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1. EXECUTIVE SUMMARY
A pre feasibility study has been undertaken at Llandanwg, Gwynedd. Historic records
have been examined and after discussions with officers of Gwynedd Council and some of
the residents, a damage assessment analysis undertaken in respect of the known flood events.
A damage v probability relationship has also been broadly determined. The economic
appraisal suggests that a capital project could be cost effective and one possible series of
options has been examined to resolve the flooding problem. Outline cost estimates are
difficult to provide at this pre-feasibility stage, however all costs shown are based on as
constructed costs on recently completed projects.

2. PROBLEM
A location plan of the area is presented in Appendix' A' whilst photographs are shown in
Appendix 'B'.
The flooding problem at this location comprises five known low lying commercial properties
on the perimeter of the Mochras Lagoon. This estuary is protected from the sea by a natural
dune ridge or spit running south from Llandanwg village. This spit has, at its southern
extreme, been the subject of certain works in the past which have effectively fixed its
position and equally importantly have also fixed the position of the Afon Artro where it
outfalls to the sea.
Five properties currently flood with the spit in place. The main problem at Llandanwg is the
prospect of the spit being breached, both from the landward and/or the seaward, and the
possible effect this will have on those five properties and others adjacent to the lagoon.

From a fluvial perspective, the Afon Artro appears to be moving to a more northerly course
away from its training walls to the southern end of the spit. It appears to be cutting into the
spit taking away any marram grass cover and exposing the dunes to wind erosion. It would
appear that it could eventually break through to the sea, but the timescale depends on a
number of unknown parameters. It is apparent that this more northerly attack on the dune
system is currently being driven by four factors, namely wind, sea, river and pedestrian. All
four modes of erosion are currently active and any combination of these could lead to a
breach of the dunes.
Slightly further to the south, the dunes are being attacked by the sea, with wind and
pedestrian erosion playing more minor roles. Essentially the southern end of the dune system
has, sometime in the past, been formed into a training wall to the river as it exits the estuary
by the construction of a steel piled and concrete backed mole. The seaward side of this
structure has been further protected by a groyne field consisting of six wooden groynes. It is
evident that this groyne field is now providing little if no protection; that the upper beach
may have lost its sand/cobblelboulder protection and that the sea is beginning to erode the
upper beach and the dunes where they abut the sheet
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piles. This erosion around the northern end of the sheet piles needs arresting quickly if the
dunes are not to be put further at risk in this particular area.
The two potential breach areas are but SOm apart and would certainly lead to more exposure
of the lagoon to the effects of the sea. It is difficult at this stage to measure such effects but
it is reasonable to suggest that the lagoon will cease to be so well protected from the sea and
an increase in flooding occurrences and severity will be inevitable.

The above comments assume the processes currently apparent continue and that a breach
actually occurs. More analytical work on the processes affecting the dunes is urgently
required to confirm and quantify these assumptions.

Il

Effectively, work is required to be carried out to stabilise the dune system in order to prevent
the properties which currently flood, from flooding further - both in terms of frequency and
severity. The alternative is to provide protection to the individual properties within the lagoon.

The Council does not have records of flood events in the estuary, but the following
information has been assembled to give an indication of the current problem:

Property

Remarks

Estimated Return &
Period of Event

Christian Mountain Centre - Reception

Flooded on 10 Feb 1997.

1 in 3 years

centre, Main building.
Equipment store.

Partially flooded on 1 st Feb 2002

Llanbedr & Pensarn Yacht Club

Floods on average 3 times per year

Less than I in 1 years

Flooded to a depth of 150mm on
10 Feb 1997

1 in 3 years

1 in 1.5 years

Clubhouse

LIanbedr Airfield
Hangar

Table 2.1 Details of Historic Events
It should be noted that the estimated return period event is based on extremely limited data and should
not be relied upon for definitive and detailed quantitative assessments, although it is felt that it is
sufficient for the purposes of this report.
A 1 in 100 year flood event would result in an increase of the flooding in the area abutting the Mochras
Lagoon compared with recent events - particularly if the dunes were breached, but there is no
information available to quantify the effect this would have.
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3. DISCUSSION
1. There is no schedule 4 boundary indicated for this particular estuary (but see
below as the Afon Artro is mained to the training wall).
2. The Afon Artro is a mained river down to the training wall/dune area and the Environment
Agency generally maintain flood banks within the estuary with the exception of the MOD
frontage, which has its own flood banks. The EA flood banks run from St Tanwgs Church to the
railway line and the village to the north and from Mochras road to the village in the south.
Minor overtopping of the EA banks does occur on particularly high tides but only inundates
agricultural land for 30 minutes either side of high tide. The MOD bank is overtopped on 6.3m
Chart Datum (CD) tides and above causing flooding to one of their hangars.
3. The areas around the estuary are also part of the Ardudwy Internal Drainage District (IDD) and
are protected by two sets of two tidal gates. There is some flooding inside the IDD as a result of tide
locked conditions, which occur from time to time. The MOD area can flood as a result of this
phenomenon.
4. Both the spit and the estuary are designated in the Morfa Dyffryn SSSI as notified on 03 October
200 1 and will be confirmed in the near future. Only the area of the Lanbedr & Pensam
Yacht club, St Tanwg's church and the Car Park are excluded. Generally this includes all the
inter-tidal area down to ML W.
5. The Pen Llyn a'r Samau Marine Candidate SAC covers the entire Artro estuary
uptoMHW.
6. The land ownership of this part of the dunes is currently unclear. Crown Estates are the owners
of all the land lying below the mean high water mark both along the sea frontage and in the Artro
estuary whilst the National Trust own the dunes to the north of the problem area. The Crown
Estates also own the building leased to the Yacht Club.
7. The extension to the dunes southward consists of a sheet pile wall with a concrete revetment to
the landward, which possibly has a slate infill. This structure is thought to have been constructed
during the 1940's - possibly by the MOD, when it is also possible that the groyne field was
installed. The training wall is in a poor state of repair with fractures appearing in the concrete
and the steel piles life expired. The groyne field currently only consists of the majority of the
wooden piles without any planking.
8. The estuary originally contained a small port or to be correct, two small ports, one at Llanbedr
and a 'transfer' station on the present site of the Llanbedr & Pensam Yacht club, which dealt
mainly in coal, slate and limestone. Both of these slipway/dock areas are now used for
sailing/leisure activities.
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9.

Shell Island has developed its leisure facilities to the south of the estuary and
depends on access via the existing channel to the sea.

10.

There is currently no vehicular access to the foreshore at Llandanwg, but Gwynedd Council
propose to apply for permission to construct such an access as they, Railtrack and Welsh
Water all need access to the foreshore.

11.

Some stabilisation work has been carried out in the past decade to the dune areas to the north
of the area causing current concern and both the dunes and the foreshore appear to be relatively
stable.

12.

St Tanwg's church (maintained by the National Trust) sits within this relatively stable part
of the dune system, although there are fears locally that it could become increasingly isolated
ifthe dunes to the south are breached and water levels in the lagoon increase. Currently the
area adjacent to the church is protected by a floodbank, which could be raised to give
enhanced levels of protection.

13.

Railtrack have a 200m length of track to the northeast of the estuary, which is built up on
aIm high embankment, which could be under threat from more severe wave action if the
dunes are breached.

14.

The dune system has apparently been breached in the sixties and was repaired with
shingle/gravels that may not be suitable to grow and sustain marram grass, which is essential
to the sustainability of the dune system.

15.

Essential to the sustainability of the dune system is a supply of wind blown sand to supply
the saltation process. This supply can come from the north or the south, but the areas
immediately to the south are mainly boulder beds. As the prevailing winds come from the
south-southwest, the supply of sand is at best intermittent.

16.

The Christian Mountain Centre was surveyed in January 2001, which showed that the
reception area would flood with a 6.3m CD still tide level and the other two buildings
needed a 6.56m CD still water level to become inundated. It can, therefore, be seen that an'
ipcrease in wave action in the estuary, which would probably occur if the dunes were
breached, would cause more frequent flooding.

17.

Global warming also needs to be taken into account when considering future tidal flood
levels, as does an increase in storminess when the possible breaching of the dune system is
considered.

18.

Stage 2 of the North Cardigan Bay Shoreline Management Plan, which is currently out to
consultation, favours the generic management option 'hold the line' across this frontage.
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19.

12 years monitoring information in the form of beach sections and inshore wave monitoring
are held by Gwynedd Council, as are photographic records pertinent to the dune system and
its immediate environs. Cardigan Bay Coastal Group also has carried out a series of
'Overviews' throughout the past decade, which contain analysis of the monitoring data on
the area, as supplied by Gwynedd Council.

20.

It is most relevant to note the following comments contained in the 'Meirionnydd Coastal
Management Plan' (1990 - 1993) when Dr Barber reported on a shoreline inspection
undertaken in 1992:
'There have been considerable changes due to human intervention in the area around the discharge of the Afon
Artro to Tremadog Bay. The river discharge point is controlled by shoreline reinforcement to either side and
this fixing of the river discharge has clearly resulted in some volatility of the bank and channel regime
immediately upstream. It is the shoreline immediately to the north-east however running around to Llandanwg
that is showing the more serious signs of disruption now. The sand dune spit is offundamental importance
to the maintenance of the present regiIp.e of the Mon Artro and it is likely that there will be a need to intervene
here with works ifthe present regime is to be sustained. It has been observed from previous ground inspections
that stones have been removed from the lower beach to attempt some shoreline protection moving round
towards the village of Llandanwg and this practice has been deprecated. It may well be that some form of
sensitive intervention would be to establish a more substantial boulder and cobble bed across the lower beach
to allow the sand beach to accumulate at higher levels against the dune system. Such work could usefully be
combined with dune management including additional planting in order to promote a more substantial dune
development here'
The Plan recommended that a scheme based on the above be implemented
northern part of the dune system has since been completed.

4.

bflt only minor works to the

SOLUTION

There would appear to be two possible engineering solutions for two different scenarios. One would
be to prevent the flooding of the commercial properties abutting the lagoon with each property
requiring its own defences. The second would be to carry out works to maintain the spit or dune
system in its present position in order to prevent an increase in the flooding.
It would however appear logical to proceed in the following manner:
1. Establish a management plan for the Mochras Lagoon to take account of all the
various pressures (natural, commercial and environmental) on the estuary in
order that sustainable management of the estuary can be achieved.
2. Further investigate the feasibility of providing flood defences to all the
properties affected in the lagoon.
3. Further consider effecting repairs to the dune system to prevent erosion from
both the sea and the Afon Artro. This work could include:

ATKINS

7

Gwynedd Council

1.
2.
3.
4.

PFS - Llandanwg

Training of the river
Works to the north end of the training wall to prevent further erosion and
the possible re-instatement of the groyne field and the upper beach area.
Works to re-profile and stabilise the dune system against wind erosion.
Works to preclude the public from the dune area.

(It would be most necessary to further investigate both the coastal and
estuarial processes before this type of work could be accurately specified).
It should also be noted that because ofthe existence of the SSSI and Candidate SAC, any such
works that would have a 'Significant Impact' on the lagoon would need an 'Appropriate
Assessment' as well as a full Environmental Statement. This is a requirement under the
Conservation (Natural Habitats &c) Regulations 1994.
Ifthe decision is to effect repairs to the dune areas, it is considered the following works may
well be necessary:
Brief description

Activity

1.Training of the river

Pre feasibility study

2. Works to the north end of the training wall to
prevent further erosion and the possible reinstatement of the groyne field and the upper beach
area.

Project Appraisal

22.5

Environmental
Statement

35.0

3.Works to re-profile and stabilise the dune system
against wind erosion.

Design & Construct.

4.Works to preclude the public from the dune area.

Other (Supervision)

Estimate (£k)

2.5

1.
2.
3.
4.

150.0
80.0
15.0
5.0
15.0

Opportunity for environmental enhancement
I in 50-100 year standard of protection in accordance
with tables 6.1 & 6.2 FCDPAG3.

325.0

Total

Table 4.1 Proposed Solutions and Cost Estimates
As it is impossible to accurately specify the above works at the current time, estimates have
been provided after consultation with a contractor who has carried out similar works in the
past 12 months.
The alternative would be to spend capital monies on installing individual defences to the
commercial properties at risk inside the lagoon area. It is not possible at this stage to put a
cost to such works.
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5. ECONOMIC APPRAISAL

Five commercial properties have been flooded in the past 5 years. In a do-nothing scenario it is
anticipated the dunes would eventually breach and the situation would sigilificantly worsen. Whilst
it is difficult at this stage to estimate the additional flooding that would occur if no works were
carried out, the following economic appraisal has been made:
•

Christian Mountain Centre - estimated to flood annually

•

Llanbedr & Pensarn Yacht Club - estimated to flood. 5 times annually and to be cut off
from the mainland.
Llanbedr Airfield - estimated to flood once every 2.5 years.

•

The flood damage figures have been taken at the top end of the guidance in FCDPAG3 as the
properties are all commercial properties. Estimates of the values of the properties at risk have been
made, but have not been used, as with the exception of the Llanbedr & Pensarn Yacht club,
properties are not thought likely to be a total loss. The clubhouse is valued at £46,000 in a recent
Country Landowners Association report.
No other intangible benefits have been taken into account at this stage nor have any longer term
benefits which could possibly derive from the Railway, St Tanwgs Church or the Shell Island
operations.

Hence the annual additional flood damage (do-nothing
3 x 3 x £8.000

5

+ (2 x £8,000) + £8.000

:=

option) would be as foUows:

£32,000

5

Discounting @ 6% over 50 years, the Net Present Value of damages in the do-nothing case becomes
£32,000 x 15.76 or £504,320.

Therefore the benefit cost ratio = £504J20

= 1.55

£325,000
This gives the net value of benefits of about £180,000.
(Note that the benefit cost ratio for a scheme to protect properties costing £325,000 would be
greater, as all the benefits and not just the additional benefits, could be used).
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6. CONCLUSIONS
1.

It would appear essential to prepare out a 'Lagoon Management Plan' for the
sustainable management of the Mochras Lagoon.

2.

Economic appraisal at pre-feasibility broadly suggests that it could be technically &
economically viable to promote capital works at this location, whether it be protection
against flooding of existing commercial properties or to guard against a possible increase
of the flooding in the lagoon.

3.

Arrangements would need to be put in place to further investigate the processes affecting
the spit/dune system and the lagoon area before any capital works can be specified.

7. RECOMMENDATION
Options
No further investigation
Further investigation required to establish scheme

X

Minor works to be funded from revenue budget
Potential capital project: include in Capital Works Programme

MJW/FINAL02MA

X

Y02
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