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[bookmark: _GoBack]Appendix C1 – Pembrokeshire Flood Risk Review 
[bookmark: _Ref104280974]Historic flooding
Pembrokeshire has a history of recorded flood events caused by multiple sources of flooding. Significant flood events within the Pembrokeshire County Council authority area (which have been taken from NRW’s recorded flood outlines dataset and Pembrokeshire County Council records and reports on historic flood incidents) are recorded below in Table 1‑1.
No records of groundwater flooding or flooding from artificial sources were made available at the time of writing. A summary of the spatial distribution of historic sewer flooding incidents by electoral ward is summarised in Table 1‑2. 

[bookmark: _Ref103929207]Table 1‑1 Flooding Incidents by year
	Year of flood event
	Location
	Flood Incident 

	August 1977
	Cartlett Brook
	Cartlett Brook, Haverfordwest 1977 flood event. 26 properties affected in total including: sewage treatment works, Avert Scales Ltd depot and residential gardens backing onto the Cartlett Brook. Known flood level for this event is 6.13mAOD.

	August 1986
	Cartlett Brook
	26 properties affected.

	
	St Clears 
	20 properties affected.

	October 1987
	Llawhaden 
	Area surrounding Llawhaden Bridge flooded, including the Old Mill. 

	
	Solva 
	Lower Solva area flooded. 

	
	Llechryd
	Water supply intake works and pumping station affected. Water supply disrupted, mainly due to quality problems. 

	
	Haverfordwest
	52 properties affected.

	
	Goodwick
	Flooding due to Pant-yr-Ychain stream overtopping its banks near Spring Gardens, Clement Road. 

	
	Nevern 
	Area near Nevern flooded. 

	
	Fishguard
	Lower town area of Fishguard flooded. 

	March 1989
	Laugharne 
	Extensive flooding to 22 properties and highways. Caused by high tide and strong winds, surcharged sewer outfalls. Situation aggravated by highway flooding from Stoneway Road.

	December 1989
	Dale (Pembrokeshire Coast National Park) 
	Overtopping of waves and spray at Dale beach. Defences also breached and washed away.

	February 2002
	Amroth 
	Wave overtopping resulted in flooding

	October 2011
	Angle Village 
	Flooding was caused as a result of surface water runoff, the surface water system at capacity, and surcharging of culverts. 
10 properties, including a school, were affected 

	December 2012
	Tenby (Pembrokeshire Coast National Park)
	Tenby flooding December 2012 event for the River Ritec.

	
	Llawhaden
	Llawhaden flooding December 2012 from Eastern Cleddau.

	January 2013
	Solva (Pembrokeshire Coast National Park)
	Approximately 20 buildings/properties had internal flooding. Main Street through Solva was closed. 




[bookmark: _Ref104212464]Table 1‑2 Sewer Flooding Incidents by Electoral Ward
	Electoral Ward
	Number of sewer flooding incidents 

	Pembrokeshire Local Authority Area 

	Burton
	3

	Camrose
	7

	Cilgerran
	3

	Clydau
	5

	Crymych
	2

	East Williamston
	2

	Fishguard North East
	7

	Goodwick
	3

	Haverfordwest: Castle
	10

	Haverfordwest: Garth
	1

	Haverfordwest: Portfield
	8

	Haverfordwest: Prendergast
	3

	Haverfordwest: Priory
	3

	Hundleton
	5

	Johnston
	4

	Kilgetty/Begelly
	6

	Lamphey
	4

	Letterston
	9

	Maenclochog
	1

	Merlin's Bridge
	3

	Milford: Central
	3

	Milford: East
	4

	Milford: Hakin
	3

	Milford: Hubberston
	4

	Milford: North
	5

	Milford: West
	3

	Narberth
	6

	Newport
	4

	Neyland: East
	2

	Neyland: West
	3

	Pembroke Dock: Llanion
	5

	Pembroke Dock: Market
	2

	Pembroke Dock: Pennar
	1

	Pembroke: Monkton
	1

	Pembroke: St. Mary North
	1

	Pembroke: St. Mary South
	3

	Pembroke: St. Michael
	2

	Penally
	5

	Rudbaxton
	3

	St. Dogmaels
	4

	Pembrokeshire Coast National Park 

	Carew
	2

	Dinas Cross
	1

	Llangwm
	10

	Llanrhian
	1

	Manorbier
	7

	Saundersfoot
	2

	Solva
	6

	St. David's
	2

	St. Ishmael's
	5

	Tenby: North
	1

	Tenby: South
	3

	The Havens
	1



Fluvial Flood risk 
Pembrokeshire has a number of main watercourses including the River Cleddau, River Solva, River Gwaun, and River Nevern. These watercourses are classified as NRW Main Rivers. Maps showing the extent of the flood outlines from the NRW FMfP – Rivers in Pembrokeshire are provided in Appendix C2. 
The River Cleddau is the largest watercourse in Pembrokeshire and rises in the Preseli Mountains. The River Cleddau flows in a southerly direction and has three main tributaries throughout its course. The Western Cleddau joins to the west of Landshipping. Further south the Cresswell River and Carew River converge (to form the Black Mixen Pool) and join the River Cleddau to the west of Lawrenny Village. The River Cleddau flows into the Milford Haven Estuary, and passes through Pembrokeshire Coast National Park, before discharging into the sea. 
Flood Zones 2 and 3 are present in the upper reaches of the Cleddau although the extent of these zones is within the watercourse corridor. In the middle and lower reaches of the River Cleddau, where rivers converge and enter Pembrokeshire Coast National Park, the extent of the Flood Zones are greater and extend into settlements such as Haverfordwest and Pembroke Dock. NRW fluvial tidal defences are present along the River Cleddau in Haverfordwest. Fluvial flood defences have a standard protection of 1 in 100 years, and the area behind the defences in Haverfordwest are classified as a TAN-15 Defended Zone.
The River Ritec is sourced near St Florence, in the south of Pembrokshire, and flows in an easterly direction before discharging via a culvert at Tenby South Beach. Flood Zones 2 and 3 extend into the west of Tenby, within Pembrokeshire Coast National Park, overlapping areas of existing commercial development. There are no NRW flood defences present. 
Pembroke River is sourced at Mill Pond and discharges into the Milford Haven Estuary. Its flood extents are present in Pembroke; however, developed areas are situated outside of the Flood Zone. 
The River Solva is located in the north west of Pembrokeshire and is sourced southeast of Croesgoch, flowing southwesterly and entering Pembrokeshire Coast National Park just east of the village of Caerfarchell, before reaching St Brides Bay. The River Alun is located in a similar location, rising near Tretio Common within the Pembrokeshire Coast National Park and flowing southwester via St Davids, and discharging into St Brides Bay. 
The River Gwaun is located in the north of Pembrokeshire and rises in Pembrokeshire Coast National Park, flowing in a north westerly direction before discharging into the sea at Fishguard. The River Nevern is also located in the north of Pembrokeshire, sourced to the north of the village of Crymych. It flows in a north westerly direction to the estuary at Newport before flowing into the sea. 
Fluvial flood extents in Pembrokeshire, including Pembrokeshire Coast National Park, are fairly refined, generally remaining within close proximity to watercourses. 
Schemes involving localised drainage improvement and Property Flood Resilience (PFR) measures have not been included. Information on any local authority managed or private flood defences was not available at the time of writing. 

Fluvial Flood Risk & TAN-15 
Flood defences found in Haverfordwest are maintained by NRW. As a result of these flood defences, parts of the fluvial floodplain are categorised as a TAN-15 Defended Zone. Therefore, all forms of development are possible subject to satisfying the requirements of the Justification Tests. The flood defences have a 1% AEP event standard of protection, making areas behind the flood defences favourable to the requirements of TAN-15. New highly vulnerable development within undefended areas of Flood Zone 3 are unlikely to be possible, as Flood Zone 3 is not suitable for highly vulnerable development. Less vulnerable development shall only be possible subject to site specific assessment and detailed flood modelling shall be required. Due to lack of protection from NRW flood defences, any proposed development is likely to require flood mitigation considerations and may be more challenging to meet TAN-15 requirements. 
Tidal flood risk 
Areas within Pembrokeshire Coast National Park are predominantly those at risk of tidal flooding. Newport Bay, Fishguard Bay, Milford Haven, and west of Carmarthen Bay (near Tenby) are potential sources of tidal flooding around the coastline of Pembrokeshire. Tidal flooding is most likely to occur during storm surge conditions that is charactersied by wind-driven waves and low atmospheric pressure and high spring tides. In areas protected from flooding by sea defences, tidal flooding can occur as a result of a breach in the defences, failure of a mechanical barrier or overtopping of defences. 
The NRW FMfP – Sea, shown in Appendix C2, identifies that Tenby, Pembroke, Haverfordwest, and Milford Haven are the main areas at risk of flooding from the sea within Pembrokshire, due to their overlap into Flood Zone 3. NRW tidal / fluvial flood defences are present in Haverfordwest. Tidal flood defences have a standard protection of 1 in 200 years. 
Tides may affect flooding much further inland during extreme events, especially if sea levels rise as predicted in the future. 

Tidal Flood Risk & TAN-15 
Flood defences found along the tidal rivers of Pembrokeshire, including Pembrokeshire Coast National Park, are maintained by NRW. As a result of these flood defences part of the tidal floodplain in Haverfordwest is categorised as TAN-15 Defended Zone. Therefore, all forms of development are possible if the requirements of the Justification Test can be satisfied. 
It is unlikely that undefended areas within Flood Zone 3 will allow highly vulnerable development. In these tidal areas it is known that the application of climate change results in a large tidal flood extent with significant depths of flooding. This increase in flood risk may make it difficult to meet the requirements of the acceptability criteria of TAN-15. 
Less vulnerable development should only be considered in Flood Zone 3 subject to the application of the Justification Test and acceptability of consequences. It is likely that flood mitigation measures will be required for developments in these areas. Development in these areas shall be subject to site specific assessment and detailed modelling shall be required. Opportunities for highly vulnerable development should be located in areas outside Flood Zone 3. 
Surface Water flood risk 
Maps showing the extent of flood outlines for the surface water in the Pembrokeshire authority area are provided in Appendix C2. 
The NRW FMfP – Surface Water and Small Watercourses shows surface water flooding is predicted to predominantly follow topographical flows paths of existing watercourses or dry valleys in rural parts of the county.  
There are localised areas at risk of surface water flooding and small watercourses in Tenby and Pembroke, although generally the Flood Zone 3 extent avoids developed areas. In urban areas surface water flow paths are shaped by urban infrastructure and topographic depressions. Surface water is channeled by roads around the city, pooling in areas of wider open spaces and topographic depressions. 

Surface Water Flood Risk & TAN-15 
All development types are permissible in Flood Zone 2 and 3 provided the acceptability criteria in TAN-15 can be met. Development in these areas shall be subject to site specific assessment which should consider flow pathways, potential ground levelling for topographic depressions, and how SuDS can be used to manage surface water flows across a development site. Developers should consult the LLFA for any specific knowledge related to the surface water and small watercourse flooding at a proposed development site. Due to the localised surface water flooding in Tenby and Haverfordwest, developments should be located outside of Flood Zone 2 and 3 where possible. 
Groundwater flood risk 
Bedrock geology across Pembrokeshire is varied throughout the county, and comprised of mudstone, sandstone, siltstone, and limestone. Limestone and sandstone tend to have a high porosity and allows for storage and movement of groundwater, whilst mudstone tends to have high porosity and low permeability. As a result of the limestone composition in areas throughout Pembrokeshire, upward percolation of groundwater and subsequent flooding should be considered in these areas. 
There are very few records of superficial deposits in Pembrokeshire; however, records show that alluvium, and glacial sand and gravel are present. Alluvium, comprised of clay silt and sand, is relatively permeable. Groundwater flooding could present a local risk to some areas. Maps showing the indicative Groundwater flood depth in Pembrokeshire are provided in Appendix C2.
The north east of Pembrokeshire (Moylgrove), within Pembrokshire Coast National Park,  generally has groundwater that is between 0.025m and 0.5m below the ground surface. Further towards the coastline the groundwater flood depths increase, and are predicted to be at least 5m below the ground surface. In the south of Pembrokeshire, including areas of Pembrokshire Coast National Park (south of Hill Mountain), groundwater is predominantly between 0.025m and 5m below ground level. However, there are some areas that are shown to have groundwater levels either at or very near (within 0.025m) to the ground surface. This indicates that there is a greater risk of groundwater flooding in these areas. For the remaining areas of the county, groundwater levels are largely at least 5m below the ground surface. 

Groundwater Flood Risk & TAN-15
TAN-15 does not specify any requirements for groundwater flood risk, other than the risk of groundwater flooding should be considered as part of an FCA. However, it would be advisable to locate developments away from areas where groundwater is less than 0.025m below the ground surface without further groundwater monitoring and detailed assessment being undertaken. 
Sewer flooding 
DCWW is responsible for sewer infrastructure across the study area, and they record incidents of sewer flooding across Wales.
DCWW have provided detail of historic incidents and active risk areas. Historical flooding incidents are recorded relating to public foul, combined, or surface water sewers. These records display the number of properties that experience internal and/or external flooding. A summary of the spatial distribution of historic sewer flooding by electoral ward is summarised in Table 1‑2 of Section 1.1. This data shows that the ward with the highest number of flood incidents are Llangwm and Haverfordwest: Castle, with 10 incidents of sewer flooding. 
DCWW are working to reduce the number of sewer flooding incidents by investing in maintenance and improvements to the sewer network. 
DCWW has not provided any information regarding the predicted flood risk from the sewerage network. 
Flood Risk from Sewers & TAN-15 
TAN-15 does not specify any requirements for sewer flood risk, other than that it should be considered as part of an FCA. The LLFA and DCWW should be consulted to provide specific advice on any known history of sewer flooding and any remedial action taken. 
Flooding from artificial sources 
Artificial sources of flooding include reservoirs upstream of the county which pose a flood risk to the Pembrokeshire area. Maps showing the potential flood risk from reservoirs are provided in Appendix C2. The reservoirs which pose a flood risk to the county are: 
· Pont-Y-Cerbyd Reservoir
· Rosebush (Prescelly)
· Llys-y-Fran
· Carew Mill Pond
· Skim Ponds
· Crude Impounding Basin
· Texaco West 
· Castle Pond 
· Mill Pond
· West Orielton
· Bosherston Lake (AKA Stackpole)
The NRW FRAW Flood Risk from Reservoirs mapping indicates that a small area to the north west of Milford Haven and an area of Pembroke is at most risk of flooding due to a reservoir breach or overtopping. The Flood Risk from Reservoirs throughout the county is otherwise confined to watercourses such as the River Cleddau. 
The failure of a reservoir can cause catastrophic damage due to the sudden release of large volumes of water. Reservoirs in the UK have an excellent safety record and NRW is the enforcement authority for the Reservoirs Act 1975 in England and Wales. All large reservoirs must be inspected and supervised by reservoir panel engineers. It is assumed that these reservoirs are regularly inspected, and essential safety work is carried out. Therefore, these reservoirs present minimal risk. 
Changes on understanding of flood risk
FCERM Capital Investment 
Pembrokeshire County Council have the Ritec Culvert Assessment, Tenby which is undergoing appraisal between 2022-2024. It is programmed to undertake construction of this project from 2025. 

Future FMfP improvements 
The locations listed below are covered by existing detailed NRW flood models which are expected to be incorporated into the Flood Map for Planning through future routine updates. Where NRW have provided an indication of timescales for these updates, this is provided in brackets. 
· Begelly (date unknown) 
· Haverfordwest (date unknown)  
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