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Glossary

Acronym Definition

AFBI Agri-Food and Biosciences Institute

ANOVA Analysis Of Variance

ASP Amnesic Shellfish Poisoning

Bathymetry The measurement of water depth at various places of
a water body

BOD Biochemical Oxygen Demand

BTO British Trust for Ornithology

CD Chart Datum; is the level of water that charted depths
displayed on a nautical chart are measured from.
Common chart datums are lowest astronomical tide and
mean lower low water.

CEFAS Centre for Environmental, Fisheries & Aquaculture Science

CEH Centre for Ecology & Hydrology

CSO Combined Sewer Overflow

DAERA Department of Agriculture, Environment and Rural Affairs

Depuration The process of purification or removal of impurities

EC European Communities

E. coli Escherichia coli

EMS Environmental Monitoring Stations

Fetch The distance a wave can travel towards land without being
blocked.

FSA in NI Food Standards Agency in Northern Ireland

Geometric Mean

The nth root of the product of n numbers (The average of the
logarithmic values of a data set, converted back to a

base 10 number).

GIS Geographical Information Systems
GPS Global Positioning System
Hydrodynamic Forces in or motions of liquids
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Acronym

Definition

Hydrography

The description and analysis of the physical conditions,

boundaries, flows and related characteristics of water bodies

Marpol 73/78

International Convention for the Prevention of Pollution from S
1973 as modified by the Protocol of 1978. Marpol is short for
Marine Pollution, 73 for 1973 and 78 for 1978.

MPN Most Probable Number

NI Water Northern Ireland Water

NRFA National River Flow Archive

Pathogenic Capable of causing disease

p.e. Population Equivalent

PSU Practical Salinity Units

RAMSAR A term adopted following an international conference, held in

1971 in Ramsar in Iran, to identify wetland sites of

international importance, especially as waterfow! habitat.

Regulation (EU) 2017

of the European Parliament and of the Council of 15 March
2017 on official controls and other official activities performed
ensure the application of food and feed law, rules on animal

health and welfare, plant health and plant protection products

RMP Representative Monitoring Point

SAC Special Area of Conservation

SMILE Sustainable Mariculture in northern Irish Lough Ecosystems
SOA Super Output Areas or ward

SPA Special Protection Area

SPS Sewage Pumping Station

SS Suspended Solids

Suspension feeders

Animals that feed on small particles suspended in water

Telemetry The measurement and transmission of data from remote
sources to receiving stations for recording and analysis

UKAS United Kingdom Accreditation Service

UKHO United Kingdom Hydrographic Office

WeBS Wetland Bird Survey
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Acronym Definition
WWTW Waste Water Treatment Works

1. Executive Summary

Under Regulation (EU) 2017/625 and its subsequent Implementing Regulation (EU)
2019/627, there is a requirement for competent authorities intending to classify bivalve
production and relaying areas to undertake a sanitary survey. The purpose of this is to
determine the extent to which potential sources of pollution may impact on a production area
and ultimately inform the sampling plan for the Official Control Microbiological Monitoring
Programme, the results of which determine the annual classification for bivalve mollusc
production areas. In accordance with the EURL Guide to Good Practice on the
microbiological monitoring of bivalve mollusc harvesting areas, a reZ&valuation of pollution
sources and the sampling plan (primary sanitary survey) should be undertaken if a time
trigger (6 years or > since last survey) or change in the environment has occurred. As the
sanitary survey for Lough Foyle was completed in 2010 a review of this sanitary survey is
required. This report will review any changes to Lough Foyle and assess whether or not the
changes are likely to affect the microbiological concentration of the classified production

area.

Lough Foyle is a 186km2 shallow estuarine sea Lough located along the northern coast of
Ireland between Co. Donegal in the Republic of Ireland and County Derry in Northern
Ireland. It exhibits extensive intertidal and subtidal areas of mud flats and sand flats, which
are intersected by tidal channels. The Lough is relatively shallow, with an average depth of
approximately 4m. The deeper tidal channels reach an average depth of approximately 8-
12m, whereas the entrance channel, where the width is constrained by headlands, is over
20m deep. The Lough supports populations of blue mussels (Mytilus edulis), native oysters
(Ostrea edulis) and Pacific oysters (Crassostrea gigas), all of which have designated

fisheries within the Lough.

This report attempts to document and quantify all known sources of pollution to the Lough. It

was concluded that the main sources of pollution in Lough Foyle come from direct sewage

discharges into the Lough and into the Rivers Foyle, Faughan and Roe and from non-point
10
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sources related to agricultural land-use in the wider Foyle area. There are also seasonal
variations in the contribution of microbiological sources of contamination from wildfowl

(birds), boats (shipping and recreational activity) and tourism.

The south-eastern section of the Lough is more vulnerable to pollution due to the shallow
depths (increased suspended sediment concentration) and weak currents than the north-
western section which has deeper depths and much stronger currents. It was on the basis of
hydrodynamic and spatial features (for example, areas of similar depth, tidal currents,
suspended sediment levels and freshwater influence) that resulted in the Lough been divided
into 4 production areas. Each of these production areas contain one Representative
Monitoring Point (RMP) for each of the species found within it for example, blue mussel,
native oyster and Pacific oyster. In total there are 9 RMPs in the Lough, to be sampled
monthly.

2.0verview of the Fishery/Production Area

2.1 Location/Extent of Growing/Harvesting Area

Figure 2.1 shows the locations of the blue mussel (Mytilus edulis) grounds within Lough

Foyle. This map was produced following an extensive baseline survey by CEFAS (Centre for
Environmental, Fisheries & Aquaculture Science) (2007). During the CEFAS (2007) survey, it

was not possible to distinguish between wild and re-laid mussels in all cases; however,

experienced opinions were sought as to the likely locations of wild and re-laid mussels. The

mussel grounds that could not be differentiated were labelled 6 u n d i f f emmruesrst€hlesdt. e d
is 23.34km? of re-laid mussel ground, 4.11km? of wild mussel ground, 7.62km? of

undifferentiated mussel ground and 2km? of intertidal mussel beds. The intertidal mussel

beds are | ocated at Vances Point, north of Le
western shoreline, at Longfield Bank east to Cross Bank on the southern shoreline and at

Shell Bank and approximately 1km west of Balls Point on the eastern shoreline.

11
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Figure 2.1: Mussel grounds located within Lough Foyle (Source: CEFAS, 2007 &
Loughs Agency).
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Figure 2.2 shows the native oyster (Ostrea edulis) grounds within Lough Foyle. This map was
also produced following an extensive baseline survey by CEFAS (2007). The oyster grounds
were typified not only by the presence of oysters but also of suitable shell cultch. The cultch
typically contained oyster shell, but also clam, cockle and mussel shell. The oyster ground
shown in Figure 2.2 includes locations that, while containing few if any oysters, contained
guantities of cultch which would suggest that it had supported oysters in the past and might
do so again in the future. There is 63.83km? of potential oyster grounds and 0.02km? of
intertidal Pacific oyster grounds, which are farmed within Lough Foyle. The intertidal oyster
grounds are located along the western shoreline and extend from Culmore Point to Black
Point located some 13km northeast. Figure 2.2 also shows the wild Pacific oyster sites
recorded on native oyster beds during a Loughs Agency survey in 2009 (Loughs Agency,
2009a). Wild Pacific oyster populations were observed in 25 different locations around the
Lough. Figure 2.3 shows oyster density class recorded from oyster beds during a Loughs
Agency survey in 2010 (Loughs Agency, 2010). The High class oysters are located at The

12
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Perch, between Quigleys Point and Vances Poin
and in the Crooked Channel. The majority of Medium class oysters are located between Ture

Point and Castlecary, in the East Channel, South Middle Bank, Crooked Channel and

northwest and northeast of the Crooked Channel. The remaining locations are all of a Low

class.

Data on oyster density for 2020 was taken fro
fishery survey (Loughs Agency, 2020). It can be see in Figure 2.4 that the abundance of

native oysters was higher in 2020 than in 2010. Figure 2.5 shows the adult density of native

oysters from 2008 to 2020. It can be seen that there is a high level of variability in density

from year to year.

At the time of writing there was no available recent data on mussel densities in the lough.
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Figure 2.2: Oyster grounds located within Lough Foyle (Source: CEFAS, 2007 &

Loughs Agency).
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Figure 2.4: Lough Foyle native oyster abundance 2020 (Loughs Agency,

2020)

024 8 12 18

S

N. Ireland

® 0-001

® 001-008
© 005-0.1
¢ 01-05
© 05-1

® 1-25
25.5

®
[Jovstersess

25% coefficient
I o-oo0
[ 001-0.05
[ 0.05-0.1
[Jat-es
05-1
-2
s s

Oyster Density (per £q. m)

Oyster Density (per sq m) A

® Crown Copyright, 2014,
Al ights reserved.

License No. EK001-20140511

o3

LOUG

a2

{1 FO¥YLE

Figure 2.5: Lough Foyle native oyster abundance 2008 - 2020 (Loughs

Agency, 2020)

0.6

Density (m?)
o o o
w » wv

©
[N

0.

ey

o

2008

Mean Adult Density Lough Foyle Oysters 2008-2020

2009 2010

2011

2012

15

2013

2014
Year

2015

2016

2017

2018 2019

2020



SanitarySurveyand SamplingPlanfor LoughFoyle JN158¢

2.2 Description of the Area

Lough Foyle is a 186km? shallow estuarine sea Lough located along the northern coast of
Ireland between Co. Donegal in the Republic of Ireland and County Derry in Northern Ireland.
The littoral communities found in Lough Foyle reflect the dominance of intertidal sands and
muds (Ramsar, 2009). While rocky substrate is very limited, the extensive beds of common
mussel Mytilus edulis provide a stable surface for acorn barnacle Semibalanus balanoides
and edible periwinkle Littorina littorea. The polychaete green leaf worm Eulalia viridis is a
common associate. The soft shores hold a range of invertebrates typical of mud and sand
shores, with a number of species, such as the polychaete worm Hediste diversicolor,
indicative of reduced salinity conditions. Balls Point has the highest diversity of sediment and
community types in Lough Foyle and holds large populations of the bivalves sand gaper Mya

arenaria and peppery furrow shell Scrobicularia plana.

The intertidal area consists of extensive mudflats, which support large beds of both common
mussel Mytilus edulis and eelgrass Zostera spp. (Ramsar, 2009). The latter are amongst the
largest colonies of this vegetation type in Northern Ireland and includes two species, narrow-
leaved eelgrass Zostera angustifolia and dwarf eelgrass Z. noltii. Large stands of saltmarsh
vegetation occur along the foreshore, displaying a transitional sequence of community types.
The lower colonising saltmarsh consists of a community dominated by common saltmarsh-
grass Puccinellia maritima. As tidal influence declines up the shore, this is replaced by a
'middle-marsh' community, characterised by red fescue Festuca rubra and mud rush Juncus
gerardii. Localised stands of sea club-rush Bolboschoenus maritimus and common reed
Phragmites australis also occur. The uppermost saltmarsh features a community dominated
by common couch Elytrigia repens. Just west of the Ballykelly Bank, on the large intertidal
mudflats which form part of a larger creek network, the lower saltmarsh communities are
replaced by extensive stands of common cord-grass Spartina anglica. Brackish dykes behind
the shore support a maritime aquatic and swamp vegetation, including the rare reflexed

saltmarsh-grass Puccinellia distans and spiral tasselweed Ruppia cirrhosa.
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3. Hydrography/Hydrodynamics

3.1 Tides and Currents

The Londonderry Port and Harbour Commissioners (LPHC) operates a tidal gauge near
Lisahally in the southwest corner of Lough Foyle. A time series of recorded water levels for
the period 1-1-2006 to 30-11-2008 (at a 1 min interval); can be seen in Figure 3.1 (Deltares,
2009). The tidal motion in the Lough is characterised by a semi-diurnal tide travelling from
east to west, with daily inequality, especially apparent in the heights of high waters. A 14-day
spring-neap cycle can be observed, with a mean spring tidal range of 2.2m and mean neap
tidal range of 1m. From the Deltares (2009) Delft3D-FLOW model, validated by data from
EGS International Ltd., the tidal wave gets amplified as it travels up the Lough; the mean tidal
range increases by several decimetres from the entrance channel to the south-western
corner of Lough Foyle near Culmore, a distance of approximately 25km. The tidal
amplification is accompanied by a phase difference between the northern and southern
corner of the Lough, which is approximately 1 hour. Next to water level variations due to tidal
forcing, variations in air pressure and wind setup affects the water level in the Lough. These

phenomena may generate water level variations in the order of a few decimetres.
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Figure 3.6: Lough Foyle water levels 2008-2009 (Source: Deltares, 2009).
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The characteristic tidal levels at the River Foyle at Lisahally can be seen in Table 3.1. These
are taken from the Admiralty Tide Tables (UKHO, 2006) and from tidal analysis carried out by

Deltares (2009). Levels are presented in metres Chart Datum, which is approximately equal
to Lowest Astronomical Tide (LAT).
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Table 3.1 River Foyle (Lisahally) tidal characteristics (Source: UKHO, 2006 and tidal

analysis carried out by Deltares, 2009).

Tidal Level Admiralty Derived levels
Chart Levels (m CD)
(m CD)
HAT 3.1 2.96
MNWS 2.6 2.52
MHWN 1.9 1.78
MSL 14 1.36
MLWN 0.9 0.97
MLWS 04 0.23
LAT 0.0 -0.04
Ordnance Datum Belfast (ODB) | 1.37 -

The current flow within Lough Foyle is governed by the tides and river flow and to a lesser
extent by wind conditions. The combination of fresh water flowing in from the rivers and salt
water from the ocean leads to density differences between these two water masses, creating
stratified conditions and three-dimensional flow patterns. In combination with a bathymetry
consisting of extensive shallow tidal flats intersected by tidal channels, complex
hydrodynamic patterns and considerable spatial variation in current flow are found in the

Lough.

A 1990 survey carried out by Atkins indicated a complex flow regime with significant spatial
variation in the vicinity of the major channels (Atkins, 1990). Fragmented current speed data
is reported in Atkins (1990) for various survey sites spread over the Lough. Maximum current
velocities up to 1.2 m/s were recorded in the East Channel and flow reversal around slack
tides was observed. In addition to this survey, EGS International Ltd. collected ADCP
(Acoustic Doppler Current Profiler) measurements from Lough Foyle to validate a Delft3D-
FLOW model which Deltares (2009) produced. The outputs from this model show the current
speeds and directions during a spring and neap tide (See Figure 3.2 to Figure 3.9).
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Figure 3.7: Surface current velocities and direction during a spring tide, flood flow at
16:30:00 November 13" 2008 (Source: Deltares Delft3D-FLOW).
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Figure 3.8: Bottom current velocities and direction during a spring tide,
flood flow at 16:30:00 November 13" 2008 (Source: Deltares Delft3D-
FLOW).
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Figure 3.9: Surface current velocities and direction during a spring tide, ebb
flow at 21:30:00 November 13" 2008 (Source: Deltares Delft3D-FLOW).
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Figure 3.10: Bottom current velocities and direction during a spring tide,
ebb flow at 21:30:00 November 13t 2008 (Source: Deltares Delft3D-FLOW).
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Figure 3.11: Surface current velocities and direction during a neap tide, flood
flow at 10:30:00 November 5™ 2008 (Source: Deltares Delft3D-FLOW).
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Figure 3.12: Bottom current velocities and direction during a neap tide,
flood flow at 10:30:00 November 5" 2008 (Source: Deltares Delft3D-FLOW).

Neap Tide, Flood Flow, Bottom Layer (mis}

W13 [Jos
B1 Oo3
Bos 0o

—— Current Direction

25



SanitarySurveyand SamplingPlanfor LoughFoyle JN158¢

Figure 3.13: Surface current velocities and direction during a neap tide, ebb
flow at 15:30:00 November 5™ 2008 (Source: Deltares Delft3D-FLOW).
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Figure 3.14: Bottom current velocities and direction during a neap tide, ebb
flow at 15:30:00 November 5™ 2008 (Source: Deltares Delft3D-FLOW).

Neap Tide, Ebb Flow, Bottom Layer (mis)
W13 [0os

B1 Oo3

Bos Oo

——— Current Direction

27



SanitarySurveyand SamplingPlanfor LoughFoyle JN158¢

From low water, the tidal currents start filling Lough Foyle from the southern side of the
entrance channel: the flow first passes over The Tuns (a shallow offshore area east of the
entrance to Lough Foyle), especially during spring tide, and only later arrives from the North
Channel. Maximum flood velocities are found in the narrowest and deepest part of the
entrance channel between Magilligan Point and Greencastle. The flow fills the Lough through
the deeper channels before laterally flooding the shallower areas. Velocities over the shallow
areas are low in comparison to the velocities in the tidal channels and navigation channel.
Differences between the bottom and surface currents express themselves mainly in

magnitude.

Water during flood flow largely moves into the East Channel, before flooding over the
shallower tidal flats in the south, and also into the navigation channel. Under spring tidal
conditions, the flood tidal flow pushes back the river flow and currents are directed upstream
in the River Foyle mouth. Conversely, under neap tidal conditions, the tidal flow is less
dominant relative to the river flow. At the bottom in the mouth of the Foyle, inward directed
currents are still present, whereas at the surface, seaward directed river runoff is evident (see
Figure 3.6 and Figure 3.7).

On the ebbing tide, strong currents are generated at the surface layer in the river mouth.
Bottom velocities, especially in the vicinity of the river mouth, are relatively low in comparison
to the surface velocities. This can be explained by the increased return flow in the surface
layer due to the less dense river discharge affecting the vertical velocity profile.

The river discharge and tidal emptying of the south-western corner of Lough Foyle occurs

mostly through East Channel and Crooked Channel. Water running off the shallow areas is
not strictly confined to the deeper tidal channels, opposite to the flooding tide, but generally
takes the shortest route towards the entrance channel. The strongest ebb currents occur in

the entrance channel region.

The velocity distribution over Lough Foyle shows a clear spring-neap variation and a
reduction in magnitude further into the Lough, with an exception in the river mouth. The
largest velocities are found in the entrance channel with maximum of approximately 1.9 m/s

on the ebb flow during spring tides and slightly lower maximums on the flood flow.
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The current pattern in the river mouth is clearly affected by the density differences between
the river runoff and sea water. Strong ebb flow peaks are generated at the surface and strong
flood flow peaks at the bottom, pointing at stratified conditions and the influence of a salt-
water wedge. In the navigation channel, large differences between the bottom and surface
velocities are apparent during the ebb flow, whereas this is less evident during the flood flow.
This is also related to the river discharge affecting the velocity profile over depth. The
reduced flow in the top layer in flood currents is caused by the opposing river flow and the
accelerated ebb flow by the reinforcement of the river flow. In addition, the bottom ebb tide
velocities, especially during neap tide, are reduced due to the penetrating salt wedge,

resulting in a net inland residual current (estuarine circulation).

The effect of density differences on flow patterns is evident from differences in current
magnitudes over the vertical profile. However, it also affects current directions, resulting in a
net estuarine circulation. The estuarine circulation affects the residual current pattern over
Lough Foyle, which in turn has an effect on transport and sedimentation patterns. The net
inward bottom flow due to estuarine circulation will give the bed load transport a mainly
inward direction on the long term, whereas suspended sediment will be affected by both the
inward directed bottom flow and outward directed surface flow. This generalised trend can be
overruled by short-term events (for example, storms), in which this sediment transport

direction will depend on surges, wave and wind driven currents and local bathymetry.

3.2 Rainfall Data

3.2.1 Amount and Time of Year

Figure 3.10 and Figure 3.11 show the average monthly rainfall data for Northern Ireland (Met
Office, 2010) from 1971 to 2000. Table 3.2 shows the average rainfall range and median
value along the Lough Foyle coastline. During the period 1971 to 2000, the average rainfall
along the Northern Ireland coastline of Lough Foyle ranged from 30-120mm, with the lowest
levels occurring in May (40-60mm) and the highest levels occurring in December (60-
120mm). The lowest median value was 50mm in May and the highest was 90mm in
December. Table 3.3 shows the total seasonal rainfall values based on the median rainfall
values. Seasonally, spring was the driest season (178mm) and winter was the wettest
season (235mm). Seasons were selected by grouping the results from the following periods:

spring (March - May), summer (June i July), autumn (September i November) and winter
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(December i February).

Figure 3.13 show the average monthly rainfall data for Northern Ireland (Met Office, 2021)
from 1981 to 2010. Table 3.3 shows the average rainfall along the Lough Foyle coastline.
During the period 1981 to 2010, the average rainfall along the Northern Ireland coastline of
Donegal ranged from 56.9mm to 117.4mm, these values are similar to those reported from
1971 to 2000.

Figure 3.12 shows the seasonal averages for Northern Ireland from 1981 to 2010. Table 3.4

and Table 3.5 show the mean seasonal rainfall values. Similar to data from 1971 to 2000,

spring was the driest season (205.9mm) and winter was the wettest season (316.4mm).
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Figure 3.15: Average monthly rainfall (mm) data for January to June from 1971 to 2000 for Northern Ireland (Source: Met Office, 2010).
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Figure 3.16: Average monthly rainfall (mm) data for July to December from 1971 to 2000 for Northern Ireland (Source: Met Office, 2010).
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Figure 3.17: Average seasonal rainfall (mm) data from 1981 to 2010 for
Northern Ireland (Source: Met Office, 2010).
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Figure 3.18: Average monthly rainfall (mm) data from 1981 to 2010 for
Northern Ireland (Source: Met Office, 2010)
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Table 3.2: Rainfall range and median monthly rainfall (mm) data along the
Lough Foyle coastline from 1971 to 2000 (Source: Met Office, 2010).

Month/Season | Rainfall Range (mm) | Median Value (mm)
January 60-110 85
February 30-90 60
March 50-90 70
April 45-70 58
May 40-60 50
June 40-65 53
July 40-100 70
August 50-90 70
September 50-90 70
October 50-110 80
November 50-110 80
December 60-120 90

Table 3.3: Rainfall range and median monthly rainfall (mm) data along the
Lough Foyle coastline from 1981 to 2010 (Source: Met Office, 2010).

Month/Season | Mean Value (mm)
January 1174
February 84.8
March 85.9
April 63.1
May 56.9
June 69.1
July 76.8
August 93.2
September 91.8
October 118.4
November 104.5
December 114.2
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Table 3.4: Total seasonal rainfall values (mm) from 1971-2000 based on the

median rainfall value (Source: Met Office, 2010).

Season Median
Spring 178
Summer 193
Autumn 230
Winter 235

Table 3.5: Total seasonal rainfall values (mm) from 1981-2010 based on the

median rainfall value (Source: Met Office, 2010).

Season Mean
Spring 205.9
Summer 239.1
Autumn 314.7
Winter 316.4

Table 3.6 shows average monthly rainfall data at Malin Head from 2005 to 2009 (Met
Eireann, 2010a). Table 3.9 shows the total seasonal rainfall at Malin Head from 2005-2009
(Met Eireann, 2010a). The Malin Head station is located approximately 30km northwest of
Lough Foyle. Rainfall ranged from 7.4mm in May 2008 to 227.6mm in November 2009. The
following seasonal fluctuations were observed from 2005-2009: In 2005, the summer was the
driest season and winter was the wettest, in 2006, summer was driest and autumn was the
wettest, in 2007 spring was the driest and winter was the wettest, in 2008 spring was the
driest and autumn and winter were the wettest and in 2009 winter was the driest season and
autumn was the wettest. This data was collected from Met Eireann Monthly Weather Bulletins
from 2005 to 2009.

Table 3.7 shows average monthly rainfall data at Malin Head from 2010 to 2015 (Met
Eireann, 2021a). Table 3.10 shows the total seasonal rainfall at Malin Head from 2010-2015
(Met Eireann, 2021a). Rainfall ranged from 23mm in September 2014 (which was higher than
data recorded from 2005 to 2009) to 272.9mm in December 2015. The following seasonal
fluctuations were observed from 2010-2015: In 2010, the summer was the driest season and

autumn was the wettest, in 2011, summer was driest and autumn was the wettest, in 2012
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spring was the driest and autumn was the wettest, in 2013 spring was the driest and autumn
and winter were the wettest in 2014 spring was the driest season and winter was the wettest
season and in 2015 summer was the driest season and winter was the wettest. This data

was collected from Met Eireann Monthly Weather Bulletins from 2010 to 2015.

Table 3.8 shows average monthly rainfall data at Malin Head from 2016 to 2020 (Met
Eireann, 2021a). Table 3.11 shows the total seasonal rainfall at Malin Head from 2016-2020
(Met Eireann, 2021a). Similar to data from 2010 to 2015, rainfall ranged from 20.1mm in April
2020 to 210.4mm in February 2020. The following seasonal fluctuations were observed from
2016-2020: In 2016, the spring was the driest season and winter was the wettest, in 2017,
spring was driest and summer was the wettest, in 2018 spring was the driest and winter was
the wettest, in 2019 winter was the driest and summer and winter was the wettest and in
2020 spring was the driest season and winter was the wettest. This data was collected from
Met Eireann Monthly Weather Bulletins from 2016 to 2020.

Table 3.6: Average monthly rainfall (mm) data at Malin Head, Co. Donegal
from 2005 to 2009 (Source: Met Eireann, 2010a).

Month/Year | 2009 2008 2007 2006 2005 Monthly | Monthly
Total Average
Jan 98.8 188.9 |161.5 67.6 139.1 655.9 131.18
Feb 40.4 89.6 63.9 40.6 75.2 309.7 61.94
Mar 87.6 142.7 | 59.7 107.2 | 65.2 462.4 92.48
Apr 94.7 54.2 32.6 69.9 78.8 330.2 66.04
May 95.2 7.4 101.8 73.4 94.6 372.4 74.48
Jun 47.7 74.8 83.3 63.3 65.9 335 67
Jul 72.2 125.8 |105.4 74.1 24.3 401.8 80.36
Aug 170.9 123.2 | 86.2 73.1 128 581.4 116.28
Sep 71 89.9 79.5 112.7 | 94 447.1 89.42
Oct 108.6 1448 |77 123.9 | 109.5 563.8 112.76
Nov 227.6 1156 |102.1 170.2 | 107.7 723.2 144.64
Dec 57 85.7 109.4 184.7 | 103.8 540.6 108.12
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Month/Year | 2009 2008 | 2007 2006 | 2005 Monthly | Monthly
Total Average

Annual 1171.7 | 1242.6 | 1062.4 | 1160.7 | 1086.1 | - -

Total

Annual 97.6 103.6 |88.5 96.7 90.5 - -

Average

38




SanitarySurveyand SamplingPlanfor LoughFoyle JN158¢

Table 3.7: Average monthly rainfall (mm) data at Malin Head, Co. Donegal

from 2010 to 2015 (Source: Met Eireann, 2021a).
Month/Year | 2015 2014 2013 2012 2011 2010 | Monthly | Monthly

Total Average

Jan 176 162.2 | 140.9 | 134.7 |89.6 68.3 | 771.7 128.61
Feb 85.8 189.9 |74.1 68.1 105.5 85.4 | 608.8 101.46
Mar 1231 | 716 61.7 29.8 59 83.5 |428.7 71.45
Apr 64.7 33.4 61.6 46.3 66.2 519 |3241 54.0
May 137 86.8 102.5 | 50.7 100.4 50.7 |528.1 88.01
Jun 56.1 48.6 85.5 141.1 | 845 24.8 | 440.6 73.43
Jul 132.7 | 86 56.6 914 49.9 136 552.6 92.1
Aug 111 95.3 92.6 87.3 79 64.4 | 529.6 88.26
Sep 29.7 23 69.7 139.2 | 133 144.1 | 538.7 89.78
Oct 71.8 1314 |103.8 | 1235 |177.1 68.5 | 676.1 112.68
Nov 2229 (1344 | 116 87.4 103.7 115.6 | 780 130
Dec 2729 |1505 |178.6 |149.3 |184.2 69.2 | 1004.7 167.45
Annual 1483.7 | 1213.1 | 1143.6 | 1148.8 | 1232.1 | 9624 | - -
Total
Annual 123.64 | 101.09 | 95.3 95.73 |102.675 | 80.2 |- -
Average
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Table 3.8: Average monthly rainfall (mm) data at Malin Head, Co. Donegal
from 2016 to 2020 (Source: Met Eireann, 2021b).

Month/Year | 2016 2017 2018 2019 2020 Monthly | Monthly
Total Average
Jan 166.3 56.7 203.7 81.5 79.3 587.5 117.5
Feb 130.7 85.1 74.2 59.7 2104 | 560.1 112.02
Mar 72.7 96.9 67.2 138.8 | 794 455 91
Apr 52.9 411 63.4 49.9 20.1 2274 45.48
May 65.6 50.9 41.5 79.9 37.3 275.2 55.04
Jun 72.4 7.7 51.1 67.3 106.3 | 374.8 74.96
Jul 109.9 1146 |60.3 85.9 133.8 |504.5 100.9
Aug 79.9 1725 | 126 1629 |123.1 |664.4 132.88
Sep 94.7 88.2 108.5 1245 |115.7 |531.6 106.32
Oct 37.6 109.9 | 105.8 83.4 148.4 |485.1 97.02
Nov 113.9 137.5 |100.8 91.7 130 573.9 114.78
Dec 76 117 97.7 124.2 |144.3 | 559.2 111.84
Annual 1072.6 | 1148.1 | 1100.2 | 1149.7 | 1328.1 | - -
Total
Annual 89.38 95.675 | 91.68 95.80 |110.67 |- -
Average
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Table 3.9: Total seasonal rainfall (mm) at Malin Head from 2005-2009
(Source: Met Eireann, 2010a).

Season/Year 2009 2008 2007 2006 2005
Spring 277.5 204.3 194.1 250.5 236.8
Summer 290.8 323.8 274.9 210.5 218.2
Autumn 407.2 350.3 258.6 406.8 311.2
Winter 196.2 364.2 334.8 292.9 318.1

Table 3.10: Total seasonal rainfall (mm) at Malin Head from 2010-2015
(Source: Met Eireann, 2010a).

Season/Year | 2010 2011 2012 2013 2014 2015
Spring 186.1 225.6 126.8 225.8 191.8 324.8
Summer 225.2 213.4 319.8 234.7 229.9 299.8
Autumn 328.2 413.8 350.1 289.5 288.8 324.4
Winter 222.9 379.3 352.1 393.6 502.6 534.7

Table 3.11: Total seasonal rainfall (mm) at Malin Head from 2016-2020
(Source: Met Eireann, 2010a).

Season/Year 2016 2017 2018 2019 2020
Spring 191.2 188.9 172.1 268.6 136.8
Summer 262.2 364.8 237.4 316.1 363.2
Autumn 246.2 335.6 315.1 299.6 394.1
Winter 373 258.8 375.6 265.4 434

3.2.2 Frequency of Significant Rainfalls

Figure 3.14 and Figure 3.15 show the average monthly rainfall for the Lough Foyle area from
1971-2000 and 2081-2010 respectively. Figure 3.17 shows the average monthly rainfall data
at the Malin Head station from 2005-2009. October, November, December and January are
typically the wettest months on average and therefore during these months there may be an
increased risk of contamination from land run-off and rainfall associated sewer overflows. It is
important to highlight that it is not just the winter months that are at risk of increased
contamination as can be seen in Figure 3.16 and Figure 3.17 when July and August

experienced very heavy rainfall in 2008 and 2009.
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Figure 3.15 shows the average monthly rainfall for the Lough Foyle area from 1981-2010.
Figure 3.18 shows the average monthly rainfall data at the Malin Head station from 2010-
2015 and Figure 3.19 shows the average monthly rainfall data at the Malin Head station from
2016-2020. October, November, December and January are typically the wettest months on
average similar to data from 2005 to 2009 and therefore during these months there may be
an increased risk of contamination from land run-off and rainfall associated sewer overflows.
It is important to highlight that it is not just the winter months that are at risk of increased
contamination as can be seen in Figure 3.18 and Figure 3.19 when July and August
experienced very heavy rainfall in 2008, 2009, 2017, 2019 and 2020.

Figure 3.19: Average monthly rainfall (mm) data along the Lough Foyle
coast from 1971-2000 (Source: Met Office, 2010).
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Figure 3.20: Average monthly rainfall (mm) data along the Lough Foyle
coast from 1981-2010 (Source: Met Office, 2010).
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Figure 3.21: Average monthly rainfall (mm) data along the Lough Foyle
coast from 2005-2009 (Source: Met Eireann, 2010a).
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Figure 3.22: Average monthly rainfall (mm) data at Malin Head, Co.
Donegal from 2005 to 2009 (Source: Met Eireann, 2010a).
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Figure 3.23: Average monthly rainfall (mm) data at Malin Head, Co.
Donegal from 2010 to 2015 (Source: Met Eireann, 2021).
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Figure 3.24: Average monthly rainfall (mm) data at Malin Head, Co.
Donegal from 2016 to 2020 (Source: Met Eireann, 2021).
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3.3 Wind and Waves

Wind data for Malin Head from 2005 to 2009 is displayed in Table 3.12 below and wind roses
for each year can be seen Figure 3.20 in below. In 2005, 25% of the wind came from the
south south west; while 16.7% each came from the north, east south east and the south. The
strongest winds came from the south south west (16-21 knots). In 2006, 25% of the wind
came from the south while 16.7% each came from the north, west, west south west and
south south west. The strongest winds in 2006 came from the south, north and west (16-21
knots). In 2007, 25% of the wind came from the south while 16.7% each came from the north
northwest and south west. The strongest winds in 2007 were from the south west (>21
knots). In 2008, 25% of the winds came from both the north and west south west. The
strongest winds in 2008 came from the north, north north west, north west and west south
west (16-21 knots). In 2009 20% of the wind came from each of the following directions: east
north east, south west and west south west. The strongest winds in 2009 came from the
south east. Table 3.14 shows the seasonal averages from 2005 to 2009. Seasonal averages
over the past 5 years indicate that winds are typically stronger in the winter months,
decreasing by approximately 2 knots in the spring and decreasing by approximately a further

3.5 knots in the summer and increasing by approximately 3 knots in autumn.
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Wind data for Malin Head from 2016 to 2020 is displayed in Table 3.14 below and wind roses
for each year can be seen in Figure 3.20. In 2016, 25% of the wind came from the south;
while 25% came from the south south east, 16.67% came from the south west and 33%
came from the south south west. The strongest winds came from the south south west (18.3
knots). In 2017, 33% of the wind came from the south south west, 35% came from the south
south east, 25% came from the south west and 8% came from both the west and west south
west. The strongest winds in 2017 came from the south south east (17.6 knots). In 2018,
33% of the wind came from the south west, 16.67 came from both the south south east and
south east, and 8% came from both the south and west south west. The strongest winds in
2018 were from the south west (18.4 knots). In 2019 33.3% of the winds came from the
south west, 25% from the south, 16.67% from south south west, 16.67% from the south east
and 8% from the east. The strongest winds in 2019 came from the south south west (18.42
knots). In 2020 41.6% of the wind came from south west, 16.67% came from the south south
west, 25% came from the south south east, 8% from the south and 8% came from the south

west. The strongest winds in 2020 came from the south west (22.3knots).

Table 3.15 shows the seasonal averages from 2016 to 2020. Seasonal averages over the
past 5 years indicate that winds are typically stronger in the winter months, decreasing by
approximately 2 knots in the spring and decreasing by approximately a further 3 knots in the
summer and increasing by approximately 5 knots in autumn. This data does not differ much

from 2005-2009 data with similar seasonal averages reported for both sets of data.
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Table 3.12: Wind speed and direction data for Malin Head from 2005-2009 (Source: Met Eireann, 2010a).

JN158t¢

Month 2005 2005 Max 2006 2006 Max 2007 2007 Max 2008 2008 Max 2009 2009 Max
Mean | 10-min Mean 10-min Mean | 10-min Mean 10-min Mean 10-min
Speed | Mean Dir (°) | Speed Mean Dir (°) | Speed | Mean Dir (°) | Speed Mean Dir (°) | Speed Mean Dir (°)
(kn) (kn) (kn) (kn) (kn)

January 20.7 200 15.7 200 215 230 18.4 250 16.5 140

February 15.8 340 16.6 360 15.8 190 18.7 350 14.4 60

March 14.1 360 16.1 170 17.9 350 20.4 320 16 360

April 14.4 210 14.9 10 11.4 310 17.3 10 12.1 70

May 11 110 16.3 190 13.8 220 13.1 130 14.8 230

June 8.5 230 11.6 250 11.8 90 14.5 240 10.7 250

July 8.6 210 10.5 210 10.2 180 14.2 170 10.8 100

August 9.9 170 13.3 300 12.7 340 12.8 110 12.3 230

September 13 190 13 180 13.5 340 12.3 50 12.8 170

October 13.2 110 15.2 250 13 180 19.2 10 12.1 250

November 15.8 350 19.3 260 17.2 50 17.4 330 n/a n/a

December 13.7 150 17.5 280 16.5 150 15.6 250 n/a n/a
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Table 3.13: Wind speed and direction data for Malin Head from 2016-2020 (Source: Met Eireann, 2021a).

Month 2016 2016 Max 2017 2017 Max 2018 2018 Max 2019 2019 Max 2020 2020 Max
Mean | 10-min Mean | 10-min Mean | 10-min Mean | 10-min Mean | 10-min
Speed | Mean Dir (°) | Speed | Mean Dir (°) | Speed | Mean Dir (°) | Speed | Mean Dir (°) | Speed | Mean Dir (°)
(kn) (kn) (kn) (kn) (kn)
January 18.3 194.51 16.5 201.93 18.4 210.32 15.3 220.645 19.1 225.48
February 17.8 217.24 17.6 174.64 17.2 210 15.9 175.35 22.3 230.68
March 13.1 214.19 14 176.77 17.8 149.03 18.4 224.83 16.5 193.87
April 15.2 156 14.4 229.66 14.3 140.66 15.6 125.33 12.4 157.66
May 12.1 159.67 11.3 164.51 11.7 185.48 10.9 183.22 13.2 153.22
June 9.9 176 14.5 204.13 9.2 168.33 12.3 139.33 12.1 206.33
July 12.4 213.54 13 201.93 9.9 218.70 11.4 203.548 13.4 233.22
August 13.3 186.12 13.1 226 13.3 209.35 13.6 215.62 11.5 164.83
September 14.6 185 15 216 16.3 246.33 13.8 215.66 14.2 189
October 13.7 149.66 18 225.16 16.7 227.41 16.3 172.90 17.2 225.80
November 14.9 197.33 16.9 267 17.5 152.66 14.9 98.33 15.6 220
December 16.8 192.90 16.9 252.58 15.8 201.61 17.3 223.87 17.9 208.06
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Table 3.14: Seasonal averages (knots) for Malin Head wind data 2005 - 2009 (Source: Met Eireann, 2010a).

Season 2009 2008 2007 2006 | 2005 | 5-year Average
Winter 155 17.6 17.9 16.6 16.7 16.9
Spring 14.3 16.9 14.4 15.8 13.2 14.9
Summer 11.3 13.8 11.6 11.8 9 115
Autumn 12.5 16.3 14.6 15.8 14 14.6

Table 3.15: Seasonal averages (knots) for Malin Head wind data 2016 7 2020 (Source: Met Eireann, 2021a).

Season 2020 2019 2018 2017 | 2016 | 5-year Average
Winter 19.76 16.16 17.13 17 17.63 | 17.54
Spring 14.03 14.96 14.6 13.23 | 13.46 | 14.06
Summer 12.33 12.43 10.8 13.53 |11.86 | 12.19
Autumn 15.66 15 16.83 16.63 | 144 15.70

49



SanitarySurveyand SamplingPlanfor LoughFoyle JN158¢

Figure 3.25: Wind roses for Malin Head from 2005 to 2009 and 2015 to
2020. (Source: Met Eireann, 2021a).
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Wind conditions affect the hydrodynamic conditions in Lough Foyle by generating set up,
wind-induced currents and waves. Of these phenomena, wind-induced waves are an
important factor in the process of sediment resuspension and transport. Especially over the
vast shallow areas of Lough Foyle, wave-induced bottom friction may lead to resuspension of
material and entrainment of sediments in the water column. Atkins (1992) reports that even
for the smallest wind waves (< 30cm), the critical shear stress may be exceeded for

resuspension of fine material in shallow areas.

Wind data recorded at the port of Lisahally at the south-western corner of Lough Foyle, from
1/1/2006 to 25/11/2008 was used to analyse the local wind conditions for the Delft3D-FLOW
model (Deltares, 2009). It should be noted that there were gaps in the dataset used for
example, December 2006, August-September 2008 and December 2008. The median wind
speed over the months varied between 6 and 8 m/s, with a mean monthly average of 7 m/s.
Over the year a slight seasonal effect was apparent, with lower wind speeds in summer
months and somewhat higher in winter months. The mean monthly wind direction was 240°N
(WSW), which corresponds to the approximate orientation of Lough Foyle. A strong
divergence of the average value occurred in the month of May, when mean wind direction
was 150°N (SSE). No clear seasonal effect in mean direction was apparent; however during
spring and summer, the wind direction was more variable than during autumn and winter. It is
expected that because of the hills alongside the Lough, the wind is somewhat tunnelled in the
direction of the Lough and will have an even more uniform direction over the water. It is
therefore expected that the potential for wind driven advection of potentially contaminated
surface waters is predominately from the head to the mouth of the Lough.

There is no significant offshore wave penetration into Lough Foyle beyond Greencastle

(Deltares, 2009). Any wave energy arriving from offshore is presumable dissipated mostly on

The Tuns (ashallowar ea east offshore of the LoughOos et
narrow entrance channel to Lough Foyle. Local wind generated waves thus predominate the

wave climate in Lough Foyle. Atkins (1992) reports monthly wave height exceedances based

on local wind data. Their analysis showed that during the winter months, wave heights

exceeded 0.9 m only 1% of time and 0.6 m about 7% of time. In summer, there is a 2%

exceedance of 0.6 m and 17% of 0.3 m. This shows that Lough Foyle experiences mild wave

conditions over the year.
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Figure 3.21 shows wave heights, peak period and near-bed orbital velocity for a wind speed
7m/s and a wind direction of 240°. This was produced by Deltares using the wave model
SWAN (Booij et al., 1999). The predominant wind direction (240°, WSW) lies parallel to the
dominant axis of the Lough, therefore resulting in the longest fetch length and highest waves
on the northeasterly shore. The maximum computed wave height at the downwind shore is
approximately 0.3m and maximum wave period of 2s. On the shallow tidal flats, the wave
heights are reduced because of depth limitations, whereas the highest and longest waves are
found in the deeper channels of the Lough. However, the largest near-bed velocities (and
bed shear stresses) were found on the shallow areas (see Figure 3.21, lowest panel),

indicating that most sediment resuspension through wave action takes place in these areas.
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Figure 3.26: Computed wave height, peak period and near-bed orbital

velocity for wind speed of 7 m/s and a wind direction of 240° (Source:

Deltares, 2009).
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3.4 River Discharges

Lough Foyle receives a large quantity of freshwater from the rivers Foyle, Faughan and Roe
(Loughs Agency, 2009b). Figure 3.22 below shows the catchment areas of these rivers with
three permanent measuring stations, operated by the Rivers Agency. It should be noted that
there is no operational measurement data available for the River Foyle. Therefore, the
measurement station at River Mourne (Drumnabouy House) was used as a representative
for the variations in river discharge for the River Foyle. Based on the records at these
locations (15 min. interval) strong yearly variation in fluvial flow can be observed for all three

rivers. Peaks in discharge occur in all rivers after large rain events.

The discharge for Drumnabouy House (River Mourne) is presented in Figure 3.23 for the
period 2006 - 2008. Strong seasonal patterns in river flow are evident with the largest
discharges in late summer and autumn. The average monthly values range from 10 to 75
m3/s. The peak recorded discharge reached 1058 m3/s on 22-Oct-1987. Based on the time
series, characteristic discharge values are derived for the three rivers, presented in Table
3.16. Average values are 7 m3/s for the River Faughan, 8 m3/s for the River Roe and 58
m3/s for the River Mourne. No permanent record for the actual river discharge at River Foyle
is available. The Loughs Agency report a mean value of 90 m3/s for the River Foyle (Loughs
Agency, 2009Db).

The river discharge also determines the limit of tidal influence upriver, the vertical current
profiles near the river mouth and the distance that the salt wedge travels upriver. During
periods of high river flows, the tide will be kept back further than during lower river flows.
The discharge for Drumnabouy House (River Mourne) is presented in Figure 3.24 for the
period 2009- 2015. Similar to data from 2006 to 2008, strong seasonal patterns in river flow
are evident with the largest discharges in late summer and autumn. The average monthly
values range from 6.3 to 205.15m3/s. The peak recorded discharge reached 205.15 m3/s in
November 2009.

The discharge for Drumnabouy House (River Mourne) is presented in Figure 3.25 for the
period 2016 i 2020. Strong seasonal patterns in river flow are evident with the largest
discharges in late summer and autumn which is similar to data recorded from 2006-2008 and
2009-2015. The average monthly values range from 10.33 to 215.77 m3/s which is similar to
values reported for the period 2009-2015. The peak recorded discharge reached 215.77

m3/s in February 2020.
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Figure 3.27: Rivers and river monitoring stations (Source: NRFA, 2020).
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Figure 3.28: River Mourne discharge at Drumnabouy House a) boxplot
distribution of discharge per month and b) recorded time series (Source:
Deltares, 2009).
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Table 3.16: River discharges m?®/s (Source: Rivers Agency in Deltares,

20009).
River Gauge Interval 1% 10% Mean | 90% 99% Max
Location percentile | percentile percentile | percentile
Mourne | Drumnabouy | 17/6/1982i | 4 8 58 139 357 1058
House 5/9/2008
Faughan | Drumahoe 27/8/1976- | 1 2 8 17 51 253
15/9/2008
Roe Ardnargle 10/1/1975- | O 1 9 23 71 186
15/9/2008
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Figure 3.29: Average and monthly flow data from the Mourne at Drumnabuoy
House 2009 -2015 (Source: NRFA, 2021)
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Figure 3.30: Average and monthly flow data from the Mourne at Drumnabuoy House
2016 -2020 (Source: NRFA, 2021)
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3.5 Depth

Lough Foyle exhibits extensive intertidal and subtidal areas of mud flats and sand flats,
which are intersected by tidal channels. The Lough is relatively shallow, with an average
depth of approximately 4m. The deeper tidal channels reach an average depth of
approximately 8 1 12m, whereas the entrance channel, where the width is constrained by

headlands, is over 20m deep. Figure 3.26 shows a bathymetric map of Lough Foyle.
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Figure 3.31: Depths in Lough Foyle (Source: The Loughs Agency).
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3.6 Salinity

Lough Foyle receives a large quantity of freshwater from the rivers Foyle (90m3/s), Faughan
(7m3/s) and Roe (8m3/s) (Loughs Agency, 2009b). This freshwater and the saltwater that
enters the Lough every tidal cycle creates density differences and variations in salinity

distribution over the water column and spatially over the Lough.

The Loughs Agency collects data on coastal water quality including salinity via a network of
remotely moored Environmental Monitoring Stations (EMS) in Loughs Foyle. The Agri-Food
and Biosciences Institute (AFBI) manage and process this data. The EMS consists of an
electronic unit which houses the data storage devices for capturing real time data and the
GSM (Global System for Mobile Communication) telemetry system for communication of this
data with a base station on-land. There are two EMS stations located within Lough Foyle,
North and South (see Figure 3.27). The Lough Foyle North EMS is located at Magilligan
Point and the Lough Foyle South EMS is located at Black Braes.
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Figure 3.32: Location of the salinity and turbidity monitoring sites in Lough Foyle.
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The salinity data presented in Figure 3.28 (from the Lough Foyle South EMS) shows the
seasonal flow of freshwater runoff to the Foyle estuary at the Black Braes site. This less
dense fresh water stays at the surface of the estuarine water thereby lowering surface salinity
and creating a halocline. This trend is most closely associated with the high precipitation
levels experienced during these periods. Low summer river levels and tidal ingress of
seawater lead to higher salinity values during the summer months. The bottom salinities are
usually higher than the surface owing to the fact that dense oceanic seawater with high
salinity inhabits the bottom of the water column, the less dense freshwater floating on top of
this highly saline bottom layer. The results of the salinity measurements at Black Braes
reveal a variable salinity throughout the year with surface levels as low as 6.34 psu in
October 2008 and as high as 30.38 psu in January 2009. Bottom salinity ranged from 11.36
psu (October 2008) to 33.91 (January 2009).

The results of the salinity measurements at Black Braes in 2020 reveal a variable salinity
throughout the year with surface levels as low as 17.61 psu in October 2020 and as high
27.77 psu in October 2020, these results differ from the results from 2006 to 2008 above.
Bottom salinity ranged from 19.22 psu (October 2020) to 29.93 psu (September 2020), these
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results are higher than those reported in 2006 and 2008. As salinity is highly variable
depending on rainfall and wind patterns the difference in salinity between 2008/09 and 2020

is not significant.
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Figure 3.33: Salinity profile at Lough Foyle South EMS from July 2008 to
March 2009. (Source: Loughs Agency).
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Figure 3.34: Salinity profile at Lough Foyle South EMS from September
2020 to October 2020. (Source: Loughs Agency).
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