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Figure 4-16. Summary statistics (mg/l) and plots for the initial model using median 
concentrations for DIN for a decreased T90 of 800 hours 04.03). 
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Figure 4-17. Summary statistics (mg/l) and plots for a 6-hour pulse of 5 mg/l to 
coincide with a high fluvial flow event at the start of Event B for DIN (run 
code 04.04). 
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Figure 4-18. Summary statistics (mg/l) and plots for the initial model (surface 
discharge) using median concentrations for DIN (run code 04.81). 
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4.8 Ammonia 

A summary of the model runs simulating ammonia is provided in Table 4.6. 

Table 4.6. Summary of the simulations for calibration of ammonia against the EPA 
monitoring data and Irish Water survey data. 

Run 
Code 

Description Initial 
Conditions 

[mg/l] 

Open Sea 
Boundary 

[mg/l] 

T90 
[hours] 

06.00 Youghal WwTP only 0.000 0.000 275 

06.01 Median concentrations for all rivers and WwTP’s with actual flows. 0.010 0.016 275 

06.02 As 06.01 with increased T90 0.010 0.016 480 

06.03 As 06.01 with decreased T90 0.010 0.016 720 

06.04 As 06.01 with a pulse discharge (River Blackwater) of 0.5 mg/l for 6 
hours during a high flow fluvial event. 

0.010 0.016 275 

06.11 As 06.01 with changed initial and open sea boundary values 0.040 0.046 275 

06.21 As 06.01 with changed initial and open sea boundary values 0.000 0.046 275 

06.80 As 06.00 but with Youghal WwTP discharge in surface layer of 
water column 

0.000 0.000 275 

06.81 As 06.01 but with Youghal WwTP discharge in surface layer of 
water column 

0.010 0.016 275 

 

The maximum surface concentration of ammonia for the discharge from Youghal WwTP is 
shown in Figure 4-19 for the discharge in the bottom layer and Figure 4-20 for the discharge 
in the surface layer.  This shows that the surface concentration of ammonia is below 
0.002 mg/l within the lower estuary for both simulations.  These plots provide a reference for 
the relative importance of other sources and the background concentration for the purposes 
of calibration. 

The EPA monitoring data suggests that the 95%ile of surface concentration of ammonia is 
less than 0.12 mg/l at Cappoquin, with a maximum value of 0.22 mg/l on 19th January 2009.  
The monitoring data from January 2020 measured concentrations in a similar range.  For the 
lower estuary the EPA monitoring data estimates a 95%ile less than 0.08 mg/l whilst the Irish 
Water survey recorded values between 0.2 and 0.5 mg/l for extended periods of time.  These 
values were queried with the laboratory that undertook the tests and no irregularities were 
identified.  It is unclear whether the high concentrations are linked to the decreasing river 
flows after the relatively large-scale events earlier in the month. 

A mass balance using the river and WwTP flow rates and median concentrations for the 15 
days of Event B yields an average (median) concentration of 0.028 mg/l.  This is close to the 
median value for the EPA data for Dunnes Park (0.030 mg/l) and Youghal Bay (0.026 mg/l) 
and similar to the value for Paxes Lane (0.040 mg/l).  Youghal WwTP contributes 0.1% of the 
total load. 

The results of the water quality model using actual flows and median concentrations for all 
river and WwTP’s are shown in Figure 4-21.  The resulting statistics are all lower than the 
EPA data.  Sensitivity tests to the decay rates do show some improvement; however, the 
absolute values for the median and 95%ile of the surface concentrations are not as high as 
the EPA monitoring data.  Increasing the initial conditions to 0.04 mg/l and open sea 
boundary to 0.046 mg/l increases the median and 95%ile at each of the lower estuary 
monitoring points; however the increase is not significant (Figure 4-22).  This suggests that 
the concentration is controlled by other sources rather than the values in the open sea.  

    
    

    
    

    
For

 in
sp

ec
tio

n p
ur

po
se

s o
nly

.

Con
se

nt 
of

 co
py

rig
ht 

ow
ne

r r
eq

uir
ed

 fo
r a

ny
 ot

he
r u

se
.

EPA Export 04-08-2021:02:36:50



Youghal Marine Modelling Study  
  

  
  

Project number: 60619448 
 

 
Prepared for:  Irish Water   
\\eu.aecomnet.com\EMIA\UKI\UKBAS1\Jobs\60619448 Youghal WQ 
Modelling\500_DELIV\505_ModelCalibrationReport\Rev 5\Youghal Model Calibration 
Report Rev5.docx 

AECOM 
105 

 

Using an initial condition of 0 mg/l results in similar values for the median and 95%ile, less 
than 0.005 mg/l difference. 

A pulse discharge of 0.5 mg/l for 6 hours results in a significant increase in the surface 
concentrations in the lower estuary.  It is therefore considered that the concentration of 
ammonia must change, most likely with river flows, such that there are periods when the 
concentrations are significantly higher.  However, there is insufficient data to demonstrate 
the relationship between river flow rates and concentration or whether or not the 
concentration is very high at the start of a fluvial event with a decreasing concentration as 
the event continues. 

The maximum surface concentration from the Youghal WwTP only simulation suggests that 
the maximum surface concentration is less than 0.002 mg/l in the lower estuary 
(approximately 0.25% of the 95%ile for the EPA data).  This is significantly smaller than the 
change in concentration from a single pulse event or the observed values.  The implication is 
that the Youghal WwTP is contributing relatively small quantities of ammonia and the WwTP 
is having minimal effect on the concentrations within the estuary.  Given the relatively low 
inputs from the WwTP, compared to the background concentration, it is recommended that 
no further effort on calibration is undertaken. 

The model can reproduce the changes in concentration of ammonia in the estuary due to the 
WwTP; however, the absolute concentration is highly dependent on the other sources.  The 
model has demonstrated that the warm-up period is of sufficient duration to achieve a 
“steady state” solution irrespective of the initial conditions.  The model should be used to 
evaluate the dispersion of ammonia from the existing and proposed outfalls with due regard 
to the uncertainty in the other sources entering the receiving waters. 
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Figure 4-19. Maximum surface concentration of ammonia (mg/l) for the discharge 
from Youghal WwTP through Dunnes Park Outfall over the 15 days of 
Event B run code 06.00). 
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Figure 4-20. Maximum surface concentration of ammonia (mg/l) for the discharge 
from Youghal WwTP through Dunnes Park Outfall (surface layer) over 
the 15 days of Event B (run code 06.80). 
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Figure 4-21. Summary statistics (mg/l) and plots for the initial model using median 
concentrations for ammonia (run code 06.01). 
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Figure 4-22. Summary statistics (mg/l) and plots for the model using median 
concentrations for ammonia and increased initial (0.04 mg/l) and 
boundary conditions (0.046 mg) (run code 06.11). 
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Figure 4-23. Summary statistics (mg/l) and plots for a 6-hour pulse of 0.5 mg/l to 
coincide with a high fluvial flow event at the start of Event B for 
ammonia.  Note: Pulse discharge is 0.5 mg/l and all axes are scaled to 
allow other values to be readable (run code 06.04). 
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Figure 4-24. Summary statistics (mg/l) and plots for the model (surface discharge) 
using median concentrations for ammonia (run code 06.81). 
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4.9 Unionised ammonia 

Unionised ammonia has been calculated from models of ammonia using the equation shown 
below (Appendix 7 of EPA, 2012). 

 

In practical terms the function estimates unionised ammonia as being approximately 0.2% to 
3.2% of the ammonia concentration for the range of pH and temperatures that can be 
expected in the estuary (7 to 8 for pH and 5 to 15°C for temperature).  The factor for the 
median pH and temperature would be approximately 1% for the winter and 1.5% for the 
summer.  For the purposes of information, a factor of 2% has been assumed for both 
summer and winter. 

Unionised ammonia is directly proportional to the concentration of ammonia.  This means 
that the same limitations exist for unionised ammonia as for ammonia: the contribution from 
the Youghal WwTP is relatively low compared to other sources and therefore the model can 
be used to investigate the concentration of unionised ammonia from the WwTP with due 
consideration of the relative loads from other sources. 

4.10 MRP 

A summary of the model runs simulating MRP is provided in Table 4.7. 

Table 4.7. Summary of the simulations for calibration of MRP against the EPA 
monitoring data and Irish Water survey data. 

Run 
Code 

Description Initial 
Conditions 

[mg/l] 

Open Sea 
Boundary 

[mg/l] 

T90 
[hours] 

05.00 Youghal WwTP only 0.00 0.00 1600 

05.01 Median concentrations for all rivers and WwTP’s with actual flows. 0.024 0.024 1600 

05.04 As 05.11 with a pulse discharge (River Blackwater) of 5 mg/l for 6 
hours during a high flow fluvial event. 

0.020 0.020 1600 

05.11 As 05.01 with changed initial and open sea boundary values 0.00 0.00 950 

05.21 As 05.01 with changed initial and open sea boundary values 1.00 0.00 950 

05.80 As 05.00 but with Youghal WwTP discharge in surface layer of 
water column 

0.00 0.00 1600 

05.81 As 05.01 but with Youghal WwTP discharge in surface layer of 
water column 

0.024 0.024 1600 

 

The maximum surface concentration of MRP for the discharge from Youghal WwTP is shown 
in Figure 4-25 for the discharge in the bottom layer and Figure 4-26 for the discharge in the 
surface layer.  This shows that the surface concentration of MRP is below 0.002 mg/l within 
the lower estuary for the discharge to the bed and less than 0.1 mg/l close to the outfall for 
the discharge in the surface layer.  These plots provide a reference for the relative 
importance of other sources and the background concentration for the purposes of 
calibration. 

The results of the water quality model using actual flows and median concentrations for all 
river and WwTP’s are shown in Figure 4-27 for the discharge in the bottom layer and Figure 
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4-28 in the surface layer.  This shows that the model is estimating the surface concentration 
of MRP reasonably well with values in the lower estuary within 0.005 mg/l of the EPA 
monitoring data with the discharge to the surface is a slight improvement. 

The observed data for January 2020 recorded values as high as 4.6 mg/l at Cappoquin and 
concentrations as high as 0.9 mg/l at Dunnes Park and Paxes Lane on the same day.  The 
EPA data shows a maximum value of 0.53 mg/l at Cappoquin and 0.070 mg/l at Paxes Lane.  
There is therefore likelihood that as with other parameters the concentration can increase for 
short periods of time due to discharges from other sources. 

A simulation of a pulse load of 5 mg/l at Cappoquin was undertaken and the results are 
shown in Figure 4-29 and Figure 4-30.  This shows that a pulse load can result in elevated 
concentrations in the lower estuary and persists for approximately one week. 

The model using the median concentrations for all discharges is a reasonable model of MRP 
within the estuary with estimated concentrations significantly in excess of the concentrations 
from the WwTP.  The model using the discharge to the surface layer is considered in the 
calibrated model for further investigations. 
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Figure 4-25. Maximum surface concentration of MRP (mg/l) for the discharge from 
Youghal WwTP through Dunnes Park Outfall over the 15 days of Event B 
(run code 05.00). 
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Figure 4-26. Maximum surface concentration of MRP (mg/l) for the discharge from 
Youghal WwTP through Dunnes Park Outfall over the 15 days of Event B 
(run code 05.80). 
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Figure 4-27. Summary statistics (mg/l) and plots for the initial model using median 
concentrations for MRP (run code 05.01). 

Note two samples on the 28th January 2020 were 

taken at Cappoquin that recorded approximately 

4.6 mg/l and are not shown.  Elevated levels are 

visible at the other sites for the same event. 
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Figure 4-28. Summary statistics (mg/l) and plots for the initial model using median 
concentrations for MRP discharged to the surface layer (run code 05.81). 
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Figure 4-29. Summary statistics (mg/l) and plots for a 6-hour pulse of 5 mg/l to 
coincide with a high fluvial flow event at the start of Event B for MRP 
(run code 05.04).  Note: Pulse discharge is 5 mg/l and all axes are scaled 
to allow other values to be readable. 

Note two samples on the 28th January 2020 were 

taken at Cappoquin that recorded approximately 

4.6 mg/l and are not shown.  Elevated levels are 

visible at the other sites for the same event. 
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Figure 4-30. Surface concentration at Dunnes Park for a 6-hour pulse of 5 mg/l to 
coincide with a high fluvial flow event at the start of Event B for MRP 
(run code 05.04). 

4.11 E. coli 

A summary of the model runs simulating EC is provided in Table 4.8. 

The maximum surface concentration of EC for the discharge from Youghal WwTP is shown 
in Figure 4-31 for the discharge to the bottom layer and in Figure 4-32 for the discharge to 
the surface layer.  These plots show a significant difference between the two models with 
discharge to the upper layer resulting in higher concentrations within the lower estuary with a 
significant gradient across the estuary suggesting that the location of a sample point could 
be critical to the observed concentration.  The discharge in the bottom layer results in the 
maximum surface concentration in the lower estuary of generally below 5 cfu / 100ml with an 
area around the outfall that has higher maximum concentrations, but still less than 250 
cfu/100ml.  For the discharge in the surface layer the results are an order of magnitude 
higher, but still showing significant decrease away from the outfall. 

The results of the water quality model using actual flows and median concentrations for all 
river and WwTP’s are shown in Figure 4-33 (discharge to the bottom layer)  and show that 
the concentrations are reasonable at Cappoquin, suggesting that the river boundary 
condition is suitable.  However, in the lower estuary the results are one to two orders of 
magnitude too low and this suggests that the model was not accurately simulating EC within 
the area.  A longer T90 of 48 hours does increase the values slightly but not by an order of 
magnitude.  Increasing the initial conditions and the boundary conditions of the open sea 
does not alter the results significantly either. 

Note two samples on the 28th January 2020 were 

taken at Cappoquin that recorded approximately 

4.6 mg/l and are not shown.  Elevated levels are 

visible at the other sites for the same event. 
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Table 4.8. Summary of the simulations for calibration of EC against the EPA 
monitoring data and Irish Water survey data. 

Run 
Code 

Description Initial 
Conditions 

[mg/l] 

Open Sea 
Boundary 

[mg/l] 

T90 
[hours] 

02.00 Youghal WwTP only 0.00 0.00 24 

02.01 Median concentrations for all rivers and WwTP’s with actual flows. 100 100 24 

02.02 As 02.01 with decreased T90 100 100 12 

02.03 As 02.01 with increased T90 100 100 48 

02.04 As 02.01 with a pulse discharge (River Blackwater) of 10 000 
cfu/100ml for 6 hours during a high flow fluvial event. 

100 100 24 

02.05 As 02.01 with increased T90 100 100 96 

02.06 As 02.01 with increased T90 100 100 144 

02.07 As 02.01 with increased T90 100 100 192 

02.11 As 02.01 with changed initial and open sea boundary values 1000 1000 24 

02.41 As 02.01 with increased concentrations in the rivers 1000 1000 24 

02.80 As 02.00 but with Youghal WwTP discharge in surface layer of 
water column 

0.00 0.00 24 

02.81 As 02.01 but with Youghal WwTP discharge in surface layer of 
water column 

100 100 24 

As discussed in section 4.2 the decay rate of bacteria in freshwater is potentially much 
longer than in sea water.  A sensitivity analysis for discharges to both the surface and bottom 
layer of the model was undertaken for a range of T90 values.  The results are shown in 
Figure 4-34 and show that the discharge to the surface or bottom layer does not affect the 
results at the sampling locations significantly (the markers appear on the line but are slightly 
off of the line).  The data also shows that the increase in T90 is not sufficient to explain the 
difference in the statistics as the modelled values are levelling off below the 95%ile values 
for the EPA data.  This suggests that the 95%ile of the EPA data is a consequence of events 
that increase the concentration periodically, such as large pluvial or fluvial events, possibly 
similar to the ones that happened in January 2020.  Additionally, this review suggests that 
the discharge to the surface layer does affect the maximum concentration close to the 
discharge location, but that the hydrodynamic processes of advection and dispersion 
dominate further from the discharge location.  A review of the modelled surface salinity for 
the summer and winter at each of the three EPA sampling locations is shown in Figure 4-35.  
This shows that the 50%ile of salinity varies in summer and winter due to the river flow; 
however, the salinity is not dominated by freshwater flow and therefore the selection of a 
decay rate purely based on the presence of freshwater is not appropriate. 

The 95%ile plot of the surface concentration for the most conservative of model runs is 
shown in Figure 4-36 with the comparison of the summary statistics in Figure 4-37.  The 
results show that the model reproduces the median values reasonably well however the 
95%iles are low.  It is not considered appropriate to simply select the longest decay rate to 
try and correct for low values in the model compared to the observed data.  It is considered 
more likely that there are additional sources that could affect the background concentrations 
for which additional data would be required. 

The model was also used to evaluate the summer conditions and compared to the EPA 
monitoring data for Youghal Front Strand and Clay Castle beaches.  The summary statistics 
for the monitoring data were presented in section 2.3.  These show very low median values 
for EC of 10 and 20 cfu /100 ml at Clay Castle and Front Strand beach, respectively.  The 
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model for all decay rates (12, 24 and 48 hours) shows a maximum concentration of 1 
cfu /100 ml. 

The review of all the data and sensitivity tests of the models suggests that whilst the median 
concentrations for the winter and summer are achieved, the 95%ile concentrations are being 
under-estimated.  The reason is not fully explained by the decay rate but is more likely due 
to missing sources of EC. 

The Technical Standard (Table 10-1, Irish Water, 2020) provides the range of decay rates for 
bacteria in coastal and estuarine waters for summer and winter.  For the purpose of scenario 
testing it is recommended that the decay rates of 24 hours and 48 hours are used for the 
summer and winter respectively.  The range of values and selected value are summarised in 
The model can reproduce the changes in concentration of EC in the estuary due to the 
WwTP; however, the absolute concentration in the estuary is highly dependent on the other 
sources.  The model has demonstrated that the warm-up period is of sufficient duration to 
achieve a “steady state” solution irrespective of the initial conditions.  The model should be 
used to evaluate the dispersion of EC from the existing and proposed outfalls with due 
regard to the uncertainty in the other sources entering the receiving waters. 

Table 4-9. 

The model can reproduce the changes in concentration of EC in the estuary due to the 
WwTP; however, the absolute concentration in the estuary is highly dependent on the other 
sources.  The model has demonstrated that the warm-up period is of sufficient duration to 
achieve a “steady state” solution irrespective of the initial conditions.  The model should be 
used to evaluate the dispersion of EC from the existing and proposed outfalls with due 
regard to the uncertainty in the other sources entering the receiving waters. 

Table 4-9. Summary of the decay rates (T90) for EC from the Technical Standard 
(Irish Water, 2020) and the values to be used for investigations. 

Summer Winter 

Technical Standard 
Range 

Selected value Technical Standard 
Range 

Selected value 

12 to 24 hours 24 hours 24 to 48 hours 48 hours 
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Figure 4-31. Maximum surface concentration of EC (cfu/100ml) for the discharge 
from Youghal WwTP through Dunnes Park Outfall over the 15 days of 
Event B (run code 02.00). 
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Figure 4-32. Maximum surface concentration of EC (cfu/100ml) for the discharge (to 
the surface layer) from Youghal WwTP through Dunnes Park Outfall over 
the 15 days of Event B (run code 02.80). 
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Figure 4-33. Summary statistics (cfu/100ml) and plots for the initial model using 
median concentrations for EC (run code 02.01). 
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Figure 4-34. Comparison of the 95%ile concentrations of EC at the sampling 
locations for different T90 values and discharge to the surface (markers 
only) and bottom layer (solid line without markers) with the EPA data 
(dashed lines) for each point. 

 

 

Figure 4-35. Modelled surface salinity at each of the three EPA monitoring stations. 
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Figure 4-36. 95%ile concentration for the discharge to the surface layer and T90 = 192 
hours with all sources (run code 02.87). 
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Figure 4-37. Summary statistics (cfu/100ml) and plots for the initial model using 
median concentrations for EC with the discharge to the surface layer 
and conservative decay rate of T90 = 192 hours (run code 02.87). 
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4.12 Intestinal Enterococci (IE) 

A summary of the model runs simulating IE is provided in Table 4.10. 

Table 4.10. Summary of the simulations for calibration of IE against the EPA 
monitoring data and Irish Water survey data. 

Run 
Code 

Description Initial 
Conditions 

[mg/l] 

Open Sea 
Boundary 

[mg/l] 

T90 
[hours] 

03.00 Youghal WwTP only 0.00 0.00 48 

03.01 Median concentrations for all rivers and WwTP’s with actual flows. 50 50 48 

03.02 As 03.01 with decreased T90 50 50 24 

03.03 As 03.01 with increased T90 50 50 96 

03.04 As 03.01 with a pulse discharge (River Blackwater) of 5 000 
cfu/100ml for 6 hours during a high flow fluvial event. 

50 50 48 

03.05 As 03.01 with increased T90 50 50 192 

03.06 As 03.01 with increased T90 50 50 288 

03.07 As 03.01 with increased T90 50 50 384 

03.80 As 03.00 but with Youghal WwTP discharge in surface layer of 
water column 

0.00 0.00 48 

03.81 As 03.01 but with Youghal WwTP discharge in surface layer of 
water column 

50 50 48 

 

The maximum surface concentration of IE for the discharge from Youghal WwTP is shown in 
Figure 4-38 for the discharge to the bottom layer of the model and in Figure 4-39 for the 
discharge to the surface layer of the model.  This shows that the surface concentration in the 
lower estuary is generally below 20 cfu / 100ml with an area close to the outfall that has 
higher maximum concentrations. 

The results of the water quality model using actual flows and median concentrations for all 
river and WwTP’s are shown in Figure 4-40 and show that the concentrations are 
reasonable at Cappoquin, suggesting that the river boundary condition is reasonable.  
However, in the lower estuary the results are one to two orders of magnitude low and this 
suggests that the model is not accurately simulating IE within the area.  A longer T90 of 96 
hours does increase the values slightly but not by an order of magnitude. 

A sensitivity analysis of the decay rate and the discharge to the bottom or surface layer of 
the model is presented in Figure 4-41.  This shows that the 95%ile is not being achieved in 
the model however the decay rate does not fully explain the difference.  It is considered 
likely that fluvial events provide the additional load to increase the concentration for the 
higher percentiles. 

The summary statistics for the run using the longest decay rate of T90=384 hours and a 
discharge to the surface layer of the model are presented in Figure 4-42. 

The model was also used to evaluate the summer conditions and compared to the EPA 
monitoring data for Youghal Front Strand and Clay Castle beaches.  The summary statistics 
for the monitoring data were presented in section 2.3.  These show very low median values 
for IE of 4 and 3 cfu /100 ml at Clay Castle and Front Strand beach, respectively.  The model 
for all decay rates (24, 48 and 96 hours) shows a maximum concentration of <1 cfu /100 ml. 
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The review of all the data and sensitivity tests of the models suggests that whilst the median 
concentrations for the winter and summer are achieved, the 95%ile concentrations are being 
under-estimated.  The reason is not fully explained by the decay rate but is more likely due 
to missing sources of IE. 

The Technical Standard (Table 10-1, Irish Water, 2020) provides the range of decay rates for 
bacteria in coastal and estuarine waters for summer and winter.  For the purpose of scenario 
testing it is recommended that the decay rates of 24 hours and 48 hours are used for the 
summer and winter respectively.  The range of values and selected value are summarised in 
Table 4-11. 

The model can reproduce the changes in concentration of IE in the estuary due to the 
WwTP; however, the absolute concentration in the estuary is highly dependent on the other 
sources.  The model has demonstrated that the warm-up period is of sufficient duration to 
achieve a “steady state” solution irrespective of the initial conditions.  The model should be 
used to evaluate the dispersion of IE from the existing and proposed outfalls with due regard 
to the uncertainty in the other sources entering the receiving waters. 

Table 4-11. Summary of the decay rates (T90) for IE from the Technical Standard 
(Irish Water, 2020) and the values to be used for investigations. 

Summer Winter 

Technical Standard 
Range 

Selected value Technical Standard 
Range 

Selected value 

24 to 48 hours 48 hours 48 to 96 hours 96 hours 
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Figure 4-38. Maximum surface concentration of IE (cfu/100ml) for the discharge to 
the bottom layer from Youghal WwTP through Dunnes Park Outfall over 
the 15 days of Event B (run code 03.00). 
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Figure 4-39. Maximum surface concentration of IE (cfu/100ml) for the discharge to 
the surface layer from Youghal WwTP through Dunnes Park Outfall over 
the 15 days of Event B (run code 03.80). 
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Figure 4-40. Summary statistics (cfu/100ml) and plots for the initial model using 
median concentrations for IE. 
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Figure 4-41. Comparison of the 95%ile concentrations of IE at the sampling locations 
for different T90 values and discharge to the surface (markers only) and 
bottom layer (solid line without markers) with the EPA data (dashed 
lines) for each point. 
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Figure 4-42. Summary statistics (cfu/100ml) and plots for the initial model using 
median concentrations for IE with the discharge to the surface layer and 
conservative decay rate of T90 = 384 hours (run code 02.87). 
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4.13 Conclusion 

The hydrodynamic model showed that the lower estuary and area just outside of the mouth 
are dynamic mixing zones between freshwater from the rivers and the sea water.  The 
mixing zone has periods of being vertically well mixed and periods of being stratified.  The 
balance of this mixing is critical to the advection and dispersion of the different parameters. 

The water quality model has been developed for each parameter individually using the same 
underlying hydrodynamics.  The water quality model has been calibrated for the five 
parameters of BOD, DIN, MRP, EC and IE.  For ammonia (and therefore unionised 
ammonia) the model demonstrates that the observed concentration in the receiving waters is 
significantly higher than the increase attributable to the WwTP and therefore the model may 
be used to investigate the dispersion of ammonia with due consideration of the relative loads 
from other sources. 

A common feature for all parameters is that the primary discharge from Youghal WwTP 
discharges a relatively low total load of each parameter to the estuary and compared to the 
discharges from the rivers.  Additionally, the relationship between the river discharges and 
concentration of the different parameters is not established and the magnitude of the 
variation is considered to be much larger than that of the contribution from the Youghal 
WwTP.  The hydrodynamics of the estuary have demonstrated that the estuary is flushed by 
freshwater and therefore it is unlikely that the primary discharge from the WwTP would 
accumulate over time within the estuary. 

The water quality model is considered to have been calibrated and validated and is suitable 
for use in investigations of the impact of the Youghal WwTP on the receiving waters. 
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5. Proposed investigations 

The final production runs that are to be evaluated have been set as listed below.  The 
calibrated model will be used to investigate these scenarios.  The input parameters for the 
scenarios are presented in the Model Log in Appendix A. 

1. Existing (Baseline) Summer 

2. Existing (Baseline) Winter 

3. Future (16,000PE Capacity) Summer 

4. Future (16,000PE Capacity) Winter 

5. Future (16,000PE) Summer + New outfall 
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Appendix A Model Run Log 

 

Number Season Params IW System Youghal Cappoquin Discharge TemperatureSalinity

Temperature Calibration 12.0 deg C 12.0 deg C

Temperature Summer 15.0 deg C 15.0 deg C

Easting

Northing

2.00 BCDE HD Calibration Events BCD

YoughalWwTPDis

chargeRate_15mi

ns.dfs0

0.003 m³/s
Scaled River Flows 

v4.dfs0
0

2.01 BCDE BOD
Calibration Events BCD +  

BOD

550.0 1.16E-06

8.11 mg/l 2. mg/l 0

2.02 BCDE EC
Calibration Events BCD +  

EC 24.0 2.67E-05
89,301 cfu/100ml 500 cfu/100ml 0

2.03 BCDE IE Calibration Events BCD +  IE
48.0 1.33E-05

9,713 cfu/100ml 125 cfu/100ml 0

2.04 BCDE DIN
Calibration Events BCD +  

DIN 800.0 8.00E-07
2.34 mg N /l 3.63 mg N /l 0

2.05 BCDE MRP
Calibration Events BCD +  

MRP 1600.0 4.00E-07
1.12 mg P /l 1.02 mg P /l 0

2.06 BCDE Amm
Calibration Events BCD +  

Amm 275.0 2.33E-06
1.08 mg N /l 0.07 mg N /l 0

3.00 Summer HD A01s
Existing (Baseline) Summer 

out of Dunnes Park
0.054 m³/s 0.003 m³/s

Q95 "River and 

Coastal Inputs" 

worksheet

15.0 deg C 0

3.01 Summer BOD A01s _BOD 550.0 1.163E-06 3.9 mg/l 2. mg/l

3.02 Summer EC A01s _EC 24.0 2.665E-05 2,460 cfu/100ml 500 cfu/100ml

3.03 Summer IE A01s _IE 48.0 1.333E-05 2,330 cfu/100ml 125 cfu/100ml

3.04 Summer DIN A01s _DIN 800.0 7.995E-07 2.22 mg N /l 3.63 mg N /l

3.05 Summer MRP A01s _MRP 1600.0 3.998E-07 1.35 mg P /l 1.02 mg P /l

3.06 Summer Amm A01s _Amm 275.0 2.326E-06 0.3 mg N /l 0.07 mg N /l

4.00 Winter HD B01w
Existing (Baseline) Winter 

out of Dunnes Park
0.054 m³/s 0.003 m³/s

Q30 "River and 

Coastal Inputs" 

worksheet

8.0 deg C 0

4.01 Winter BOD B01w _BOD 550.0 1.163E-06 3.9 mg/l 2. mg/l

4.02 Winter EC B01w _EC 48.0 1.333E-05 89,301 cfu/100ml 500 cfu/100ml

4.03 Winter IE B01w _IE 96.0 6.663E-06 9,713 cfu/100ml 125 cfu/100ml

4.04 Winter DIN B01w _DIN 800.0 7.995E-07 2.22 mg N /l 3.63 mg N /l

4.05 Winter MRP B01w _MRP 1600.0 3.998E-07 1.35 mg P /l 1.02 mg P /l

4.06 Winter Amm B01w _Amm 275.0 2.326E-06 0.3 mg N /l 0.07 mg N /l

5.00 Summer HD A03s
Future (16,000PE Capacity) 

Summer out of Dunnes Park
0.125 m³/s 0.003 m³/s

Q95 "River and 

Coastal Inputs" 

worksheet

15.0 deg C 0

5.01 Summer BOD A03s _BOD 550.0 1.163E-06 3.9 mg/l 2. mg/l

5.02 Summer EC A03s _EC 24.0 2.665E-05 2,460 cfu/100ml 500 cfu/100ml

5.03 Summer IE A03s _IE 48.0 1.333E-05 2,330 cfu/100ml 125 cfu/100ml

5.04 Summer DIN A03s _DIN 800.0 7.995E-07 2.22 mg N /l 3.63 mg N /l

5.05 Summer MRP A03s _MRP 1600.0 3.998E-07 1.35 mg P /l 1.02 mg P /l

5.06 Summer Amm A03s _Amm 275.0 2.326E-06 0.3 mg N /l 0.07 mg N /l

6.00 Winter HD B03w
Future (16,000PE Capacity) 

Winter out of Dunnes Park
0.125 m³/s 0.003 m³/s

Q30 "River and 

Coastal Inputs" 

worksheet

8.0 deg C 0

6.01 Winter BOD B03w _BOD 550.0 1.163E-06 3.9 mg/l 2. mg/l

6.02 Winter EC B03w _EC 48.0 1.333E-05 89,301 cfu/100ml 500 cfu/100ml

6.03 Winter IE B03w _IE 96.0 6.663E-06 9,713 cfu/100ml 125 cfu/100ml

6.04 Winter DIN B03w _DIN 800.0 7.995E-07 2.22 mg N /l 3.63 mg N /l

6.05 Winter MRP B03w _MRP 1600.0 3.998E-07 1.35 mg P /l 1.02 mg P /l

6.06 Winter Amm B03w _Amm 275.0 2.326E-06 0.3 mg N /l 0.07 mg N /l

6.00 Summer HD C03s
Future (16,000PE) Summer + 

New outfall
0.125 m³/s 0.003 m³/s

Q95 "River and 

Coastal Inputs" 

worksheet

15.0 deg C 0

6.01 Summer BOD C03s _BOD 550.0 1.163E-06 3.9 mg/l 2. mg/l

6.02 Summer EC C03s _EC 24.0 2.665E-05 2,460 cfu/100ml 500 cfu/100ml

6.03 Summer IE C03s _IE 48.0 1.333E-05 2,330 cfu/100ml 125 cfu/100ml

6.04 Summer DIN C03s _DIN 800.0 7.995E-07 2.22 mg N /l 3.63 mg N /l

6.05 Summer MRP C03s _MRP 1600.0 3.998E-07 1.35 mg P /l 1.02 mg P /l

6.06 Summer Amm C03s _Amm 275.0 2.326E-06 0.3 mg N /l 0.07 mg N /l

Rivers (listed on "River and Coastal Inputs")WwTP

Decay Rates

Run Codes T90

[hrs]
 /sDescription

Camphire 

Bed Non-

equidistant 

Temperatur

e.dfs0

Cappoquin 

Bed Non-

equidistant 

Temperatur

e.dfs0

Discharges

See "River and 

Coastal Inputs" 

worksheet

See "River and 

Coastal Inputs" 

worksheet

See "River and 

Coastal Inputs" 

worksheet

See "River and 

Coastal Inputs" 

worksheet

See "River and 

Coastal Inputs" 

worksheet

See "River 

Concentrations" 

worksheet
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Appendix B Decay rate conversion 

 

T90 [hours 1/s 1/day 

12 5.33E-05 4.61 

24 2.67E-05 2.30 

48 1.33E-05 1.15 

96 6.66E-06 0.58 

144 4.44E-06 0.38 

175 3.65E-06 0.32 

192 3.33E-06 0.29 

275 2.33E-06 0.20 

288 2.22E-06 0.19 

300 2.13E-06 0.18 

384 1.67E-06 0.14 

480 1.33E-06 0.12 

720 8.88E-07 0.08 

800 8.00E-07 0.07 

950 6.73E-07 0.06 

1200 5.33E-07 0.05 

1600 4.00E-07 0.03 
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Appendix C Time series comparisons 

C.1 Events B and C 

The TSC for Events B and C are the same as Event B is 15 days and covers all three events 
C, D and E.  The final accepted calibration run is S1b MI Adjusted Data. 
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C.2 Event D 
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C.3 Event E 

     
    

    
    

    
For

 in
sp

ec
tio

n p
ur

po
se

s o
nly

.

Con
se

nt 
of

 co
py

rig
ht 

ow
ne

r r
eq

uir
ed

 fo
r a

ny
 ot

he
r u

se
.

EPA Export 04-08-2021:02:36:50



Youghal Marine Modelling Study  
  

  
  

Project number: 60619448 
 

 
Prepared for:  Irish Water   
\\eu.aecomnet.com\EMIA\UKI\UKBAS1\Jobs\60619448 Youghal WQ 
Modelling\500_DELIV\505_ModelCalibrationReport\Rev 5\Youghal Model Calibration 
Report Rev5.docx 

AECOM 
148 

 

 

    
    

    
    

    
For

 in
sp

ec
tio

n p
ur

po
se

s o
nly

.

Con
se

nt 
of

 co
py

rig
ht 

ow
ne

r r
eq

uir
ed

 fo
r a

ny
 ot

he
r u

se
.

EPA Export 04-08-2021:02:36:51



Youghal Marine Modelling Study  
  

  
  

Project number: 60619448 
 

 
Prepared for:  Irish Water   
\\eu.aecomnet.com\EMIA\UKI\UKBAS1\Jobs\60619448 Youghal WQ 
Modelling\500_DELIV\505_ModelCalibrationReport\Rev 5\Youghal Model Calibration 
Report Rev5.docx 

AECOM 
149 

 

 

     
    

    
    

    
For

 in
sp

ec
tio

n p
ur

po
se

s o
nly

.

Con
se

nt 
of

 co
py

rig
ht 

ow
ne

r r
eq

uir
ed

 fo
r a

ny
 ot

he
r u

se
.

EPA Export 04-08-2021:02:36:51



Youghal Marine Modelling Study  
  

  
  

Project number: 60619448 
 

 
Prepared for:  Irish Water   
\\eu.aecomnet.com\EMIA\UKI\UKBAS1\Jobs\60619448 Youghal WQ 
Modelling\500_DELIV\505_ModelCalibrationReport\Rev 5\Youghal Model Calibration 
Report Rev5.docx 

AECOM 
150 

 

Appendix D  Current speed, vertical profile and velocity 
components for 
Event C: spring tide (28th January) 
Event D: neap tide (21st January) and  
Event E: spring tide (17th January). 

D.1 Event C: Transect A 
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D.2 Event C: Transect B 

 

    
    

    
    

    
For

 in
sp

ec
tio

n p
ur

po
se

s o
nly

.

Con
se

nt 
of

 co
py

rig
ht 

ow
ne

r r
eq

uir
ed

 fo
r a

ny
 ot

he
r u

se
.

EPA Export 04-08-2021:02:36:51



Youghal Marine Modelling Study  
  

  
  

Project number: 60619448 
 

 
Prepared for:  Irish Water   
\\eu.aecomnet.com\EMIA\UKI\UKBAS1\Jobs\60619448 Youghal WQ 
Modelling\500_DELIV\505_ModelCalibrationReport\Rev 5\Youghal Model Calibration 
Report Rev5.docx 

AECOM 
157 

 

 

    
    

    
    

    
For

 in
sp

ec
tio

n p
ur

po
se

s o
nly

.

Con
se

nt 
of

 co
py

rig
ht 

ow
ne

r r
eq

uir
ed

 fo
r a

ny
 ot

he
r u

se
.

EPA Export 04-08-2021:02:36:51



Youghal Marine Modelling Study  
  

  
  

Project number: 60619448 
 

 
Prepared for:  Irish Water   
\\eu.aecomnet.com\EMIA\UKI\UKBAS1\Jobs\60619448 Youghal WQ 
Modelling\500_DELIV\505_ModelCalibrationReport\Rev 5\Youghal Model Calibration 
Report Rev5.docx 

AECOM 
158 

 

 

    
    

    
    

    
For

 in
sp

ec
tio

n p
ur

po
se

s o
nly

.

Con
se

nt 
of

 co
py

rig
ht 

ow
ne

r r
eq

uir
ed

 fo
r a

ny
 ot

he
r u

se
.

EPA Export 04-08-2021:02:36:51



Youghal Marine Modelling Study  
  

  
  

Project number: 60619448 
 

 
Prepared for:  Irish Water   
\\eu.aecomnet.com\EMIA\UKI\UKBAS1\Jobs\60619448 Youghal WQ 
Modelling\500_DELIV\505_ModelCalibrationReport\Rev 5\Youghal Model Calibration 
Report Rev5.docx 

AECOM 
159 

 

 

    
    

    
    

    
For

 in
sp

ec
tio

n p
ur

po
se

s o
nly

.

Con
se

nt 
of

 co
py

rig
ht 

ow
ne

r r
eq

uir
ed

 fo
r a

ny
 ot

he
r u

se
.

EPA Export 04-08-2021:02:36:51



Youghal Marine Modelling Study  
  

  
  

Project number: 60619448 
 

 
Prepared for:  Irish Water   
\\eu.aecomnet.com\EMIA\UKI\UKBAS1\Jobs\60619448 Youghal WQ 
Modelling\500_DELIV\505_ModelCalibrationReport\Rev 5\Youghal Model Calibration 
Report Rev5.docx 

AECOM 
160 

 

 

    
    

    
    

    
For

 in
sp

ec
tio

n p
ur

po
se

s o
nly

.

Con
se

nt 
of

 co
py

rig
ht 

ow
ne

r r
eq

uir
ed

 fo
r a

ny
 ot

he
r u

se
.

EPA Export 04-08-2021:02:36:51



Youghal Marine Modelling Study  
  

  
  

Project number: 60619448 
 

 
Prepared for:  Irish Water   
\\eu.aecomnet.com\EMIA\UKI\UKBAS1\Jobs\60619448 Youghal WQ 
Modelling\500_DELIV\505_ModelCalibrationReport\Rev 5\Youghal Model Calibration 
Report Rev5.docx 

AECOM 
161 

 

 

    
    

    
    

    
For

 in
sp

ec
tio

n p
ur

po
se

s o
nly

.

Con
se

nt 
of

 co
py

rig
ht 

ow
ne

r r
eq

uir
ed

 fo
r a

ny
 ot

he
r u

se
.

EPA Export 04-08-2021:02:36:51



Youghal Marine Modelling Study  
  

  
  

Project number: 60619448 
 

 
Prepared for:  Irish Water   
\\eu.aecomnet.com\EMIA\UKI\UKBAS1\Jobs\60619448 Youghal WQ 
Modelling\500_DELIV\505_ModelCalibrationReport\Rev 5\Youghal Model Calibration 
Report Rev5.docx 

AECOM 
162 

 

D.3 Event C: Transect C 
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D.4 Event C: Transect D 
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D.5 Event D: Transect A 
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D.6 Event D: Transect B 
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