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1.1 BACKGROUND TO THE STUDY 

1.1.1 During recent years work has been progressing on uprating and refurbishing 
the drainage system in Midleton. This work has been conducted under the 
auspices of the Midleton Sewerage Scheme prepared for Cork County Council 
by their Consulting Enpeers,  M.C. 0' Sullivan. The sewage disposal 
installation is presently a pumped system discharging effluent to Cork 
Harbour via an outfall located some 5km from the town at Rathcoursey Point 
on the East Passage. 

1.1.2 In the future it is envisaged that a treatment works will be built in or adjacent 
to Midleton. The proposed works will provide for secondary treatment of 
sewage in accordance with the E.C. Directive 91/271/EEC. The Consulting 
Engineers are currently preparing an environnlental impact assessment of the 
scheme. 

1.2 STUDY BREI? 

1.2.1 This marine survey was commissioned to assist with the planning of the 
treatment works and siting of the associated outfall. The inner areas of Cork 
Harbour including the North Channel presently support extensive shellfish 
prodLizing facilities and a primary concern was to safeguard the future 
environmental quality of the receiving water. 

1.2.2 The main objectives of the study as defined by M.C. 0' Sullivan were to:- 

- confirm k!!e basic dispersive characteristics of the receiving waters as 
recorded in previous studies by the use of dye tests; 

- to assess the likely fate of treated municipal effluent discharged from 
potential outfall sites using predictive numerical models. 

@ 2.2.3 The preliminary assessments of available data by the Engineer had led to the 
selection of three possible marine outfall locations. One was the existing 
outfall to the deeper waters off Rathcoursey Point, while the other two are 
proposed new outfalls positioned in the Ballinacurra River Estuary. 

1.2.4 Figure 1.1 taken from a portion of an Ordnance Survey 1:63,360 map shows the 
Gutfall sites and the surrounding areas. Figure 1.2 shows the genera1 
bathymetry of the survey area. 

1.3 SUMMARY OF FIELD WORKS 

1.3.1 Following a full review of available data and bearing in mind the stated 
objectives of the study the following field works and instrument installations 
were undertaken at various stages during the survey period. 

- deployment of recording tide and current gauges for the duration of the 
survey works; 
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- current profile measurements in the East Passage; 
- contini-ous (12.5 hour) dye dispersion land advection experiments. 
release from each of the proposed outfall points; 
- discrete dye release from Rathcoursey; 
- drogue tracking experiments. 

One 

1.3.2 All field works were undertaken during the period 15th September to 11th 
October 1993. 

1.4 NOTATION 

1.4.1 Throughout this report the following conventions and units are used. 

Current speeds are presented in metres per second (m/s). Current directions 
are given in degrees relative to true north ("T) and indicate the direction 
which the current is flowing. 
Wind weed and direction are given in metres per second (m/s) and degrees 
true ("T). Note that wind direction refers to the direction from which the wind 
blows. (Note 1 knot = 0.5?m/s). 
Water depths are given in metres relative to Malin Head datum. 
Times are given in hours British Sunmer Time. 

2, FIELD STUDIES 

2.1 CURRENT AND TIDE MEASUREMENTS 

2.1.1 Two recording clzrrent meters were deployed in the North Channel at the 
locations shown in figure 2.1, for a 17 day period. The meters were attached to 
U-moorings and set to record the currents at 1.3m above the seabed every ten 
minutes. 

2.1.2 Data from the current meters are shown in figures 2.2a, 2.2b. At the site off 
Brown Island the flows were regular and peak flood tide speeds of 0.4m/s 
were reached during the large spring tides of 17th/19th Sept. Ebb tide values 
almost reached 0.3m/s. During average spring tides the corresponding values 
would be approximately 0.35m/s on the flood and 0.26m/s on the ebb. During 
:he average neap tides of 24thl25th Sept.'flood tide speeds feu to 0.2m/s and 
ebb values to below O.lm/s. 

2.1.3 The current meter to the north of Bagswell's Hill was deployed to record the 
water movements within the gyre which forms in this area. This was achieved 
and, as figure 2.2b shows, the flow direction is towards the east for about 9.5 
hours of each tidal cycle. Only for a very short time (<2 hours) at the start of 
the flood does the flow at this location travel in a westerly direction. 

2.1.4 Peak current speeds within the gyre reached 0.55m/s for a short period during 
each tide over the spring tides of 17th/19th Sept. These were directed to the 
east. For much of the time the speed was in the region of 0.3m/s. For the short 
period of flcod a peak speed of 0.2m/s was recorded. These speeds were 
recorded on large spring tides and could be expected to reduce by about 15% 
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for average springs. During the neap tides of 24th/25th Sept. no particularly 

0.15m/s to 0.20m/s for much of the tidal cycle. 
stTong flows were evident and recorded speeds were generally in the range Q 

2.1.5 Current profile measurements were made in mid-channel at the site of the 
existing outfall off Rathcoursey. The measurements took place over a 12.5h 
tidal cycle on 25th August during mean tide conditions and results, figure 2.3, 
compare favourably with data recorded at the one third points on the channel 
section recorded previously by M.C. 0' Sullivan. Peak surface speeds of 
0.9m/s were observed during the flood with a slightly lower value of 0.8m/s 
during the ebb. Nearbed speeds of 0.7m/s were recorded during both the ebb 
and flood. The flood tide was observed to last for approx. 6.0 hours while the 
ebb was slightly longer at 6.5 hours. 

2.2 DROGUE TRACKING 

2.2.1 A limited drogue tracking exercise was conducted to provide information for 
verification of the numerical model. This took the form of a drogue released 
on each side of the East Passage channel at Rathcoursey at approx. LW+1 hour 
on 16th Sept. One drogue travelled to the east up the Ballinacurra estuary and 
the other to the west along the North Channel. The paths are shown in figure 
3.7a-c of Section 3. Drogue sails were set at 1.5m below the surface. 

2.3 DYE RELEASES 

2.3.1 Three continuous dye releases were made, one from each of the proposed 
outfall locations, to provide information on the likely trajectories of the effluent 
plumes on the ebb and flood tides. An FMI dosing pump was used to deliver a 
continuous accurate flow of Rhodamin B dye solution over the discharge 
period (approximately 50kg in 12.5 hours). A fast shallow draft survey launch 
fitted with a Turners Designs Model 10 fluorometer was used to track the 
plume. The boats position was logged in real time on a PC from a Sercel NR53 
DGPS unit. 

2.3.2 The dye plume was tracked throughout the period of the discharge and on the 
Temperature and salinity followin,o two days ai the high water times. 

measurements were made at spot locations throughout the tracking. 

2.3.3 To make the dye plots inter comparable the measured concentrations have 
been normalised. On the plots showing the developing plume during the 
release period the measured concentration (units dye/rd) has been divided by 
the dye injection rate (unit dye/second). On the plots showing the dye 
distribution at 24h and 48h after discharge the measured concentrations (units 
dye/ms) have been divided by the total amount of dye released (units/dye). 

2.4 DYE RELEASE NO. 1 - RATHCOURSEY - 14th SEPTEMBER 1993 

2.4.1 This dye release took place during average spring tide conditions. An 
inflatable boat with the dye dosing equipment was moored over the existing 
outfall and the dye released on the surface. The dye release commenced at 

I'nge No. 3 
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0848hrs (BST) and continued until 1920hrs. Low water (Cobh) was at 1055hrs 
and high water at 16541~s. 

2.42 Tracking of the dye continued throughout the day with the survey vessel 
continually traversing through the plume. From the start of release the dye 
travelled down the East Passage into the Iower harbour with traces of dye 
detected off Lower Aghada by IOW water (figure 2.5). 

2.4.3 At low water slack, @ 1100hrs, a large patch of dye lay between the discharge 
point and the western side of the channel. By 1130hrs the flood had 
commenced and the dye pIume was travelling in a north westerly direction. 
Approximately 2 hours after low water the dye was distributed as shown in 
figure 2.5. The relatively large patch of dye travelling along the North channel 
is the result of the dye patch for;ning around the discharge point at  low water 
sIack. Traces of dye were also detected in &e Ballinacurra channel but 
concer,trations were much lower. 

2.4.4 Tracking later in the day at LW+4hrs showed the concentrated patch of dye to 
have moved over 2km westwards past Brick Island and to have elongated and 
widened to almost the full width of the channel (figure 2.6). At this time also 
the main plume was travelling almost due north from the discharge point 
towards Ahanesk before splitting into two streams, one travelling to the east 
and the other to the west.. The plume to the west, which contained the greater 

beginning to extend southwards across the channel. 

0 

I concentration of dye, moved along the northern shore to Brown Island before 

2.4.5 At high water (1700hrs) dye was detected throughout the North Channel and 
all the way up ttle Ballinacurra Estuary to Midleton (figure 2.7). Highest 
concentrations were detected in the North Channel and the concentrated patch 
which developed around the release point at low water slack had travelled 
westwards to Weir Island. Water clep ths limitations prevented tracking any 
further in this direction. 

2.4.6 Shortly after high water, at 1716hrs, the dye plume was observed to be 
travelling in an eastward direction from the release point before turning 
southwards and travelling downstream. As the ebb became more established 
the plume travelled down the middle of the channel and mixed  rapidly. Two 
hours after high water dye was detected ir;l a plume extending almost 2km into 
the lower harbour as shown in figure 2.8. Later again at HW+4h the plume 
had moved further out the harbour and low dye concentrations were detected 
off Lower Aghada pier 2s indicated in figure 2.9. 

@ 

2.4.7 On the following day, 15th Sept., dye concentrations were measured 
throughout the survey area at IOW water (1200hrs) and high water (1800hrs). 
The dye was found to have been fully mixed with simiIar concentrations in all 
areas. Figure 2.10 shows the dye distribution at high water (1800hrs). The dye 
was just detectable towards the upper end of the East Passage and at the extent 
of tidal travel, towards Belvelly and Ballinacurra, concentrations increased to 
3x10-8. Some traces of dye were also detected close to the shore off Rostellan 
as shown in figure 2.10. 

I’;igc No. 4 
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2.4.8 Further tracking on the following day showed that concentrations had fallen to 
close to background over much of the area. The highest values were recorded 
a t  the western end of the North Channel near Weir Island as shown by figure 
2.11. 

2.5 DYE RELEASE NO. 2 - BRLLINACURRA - 21st SEPTEMBER 1993 

2.5.1 This continuous dye release took place from a point just below the N25 road 
bridge (M9) crossing the Owenacurra River upstream of Ballinacurra. The 
release conmenccd at 0845hrs while the tide was still flooding and continued 
until 2130hrs. A partial blockage in the dosing pump early in the day reduced 
the rate at  which the dye was being released and only 20kg in total was 
released. Xigh water on the morning of release was at 0940hrs and low water 
at- 1613hrs. Tidal ranges correspond to mean tide conditions and weather 
conditions were good with light winds. 

2.5.2 SIack water at the discharge point was observed to occur a t  0920hrs and the 
plume began to move downstream along the western bank. The first tracking 
exercise commenced at 1130hrs (HW+2h) from the leading edge of the plume, 
which lay off Green’s Point, upstream to the discharge point (figure 2.12). 

2.5.3 At IIW+3h the leading edge of the plume had reached Ahanesk and low 
concentrations of dye were detected in the waters towards Rathcoursey Pier 
(figure 2.12). Tracking later in the day between HW+4h and HW+5h showed 
that the dye in the East Passage was well mixed (figure 2.13). 

2.5.4 Tracking was conducted in the outer harbour at IOW water. Dye 
concentrations were generally low and the dye was distributed over a wide 
area. The highest concentration was recorded near the shoreline to the west of 
Aghada pier. At LW+lhr the tide had turned and a patch of dye was detected 
moving toward East Ferry (figure 2.13). Tracking in the East Passage showed 
the dye to be well mixed over the channel cross section. 

2.5.5 Tracking between LW+2.5h and LW+3.5h showed that the dye had travelled 
along the North Channel towards Belvelly as shown in figure 2.14. Tracking 
up the Ballinacurra channel showed a steady increase in concentration up to 
the release point. 

2.5.6 Tracking at high water (1130hrs) on the following day, 22nd Sept., showed that 
appreciable concentrations of dye remained in the Ballinacurra estuary. Low 
concentrations were detected in the North Channel as far west as Weir Island 
(figure 2.15). 

2.5.7 Tracking at high water (1230hrs) on 23rd Sept. showed that the dye was 
dishibuted more evenly throughout the area (figure 2.16). Concentrations 

. were still highest near Ballhacurra and concentrations near Weir Island had 
also increased somewhat. Off the East Ferry low concentrations of dye were 
also detected. 
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I 

2.6 DYE RELEASE NO. 3 - GREEN PQINT - 8th OCTOBER 1993 

2.6.1 This dye release took place during average neap tide conditions and moderate 
easterly winds. The inflatable boat with the dye dosing equipment was 
positioned in mid channel to the west of Green Point. Dye injection 
conmenced at 0800hrs and continued until 2040hrs. Forty seven kilograms of 
dye were released over the 12.6 hour period. High water on the day was at 
2040hrs and low water a t  1721hrs. 

2.6.2 From the time of release the dye plume moved upstream towards Ballinacurra 
on the flooding tide. A track at High Water showed low dye concentrations as 
far upstream as the quays (figure 2.17). 

2.6.3 At the change of tide the plume began to move downstream. The large 'patch' 
of dye that formed around the inflatable during the slack water period moved 
to the west, probably due to the easterly wind, and became lodged in 
Ballyannan bay. 

2.6.4 At HW+2h (1130hrs - 1230hrs) the plume was travelling in a south westerly 
direction and lay along the shoreline at the southern end of Ballyannan bay 
(figure 2.17). From here the plume travelled towards the East Passage and 
quicklv mixed evenly across the channel. Some traces of dye were recorded in 
the &re to the north of Bagwell's Hill. This was probably the result of the 
easterly wind, which by 1200hrs had increased to a fresh 7-8m/s, moving the 
surface waters towards- and into the gyre. Tracking further down the East 
Passage showed that by HW+2.75h the dye plume had reached Marloag Point. 

2.6.5 Tracking in the lower harbour at IOW water showed the dye to be distributed 
over a wide area as seen ir, f i p r e  2.18. By the time the survey boat reached the 
North Channel the tide had just begun to flood and the plume lay in an east- 
west direction off Ahanesk and a large patch of dye had begun to move 
westcvards. No further tracking was conducted on this tide. 

2.6.6 01-1  the following day 9th Oct. dye concentrations throughout the survey area 
were recorded at both high and low waters. The dye distribution at high water 
(@ 1130hrs) is shown in figure 2.19. The highest levels were recorded 
upstream of the release point while levels in *.e North Chance1 were highest 
off Brick Island. Dye concentrations fell to near background levels in the outer 
bay past Marloag Point. 

2.6.7 Tracking at high water (@1230hrs) on loth, figure 3.20, showed that most of the 
dye had dispersed and that there was only a small increase in levels from 
Rathcoursey up to Midleton and along the North Chamel to Belvelly. 

2.7 DYE RELEASE NO. 4 - RATHCOURSEY - 11th. OCTOBER 1993 

2.7.1 A discrete release of dye was made from the site of the existing Rathcoursey 
outfall a flooding tide in order to obtain information for the numerical model 
set vp. 
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2.7.2 One litre of dye was released on the surface at  HW-3h and tracked as it 
travelied northwards and then to the west along the North Channel. The 
positions of the resulting patch are shown in figure 2.21. The tidal range on 
the day was 2.3m corresponding to large neap conditions and weather 
conditions were good with calm seas and slack winds. 

@ 

2.7.3 During each tracking period the survey vessel travelled through the patch in a 
Zig-Zag pattern recording the dye concentration levels. Most of the dye 
moved along the North Channel though some entered the shallow bay to the 
north east of Brown Island. Tracking ceased when the patch had widened to 
the full width of the channel. 

2.8 ANALYSIS OF DYE STUDY RESULTS 

2.8.1 Results from the three dye releases have shown the likely path of an plume 
effluent dischzrging from each outfall site. The plume from Rathcoursey 
tTavels down the East Passage on the ebb tide and out into the lower harbour. 
9 n  the flood it travels northward towards Ahanesk before dividing with the 
greater portion going to the west along the North Channel towards Belvelly. 69 

2.8.2 The plume from an outfall at Ballinacurra traveIs down the East Passage and 
into the lower harbour. On the flood the dye moves back up toward the East 
Passage with some going towards the East Ferry as shown in figure 2.13. Dye 
contaminated waters also travels along the North Charnel and at the outfall 
site itself the plume pushes back upstream against the freshwater inflow from 
the Owenacurra River. 

2.8.3 The plume from the Green Point outfall site follows a similar path to that from 
Ballinacmra with the easterly wind on the day showing how dye from the 
surface waters can move across and into the gyre on the western side of the 
East Passage during the ebb tide. 

2.8.4 From the results of three dye releases and the decrease it at average dye 
concentration between high waters on Day 2 ar?d Day 3 the average tidal 
exchange factor has been calculated to be 0.30. This is in general agreement 
with the factors of 0.19 and 0.24 determined by M.C. 0’ Sullivan in the Cork 
Harbour Pollution Report. 

@ 
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AlldLETON SE IYERAGE SCHEME 

MEASURED CURRENT SPEED AND DIRECTION IN GYRE OFF NW CORNER O F  EAST PASSAGE 
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