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Non-Technical Executive Summary

The lead author of this report was commissioned by Mott MacDonald Pettit
(MMP) to undertake a detailed Environmental Impact Assessment of the
improvement in water quality as a result of the proposed Lower Harbour Main
Drainage Scheme. At present the towns of Cobh, Passage West, Monkstown,
Glenbrook, Ringaskiddy, Crosshaven and Carrigaline all discharge untreated
sewage into Cork Harbour. The proposed scheme will collect this waste and
treat it to a secondary standard at a new wastewater treatment plant near
Carrigaline. The treated effluent will be discharged through the existing
Carrigaline/Crosshaven outfall near Dognose Bank. In spite of increasing
population a marked improvement in quality is to be expected for two reasons:
(a) the reduction in pollutant load due to the treatment plant, and (b) the
increased dilution available downriver when the treated effluent is discharged
just inside the mouth of the Outer Harbour. This study quantifies the

improvement.

A computer model, called the ‘OH_2’ model covering an area from the Old Head
of Kinsale to the Waterworks weir in Cork City was developed. This model
simulates the release, transport and decay of various micro-organisms in Cork
Harbour and the surrounding area due to discharges of untreated and treated
waste. In order to determine the improvement in water quality the OH_2 model
was configured in two different ways. Firstly it was configured to simulate the
release of untreated waste from the towns of Cobh, Passage West, Monkstown,
Glenbrook, Ringaskiddy, Crosshaven and Carrigaline. It was then configured to
simulate the release of treated waste from the proposed wastewater treatment

plant at Carrigaline.

By comparing the results of these two cases the improvement in water quality
can be estimated. A proper comparison requires the same population is used in
both cases. In this study we have used the projected population loadings for
2010.
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In this Environmental Impact Study three separate micro-organisms have been

considered:

1. Faecal coliform bacteria - The number of faecal coliforms per 100ml is a
recognised standard in the relevant EU Directives. The | (mandatory) and
G (guide) values for the Bathing Water Directive are, for faecal coliforms,
2000 counts per 100ml and 100 counts per 100ml respectively. The G
(guideline) values for the Shellfish Waters Directive are, for faecal
coliforms, less than 300 counts per 100ml in the shellfish flesh and
intervalvular liquid. We have used the results of the faecal coliform model
to predict the concentrations of intestinal enterococci and Escherichia coli

at the main points of interest in the study.

2. Norovirus - The Norovirus or “Winter Vomiting bug” is the primary
pathogen in outbreaks of gastroenteritis following consumption of raw
oysters. There is no standard for seawater at present due to the difficulty

of measuring its concentration.

3. Simple Nitrogen Cascade - The forcing exerted on the Harbour
ecosystem by organic nitrogen, nitrate and ammonia is examined using a

simplified nitrogen cascade model.

In this report we have not considered discharges of treated effluent from
Carrigrennan, Midleton or Cloyne or the untreated discharges from the outfalls
serving the towns on the eastern side of the harbour. Neither have we
considered the impact of stormwater overflows. Our results are therefore not
representative of absolute water quality. They simply show the improvement to
be expected from the proposed treatment plant. As the models in this report are

linear, the relative concentrations are with respect to an unspecified background.

We have examined the measurements of background concentrations of
coliforms and nitrogen from the harbour. There are no measurements of
Norovirus in water anywhere in the world. The sampling error and the spatio-
temporal variability of coliforms and nitrogen throughout the harbour make any

estimate of the background concentrations very uncertain. Consequently, in our
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view, it is sufficient to model the improvement in concentrations due to the

proposed treatment plant and outfall.

It is possible to model the background concentrations but this would require
substantially more resources and time than were available for this comparative

study.

The results of the study may be summarised as follows.

Faecal Coliform Results

Our results show that the proposed treatment plant will reduce the number of
faecal coliforms in Cork Harbour and the waters outside Roches Point. We have
found that a 95% relative reduction in the maximum number of faecal coliforms
may be expected for Lough Mahon, the Inner Harbour, the East and West
Passages and the area around the Ringaskiddy ferry terminal. For the Outer
Harbour we have found that an 80% relative reduction in the maximum number

of faecal coliforms may be expected.

For the case of untreated waste being discharged from the relevant towns we
found that the maximum concentrations of faecal coliforms ranged across the
harbour from 2 to 1500 counts per 100ml. The areas immediately adjacent to the
outfalls have the highest concentrations; areas further away have reduced

concentrations due to the mixing and decay of the bacteria.

The equivalent range with the proposed treatment plant in operation is from 2 to
400 faecal coliforms per 100ml representing a significant improvement in water

quality.

Adverse wind conditions, or longer-lived bacteria, may increase the maximum
concentrations from the proposed treatment plant in certain areas of the outer

harbour by as much as 60 — 80 faecal coliforms per 100ml.

We have used conservative estimates for the number of faecal coliforms present
in treated sewage. When less conservative values were assumed, we found that
there may be a 99% relative reduction in the maximum concentrations of faecal

coliforms for Lough Mahon, the Inner harbour, the East and West Passages and
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Ringaskiddy with a corresponding 96% relative reduction for the rest of the

harbour.

We have found that the concentrations of intestinal enterococci with the
proposed treatment plant in operation are very small with the exception of the
area immediately surrounding the outfall. The concentrations of Escherichia coli
are the same as for the Faecal Coliforms as the inputs to both models are

identical.

The main conclusion to be reached from the results of the OH_2 model is that
the proposed treatment plant will significantly reduce the number of indicator
organisms in the upper harbour area. It will also reduce the number of indicator
organisms in the outer harbour and waters beyond Roches Point but to a slightly

lesser degree.

The | (mandatory) and G (guide) values for the Bathing Water Directive are, for
faecal coliforms, 2000 counts per 100ml and 100 counts per 100ml respectively.
From the results presented in Chapter 4 we may conclude that the contribution
from the proposed treatment plant is several orders of magnitude less than these

requirements far the bathing areas.

The G (guideline) values for the Shellfish Waters Directive are, for faecal
coliforms, less than 300 counts per 100ml in the shellfish flesh and intervalvular
liquid.

Oyster bio-accumulate bacteria and viruses form the surrounding waters. Our
models do not account for this complex biological process. We therefore cannot

predict the concentrations of bacteria within the flesh; only in the surrounding

waters.

We can see from the results presented in Chapter 4 that the contribution from
the proposed treatment plant is several orders of magnitude less than these

requirements.
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Norovirus Results

The Norovirus was included as part of this study in order to determine the impact
of the proposed treatment plant on the oyster farms' and water-contact
recreational areas in Cork Harbour. It was found that the proposed treatment will
significantly reduce the number of Norovirus in Cork Harbour and the waters
outside Roches Point leading to an improvement in water quality. There is 90 —
95% relative reduction in the maximum number of Norovirus at the oyster farm in

the North Channel after the construction of the proposed treatment plant.

For Lough Mahon, the Inner harbour, the East and West Passages as well as
the area around Ringaskiddy our results show that a 90% relative reduction in
the maximum concentrations of Norovirus may be expected with the introduction
of the treatment plant. For the rest of the harbour and the area outside Roches

Point an 80% relative reduction may be expected.

Nitrogen Results

Nitrogen in different forms is an important nutrient in the coastal zone. Changes
in the distribution of nitrogen can have an impact on the ecological and biological

status of an estuary or harbour.

We have examined the impact of the proposed scheme on the ecological and
biological status of Cork Harbour by using a simplified model containing three

species of nitrogen: organic nitrogen, ammonia and nitrate.

The model quantifies the relative effect of the scheme on the concentration of
these three species throughout the harbour and adjacent coast over a test period
of ten days. The relative effect is with respect to an unaltered background

concentration of each species of nitrogen.

The results reported in this report are estimates of the change in forcing,

expressed as changes in the concentrations of the three species of nitrogen, due

! There are no designated shellfish production areas in Cork Harbour at present although oysters
have been produced at two farms in the past. These are the oyster farms referred to in this

report.
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to the proposed scheme. They are estimates of relative changes. All the models
are linear so the concentrations are with respect to an unspecified background.
We leave the judgement of the wider consequences of these relative changes in

nutrient forcing to the marine ecologists advising the project.

The time series presented in chapter 6 show an improvement in water quality
with a marked reduction in concentrations of organic nitrogen, ammonia and
nitrate in all of the fifteen points of special interest to the project compared to the
unspecified background following the introduction of treatment. In other words
the desired improvement has been demonstrated and quantified in the model

under the specified conditions of tide, river flow and wind.

The spatially varying maps of concentration showed that the proposed scheme
may reduce considerably the forcing on primary production in the inner harbour
(Lough Mahon) and in the North Channel behind Great Island. There is also an

improvement throughout the Outer Harbour.

When a more conservative treatment plant removal efficiency is assumed we

find that the concentrations of all three species of Nitrogen increase.

viii



Cork Harbour Main Drainage Scheme — EIA Modelling Study Table of Contents

Table of Contents

Non-Technical Executive Summary

Table of Contents

List of Figures

Chapter 1 INtroduction........ec..eevvmesiscerrieeecesesnsesssscessemsssseenaans 1
1.1 The background...........coiiiiii e s 1
1.2  Previous study of the Norovirus by the Authors...........ccccceeeeeieeiiinnns 7
1.3 Model ASSUMPLIONS ...ccooiiieie e 7
1.4 Structure of the repon..........oo i 7

Chapter 2 The Datasets .....cccccocvrvemesicrmeenssssssmsmmessnssssenssssennnssas 9
2.1 INFOAUCHION ... e e a e 9
2.2 DaAtaSelS .o 9

Chapter 3 The ‘Old Head_2’ Modeil.............eeeeeeeeeeeeeceeeenas 15
3.1 OH_2model layout.........ccoooiiiiiiiiie e 15
3.2  Boundary Conditions — CS3 Model........cccccoevviiiivimiiiiieciee e 17
3.3 Calibration of the OH_2 model .......ccccceeiiiiiiiiiiiciicc e, 19
3.4  Validation of the OH model.............coooueiiiiiiiiiii e 19
3.5 OH_2 model parameters .........cccoevvieeiiiiiiiiiiiecee et ea e e e e eeaeaaeaeaans 21
3.6 DISCUSSION ..coviiiiiiiii it cee e e e e e e e e 24



Cork Harbour Main Drainage Scheme — EIA Modelling Study Table of Contents

Chapter 4 Faecal Coliform ReSUltS ..........ccrcevriimrerreemmniserennns 25
A4 INOAUCHION ... s 25
4.2  Spatially varying maps of Faecal Coliform concentration .................... 26
4.3 Time series of Faecal Coliform Concentrations................cccuveerernnnn... 37
4.4  Discussion on the faecal coliform Time series.........cccccceecevreiniicnreenn, 56
4.5 Faecal Coliform Sensitivity Analysis.........ccceevviviieiiiiiiii . 59
4.6 Intestinal Enterococci concentrations ...........cccccvveeeeeeriniiiiiiennn e 72
4.7  Escherichia coliconcentrations ...........ccccccieiiriiniiiicicniiec e 74
4.8  Discussion and COoNCIUSION..........cocciiiiiiiiiiii e 74

Chapter 5 Norovirus ReSUILS ........eeeveeeeeereersveesrrsssiessennennnnnas 77
5.1 BacKgrOUNd ... e 77
5.2  Spatially Varying maps of concentration.............cccccoeeerernnniiciinnnnnne. 79
5.3 Time series of concentration of NOrovirus ..............cccccooevviiiiiiinnnnen. 83
5.4  Discussion and ConcClUSION..........ccccuviiiiieeiiiiiii e 93

Chapter 6 Nitrogen Results.........cccu.. . R 95
6.1 INrOdUCHION. ... 95
6.2 The cascade MOdel ... 95
6.3 The kinetics of the cascade ........c.cccomriiii e 96
6.4 The results — time-series at fifteen points of interest ............cccvvvvvnes 98
6.5 The results — spatially varying maps of concentration........................ 117
6.6  Sensitivity ANAIYSIS ......cuvieiieeiriiiiiiiiiiiii - 123
6.7  Discussion and CONCIUSION............occciiiiiiieeee e eeerrcer e 141

Chapter 7 Discussion and ConclusSion ..............cccceeeeevesenans 143
7.1 DISCUSSION ittt eer ettt eeeeeeeeeesnnsnennes 143
7.2  Faecal Coliform ReSUIS .........coociiiiiiiiiiiiiieiie e 145



Cork Harbour Main Drainage Scheme — EIA Modelling Study Table of Contents

7.3  NOrovirus ReSUlS .......cuuveeviiiiiiiiiiii e e 149
7.4  Nitrogen BESURS .........ueviiiiiiiiiiciie e 150
7.5 Discussion of results inside and outside the mouth........................... 151
Appendix A Calibration of the RP_2 model............................ 136

Xi



Cork Harbour Main Drainage Scheme — EIA Modelling Study Table of Contents

Xii



Cork Harbour Main Drainage Scheme — EIA Modelling Study List of Figures

List of Figures
Fig. 1.1 Layout of the OH_2 model. The resolution of the 3 nested grids are 90m,
30M aNd TOM ..ot st e 2
Fig. 1.2 Layout of the RP_2 model. The resolution of the 2 nested grids are 30m
=T o B 10 o PSPPSR 2
Fig. 2.1 Location of Gauges in Harbour ...........cccocciiiiinneiiiin e 11
Fig. 2.2 CS3 grid (12km resolution) .........ccccveiiiiiiiicis e 13
Fig. 2.3 Location of points on the CS3 grid used for the OH Hydrodynamic model
boundary conditions (Image from Google Earth) ...........cccccoeiiciiiinnininne. 13
Fig. 3.1 Layout of the OH_2 model ..., 16
Fig. 3.2 Extent and location of the open boundaries of the OH_2 model........... 19
Fig. 3.3 Cobh Spring Tide Water Level Validation ............cccccooccoviieniinncninenn. 20
Fig. 3.4 Tivoli Spring Tide Water Level Validation ............ccccoccinnniiiniicnnennnnen. 21
Fig. 8.5 Map of eddy viscosity values used for the OH_2 model ....................... 22
Fig. 3.6 Manning’s M value used in model. Manning’s M (m"%/s) is the reciprocal
Of ManNING’S N. oo e 22
Fig. 4.1 Case 1, Production Run (PR) 1 —Maximum Concentrations ................ 27
Fig. 4.2 Case 2, PR 3 — Maximum Concentrations .........ccc.ccvcceeeeeeeeiioner e siinnnns 28
Fig. 4.3 Case 3, PR 5 — Maximum Concentrations..............cccceeeeeeeiicrciieeininnnnn. 29
Fig. 4.4 PR3 as a % of PR5 - Maximum Concentrations .............cccccvvvevveeinennie 31
Fig. 4.5 Case 4, PR 7 — Maximum Concentrations ...........ccccccceeiiiiiniinn s, 31
Fig. 4.6 Case 2, PR 3 — Averaged Concentrations ...........c.occccveeiiiieeeinncnnne. 32
Fig. 4.7 Case 3, PR 5 — Averaged Concentrations ...........c..ccevveecveeeeeeenenninnnnn, 33
Fig. 4.8 PR3 as a % of PR5 - Averaged Concentrations .........ccccccoeeeeiieiinnennnn, 34
Fig. 4.9 Case 2, PR 4 — Maximum Concentrations ...........cc.ccecccninineiiiinin e 35

Xiii



Cork Harbour Main Drainage Scheme — EIA Modelling Study List of Figures

Fig. 4.10 Case 3, PR 6 — Maximum Concentrations ...........cccccoeeevemeiriinsscinnnennns 35
Fig. 4.11 Case 2, PR 4 — Averaged Concentrations .........c..cccccevererecnnivneennnnnnn. 36
Fig. 4.12 Case 3, PR 6 — Averaged Concentrations ...........cccccocceveeiriiiniinnnnennn, 37
Fig. 4.13 Points of Special Interest to study..........ccccccciiniiiiniieee, 38
Fig. 4.14 Fountainstown — Repeating Spring Tide ........cccoccviiviiiiiinn e, 41
Fig. 4.15 Fountainstown — Repeating Neap Tide......ccccccceevviiiiiiiiiiniinicn e, 41
Fig. 4.16 Myrtleville — Repeating Spring Tide ........cccocviriiiiverinie e, 42
Fig. 4.17 Myrtleville — Repeating Neap Tide ........ccccceeeiiiiniiiiiiiceeeeee e 42
Fig. 4.18 Roches Point — Repeating Spring Tide .......ccccccveviiiiiiiinieniniiiieceeees 43
Fig. 4.19 Roches Point — Repeating Neap Tide.........ccooviiiimieciiiiiiieieiece 43
Fig. 4.20 Crosshaven — Repeating Spring Tide .........ccccceeririiiiiinrenircceeeee e, 44
Fig. 4.21 Crosshaven — Repeating Neap Tide ......cccccccooviiiiiiiiiiiicinciee s 44
Fig. 4.22 200m upstream of outfall — Repeating Spring Tide ...........cccccvvviennnnee. 45
Fig. 4.23 200m upstream of outfall — Repeating Neap Tide........ccccvrccvinriinnnnne. 45
Fig. 4.24 Shoreline closest to outfall — Repeating Spring Tide..............c. oo 46
Fig. 4.25 Shoreline closest to outfall — Repeating Neap Tide .........ceeevevirnnneee 46
Fig. 4.26 South of Spike Island — Repeating Spring Tide .......cccccccvveiirirnennnnee. 47
Fig. 4.27 South of Spike Island — Repeating Neap Tide .........cccovvvviiieriiiicinann, 47
Fig. 4.28 Ringaskiddy — Repeating Spring Tide ..........cccoveeiiiiiiiien e e 48
Fig. 4.29 Ringaskiddy — Repeating Neap Tide..........ccccccovviiiiiiicnnie s 48
Fig. 4.30 Monkstown Creek — Repeating Spring Tide........cccoovieeiiiniririnneionnee 49
Fig. 4.31 Monkstown Creek — Repeating Neap Tide ......cc.ccccovviinereriiineneneccenn, 49
Fig. 4.32 Cobh — Repeating Spring Tide..........ccimiiiiiiiiiiiii e 50
Fig. 4.33 Cobh — Repeating Neap Tide.........cccoriiiiiiiiiiiinc e 50
Fig. 4.34 OF - Outer Harbour — Repeating Spring Tide .........ccceeeeeeeiieiiiiiiinee, 51

Xiv



Cork Harbour Main Drainage Scheme — EIA Modelling Study List of Fiqures

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

4.35 OF - Outer Harbour — Repeating Neap Tide ........ccccvcviiviviineieiviiicnnnnn. 51
4.36 Marlogue Point — Repeating Spring Tide ......c.ccceecveeiivee e, 52
4.37 Marlogue Point — Repeating Neap Tide ...........ccccuvvrvriviiiiiiininiiniieiinnn, 52
4.38 OF — North Channel — Repeating Spring Tide ......viieeeviniiiiivviiiineens 53
4.39 OF — North Channel — Repeating Neap Tide ....ccc.cccccvvvervveniiiiiinirennnns 53
4.40 West Passage — Repeating Spring Tide .........ccovveevviieicvcivveeeeeeeeeee 54
4.41 West Passage — Repeating Neap Tide .........ooccevicciiiiienn i, 54
4.42 Lough Mahon - Repeating Spring Tide .........cccoeeiiiiiiini e, 55
4.43 Lough Mahon - Repeating Neap Tide .......ccccceeeiieiiniciiiiinniienes 55
4.44 Recorded Wind data. The wind speed is plotted with the black line on

the left-hand axis. The wind direction is indicated with the direction of the

blue arrow. We can see a strong wind from the south west acting on the 10™

Of JUNB. e 59
4.45 The numbers in this plot are the differences between the maximum
concentrations for the 12 and 24hr decay values. ...........cccoceee e, 60
4.46 Fountainstown - 24hr decay sensitivity ..........cccovviimieccieiniiiiinine 62
4.47 Muyrtleville - 24hr decay sensitivity.........cccvieeiiiiiiici e 62
4.48 Roches point - 24hr decay sensitivity...........cceeeviveeee i 63
4.49 Crosshaven - 24hr decay Sensitivity ..........ccccveeerviinnivcniien e 63
4.50 200m upstream of outfall - 24hr decay sensitivity ...........cccceernriinnneen. 64
4.51 Shoreline - 24hr decay sensitivity ..........cccceeevvemiiire e 64
4.52 Spike Island - 24hr decay SensitiVity ........ccccoeieee i 65
4.53 Ringaskiddy - 24hr decay Sensitivity ............cccoeeviieiiiiniciiiniinieece e 65
4.54 Monkstown - 24hr decay Sensitivity .......cccccooiiiiiccinne e 66
4.55 Cobh - 24hr decay Sensitivity .........eciiiiiiiiiiiiiiii e 66
4.56 OF Outer Harbour - 24hr decay sensitivity.......cc.ccccccecviiicnieinivinnnnen. 67

XV


http:Fig.4.51

Cork Harbour Main Drainage Scheme — EIA Modelling Study List of Figures

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

4.57 Marlogue Pt - 24hr decay sensitivity .........cccccevivevveene i, 67
4.58 OF North Channel - 24hr decay sensitivity ...........ccceecniviiiineeiicnnne. 68
4.59 West Passage - 24hr decay sensitivity ............ccooceevviiiiiinniinirennenn, 68
4.60 Lough Mahon - 24hr decay sensitivity............ccccceeiiiiniiiinnn e, 69
4.61 Recorded Wind data ..........cccevieiiiiieiiiiiicis e rcn e 70
4.62 Recorded wind — Base Case ........ccccviiiiiiiieeciiiiiiiie e 71
4.63 Wind from West ..o 71
4.64 Wind from NOmh ... 71
4.65Wind from East ..o 71
4.66 WiNd from SOULN .......oooiiiiiiii e 71
4.67 Maximum of wind sensitivities.........cccccceeiiiiei i 71
5.1 Plot of maximum concentration for Case 2 (2010 — no treatment)........ 80
5.2 Plot of maximum concentration for Case 3 (2010 — with treatment) ..... 82
5.3 The 2010 proposed concentrations as a percentage of the existing
CONCENIFALIONS ...ooiiiiiiiiiiiiii ittt e e nensnnes 83
5.4 Fountainstown — Norovirus Case 2 & Case 3 (2010) ........coeveerevivnnnnnn. 86
5.5 Myrtleville — Norovirus Case 2 & Case 3 (2010) ....coeeevvviiiiiiiiiiiiiinnnnnn, 86
5.6 Roches Point — Norovirus Case 2 & Case 3 (2010).........cccceeveerrrrereenn. 87
5.7 Crosshaven — Notrovirus Case 2 & Case 3 (2010) .....covveeviecnnnveeeecnnnn. 87
5.8 Ringaskiddy — Norovirus Case 2 & Case 3 (2010)....ccccccvvverriiinrcivnncenn. 88
5.9 Monkstown — Norovirus Case 2 & Case 3 (2010) ........ccccevvvveeeiiiennne 88
5.10 OF - North Channel — Norovirus Case 2 & Case 3 (2010)..........ccc.... 89
5.11 Marlogue Point — Norovirus Case 2 & Case 3 (2010) ...cc.cccccvvvrinvrennee. 89
5.12 OF — outer harbour — Norovirus Case 2 & Case 3 (2010)........ccccecu.... 90
5.13 Cobh recreational area — Norovirus Case 2 & Case 3 (2010)............. 90
5.14 Spike Island — Norovirus Case 2 & Case 3 (2010).....cccceecvvvrvveriiiinnnn. 91

XVi



Cork Harbour Main Drainage Scheme — EIA Modelling Study List of Figures

Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

5.15 Existing Shoreline closest to the outfall — Norovirus Case 2 & Case 3
200 10 ) T USROS PSSTRR 91
5.16 200m upstream of the existing outfall — Norovirus Case 2 & Case 3
200 L0 ) T OSSPSR 92
5.17 West Passage — Norovirus Case 2 & Case 3 (2010) .......ccccevivvvnrarnnn. 92
5.18 Lough Mahon — Norovirus Case 2 & Case 3 (2010) .........cceeeevcnnnnnnnn. 93
6.1 FOUNTAINSIOWN.......eeiiiiii i 102
B.2 MYIUEVIIE ...t r e e e e e e e 103
6.3 ROChES POINt......oeeiiiiii e s 104
6.4 CrOSSNAVEN ...ttt eee e e e s a e s e e s e s s nar e e ens 105
6.5 RINQASKIAAY .. eeieiiiiiie ittt 106
6.6 MONKSIOWN .....ooiiiiiiireiniiet s e e 107
6.7 OF — North Channel........c.cccooiii e 108
6.8 Marlogue PoOiNt...........ooiiiiiiiriin e aee e 109
6.9 OF —Outer Harbour ..o 110
B.10 CODN .. e e 111
B.11 Spike ISIaNnd ........coeiiiiiiiiii e 112
6.12 Shoreline closest to outfall.........c...cccovriiiiiiiin 113
6.13 200m upstream of outfall ...........ccccoviiiiiiiiiiii e 114
6.14 WSt PaSSaQE ... .cuiieeiiiiiiiiiniiiin e 115
6.15 Lough Mahon ... 116
6.16 Colour palette for the spatially varying maps of concentration.......... 118
6.17 Before and after WWT — maximum concentrations during first 5 day
(2= o Lo 1 O P 119
6.18 Before and after WWT — maximum concentrations during second 5 day



Cork Harbour Main Drainage Scheme — EIA Modelling Study List of Figures

Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

6.19 Before and after WWT — mean concentrations during first 5 day period
.................................................................................................................. 121
6.20 Before and after WWT — mean concentrations during second 5 day
91T (oo 1 OO SRS 122
6.21 FOUNAINSTOWN.....ciiiiriiiiiiii i e 126
B.22 MYPIBVIIIE ... 127
6.23 ROChes PoiNnt...........coo i 128
B.24 CroSSNAVEN.....coiiiiiiiiiit ettt eaae e e re e 129
6.25 RINGaskiddy .........ooooiiiiiiiiiiiii i 130
6.26 MONKSTOWN......ooiiiiii i 131
6.27 OF North Channel..........cccccoiiiiiiiiiiiiee e 132
6.28 Marlouge POiNt...........uuiiiii e 133
6.29 OF — Outer HarbOUr ... 134
B.30 CODN L e e e re e 135
B.31 SpIKe ISIaNnd ... 136
B.32 ShOrElNG ... 137
6.33 200m upstream of outfall ........cccceeriiiiiiiiic e, 138
B.34 West Passage.......ccccciieiriiee ittt 139
6.35 Lough Mahon ... 140
7.1 The maximum concentrations from the proposed treatment (98%

removal efficiency) as a percentage of the maximum concentrations with no

treatment from the relevant toOWNS. ... e 148

xviii



Cork Harbour Main Drainage Scheme — EIA Modelling Study Chapter 1

Chapter 1 Introduction

1.1 The background

The lead author of this report was commissioned by Mott MacDonald Pettit
(MIVIP) to undertake a detailed Environmental Impact Assessment of the
improvement in water quality as a result of the proposed Lower Harbour Main
Drainage Scheme. At present the towns of Cobh, Passage West, Monkstown,
Glenbrook, Ringaskiddy, Crosshaven and Carrigaline all discharge untreated
sewage into Cork Harbour. The proposed scheme aims to collect all of this
waste and treat it to a secondary standard at a waste water treatment plant to be
located near Carrigaline. The treated effluent is to be discharged through the

existing Carrigaline/Crosshaven outfall near Dognose Bank.

As part of the study a computer model which covers an area from the Old Head
of Kinsale to the Waterworks weir in Cork City has been developed (Fig. 1.1).
This model simulates the discharge, transport and decay of bacteria, viruses and
three species of nitrogen from all the relevant outfalls. By simulating the
discharge of untreated waste and comparing it with the discharge of treated
waste an informed assessment of the improvement in water quality can be
made. The boundary conditions for this model are provided by data from the

Proudman Oceanographic Laboratory (POL), UK as described in section 2.2.3.

The hydrodynamic parameters of this model are based on a calibration and
validation of a model covering a smaller area which reaches from Roches Point
to the Waterworks weir (Fig. 1.2). The boundary conditions for this model are

provided by recorded water levels from Roches Point in section 2.2.2.

The larger model has been labelled the ‘Old Head_2’ model (OH_2) in this report

while the smaller model is referred to as the ‘Roches Point_2’ model (RP_2).

The OH_2 model has been validated against measurements of water level taken
at Cobh and Tivoli. The error is within 20cm which is a satisfactory agreement

between the modelled and measured data.
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The OH_2 model consists of two parts: the hydrodynamic model and the
advection-dispersion model. The hydrodynamic model is based on the concepts
and scientific principles of geometry and classical physics?, and on relevant
data®. It predicts the numerical variation in water level and the speed and
direction of currents throughout Cork Harbour. We have achieved satisfactory
agreement with measurements of these quantities. Pilots and sailors have also
identified and confirmed the location of transient tidal eddies predicted by the
model. We can predict with confidence, many, but not all, aspects of the motion
of the waters of Cork Harbour under different conditions of tide, wind and river
inflow.

The second part is the advection-dispersion model. This model simulates the
release, transport and decay of particles discharged at any location in the
harbour. We have considered faecal coliforms, intestinal enterococci,

Escherichia coli, nitrogen and Norovirus for this study.
1. Faecal Coliforms

o The number of Faecal Coliforms per 100ml is a recognised
standard by which water quality is assessed in the relevant EU

Directives.
2. Intestinal enterococci

o The number of Intestinal enterococci per 100ml is a recognised
standard by which water quality is assessed in the relevant EU

Directives.

® These are represented as partial differential equations, expressing conservation of mass and
linear momentum, with attendant boundary and initial conditions, and environmental forcing

functions.

8 Bathymetry of the Harbour from the Waterworks Weir to the Old Head of Kinsale; wind speed

and direction; river flow and the tide at the mouth.
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3. Escherichia Coli

o The number of E. coli per 100ml is a recognised standard by which

water quality is assessed in the relevant EU Directives.
4. Simple Nitrogen Cascade

o The forcing exerted on the Harbour ecosystem by organic nitrogen,
nitrate and ammonia is examined using a simplified nitrogen
cascade model. Nitrogen has been included in this Environmental
Impact Statement because the Water Framework Directive aims for
good ecological status of all waters. High concentrations of
nitrogen, when limiting, may lead to the over-fertilisation, or
eutrophication, of aquatic ecosystems resulting in excessive growth

of algae.
5. Norovirus

o The Norovirus or “Winter Vomiting bug” is the primary pathogen in
outbreaks of gastroenteritis following consumption of raw oysters.
The Norovirus is endemic in many countries. Outbreaks of “winter
vomiting” may occur all year round and are often made public in

Ireland by the closure of hospitals to visitors.

The models predict the changing concentration of the bacteria, three species of
nitrogen, and Norovirus, under various physical forcing by the tide, wind and
river flows. The variation in concentration at any site within the harbour may then
be examined. From this it may be determined if the concentrations of the micro-
organisms from the proposed scheme satisfy the water quality standards as

stipulated in the relevant EU Directives:
e Bathing Water Directive (2006/7/EEC)
e Shellfish Waters Directive (79/923/EEC)

We understand there are no designated bathing water areas within Cork
Harbour. The nearest one is at Fountainstown 5.25 km outside the harbour

mouth. At present there are also no designated shellfish production areas within
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Cork Harbour although oyster production has occurred in the past in the North
Channel and Outer Harbour.

For this study we have not considered the discharges of treated effluent from
Carrigrennan, Midleton or Cloyne. Neither have we considered the untreated
discharges from the outfalls serving the towns on the eastern side of the harbour
such as Rostellan, Farsid, Aghada and Whitegate. Stormwater overflows have
not been included. The results presented in the report are therefore not
representative of the absolute water quality in the harbour and surrounding
waters. They present the contribution from the outfalls considered in the

simulation runs.

We have examined the measurements of background concentrations of
coliforms and nitrogen from the harbour. There are no measurements of
Norovirus in water anywhere in the world. The sampling error and the spatio-
temporal variability of coliforms and nitrogen throughout the harbour make any
estimate of the background concentrations very uncertain. Consequently, in our
view, it is sufficient to model the improvement in concentrations due to the

proposed treatment plant and outfall.

It is possible to model the background concentrations but this would require
substantially more resources and time than were available for this comparative

study.

In order to illustrate the overall benefit of the proposed scheme four separate

cases have been considered in the study and are listed in the following table.

T
Year Treatment Total Flow Rate

Case 1 - .

no treatment 2001 2001 None 7,516 m“/d
Case 2 - ;

no treatment 2010 | 2010 None 10,371 m%d
Case 3 - Secondary — 90% removal 3

With treatment 2010 | 2010 of organic matter 10,371 m™/d
Case 4 - Secondary — 90% removal 3

With treatment 2030 | 2030 of organic matter 14,873 m/d

Table 1-1 The four cases considered in the study
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The loading on each outfall was determined by Mott MacDonald Pettit as part of
a detailed and comprehensive preliminary study into the proposed scheme®. The
loadings for the future years were calculated based on the predicted growth in
population and industry for the relevant towns®. We have used the values from
this report in our numerical model. Table 1-1 lists the values used for the 2001

situation, case 1 in the table above.

For case 2 we have assumed that the combined flow of 10,371m%d is divided
between the outfalls as in the 2001 situation. Cases 2 and 3 have been
simulated with the model. Because the model is linear, cases 1 and 4 can be

calculated easily by rescaling.

Outfall Location UTM UTM (EIV?IVIZ) (EIVC\’,V'\_!) Z?)?\cca:rg\?vl)l

E N m3/day  m3/sec fc/ m3
Carrigaline/Crosshaven 550249 5740738 4,075 0.04716 1E+11
Passage West 545351 5747371 547 0.00633 1E+11
Glenbrook 546006 5745605 327 0.00379 1E+11
Monkstown 546081 5744680 185 0.00215 1E+11
Pilots Pier Outfall (Cobh) 549632 5744757 353 0.00410 1E+11.
Corbett Outfall (Cobh) 549277 5744708 178 0.00206 1E+11
Kings Quay Outfall (Cobh) | 548854 5744611 444 0.00515 1E+11
West Beach Outfall (Cobh) | 548647 5744568 668 0.00774 1E+11
White Point Outfall (Cobh) | 547098 5743748 634 0.00735 1E+11
Ringaskiddy Village Outfall | 547064 5742895 101 0.00117 1E+11
Total Catchment 7,515 0.087

Table 1-2 Loading on outfalls from MMP report

* Cork Harbour Main Drainage Scheme Preliminary Report, Volumes 1-5, E.G., Pettit &
Company

® The growth in population was estimated by considering the Cork Area Strategic Plan as well as
the future development plan for each individual town as reported by E.G., Pettit & Company in

the report referenced above.
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1.2 Previous study of the Norovirus by the Authors

The lead author of this report was asked by Cork County Council in 2006 to carry
out an objective study into the contamination of the oyster farm in the North
Channel of Cork Harbour by the Norovirus. The primary objective of the study
was to estimate the relative contribution of all significant sources of municipal

and domestic effluent to the contamination of the oyster bed.

A number of computer models, similar to the models used in this Environmental
Impact Assessment, were developed as part of the study. These models
simulated the transport and decay of Norovirus in Cork Harbour from all the
relevant outfalls. This study is referenced on a number of occasions in this

report.

1.3 Model Assumptions

The advection-dispersion models described in this report have a number of
inherent assumptions. Models are a simplification of reality; there is always
something missing. It is a matter of judgement what to include and what to

exclude. The following are the most important assumptions:

1. The densities of bacteria and Norovirus are approximately the same as

seawater and are neutrally buoyant.

2. Adsorption of Norovirus and bacteria onto sediment is not included in the
models. The interaction of sediment and micro-organisms in the marine
environment is a complex process and is incompletely understood in the

scientific literature. Simple assumptions are appropriate in this case.

3. Density gradients and stratification due to variations in salinity are
excluded. These are unlikely to occur in the areas of interest in the outer

harbour and outside the mouth.

1.4 Structure of the report

Chapter one introduces the study and the models. Chapter two summarises the

various datasets that were used in the development of the ‘Old Head_2' model.

7
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Chapter three describes the model and its parameters. The results for faecal

coliforms, Norovirus and Nitrogen are given in chapters 4, 5 and 6 respectively.
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Chapter 2

Chapter 2 The Datasets

2.1 Introduction

The data used to develop the Old Head_2 model are listed below and described

in section 2.2.
Data type Format Period Source
Bathymetric data of Cork Harbour XY,Z .
(type 1) soundings - Irish Hydrodata
Bathymetric data of the Belvelly XY, . DLR (German
stereoscopic -
Channel (type 2) data Aerospace Agency)
Water level recordings from the Time sefies Feb — Mar 1992 frish Hydrodata /
harbour Port of Cork
Current speed & direction . . .
recordings from the harbour Time series Feb — Mar 1992 Irish Hydrodata
Hydrodynamic output from CS3 . . i Proudman Laboratory
model Time series Jan- Dec 2004 (UK)
River flows from the Lee, . . Jan - Dec 1992 &
Owenacurra and Owenboy Rivers Time series 2004 ESB/EPA
Wind speed & directions from Cork ; . Jan - Dec 1992 & .
Airport Time series 2004 Met Eireann
Location of each outfall UTM i MMP
coordinates
Flow Rates from the Various Values in
3 - MMP
Outfalls m°/sec
No of fc per cubic metre Spreadsheet - MMP
Efficiency of the proposed Spreadsheet i MMP

treatment plant

2.2 Datasets

2.2.1 Bathymetric data

Table 2-1 Datasets

Irish Hydrodata Ltd. undertook a bathymetric survey of Cork Harbour in 1992 as

part of a study of locations for an outfall from the Cork Main Drainage Scheme. A

number of other surveys have since been carried out by Irish Hydrodata Ltd. for

smaller localised areas. These surveys were commissioned by different parties

9
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to update the bathymetry in site-specific areas as part of various modelling
studies. The main bathymetric datafile used in this study is an amalgamation of
all these surveys and represents the most up-to-date dataset of the harbour bed
profile that exists at present. A comprehensive quality-assurance of the dataset
was carried out as part of the authors’ previous study of the Norovirus in Cork

Harbour®.

2.2.2 Water Level & Current Speed Direction Recordings — 1992

In conjunction with the bathymetric survey undertaken for the 1992 outfall study,
Irish Hydrodata Ltd placed a number of gauges in the harbour to record water
levels, current speeds and current directions. Six automatic level recorders were
deployed for a period of three months from the 6™ of December 1991 until the
14" of March 1992. Readings were taken every minute. The current speed and
direction meters recorded data from mid-December to mid-February, a period of
approximately 65 days at 10 minute intervals. A number of the water level
gauges shifted on their mountings during the first month of deployment and
these data were discarded. Fig. 2.2 shows the location of the gauges. Table 2-2

lists the grid coordinates and dates of deployment.

These data were used to calibrate and validate the RP_2 and OH_2 models
which are described in the following chapter. A comprehensive quality-assurance
of the dataset was carried out as part of the authors’ previous study of the

Norovirus in Cork Harbour.

® O'Kane, J.P.J., & Barry, K. J., Modelling the Norovirus contamination of an oyster farm in Cork

Harbour, Final Report to Cork County Council

10
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2.2.3 The POL CS3 model — Boundary Conditions of the OH_2 model

The Applications Group at the Proudman Oceanographic Laboratory (POL), UK,
supplies hindcasts’ of (a) tide-plus-surge, and (b) tide-only levels on a grid
covering part of the North Atlantic Shelf at frequencies of 1 hour for (a) and 20
minutes for (b) respectively. The centre uses its POL CS3 model to provide the
annual hindcast at the end of each calendar year. Hindcasts are available from
1992 onwards. The model makes use of meteorological data from the UK Met
Office Operational Storm Surge Local Area Model (1992 to 1998) and the
Mesoscale model (1999 onwards). The hindcasts from the POL CS3 Model use
a combination of measured and modelled meteorological data. Surface
elevations and currents in component form are provided at each grid point. The
POL CS3 numerical model grid, which covers part of the North Atlantic Shelf,
has a resolution of approximately 12km (Fig. 2.2). The level data has a relative
accuracy of approximately 3% of the sea level range®. The absolute accuracy is
unknown on the southern Irish Coast. A previous study® (1997-2001) of the
Cashen Estuary in the outer Shannon showed that such data could provide very
good boundary conditions for hydrodynamic models of Irish coastal waters. The
Cashen/Feale model agreed with measurements within the estuarine network to

within 10cm.

Two years of hindcast data (1992 & 2004) were purchased from POL for this
project. Data from the three points closest to the mouth of Cork Harbour were
selected from the CS3 grid and used to drive the hydrodynamics of the ‘Old
Head_2’ hydrodynamic model by acting as the boundary conditions. The

locations of these points relative to Cork Harbour are highlighted in Fig. 2.3.

7 A hindcast is where a numerical model is run for a fixed historic period of time in the past with

recorded forcing functions (measurements of tide, wind etc) from that period.

8 Smith, J. A. (1994). The Operational Storm Surge Model Data Archive, Proudman

Oceanographic Laboratory, Report, No 34, 34pp

9 Martin, J., 2002, De-Watering the Lower Feale — “A Virtual Water World”, Ph.D. Thesis,

Department of Civil and Environmental Engineering, National University of Ireland, Cork

12
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Minor adjustments to the data provided by the Proudman Laboratory in this
study.

@ Foint3

Fig. 2.3 Location of points on the CS3 grid used for the OH Hydrodynamic model
boundary conditions (Image from Google Earth)

13
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2.2.4 River & Wind Files

River flows and wind influence the hydrodynamics of the estuary. Cork County
Council, EPA, OPW and the ESB supplied measurements of flow in all the rivers
discharging into Cork Harbour for 1992 and 2004. In this Environmental Impact
Statement we have included the influence of the River Lee, Owenboy and

Owenacurra rivers.

The archive of the 1992 survey carried out by Irish Hydrodata Ltd contained the
wind records at Cork Airport (Met Eireann), Roches Point (Met Eireann). and
Ringmahon Point (Bord Gais/Cork Corporation). The 1992 survey report by Irish
Hydrodata Ltd states that the Cork Airport and Roches Point datasets “show very
similar wind patterns”. It also states in reference to the Cork Airport and
Ringmahon Point sites that there is ‘little difference between the sites”.

Consequently, we have relied on the data from Cork Airport exclusively.

2.2.5 Water level recordings from Cork Harbour

The Port of Cork supplied time series of water level from the gauges they
maintain at Tivoli and Cobh. This data has been used to validate the OH_2

model.

2.2.6 Outfall Loading

As part of the preliminary investigation carried out for the proposed scheme, Mott
MacDonald Pettit undertook a comprehensive study of the population and
industry serving each outfall in 2001'°. We have used the values given in this
report in our models. The projected loadings for 2010 and 2030 were also taken

from this report.

1% Cork Harbour Main Drainage Scheme, Volumes 1-5, EG Pettit & Company

14
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Chapter 3 The ‘Old Head_2’ Model

The previous chapter was concerned with the datasets which were used to
construct the models used in this Environmental Impact Assessment. This
chapter describes the Old Head_2 (OH_2) model which was used to simulate
the bacteria, Norovirus and the Nitrogen Cascade for the different cases

considered in this report.

All of our work makes use of the well-known MIKE 21 modelling system supplied
under licence by the Danish Hydraulics Institute (DHI)''. DHI provides very

extensive documentation on this system and is not included in this report.

3.1 OH_2 model layout

The development of every numerical model involves a compromise between a
high resolution grid'? which resolves the flow in great detail and the time it takes
for a computer to calculate the results'®. The model run time is a function of the

number of grid points in a model™

and the timestep. Generally if the grid spacing
is halved the model runtime increases by a factor of 8. Given that the run time for
models such as the OH_2 could be in the order of days, and not hours, the issue

of resolution and run time is always of concern.

Nested grids are the means by which this problem can be overcome. A nested
grid implies that different areas of the model are resolved with different grid
spacing. Areas that are of great importance to the study may be resolved with a
high resolution while the area surrounding it may be resolved with a lower

resolution. The higher resolution grid must sit inside (hence the ‘nested’ term)

" http://www.dhigroup.com/
' We use the ULTIMATE high-accuracy finite difference scheme in MIKE 21.

'3 The size of the generated result files is also a concern. High resolution grids generate larger
result files than those with a lower resolution. Files larger than 4GB are quite problematic for any

personal computer today.

' Determined by the extent of the model and the grid spacing


http:http://www.dhigroup.com
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The extent of the 90m grid is determined by the location of the 3 grid points from

the CS3 model from which the boundary conditions are obtained.

Modelling a large area also ensures that discharges from the outfalls are not lost
through the boundary. If the boundary had been located at Roches Point, as it is
for the RP_2 model, particles released from the Carrigaline/Crosshaven outfall
will be carried past the boundary at Roches Point on the ebb tide and taken out
of the model. On the ensuing flood tide the model will underestimate the
concentrations in the harbour as the particles which should be transported from
outside Roches Point back into the harbour have been lost. This may lead to an
unacceptable error in the results. Consequently, the RP_2 model is of
questionable accuracy in simulating the release of bacteria or viruses from the
Carrigaline/Crosshaven outfall. This problem is overcome by using the OH_2

model.

We have resolved the harbour and area immediately outside Roches Point with
a 30m grid. This resolution is more than sufficient to resolve the flow through the
East and West passage, Lough Mahon and the North Channel behind Great

Island.

3.2 Boundary Conditions — CS3 model

The boundary conditions of the OH_2 model were provided by the output from
the CS3 numerical model, maintained by the Proudman Laboratory in the UK
which covers part of the North West Atlantic Shelf. In other words, the OH_2

model is itself embedded in an even larger model.

Boundary conditions for numerical models such as the OH_2 model are typically

provided by recorded measurements of water levels'. Such an approach was

t16

too expensive for this project’®. In addition there is a substantial risk of the

15 Coupled in some cases with recorded velocities.

'® Deploying gauges in the open sea, such as near the Old Head of Kinsale, is far more

expensive than doing so within estuaries. At the start of the project a quote was obtained to

17
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gauges being lost when deployed in the open sea. We have used the Proudman
data as our boundary conditions for the OH_2 model in a direct and simple

manner.
There are limitations in our approach:
1. Any errors in the CS3 model are propagated into the OH model.

2. The resolution of the CS3 model is 12km. Therefore the data derived from
it cannot contain detail at scales less than 24km (Nyquist sarnpling

theorem).

3. No downscaling, or intermediate grid, has been used to transfer data from
the 12km grid of the CS3 to the 90m outer grid of the OH_2 model. To
overcome this particular problem would have required additional data for
points further out in the Celtic sea and the development of a much larger
OH_2 model.

These limitations, however, do not lead to unrealistic boundary conditions. As we
will see in the next section, the output from the model driven with the Proudman
data, when adjusted slightly, is capable of reproducing the observed tides in

Cork Harbour to within an error of 20cm.

The annual hindcasts for 1992 and 2004 of tide-plus-surge, and tide-only levels
from the three grid points closest to the mouth of Cork Harbour were purchased
from the Proudman Laboratory for the previous Norovirus study. The tide-plus-
surge data (1 hour frequency) were interpolated between the data points, and
extrapolated between the data points and the land, to form a profile series'”. The
two profile series describe the variation in water level and fluxes along the two

open boundaries of the model and drive the hydrodynamics. See Fig. 3.2.

deploy 3 gauges measuring water levels and velocities some distance outside the harbour

mouth. The cost was far in excess of the proposed budget for the project.

"7 A profile series contains data, which describes the variation in time of a variable along a line in

space.
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Flooding and Drying depths. MIKE 21 allows the simulation of flow in
areas that are subject to flooding and drying. When an area dries out the
grid céIIs are removed from the computations. When the tide returns and
floods the area the grid cells are included in the computations again. The
flooding and drying depths control this inclusion and exclusion of
computational points. The default values in MIKE 21 are 0.2m (drying)
and 0.3m (flooding). Therefore when the depth of water in a grid cell is
less than 0.2m the cell is removed from the computations. When the tide
is on the flood and the water level is calculated to be above 0.3m, the grid
cell is once again included in the computations. Values of 0.1m and 0.2m

were used in this study.

3.5.2 AD Model Parameters

There are a number additional parameters required for the Advection dispersion

model. These parameters are:

Initial conditions. These were set to zero across the entire grid i.e. it was
assumed that the concentrations of bacteria, Norovirus and Nitrogen were

zero across the entire harbour at the start of the simulation.

Boundary Conditions. The boundary conditions at the mouth were set to

zero for the duration of the simulations.

Decay specification. Bacteria and Norovirus decay exponentially with
time. We have assumed that Faecal Coliforms have a T90 of 12 hours.
We have also simulated the decay with a T90 of 24 hours as part of a
sensitivity analysis. We have assumed that Norovirus has a T90 of 30

days. This applies to winter conditions which is a worse case scenatrio.

Dispersion Coefficient. The dispersion coefficients in MIKE 21 may be
defined as either independent of the current or proportional to the current.
The results presented in this report use the independent option. A value of
1m?/sec in both the x- and y-direction has been used across all three
grids in the OH_2 model.

23
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e Feedback. By including the hydrodynamic (HD) density terms in the
advection dispersion model, horizontal density gradients become another
forcing function in the hydrodynarmic model'®. The influence of salinity and
temperature may be included in this way. The results presented in this
report do not include feedback®® due to the unavailability of high-

frequency measurements of salinity.

3.6 Discussion

The OH_2 model has been developed in MIKE 21 to simulate the discharge and
transport of Bacteria, Norovirus and three species of Nitrogen from various
outfalls in Cork Harbour. The first part of the OH_2, the hydrodynamic model,
predicts the variation in water level and current speed from the Old Head to the
Waterworks weir. The second part of the OH_2, the Advection-Dispersion model,
describes the dispersal and decay of Faecal Coliforms, Norovirus and three

species of Nitrogen for the same area.

The hydrodynamic parameters of the OH_2 model are based on the calibration
and validation of a separate model, the RP_2 model, which covers an area from

Roches Point to the Waterworks weir.

The boundary conditions of the OH_2 model are supplied by output from a
numerical model of part of the North Atlantic Shelf which is maintained and run
by the Proudman Oceanographic Laboratory in the UK. From the validation of
the OH_2 model we may conclude that it reproduces the tides in Cork Harbour to

an error within 20cm.

1% 1n addition to the tide, wind and river flows.

20 Significant horizontal density gradients are unlikely to occur in the areas of interest in the outer

harbour and outside the mouth.

24
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Chapter 4 Faecal Coliform Results

4.1 Introduction

This chapter presents the results of the faecal coliform modelling. We have
assumed that there are 1.0*10"" faecal coliforms in every cubic metre of raw
sewage which is equivalent to 1.010” faecal coliforms in every 100m?'. This
concentration, multiplied by the flow rate for each town (as listed in Chapter 1)
gives the loading for each outfall. We have assumed that the proposed waste
water treatment plant will remove 90% of the organic matter so that there are
1.0*10"° faecal coliforms in every cubic metre of treated effluent which is

equivalent to 1.0*10° faecal coliforms per 100m.

We have used the results of the faecal coliform model to predict the

concentrations of intestinal enterococci and Escherichia coli (sections 4.6 & 4.7).

A complete list of the production runs for the faecal coliform modelling is
presented in the following table. Further production runs were simulated as part
of a sensitivity analysis which is presented in sections 4.5. We examine the
change in faecal coliform concentrations when a T90 of 24hours and different

wind forcing are used.

PR | Boundary Forcing T90

Case 1 1 Rpt Springs Recorded wind & river flows | 12hr
R 2 _|PptNeaps || Recorded wind & river flows | 12hr |
Case 2 3 Rpt Springs Recorded wind & river flows | 12hr
T 4 |RptNeaps || Recorded wind & river flows | 12hr |
Case 3 5 Rpt Springs Recorded wind & river flows | 12hr
e 6 | RptNeaps || Recorded wind & river flows_| 12hr
Case 4 7 Rpt Springs Recorded wind & river flows | 12hr

¢ 8 | Rpt Neaps Recorded wind & river flows | 12hr

Table 4-1 List of Production Runs (PR) for faecal coliform modelling. Recorded

river flows were used for each run.

" Tchobanoglous, G.; Burton, F.L. and Stensel, H.D.(2003). Wastewater Engineering: Treatment
and Reuse/Metcalf & Eddy Inc. 4th Ed./Revised.
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4.2 Spatially varying maps of Faecal Coliform concentration

This section presents the spatially varying maps of the maximum and averaged
concentration for the entire model area. Over the course of the model run the
number of faecal coliforms at each grid point will, at some specific moment,
reach a maximum value. These maxima, at each and every grid point, may be
extracted from the result files of a production run and plotted together on a single
diagram. This diagram illustrates the spatially varying maximum concentrations
for the simulation period for Cork Harbour. The times at which the concentrations

reached their individual peak value are not considered.

In the same way there will be an average value in concentration for each grid
point over the course of the simulation run. These averages, at each and every
grid point, may be extracted from the result files of a model run and plotted

together on a single diagram.

To aid the reader, the same colour palette is used for each plot and is shown on
the right-hand side in each case. The full range of colours in the palette is used
for the existing situation. Fewer colours are required for the proposed situation

indicating a substantial relative reduction in concentration for faecal coliforms.

4.2.1 Repeating Spring Tides — Spatially Varying Maxima

Fig. 4.1 presents the maximum concentrations for Case 1, production run PR1.
We can see from the figure that the highest concentrations are located just
upstream of each of the outfalls. As the T90 is 12 hours in this run the bacteria
decay rapidly upon being released from the outfall. There is a substantial drop in

the maximum concentrations within a short distance of the outfall.

The bacterial plumes with concentrations in excess of 500 fc/100ml (red colour

and above in the palette) do not extend® into the North Channel.

22 The lowest value on the palette is 2 fc coliforms per 100ml. Values below this are not shown.
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In order to quantify this improvement in water quality we can express the
maximum concentrations with the treatment plant in place as a percentage of the
maximum concentrations without the treatment plant in place (Fig. 4.4). We do
this by dividing the maximum concentrations for Case 3 by the maximum
concentrations for Case 2 and multiply the answer by 100. We can see from Fig.
4.4 that there has been a considerable relative reduction in the number of faecal
coliforms across the entire harbour. The concentrations with the treatment plant
in place are at least less than 20% of the concentrations without the treatment
plant in place for the entire area i.e. there is an 80% relative reduction in the
number of faecal coliforms. For the Inner harbour and the East and West
Passages the concentrations are less than 5% i.e. there is a 95% relative
reduction in the number of number of faecal coliforms. This represents a

significant improvement in water quality.

Fig. 4.5 presents the maximum concentrations for Case 4, PR 7. As we can see
from the figure there is an increase in the maximum concentration over the entire
grid. The values in this plot are the values presented in Fig. 4.3 (Case 3, PR5)
multiplied by 1.431. All of the models presented in this report obey the principles
of superposition and scaling in both time and space. This allows us to scale up
or down the results of a simulation run based on either an increase or decrease
in the input concentrations or flow rates®. In this instance we have muiltiplied the
values for PD5 by 1.431. This scaling factor is obtained by dividing the combined
flow rate for 2030 (14,837m3/day) by the combined flow rate for 2010
(10,371m3/day). The principle of superposition allows us to multiply all the
concentrations in the harbour for PR5 by 1.431 to obtain PR7.

** The necessary conditions for the theorem of superposition are (1) the boundary conditions
must be zero, and (2) all carrier flows must be present in each individual case in both the
hydrodynamic and water quality parts of the model. The proof of the theorem follows immediately

from the linearity of the partial differential equation that describes the water quality dynamics.
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Point No | Location E (UTM) N (UTM)
1 Fountainstown 547588 5736208
2 Myrtleville 548700 5737121
3 Roches Point 550651 5738138
4 Crosshaven 548497 5739695
5 Ringaskiddy Ferry 546466 5742772
6 Monkstown Creek 545166 5743316
7 Oyster Farm - North Channel 552712 5748103
8 Marlogue Point 554291 5745574
9 Oyster Farm - Outer Harbour 555451 5744826
10 Cobh - Recreational Area 548617 5744396
11 Spike Island - Proposed Heritage Area | 549349 5742451
12 Shoreline Closest to Existing Outfall 547959 5741601
13 200m Upstream of Existing Outfall?® 550203 5740759
14 West Passage 546223 5744496
15 Entrance to Lough Mahon 545505 5747784

Table 4-3 List of the sites of interest

Fig. 4.13 Points of Special Interest to study

In order to make an assessment of the improvement in water quality resulting

from the proposed wastewater treatment plant, time series for Case 2 and Case

#® This point lies just outside the near field mixing zone
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3 are presented in this section for both repeating spring and neap tides. The time
series for Case 4 (2030) are not presented. The principle of superposition allows

us to simply multiply the time series for Case 3 by 1.431 to get case 4.

Two plots are presented for each of the 15 points of special interest in this study.
The first is the repeating spring tides for Case 3 (PR3) and Case 4 (PR3). The
second is the repeating neap tide for Case 3 (PR5) and Case 4 (PR6).

For the repeating spring tide graphs, Case 2 is plotted with a blue line while
Case 3 is plotted using red. The line is labelled “existing” in the legend indicating

the existing scenario of no treatment.

For the repeating neap tide graphs Case 2 is plotted with a green line while Case
3 is plotted using dark red. This line is labelled “proposed” in the legend

indicating the proposed treatment infrastructure.

The reader should be aware that the scale on the right-hand side, which
indicates the number of faecal coliforms per 100ml, varies considerably for each
of the 13 locations. The scale is the same however for the spring and neap
graphs at each individual particular point. This allows us to determine what tidal

conditions yield the highest concentration at each location.

The reader should also be aware that the dates labelled along the x-axis in all
the time series refer to the period in 2004 which was chosen to simulate the
model. Simultaneous measurements of wind, river flows and Proudman Data
were available for this period. The simulated hydrodynamics are typical of any
year and have been used for the three different cases considered in this report
(2001, 2010 & 2030).
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Year 2001 2010 2010 2030
Treatment none none Treated Treated
Repeating Tide Spring Neap | Spring Neap | Spring Neap | Spring Neap

MAX MAX MAX MAX MAX MAX | MAX MAX
Fountainstown 0.8 0.4 1.0 0.5 0.2 0.1 0.3 0.1
Myrtleville 27 3.2 3.7 4.5 0.7 0.8 1.0 1.2
Roches Point 256.7 402.7 | 354.3 555.8 | 653 102.5 | 93.5 146.7
Crosshaven 17.7 4.1 24.5 5.6 3.8 1.5 5.4 2.2
Ringaskiddy 42.8 17.2 59.1 23.8 0.0 0.0 0.0 0.0
Monkstown Ck 24.5 85.6 33.8 118.1 0.0 0.0 0.0 0.0
Oyster F - NC 5.7 0.0 7.8 0.0 0.1 0.0 0.2 0.0
Marlogue Point 26.1 0.8 36.1 1.1 0.3 0.0 0.4 0.1
Oyster F - Outer 2.7 0.0 3.7 0.0 0.6 0.4 0.9 0.6
Cobh 346.7 3445 | 4784 4754 |23.2 0.9 33.2 1.4
Spike Island 47.8 70.3 66.0 97.0 9.1 17.8 13.1 25.5
Shoreline 11.0 10.1 15.2 14.0 2.2 1.2 3.2 1.8
Upstream Outfall | 1332.5 1662.5 | 1838.8 2294.3 | 333.7 423.0 | 477.6 605.3
West Passage 140.9 178.0 | 1944 2456 [1.0 0.0 1.5 0.0
Lough Mahon 155.8 136.5 | 2150 1884 |0.1 0.0 0.2 0.0

All concentrations are expressed in no of fc per 100ml

Table 4-4 Maximum faecal coliform concentrations for locations of interest

Year 2001 2010 2010 2030
Treatment None None Treated Treated
Repeating Tide Spring Neap | Spring Neap | Spring Neap | Spring Neap
| AVG  AVG AVG AVG AVG AVG | AVG AVG
Fountainstown 0.21 0.06 0.29 0.09 0.05 0.02 |0.07 0.02
Myrtleville 0.57 1.27 0.79 1.75 0.14 0.32 |0.20 0.46
Roches Point 46.22 55.97 |63.79 7724 |11.65 14.25 | 16.67 20.39
Crosshaven 4.32 0.93 5.96 1.28 0.95 0.19 1.36 0.28
Ringaskiddy 13.67 5.72 18.86 7.89 0.01 0.00 0.02 0.00
Monkstown Ck 8.38 6.14 11.56  8.47 0.01 0.00 | 0.01 0.00
Oyster F - NC 0.01 0.00 0.02 0.00 0.00 0.00 | 0.00 0.00
Marlogue Point 2.62 0.03 3.62 0.04 0.04 0.00 | 0.06 0.00
Oyster F - Outer | 0.03 0.00 0.04 0.00 0.00 0.00 | 0.00 0.00
Cobh 81.96 111.59 | 113.10 153.99 | 5.32 0.05 |7.62 0.07
Spike Island 10.31 13.94 | 1422 1924 |1.55 3.16 | 2.21 4.53
Shoreline 3.33 0.65 2.71 0.89 0.56 0.10 | 0.47 0.15
Upstream Outfall | 83.78 209.64 | 115.62 289.31 | 20.12 53.32 | 28.79 76.30
West Passage 56.00 81.47 |77.28 112.43 | 0.08 0.00 | 0.11 0.00
Lough Mahon 45.94 42.47 |63.40 58.61 | 0.01 0.00 | 0.01 0.00

All concentrations are expressed in no of fc per 100mi

Table 4-5 Average faecal coliform concentrations for locations of interest
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4.4 Discussion on the faecal coliform Time series

We can see from the plots that the proposed treatment plant will lead to

significant relative’improvements in water quality throughout the harbour.

4.41 Fountainstown

We can see that there is a reduction in the number of faecal coliforms per 100m|
for the repeating spring tide simulation with the introduction of the proposed
wastewater treatment plant. It should be noted however that even without the
treatment the number of faecal coliforms is relatively minor (< 1/100ml). We can
also see that the concentrations of faecal coliforms are higher with the repeating
spring tide simulation. The drop in concentration on the 10" of June is

attributable to a strong wind from the south west (Fig. 4.61).

4.4.2 Myrtleville

We can see that there is a reduction in the number of faecal coliforms per 100ml
for both of the simulations with the introduction of the proposed waste water
treatment plant. For this location the concentrations of faecal coliforms are

higher with the repeating neap tide boundary condition.

4.4.3 Roches Point

We can see that there is a reduction in the number of faecal coliforms per 100mi
for both of the simulations with the introduction of the proposed waste water
treatment plant. Again we can see that the concentrations of faecal coliforms are

higher with the repeating neap tide boundary condition.

4.4.4 Crosshaven

We can see that there is a reduction in the number of faecal coliforms per 100ml
for both of the simulations with the introduction of the proposed waste water
treatment plant. There is a significant difference in the concentrations for the
repeating spring and repeating neap tides for Crosshaven. We can see that the
concentrations for the springs are up to 4 times greater than the neaps for Case

2 (no treatment plant).
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4.4.5 200m upstream of Existing Outfall

The concentrations at this location are the highest of all the 15 points of interest.
We can see that with the introduction of the proposed treatment plant there is a

reduction in the number of faecal coliforms per 100ml.

The model does not resolve the near-field of the diffuser and results from our
model very close to the diffuser may not be accurate so a point 200m upstream

has been chosen to examine the faecal concentrations outside this area.

4.4.6 Shoreline Closest to Existing Outfall

We can see that there is a reduction in the number of faecal coliforms per 100ml|
for both of the simulations with the introduction of the proposed waste water
treatment plant. This location is subject to drying out at low tide hence the zero

concentrations after each peak in concentration.

4.4.7 Spike Island - Proposed Heritage Area

We can see that there is a reduction in the number of faecal coliforms per 100ml
for both of the simulations with the introduction of the proposed wastewater
treatment plant. For Case 2 the repeating neap tides give a higher concentration

of faecal coliforms than the repeating spring tides.

4.4.8 Ringaskiddy Ferry

We can see that there is a reduction in the number of faecal coliforms per 100ml
for both of the simulations with the introduction of the proposed wastewater
treatment plant. It is interesting to note that with the introduction of the proposed
wastewater treatment plant the number of faecal coliforms at Ringaskiddy is very

close to zero.

4.4.9 Monkstown Creek

We can see that there is a reduction in the number of faecal coliforms per 100ml
for both of the simulations with the introduction of the proposed wastewater
treatment plant. Again we can see that with the introduction of the proposed

treatment plant the number of faecal coliforms at this location is close to zero.
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4.4.10 Cobh - Recreational Area

We can see that there is a reduction in the number of faecal coliforms per 100rnl
for both of the simulations with the introduction of the proposed waste water
treatment plant. With the treatment plant in place the concentrations of faecal

coliforms for the repeating neap tides are almost zero.

4.4.11 Oyster Farm - Outer Harbour

For both of the Cases we can see that the number of faecal coliforms is relatively
minor. There is a spike in concentration towards the end of the simulation, which

is attributable to a strong wind from the south west (Fig. 4.61).

4.4.12 Marlogue Point

We can see that there is a reduction in the number of faecal coliforms per 100ml
for the spring tide simulation with the introduction of the proposed waste water
treatment plant. For Case 2 there is a significant difference in concentration

between the repeating spring and neap tides.

4.4.13 Oyster Farm - North Channel

For both of the Cases we can see that the number of faecal coliforms entering
the North Channel is very minor. With a strong wind from the south west
however the concentration does increase as we can see with the ‘spike’

1l‘h

occurring around the 11" of June.

4.4.14 West Passage

We can see for both cases that there is a reduction in the number of faecal

coliforms at this location with the proposed scheme in place.

4.4.15 Lough Mahon

We can see for both cases that there is a reduction in the number of faecal

coliforms at this location with the proposed scheme in place.
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Case 3 with a T90 of 24 hours (green line). The boundary condition is supplied
by repeating spring tides.

The maximum and average concentrations for the decay sensitivity (Fig. 4.67)
are presented in the following two tables. The corresponding concentrations for
the 12 hour decay (as presented in Table 4-4 and Table 4-5) are shown to aid

the reader in making a comparison.

2010 - 2030 -
Year 2010 Sensitivity 2030 Sensitivity

MAX MAX MAX MAX
Fountainstown 0.2 1.2 0.3 1.8
Myrtleville 0.7 2.6 1.0 3.8
Roches Point 65.3 79.4 93.5 113.7
Crosshaven 3.8 11.2 5.4 16.0
Ringaskiddy Ferry | 0.0 0.3 0.0 0.5
Monkstown Creek | 0.0 0.4 0.0 0.6
Oyster F - NC 0.1 0.9 0.2 1.3
Marlogue Point 0.3 2.0 0.4 2.9
Oyster F - Outer 0.6 3.4 0.9 4.8
Cobh 23.2 40.0 33.2 57.3
Spike Island 9.1 21.5 13.1 30.7
Shoreline 2.2 8.4 3.2 12.0
Upstream Outfall 333.7 3571 477.6 510.9
West Passage 1.0 4.3 1.5 6.2
Lough Mahon 0.1 0.9 0.2 1.3

Table 4-6 Summary of 24hr decay sensitivity — Maximum concentrations

2010 - 2030 -

Year 2010 Sensitivity 2030 Sensitivity

AVG AVG AVG AVG
Fountainstown 0.05 0.4 0.07 0.5
Myrtleville 0.14 1.0 0.20 1.4
Roches Point 11.65 16.6 16.67 23.8
Crosshaven 0.95 3.6 1.36 5.1
Ringaskiddy Ferry | 0.01 0.2 0.02 0.3
Monkstown Creek | 0.01 0.1 0.01 0.2
Oyster F- NC 0.00 0.0 0.00 0.0
Marlogue Point 0.04 0.3 0.06 0.4
Oyster F - Outer 0.00 0.1 0.00 0.1
Cobh 5.32 10.6 7.62 15.1
Spike Island 1.55 5.0 2.21 7.1
Shoreline 0.56 1.6 0.47 2.3
Upstream Outfall 20.12 257 28.79 36.8
West Passage 0.08 0.6 0.11 0.8
Lough Mahon 0.01 0.1 0.01 0.1

Table 4-7 Summary of 24hr decay sensitivity — Average concentrations
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We can see from the figures that the extent of the plume is different for each of
the 4 wind sensitivity simulation runs. In each case the plume extends into the
North Channel and has an impact on the oyster farm but not in high

concentrations (<10fc/100ml).

The concentrations in the outer harbour are increased with each of the wind
sensitivities. We can see from the plots that these increases can be as much as

40-60 faecal coliforms per 100ml in certain areas.

A table presenting the maximum concentrations for each of the 15 points of
interest for the combined maximum worse case wind sensitivities (Fig. 4.67) is
shown below. The maximum concentrations for the recorded wind case (as

presented in Table 4-4) are shown to aid the reader in making a comparison.

2010 2010-Wind 45, 2030 -Wind
sensitivity sensitivity

MAX MAX MAX MAX
Fountainstown 0.2 3.5 0.3 5.0
Myrtleville 0.7 3.5 1.0 5.0
Roches Point 65.3 92.0 93.5 131.7
Crosshaven 3.8 11.3 5.4 16.1
Ringaskiddy Ferry 0.0 1.8 0.0 2.6
Monkstown Creek 0.0 0.5 0.0 0.7
Oyster F- NC 0.1 3.4 0.2 4.9
Marlogue Point 0.3 13.4 0.4 19.2
Oyster F - Outer 0.6 10.1 0.9 14.4
Cobh 23.2 67.7 33.2 96.9
Spike Island 9.1 38.1 13.1 54.5
Shoreline 2.2 8.9 3.2 12.7
Upstream of Outfall | 333.7 346.4 477.6 495.7
West Passage 1.0 36.4 1.5 52.1
Lough Mahon 0.1 2.4 0.2 3.5

Table 4-9 Maximum concentrations for the combined maximum worse case wind

sensitivities

4.6 Intestinal Enterococci concentrations

We have used the results of our faecal coliform modelling to predict the
concentrations of intestinal enterococci in Cork Harbour when the treatment
plant is in operation in 2010 and 2030. We have assumed that intestinal

enterococci have a T90 of 24 hours and that there are 4.010° enterococci in
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every cubic metre of raw sewage which is equivalent to 4.0*10° enterococci in

every 100ml?’

. We have assumed that the proposed waste water treatment plant
will remove 90% of the organic matter so that there are 4.0*10® enterococci in
every cubic metre of treated effluent which is equivalent to 4.0*10* enterococci

per 100rnl.

The faecal coliform results (with a T90 of 24 hours) may be used to predict the
concentrations of intestinal enterococci owing to the linearity of the partial
differential equation that describes the dynamic number-balance of the coliforms.
The scaling property is a special case of the principle of superposition. It says
the effect of multiplying, or scaling, any individual discharge by a constant
positive number, X, is x times the concentration of coliforms in the Harbour due

to that discharge before scaling i.e. when x is one.

We have assumed that there are 1*10'" faecal coliforms in every cubic metre of
raw sewage and, as stated above, that there are 4.0*10° intestinal enterococci
per m°. If we also assume that the removal efficiency of the treatment plant is the
same for both we find that in order to rescale the faecal coliform results (T90 =
24hours) to the intestinal enterococci results we need to multiply the coliform
concentrations by 0.04 (i.e. 110"/ 4.0*10° = 0.04).

We are able to rescale in this way as the flow rates from the outfalls are the
same for both bacteria. The decay rates (T90 = 24hours) and all other forcings in
the model are also the same for both Bacteria. The maximum and average
number of intestinal enterococci per 100ml for each of the 15 points of interest is

presented in the following table.

27 World Health Organization. WHO Guidelines for safe recreational water environments Volume

1 Coastal and Fresh waters. Geneva: World Health Organization, 2003.
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Year 2010 2010 2030 2030
Repeating Tide Spring Neap Spring Neap
MAX AVG | MAX AVG |MAX AVG | MAX AVG

Fountainstown 0.05 0.02 0.05 0.01 0.07 0.02 0.08 0.02

Myrtleville 0.11 0.04 0.19 0.09 0.15 0.06 0.27 0.13
Roches Point 3.18 0.67 5.78 1.01 455 0.95 8.27 1.44
Crosshaven 0.45 0.14 0.37 0.06 0.64 0.21 0.52 0.09
Ringaskiddy 0.01 0.01 0.00 0.00 0.02 0.01 0.00 0.00
Monkstown Ck 0.02 0.01 0.00 0.00 0.02 0.01 0.00 0.00
Oyster F - NC 0.04 0.00 0.00 0.00 0.05 0.00 0.00 0.00

Marlogue Point 0.08 0.01 0.04 0.00 0.12 0.02 0.05 0.00
Oyster F - Outer 0.13 0.00 0.20 0.00 0.19 0.00 0.29 0.00

Cobh 1.60 0.42 0.30 0.02 2.29 0.61 0.42 0.03
Spike Island 0.86 0.20 1.60 0.44 1.23 0.29 2.29 0.63
Shoreline 0.34 0.07 0.30 0.03 0.48 0.09 0.43 0.05
Upstream Outfall | 1428 1.03 19.18  2.91 20.44 1.47 27.44 417
West Passage 0.17 0.02 0.01 0.00 0.25 0.03 0.01 0.00
Lough Mahon 0.04 0.00 0.00 0.00 0.05 0.01 0.00 0.00

Table 4-10 Concentration of intestinal enterococci at locations of interest

We can see from the table that the concentrations are very small with the

exception of the area around the proposed outfall.

4.7 Escherichia coli concentrations

The concentrations of Escherichia coli in Cork Harbour may be calculated using
the same rescaling technique as for the intestinal enterococci. We have
assumed that E coli have a T90 of 24 hours and that there are 1.0*10" E coli in
every cubic metre of raw sewage which is equivalent to 1.010® E coli in every
100mi®. This is the same concentration as for the faecal coliforms
concentrations in raw sewage that were modelled. The results for the coliforms
are therefore equivalent to E coli concentrations and are not repeated in this

section.

4.8 Discussion and Conclusion

The OH_2 model has been used to simulate the release and advection of faecal

coliforms from the relevant outfalls in Cork Harbour. We assumed that there

% World Health Organization. Op. cit. ante.

74



Cork Harbour Main Drainage Scheme — EIA Modelling Study Chapter 4

were 1.0*10 faecal coliforms in every 100ml of raw sewage. We also assumed
that the proposed wastewater treatment plant will remove 90% of the organic
matter, so that there are 1.0*10° faecal coliforms in every 100ml of treated

effluent.

A comparison between Case 2 (no treatment, 2010 population) and Case 3 (with
treatment, 2010 population) was made for repeating spring and neap boundary
conditions. It was shown that there was a substantial relative reduction in the
number of faecal coliforms across the entire model area. This improvement in
water quality was quantified by expressing the maximum concentrations for
Case 3 (with treatment) as a percentage of the maximum concentrations for
Case 2 (no treatment). It was found that the maximum concentrations with the
treatment plant in place were less than 20% of the maximum concentrations with
no treatment for the entire harbour area i.e. there is an 80% relative reduction in
the number of indicator organisms. For the inner harbour and the East and West
passages they were less than 5% i.e. there is a 95% relative reduction in the
number of indicator organisms. This represents a significant improvement in

water quality.

Time series of faecal coliform concentrations were presented for 15 points of
special interest. The improvement in water quality was highlighted by plotting the
time series for Case 2 and Case 3 on the same graph for the repeating spring
and neap tides. The point with the highest concentrations was located just
upstream of the outfall where the concentration of faecal coliforms per 100ml
ranged from 50 -2300 fc/100ml for the case of no treatment, and 10 - 400
fc/100ml for the case with treatment applied. The points with the lowest
concentrations were the centre of the oyster farm in the North Channel and
Fountainstown. For both of these locations the number of faecal coliforms per
100ml was less than 1 with no treatment. When the treatment plant was in place
it was found to be almost zero. With a strong wind (>10m/s) from the southwest

the concentrations in the North Channel increased to over 7 fc/100ml.

A sensitivity analysis was carried out on the OH_2 model for Case 3 (with
treatment, 2010 population). It was found that when the faecal coliforms were

simulated with a T90 of 24 hours the concentration in the outer harbour
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increased in by as much as 40 fc/100ml in certain areas. When the model was
simulated with adverse wind conditions it was found that the concentrations in
the outer harbour increased by as much as 40 - 60 fc/100ml in certain areas. In
the area adjacent to the outfall the concentrations increased in by as much as 60
- 90 fe/100ml.

Maximum and averaged concentrations for intestinal enterococci were calculated
by rescaling the faecal coliform results for Case 2 and Case 3. It was found that
the intestinal enterococci concentrations were very small with the exception of

the area immediately around the proposed outfall.

Maximum and averaged concentrations for E coli were calculated by rescaling
the faecal coliform results for Case 2 and Case 3. As must be the case the

concentrations were equal since all inputs were identical in value.
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Chapter 5 Norovirus Results

5.1 Background

This chapter presents the results of the Norovirus modelling. The Norovirus or
“winter vomiting bug” is the primary pathogen in outbreaks of gastroenteritis

following consumption of raw oysters.

The Norovirus is endemic in many countries. Outbreaks of “winter vomiting bug”
may occur all year round and are often made public in Ireland by the closure of
hospitals to visitors. Waters at al.?® reported that “Since 2002, the burden of
Norovirus (NoV) infection in Ireland has increased. Outbreaks in institutional
settings are the most common causing widespread disruption to health service
delivery”. Kelly et al. (2006)* reported 226 outbreaks in Ireland during 2004 and
concluded: “Results so far indicate that the majority of reported outbreaks in the
island of Ireland are associated with hospitals and residential institutions.” There

is no comment on the probable number of non-reported outbreaks.

The virus is life-threatening to those with post-operative stress in hospital and to

the very young and very old. In healthy adults it is not very dangerous.

The Norovirus is a colloidal particle 27-38nm in diameter. It is highly infectious
especially in the case of projectile vomiting. The minimum infective dose is very

low, between one and ten ingested particles. Incubation takes 24 to 48 hours.

? Waters, A., et al. (2006) “Molecular epidemiology of Norovirus strains circulating in Ireland
from 2003 to 2004 Epidemiol. Infect, Page 1 of 9. Cambridge University Press.
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=420336#

® Kelly S., Foley B., Coughlan S., Dunford L., O'Neill H., Smyth B., McKeown P., Lynch M.
“Epidemiology and molecular analysis of Norovirus outbreaks in Ireland” Abstract p1030

European Society of Clinical Microbiology and Infectious Diseases 16th European Congress of
Clinical Microbiology and Infectious Diseases. Nice, France, April 1-4, 2006.
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The average infected person may excrete® roughly 0.15 billion Norovirus
particles per day to the sewer system. Roughly 3 to 6% of the population of a
town or city may be infected during an outbreak. Asymptomatic excretion from

infected persons may persist for a period of upto 2 to 3 months. 2

The virus has a long survival time in coastal waters from 7 days (summer T90) to
30 days (winter T90)®. These T90 values are ten times those for the indicator
bacteria, such as faecal coliforms, used in regulatory instruments for the
protection of consumers of oysters and the quality of coastal waters where
oysters are produced. Consequently, when the infective agent is viral, absence
of indicator bacteria does not imply the absence of contamination and health
risk. Protection against Norovirus may also protect against most other viral

pathogens as well.

We have assumed that there are 50 million Norovirus in every cubic metre of raw
sewage. This is a slightly more conservative value than was used in a study of
the Norovirus by a team of microbiologists at IFREMER in France®® where it was
assumed that there are 20 million Norovirus in every cubic metre of raw
sewage.® This concentration, multiplied by the flow rate for each town (as listed

in Chapter 1) gives the loading for each outfall. Adopting such an approach

Al Pommepuy, M. et al. “Sewage impact on shellfish microbial contamination". Water Science
and Technology. Vol. 50, No. 1 pp 117-124. IWA publishing, 2004.

e Pommepuy, M. et al., 2004, Op. cit. ante.
% Pommepuy, M. et al. “Faecal contamination in coastal waters: An engineering approach” Book

chapter (p331-359) in Oceans and Health: Pathogens in the Marine Environment. Springer 2006.

http:/Aink.springer.com/, http://wwz.ifremer.frl. The T90 time is the time required for 90% decay.

% Pommepuy, M. et al., 2004, Op. cit. ante.

% No epidemiological data, or models, for the spread of winter vomiting due to Norovirus are
available either nationally or internationally. Consequently, only relative concentrations are
significant in our model i.e. the relative change in concentrations due to the new treatment plant
and new outfall location. There are no standards for Norovirus in recreational or oyster producing

waters.
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assumes that each and every person living within the catchments experience an
identical attack of Norovirus gastroenteritis and discharges the same number of
Norovirus particles to the nearest sewer at a constant rate for the duration of the
outbreak of Norovirus. We have assumed that an outbreak of Norovirus in the
population lasts for 20 days®. The OH_2 model was therefore simulated for 25
days. In all the time series presented in section 5.3 we can see the concentration
of Norovirus increase up to a maximum value occurring approximately at the end
of the 20 day pulse. The concentrations decrease afterwards. We have therefore
used a spring to neap tidal cycle as the boundary condition for the Norovirus

modelling.

In this study we have assumed that the proposed waste water treatment plant
will remove 90% of the organic matter. We have assumed an equivalent removal
efficiency of Norovirus such that after treatment there are 5 million Norovirus in
every cubic metre of treated effluent (i.e. 90% of 50 million is 45 million, hence 5

million are left).

In order to determine the worse case scenario in terms of concentration we have
assumed that the T90 of the Norovirus is 30 days. This slow decay rate is

representative of “winter conditions”.

The presentation of the results in this chapter follows the same format as in the
previous chapter. Spatially varying maps of maximum concentration are
presented in the following section. Time series for the 13 points of interest to the
study are then given. Unlike the previous chapter where all the concentrations
were expressed in number of faecal coliforms per 100ml, all the concentrations

in this chapter are expressed as Norovirus per cubic metre.

5.2 Spatially Varying maps of concentration

This section presents the spatially varying maps of maximum concentration over
the entire area. Over the course of the model run the number of Norovirus at

each grid point will, at some specific moment, reach a maximum value. These

% Pommepuy, M. et al., 2004, Op. cit. ante
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Case 3 is presented in Fig. 5.2. We can see from the figure that there has been
a reduction in the number of Norovirus throughout the harbour. For Case 2 the
Norovirus concentrations ranged from 2 to over 18,000 viral particles per cubic
metre. For Case 3 this range is greatly reduced. We can see that the range is
between 2 and 4000 particles per cubic metre if one ignores the very high

concentrations in the immediate vicinity of the outfall.

In order to quantify this reduction in concentration we may express the maximum
concentrations for Case 2 as a percentage of the maximum concentrations of
Case 3 as we did in the previous chapter. This is plotted in Fig. 5.3. We can see
from the figure that for Lough Mahon and the Belvelly Channel the
concentrations with the treatment plant in operation are less than 5% of the
concentrations when untreated waste is being discharged i.e. there is at least a
95% relative reduction in the number of Norovirus. For the rest of the Inner
harbour they are less than 10% i.e. a 90% relative reduction. For the outer

harbour they are less than 20% i.e. an 80% relative reduction.
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Point No Location E(UTM) N (UTM)
1 Fountainstown 547588 5736208
2 Myrtleville 548700 5737121
3 Roches Point 550651 5738138
4 Crosshaven 548497 5739695
5 Ringaskiddy Ferry 546466 5742772
6 Monkstown Creek 545166 5743316
7 Oyster Farm - North Channel 552712 5748103
8 Marlogue Point 554291 5745574
9 Oyster Farm - Outer Harbour 555451 5744826
10 Cobh - Recreational Area 548617 5744396
11 Spike Island - Proposed Heritage Area 549349 5742451
12 Shoreline Closest to Existing Outfall 547959 5741601
13 200m Upstream of Existing Outfall 550203 5740759
14 West Passage 546223 5744496
15 Entrance to Lough Mahon 545505 5747784

Table 5-1 — Points of interest to the study

In order to make an assessment of the improvement in water quality resulting
from the proposed wastewater treatment plant, Case 2 and Case 3 are plotted
against with other in the following graphs. The plots for Case 4 (2030) are not
presented. As before one may obtain the concentration for 2030 by simply

multiplying the values for Case 3 by 1.431.

One graph is presented for each of the 15 locations. Case 2 is plotted with a
black line and is referred to in the legend as “existing”. Case 3 is plotted using

blue and is referred to in the legend as “proposed”.

The reader should be aware that the scale on the left-hand axis, which
expresses the number of Norovirus per cubic metre, varies for each of 15

locations.
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2001 2010 2010 2030
Untreated Untreated Treated Treated
MAX MAX MAX MAX
Fountainstown 2816 3886 695 994
Myrtleville 3291 4542 798 1142
Roches Point 4694 6478 1254 1795
Crosshaven 5754 7940 917 1312
Ringaskiddy 8507 11740 550 788
Monkstown Ck 8851 12214 556 795
Oyster F-NC 4254 5870 550 787
Marlogue Point 7806 10772 933 1335
Oyster F - Outer 3967 5475 545 780
Cobh 11704 16152 1374 1966
Spike Island 7281 10048 1203 1722
Shoreline 6498 8967 1028 1471
Upstream Outfall 10863 14991 3157 4518
West Passage 11100 15318 817 1169
Lough Mahon 10674 14730 471 675

Table 5-2 Maximum Norovirus concentrations

All concentrations are expressed in no of Norovirus per m3

2001 2010 2010 2030

Untreated Untreated Treated Treated

AVERAGE | AVERAGE | AVERAGE | AVERAGE
Fountainstown 730 1008 195 278
Myrtleville 1091 1505 285 408
Roches Point 1921 2650 532 762
Crosshaven 1816 2507 368 527
Ringaskiddy 5379 7423 219 314
Monkstown Ck 5246 7239 186 266
Oyster F— NC 964 1331 89 127
Marlogue Point 2421 3341 252 361
Oyster F - Outer 1848 2550 219 313
Cobh 6124 8452 430 615
Spike Island 2904 4008 523 748
Shoreline 1601 3964 496 396
Upstream Outfall 2744 3787 701 1004
West Passage 6352 8766 205 293
Lough Mahon 5448 7518 98 140

Table 5-3 Averaged Norovirus concentrations

All concentrations are expressed in no of Norovirus per m3

The average values are for the 20 day viral pulse
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maximum concentrations for Case 3 (with treatment) as a percentage of the
maximum concentrations for Case 2 (no treatment). It was found that the
maximum concentrations with the treatment plant in place were less than 20%
(i.,e. an 80 % relative reduction) of the maximum concentrations with no
treatment for the entire harbour area with the exception of the area immediately
adjacent to the outfall. For areas of the Inner harbour the improvement was
much greater with the maximum concentrations for Case 3 being less than 5% of

those for Case 2 (i.e. a 95 % relative reduction).

Time series of Norovirus concentrations were presented for 15 points of special
interest. The improvement in water quality was highlighted by plotting the time

series for Case 2 and Case 3 on the same graph.

From this we can conclude that the burden of Norovirus on Cork Harbour is

reduced with the construction of the proposed wastewater treatment plant.
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Chapter 6 Nitrogen Results

6.1 Introduction

Nitrogen in different forms is an important nutrient in the coastal zone. Changes
in the speciation and distribution of nitrogen can increase or decrease primary
production by phytoplankton and macrophytes rooted to the bed of an estuary or
harbour. We have chosen to examine the impact of the proposed treatment plant
on such forcing by using a linear cascade model containing three species of
nitrogen: organic nitrogen, ammonia and nitrate. The model quantifies the
relative effect of the scheme on the concentration of these three species
throughout the harbour and adjacent coast over a test period of ten days®’. The
relative effect is with respect to an unaltered background concentration of each

species of nitrogen.

6.2 The cascade model

Each species of nitrogen is conceptualised as a concentration in milligrams per
litre of atomic nitrogen®, namely, nitrogen in the form of organic nitrogen (N_org)
in raw or treated sewage, or as nitrogen in the form of ammonia (N_NH4), or as

nitrogen in the form of inorganic nitrate (N_NO3).

We assume that an adapted flora of microflora, such as Nitrosomonas and
Nitrobacter, is present to mediate the transformation of organic nitrogen to
ammonia and the subsequent nitrification of ammonia to inorganic nitrate. We
then speak of a cascade of reactions. We further assume that the concentrations

of the different species of nitrogen are sufficiently dilute so that these reactions

37 A ten day period is sufficiently long to determine the relative change resulting from the

construction of the treatment plant.

% This makes all stoichiometric constants unity.
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proceed at rates that are a constant times the upstream concentration®. In other
words, we assume first order kinetics for all reactions, an assumption, which
makes the model linear. Consequently, superposition applies, and we can model
the effect of the treatment plant separately from the overall dynamics of nitrogen
in the harbour. The results reported in this chapter are estimates of the change
in forcing, expressed as changes in the concentrations of the three species of
nitrogen, due to the proposed treatment plant. They are estimates of relative
changes compared to the background concentrations of nitrogen which is
unspecified. We leave the judgement of the wider consequences of these

relative changes in nutrient forcing to the marine ecologists advising the project.

6.3 The kinetics of the cascade

We assume that the instantaneous rate at which organic nitrogen is transformed
to ammonia is 20% per day of the instantaneous concentration of organic
nitrogen. The effect of this is to decrease the concentration of N_org and

increase the concentration of N_NH4 at this identical instantaneous rate.

We also assume that the instantaneous rate at which ammonia is nitrified to
nitrate is 20% per day of the instantaneous concentration of ammonia. The effect
of this is to decrease the concentration of N_NH4 and increase the concentration

of N_NOB3 at this identical instantaneous rate.

We further assume that the corresponding instantaneous rates at which
ammonia and nitrate are individually removed in “primary production” is 5% of
their instantaneous concentrations respectively. These two low rates allow the
concentrations of ammonia and nitrate to accumulate throughout the harbour

and to disperse within and outside the harbour.

% At higher values of concentration, such as those occurring in wastewater treatment plants, the
specific rates are usually assumed to decline hyperbolically to a maximum value. It is also
necessary to model the dynamics of the nitrifying bacteria. Such models exhibit non-linear

kinetics and are referred to as Michaelis-Menton models. Superposition does not apply.
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The concentrations of the three species of nitrogen in the discharges to the
harbour before treatment have been taken as 15mg/l (N_org), 25mg/l (N_NH4)
and 1mg/l (N-NO3) respectively. In the model these are multiplied by the flow
rates in for Case 1 and Case 2 in Table 4-2 to give the mass flow rates of the
three species of nitrogen discharging into the model estuary at those outfalls
considered in the study. All other outfalls contribute to the background

concentration and are not modelled.

After treatment, the concentrations are assumed to be Omg/l (N_org), 12.5mg/!
(N_NH4) and 1mg/l (N-NO3) respectively, a removal efficiency of two thirds of
total nitrogen. These are multiplied by the flow rates in case 3 of Table 4-2 to
give the mass discharge of the different species of nitrogen. The only non-zero
discharge is through the diffuser just inside the mouth of the harbour. The reader
should note the assumption that the treatment plant transforms all organic

nitrogen to ammonia®®.

We have included a sensitivity analysis which considers a more conservative
removal efficiency of the treatment plant. After treatment, the concentrations are
assumed to be 15mg/l (N_org), 12.5mg/l (N_NH4) and 1mg/l (N-NO3).

respectively, a removal efficiency of one third of total nitrogen.

A summary of the assumed concentrations for the three cases considered is

presented in the table below.

Nutrient Raw Sewage | After treatment | Sensitivity Analysis
Organic Nitrogen (N_org) | 15mg/l Omg/l 15mg/l

Ammonia (N_NH4) 25mg/l 12.5mg/| 12.5mg/I

Nitrate (N-NO3) 1mg/l 1mg/I img/l

Table 6-1 Assumed concentrations for the three cases

0 A Baeza, D. Gabriel, J. Lafuente, “Effect of internal recycle on the nitrogen removal
efficiency of an anaerobic/anoxic/oxic (A2/0) wastewater treatment plant (WWTP)”, Process
Biochemistry 39 (2004) 1615-1624

J.P.J. O'Kane, Estuarine Water Quality Management with moving element models and

optimization techniques. Pitman, London. 1980. Pp155.
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Since the model is linear*', different efficiencies of removal by treatment can be
found by rescaling both the after-treatment concentrations, and the results, by

the same constant.
Case 4 also requires the use of rescaling. The scaling factor is 1.431.

Historic wind and river inflows for ten days (2" June — 12" June 04) have been
used to drive the model; but a repeating spring tide has been applied along the
two open boundaries outside the harbour mouth. This tidal condition is
consistent with the data from the Proudman model for a period of five days
before and after a high spring tide. The model has been run for ten days and the
results examined in two successive five-day periods. The results are presented

in the following section.

6.4 The results — time-series at fifteen points of interest

The two species of nitrogen of most importance for primary production are the
concentrations of ammonia and nitrate. These two time series*, for the fifteen
points of interest given in Table 4-3, are shown over the following pages.

Organic Nitrogen is also plotted.

The first graph on the page highlights the concentrations of ammonia, nitrate and
organic nitrogen for “case 2 before treatment*. The graph beneath shows the
corresponding concentrations of ammonia, nitrate and organic nitrogen after
treatment has been introduced (case 3). The differences between the plots on
each page show a marked reduction in relative concentrations of ammonia and

nitrate in all fifteen points compared to the unspecified background following the

*' Much more detailed models of nitrogen exist in the literature; but in the absence of an intensive
programme of high frequency measurements in the field and laboratory experiments in micro- or
mesocosms, a simple model is the appropriate for an engineering intervention designed to

improve the quality of the harbour and its adjacent coastal waters.

* Organic nitrogen is not shown (a) because of 100% removal by the treatment plant, and (b) to

ensure an easier interpretation of the graphs by reducing the number of lines to two.

3 To calculate case 3 multiply the values by 1.38, the scaling factor.
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introduction of treatment.

In other words the desired improvement has been

demonstrated and quantified in the model under the specified conditions of tide,

river flow and wind.

The maximum and averaged concentrations for Organic Nitrogen, Ammonia and

Nitrate at the locations of interest for each case are presented in the following

tables. All the concentrations are expressed in mg/l.

Nitrogen
CASE CASE

CASE 1 CASE 2 3 4

2001 2001 2010 2010 2010 2010 | 2030 2030

MAX AVG MAX AVG MAX AVG | MAX AVG
Fountainstown | 0.000233 0.000100 | 0.000321 0.000138 | 0 0 0 0
Myrtleville 0.000299 0.000161 | 0.000413 0.000222 | 0 0 0 0
Roches Point | 0.000990 0.000296 | 0.001366 0.000408 | 0 0 0 0
Crosshaven 0.000960 0.000315 | 0.001325 0.000434 | 0 0 0 0
Ringaskiddy 0.001327 0.000873 | 0.001831 0.001204 | 0 0 0 0
Monkstown 0.001343 0.000815 | 0.001853 0.001125 | 0 0 0 0
Oyster F-NC | 0.000583 0.000090 | 0.000805 0.000124 | 0 0 0 0
Marlogue Point | 0.001514  0.000301 | 0.002090 0.000416 | O 0 0 0
Oyster F-OH | 0.000640 0.000201 | 0.000884 0.000277 | 0 0 0 0
Cobh 0.002157 0.001230 | 0.002976 0.001697 | O 0 0 0
Spike Island 0.001283 0.000481 | 0.001770 0.000663 | O 0 0 0
Shoreline 0.000974 0.000255 | 0.001344 0.000352 | 0 0 0 0
Up. Outfall 0.003411  0.000479 | 0.004708 0.000660 | O 0 0 0
West Passage | 0.001885 0.001020 | 0.002601 0.001408 | 0 0 0 0
Lough Mahon | 0.001824  0.000916 | 0.002517 _ 0.001264 | 0 0 0 0

Table 6-2 Maximum and Averaged Nitrogen Concentrations
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Ammonia

CASE 1 CASE 2 CASE 3 CASE 4

2001 2001 2010 2010 2010 2010 2030 2030

MAX AVG MAX AVG MAX AVG MAX AVG
Fountainstown 0.000475 0.000200 [ 0.000655 0.000276 [ 0.0003C9 0.000145 | 0.000443 0.000208
Myrtleville 0.000606 0.000314 | 0.000836 0.000434 [ 0.000396 0.000239 | 0.000567 0.000342
Roches Point 0.001832 0.000534 [ 0.002529 0.000737 | 0.001478 0.000506 | 0.002115 0.000725
Crosshaven 0.001847 0.000603 | 0.002549 0.000832 | 0.000790 0.000368 | 0.001130 0.000527
Ringaskiddy 0.002649 0.001690 | 0.003655 0.002332 | 0.000272 0.000176 | 0.000390 0.000252
Monkstown 0.002673 0.001588 | 0.003688 0.002192 | 0.000221 0.000164 | 0.000417 0.000235
Oyster Farm - NC  0.001188 0.000189 | 0.001640 0.000261 | 0.000272 0.000041 | 0.000389 0.000059
Marlogue Point 0.002874 0.000594 1| 0.003966 0.000820 [ 0.000502 0.000126 | 0.000718 0.000181
Oyster Farm - OH  0.001273 0.000412 | 0.001756 0.000562 | 0.000595 0.000133 | 0.000851 0.0001920
Cobh 0.003986 0.002284 | 0.005501 0.003152 | 0.001363 0.000493 | 0.001950 0.000705
Spike Island 0.002480 0.000905 | 0.003422 0.001249 [ 0.001072 0.000434 | 0.001534 0.000621
Shoreline 0.001918 0.000489 | 0.002647 0.000675 | 0.000742 0.000429 | 0.001072 0.000345
Up. Outtall 0.005952 0.000867 | 0.008214 0.001196 | 0.005359 0.000675 | 0.007669 0.000266
West Passage 0.003595 0.001918 | 0.004962 0.002646 | 0.000641 0.000176 | 0.000884 0.000243
Lough Mahon 0.003478 0.0017320 | 0.00480 0.002390 | 0.000336 0.000008 | 0.000464 0.000112

Table 6-3 Maximum and Averaged Ammonia Concentrations
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Nitrate

CASE 1 CASE 2 CASE 3 CASE 4

2001 2001 2010 2010 2010 2010 2030 2030

MAX AVG MAX AVG MAX AVG MAX AVG
Fountainstown | 0.000495 0.000177 | 0.000684 0.000244 | 0.000332 0.000142 0.000332 0.000142
Myrtieville 0.000603 0.000228 | 0.000832 0.000315 | 0.000394 0.000182 0.000394 0.000182
Roches Point | 0.001147 0.000206 | 0.001582 0.000285 | 0.000578 0.000168 0.000578 0.000168
Crosshaven 0.001298 0.000393 | 0.001792 0.000542 | 0.000545 0.000228 0.000545 0.000228
Ringaskiddy 0.002591 0.001208 | 0.003576 0.001666 | 0.000423 0.000210 0.000423 0.000210
Monkstown 0.002556 0.001186 | 0.003527 0.001637 | 0.000418 0.000203 0.000418 0.000203
Oyster F - NC | 0.001314 0.000236 | 0.001813 0.000325 | 0.000376 0.000068 0.000376 0.000068
Marlogue
Point ° 0.001960 0.000502 | 0.002705 0.000692 | 0.000493 0.000145 0.000493 0.000145
Oyster F-OH | 0.001313 0.000437 | 0.001812 0.000603 | 0.000476 0.000159 0.000476 0.000159
Cobh 0.002934 0.001168 | 0.004048 0.001612 | 0.000616 0.000268 0.000616 0.000268
Spike Island 0.001870 0.000511 | 0.002581 0.000705 | 0.000603 0.000235 0.000603 0.000235
Shoreline 0.001651 0.000318 | 0.002279 0.000439 | 0.000500 0.000277 0.000500 0.000277
Up. Outfall 0.001585 0.000349 | 0.002188 0.000482 | 0.000863 0.000214 0.000863 0.000214
West Passage | 0.002615 0.001096 | 0.003609 0.00151 0.000533 0.000180 | 0.000738 0.00024
Lough Mahon | 0.002545 0.001050 | 0.003512 0.001450 0.000110 | 0.000582 0.000152

‘ 0.000421

Table 6-4 Maximum and Averaged Nitrate Concentrations
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6.5 The results — spatially varying maps of concentration

The spatial extent of the improVement is demonstrated in the following four plots.
The preceding Fig. 6.16 shows the common colour scales for organic nitrogen,
ammonia and nitrate in the four spatial figures. The colour scale is an
approximate log scale with a factor of roughly three between each colour band. It

produces good spatial separation in the different bands of concentrations.

The four figures follow the same pattern in the presentation of results. The top
two spatial plots in each figure show the “before and after’ cases (2 and 3) for
the concentration of organic nitrogen. The middle two spatial plots in each figure
show the “before and after’ cases (2 and 3) for the concentration of ammonia.
The bottom two spatial plots in each figure show the “before and after” cases (2
and 3) for the concentration of nitrate. The colour scale is the same in all cases:

mg/l of atomic nitrogen.

Fig. 6.17 shows the maximum concentrations reached everywhere during the

first five day period.

Fig. 6.18 shows the maximum concentrations reached everywhere during the

following five day period.

Fig. 6.19 shows the mean concentrations reached everywhere during the first

five day period.

Fig. 6.20 shows the mean concentrations reached everywhere during the

following five day period.
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These plots show that the proposed scheme will reduce considerably the forcing
on primary production in the inner harbour (Lough Mahon) and in the North
Channel behind Great Island. There is also an improvement throughout the
Outer Harbour with the possible exception of the immediate vicinity of the
diffuser itself. The model does not resoive the near-field of the diffuser and

results from our model very close to the diffuser may not be accurate.

6.6 Sensitivity Analysis

We have included a sensitivity analysis which considers a more conservative
removal efficiency of the treatment plant. After treatment, the concentrations are
assumed to be 15mg/l (N_org), 12.5mg/l (N_NH4) and 1mg/l (N-NOS3)

respectively, a removal efficiency of one third of total nitrogen.

A summary of the assumed concentrations for the three cases considered is

presented in the table below.

Nutrient Raw Sewage | After treatment | Sensitivity Analysis
Organic Nitrogen (N_org) | 15mg/l Oomg/l 15mg/l

Ammonia (N_NH4) 25mg/l 12.5mg/l 12.5mg/l

Nitrate (N-NO3) img/| 1mg/l 1mg/l

Table 6-5 Assumed concentrations for the three cases

The time series for the points of interest are presented over the next few pages.
Two separate plots are included for each location. The first plot presents the
variation in concentration of organic nitrogen, ammonia and nitrate for the
sensitivity analysis. To aid the reader in making a comparison between the two
different removal efficiencies the timeseries from section 6.4 are included in the
second plot. The reader should be aware that the scale on both plots for each
point is the same. The scaling does however differ to the plots presents in

section 6.4 for the first higher removal efficiency assumption.

The maximum concentrations for the sensitivity analysis for each of the fifteen

points are presented in the following three tables.
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We can see from the plots that the concentrations of all three species of nitrogen
are higher when a more conservative removal efficiency is used in the model.
We have assumed that no organic nitrogen is removed by the treatment plant in
the sensitivity analysis. Therefore there are concentrations of organic nitrogen at
each location in the sensitivity analysis as indicated by the plots. For the first
assumption we assumed that all the organic nitrogen was removed so the

concentrations were zero at all fifteen locations.

The removal efficiency of ammonia and nitrate is the same for both assumptions.
The concentrations for these two species at the fifteen points of interest are
however higher for the more conservative removal efficiency. This is to be
expected as organic nitrogen is now being released from the plant and will lead
to higher concentrations of ammonia and nitrate as organic nitrogen is converted

to ammonia and ammonia is nitrified to nitrite in the linear cascade model.

6.7 Discussion and Conclusion

These plots show that the proposed scheme will reduce considerably the forcing
on primary production in the inner harbour (Lough Mahon) and in the North
Channel behind Great Island. There is also an improvement throughout the
Outer Harbour with the possible exception of the immediate vicinity of the
diffuser itself. The model does not resolve the near-field of the diffuser and

results from our model very close to the diffuser may not be accurate.
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Chapter 7 Discussion and Conclusion

7.1 Discussion

The lead author of this report was commissioned by Mott MacDonald Pettit
(MMP) to undertake a detailed Environmental Impact Assessment of the likely
relative improvement in water quality as a result of the proposed Lower Harbour
Main Drainage Scheme. At present the towns of Cobh, Passage West,
Monkstown, Glenbrook, Ringaskiddy, Crosshaven and Carrigaline all discharge
untreated sewage into Cork Harbour. The proposed scheme will collect this
waste and treat it to a secondary standard at a new wastewater treatment plant
near Carrigaline. The treated effluent will be discharged through the existing
Carrigaline/Crosshaven outfall near Dognose Bank. In spite of increasing
population a marked improvement in quality is to be expected for two reasons:
(a) the reduction in pollutant load due to the treatment plant, and (b) the
increased dilution available downriver when the treated effluent is discharged
just inside the mouth of the Outer Harbour. This study quantifies the

improvement.

A computer model, called the ‘OH_2’ model covering an area from the Old Head
of Kinsale to the Waterworks weir in Cork City was developed. The calibration of
this model was based on that of a similar, but smaller, model of Cork Harbour
(the ‘RP_2’ model) which covers an area from Roches Point to the Waterworks
weir. The water level validation of the OH_2 model showed that it is capable of

reproducing the tides in Cork Harbour with an acceptable error (<25¢cm).

The OH_2 model has been used to simulate the discharge, transport and decay

of three separate micro-organisms present in sewage from the relevant outfalls:

1. Faecal coliform bacteria - The number of faecal coliforms per 100ml
is a recognised standard in the relevant EU Directives. The |
(mandatory) and G (guide) values for the Bathing Water Directive are,
for faecal coliforms, 2000 counts per 100ml and 100 counts per 100ml

respectively. The G (guideline) values for the Shellfish Waters
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Directive are, for faecal coliforms, less than 300 counts per 100ml in

the shellfish flesh and intervalvular liquid.

2. Norovirus - The Norovirus or “Winter Vomiting bug” is the primary
pathogen in outbreaks of gastroenteritis following consumption of raw
oysters. There is no standard for seawater at present due to the

difficulty of measuring its concentration.

3. Simple Nitrogen Cascade - The forcing exerted on the Harbour
ecosystem by organic nitrogen, nitrate and ammonia is examined

using a simplified nitrogen cascade model.

In order to illustrate the overall benefit of the proposed scheme a detailed
comparison was made between the case where untreated waste is being
discharged from all of the relevant outfalls in 2010 (CASE 2 in this report) and
the case where treated waste is being discharged from the single
Carrigaline/Crosshaven outfall near Dognose Bank in 2010 (CASE 3 in this
report).

The OH_2 model has a number of inherent assumptions:
e Bacteria, nitrogen, and Norovirus are neutrally buoyant.
e Adsorption onto sediment is not modelled.

e Density gradients and stratification due to variations in salinity are

excluded.

In this study we have not considered the discharges of treated effluent from
Carrigrennan, Midleton or Cloyne or the untreated discharges from the outfalls
serving the towns on the eastern side of the harbour. Neither have we
considered the intermittent discharge of storm overflows during heavy rainstorms
and/or large infiltration of groundwater into sewers. Once secondary treatment
has been introduced everywhere, these episodic discharges become important.
Therefore, the results are not representative of the absolute water quality in the
harbour and surrounding waters. They show the improvement to be expected

from the proposed treatment plant.

We have examined the measurements of background concentrations of

coliforms and nitrogen from the harbour. There are no measurements of
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Norovirus in water anywhere in the world. The sampling error and the spatio-
temporal variability of coliforms and nitrogen throughout the harbour make any
estimate of the background concentrations very uncertain. Consequently, in our
view, it is sufficient to model the improvement in concentrations due to the

proposed treatment plant and outfall.

It is possible to model the background concentrations but this would require
substantially more resources and time than were available for this comparative

study.

The results of the three modelled micro-organisms are discussed in the following

sections.

7.2 Faecal Coliform Results

The OH_2 model results showed that the proposed treatment plant will reduce
the number of faecal coliforms in Cork Harbour and the waters outside Roches

Point. This will lead to a considerable improvement in water quality.

The maximum number of faecal coliforms attained at each grid point of the
model for Case 2 with repeating spring tides ranged from 2 to 1500 faecal
coliforms per 100ml across the harbour. This range ignores the extremely high
concentrations in the immediate vicinity of each individual outfall. The equivalent
range with the proposed treatment plant in operation, Case 3, is from 2 to 400
faecal coliforms per 100ml. This represents a significant improvement in water

quality. The results of the repeating neap tides were similar.

When the average number of faecal coliforms at each grid point were compared
it was found that the range was reduced from 2 - 140 per 100ml for CASE 2 to 2
— 40 per 100ml for Case 3.

The reduction in the number of faecal coliforms was quantified by expressing the
maximum concentrations attained at each grid point with the treatment plant in
place as a percentage of the maximum concentrations attained at each grid point
without any treatment in place. It was found that the percentage relative
reduction varied across the harbour. For Lough Mahon, the Inner harbour, the
East and West Passages as well as the area around Ringaskiddy the maximum

concentrations with the treatment plant in place were less than 5% of the
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maximum concentrations with no treatment i.e. there is at least a 95% relative
reduction in indicator organisms for these areas. For the rest of the harbour and
the area outside Roches Point they were less than 20% i.e. there is at least an

80% relative reduction in indicator organisms for these areas.

When the averages in concentration were compared the same pattern emerged.
There was a substantial relative improvement (at least 95% relative reduction)
for Lough Mahon, the inner harbour and the East and West passages. For the
outer harbour the relative improvement was less (at least 80% relative

reduction).

This percentage relative reduction is one of the main findings of our report. The
proposed treatment plant will significantly reduce the number of indicator
organisms in the upper harbour area. It will also reduce the number of indicator
organisms in the outer harbour area and outside the harbour mouth but to a

lesser degree.

Time series of faecal coliform concentration were also presented for 15 points of
special interest. The improvement in water quality was observed from these
graphs by plotting the time series for Case 2 and Case 3 together. The
concentrations for 2030 were not presented as they are simply equivalent to the

plots for Case 3 multiplied by 1.431.

A sensitivity analysis was carried out on the release of treated waste from the
proposed scheme with the 2010 population (Case 3). It was found that the
maximum number of faecal coliforms may increase by as much as 30 — 40 per
100ml, in certain areas of the outer harbour, when they decay with a T90 of 24
hours and not 12 hours. It was also found that the maximum number of faecal
coliforms may increase by as much as 40 — 60 per 100ml, in certain areas of the

outer harbour, with adverse wind conditions.

We have assumed that there are 1.0*10” faecal coliforms present in every 100ml|
of untreated sewage. We have also assumed that the proposed wastewater
treatment plant will remove 90% of the organic matter such that there are
1.0*10° faecal coliforms present in every 100ml of treated effluent. Both of these

assumptions are conservative. In a similar study to this for a proposed
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wastewater treatment plant at Spiddle, Co. Galway** it was assumed that there
were 2.2*10° faecal coliforms per 100ml of treated effluent. Our assumption is
4.5 times greater than this. There was no comment in this report on the assumed

removal efficiency of the wastewater treatment plant.

The 90% removal assumption of organic matter is also conservative. Over the
course of the authors’ previous Norovirus study data from the waste water
treatment plant at Midleton was obtained from Cork County Council®®. This data
suggested that over 98% of indicator bacteria are removed in the secondary
treatment plant at Midleton. Based on our assumption of 1.0*107 faecal coliforms
present in every 100ml of untreated sewage a 98% removal efficiency leads to
2.0*10° faecal coliforms per 100ml of treated effluent (a figure similar to the
Spiddle study). This figure is 5 times less than the value we used (1.0*10%) in
Chapter 4.

The principle of superposition allows us to rescale our results based on an
assumed 98% removal rate of organic matter. The maximum concentrations for
this rescaled case (i.e. Case 3 rescaled from 90% removal efficiency to 98%
removal efficiency) may then be expressed as a percentage of the maximum
concentrations of Case 2 (all the relevant towns discharging untreated waste).
We can see from Fig. 7.1 that the maximum concentrations with the proposed
treatment plant operating at 98% removal efficiency are less than 1% of the
maximum concentrations with no treatment for the Inner harbour area. This is
equivalent to a 99% removal of indicator bacteria. This exceeds the removal
efficiency of the treatment plant because the number of outfalls will be reduced.
All waste will be collected from these areas, treated and then discharged at a
single point (the existing outfall from Carrigaline/Crosshaven near Dognose
Bank)

For the outer harbour they are less than 4% i.e. there is a 96% removal of

indicator bacteria.

* AQUA-FACT, Hydrographic Survey and Water Quality Model, Spiddle, Co. Galway, 2005

* Personal communication with Cork County Council
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7.3 Norovirus Results

The Norovirus was included as part of this study in order to determine the impact
of the proposed treatment plant on the oyster farms and recreational areas
present in the harbour. It was found that with the proposed scheme in place, the
number of Norovirus in Cork Harbour and the surrounding waters will be reduced
leading to a considerable improvement in water quality. The results of the model
indicate a 90 — 95% relative reduction in the maximum number of Norovirus near

the oyster farm with the introduction of the proposed treatment plant.

The maximum number of Norovirus reached at each grid point for the untreated
waste simulation (Case 2) ranged from 2 to 18,000 Norovirus per cubic metre.
This range ignores the extremely high concentrations in the immediate vicinity of
each individual outfall. The equivalent range with the proposed treatment plant in
operation (Case 3) is from 2 to 2,000 Norovirus per cubic metre indicating an

improvement in water quality.

The reduction in the number of Norovirus was quantified by dividing the
maximum values for the treated waste situation (Case 3) by the maximum values
for the untreated waste situation (Case 2) and multiplying the answer by 100.
This expressed the maximum concentrations with the treatment plant in place as
a percentage of the maximum concentrations without any treatment. It was found
that the percentage relative reduction varied across the harbour. For Lough
Mahon, the Inner harbour, the East and West Passages as well as the area
around Ringaskiddy the maximum concentrations with the treatment plant in
place were less than 10% of the maximum concentrations with no treatment i.e.
there was a 90% relative reduction in the maximum concentrations of Norovirus

in this region.

For the rest of the harbour and the area outside Roches Point they were less
than 20% i.e. there was an 80% relative reduction in the maximum

concentrations of Norovirus in this area.

Time series of Norovirus concentration were also presented for 15 points of
special interest. The improvement in water quality was observed from these

graphs by plotting the time series for Case 2 and Case 3 together. The Norovirus

149



Cork Harbour Main Drainage Scheme — EIA Modelling Study Chapter 7

plots for 2030 were not presented as they are simply equivalent to the plots for
Case 3 multiplied by 1.431.

Regulatory requirements on concentrations of Norovirus are not included in any

of the EU Directives on water quality.

7.4 Nitrogen Results

Nitrogen in different forms is an important nutrient in the coastal zone. Changes
in the speciation and distribution of nitrogen can increase or decrease primary
production by phytoplankton and macrophytes rooted to the bed of an estuary or
harbour. We have chosen to examine the impact of the proposed scheme on
such forcing by using a linear cascade model containing three species of
hitrogen: organic nitrogen, ammonia and nitrate. The model quantifies the
relative effect of the scheme on the concentration of these three species
throughout the harbour and adjacent coast over a test period of ten days. The
effect is with respect to an unaltered background concentration of each species

of nitrogen.

The results reported were estimates of the change in forcing, expressed as
changes in the concentrations of the three species of nitrogen, due to the
proposed scheme. They are estimates of relative changes compared to the
background concentrations of nitrogen. We have left the judgement of the wider
consequences of these relative changes in nutrient forcing to the marine

ecologists advising the project.

The time series presented in chapter 6 showed a marked reduction in
concentrations of ammonia and nitrate in all of the fifteen points of special
interest to the project compared to the unspecified background following the
introduction of treatment. In other words the desired improvement has been
demonstrated and quantified in the model under the specified conditions of tide,

river flow and wind.

The spatially varying maps of concentration showed that the proposed scheme
will reduce considerably the forcing on primary production in the inner harbour
(Lough Mahon) and in the North Channel behind Great Island. There is also an

improvement throughout the Outer Harbour with the possible exception of the
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immediate vicinity of the diffuser itself. The model does not resolve the near-field
of the diffuser and results from our model very close to the diffuser may not be

accurate.

7.5 Discussion of results inside and outside the mouth

A large area outside the mouth between Ballycotton and Oysterhaven gradually
accumulates material discharged from the Outer Harbour on successive ebb
tides. During all tides we have simulated, a large anticlockwise eddy forms
immediately outside the mouth during the ebb. It is fed from the western side of
the Outer Harbour. When the tide turns all the simulations show the tide running
initially on the eastern side of the mouth and in many cases this feeds water of
oceanic quality into the Outer Harbour improving its quality. This appears to be
associated with a weak residual current along the coast to the southwest for the
period we have chosen to simulate with the model (June 2004). Data from
moored in situ devices would confirm this. This is extremely expensive and
difficult to do. There are also several smaller eddies on the eastern side of the

mouth during the flood tide as it enters the harbour.

Consequently, we are unable to indicate with confidence and precision what
effect the proposed scheme will have on the concentrations of coliforms and
Norovirus in the coastal waters between Ballycotton and Oysterhaven. However

the model shows a reduction in concentration.
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Lough Mahon and the North Channel near the oyster farm are all in very good
agreement with the model. There is a slight error at high and low water which

varies between 10cm and 15cm. This is well within an acceptable limit of error.

The RP model has been calibrated and validated against current speed and
directions for a number of locations in the harbour. Current readings from the
Spit Bank in the outer harbour, Lough Mahon and the Belvelly Channel all
compare very well with the output from the model. The calibration in Lough
Mahon for neap tides is not as good as for Spring tides. The error is however
well within an acceptable limit as velocities in a two-dimensional hydrodynamic
model are averaged over the grid cell. For Lough Mahon this is 18m. Strong

localised (i.e. less than 18m), subgrid scale hydrodynamics cannot be resolved.

Overall we can state that there is very good agreement between the RP model

and the recorded datasets.
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