards to the A5 and A55 and main 
off- island UK road network.   

3.4.2 There are isolated properties in the vicinity of the proposed Off-Site Power 
Station Facilities: Bod Helen adjacent to the site to the north, Bryn Maethlu to 
the north-west and Berth to the east. 

3.4.3 The proposed Off-Site Power Station Facilities would be located to the north 
of Llanfaethlu.  The majority of the village is on the opposite side of the A5025.  
The village has a church and post office, and a school.  These are not 
considered receptors as they are at a higher level than the proposed Off-Site 
Power Station Facilities. 

3.4.4 Downstream of the proposed Off-Site Power Station Facilities is the 
Beddmanarch-Cymyran Site of Special Scientific Interest.  The shallow waters 
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between Holy Island and the Anglesey mainland include the tidal estuary of 
the Afon Alaw at Llanfachraeth.  The wide range of coastal habitats supports 
a range of ornithological and botanical species.  The current water level 
regime is important to conserve the habitats of the Site of Special Scientific 
Interest.  This is an important receptor to consider. 

3.4.5 Settlements and individual properties are located downstream from the 
proposed Off-Site Power Station Facilities.  These include Tyddyn-y-Waen, 
Sisial y Nant, Penhesgyn, Pen-yr-argae, Tan-yr-allt, Pont Dronwy and Llwyn 
Y Ffynnon.  Alteration of the river regime may increase flood risk to these 
receptors, and so they are included within this assessment. 

3.4.6 The receiving watercourse passes under the A5025 at Tan-yr-allt, north of 
Llanfachraeth.  Increases in water in the river may increase the flood risk to 
this receptor, and so it is included within this assessment. 

3.5 Surface water features 

3.5.1 Figure E8-1-1 shows the surface water features around the proposed Off-Site 
Power Station Facilities site.  The Afon Llanrhyddlad runs southwards close 
to the east of the site.  A small tributary of this watercourse, the East Drain, 
runs from the proposed Off-Site Power Station Facilities site eastwards to the 
Afon Llanrhyddlad at Tyddyn-y-waen.  There is a well indicated within the site 
boundary on the Ordnance Survey 1:50,000 maps.  Ponds are evident on the 
neighbouring land to the north and on the other side of the A5025. 

3.5.2 A small drain flows from north to south along the eastern field boundary of the 
proposed Off-Site Power Station Facilities site. This drain, referred to here as 
the Hen-shop Drain, runs perpendicular to the East Drain and eventually 
discharges into the East Drain. 

3.5.3 The Afon Llanrhyddlad flows in a north to south direction parallel to the A5025 
and joins the Tan RôAllt, approximately 2.7km downstream. The Tan RôAllt 
crosses the A5025 and ultimately discharges into the sea, 8km downstream 
via the Alaw Estuary. 

3.6 Geology and hydrogeology 

3.6.1 There are no records of artificial or made ground on-site, although as the Off-
Site Power Station Facilities would be located on a brownfield site there is 
likely to be some made ground present.  Superficial deposits are absent from 
the site based on British Geological Survey maps [RD12], although given the 
scale of the maps there is slight potential for some drift to be present beneath 
the eastern side of the proposed Off-Site Power Station Facilities site.  The 
area surrounding the site is mantled by glacial till. The bedrock recorded 
consists of quartzite and schist. 

3.6.2 The superficial deposits surrounding the site are classified by NRW as 
Secondary (Undifferentiated) aquifer, whilst the bedrock beneath the site is 
classified as a Secondary B aquifer.  Ground investigations along the adjacent 
A5025 indicate that groundwater in the area is 3m to 4m below ground level 
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at a borehole that is 170m to the south-west of the proposed Off-Site Power 
Station Facilities. 

3.6.3 The slowly permeable soils that characterise the proposed Off-Site Power 
Station Facilities site contribute to the limited infiltration potential. Areas 
underlain by these soils are typically prone to surface water ponding and high 
rates of runoff generation.  The site is currently covered in hardstanding, and 
therefore runoff rates to the existing drainage are already high. 

3.7 Water services 

3.7.1 A foul-water drainage pipe runs along the A5025 to the west of the proposed 
Off-Site Power Station Facilities site; it then branches off and enters the site 
in the middle of the western boundary. There are a total of three main foul-
water drainage pipes, running from west to east in the centre of the site.  

3.7.2 There is an existing mains water pipe that runs along the A5025 road to the 
west outside the proposed Off-Site Power Station Facilities site boundary. It is 
currently unclear where the existing buildingôs water supply enters the site and 
how it is distributed. 

3.8 Reservoirs 

3.8.1 Llyn Alaw is a man-made water supply reservoir located 6km to the east of the 
proposed Off-Site Power Station Facilities site.  It has a surface area of 
3.6km2.  There is a substantial risk area downstream of the reservoir should 
the reservoir fail.  This shows that the flood waters would follow the Afon Alaw 
valley in a south-easterly direction and would not affect the Off-Site Power 
Station Facilities. 
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4 Off-Site Power Station Facilities  

4.1.1 The Off-Site Power Station Facilities would consist of two main buildings.  To 
the east would be a building that would house both the MEEG and the AECC.  
Adjacent to the road, to the west of the site, would be the ESL. 

4.2 Timescale 

4.2.1 The Off-Site Power Station Facilities are to be designed for a life of 60 years, 
the operational life of the Power Station.  The design of the Off-Site Power 
Station Facilities has been developed in consultation with a number of 
stakeholders, including the IACC, Design Commission for Wales, NRW, 
Scottish Power Energy Networks, DȐr Cymru Welsh Water, North Wales 
Police and North Wales Fire Service. This consultation is ongoing.  
Construction is expected to take approximately 42 months. 

4.3 Site layout 

4.3.1 Details of the design for the Off-Site Power Station Facilities are provided in 
chapter E1 (proposed development) (Application Reference Number: 6.5.1) 
along with detailed descriptions of the development phases and activities.  The 
approach adopted for the design of the Off-Site Power Station Facilities has 
been to utilise a parameter approach to the development.  Parameters have 
been set for the two main buildings, the MEEG / AECC, which would be 
located in Parameter Zone 5-1, and the ESL which would be located in 
Parameter Zone 5-2.  The location and extent of these zones and the relevant 
maximum parameters are detailed in chapter E1 (Application Reference 
Number: 6.5.1) of the Environmental Statement. 

4.3.2 The parameters listed in chapter E1 (Application Reference Number: 6.5.1) 
only allow the size of the buildings to be changed and so have no substantial 
effect on the FCA.  Although making a building smaller would reduce the 
amount of rainfall runoff from that building, as the surrounding area would 
remain as hardstanding the total rainfall moving to drain and the rainfall / runoff 
relationship would remain the same.  The FCA has therefore been completed 
on the basis that building sizes within Parameter Zones 5-1 and 5-2 could 
change.  Within these parameters, and based on the assumptions in this FCA, 
the assessment therefore provides a worst case scenario. 

4.3.3 Figure E8-1-2 shows the draft outline layout of the proposed Off-Site Power 
Station Facilities, with more detail provided in chapter E1 (Application 
Reference Number: 6.5.1) and chapter E2 (alternatives and design evolution) 
(Application Reference Number: 6.5.2).  Much of the site is hard standing, 
allowing the movement of vehicles on the site.   

4.3.4 The following facilities have been included in the layout and design of the Off-
Site Power Station Facilities: 

¶ the MEEG and AECC building; 

¶ the ESL building; 
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¶ a staff car park with grassed overflow car park to the south of the site; 

¶ access/delivery areas; 

¶ underground surface water runoff/storage; 

¶ an underground fuel tank; 

¶ ancillary/plant buildings including a pump house and generator; and 

¶ a temporary mobile telecommunications mast. 

4.3.5 Due to the nature and function (emergency/contingency planning support) of 
the Off-Site Power Station Facilities, there are certain locational criteria that 
must be met in selecting an appropriate site for this facility. These include 
requirements for the facility to be at least 1.5km away from the Power Station, 
positioned in a low seismic zone, on land that is at low risk of flooding and that 
offers access to strategic road infrastructure. 

4.4 Drainage strategy 

4.4.1 All piped surface and foul water systems would be designed in accordance 
with Sewers for Adoption [RD13], which contains guidance on the design and 
construction of sewers. The design would be as if it were to be adopted by 
sewerage undertakers in accordance with Section 104 of the Water Industry 
Act 1991.  

4.4.2 The key drainage principles that have been employed are described below. 

¶ Pipes would be designed for flow from a 1 in 5 year (20% AEP) storm event 
plus a 20% allowance for climate change with no surcharging above soffit. 

¶ There would be no flooding from manholes or above ground (allowing for a 
300mm freeboard below ground level) for a flow from a 1 in 30 year (3.33% 
AEP) storm plus a 20% allowance for climate change. 

¶ There would be no significant ponding caused from flow from a 1 in 100 
year storm event plus 20% climate change. 

¶ The drainage system would be designed so that the peak discharge runoff 
rates for a 1 in 100 year (1% AEP) storm event would be constrained to 
current runoff rates for the mean annual maximum flow rate, such that there 
is no change to the risk of off-site flooding. 

4.4.3 Surface water runoff from the developed areas within the proposed Off-Site 
Power Station Facilities site would be captured by traditional gully, channel 
and kerb drain systems and stored on-site using geo-cellular storage systems 
and discharged to the local watercourse subject to an agreed Ordinary 
Watercourse Consent from IACC. Surface water runoff would be stored within 
a below ground storage system. 

4.5 Water services 

4.5.1 Due to the close proximity to residential properties and the small number of 
employees associated with the Off-Site Power Station Facilities, it is assumed 
that foul flow connections would be possible on-site using the existing sewers.  
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4.5.2 A potable mains water supply runs along the A5025 supplying water to the 
local properties. It is assumed that this water supply would be available for 
use at the Off-Site Power Station Facilities.  
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5 Flood modelling 

5.1 Sources of modelling data 

5.1.1 The sources of flood modelling data and flood mapping described below have 
been considered within the preparation of this FCA. 

¶ NRW river and tidal flood mapping [RD2]: This mapping, delivered as 
part of a national programme, delineates indicative areas of elevated flood 
risk into four flood zones and includes both major fluvial (catchment area 
greater than 3km2), surface water and tidal sources. 

¶ TAN 15 Development Advice Map [RD1]: This mapping, which is primarily 

based on the NRW flood map, defines indicative areas where the annual 
probability of inundation from fluvial and tidal sources is greater than 0.1% 
(Zone C). It also identifies areas where there are geological indicators of 
elevated flood risk (Zone B) with low risk areas classified as Flood Zone A. 

¶ Pluvial Flood Risk Hydraulic Modelling (Amec Foster Wheeler, 2018): 

Hydraulic modelling was undertaken to better understand the baseline 
pluvial flood risk for a range of events and to inform the development of 
measures to mitigate and manage the pluvial risk, as well as to inform an 
understanding of the need for adaptation for more extreme events.  A 
Hydraulic Modelling Report is presented in appendix E8-1-3. 

5.2 NRW and TAN 15 flood maps 

5.2.1 While the NRW flood map [RD2] does provide some additional detail in 
relation to flood probabilities over and above the TAN 15 Development Advice 
Map, the two are broadly comparable. The TAN 15 Development Advice Map, 
which shows the fluvial and coastal flood zones, as issued by the Welsh 
Government, is primarily used in this FCA as the classifications from this better 
relate to planning policy.  

5.2.2 The TAN 15 Development Advice Map [RD1] categorises locations from A to 
C based on their perceived flood risk as detailed in section 1.3.  The maps are 
based on the best currently available data.  They use the Environment 
Agencyôs extreme flood outlines to inform Zone C and the British Geological 
Societyôs drift data to inform Zone B. 

5.2.3 The TAN 15 map indicates that land within the proposed Off-Site Power 
Station Facilities site is predominantly at low risk of fluvial and tidal flooding 
(Zone A).  However, due to their small catchment size, (< 3km2), the 
watercourses are unlikely to have been included in broad scale modelling 
used in the production of the maps.  The risk of flooding from the Afon 
Llanrhyddlad, East Drain and Hen-shop Drain may therefore be 
underestimated in TAN 15 maps but will still be considered in this assessment.  

5.2.4 NRWôs surface water flood maps indicate a flood risk within the proposed Off-
Site Power Station Facilities site associated with shallow ponding on the 
western side of the A5025.  Water from the area of ponding would flow along 
the northern boundary of the site towards the eastern boundary from where it 
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would ultimately flow eastwards to the Afon Llanrhyddlad.  NRWôs surface 
water flood map suggests a low risk to the west of the A5025 but a medium to 
high risk along the northern boundary of the proposed Off-Site Power Station 
Facilities site and east of the site associated with East Drain. 

5.3 Pluvial flood modelling 

5.3.1 Whilst NRWôs surface water flood maps indicate a risk along the northern 
boundary of the proposed Off-Site Power Station Facilities site, there is 
insufficient information on which to assess the impact of the siteôs 
development on flood risk within the site or elsewhere.  Furthermore, the 
detailed topographical information available suggests that flow across the 
proposed Off-Site Power Station Facilities site would occur more centrally than 
those indicated in NRWôs surface water flood maps. 

5.3.2 To address these issues and to provide greater understanding of the existing 
flood risks, an Infoworks ICM model v7.5.5 [RD14] was developed to assess 
the pluvial flood risk at the site.  The modelling uses more detailed topography 
and provides a more accurate representation of flood risk than the NRW 
surface water map.  Further details of the modelling are provided in appendix 
E8-1-3 and the results are discussed in section 6. 

5.3.3 The flood model was run for the 3.33% AEP, 1% AEP and 0.1% AEP storm 
event.  The pluvial flood model was run for the 60-minute storm duration with 
a summer rainfall profile.  The 1% AEP event was run for periods in the 2020s 
and 2050s and incorporated climate change allowances of 20% and 40% for 
the 2050s, representing the central and upper end estimates for the West 
Wales river basin [RD15]. 

5.3.4 A number of output points and lines have been used to retrieve model results 
as shown in appendix E8-1-3 from which flood depths and flows have been 
obtained.   

 Comparison to the NRW flood maps 

5.3.5 The more detailed pluvial modelling outputs are generally similar to the NRW 
flood maps in that they indicate a flow path across the site from west to east 
(figure E8-1-3).  The modelling shows a more extensive footprint for the more 
frequent storm events with a constant route identified across the site rather 
than areas of ponding identified by the NRW surface water maps for the 3.33% 
AEP event.   

5.3.6 There is also a greater extent of flooding to the west of the A5025 shown by 
the modelling, which is outside of the study area.  A detailed description of the 
level of risk of pluvial flooding is provided in section 6. 
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6 Flood risk assessment 

6.1 FCA methodology 

6.1.1 The risk assessment methodology used within this FCA is set out in appendix 
E8-1-4, and is based on PPW [RD3] and associated guidance [RD4].  The 
guidance recommends that flood risk be assessed through consideration of 
both the significance of potential effects and the likelihood of occurrence.  The 
significance of effect is dependent on two factors: the sensitivity of potential 
receptors and the severity of the flooding.  Thus, the three criteria on which 
flood risk is assessed are: 

¶ sensitivity of the receptors; 

¶ severity of flooding (i.e. the magnitude of the hazard); and 

¶ likelihood (i.e. probability) of occurrence. 

 
6.1.2 The assessment of flood risk has been completed on the basis that the 

embedded and good practice mitigation detailed in section 8.4 of chapter E8 
(Application Reference Number: 6.5.8) is implemented. 

 Sensitivity of receptors 

6.1.3 The sensitivity of receptors is defined according to the method outlined in 
appendix E8-1-4 with a range of sensitivities from very high through high, 
medium and low, to very low being defined.  TAN15 guidance outlines the 
vulnerability of different types of on-site development and also classes all off-
site receptors as highly sensitive to flooding.  The sensitivity of the receptors 
at and around the Off-Site Power Station Facilities are defined in section 6.3. 

 Severity of flooding  

6.1.4 Appendix 1 of TAN 15 identifies acceptable thresholds of flooding for different 
types of development and also presents indicative consequences of flooding 
that may be acceptable subject to adequate warnings and preparation.  This 
guidance has been used to define the magnitude of flooding that falls within 
the categories negligible, very low, low, medium and high hazard.  Further 
information on the typical criteria against which the category is defined is 
presented in appendix E8-1-4. 
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 Likelihood of occurrence  

6.1.5 The likelihood of occurrence is used to give an understanding of how regularly 
a given event or outcome will occur.  This is fully defined within appendix E8-
1-4, and the classification of this criteria is discussed for the different flood 
sources in the sections below. 

 Consideration of seasonality 

6.1.6 Flooding can occur at any time of year, although it can exhibit quite different 
seasonal characteristics.  Summer flooding is generally associated with 
localised, high intensity, convective rainfall events, resulting in rapid runoff 
response in which the peak flow is the main driver of flood risk.  This can be a 
particular issue in urban catchments where significant areas of impermeable 
surfaces result in rapid runoff.  Winter events are generally associated with 
slower moving frontal systems, they are often prolonged and less intensive 
and they occur on typically wetter catchments, resulting in longer hydrographs 
with lower peaks but substantially more volume.   

6.1.7 The catchments of concern in this study are essentially rural, they are 
generally small in size and have shallow low permeability soils meaning that 
they are likely to be more susceptible to high intensity summer storms than to 
winter frontal events; a conclusion that is supported by predicted flood flows 
and levels from modelling of both winter and summer rainfall profiles.  
Presentation of the results for a summer event only is therefore based on the 
source of key flood risks on the proposed Off-Site Power Station Facilities 
during a relatively dry period.  Furthermore, the mitigation measures proposed 
(see chapter E8, Application Reference Number: 6.5.8) are effective and 
appropriate for the hazards identified, and these are equally appropriate and 
no-less valid whether the hazard is derived from intense periods of runoff 
during summer events or longer volume-based events in the winter months. 

6.2 FCA screening 

6.2.1 Industry guidance [RD16] recommends that an FCA should consider all 
possible sources of flooding for a given site.  This is also reflected in the TAN 
15 guidance on flood risk.  A number of specific mechanisms exist to identify 
possible sources of flooding, but many of these can be easily discounted. 
Table E8-1-1 summarises a range of potential risks and whether these are 
relevant to the proposed Off-Site Power Station Facilities site. 
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Table E8-1-1 Screening of potential flood sources and receptors 

Flood type Source Pathway Receptor 
Consider 
further? 

Tidal  

Irish Sea flooding of 
the proposed Off-Site 
Power Station 
Facilities 

The site is situated 
away from the Irish Sea 
and is not within the 
flood zone. 

Off-Site Power 
Station Facilities 

No 

Fluvial and 
pluvial 

Fluvial flooding  

Site is in Flood Zone A, 
and it is considered 
that there is little or no 
risk of fluvial flooding. 

Off-Site Power 
Station Facilities 

No 

Pluvial flooding from 
surface water 

Flood route identified 
flowing across site from 
west to east 

Off-Site Power 
Station Facilities 

Yes 

Surface runoff from 
the proposed Off-Site 
Power Station 
Facilities 

Changes in runoff due 
to changes to site 
layout and extent of 
impermeable surfaces 

Off-site 
receptors 

Yes 

 

Groundwater 

Groundwater  
Flooding from 
groundwater 
emergence 

Off-Site Power 
Station Facilities 

Yes 

Groundwater 

Risk of groundwater 
inflow to excavations 
associated with 
underground 
attenuation storage 
and underground fuel 
storage 

Off-Site Power 
Station Facilities  

Yes 

Services 

Sewerage network 
Overland flows from 
sewerage system 

Off-Site Power 
Station Facilities 

Yes 

Drainage system 
Overland flows from 
drainage systems  

Off-Site Power 
Station Facilities 

Yes 

Reservoir 
flooding 

Failure of reservoir 
walls 

There are no reservoirs 
in the catchment that 
would cause a flood 
risk to the site. 

Off-Site Power 
Station Facilities 

No 

6.3 Sensitivity of receptors 

6.3.1 Receptors have been divided into two groups; on-site receptors in the form of 
the Off-Site Power Station Facilities, and all built developments off-site. Under 
TAN 15 guidance an assessment of the built development off-site receptors 
considers them all to have a very high sensitivity to flooding. Undeveloped 
land, such as that west of the A5025, is considered to have a medium 
sensitivity to flooding. 

6.3.2 Following TAN 15 guidance, the Off-Site Power Station Facilities can be 
classified as an emergency services development, as it is required to be 
operational and accessible at all times. Following appendix E8-1-4, the 
proposed Off-Site Power Station Facilities are assessed as having very high 
sensitivity within this assessment. 
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6.4 Pluvial flooding 

 Risk to the Off-Site Power Station Facilities 

6.4.2 Baseline pluvial modelling has been undertaken for the proposed Off-Site 
Power Station Facilities.  The results show that at the 3.33% AEP event water 
runs off from higher ground to the west of the A5025 and ponds in an area 
next to the western edge of the highway.  Runoff also flows from the village of 
Llanfaethlu in a north-eastern direction across agricultural fields towards this 
location.  For this event, depths of water to the west of the road reach a 
maximum depth of 0.75m to 1.5m.   

6.4.3 Surface water runoff from Llanfaethlu also runs north-eastwards along the 
A5025.  At the proposed Off-Site Power Station Facilities site, surface water 
from west of the road and from the south would enter the Off-Site Power 
Station Facilities site.  

6.4.4 There is a well-defined flow path across the site from the western corner to 
the east.  The flow has a maximum depth of 0.10m in the centre of the site.  
The maximum velocity of flow at this point during the 3.33% AEP is 0.20m/s, 
which is considered a medium magnitude of hazard.  Figures showing the 
depth of flooding from pluvial events are shown in appendix E8-1-3.  The 
locations with the maximum depth and velocities are identified in the figures 
in appendix E8-1-3 and these are shown in table E8-1-2. 

6.4.5 At the 1% AEP event, the flood extents look similar, but the maximum depth 
of the flow route across the site increases to 0.15m.  The maximum predicted 
velocity is higher at 0.66m/s.  Adding a 40% allowance (to accommodate 
climate change) to the 1% AEP event increases the maximum depth to 0.22m 
and maximum velocity to 1.15m/s. These are further increased at the 0.1% 
AEP event to a maximum depth of 0.27m and maximum velocity of 1.46m/s.  
Simulations of the 0.1% AEP event indicate that the peak flow through the site 
is 2.71m3/s. 

6.4.6 The potential magnitude of hazard at the site at the 1% AEP event is classified 
as high as water flow velocities exceed 0.45m/s.  At velocities above 0.45m/s, 
it can become difficult to stand.  Given the very high sensitivity of the Off-Site 
Power Station Facilities, high magnitude of hazard and a high likelihood of 
occurrence, the overall flood risk is determined as high (see table E8-1-4 for 
details of the assessment). 
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Table E8-1-2 Maximum baseline depths and velocities reached 
during pluvial events within the Off-Site Power Station Facilities 

AEP event 

(%) 

Maximum depth Maximum velocity 

Location Depth (m) Location 
Maximum 

velocity (m/s) 

3.33 NRP_Site_104 0.10 NRP_Site_103 0.20 

1 NRP_Site_104 0.15 NRP_Site_103 0.66 

1+40% NRP_Site_104 0.22 NRP_Site_103 1.15 

0.1 NRP_Site_104 0.27 NRP_Site_103 1.46 

6.4.7 Based on the above baseline assessment, there is an existing risk to the land 
and garage at the site proposed for the Off-Site Power Station Facilities.  This 
risk must be managed, in order to reduce the risk to acceptable levels for the 
proposed Off-Site Power Station Facilities.  In order to achieve this risk 
reduction, mitigation has been included in the design of the Off-Site Power 
Station Facilities in the form of a swale.  This swale would be constructed to 
the south of the proposed Off-Site Power Station Facilities site to capture and 
divert the surface flood flows originating from west of the A5025 and from the 
A5025 itself safely around the proposed facility.  The location of the swale 
would be between the main Off-Site Power Station Facilities and the area of 
additional car parking as shown on figure E1-4 (Application Reference 
Number: 6.5.27).  The swale would be trapezoidal in section with a base width 
of approximately 2m, depth of 1m and a top width of at least 8m.  Calculations 
(using Manningôs equation) of its capacity indicate that it would pass a flow of 
up to 9.5m3/s assuming a roughness of no greater than 0.04, which is 
reasonable for a grassed swale at that depth of flow. 

6.4.8 Drainage features, which form part of the design, would be constructed at the 
entrance of the site and swale to capture and channel overland flows from the 
road into the swale.  The swale and drainage features have been simulated in 
a ówith-developmentô hydraulic model developed from the baseline hydraulic 
model and in practice would resemble a cattle grid that would allow water to 
drop into the drainage channel whilst at the same time maintaining vehicular 
access. 

6.4.9 Vehicular access would also be required to the overflow carpark that is located 
to the south of the swale.  Therefore, a culvert or clear span structure would 
be included in the detailed design to allow water in the swale to pass 
downstream whilst allowing Horizon access to the car park.  This structure 
would need regular maintenance by Horizon to ensure that it does not get 
blocked and cause flooding to the Off-Site Power Station Facilities.  In 
addition, the grass in the swale would require cutting by Horizon to prevent 
excessive growth, reducing capacity.  Fencing and signage would be installed 
by Horizon to keep employees and visitors away from the swale. 
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6.4.10 The incorporation of the swale into the design of the Off-Site Power Station 
Facilities would manage the mechanism of flooding noted from pluvial 
modelling of the site and, as a result, would remove the risk of surface water 
flooding to the proposed Off-Site Power Station Facilities.  óWith-developmentô 
modelling demonstrates that the flow path through the centre of the Off-Site 
Power Station Facilities site is successfully mitigated by the incorporation of 
the swale up to the 0.1% AEP event.  The swale is simulated to pass 
approximately 2.55m3/s of flow in this scenario.  The remaining 0.15m3/s, 
believed to be direct runoff from the site itself, flows directly into Hen-shop 
Drain. Localised, shallow ponding is shown in the centre of the site in this 
scenario, however, as with the direct runoff to Hen-shop Drain, this would be 
attenuated by the siteôs drainage system.  

6.4.11 Sensitivity testing of a more extreme, 0.01% AEP event has indicated that the 
swale and drainage features proposed are effective at preventing significant 
ingress of water into the site, leaving little more than shallow ponding in hard 
standing areas away from buildings.  Consequently, it is considered that the 
site would remain operational under such extreme conditions. 

6.4.12 Table E8-1-3 outlines the maximum depths and velocities after the 
implementation of the mitigation measures and demonstrates the minimal 
depths that are present as a result of the implementation of the swale and the 
drainage scheme with maximum depths of up to 0.022m in the 0.01% AEP 
event.  

6.4.13 The rate at which the maximum peak flow and velocity is reached increases 
slightly post-development taking approximately 34 minutes compared to 38 
minutes derived from the baseline model. The maximum depth and velocity is 
reached quicker which is expected given the decrease in depths of flooding 
simulated. 

6.4.14 In accordance with TAN 15, the modelled results show that the rate of rise of 
the floodwater does not exceed the 0.1m/hour depth threshold and the velocity 
does not exceed the 0.3m/hour for flows across the development for 
emergency service developments and therefore meets the criteria. 

6.4.15 There remains a risk of surface water flooding from blockage or structural 
failure of the drainage structures.  Regular maintenance of the structures by 
Horizon should ensure that this risk is reduced and the post development flood 
risk to the Off-Site Power Station Facilities is therefore low (table E8-1-4). 
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Table E8-1-3 Maximum ówith-developmentô depths and velocities 
reached during pluvial events with scheme 

AEP event 

(%) 

Maximum depth Maximum velocity 

Location Depth (m) Location 
Maximum 

velocity (m/s) 

3.33 NRP_Site_103 0.004 NRP_Site_103 0.06 

1 NRP_Site_103 0.005 NRP_Site_103 0.08 

1+40% NRP_Site_103 0.006 NRP_Site_103 0.1 

0.1 NRP_Site_103 0.007 NRP_Site_103 0.12 

0.01 NRP Site 103 0.022 NRP Site 103 0.43 

 Risk to off-site receptors 

6.4.16 The proposed Off-Site Power Station Facilities site is a brownfield site, and 
much of the site is currently covered in hardstanding.  The development of the 
Off-Site Power Station Facilities is therefore not going to increase the runoff 
from the current site.  Impermeable surfaces are included in the design for the 
main part of the site with some landscaping and natural woodland to the south 
of the site.  With the south of the site given over to landscaping and grass 
surfaced car parking, interception of the runoff rates from the proposed Off-
Site Power Station facilities means that runoff would be less than current rates. 

6.4.17 The existing drainage would be removed and new drainage installed.  The 
design for the proposed new drainage system includes an underground geo-
cellular storage system that would provide attenuation of flows off-site.  The 
1% AEP flow would be restricted to the mean annual average greenfield runoff 
rate.   

6.4.18 Agricultural land off-site is deemed to have a medium sensitivity (this is 
defined as undeveloped land in TAN 15), whilst the A5025 and built 
developments have a very high sensitivity to flood risk.  The baseline model 
indicates that the agricultural land and A5025 / built developments already 
have moderate and high pluvial flood risks (respectively).   

6.4.19 Comparison of the baseline hydraulic modelling simulations to those of the 
ówith-developmentô simulations indicates no increase in risk to the A5025, no 
increase in risk to the land to the west of the A5025 and no increase in risk to 
built developments to the western corner or to the east of the proposed Off-
Site Power Station Facilities.  Eastwards, there is simulated to be a reduction 
in flood extent to agricultural land between the Off-site Power Station Facilities 
and the Afon Llanrhyddlad.  The current and post development flood risk is 
detailed in table E8-1-4. 

6.4.20 With a betterment in the runoff rates from the proposed Off-Site Power Station 
Facilities compared to the current land use, there would be no increase to the 
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flood risk to other receptors further downstream (see table E8-01.4 for details 
of the assessment).  These receptors include the villages and individual 
properties identified in section 3.4 and the Beddmanarch-Cymyran Site of 
Special Scientific Interest.  

6.5 Groundwater 

 Groundwater emergence at surface 

6.5.2 The bedrock at the proposed Off-Site Power Station Facilities site is classed 
as a Secondary B aquifer, with the superficial deposits that surround the site 
classed as a Secondary (Undifferentiated) aquifer by NRW.  The bedrock has 
some, albeit limited, groundwater in the near-surface weathered zone and 
fractures. 

6.5.3 As much of the area around the proposed Off-Site Power Station Facilities 
site, including the elevated land to the east, is mantled by glacial till, which 
generally has a clay matrix and therefore a low permeability, there will be 
limited recharge to bedrock groundwater (typically across clayey drift only 10% 
of effective rainfall recharges groundwater).  Therefore, during periods of 
heavy rain, surface water runoff will dominate over groundwater recharge.  In 
addition, the proposed Off-Site Power Station Facilities site is already largely 
covered in hardstanding, so there will be limited recharge directly to the 
bedrock underlying the site. 

6.5.4 The groundwater in the area adjacent to the A5025 around the proposed Off-
Site Power Station Facilities was measured in March 2016 at 3m below ground 
level, dropping to 4m in April 2016 [RD17].  Water levels are likely to drop 
further during the summer months, with annual fluctuations in the bedrock in 
this area typically being of the order of 2m.  

6.5.5 Based on the combination of low recharge rates, groundwater levels that are 
not shallow and limited groundwater fluctuation, the likelihood of groundwater 
flooding is considered to be low over the 60 year design life.  With the low 
hazard and consequences of flooding, the overall groundwater flood risk is 
considered low (see table E8-1-4 for details of the assessment). 

6.6 Services 

 Site sewerage 

6.6.2 Existing sewer systems serve the existing garage on the proposed site for the 
Off-Site Power Station Facilities and surrounding properties. The foul sewer 
runs along the A5025.  The sewerage from the Off-Site Power Station 
Facilities would be connected to the existing services, although there is 
potential for use of an on-site package wastewater treatment plant if 
connections are not possible. 

6.6.3 Foul sewers for the Off-Site Power Station Facilities have been designed to 
be able to cope adequately well with the volumes of foul sewerage produced 
at the site.  The discharge from the Off-Site Power Station Facilities is not 
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expected to increase considerably from the current discharge.  Any failure of 
the sewer along the A5025 would be directed into the swale rather than across 
the site as surface water.  The low likelihood of flooding of the proposed Off-
Site Power Station Facilities from this source, with low magnitude of hazard, 
suggests a low flood risk (see table E8-1-4 for details of the assessment). 

6.7 Decommissioning 

6.7.1 At present, it is assumed that the MEEG, AECC and ESL buildings would be 
decommissioned and removed from the site around the same time as 
decommissioning of the Power Station commences at the end of its 
operational life.  Any alternative proposals for use of the buildings or the site 
beyond this period would need to be considered and determined as part of a 
future planning application at that time. There would therefore be very limited 
changes in runoff as there would be little change to the extent of impermeable 
areas.  The flood risk is therefore not likely to change from the operational 
scenario. All activities will be undertaken in accordance with the relevant 
legislation and guidance in place at the time. 

6.7.2 The drainage system would not be removed during decommissioning and this 
system will continue to provide mitigation against surface water flooding within 
the runoff. Maintenance will be required to ensure the continued efficiency of 
this drainage system. 

6.8 Flood risks 

6.8.1 The flood risk from the sources outlined above, to the receptors identified in 
section 3, are provided in table E8-1-2.  This is based on the methodology 
detailed in appendix E8-1-4.  For the off-site receptors there are currently 
moderate and high fluvial flood risks and these would not change following the 
development (as shown in the last two columns of the table). 
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Table E8-1-4 Flood risk  

Flood 
type 

Source Pathway Receptor Sensitivity 
Magnitude 
of hazard 

Significance 
of effect 

Likelihood 
of 

occurrence 

Current 
Flood 
risk 

Post 
development 

flood risk 

Fluvial and 
pluvial 

Pluvial 
Surface water 
runoff 

Off-Site Power 
Station 
Facilities 

Very high High High High High Low 

Pluvial 
Surface water 
runoff 

Off-site 
receptor ï 
A5025 

Very high Medium High High High High 

Off-site 
receptor ï built 
developments 

Very high Low Moderate Medium Moderate Moderate 

Off-site 
receptor ï 
agricultural 
land west of 
A5025 

Medium High Moderate High High High 

Off-site 
receptor ï 
agricultural 
land to east  

Medium Medium Moderate High High Moderate 

Site 
development 

Runoff from the 
site due to 
introduction of 
impermeable 
surfaces 

Off-site 
receptors 

Medium Low Low Low Low Low 

Groundwater 

Groundwater 
Emergence of 
groundwater at 
the surface 

Off-Site Power 
Station 
Facilities 

Very high Low Moderate Low Low Low 

Groundwater 

Risk of 
groundwater 
inflow to 
excavations 

Off-Site Power 
Station 
Facilities 
development 

Very high Low Moderate Low Low Low 
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Flood 
type 

Source Pathway Receptor Sensitivity 
Magnitude 
of hazard 

Significance 
of effect 

Likelihood 
of 

occurrence 

Current 
Flood 
risk 

Post 
development 

flood risk 

associated with 
underground 
attenuation 
storage and 
underground 
fuel storage 

Services 
Sewerage 
network 

Surface water 
runoff from 
failure of 
sewerage 
network 

Off-Site Power 
Station 
Facilities 

Very high Medium High Very low Low Low 
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7 Conclusions 

7.1.1 The Off-Site Power Station Facilities are classed as very high sensitivity 
receptors as they will provide emergency services to the Power Station. 

7.1.2 Based upon this FCA, despite its location in Flood Zone A, there is currently a 
high baseline risk of pluvial flooding to the proposed Off-Site Power Station 
Facilities site.  The design for the Off-Site Power Station Facilities therefore 
includes a swale and drainage features designed to capture and manage 
surface water flows through the site.  Incorporating these features into the 
design ensures that there would be no risk of flooding to the Off-Site Power 
Station Facilities from any source and that there would be minor benefits 
downstream.  Assessment of more extreme events has shown that the 
residual risks are low and that the site would remain operational even under 
more severe scenarios. 

7.1.3 The introduction of vegetated areas to the currently brownfield site would 
produce a slight reduction in runoff from the site.  The proposed drainage 
strategy includes attenuation via a below ground facility to reduce the runoff 
from the site to the current runoff rate and therefore not increase flood risk to 
downstream receptors. 

7.1.4 It is concluded that pluvial flood risks can be managed and betterment 
provided through the site layout and design described in this report and the 
Environmental Statement. 
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Appendix E8-1-2 Topographical Survey 
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Appendix E8-1-3 Pluvial Modelling Results and 
Report 
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1. Introduction 

1.1 Purpose of this report 

This factual report has been produced for the purpose of describing the hydrology assessment and the 
hydraulic modelling of the pluvial flood hazard modelling undertaken to support the Wylfa Newydd DCO 
Project, specifically for the proposed development at Llanfaethlu.  The Site at Llanfaethlu (hereon referred to 
as ‘Site’) has been selected for the Mobile Emergency Equipment Garage (MEEG), Environmental Survey 
Laboratory (ESL) and the Alternative Emergency Control Centre (AECC) developments.  This factual report 
does not present an assessment of the significance of the results.  This factual report provides a detailed 
statement of the hydrological and hydraulic modelling methods applied, assumptions made and the 
limitations within the approaches.   

1.2 Purpose of modelling 

2D hydraulic modelling has been undertaken to determine the pluvial flood hazard to the Site, including 
climate change impacts.  There are no main rivers in the immediate vicinity of the Site, therefore pluvial flood 
risk was the only source of flooding modelled.  A range of flood event return periods have been modelled to 
establish the extent of the hazard.  A summary of the model scenarios required for hydrology assessment 
and hydraulic modelling is shown in Table 1.1.  The 10,000 year AEP and beyond design basis return period 
will be determined and simulated to support the Nuclear Safety Case in due course. 

Table 1.1 Summary of model scenarios 

Source Hydrology method Event Season Storm 
duration 

Epoch Climate 
change  

Pluvial ReFH2.2 with FEH13 rainfall data 1:30, 1:100, 
1:1000 year AEP 

Summer 1 hour 2017 N/a 

  1:100 year AEP Summer 1 hour 2080s 20% central 
40% upper 

AEP = Annual exceedance probability 

 

Section 3.2 and Table 3.2 provide an overview of the selection of the 1 hour critical storm duration used in 
the production model runs. 

1.3 Site overview 

The Site is located on the eastern side of the A5025, north of the village of Llanfaethlu (Figure 1.1).  The Site 
at present is predominantly hard-standing with various buildings located within it.  There are no known open 
channel water-features within the Site, however there is a small unnamed watercourse originating at the 
eastern end of the Site, which flows south-east into the Afon Llanrhyddlad.  The Afon Llanrhyddlad flows 
from the north-east of the Site, and then continues to flow south/south-east.  It is understood (from a meeting 
in Bangor on 12 April attended by NRW and IACC) that there is a culvert underneath the Site which connects 
the highway drain along the A5025 to this unnamed tributary of the Afon Llanrhyddlad.  This unserved drain 
has been excluded from the modelling, providing a conservative estimate of water flowing across the surface 
of the Site. 
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A hydrometric catchment has been delineated for the unnamed tributary of the Afon Llanrhyddlad, which 
originates from the eastern end of the Site.  The catchment was delineated using 5m OS Terrain 5 digital 
terrain model (DTM).  The catchment extends to the west and includes two ponds, labelled Western Pond 
and Ty’n-y-buarth Pond on Figure 1.1.  This catchment was used to inform the pluvial hydrology assessment 
(Section 3) and to inform the spatial extent of the 2D model domain, described in Section 4.  The scope of 
the modelling in this report is limited to pluvial modelling only.  A small fluvial waterbody is situated ~5m 
down slope (e.g. elevational change) from the MEEG Site.  The accompanying FCA concludes that this 
watercourse does not present a risk to the Site and as such no hydraulic modelling is undertaken.  The 2D 
model domain, therefore, has been scaled back to fully capture the catchment to the Site and not the Afon 
Llanrhyddlad catchment.   
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This report is a factual account of the hydraulic modelling undertaken using InfoWorks ICM (Integrated 
Catchment Model) and the associated hydrology assessment.  The modelling and hydrology assessment 
have been undertaken for the purpose of providing quantified descriptions of the pluvial flood risk 
environment at the Site in Llanfaethlu. 

1.4 Overview of modelling approach  

To fulfil the requirements of the Wylfa Newydd DCO Project it was necessary to construct a detailed 2D 
model of the Llanfaethlu area to determine the pluvial flood hazard in the vicinity of the Site. 

A 2-Dimensional flood modelling approach using InfoWorks ICM has been adopted to provide estimates of 
the pluvial flood hazard to the Site.  The Site at Llanfaethlu and the surrounding catchment is being modelled 
using InfoWorks ICM v7.5, which is an industry standard software package widely used for flood modelling to 
inform FCAs and nuclear safety related assessments.  The small tributary channel which drains directly from 
the eastern boundary of the Site, and the Afon Llanrhyddlad watercourse into which it flows, are represented 
in the 2D model using the DTM elevations, breaklines and roughness zones (these aspects of the model 
build are described further in Table 4.1).  At the outset, it was envisaged that the development proposal 
might require the modification of existing pluvial flow routes through the Site.  InfoWorks ICM has been 
selected for this application as it is better equipped to represent such flow modifications. 

1.5 Key assumptions 

Detailed (0.25m) LiDAR data was captured in March 2017, and was used to represent the topography.  The 
following key assumptions have been made: 

¤ Model extents have been determined by topography to prevent any artificial model boundary 
influences on the flood hazard estimate at the Site; 

¤ 0.25m LiDAR data has been flown for this model (BlueSky, 2017) and is assumed to be 
representative of the catchment, and critical elements within the catchment, such as roads, 
watercourses, ponds and land depressions (see Section 4.1); and 

¤ It has been assumed that the DTM provides a sufficiently accurate representation of the 
channel capacity of minor watercourses within the model domain so as not to underestimate the 
hazard description on Site. 

1.6 Document structure  

The remainder of this report is structured as follows: 

¤ Section 2 - Available data: Identifies data collated or commissioned to aid model build and 
catchment representation;  

¤ Section 3 - Hydrology: Details the pluvial hydrology assessment; 

¤ Section 4 - Model overview: Details the representation of the 2D model domain including any 
assumptions made; 

¤ Section 5 - Model runs: Lists the model scenarios run; 

¤ Section 6 – Baseline model results: Provides a summary of model results, including flood 
extents and depths;  

¤ Section 7 – ‘With development’ model results: Provides a summary of model results, including 
flood extents and depths; and 
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¤ Section 8 - Sensitivity testing: Lists sensitivity runs carried out on the 2D model and discusses 
outputs. 
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2. Available data 

The 2D model was built following collation of data (topography, structures and rainfall) of the Site and the 
surrounding catchment area data.  Table 2.1 below lists the data sets used and provides a description of the 
contents of each data set. 

Table 2.1 Available Data 

Item Comments 

Topographic Data 0.25m LiDAR was flown in March 2017 for this model (0.25m ASCII grid, supplied April 2017) 

5m OS Terrain DTM (5m ASCII grid, downloaded from UK Map Centre July 2016) 

Topographic Contour Data OS Open Data Terrain 50 (10Km x 10Km grid, 10m contour intervals) 

OS Map Data OS Mastermap (URS, October 2014) 

Rainfall data 
FEH 2013 DDF rainfall data - Pluvial inflow for hydraulic modelling, and to derive hydrographs  
FEH Web Service https://fehweb.ceh.ac.uk 

Climate change To determine the climate change allowance factors applied to the 1:100 year AEP event  

Adapting to Climate Change: guidance for flood risk and coastal erosion risk management 
authorities in Wales (Llywodraeth Cymru/Welsh Government, 2011) 

Flood Consequence Assessments: climate change allowances (Llywodraeth Cymru/Welsh 
Government, 2016) 

Flood Studies Report Flood Studies Report (NERC, 1975) method for sub-hourly rainfall to estimate the 0.5 hour storm. 

Catchment descriptors 
SPRHOST used to estimate runoff from pluvial inflows, utilised in the 2D model domain as a 
runoff coefficient (see Section 4.2) 
FEH Web Service https://fehweb.ceh.ac.uk 

Calibration/verification 
events identified 

No calibration events identified due to no gauged data available 

Flood history Risk of flooding from surface water (Natural Resources Wales, July 2016); 

Ʒ Yellow is low risk 

Ʒ Light orange is medium risk 

Ʒ Dark orange is high risk   

Ʒ Aproximate location of MEEG/ESL Site in red outline. 
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3. Hydrology assessment 

This section describes the process to derive the hydrology inputs for the hydraulic modelling.  The hydrology 
inputs were in the form of hyetograph (rain/time) data for a range of storm durations and annual exceedance 
probabilities.  The hydrology inputs have been calculated for the baseline description of the Site.  The same 
baseline hyetographs have been applied in the ‘with development’ simulations. 

3.1 Input data 

The data sourced for the pluvial input to the model is detailed in Table 2.1.  The FEH 13 depth duration 
frequency (DDF) rainfall data was downloaded for a point close to the Site at NGR 231700 387210.  The 
point data is taken to be representative of the 1km grid square which it is located in.   

3.2 Method of hyetograph calculation 

Deriving hyetographs 

Rainfall depths were obtained from FEH 13 DDF tables for the Site coordinates.  The FEH 13 data provides 
total depths for storm durations from 1 hour up to 96 hours, and for annual exceedance probabilities for the 
1:30 year AEP to 1:1,000 year AEP events.  The FEH13 dataset does not contain rainfall depths for the 
0.5 hour storm duration, instead flood estimation guidance from the Environment Agency (EA, 2015) was 
applied to yield estimates for the 0.5 hour storm duration.  Rainfall depths for the 0.5 hour and 1.0 hour storm 
were calculated from the Flood Studies Report (FSR) method; the factor ‘FSR rain 0.5 hour/FSR rain 
1.0 hour’ was applied to the FEH13 1.0 hour rainfall depth to produce 0.5 hour rainfall values which are 
consistent with the FEH13 data for longer storm durations. 

Rainfall depths were profiled using the design summer storm profile in ReFH2.2, as justified by the results of 
Sensitivity Test 4 in Section 8 of this report.  

Rainfall hyetographs have been calculated using total rainfall depths without infiltration values or areal 
reduction factors applied, and these total rainfall depths calculated are presented in Table 3.1.  The total 
rainfall hyetographs were generated for use as a direct input for the InfoWorks ICM model.  In InfoWorks ICM 
the total rainfall depths are reduced by applying a factor 0.40; this is the SPRHOST (Standard Percentage 
Runoff (%) associated with the distribution of soil types) for the catchment, taken from the FEH descriptors 
(see Section 4.2).  Section 8 presents the findings of a sensitivity test into alternative reduction factors to 
account for infiltration loses, to evaluate the sensitivity of the onsite pluvial flood hazard to the SPRHOST 
reduction factor.  It is possible that in higher return periods the standard SPRHOST value could lead to an 
underestimation from permeable surfaces due to more saturated ground conditions.  
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Table 3.1 Total rainfall depths (mm) 

Storm duration (hour) 1:30 year AEP 1:100 year AEP 1:1,000 year AEP 

0.5 23.31 35.53 61.80 

1.0 30.49 46.84 82.87 

3.0 42.35 60.37 97.77 

6.0 50.67 69.27 107.53 

24.0 71.32 91.29 131.06 

Critical storm duration 

The 1:100 year AEP event was used to determine the critical storm duration, by running five storm durations 
(0.5, 1, 3, 6 and 24 hour storms).  The critical storm was determined based on peak depths achieved on the 
Site.  The detail of the selection of the critical storm is discussed in Section 5.1.  The critical duration was 
identified as the 1.0 hour storm.  Table 3.2 presents the pluvial scenarios that were run through the 
InfoWorks Hydraulic model. 

Table 3.2  Pluvial scenarios run in InfoWorks 

 1:30 year AEP 1:100 year AEP 1:100 year AEP plus 
climate change 

1:1000 year AEP 

Storm duration 
(hour) 

Critical duration 
0.5, 1, 3, 6, 24hrs (to 
determine critical 
duration) 

Critical duration Critical duration 

Seasonal 
storm profile 

Summer storm profile Summer storm profile Summer storm profile Summer storm profile 

AEP: Annual Exceedance Probability.   

Climate change allowance 

Climate change was applied to the 1:100 year AEP event only.  Climate change to the 2080s was accounted 
for in two scenarios, by applying a central change 20% uplift factor and also an upper end estimate 40% 
uplift factor to rainfall depth.  This increase is informed by guidance (2011/2016) from Llwodraeth Cymru 
Welsh Government, Adapting to Climate Change (for pluvial rainfall intensity, for the 2080’s epoch).  The 
central change factor would normally be applied to the 1:100 year AEP event for design standards. 

3.3 Hydrology for baseline runs 

This section presents the rainfall hyetographs which are used in the InfoWorks ICM hydraulic modelling, 
based on the approach presented in Section 3.2.  Figure 3.1 displays the storm profiles of the five different 
durations for the 1:100 year AEP.  The graph presents the profiles in a 36 second time step.  The 0.5 hour 
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storm has the highest peak rainfall at approximately 2.9 mm (in 36 seconds), with the 24 hour storm peaking 
at approximately 0.1 mm.  

The critical 1 hour baseline design hyetographs for the different annual exceedance probabilities and climate 
change factors are displayed in Figure 3.2.  The 1 hour design runs were run using a 3 minute timestep; with 
the peak rainfall greatest for the 1:1,000 year AEP, peaking at a depth of 15.7mm (in 3 minutes). 

Figure 3.1 Pluvial 1:100 year AEP hyetographs for all storm durations 

 

Figure 3.2 Pluvial 1 hour ‘critical’ storm hyetographs for baseline runs 
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4. Hydraulic modelling 

This section provides an overview of the baseline 2D model built to represent the MEEG, ESL and AECC 
Site at Llanfaethlu.  The Llanfaethlu 2D model was originally built in InfoWorks ICM v7.0 and then upgraded 
to v7.5.5 in April 2017.   

Section 4.1 provides an overview of the 2D baseline model set up, with the details documented in Table 4.1.  
Figure 4.1 displays the spatial extent of the model roughness, and also details the result lines and points that 
define where model output data are available.   

Section 4.2 provides an overview of the changes made to the baseline model to represent the proposed 
MEEG, ESL and AECC development and associated Site drainage infrastructure. 

4.1 Baseline model 

Table 4.1 2D model overview 

Item Description 

2D model area  64 ha 

Maximum triangle size  5 m2 - Elements within the mesh used for the hydraulic calculations will be no larger than this. 

Minimum element area  1 m2 - Elements within the mesh used for the hydraulic calculations will be no smaller than this. 

Terrain sensitive meshing Maximum height variation within a triangle is 0.05m 
Therefore, if any given triangle has a difference in sampled ground levels within its area of more 
than 0.05m, the meshing algorithm will spilt the triangle into smaller triangles until the difference 
is less than 0.05m.   

Number of triangles in mesh 358256 

Number of elements in mesh 354077 

Breaklines (see Figure 4.1) Breaklines are used to define the mesh along specified lines, forcing the mesh to generate 
triangles along its edge.  Breaklines were added to define field boundaries (using OS MasterMap 
polyline).  In addition, the boundaries of the roughness zones digitised to define areas of different 
surface roughness (described below) are also being used as breaklines. 

Representation of buildings Buildings are represented as roughness zones, with an increased Manning’s n of 0.3 (Syme, 
2008).  OS MasterMap was used to define the building areas. 

Representation of river banks 0.25m LiDAR (there are no main watercourses in the proximity of the Site) 

2D boundary conditions  Normal Condition – allowing water to flow out of the 2D zone where the zone does not exactly 
match the catchment boundary 

Delineation of roughness 
Zones (see Figure 4.1) 

Roughness zones were delineated using OS Mastermap and also freely available aerial 
photography. Aerial photography picked up cement/man-made ground in the area of the MEEG 
Site which was described by OS Mastermap as ‘general surface’. Edits were made to the Site 
and is now represented with a similar roughness value to path/roadside. 

Roughness zones also act as breaklines; for example, the elements representing the roughness 
of a building will generate triangles which fit exactly within the building, each with the 
representative roughness. 

The Manning’s n values selected for each land cover type were chosen based on published 
information (Chow, 1959; Syme, 2008) modeller experience and judgement.  They are also 
consistent with the ongoing A5025 associated development modelling project.  The Manning’s n 
value assumptions were subjected to sensitivity testing (Section 8) which confirms the 
appropriateness of the values applied. 
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Item Description 

Hydraulic roughness values 2D Surface Roughness Value 

Grass/General surface 0.04 

Building/Glasshouse 0.3 

Road 0.015 

Path/Roadside 0.025 

Inland water (watercourses and ponds) 0.035 

Rough grassland/Scrub/Trees 0.080 

Delineation of infiltration 
zones 

There are no infiltration zones in the 2D domain.  A single infiltration surface has been applied to 
the entire 2D Zone. 

Infiltration/runoff values Infiltration surface Fixed runoff coefficient 

‘SPRHOST’ for entire 2D zone to 
determine the net runoff using the pluvial 
total rainfall inflows.  SPRHOST runoff 
coefficient compared to values derived 
from NCB (1982) for confirmation. 

0.40 

Model output (See Figure 4.1) A series of results lines and points were included in the 2D domain to allow for results to be 
output at the specific locations (available as depth, flow and velocity). 

Topography 

The 2D model derives elevation values from the 0.25m LiDAR which was flown in March 2017 for the 
purpose of this model.  Figure 1.1 displays the 0.25m LiDAR which is used in the model.  Earlier versions of 
the model, which are now superseded, used 5m DTM (OS Terrain 5) data.  As would be expected, the 
0.25m LiDAR data captures the terrain and land features, including drains, in greater detail compared to the 
5m OS Terrain 5 data.  The LiDAR was flown and commissioned for this model and is the most accurate and 
up to date DTM data available. 

Runoff coefficient 

Pluvial hydrological calculations have applied total rainfall depths to the hyetograph storm profiles.  Due to 
the relative homogeneous land use and soil type across the 2D model (in particular across NRW defined 
surface water flow pathways), runoff coefficient is applied as a fixed factor across the 2D model.  The 
SPRHOST value has been used as the runoff coefficient, as this represents the standard percentage runoff 
associated with soil types categorised for their specific hydrological characteristics.  This value has been 
obtained from FEH for catchment areas surrounding and including the 2D model area; analysis of the FEH 
catchments in the surrounding had shown that the SPRHOST value did not change in the vicinity of the 
model. 

The SPRHOST value has been confirmed against values calculated in National Coal Board (1982), using 
catchment slope, soil type and vegetation type.  The slope values were calculated as 0.01 for critical surface 
water pathways.  The soil type was identified as being loam across the majority of the model domain 
(Cranfield University Soilscapes website).  The vegetation type was identified as part grassland, part 
scrubland,) for the Llanfaethlu model area.  The identification of these three parameters confirm that the 0.40 
SPRHOST value is within the range of runoff coefficients in National Coal Board (1982).  The runoff 
coefficient described here is the subject to two sensitivity model tests discussed in Section 8. 
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4.2 With development’ model runs 

As part of the proposed MEEG/AECC/ESL development, drainage infrastructure is proposed to manage the 
flow of surface run-off through the Site.  The measures include a swale feature, a gateway drain running 
across the entrance to the Site, impermeable tanked buildings and feature in the northern corner to collect 
water flowing from the A5025.  The representation of the proposed drainage infrastructure is based on a 
concept level of design detail only.  The location of the Site drainage features represented in the model are 
illustrated on Figure 4.2.  The representation of these mitigation measures in the hydraulic model was as 
follows:  

¤ Buildings – eight buildings were extracted from the MEEG/AECC/ESL proposed general 
arrangement plan (drawing 60PO8077-JAC-LSC-DRG-01002), these were assumed to be 
‘tanked’ to make them impermeable to water ingress.  To represent the buildings in this way in 
the InfoWorks ICM model they have been represented as ‘void polygons’.  As these buildings 
are ‘voids’ no ‘rain’ will fall on the model in these areas.  It has been assumed that the volume of 
rainfall that would fall on these buildings would be managed by the Site drainage strategy. 

¤ Swale – the swale feature proposed to convey flows from the north west to south east across 
the southern edge of the Site.  It has been developed to capture and safely convey water 
flowing from the A5025.  It has been represented in the 2D domain of the model by amending 
the underlying topography.  The 0.25m DTM was manipulated by incorporating the contour level 
information describing the geometry of the swale and adjoining ground.  The source of this 
information is drawing 60PO8081-JAC-CIV-MOD-00020.dwg.  An additional roughness zone 
was added to the model to represent the swale feature.  The swale was given the Manning’s n 
roughness value of 0.035 (equivalent to that used for 2D watercourses in other parts of the 
model).  The roughness zone also acted like a breakline in the model to define this area in the 
mesh. 

¤ Gateway drain – across the Site entrance a feature will exist to capture water flowing from the 
A5025 and connect in to the swale feature.  This will prevent the uncontrolled flow of water 
through the Site.  The trench is represented as a 25m x 2m mesh zone polygon extending 
between the northern Site building and swale.  The mesh zone is set to a level of 53mAOD 
(~1m deep) which corresponds to the invert of the swale feature. 

¤ A raised feature – within the northern corner of the complex will be a feature that will act to 
prevent water flowing onto Site from the A5025 to the northern corner of the Site.  The feature 
will redirect the flow south west along the front of the Site into the gateway drain and then into 
the Swale.  For the purposes of modelling this wall has been represented as a low wall feature.  
Within InfoWorks walls are described as porous walls, to achieve the desired redirection of flow 
the porosity of this wall was set to zero. 

The ‘with development’ modelling also encompassed the following additional change: 

¤ The roughness zones in the vicinity of the Site representing the baseline condition have been 
removed or edited to represent the proposed development.  The roughness zones removed 
represented the four buildings currently onsite which are to be replaced with the proposed 
building plan.  The remaining ‘site_concrete’ roughness zone which represents the impermeable 
surface of the Site was altered to provide for the swale roughness zone described above.   
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5. Model runs 

The 2D Llanfaethlu model described in Sections 3 and 4 was run for a range of pluvial return period events.  
This section details the runs which have been completed and the process of selecting the ‘critical’ storm 
duration.  

5.1 Selection of the critical storm duration 

It is usual practice to test a realistic range of storm durations to find the critical duration storm at the site of 
interest.  The critical duration storm is the one that produces the largest flow, highest water level or greatest 
storage (volume) at the subject site (EA, 2016).  The Llanfaethlu model was run using the 1:100 year AEP 
for the 0.5 hour, 1 hour, 3 hour, 6 hour and 24 hour storm durations.  The peak flood depths across results 
lines and at results points in the 2D zone are displayed in Table 5.1.  The maximum peak depths along the 
two results lines, ‘NRL_05’ and ‘NRL_Site_100’, were achieved in the 0.5 hour and the 3 hour storm 
respectively.  The remaining observation points and lines achieved maximum peak depths in the 1 hour 
storm.  As the maximum peak flood depths occurred during the 1 hour storm event for the majority of 
observation points and lines (with the exception of only two results lines), it is reasonable to select the critical 
storm duration as the 1 hour storm for all the scenario modelling. 

Table 5.1 1:100 year AEP summary results – Peak flood depth (m) across a line or at a point 

Network Results Line (NRL) 
or Point (NRP) in 2D Zone 

0.5 hour 1 hour 3 hour 6 hour 24 hour 

NRL_01 0.200 0.228 0.227 0.220 0.186 

NRL_02 0.096 0.110 0.096 0.082 0.052 

NRL_03 0.048 0.066 0.066 0.061 0.040 

NRL_04 0.065 0.088 0.085 0.076 0.051 

NRL_05 0.024 0.022 0.015 0.012 0.006 

NRL_Site_100 0.029 0.037 0.037 0.034 0.020 

NRL_Site_101 0.055 0.0805* 0.0798* 0.073 0.045 

NRL_Site_102 0.200 0.228 0.227 0.220 0.186 

NRL_Site_103 0.044 0.061 0.060 0.055 0.036 

NRL_Site_104 0.058 0.0814* 0.0805* 0.074 0.047 

NRP_Site_001 0.037 0.055 0.054 0.048 0.028 

NRP_Site_103 0.044 0.061 0.060 0.055 0.036 

NRP_Site_104 0.058 0.0814* 0.08053* 0.074 0.047 

Note: three (* and four) decimal places has been reported so the reader can view the difference between the depths.  
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5.2 Baseline runs 

The details of the baseline runs are in Table 5.2.  Five baseline runs with different annual exceedance 
probabilities and climate change factors were run using the critical 1 hour storm duration.    

Table 5.2 Baseline runs 

Item Comments 

Baseline events For the critical duration pluvial storm (1 hour): 

Ʒ R30: 1:30 year AEP event, present day. 

Ʒ R100: 1:100 year AEP event, present day. 

Ʒ R100CC: 1:100 year AEP event with climate change (20%). 

Ʒ R100CC: 1:100 year AEP event with climate change (40%). 

Ʒ R1000: 1:1000 year AEP event, present day. 

Model run 
parameters and 
settings 

Ʒ Timestep: 10 s. 

Ʒ Duration: 12 hours. 

Default parameters in InfoWorks ICM v7.5.5 were used for all settings, no changes were made to these during 
the modelling. 

Model network and 
version 

MEEG_Llanfaethlu_v1.0 #18 

Model run names Ʒ MEEG_ReFH2.2_R30_PD_2020s_1hr. 

Ʒ MEEG_ReFH2.2_R100_PD_2020s_1hr. 

Ʒ MEEG_ReFH2.2_R100_PD_2020s_1hr_1.2CC. 

Ʒ MEEG_ReFH2.2_R100_PD_2020s_1hr_1.4CC. 

Ʒ MEEG_ReFH2.2_R1000_PD_2020s_1hr. 

2D model stability Total mass error reported as 0.00 m3 

Model warnings No reported warnings 

5.3 ‘With development’ runs 

The details of the ‘with development’ runs are in Table 5.3.  The ‘with development’ runs have been run for 
the same pluvial annual exceedance probabilities as were run using baseline model. 
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Table 5.3 ‘With development’ pluvial runs 

Item Comments 

Pluvial events For the critical duration pluvial storm (1 hour): 

Ʒ R30: 1:30 year AEP event, present day. 

Ʒ R100: 1:100 year AEP event, present day. 

Ʒ R100CC: 1:100 year AEP event with climate change (20%). 

Ʒ R100CC: 1:100 year AEP event with climate change (40%). 

Ʒ R1000: 1:1000 year AEP event, present day. 

Model run 
parameters and 
settings 

Ʒ Timestep: 10 s. 

Ʒ Duration: 12 hours. 

Ʒ Default parameters in InfoWorks ICM v7.5.5 were used for all settings, no changes were made to 
these during the modelling. 

Model network 
and version 

MEEG_Llanfaethlu_v1.0 #26 

Model run 
names 

Ʒ Development MEEG_ReFH2.2_R30_PD_2020s_1hr. 

Ʒ Development MEEG_ReFH2.2_R100_PD_2020s_1hr. 

Ʒ Development MEEG_ReFH2.2_R100_PD_2020s_1hr_1.2CC. 

Ʒ Development MEEG_ReFH2.2_R100_PD_2020s_1hr_1.4CC. 

Ʒ Development MEEG_ReFH2.2_R1000_PD_2020s_1hr. 

2D model 
stability 

Total mass error reported as 0.00 m3 
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6. Baseline model results 

This section summarises the results of the baseline model runs.  Results are presented as peak flood depths 
in Table 6.2, (either as the peak maximum depth value of the elements intersected by the results line or the 
peak maximum depth value of the element containing a point in the 2D zone).  Peak flood depth maps are 
also provided in Appendix A which also illustrate the spatial extent of the pluvial flooding.  Appendix A 
contains the following flood depth and extent and flood velocities maps which describe the baseline flood 
hazard: 

Figure 6.1 Llanfaethlu baseline peak pluvial flood extents  

Figure 6.2 Llanfaethlu baseline peak pluvial flood depth 1:30 year AEP present day (1 hour storm event) 

Figure 6.3 Llanfaethlu baseline peak pluvial flood depth 1:100 year AEP present day (1 hour storm event)  

Figure 6.4 Llanfaethlu baseline peak pluvial flood depth 1:1000 year AEP present day (1 hour storm event)  

Figure 6.5 Llanfaethlu baseline peak pluvial flood depth 1:100 year AEP (1 hour storm event) plus climate 
change (20%) 

Figure 6.6 Llanfaethlu baseline peak pluvial flood depth 1:100 year AEP (1 hour storm event) plus climate 
change (40%) 

6.1 Model results lines and points 

The results data (issued as an excel spreadsheet for each annual exceedance event) contain the results of 
flow, depth and velocity time-series for a range of observation lines and points across the 2D model.  The 
labelled location of these lines and points are in Figure 4.1.  

The observation points are in the model as 2D network results points.  They have been positioned in the Site 
and provide the time series of Unit Flow (m3/s), Depth (m), Elevation (mAOD) and velocity (m/s) at each 
individual location. 

The observation lines are in the model as 2D network results lines.  They have been positioned at strategic 
locations to provide the time series of total flow across the line (m3/s), maximum of the depth values at a 
given timestep of the elements intersected by the line (m) and the maximum of the velocity values at a given 
timestep of the elements intersected by the line (m/s) experienced in the 2D mesh at each individual 
location. 

Flow values for each line are calculated as follows: for each 2D mesh element that the results line intersects 
the unit flow normal to the line is determined.  This mesh element unit flow value is multiplied by the length of 
the line which falls within the individual element.  The total flow result is then calculated by summing the 
flows from each element that crosses the line.  Flows can be positive or negative depending on the direction 
of flow across the line, and the direction the line has been digitised.  Table 6.1 describes how the various 
results lines were digitised in the model and what a positive flow means in terms of flow direction. 
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Table 6.1  Network results line flow description 

Network results line How digitised Positive flow description 

NRL_01 From north to south Water flowing south-east across the road onto the roadside 
(towards the MEEG Site) 

NRL_02 From north to south Water flowing north-east 

NRL_03 From north to south Water flowing east, away from the MEEG Site 

NRL_04 From east to west Water flowing south 

NRL_05 From east to west Water flowing south-east 

NRL_Site_100 From east to west Water flowing south out of MEEG Site 

NRL_Site_101 From north to south Water flowing east out of MEEG Site 

NRL_Site_102 From north-east to south-west Water flowing onto MEEG Site from north and west 

NRL_Site_103 From north to south Water flowing east through the MEEG Site 

NRL_Site_104 From north to south Water flowing east through the MEEG Site 

 

6.2 Results   

The peak flood depths in Table 6.2 have been extracted from the 2D zone as lines and points, the locations 
of which are shown in Figure 4.1.  For all baseline runs, the three highest peak flood depths recorded are 
across lines ‘NRL_04’, ‘NRL_03’ and ‘NRL_Site_100’, although the order varies between different annual 
exceedance events.  

‘NRL_04’, located north-east of the Site, measures the flow from the north along the Afon Llanrhyddlad and 
records the highest peak flood depths for all 1:100 year AEP events (including the two climate change 
scenarios).  The highest peak flood depth for the 1:1,000 year AEP event occurs at ‘NRL_Site_100’, located 
along the south-eastern boundary of the Site and records the flow off the Site in the south-eastern corner.  
The highest peak flood depth recorded for the 1:30 year AEP event is at ‘NRL_03’, which is located 
downstream (to the east) of the Site and measures the flow from the west (including flow off the Site) before 
it reaches the Afon Llanrhyddlad.  As would be expected, the highest peak depth occurs during the 1:1,000 
year AEP event, with three results lines recording depths of 0.65m or higher.   
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Table 6.2  Baseline runs summary results – peak flood depth (m) across a line or at point 

Network results line (NRL) 
or point (NRP) in 2D zone 

1:30 year AEP 1:100 year 
AEP 

1:100 year 
AEP plus 20% 

1:100 year 
AEP plus 40% 

1:1000 year 
AEP  

NRL_01 0.04 0.05 0.06 0.08 0.09 

NRL_02 0.08 0.12 0.13 0.15 0.17 

NRL_03 0.47 0.51 0.54 0.58 0.65 

NRL_04 0.46 0.54 0.58 0.61 0.66 

NRL_05 0.03 0.04 0.05 0.05 0.06 

NRL_Site_100 0.38 0.48 0.55 0.60 0.67 

NRL_Site_101 0.29 0.36 0.43 0.48 0.55 

NRL_Site_102 0.05 0.06 0.07 0.08 0.09 

NRL_Site_103 0.06 0.11 0.14 0.17 0.21 

NRL_Site_104 0.13 0.18 0.21 0.23 0.27 

NRP_Site_001 0.00 0.01 0.03 0.04 0.06 

NRP_Site_103 0.01 0.04 0.05 0.07 0.09 

NRP_Site_104 0.10 0.15 0.19 0.22 0.27 

 

The peak flood depth maps (Figures 6.2 – 6.6 in Appendix A) show a preferential flow route onto the Site 
from the western boundary.  Multiple flow routes combine and pond on the western boundary of the A5025 
before crossing the road onto the Site.  A significant portion of the flow reaching the Site originates in the 
west, upstream of the Western Pond (as shown on Figure 1.1).  This western flow route is joined by various 
branches of flow from the southwest, with some originating from the village of Llanfaethlu.  The water, 
flowing from the west, ponds on the western side of the A5025 before it reaches a threshold level 
(~53.9 mAOD) and then flows across the A5025 onto the Site.  In addition to this western flow path there are 
flow routes along the A5025.  Water flows north east towards the Site along the A5025 from the village of 
Llanfaethlu.  Water also flows down the A5025 to the north of the Site.   

During the 1:30 year AEP event (Figure 6.2) there are areas of localised ponding within the Site.  In the 
larger storm events these isolated areas of ponding become increasingly connected and form a flow route 
through the Site.  The flow route through the Site is almost central within the boundary, flowing west to east 
across the Site towards the drain which originates at the eastern end of the Site boundary.   
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7. ‘With development’ model results 

Analysis of the impact of the MEEG/AECC/ESL Site on the flood risk and the change to the flood mechanism 
is discussed in this Section.  Background to the inclusion of the infrastructure representation in the model is 
detailed in Section 4.2.  The summary of the results obtained from the hydraulic modelling are discussed in 
the following sections.  Results are presented as peak flood depths extracted from 2D network results lines 
and points in the vicinity of the Site. 

Appendix A contains the following flood depths and extent maps which describe the bypass flood hazard: 

Figure 7.1 Llanfaethlu ‘with development’ peak pluvial flood depth 1:30 year AEP present day (1 hour 
storm event) 
Figure 7.2 Llanfaethlu ‘with development’ peak pluvial flood depth 1:100 year AEP present day (1 hour 
storm event)  
Figure 7.3 Llanfaethlu ‘with development’ peak pluvial flood depth 1:1000 year AEP present day (1 hour 
storm event)  
Figure 7.4 Llanfaethlu ‘with development’ peak pluvial flood depth 1:100 year AEP (1 hour storm event) 
plus climate change (20%) 
Figure 7.5 Llanfaethlu ‘with development’ peak pluvial flood depth 1:100 year AEP (1 hour storm event) 
plus climate change (40%) 
Figure 7.6 Llanfaethlu peak pluvial flood extent difference 1:30 year AEP present day (1 hour storm event) 
Figure 7.7 Llanfaethlu peak pluvial flood extent difference 1:100 year AEP present day (1 hour storm 
event)  
Figure 7.8 Llanfaethlu peak pluvial flood extent difference 1:1000 year AEP present day (1 hour storm 
event)  
Figure 7.9 Llanfaethlu peak pluvial flood extent difference 1:100 year AEP (1 hour storm event) plus 
climate change (20%) 
Figure 7.10 Llanfaethlu peak pluvial flood extent difference 1:100 year AEP (1 hour storm event) plus 
climate change (40%) 

7.1 Flood depths 

The impact of the MEEG/AECC/ESL development on water levels and therefore flood depths is described in 
two ways: 

1. By means of change in depth of flooding at the 2D results lines and points across the Site (see 
Table 7.1), the location of which are detailed in Figure 4.1; and  

2. By mapping the difference in flood extent across the 2D domain for each scenario assessed 
(see Figure 7.6 to Figure 7.10 in Appendix A). 

The impact of the development on water depths across the floodplain is shown in Table 7.1.  The degree of 
change to peak flood depths on Site varies with location, owing to how ground levels are proposed to be 
manipulated within the scheme design.  

‘NRL_04’ (located north-east of the Site, measuring the flow from the north along the Afon Llanrhyddlad), 
‘NRL_02’ (located west of the Site measuring the flow along the A5025) and ‘NRL_05’ (located north-west of 
the Site, measuring the flows across the field to the north-west) are not affected by the changes to the Site.  
There is no change in peak flood depth observed in these locations. 

‘NRL_01’ is located along the A5025 parallel to the Site entrance.  Here depths are observed to increase up 
to 0.2m in all events modelled, as a result of the inclusion of the Site drainage features described in 
Section 4.2.     
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‘NRL_03’, to the south east of Site shows a reduction in flood depth in the 1:30 and 1:100 year AEP events, 
as a consequence of the increased storage provided by the trench and Swale feature.  In the 1:100 year 
future climate and 1:1000 year AEP events increase in peak flood depth up to 0.1m are observed.  In the 
baseline model, the surface water flow is distributed across the Site with some water finding its way across 
land and directly into the Afon Llanrhyddlad, and some flowing towards the unnamed watercourse (and then 
subsequently into the Afon Llanrhyddlad).  The increase in flood depth observed in the with development 
runs is a consequence of the Swale collecting and conveying water through the Site, with less water flowing 
across land to the Afon Llanrhyddlad (see Figure 7.8 to Figure 7.10).  To the east of the Site, where the 
overland flow has returned to the central Afon Llanrhyddlad flow path downstream of the Site, the levels 
between the ‘with development’ and baseline models are consistent. 

Three of the onsite results lines (‘NRL_Site_100’, ‘NRL_Site_103’ and NRL_Site_104’) all show increases in 
maximum flood depth observed along the line.  This is due to the fact that all three of these lines intersect 
the new proposed Swale feature.  

The onsite results line ‘NRL_Site_102’ shows the largest increase in peak flood depth along the line of up to 
1.1m in the 1:1000 year AEP event.  This is a consequence of the results line being collinear with the 
proposed impermeable building where water will pond before being diverted to the south west into the 
gateway drain and swale features. 

The three results points (‘NRP_Site_001’, ‘NRP Site 103’ and ‘NRP Site 104’) within the Site boundary all 
show a reduction in flood depth for all flood events.  This is consistent with Site design to prevent surface 
water to flow onto Site.  The only water on Site is that which falls directly, which will be managed by the 
onsite drainage strategy. 
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Table 7.1  ‘With development’ runs summary results – peak flood depth (m) across a line or at point 

Network results line 
(NRL) or point (NRP) 
in 2D zone 

1:30 year 
AEP  

Difference (m) 1:100 
year AEP 

Difference (m) 1:100 
year AEP 
plus 20% 

Difference (m) 1:100 
year AEP 
plus 40% 

Difference (m) 1:1000 
year AEP  

Difference (m) 

NRL_01 0.04 0.00 0.16 0.11 0.21 0.15 0.25 0.18 0.32 0.22 

NRL_02 0.08 0.00 0.11 0.00 0.13 0.00 0.15 0.00 0.17 0.00 

NRL_03 0.43 -0.04 0.50 -0.01 0.61 0.07 0.68 0.10 0.78 0.14 

NRL_04 0.45 0.00 0.54 0.00 0.57 0.00 0.61 0.00 0.66 0.00 

NRL_05 0.03 0.00 0.04 0.00 0.04 0.00 0.05 0.00 0.06 0.00 

NRL_Site_100 0.54 0.16 0.67 0.19 0.78 0.23 0.86 0.26 0.97 0.30 

NRL_Site_101 0.27 -0.02 0.40 0.04 0.51 0.08 0.59 0.11 0.71 0.16 

NRL_Site_102 0.76 0.71 1.01 0.96 1.06 0.99 1.10 1.02 1.17 1.07 

NRL_Site_103 0.12 0.06 0.19 0.08 0.27 0.13 0.34 0.17 0.45 0.23 

NRL_Site_104 0.19 0.05 0.33 0.16 0.45 0.24 0.52 0.29 0.68 0.41 

NRP_Site_001 0.00 0.00 0.00 -0.01 0.00 -0.03 0.00 -0.04 0.00 -0.05 

NRP_Site_103 0.00 -0.01 0.00 -0.03 0.01 -0.05 0.01 -0.06 0.01 -0.08 

NRP_Site_104 0.00 -0.10 0.00 -0.15 0.00 -0.19 0.00 -0.22 0.00 -0.27 

Swale 0.12 n/a* 0.23 n/a* 0.32 n/a* 0.40 n/a* 0.52 n/a* 

Notes: n/a denotes the fact that the ‘Swale’ results line was not included in the baseline model therefore it is not possible to calculate the difference from the baseline.  The ‘Swale’ network results 

line was included to provide the Site designers with information to inform the sizing of the culvert required for the bridge to the proposed car park area which crosses the Swale.
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7.2 Summary of MEEG/AECC/ESL Site impact 

¤ Onsite: the inclusion of the MEEG/AECC/ESL Site with swale, trench and flood defence 
features reduces water levels and extents on Site for all flood events.  This is a result of creating 
an impermeable barrier along the north western Site boundary and directing surface water into 
the proposed trench and swale drainage features.  In the location of these two drainage 
features increases in flood depths are observed as expected.  

¤ Offsite - A5025: In the vicinity of the Site along the A5025 the impermeable boundary proposed 
along the north western Site boundary results in localised increases in flood depths.  The 
largest increases in flood depths (up to 1m) are observed on the layby area adjacent to the Site 
boundary.  Depths along the main A5025 carriageway appear mostly unchanged, with the 
occasional increase of 0.1m in a few localised places. 

¤ Offsite – wider catchment: there is no difference in peak flood depth observed along the result 
lines sited in the wider area.  Figure 7.6 to Figure 7.10 show the difference in flood extents.  It is 
observed that at the periphery of the flood extent there looks to be a slight difference between 
the baseline and with development flood extents.  Please note that this is not an actual impact 
of the development, rather it is the consequence of the InfoWorls ICM model which has an 
irregular 2D mesh.  The changes made to the model, to represent the proposed development, 
have resulted in a subtle difference in irregular mesh across the model domain.  Resulting in the 
extremities of the flood extent not aligning exactly.    
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8. Sensitivity testing 

The objective of sensitivity testing is to test the validity of the underlying assumptions in the model, and 
ensure the model is behaving as expected.  Sensitivity testing provides a means of assessing how sensitive 
the predicted flood depths are to changes in the model parameters and assumptions.  It is expected that if a 
parameter is changed then the resultant flood depth will change.  The aim of the sensitivity testing is to 
highlight the potential degree of change associated with adjusted parameters so as to provide confidence in 
the value selected. 

Section 8.1 details the sensitivity tests undertaken and their application in the 2D model domain.  A 
discussion on the sensitivity testing results is in Section 8.2. 

8.1 Sensitivity test method 

Table 8.1 summarises the four sensitivity tests performed.  Two tests pertain to the parameters in the 2D 
model domain and two relate to the pluvial hydrology inputs to the model.   

The model is a 2D model only and as such industry standard sensitivity tests such as those on structure 
coefficients, downstream boundary and blockage are not applicable to this 2D model as there are no 1D 
channel elements being modelled in detail.    
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Table 8.1 Sensitivity test methods 

Sensitivity test Description 

1. Manning’s n roughness * Two scenarios were run to assess the degree of change resultant of the roughness in the 2D 
model: 

a. Roughness decreased to respective minimum value for each roughness category 

b. Roughness increased to respective maximum value for each roughness category 

2D model domain roughness 
zone application (Manning’s n) 

Category Baseline a. Min b. Max 

Grass/General surface 0.04 0.03 0.05 

Building/Glasshouse 0.3 0.01 0.5 

Rough Grassland/Scrub/Trees 0.08 0.06 0.11 

Inland Water 0.035 0.025 0.045 

Path/Roadside 0.025 0.02 0.03 

Road 0.015 0.013 0.017 

2. Infiltration-runoff factor * Two scenarios were run to assess the maximum degree of change as a result of an increase in 
runoff due to higher runoff factors (applied to the entire 2D zone as an infiltration surface). 

Application to the infiltration 
surface 

The factor applied to the 2D zone which determines the amount of rainfall which becomes runoff 
was increased from the SPRHOST value of 0.40 (in the baseline, described in section 4.2) for two 
scenarios: 

a. increased to 0.55 – Where 0.55 represents the maximum upper limit for the area when 
using the upper limits for the soil, slope and land-use parameters (NCB, 1982) of 
possible Llanfaethlu catchment characteristics (slope 0.02; soil type part loam, part clay-
loam; vegetation type grassland only). 

b. Increased to 0.80 – where 0.80 considers the possibility the modelled pluvial event 
follows a previous event and the 2D zone would be partly saturated. 

3. Storm duration Four additional scenarios were run using the baseline model (see Section 5.2) with four different 
pluvial storm durations (2 hour, 4 hour, 5 hour, 7 hour), to assess the sensitivity of the model to 
storm duration.  The hyetographs were derived using the same method described in Section 3.2: 
using ReFH2.2 with FEH 13 rainfall data, and applying the summer storm profile. 

All four scenarios were undertaken using the baseline model and the 1:100 year AEP event.    

4. Seasonal storm profile The summer storm was selected for the baseline runs.  The aim of this test was to assess the 
sensitivity of the model to the seasonal storm profile by running the winter 1:100 year AEP event 
with the base model, confirming the summer storm profile as critical.  As with Test 3, the 
hyetograph was derived in the same manner as those for the baseline runs, described in Section 
3.2: using ReFH2.2 with FEH 13 rainfall data, this time adjusting the seasonal profile to winter. 

Asterisk (*) denotes the sensitivity test applied to the 1 hr, 100 year AEP event.   

8.2 Sensitivity test results 

This section discusses the results of the sensitivity tests.  All sensitivity test results are compared against the 
1:100 year AEP for the critical 1 hour summer storm. 
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Test 1: Manning’s n roughness 

Modelled peak flood depths for Manning’s roughness sensitivity tests have a relatively small difference in 
absolute terms (within 0.01m) when compared to the depths of the baseline 1:100 year AEP 1 hour pluvial 
event (Table 8.2).  As the pluvial flood depths are typically in the order of 0.1m, a small change in absolute 
flood depth can translate into a notable percentage difference.  Table 8.2 presents absolute and % difference 
values.  The absolute change is therefore deemed the more sensible metric by which to judge the sensitivity 
of the model. 

The model is behaving as would be expected; a decrease in the roughness of the 2D zone causes an 
increase in the peak flood depth, and the opposite occurs when the roughness is increased.  The choice of 
value used remains appropriate as in the large majority of cases the percentage difference is less than 10%.  

Table 8.2  Sensitivity test 1 summary results – Peak flood depth (m) and difference compared to baseline 
for the 1:100 year AEP 1 hour pluvial event 

Network results 
line (NRL) or point 
(NRP) in 2D zone 

Baseline 
(m) 

Test 1a. 
Min (m) 

Difference 
(1a Min 
minus 
Baseline) 

1a. Min 
difference 
cf. 
Baseline 
(%) 

Test 1b. 
Max (m) 

Difference 
(1b Max 
minus 
Baseline) 

1b. Max 
difference 
cf. 
Baseline 
(%) 

NRL_01 0.05 0.05 0.00 -6 0.06 0.00 7 

NRL_02 0.12 0.10 -0.01 -10 0.12 0.01 6 

NRL_03 0.51 0.51 0.00 0 0.51 0.00 1 

NRL_04 0.54 0.53 0.00 0 0.54 0.00 1 

NRL_05 0.04 0.04 0.00 -9 0.04 0.00 7 

NRL_Site_100 0.48 0.48 0.00 1 0.48 0.00 -1 

NRL_Site_101 0.36 0.36 0.00 0 0.35 0.00 -1 

NRL_Site_102 0.06 0.05 0.00 -8 0.06 0.00 7 

NRL_Site_103 0.11 0.10 0.00 -5 0.11 0.01 6 

NRL_Site_104 0.18 0.18 0.00 0 0.18 0.00 0 

NRP_Site_001 0.01 0.01 -0.01 -40 0.02 0.00 17 

NRP_Site_103 0.04 0.03 0.00 -8 0.04 0.00 8 

NRP_Site_104 0.15 0.15 0.00 0 0.15 0.00 1 

 

Test 2: Infiltration-runoff factor 

Two tests were run with an increase in the runoff factor (Tests 2a and 2b).  The runoff factor in Test 2a was 
increased to 0.55, and increased further to 0.80 in Test 2b.  As would be expected the maximum flood 
depths for Test 2b are higher than the depths in Test 2a and the baseline run.  The maximum depth 
increase, compared to baseline, in Test 2a and Test 2b is 0.11m and 0.23m respectively (Table 8.3).  There 
is also an increase in flood extent (Figure 8.1).  The resultant increase confirms the model is behaving as 
expected when increasing the infiltration-runoff factor.  Whilst slightly deeper flood depths are achieved when 
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a higher infiltration-run-off factor is adopted, it is not considered grounds to support the permanent adoption 
of this value as the assumed value of 0.4 for SPRHOST can be supported in the literature (see Section 4.2). 

Table 8.3 Sensitivity test 2 summary results – Peak flood depth (m) and difference compared to baseline 
for the 1:100 year AEP 1 hour pluvial event 

Network 
results line 
(NRL) or point 
(NRP) in 2D 
zone 

Baseline 
(m) 

Test 2a (m) Test 2a 
Difference 
(Test 2a 
minus 
Baseline) 

Test 2a
difference 
cf. Baseline 
(%) 

Test 2b (m) Test 2b 
Difference 
(Test 2b 
minus 
Baseline) 

Test 2b 
difference 
cf. Baseline 
(%) 

NRL_01 0.05 0.07 0.02 40 0.10 0.05 100 

NRL_02 0.12 0.14 0.03 25 0.19 0.07 63 

NRL_03 0.51 0.57 0.06 12 0.68 0.17 33 

NRL_04 0.54 0.60 0.06 11 0.68 0.14 26 

NRL_05 0.04 0.05 0.01 22 0.06 0.02 50 

NRL_Site_100 0.48 0.59 0.11 23 0.71 0.23 47 

NRL_Site_101 0.36 0.47 0.11 31 0.59 0.23 64 

NRL_Site_102 0.06 0.08 0.02 39 0.10 0.05 87 

NRL_Site_103 0.11 0.16 0.05 49 0.24 0.13 122 

NRL_Site_104 0.18 0.23 0.05 28 0.30 0.12 67 

NRP_Site_001 0.01 0.04 0.03 181 0.06 0.05 356 

NRP_Site_103 0.04 0.06 0.02 66 0.11 0.07 185 

NRP_Site_104 0.15 0.21 0.06 43 0.29 0.14 97 
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