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Figure 1  Location of proposed LNG Terminal with FSRU near Ardmore Point 
 

 
Figure 2 Location of proposed LNG Terminal and FSRU overlain onto admiralty chart 
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2 MODEL DEVELOPMENT AND HYDRODYNAMICS  

2.1  Model Background 

The TELEMAC system and specifically Telemac-2D and Telemac-3D modules is the software 
of choice for modelling the complicated hydrodynamics of the Shannon Estuary off 
Ballylongford Co. Kerry and particularly given the very high computation refinement 
required to model accurately the three-dimensional flow in the vicinity of the proposed 
outfall discharge. TELEMAC is a software system designed to study environmental processes 
in free surface transient flows. It is therefore applicable to seas and coastal domains, 
estuaries, rivers, and lakes. Its main fields of application are in hydrodynamics, water 
quality, sedimentology, and water waves.  

TELEMAC is an integrated, user friendly software system for free surface waters. TELEMAC 
was originally developed by Laboratoire National ���[�,�Ç���Œ���µ�o�]�‹�µ���� �}�(�� �š�Z���� �&�Œ���v���Z�� ���o�����š�Œ�]���]�š�Ç��
Board (EDF-LNHE), Paris. It is now under the directorship of a consortium of organisations 
including EDF-LNHE, HR Wallingford, SOGREAH, BAW and CETMEF. It is regarded as one of 
the leading software packages for free surface water hydraulic applications and with more 
than 1000 Telemac Installations Worldwide. 

The TELEMAC system is a powerful integrated modelling tool for use in the field of free-
surface flows. Having been used in the context of very many studies throughout the world 
(several thousand to date), it has become one of the major standards in its field. The various 
simulation modules use high-capacity algorithms based on the finite-element method. 
Space is discretised in the form of an unstructured grid of triangular elements, which means 
that it can be refined particularly in areas of special interest. This avoids the need for 
systematic use of embedded models, as is the case with the finite-difference method. 
Telemac-2D is a two-dimensional computational code describing the horizontal velocities, 
water depth and free surface over space and time. In addition, it solves the transport of 
several tracers which can be grouped into two categories, active and passive, with salinity 
and temperature being the active tracers that alter density and thus the hydrodynamics.  

Telemac-3D is a three-dimensional computational code describing the horizontal and 
vertical velocities, water depth and free surface over space and time. In addition, it solves 
the transport of several tracers which can be grouped into two categories, active and 
passive, with salinity and temperature being the active tracers that alter density and thus 
the hydrodynamics. It can be set to solve the barotropic (constant non-varying density 
conditions) and baroclinic pressure conditions where the active tracers of salinity and 
temperature influence density.  The baroclinic approach is required to model the dispersion 
of cooled water discharge from the FSRU which initially will sink being denser than the 
ambient water.     

The horizontal coordinates are set as Cartesian Coordinates to Irish OS grid and the vertical 
coordinates are transformed �µ�•�]�v�P�������^�•�_���~�•�]�P�u���•���À���Œ�š�]�����o�����}ordinate transformation allowing 
accurate representation of the vertical water column for representation of surface and 
bottom boundary processes. The bathymetry specified at every finite element node is 
referenced to Chart Datum which is c. 3m below OS Malin Datum. 
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2.2 Model Development 

A 2-dimensional depth averaged model of the entire Shannon Estuary from Loop head to 
Corbally weir was developed previously to provide hydrodynamic input for Oil spill 
simulation by the Shannon-Foynes Harbour Company. This model was run using Telemac-2d 
and had an unstructured finite element mesh of variable density depending on the 
geometry requirements, the total number of nodes 10,294 and total finite elements 17,980 
(representing an estuarine area of 561km2).  

The hydrodynamic output (time varying horizontal U and V velocities and water depth) from 
this model was used to drive the flow and elevation boundary conditions in a more refined 
local 3-D model of the middle estuarine reach. The output was also used to provide initial 
hydrodynamic conditions within the model domain for the simulation start period. This 
refined model extends from Kilcredaun Point Co. Clare and Kilconly Point Co. Kerry eastward 
to Mountshannon Co. Clare and Carraunbaur Pt. Co. Limerick. The computation mesh of the 
local 3-D model is a variable density mesh ranging in node spacing varying horizontally from 
30m to 400m with the more refined 30m meshing being limited to the receiving waters near 
the outfall and intake locations. The vertical discretisation is 15 equal vertical layers using a 
sigma transformation relationship. The total node number for the 3D model is 74,475 and 
the total number of elements is 389,340 (Estuarine area 151km2 and 1,848 million m3 below 
chart datum). 

The 3-Dimensional local model was developed using detailed bathymetry survey data 
obtained from the following sources: Irish Hydrodata, the GSI Infomar lidar seabed data and 
relevant Admiralty Charts for outside the survey areas. This bathymetry was interpolated and 
mapped to the finite element mesh nodes using mesh generator software refer to figures 3, 
4 and 5.  

 
Figure 3 Shannon Estuary and refined LNG model Domain 
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Figure 4 Shannon Estuary and refined LNG model Domain 
 

 
Figure 5 Bathymetric Contour Map from GSI lidar, Irish Hydrodata Survey and Admiralty Chart 

for model Domain. 
 

Boundary conditions specified are a tidal elevation boundary modelled with a Thompson 
Radiation condition along the western sea boundary and a flow boundary along the 
estuarine sea boundary representing the total tidal and fluvial flux from the estuarine area 
east of the model as computed by the 2-D model of the entire estuary, refer to figure 6. The 
tidal component of flow through the east boundary far outweighs the fluvial influence from 
the Shannon and other contributing rivers (Fergus, Maigue, Deal etc.) and is the dominant 
influence on hydrodynamics in the vicinity of the proposed outfall. 
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Figure 6 Tide and flow boundary hydrographs inputted to 3-D model Simulations  

The first stage consisted of running the hydrodynamic model of the area surrounding 
Ballylongford to compute the hydrodynamic patterns and tidal elevations within the 
receiving water for prescribed environmental conditions. The second stage in the study was 
the calibration of this hydrodynamic model against field data. The solute transport model 
then uses the output from the hydrodynamic model to compute concentrations of residual 
chlorine and water temperature. 

2.3 Hydrodynamic Simulation Results 

The hydrodynamic model was run for mean spring to neap tides to examine the water 
circulation patterns and the variation of current velocities throughout the receiving 
estuarine waters. The results from the hydrodynamic model simulations are presented as 
vertically integrated snapshots in time of velocity vectors at each nodal point of the finite 
element mesh. The output is presented at eight different stages during the course of spring 
and neap tidal cycles: (i.e. high water, flood tide flows at 1.5hour intervals, low water and 
ebb tide flows at 1.5hour intervals). The mean spring and neap tidal ranges specified for 
these simulation runs were 4.6m and 2.2m respectively.  

The current velocities calculated during the tidal cycle are considerably greater on the 
ebbing (out-going tide) tide than the returning flooding tide, such characteristics are also 
evident from the Irish Hydrodata 2006 current metering survey. As a result of the smaller 
tidal range for neaps, the predicted tidal velocities are considerably lower than the 
corresponding spring tide velocities. The maximum neap tide velocity in the vicinity of the 
outfall site is approximately 0.6m/s to 0.8m/s (flood and ebb flows), whereas the maximum 
spring tide velocity is 0.8 to 1.2m/s (flood and ebb flows), refer to Figure 9 (9.1 to 9.8) and 
10 (10.1 to 10.8) below. The direction is predominantly rectilinear flowing predominantly 
east and west across the outfall. 
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Figure 7 Computed Current Magnitudes at Outfall for layers 2, 6 and 11 (note these 

compare very well with the Irish Hydro Data 2006 ADCP current Survey information) 
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Figure 8 Computed Current Direction at Outfall for layers 2, 6 and 11 (note these compare 

very well with the Irish Hydro Data 2006 ADCP current Survey information) 
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Figure 9.1  Spring tide velocities �t High Water (simulation Time 19:00hrs) 
 

 
Figure 9.2  Spring tide velocities �t 1.55hrs after High Water (simulation Time 20:35hrs) 
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Figure 9.3  Spring tide velocities �t Mid-Ebb Flow (simulation Time 22:10hrs) 
 
 

 
Figure 9.4  Spring tide velocities 1.5hrs before Low Water (Simulation Time 23:40hr) 
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Figure 9.5  Spring tide velocities Low Water (Simulation Time 25:10 hrs) 
 

 
Figure 9.6  Spring tide Velocities 1.5hr after Low Water (Simulation Time 26:40 hrs) 
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