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Glossary 
Word / Term Meaning 
Acoustic Doppler Current Profiler (ADCP) A survey toolkit used to generate channel depth 

information 
Anastomosed A multi-thread river channel system 
Bankfull flow A term used to describe flow conditions when flow 

is at around bank top level (often referred to as a 
1.5yr / 2yr return period event). Referred to in 
geomorphological terms when erosion / deposition 
begins to occur 

Bar Geomorphological feature formed often of gravels 
/ mixed sediment found on the inside of bends or 
close to the channel margins 

Bed shear stress A measure of the force required to move sediment 
deposited on the river bed or to erode river banks 

Bedload transport Sediment transported along the river bed 
Bedload transport flux Calculation of the direction and magnitude of 

sediment transported during a particular flow 
scenario 

Berms Geomorphological feature formed often of fine 
sediment found close to the channel margins 

Digital Elevation Model (DEM) A digital cell-based dataset giving ground levels 
across the model domain 

Functional geomorphology In-channel forms and processes have adjusted to 
the flow and sediment regime 

Light Detection and Ranging Data (LiDAR) Topographic information giving ground levels to 
mAOD 

Metres Above Ordnance Datum (mAOD) Ground level given as a height above Ordnance 
Datum 
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Palaeo-channel Old channel within the floodplain that rarely flow 
except during flood conditions 

Planform Location of the river channel 
Rapid A steep section of watercourse often flowing over 

bedrock and / or boulders, shallow and fast water 
flow 

Till Unsorted glacial sediment 
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1.1 Background and Objectives 
The Commissioners of Public Works (OPW), on behalf of the Shannon Flood Risk State Agency Co-
ordination Working Group, commissioned AquaUoS to undertake a hydro geomorphological 
(hydromorphological / geomorphological) study of the River Shannon between Parteen Weir and Limerick 
City so as to fully understand the sedimentation and vegetation processes over time and their likely causes. 
This is because of the potential implications of reduced capacity and conveyance with regards to flood risk. 
The option of major excavation to remove this sediment and re-widen the river channel was examined as 
part of the National CFRAM Programme, but was found not to be economically or environmentally 
sustainable – for more detail please refer to the Shannon CFRAM Study, Preliminary Options Report Unit 
of Management 25/26, July 2016, available on www.floodinfo.ie. 

The key objectives of the study are to: 

• Identify the degree and temporal rate of flow restriction, due to sedimentation and subsequent 
vegetative growth; 

• Identify the possible or likely causes/influences of variable sedimentation and subsequent 
vegetative growth; 

• Predict the probability and rate of further ongoing restriction for the affected channels. 

 

1.2  Overview of Project Methods 
The hydro geomorphological study was undertaken through the following key steps, delivered through two 
stages: 

• Data collection, review and a desktop study – this included a review of supplied historic and 
hydrological data; 

• Fluvial audit (or field survey); 

• Aerial (drone) and ADCP survey – a separate technical note has been produced detailing the 
methodology for the survey undertaken (see Appendix D); 

• Hydraulic and sediment transport modelling. 

A detailed understanding of the state, activity and sensitivity of the River Shannon between Parteen Weir 
and Limerick City was gained through the review of archival maps and aerial photography illustrating system 
functioning over both historical and recent time. All data has been supplied by OPW and other stakeholders 
within the project steering group and is provided as a reference list in Appendix A. Changes have been 
related to river and catchment management and diffuse sediment delivery processes to ensure that these 
are all treated as a single functional system. 

A separately commissioned drone and ADCP survey of the Lower Shannon study reach was undertaken 
to gain a more detailed understanding of the morphology along the reach and to allow comparison to 
existing OPW survey and hydraulic model data to determine how this has changed over time. This added 
considerable value to the project as it allowed verification of existing data and review of model outputs. 

The fluvial audit undertaken of the entire study reach helped confirm the landscape features identified 
during the desk study identifying sediment sources and sinks, geomorphological units and identifying and 
recording geomorphological processes linked to the sediment transport and channel change regime. All 
data were reviewed against the hydraulic modelling outputs.  

The geomorphological and flood risk impacts of identified geomorphological trends have been quantified. 
A 2D hydraulic model (TUFLOW) for the river was developed, utilising existing hydraulic model information 
(including hydrology) supplied by the OPW, existing LIDAR and new survey information commissioned as 

1 Introduction and Methodology 



8 
 

 

part of this study. The 2D modelling approach has been applied across both the river and valley bottom 
allowing inundation areas to be mapped and channel hydraulics to be reviewed.  

Data from the flow modelling was used to confirm impacts to the flow and sediment regime. A separate 
CAESAR dynamic sediment model was developed to show channel evolution over time linked to the current 
flow regime and using existing channel data supplied. 

All of these studies were used to gather a detailed understanding of the geomorphological functioning of 
this reach of the River Shannon, its causes and how this is likely to change over time.
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2.1 Overview of Work Undertaken 
 

The purpose of the Data Review and Fluvial Audit was to provide: 

• a thorough understanding of the sedimentation processes present within the study reaches;  

• the rate at which they occur, and  

• the potential influences on the hydro-geomorphological regime. 

The characteristics of the Old River Shannon between Parteen Weir and St Thomas Island were reviewed 
for this study including an overview of the Mulkear River and the Ardnacrusha Headrace Canal (Figure 2.1). 

2 Data Review and Fluvial Audit 
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Figure 2.1 Overview of the study area on the River Shannon between Parteen Weir and Limerick City. 

Old channel 

Headrace Canal 
(New Cut) 

Mulkear 

Parteen Weir 

Ardnacrusha 
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The combined results of the desk study and field based fluvial audit are presented below reviewing the 
following key areas: 

• General sub-catchment character; 

• Geology (solid and drift); 

• Geomorphology; 

• Hydrology; 

• Channel change; 

o Historic mapping 

o Aerial imagery 

o Vegetation 

o Topographic & bathymetric survey 

• Sediment transport; 

• Hydraulic modelling. 

 

2.2 General sub-catchment character 
Figure 2.2 shows the River Shannon study reach in the wider landscape. The river between Parteen Weir 
and Limerick is split as a result of the construction of the Shannon Hydro- Electric scheme, with the majority 
of the flow diverted in the 1920s along the Ardnacrusha Headrace Canal (Figure 2.3) to generate electricity 
(Shannon Hydro-Electric Scheme), leaving the Old Channel flowing along the original course with a 
reduction in the  small and moderate flow regime. Flow regime change as a result of this split is discussed 
further in a later section.  
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Figure 2.2 Wider landscape view of the River Shannon including the study area. 
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Figure 2.3 Typical view of the Ardnacrusha Headrace Canal. 

 

Parteen Weir forms an artificial impoundment above the structure drowning the valley through to the towns 
of Killaloe/Ballina. Above this the glacially sculpted Lough Derg forms a large freshwater online lake. These 
two combined waterbodies act as a coarse sediment store influencing the sediment dynamics of the Old 
River Shannon downstream, with the lack of supply allowing bedrock influenced reaches to remain 
sediment free, despite the severe change to the pre-scheme flow regime imposed by the Shannon Hydro-
Electric Scheme. This alters progressively downstream as tributaries supply mixed sediment to the main 
river, most notably after the Mulkear River confluence. 

There are a variety of physical interventions and artificial structures within the Old River Shannon channel, 
most notably in the form of low weir structures designed to back up water during low flow. Other structures 
include walling and bridge crossings. The location of the most significant physical interventions along the 
Old River Shannon Channel are shown in Figures 2.4 to 2.7 below. The biggest concentration of physical 
interventions are the numerous small weir structures between Castleconnell and Clareville Water Works 
(Figure 2.5). As these are small features and located in a generally transporting reach, with very little supply 
of sediment from upstream, these do not accumulate significant volumes of sediment within the reach. 
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Figure 2.4 Physical interventions between Parteen Weir and Castleconnell. 
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Figure 2.5 Physical interventions between Castleconnell and Clareville Water Works. 

 

 

 



16 
 

 

 

Figure 2.6 Physical interventions between Clareville Water Works and University of Limerick. 
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Figure 2.7 Physical interventions between University of Limerick and Saint Thomas Island. 

 

2.3 Land use 
Land use around the watercourse is predominantly rural upstream of Limerick City with most fields 
managed as pasture (Figure 2.8). The current land use mapping is insufficiently resolved to delineate small 
areas of riparian woodland and wooded islands which occur between Castleconnell and the University of 
Limerick. Conditions local to the river were audited during the walkover and land management in general 
appears to be generating very little sediment to the watercourse. 

Within the Mulkear catchment, again land use is predominantly rural (Figure 2.8), however the field audits 
undertaken for this study identified significant delivery of fine sediment to the Old River Shannon from the 
Mulkear River. This is likely to be generated through upstream sediment sources and agricultural practices, 
with delivery of these fine sediments potentially accelerated by the OPW Mulkear Ballymackeogh arterial 
drainage scheme (see section 2.5.6) in some areas of the catchment. A full catchment audit has been 
recommended for the Mulkear. 
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Figure 2.8 Surrounding land use within the study reach. 
 

2.4 Geology 
Figure 2.9 shows the drift geology for the Old River Shannon reach. The sediments are mixed, but a general 
marine influence may be seen with estuarine sediments extending up the valley, interacting with the glacial 
tills seen across the area. Exposures of this till material are often encountered along the river where they 
can form high cliffs (Figure 2.10). These are most often higher in the cross-section and are not influenced 
by contemporary flows. As such they do not contribute significantly to sediment supply to the Old Channel. 

The Mulkear catchment is generally influenced by glacial till, with some bedrock outcrops upstream of the 
M7 and a wider pocket of till close to the confluence with the Old River Shannon (Figure 2.9). The river has 
reworked some of this sediment to form an alluvial valley and whilst some of the exposed till in upper 
catchment areas and floodplain alluvium has been eroded during high flows within the Mulkear catchment, 
the biggest influence on the sediment regime is the generation of fine sediments by agriculture and the 
delivery of this material to the watercourse through overland flow, arterial drainage networks, etc. 
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Figure 2.9 Drift geology in the River Shannon study area1  

 
 

1 https://dcenr.maps.arcgis.com/apps/webappviewer/index.html?id=de7012a99d2748ea9106e7ee1b6ab8d5&scale=0 

https://dcenr.maps.arcgis.com/apps/webappviewer/index.html?id=de7012a99d2748ea9106e7ee1b6ab8d5&scale=0
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Figure 2.10 Exposed till deposits along the banks of the Old River Shannon. 

Of more interest and influence is the bedrock geology across the area. Figure 2.11 illustrates the broad 
split between sandstones to the north above Castleconnell and limestone to the south. Bedding was 
observed to be broadly horizontal along the river (Figure 2.12) and variation in the hardness of these 
limestone deposits caused by increased levels of chert has resulted in variable resistance to erosion with 
the cherty deposits forming a steeper sub-reach along the river past Castleconnell (Figure 2.13). 

This increased resistance is also revealed through the increased level of bedrock exposure around 
Castleconnell (Figure 2.14). The mapping shows the bedrock on the channel margins, however the fluvial 
audit revealed exposures both in the banks and across the river bed and this has resulted in the almost 
unique geomorphology of the river in this area creating a bedrock anastomosing channel style. This channel 
type is characterised by a series of bedrock dominated channels eroded into the cherty limestone along 
weaker lithology separated by more resistant, low relief, bedrock islands. The generally horizontally 
bedded, unjointed, bedrock results in a wide, shallow channel profile.   

Further bedrock outcrops were also seen during the fluvial audit in the vicinity of the University of Limerick 
and further downstream at Athlunkard Bridge. 
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Figure 2.11 Solid geology in the River Shannon study area2, principal rock types are labelled. 

 

 
 

2 https://dcenr.maps.arcgis.com/apps/webappviewer/index.html?id=de7012a99d2748ea9106e7ee1b6ab8d5&scale=0 

https://dcenr.maps.arcgis.com/apps/webappviewer/index.html?id=de7012a99d2748ea9106e7ee1b6ab8d5&scale=0
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Figure 2.12 Horizontally bedded cherty limestone exposed on one of the many island features around 
Castleconnell. 
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Figure 2.13 River Shannon long section through the study reach. 



24 
 
 

 
 

 

Figure 2.14 Bedrock outcrops in the River Shannon study area. 
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2.5 Geomorphology 
The Old River Shannon displays a diverse and surprisingly functional geomorphology given the severely 
impacted flow regime associated with the Shannon Hydro-Electric Scheme. This is principally down to the 
low levels of supplied coarse and fine sediment linked to the Lough Derg and Parteen Weir impoundment 
zone storage areas upstream and the present river is well adapted to the new regime i.e. it has adjusted to 
the artificially controlled flow and sediment regime (functional geomorphology). 

The Old River Shannon follows a natural strongly sinuous course after Parteen Weir (Figure 2.1) with little 
in the way of hard bank protection to prevent erosion. Despite this the planform has remained remarkably 
stable with very little evidence of extensive lateral movement preserved in the valley bottom close to the 
river. Of note is the palaeo-channel preserved on the left bank between Castleconnell and the Mulkear 
River confluence (Figure 2.15). This suggests a more active system with greater channel bifurcation 
operated after the last ice age before the channel cut down into the tills and estuarine sediments in the area 
in response to post-glacial uplift. As such this palaeo-system and former channel style is no longer 
representative of the river today. 

 

 

Figure 2.15 Topographic surface and cross-sections showing the palaeo-channel preserved in the 
landscape between Castleconnell and the Mulkear River confluence. 

 

As has been discussed, the bedrock geology across the area has had a very significant influence on the 
geomorphology of the river, with the two areas of harder geology (Figure 2.12) outcropping to create 5 
distinct sub-reaches on the Old River Shannon (Figure 2.16). Reach 1 is typically ponded and runs from 
Parteen Weir to the rapids at Castleconnell; Reach 2 extends across the outcropping cherty limestone from 
Castleconnell rapids to Belleisle; Reach 3 continues downstream as a ponded reach past the confluence 
of the Mulkear River through to the bedrock controlled reach at the University of Limerick with the river past 
the University forming Reach 4. The study reach then deepens forming Reach 5 past Saint Thomas Island 
where it becomes tidal.  
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Figure 2.16 Principal reach breakdown on the Old River Shannon. 

 

Each of these are discussed in the sub sections below. The Mulkear River is described in sub section 2.4.6 
but isn’t given a specific main river reach number, instead being referred to with regards to its influence on 
the River Shannon and in particular Reaches 3 and 4. The field audit work through to Annacotty Weir did 
not identify significant morphological change (including sedimentation) and that this reach of the Mulkear 
operates very much as a transporting reach delivering mixed sediment (particularly fines) to the Shannon. 
There has also not been significant vegetative change as a result that influences form and processes 
associated to this reach of the Mulkear (and certainly not of the scale seen in the Shannon).  

 

2.5.1 Parteen Weir to Castleconnell (Reach 1) 
This reach extends between Parteen weir (Figure 2.17) and the first rapids above Castleconnell and forms 
Reach 1. The reach is strongly ponded due to the influence of the bedrock outcrops around Castleconnell, 
resulting in a deep, slow moving channel (Figure 2.18).  
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Figure 2.17 Parteen Weir. 

 

Figure 2.18 Typical channel geometry through the reach below Parteen Weir 
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There are comparatively few sedimentary features in this reach (Figure 2.19), principally due to the 
extremely low supply of sediment from upstream and local bank erosion and this allows the wide, deep 
channel to persist despite the significant flow regime change linked to Parteen Weir and Lough Derg. 

 

Figure 2.19 Typical character of the Old River Shannon at O’Briensbridge. 

 

2.5.2 Castleconnell to Belleisle (Reach 2) 
As the river flows off of the sandstone and onto the limestone geology the character of the channel alters 
significantly. This is most noticeable above and around Castleconnell where the channel shallows 
significantly. The flow splits around multiple islands colonised by mature wet woodland, mainly alder and 
willow, forming a bedrock anastomosed channel (Figure 2.20). These islands are low relief (Figure 2.21) 
with the trees rooted directly into the bedrock (Figure 2.22). As such there is very little cohesive sediment 
associated with these island features despite the vegetative assemblage. 
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Figure 2.20 Typical cross-section character on the Old River Shannon around Castleconnell. 
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Figure 2.21 Mature wet woodland developed directly over bedrock in the River Shannon around 
Castleconnell. 

 

 

Figure 2.22 Sycamore rooted directly into bedrock in the River Shannon around Castleconnell. 
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It is interesting to note too that this bedrock anastomosed channel style is extremely unusual in the context 
of river styles in Ireland and this reach is presently well adapted to the current reduced flow regime. Such 
island features were present historically with images of the river around Castleconnell clearly showing 
wooded islands in the channel surrounded by rapids (Figure 2.23). This is discussed further in the section 
on historic change.  This reach of the Old River Shannon is already designated under the Lower Shannon 
SAC as an alluvial forest. This could be reviewed to consider inclusion of the anastomosed bedrock nature 
of the reach.  

 

 

Figure 2.23 Historic and contemporary images of the River Shannon at Castleconnell showing the rapids 
and vegetated bedrock islands. 
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One consequence of the reduced flows along the Old River Shannon is the loss of deeper water through 
the bedrock anastomosed reach and this has been countered through the engineering of multiple boulder 
barriers in the channel (Figure 2.24 and 2.25) to impound water upstream during low flows. These structures 
significantly alter the low flow hydraulics of the channel but are unlikely to impact elevated flows due to their 
low relative elevation. 

 

 

Figure 2.24 Aerial image of the artificial boulder steps in the River Shannon around Castleconnell.  

  

Figure 2.25 Artificial boulder steps in the River Shannon around Castleconnell. 
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2.5.3 Belleisle to the University of Limerick including the Mulkear River confluence (Reach 3). 
After Belleisle, the river again changes character back to a slightly inset, deeper, more uniform, sinuous, 
single thread channel exhibiting only very occasional reeded margins (Figure 2.26). Fine sediment influence 
increases dramatically, however, after the confluence of the Mulkear River. Mixed sediment from the 
tributary enters the Old River Shannon and much of this material is deposited on the left bank as a 
submerged bar (Figure 2.27) and well sorted mobile gravels, <70 mm intermediate axis diameter, were 
seen in the river). Part of the reason for the deposition is that the post-scheme flow regime on the Old River 
Shannon is incompetent to continue to transport the coarser material downstream, creating a long low 
energy reach, ponded back from the rapids at the University of Limerick (Figure 2.28, 2.29, 2.30), allowing 
the bar deposit to form. Occasional elevated flows in the old channel probably periodically move some of 
this sediment along but do not completely flush it downstream. 

 

  

Figure 2.26 Marginal reed growth on the River Shannon. 
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Figure 2.27 Typical cross section showing left bank sediment accumulation in the River Shannon after the 
Mulkear tributary. 

 

 

Figure 2.28 Low energy reach of the River Shannon after the confluence of the Mulkear River. 
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Figure 2.29 Marginal reed beds below the confluence of the Mulkear River on the River Shannon. 

 

 

Figure 2.30 Marginal cohesive fine sediment below the confluence of the Mulkear River on the River 
Shannon. 

 

Of note too are the minor fine sediment accumulations above the Mulkear River confluence such as at the 
Clareville Water Works (Figure 2.31). This again suggests that at low flow the Mulkear River is delivering 
mixed sediment into a low energy Old River Shannon and the finer sediment is able to travel upstream in 
the ponded reach as far as the water works. 
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Figure 2.31 Lee zone fine sediment accumulation behind the artificial river training structure downstream of 
Clareville Water Works. 

 

2.5.4 The University of Limerick (Reach 4) 
There is a renewed steepening of the channel past the University of Limerick and bedrock is again exposed 
in the bed of the widened channel (Figure 2.32). Exposure is less prevalent than through the Castleconnell 
reach, however, with thicker deposits of cohesive sediment covering the limestone in the reach (Figure 
2.33) and forming alluvial bank deposits (Figure 2.34). This generates a complex cross-section (Figure 
2.35) consisting of multiple well-developed islands and channels, these may have existed before the 
Shannon Hydro-Electric Scheme but evidence is less clear than that for Reach 2. Again, a series of artificial 
boulder step structures have been constructed to control low flow water levels to create deeper water zones 
(Figure 2.36). 
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Figure 2.32 Bedrock influence in the wet woodland margins of the River Shannon in the vicinity of the 
University of Limerick. 

 

 

Figure 2.33 Well developed island with mature Alder wet woodland growing on bedrock influenced cohesive 
sediment in the vicinity of the University of Limerick. 
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Figure 2.34 Thick cohesive sediment exposed in an artificial side channel on the River Shannon  

 

 

 

Figure 2.35 Multiple mixed bedrock/alluvial island complex at the University of Limerick. 
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Figure 2.36 Artificial boulder step on the Old River Shannon downstream of the University of Limerick 

 

Anastomosing islands alternate with wider more uniform sub-reaches (Figure 2.37) and there is evidence 
of some submerged sediment in the reach from the bathymetric survey (Figure 2.37 and 2.38). 

 

 

Figure 2.37 Typical cross-section showing likely inner bank sedimentation after the University of Limerick. 
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Figure 2.38 Wide shallow reach of the Old River Shannon in the vicinity of the University of Limerick. 

 

2.5.5 The University of Limerick to Saint Thomas Island (Reach 5) 
Continuing downstream towards Saint Thomas Island, the island features, prominent through the University 
of Limerick reach, decline and a shallow, wide, bedrock and isolated boulder bed channel is more 
characteristic (Figure 2.39) with limited marginal cohesive sediment deposits (Figure 2.40). 

 

Figure 2.39 Shallow bedrock and boulder influenced reach of the River Shannon Upstream of Athlunkard 
Bridge. 
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Figure 2.40 Poorly developed marginal wet woodland and areas of cohesive sediment on the Old River 
Shannon upstream of Saint Thomas Island 

 

Saint Thomas Island is not a contemporary sediment deposit, instead it is likely to be of artificial origin with 
a side channel cut to create the island from the surrounding valley bottom (Figure 2.41). The island marks 
the approximate tidal limit of the Shannon Estuary (Figure 2.42). 

 

Figure 2.41 Cross-section through Saint Thomas Island on the River Shannon revealing this to be an area of 
residual valley bottom. 
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Figure 2.42 View across to Saint Thomas Island. 

 

2.5.6 The Mulkear River from Annacotty Weir to the confluence with the Old River Shannon 
The Mulkear River drains a catchment to the south and east of the Old River Shannon (Figure 2.43). The 
catchment is predominantly agricultural with most fields under pasture. The channel is characteristically 
alluvial, sinuous single thread, although it becomes engineered approaching Limerick (Figure 2.44, 2.45). 
In-channel sediment accumulations are relatively uncommon and where they do occur, they form only small 
and often disrupted marginal deposits (Figure 2.44, 2.45). There is no evidence of significant bank erosion 
within the study reach of the Mulkear, with only local pockets of erosion found, suggesting that most 
sediment transport to the Old River Shannon is generated in upper catchment areas.  

The Mulkear River was drained and embanked in the mid-19th century. The OPW Mulkear Ballymackeogh 
arterial drainage scheme may be impacting the flow and sediment regime by draining the surrounding land 
quicker, concentrating flows in drainage channels and therefore accelerating delivery of fine sediment 
downstream. This will be particularly relevant in places where there are high concentrations of drainage 
channels, such as Ballymackeogh, Cunnagavale and Pullagh and local surrounding areas. 

A weir located at Ballyclough was removed in the past just upstream of the N7 motorway crossing and just 
beyond the study limits. Depending on the size of this weir, it could have been storing some sediment within 
the upstream impoundment zone but it is likely this would have become full over time, with material passing 
over it during flood flows. Therefore, the impact of removal of the weir and transport of sediment 
downstream may not have been significant.  
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Figure 2.43 Course of the Mulkear River. 

 

  

Figure 2.44 The Mulkear River at Annacotty Weir. 
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Figure 2.45 Marginal scrub vegetation on the Mulkear River below Annacotty Weir. 

Bedload transport is occurring, however, with an active gravel bed visible below Annacotty Weir (Figure 
2.46) and elevated flows carry large amounts of fine sediment in suspension (Figure 2.47 – photo taken 
during flood conditions in February 2020) through to the Old River Shannon where they can deposit as 
submerged and emergent bars and islands. 

 

 

Figure 2.46 Typical gravel bed character of the Mulkear River below Annacotty Weir. 
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Figure 2.47 Low flow vs. flood flow suspended sediment contrast at Annacotty Weir. 
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2.6 Hydrology 
2.6.1 Flood history 
Tables 2.1 and 2.2 summarise the historic flooding recorded on both the Old River Shannon and the 
Mulkear River. No specific flood extent data is available for these recorded events. The Shannon Upper 
and Lower Flood Risk Management Plan (2018) provides a record of historic flooding, as summarised 
below: 

“Flooding within the Shannon Upper and Lower River Basin dating back to the early 20th century is 
documented in available records. Although gauging station and rainfall data isn’t available for this period, 
anecdotal evidence exists of extensive flooding throughout the Shannon catchment in January 1925 when 
low lying agricultural lands, properties and roads were all impacted. A similar event occurred in December 
1954, where extensive flooding resulted in widespread damage throughout the catchment with thousands 
of acres of farmland being submerged and more than 70 residential properties seriously flooded in the 
Athlone area alone. 

Recurring flood events throughout the 1960s, 70s and 80s as a result of periods of heavy rain rendered 
roads impassable, and left multiple properties and thousands of acres of agricultural land submerged on a 
near annual basis. 

In February 1990, over 3,000 farm families and 700 acres of land south of Athlone in the Middle Shannon 
Catchment were affected by a flood event. The same event impacted many villages and roadways 
throughout the counties of Limerick, Clare and parts of Galway. 

Another large flood event occurred in November 2009, which caused extensive damage to properties and 
infrastructure throughout the catchment with AFAs including Carrick-on-Shannon, Athlone, Ballinasloe, 
Portumna and Limerick. 

Since 2013 there has been other significant flooding within the River Basin, including the 1st February 2014 
where residents had to be evacuated from their homes in Limerick City and between November 2015 and 
January 2016 in the wake of Storm Desmond, when there was significant flooding throughout the Upper, 
Middle and Lower Shannon catchments.” 

This demonstrates that flooding is a continuing problem in the River Shannon catchment.  

 

Table 2.1 Sequence of historic flooding on the River Shannon at Castleconnell. 

Date Comment 
January 1925 Extensive  
August 1946 No details available 
December 1954  
Winter 1959  
February 1990 Impacted Limerick 
Winter 1994-1995  
Winter 1999-2000  
December 2006 No details available 
November 2009 Castleconnell, Montpelier, 

Cattletroy 
Winter 2015/16 At least as significant as 

2009 event described above 
 

Table 2.2 Sequence of historic flooding on the Mulkear River at Cappamore. 

Date Comment 
August 1946 Cappamore flooded 
1969 No details available 
1973 No details available 
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Date Comment 
1975 No details available 
1983 Cappamore flooded 
August 1986 General flooding 
December 1993 No details available 
Winter 1994-1995 Cappamore severely 

flooded 
 

2.6.2 Gauge data review 
The Old River Shannon is gauged at Parteen Weir and at Ardnacrusha while the Mulkear River is gauged 
at Annacotty Weir (Figure 2.48). Daily coincident flow records (single record per day) were obtained back 
to the 1970s (Figure 2.49 – longer record length available for Parteen Weir shown in Figure 2.51, but 
coincident flows limited to record length for the Mulkear at Annacotty Weir) and these data allow the pre-
scheme flow of the River Shannon to be reconstructed by combining the flows along the Ardnacrusha 
Headrace Canal with that gauged at Parteen Weir. The impact of flow diversion along the Ardnacrusha 
Headrace Canal is clearly seen in the flow exceedance curves for the watercourses constructed from the 
daily flow record (Figure 2.50) with flows in the Old River Shannon severely impacted over pre-scheme (i.e. 
all flow would have previously gone down the Old River Shannon under pre-scheme conditions rather than 
split between it and the Ardnacrusha Headrace Canal). The mean annual flow in the Old River Shannon is 
reduced and the mean annual and bankfull (1.5 year return period flow) flow frequencies are severely 
reduced (Figure 2.51). 

  

Figure 2.48 Gauge sites on the River Shannon and the Mulkear River in the vicinity of the study site. 
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Figure 2.49 Daily flow sequence for the River Shannon old channel and combined flow and for the Mulkear 
River tributary. 

 

Figure 2.50 Flow exceedance curves for the River Shannon old channel and combined flow and for the 
Mulkear River tributary. 
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Figure 2.51 Flows in the old channel compared to a reconstructed natural flow regime for the River Shannon 
(no data represents anomalous result). 

 

A review of the coincident flows in the Old River Shannon and the Mulkear River under reconstructed pre-
scheme and current post-scheme flow conditions (Figure 2.52) further emphasises the loss of higher flows 
in the Old River Shannon, and flood flows in the Old River Shannon are now more commonly associated 
with elevated flows from the Mulkear River (Figure 2.53). Such a situation is far more conducive to 
sedimentation in the Old River Shannon with the Mulkear River delivering mixed sediment during elevated 
flows which are rapidly deposited in the reduced flow Old River Shannon. The dramatic reduction in higher 
Old River Shannon flows means that these sediments have the propensity to remain in the main channel 
with only very infrequent movement further downstream. Before the Shannon Hydro-Electric Scheme, there 
would generally be sequenced flows from the Mulkear and the River Shannon, hence a Bankfull flow in the 
Mulkear would occur in combination with a Bankfull flow on the Shannon. This is demonstrated by Figure 
2.52.  More frequent lower order floods that are currently removed from the Old River Shannon as a result 
of Parteen weir would definitely assist with mobilisation of finer sediments further downstream.   
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Figure 2.52 Heat map of combined flow occurrence for the River Shannon (post-scheme and reconstructed 
pre-scheme) and coincident flows on the Mulkear River. 

 

Figure 2.53 Heat map of combined flow alteration for the River Shannon (post-scheme and reconstructed 
pre-scheme) and coincident flows on the Mulkear River. 
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2.7 Historic channel change 
Historic channel change (erosion and deposition) has been investigated using archival cross-section 
survey, historic mapping and aerial photography to develop a developmental sequence dating back to the 
early 1800s (information supplied from various sources by the OPW), please refer to Appendix A for the full 
dataset list.  

Cross-sections surveyed in 1925 linked to the construction of the hydropower plant at Ardnacrusha (Figure 
2.54) proved of very limited use in the study with most located away from the Old River Shannon and many 
failing to capture whole cross-sections. Visual comparison of these sections with more recent survey 
suggests potential limited marginal sedimentation since 1925, mostly on inner bend margins. However, the 
coverage and overall quality of these historic data make such statements speculative. 

 

Figure 2.54 Example comparison cross-sections showing contemporary survey and 1925 (partial) survey 
sections. 

 

Historic mapping and aerial imagery were compared by first georeferencing all data to a common coordinate 
system (Irish Transverse Mercator). All comparisons are shown in Appendix B. The outlines shown in the 
following Figures map the actual river position (i.e. left and right bank positions and any significant in-
channel features such as islands) with reference to the specific historic dataset used. These have been 
overlain on the current channel position to show how the channel planform has changed over time.  Reach 
1, the reach below Parteen Weir, has shown no significant change since the early 1800s despite the 
influence of the Shannon Hydro-Electric Scheme (Figure 2.55). Reach 2, around Castleconnell (Figure 
2.56) has seen island development, however, this has been shown to be wet woodland development on 
bedrock in the reach rather than on alluvial sediment. As such, morphological change through deposition 
has been very limited. Reach 3, the reach between Castleconnell and the University of Limerick (Figure 
2.57), shows no major sedimentary development above the confluence of the Mulkear River (although the 
field audit detected some submerged sediment mostly up towards Castleconnell). Deposits have increased 
below the confluence into Reach 4, however, with several bar features developing in the channel and 
extending into the mixed bedrock and alluvial influenced Reach 4 past the University of Limerick (Figure 
2.58). The downstream end of the Mulkear River has also shown very little planform change, and there is 
insufficient information to further comment on upstream change along the Mulkear River.  Marginal 
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deposition and wet woodland development characterises the response of the river around Saint Thomas 
Island within Reach 5 (Figure 2.59). 

 

Figure 2.55 Comparison contemporary aerial imagery and 1837-42 historic mapping for Reach 1 of the Old 
River Shannon between Parteen Weir and O’Briensbridge. 
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Figure 2.56 Comparison contemporary aerial imagery and 1837-42 historic mapping for Reach 2 of the Old 
River Shannon around Castleconnell. 
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Figure 2.57 Comparison contemporary aerial imagery and 1837-42 historic mapping for Reach 3 of the Old 
River Shannon between Castleconnell and the Mulkear tributary. 
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Figure 2.58 Comparison contemporary aerial imagery and 1837-42 historic mapping for Reach 4 of the Old 
River Shannon around the University of Limerick. 

 

Figure 2.59 Comparison contemporary aerial imagery and 1837-42 historic mapping for Reach 5 of the Old 
River Shannon between the University of Limerick and Saint Thomas Island. 
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Areal change was quantified by measuring the feature sizes from each set of map and aerial images (Figure 
2.60). The trend is generally for increased alluviation along the entire study reach. However, this is strongly 
skewed by the apparent island development recorded around Castleconnell (Reach 2) with only the bottom 
end of Reach 3 (after the Mulkear confluence) and Reach 4 around the University of Limerick showing real 
sediment gains (Figure 2.61). Table 2.3 provides a summary of historic channel change of each of the 5 
sub-reaches. 

 

 

Figure 2.60 ‘Whole river’ change in island, bar and marginal sediment area between 1830 and 2019. 

 

Figure 2.61 Sub-reach change in island, bar and marginal sediment area between 1830 and 2019. 
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Table 2.3 Sub reach historic channel change summary. 

Reach Summary historic change 
Reach 1  Little channel change compared to current channel planform and profile. 

Reach 2 Island development, but mostly wet woodland on bedrock rather than 
alluvial sediment build up. 

Reach 3 Little channel change compared to current channel planform and profile, 
some sediment accumulation at the confluence with the Mulkear River. 

Reach 4 Deposition has occurred in the Shannon through this reach due to the 
inputs from the Mulkear River. 

Reach 5 
Some deposition has occurred in the Shannon through this reach due to 
the inputs from the Mulkear River, mainly through marginal feature 
development. 

Lower Mulkear River 

No significant channel change around the confluence with the Old River 
Shannon. Insufficient data upstream to comment further but the 
walkovers identified no significant areas of reach scale erosion or 
deposition. 

 

A review of the contemporary cross-sections along the Old River Shannon allowed an approximate bedrock 
profile to be reconstructed beneath current alluvial material (see for example Figure 2.62). These bedrock 
profiles were used to create a bedrock surface of the river and this was subtracted from the contemporary 
sections to determine average and maximum depths of deposition and these are summarised in Table 2.4 
together with estimated rates of accumulation assuming no removal since 1920 and assuming that there 
was no silt present in 1920. Even across these depositional features the rates of accumulation are low with 
maximum estimates of only 3 cm per year downstream of the Mulkear River confluence. 

 

 

Figure 2.62 Example bedrock profile reconstruction after the Mulkear River confluence (Reach 3). 
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Table 2.4 Estimated soft sediment depths and rates of accumulation (1920-2020) across depositional 
features for the reaches of the Old River Shannon. 

Reach 

Average 
section soft 
sediment 
depth (m) 

Maximum 
section soft 
sediment 
depth (m) 

Average & maximum annual 
accumulation rates 
(m/yr)  

Reach 1  0 0 0 
Reach 2 0.2 0.4 0.002 to 0.004 
Reach 3 1.3 3 0.013 to 0.03 
Reach 4 0.3 0.7 0.003 to 0.007 
Reach 5 1.7 2.5 0.017 to 0.025 

 

The section data surfaces have been used to generate an overall stored volume of sediment by reach and 
these are summarised in Table 2.5. It is clear, despite the coarse nature of the exercise, that sedimentation 
is negligible in the reaches above the Mulkear River, but then increasing below the confluence of the 
Mulkear River (the Reach 3 accumulation is principally found immediately below the Mulkear River 
confluence). The modelling assumptions with regards to sediment removal volumes mean there could be 
an under or overestimate given likely fluctuations in sediment depth along and across the channel. This 
could have implications with regards to the broad flood impact conclusions drawn from the study.  

 

Table 2.5 Estimated soft sediment volumes and areal equivalents for the reaches of the Old River Shannon. 

Reach 
Wetted area 
(m2)  

Sediment Volume 
(m3)  

Equivalent sediment 
depth across each reach 
(m) 

Reach 1  656900 0 0 
Reach 2 500000 25000 0.05 
Reach 3 227700 45000 0.20 
Reach 4 350000 65000 0.19 
Reach 5 580000 45000 0.08 

 

These data were further investigated with respect to the flood volumes conveyed by the Old River Shannon 
and this is discussed further in Section 3.6. It is clear that the loss of flow volume due to sediment build up 
is low, particularly for more extreme floods. 
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2.8 Vegetation change 
The contemporary Google Earth aerial imagery of the Old River Shannon was also used to map vegetation 
and flow types in the river (Figures 2.63 to 2.67). Of particular interest are the areas of reed development 
which could suggest fine sediment accumulation. The field audit suggests, however, that in the bedrock 
influenced reaches the rhizomes are growing in bare rock with only a veneer of gravels (Figure 2.68) and 
hence are giving a false impression of sedimentation similar to the wet woodland areas. 

Analysis of the aerial imagery did not identify areas of significant vegetation change along the study reach 
of the Mulkear River below Annacotty Weir that would suggest excessive sedimentation in the tributary and 
have a significant influence on the flow and sediment regime. The field audit did not identify significant 
lengths of erosion that would be significantly impacting the sediment regime within the study reach, 
however, it has been reported that some reaches of the Mulkear are treated for invasives and this may be 
contributing a small proportion of material to the watercourse at higher flows in the winter.  
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Figure 2.63 Remote sensed Google Earth vegetation mapping for Reach 1 on the Old River Shannon. 
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Figure 2.64 Remote sensed Google Earth vegetation mapping for Reach 2 on the Old River Shannon. 
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Figure 2.65 Remote sensed Google Earth vegetation mapping for Reach 3 on the Old River Shannon. 
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Figure 2.66 Remote sensed Google Earth vegetation mapping for Reach 4 on the Old River Shannon. 

 

Figure 2.67 Remote sensed Google Earth vegetation mapping for Reach 5 on the Old River Shannon. 
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Figure 2.68 Gravels over a bedrock bed and exposed reed rhizomes in the river around Castleconnell. 

2.9 Sediment character and Sediment transport 
Sediment character and sediment transport processes vary strongly down the Old River Shannon. Bedrock 
(Figure 2.69) is frequently seen past Castleconnell down to the confluence of the Mulkear River (Reaches 
1 and 2), after which it becomes less prevalent. Cobble sediment in this reach (Figure 2.70) also appears 
immobile and is probably a lag deposit left after other more mobile sediment has been winnowed and 
transported downstream. Hence it appears that these upper reaches (above the Mulkear confluence) 
receive little in the way of contemporary coarse sediment supply and remain free of any new sediment 
accumulations, mainly due to the impounding influence of Parteen Weir.  

Gravels are introduced through local erosion of the banks and tributary inputs, most notably from the 
Mulkear River and some mobile gravel was observed in the reaches after the confluence - Reaches 3, 4 
and 5 (Figure 2.71). Mostly these were clean gravels, however, in lower energy zones they were more 
mixed in terms of gravels, sand and silt (Figure 2.72) all of which were mobile. Only in marginal zones were 
finer sediments accumulating and becoming more consolidated (Figure 2.73) as low relief bars and berms. 
It may be anticipated from these observations that siltation is not a significant issue on the main river above 
the Mulkear confluence and the repeat bathymetric survey data suggests that build up below the Mulkear 
has not significantly altered the bed profile. 
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Figure 2.69 Exposed cherty limestone bedrock in the river around Castleconnell. 

 

 

 

Figure 2.70 Partially indurated bed composed of cobbles and gravels in a fine cemented matrix. 
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Figure 2.71 Mobile smaller gravels and finer sediments. 

 

 

Figure 2.72 Partially indurated bed composed of cobbles and gravels in a fine cemented matrix. 



67 
 

 

 

Figure 2.73 Thin consolidating marginal fine sediment. 

 

Auditing occurred during a storm event in Limerick on 9th February 2020 and this allowed opportunist 
sampling of suspended sediment along the Old River Shannon and the Mulkear River (Figure 2.74). A 
visual comparison of the suspended load (Figure 2.75) reveals that samples 1 and 2 taken below the 
Mulkear confluence contained the highest levels of suspended sediment (Reach 4 and 5). In contrast 
samples 3 through to 8 (within Reaches 1 and 2) sampled progressively upstream from the Mulkear River 
confluence to Killaloe above Parteen Weir were of higher clarity with the exception of the sample at 
O’Briensbridge where it is suspected that some discharge into the Old Channel from Parteen Weir had 
occurred causing some discolouration from fines temporarily released from behind the structure. Samples 
9 to 11 were taken on the Mulkear River and showed a very high suspended sediment concentration. These 
samples suggest that very little fine sediment is entering the Old River Shannon from above Parteen Weir 
and this is resulting in relatively clear water flow through to the end of the Castleconnell reach. Considerable 
volumes of fines are then delivered to the main channel from the Mulkear River which carries a high fine 
sediment load derived from the agricultural catchment. This is impacting suspended sediment loads in the 
ponded reach back up to Castleconnell and downstream of the confluence with significantly elevated fine 
sediment loads sampled. 
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Figure 2.74 Suspended sediment load sample points along the Old River Shannon and the Mulkear River. 
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Figure 2.75 Suspended sediment load variation along the Old River Shannon and the Mulkear River. 

 

2.10 Desk and Field Based Assessment Summary 
The Old River Shannon may be split into 5 distinct sub-reaches based on the geomorphology with a ponded 
but relatively sediment poor reach below Parteen Weir (Reach 1) and another more alluviated reach around 
the Mulkear River confluence (Reach 3). These are being influenced by steeper bedrock influenced reaches 
past Castleconnell and the University of Limerick respectively (Reach 2 and 4). Sediment poor reaches 
persist due to the very low supply of sediment from upstream (due to Lough Derg and the impounding 
influence of Parteen Weir) with very little sediment observed above the Castleconnell reach (Reach 2) and 
relatively limited deposits through the University of Limerick reach (Reach 4).  

The morphological makeup strongly reflects the processes operating along the study reach with the Old 
River Shannon above the Mulkear River Confluence reflecting a very low sediment supply. Mixed sediment 
from the Mulkear River is then rapidly deposited in the Old River Shannon forming submerged deposits at 
the confluence and encouraging alluvial island development in the anastomosed reach past the University 
of Limerick. Elevated fine sediment inputs from the Mulkear River are also being deposited as low berms 
and bars in the main channel where it is becoming consolidated and vegetated. These deposits are unlikely 
to be eroded under the contemporary post-scheme flow regime of the Old River Shannon, as evidenced in 
Section 3.5 below. Rates of build-up appear slow with maximum rates of between 1 and 3 cm per year 
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estimated downstream of the confluence of the Mulkear River declining to close to zero further upstream 
(Table 2.4). These findings are summarised in Figure 2.76 and Table 2.6 and are further verified in the 
modelling in section 3 below. 

 

  

Figure 2.76 Summary character of the River Shannon between Parteen Weir and St Thomas Island. 

 

Table 2.6 Summary character of the River Shannon based on the five sub reaches. 

Reach and location Desk and field-based summary 

Reach 1 – Parteen Weir to 
Castleconnell   

Little channel change compared to current channel planform and profile. 
Mainly a transporting reach with little sedimentation occurring. 
Parteen weir and Lough Derg is influencing sediment supply from 
upstream.  

Reach 2 - Castleconnell to 
Belleisle 

Multiple island development, but mostly wet woodland on bedrock 
rather than alluvial sediment build up. 
Mainly bedrock anastomosed channels with little in the way of sediment 
build up.  

Reach 3 - Belleisle to the 
University of Limerick 
including the Mulkear River 
confluence 

Little channel change compared to current channel planform and profile. 
Mainly a transporting reach with little sedimentation occurring, except 
for immediately after the Mulkear River confluence and a small section 
upstream of the confluence within the ponded area. 

Reach 4 - The University of 
Limerick 

Deposition has occurred in the Shannon through this reach due to the 
fine sediment inputs from the Mulkear River. 
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Reach and location Desk and field-based summary 
Exposure of bedrock is less prevalent with thicker deposits of cohesive 
sediment covering the limestone and forming alluvial bank deposits. 
Multiple well-developed islands and channels have formed.  
 

Reach 5 - The University of 
Limerick to Saint Thomas 
Island 

Some deposition has occurred in the Shannon through this reach due to 
the inputs from the Mulkear River, mainly through marginal feature 
development. 
But the channel is mainly shallow and wide, with occasional bedrock 
outcrops. 

Mulkear River from Annacotty 
Weir to the confluence with 
the Old River Shannon 

Little overall planform and vegetation change from the data available 
(limited), however main conclusion is the Mulkear River is the biggest 
source of fine sediment to the Old River Shannon downstream of the 
confluence, as evidenced by the sediment sampling undertaken during 
flood conditions. 
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3.1 Introduction 
The data review and fluvial audit have revealed several potentially significant impacts to the form and 
function of the Old River Shannon following the operation of the Shannon Hydro-Electric Scheme. These 
include: 

• Flow regime alteration - principally the imposition of a regulated flow regime between Parteen Weir 
and the Mulkear River confluence;  

• Sedimentation - most notably after the Mulkear River confluence; 

• Vegetation growth - strongest around Castleconnell and the University of Limerick. 

These may be further investigated through flow modelling and this is described in the following sections. 

 

3.2 Hydraulic Model Construction 
A 2D TUFLOW model of the reach of the River Shannon from Parteen Weir to Limerick City and the Mulkear 
River has been developed using the existing River Shannon model provided by OPW, LIDAR data and the 
new survey commissioned by OPW separately to this study. The LIDAR data has been used to represent 
the floodplain as this extended beyond the extent of the drone survey. In-channel model data was created 
using the model cross-sections supplied by OPW, enhanced using the ADCP survey data collected for this 
study to provide a suitable point mosaic that the 2D TUFLOW model has used to create the model DEM. 
The model was developed at a 5m cell size to enable accurate representation of features within the channel 
and flood flows across the floodplain.  

Several scenarios have been considered as part of this geomorphological study to help to understand the 
flow and sediment regime for this reach of the Shannon and Mulkear and the potential implications on future 
geomorphological processes (erosion, deposition etc) and broad impacts on flooding: 

1. Scenario 1: Existing conditions model – this has been built using the existing in-channel model 
information from the supplied OPW model of this reach of the Shannon and the supplied LIDAR 
(filtered) to represent the floodplain, with verification using the ADCP in-channel data and inclusion 
of extra data between supplied data sections. This model will include the impact of vegetation growth 
and sedimentation; 

2. Scenario 2: The impact of vegetation growth - Vegetation will be removed from islands and 
compared to existing conditions (Scenario 1) – this has been achieved through altering the 
Manning’s roughness values across vegetated island features within the study reach; 

3. Scenario 3: The impact of sedimentation - Alluvial sediment removed from the channel at key 
deposition areas downstream of the Mulkear confluence and compared to existing conditions 
(Scenario 1) – this has been achieved through selective lowering of the channel bed at identified 
key deposition zones from the fluvial audit, survey and existing model information. The modelling 
assumptions with regards to sediment removal volumes mean there could be an under or 
overestimate given likely fluctuations in sediment depth along and across the channel. This could 
have implications with regards to the broad flood impact conclusions drawn from the study; 

4. Scenario 4: The combined impact of vegetation growth and sedimentation - Vegetation will be 
removed from islands and alluvial sediment removed downstream of the Mulkear confluence and 
compared to existing conditions (Scenario 1) – this is a combination of Scenarios 2 and 3 above. 

All of these outputs have been linked with the Fluvial Audit information described in Section 2 above. 
Geomorphological processes and the impacts of these various scenarios have been considered across the 
flow regime (see section 3.2 for a description of the Flow Regime scenarios considered and modelled) for 

3 Hydraulic and Sediment Modelling 
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the Old River Shannon channel and has been gleaned from the supplied hydraulic model hydrology and 
the gauged flow records available at Parteen Weir and Annacotty weir. This has ensured geomorphological 
impacts have been considered under both low flows and more extreme flows along the Old River Shannon 
study reach. 

The models have been built using a Digital Elevation Model (DEM) across the model domain that provides 
a ground elevation value for each grid cell in the model. The model extents are shown in Figure 3.1 below. 

Hydraulic modelling outputs are shown in full in Appendix C. 

 

Figure 3.1 Model extent 

Features and edits to the channel linked to the Scenarios listed above were incorporated into the model by 
using zshape polygons within the TUFLOW model to modify the underlying geometry, or roughness 
polygons.  

 

3.3 Hydrology and model verification 
3.3.1 Hydrology 
Flow inputs to the model for the upstream limit of the Shannon at Parteen Weir and for the Upstream limit 
of the Mulkear River have been derived using the available gauged information supplied for both Parteen 
Weir and the Annacotty Weir on the Mulkear (see Figures 2.49 and 2.51). To fully understand the 
geomorphological processes across the flow regime, the following flows have been used within the model 
for physical Scenarios 1 to 4 listed above: 
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• LOW FLOW: 10m3/s within the River Shannon (statutory compensation discharge of 10m3/s) and 
5m3/s in the Mulkear – this is to understand sediment and flow dynamics under normal / low flows 
since the 10m3/s is the controlled flow (compensation flow) running through the Old River Shannon 
study reach as a result of the control structure at Parteen Weir (referred to hereon as Flow Regime 
1); 

• IMPACTED BANKFULL FLOW: 161m3/s within the River Shannon and 87m3/s within the Mulkear 
– this is to understand the impacts of the artificially enforced bankfull / 1.5yr return period flow (post-
Shannon Hydro-Electric Scheme) into the controlled Old River Shannon (see Figure 2.49) and a 
bankfull / 1.5yr return period flow within the Mulkear (referred to hereon as Flow Regime 2); 

• LOW FLOW / COMPENSATION FLOW SHANNON (statutory compensation discharge of 10m3/s), 
BANKFULL MULKEAR: 10m3/s within the River Shannon and 87m3/s within the Mulkear – this is 
to understand the impacts of a bankfull flow / 1.5yr return period within the Mulkear with a controlled 
/ compensation 10m3/s flow within the Shannon i.e. Parteen Weir Sluice Gate not letting any 
additional flow through (referred to hereon as Flow Regime 3). 

• PRE-SCHEME BANKFULL FLOW: 506m3/s within the old channel of the River Shannon and 
87m3/s within the Mulkear – this is to understand the impacts of an infrequent extreme flow into the 
now-controlled old channel, and to assess the impact of the construction of the Shannon Hydro-
Electric Scheme. The flow of 506m3/s in the old channel would equate to a 1.5 year return period 
event for the River Shannon prior to the construction of the Shannon Hydro-Electric Scheme, but 
may now be considered to be an infrequent extreme flow in the now-controlled old channel having 
only occurred twice on record since the Shannon Hydro-Electric Scheme (referred to hereon as 
Flow Regime 4).  

 

 
Figure 3.2 Configuration of the study river reach and variation in discharge conditions observed in the flow 
record. 

 

 

Input model hydrographs were run for 108hrs that was informed partly by the hydrology provided within the 
OPW supplied model. This was deemed more than sufficient for the hydro geomorphological analysis being 
undertaken for this project in terms of identifying processes etc. This also balanced model resolution with 
model run time as it is a large model and running at a 5m resolution (that was important for the 
geomorphological assessment) takes around four days of model run time. 
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3.3.2 Model verification 
A separately commissioned drone survey was undertaken to map the extent of flooding that occurred during 
the February 2020 flood event along the Old River Shannon. A GIS shapefile has been produced that maps 
the maximum extent of flooding that occurred during the event. Gauged flows for the peak of this event 
(366 m3/s along the Old River Shannon from Parteen Weir Gauge, and 104m3/s along the Mulkear River 
from Annacotty Weir Gauge) were then through our current conditions model (Scenario 1) and were 
compared to this surveyed flood extent to further verify the model used for this study. As can be seen in 
Figure 3.3 and 3.4, there is overall good agreement between the surveyed flood extent and the modelled 
flood extent for this flow, this gives us further confidence in the conclusions reached from the modelling 
aspects of this geomorphological study. There are some small discrepancies in a couple of locations, but 
this is to be expected given the 5m cell size modelling and likely influences of smaller drains and tributaries 
not picked up in the model.   
  

 

Figure 3.3 Comparison of surveyed flood extent (blue outline) and modelled flood extent (red outline) – visible 
blue areas show where the surveyed flood extent is larger than the modelled extent. 
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Figure 3.4 Comparison of surveyed flood extent (blue outline) and modelled flood extent (red outline) – visible 
red areas show where the model extent is larger than the surveyed flood extent. 

 

Another model simulation was undertaken for these February 2020 flows using the supplied OPW survey 
information (with no amendments using the drone and ADCP survey used for Scenario 1). This was then 
compared to our Scenario 1 model extent output. As can be seen in Figures 3.5 and 3.6, there are minor 
differences between the modelled extents. This suggests two things: 

1. Both models show a good agreement with the surveyed flood extents for these flows; 
2. That there has not been significant channel change through deposition / sedimentation in the Old 

River Shannon between the two survey datasets (believed to be a period of 7-8 years based on the 
date of the supplied OPW model) to an extent where flood flows are significantly impacted. This is 
in agreement with the general geomorphological and model conclusions of this study. It should be 
noted that we have recommended a post flood drone and ADCP survey to understand the 
depositional changes as a result of the February 2020 floods.  
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Figure 3.5 Comparison of the Scenario 1 model extent (red outline) and OPW model flood extent (green 
outline) – visible red areas show where the Scenario 1 model extent is larger than the OPW model flood extent. 
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Figure 3.6 Comparison of the Scenario 1 model extent (red outline) and OPW model flood extent (green 
outline) – visible green areas show where the OPW model flood extent is larger than the Scenario 1 model 
flood extent. 

 

3.4 Model Run Outputs 
Simulated depths, velocities, water level, bed shear stress, flow and mass balance were output to assess 
flood extents across the model domain. PO monitoring lines were used at the downstream end of the 
models to determine likely downstream flood risk impacts. PO lines are essentially lines drawn within the 
model domain that record flow and water level when water passes across them over the duration of the 
model run.  Model outputs were sensibility checked by AquaUoS to ensure these reflected information 
gathered during the Fluvial Audit undertaken prior to the modelling and model results were deemed to be 
appropriate and sensible. Appendix C contains all of the model outputs used in this study. 

 
3.5 Geomorphological Analysis 
The field audit of the Shannon system between Parteen Weir and Limerick City revealed a system that may 
be split into 5 sub-reaches, as well as the Lower Mulkear, based on the functional morphology. The 
Shannon watercourse is strongly ponded from Parteen Weir to just above Castleconnell and is sediment 
starved due to the storage function of Lough Derg (Reach 1). The Old River Shannon changes to a bedrock 
anastomosed channel system past Castleconnell (Reach 2) and here the reduced flow regime and lack of 
sediment supply has allowed extensive islands of wet woodland to develop on subdued bedrock highs. This 
channel type is extremely rare in Ireland and should be protected. A second ponded sub-reach extends 
from just above the Mulkear River confluence through just upstream of the University of Limerick (Reach 
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3) and here mixed sediment has accumulated, most notably at the Mulkear confluence linked again to the 
reduced flow regime in the Old River Shannon and a strong bedload supply from the Mulkear tributary. 
These sediments appear largely unconsolidated and it has been estimated that they are on average 0.3 m 
in thickness through the reach (not contiguous with some local hotspots, for instance around the confluence 
zone). Bedrock is again seen past the University of Limerick (Reach 4) although the river gradient is less 
than through Castleconnell. This and an increased supply of mixed sediment has allowed larger wooded 
islands to develop in the channel on top of bedrock. After the University the river again deepens past St 
Thomas Island, an artificial split (Reach 5) before becoming tidal. Historic mapping suggests that change 
has been dramatic around Castleconnell, however this is mapping the wooded islands and not areas of 
new sediment, island growth is also seen around the University. Elsewhere sedimentation is principally 
restricted to marginal, consolidated, low elevation berm deposits. 

To further elucidate on the processes controlling the form and dynamics of the Old River Shannon channel, 
a series of flow and sediment transport models were constructed and used to simulate bedload and fine 
sediment dynamics on the system. The two principal controls on flow dynamics were revealed as 
development of wet woodland and the bed aggradation in the vicinity of the Mulkear River confluence during 
the field audit (Figure 3.7). 

The influence of these two identified controls were assessed using the following model configurations:  

• Existing geomorphological conditions (Scenario 1, see Section 3.2); 

• Wet woodland removal - simulated through reducing the channel roughness across areas of wet 
woodland (Scenario 2, see Section 3.2), with no bed elevation change simulated as the trees are 
growing on bedrock;  

• Removal of sediment deposited from the Mulkear River – simulated by altering the bed profile 
(Scenario 3, see Section 3.2), and extending the deeper area of channel across the full width to 
simulate a bedrock section; 

• Simultaneous removal of wet woodland and sediment (Scenario 4, see Section 3.2). 

  

 

Figure 3.7 Configuration of the study river reach and location of observed wet woodland and sediment 
accumulation. 

Scenario 1 Scenario 2 Scenario 3 Scenario 4 
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3.5.1 Hydraulic Model Simulations 
To assist in the understanding of the flow dynamics under low-moderate and bank-full conditions, with 
vegetation and sediment removed so to understand the influences of vegetation and sediment in the flow 
and sediment regime (linked to the Scenarios described in Section 3.2), the following simulations were 
analysed: 

• Low flow dynamics (section 3.5.2); 

• Bankfull flow dynamics (section 3.5.3); 

• Vegetation removal (section 3.5.4); 

• Sediment removal (section 3.5.5), and, 

• Combined vegetation and sediment removal (section 3.6.6). 

Table 3.1 summarises these simulations, while the details of which model runs were compared in order to 
carry out the assessment, and the results, are presented and discussed in the following sections. 

Table 3.1 Hydraulic model simulation summary. 

Simulation Flow Regime Scenario 
Low flow dynamics (section 
3.5.2) Flow Regime 1 Scenarios 1,2,3 and 4 

Bankfull flow dynamics 
(section 3.5.3) Flow Regimes 2,3 and 4 Scenario 1 

Vegetated island influence 
(section 3.5.4) Flow Regimes 2 and 3 Scenarios 1 and 2 

Sediment removal influence 
(section 3.5.5) Flow Regimes 2 and 3 Scenarios 1 and 3 

Combined sediment removal 
and vegetated island removal 
influence (section 3.5.6) 

Flow Regimes 2 and 3 Scenarios 1 and 4 

 

3.5.2 Low Flow Dynamics 
The four sediment/vegetation scenarios as described in Section 3.2 were simulated in the model for low 
flow conditions (Flow Regime 1, those being 10m3/s in the old channel of the Shannon - statutory 
compensation discharge of 10m3/s, as controlled by Parteen weir, and a typical low flow of 5m3/s in the 
Mulkear River). Hydraulic response was examined in terms of changes to the simulated velocity and shear 
stresses by comparing the model outputs for the various modelled sediment and vegetation scenarios 
(Scenarios 2, 3 and 4) with the model outputs for the vegetation and sediment deposits in their current state 
(Scenario 1).  

• Scenario 2 - Vegetation removal (Figure 3.8) resulted in only a very minor change in velocities 
around Castleconnell (Reach 2) and some local increases (> 0.5 m/s) around the University of 
Limerick (Reach 4). These changes are unsurprising as it is these steeper and more morphologically 
complex reaches that would be most sensitive to a reduced channel roughness and it is here that 
the wooded islands occur. The predicted changes in local velocities are unlikely to have any 
significant impact on channel function at low flow. This is supported by the simulated change to 
shear stress along the study reach (Figure 3.8) with no significant change seen throughout. The 
changes in hydraulics around Castleconnell in particular must be viewed in the context of a very low 
sediment supply and presence of extensive bedrock effectively mitigating against physical change 
to the river in this reach. 

• Scenario 3 - Sediment removal revealed a more mixed hydraulic response in the simulations with 
the biggest increases in low flow velocity (Figure 3.9) seen immediately below the confluence of the 
Mulkear River (Reach 3 [downstream end] and Reach 4) followed by a decrease across areas where 
sediment has been stripped and channel capacity is increased. These changes at low flow result in 
negligible change to the shear stresses in the channel (Figure 3.9). Velocity decreases are also 



81 
 

 

simulated around Saint Thomas Island (Reach 5) but again the impact on shear stress at low flow 
is negligible. 

• Scenario 4 - The hydraulic impact of both woodland and sediment removal at low flow is shown in 
Figure 3.10. The velocity change pattern is enhanced and again shows the biggest velocity 
increases immediately after the Mulkear River confluence (Reach 3 [downstream end] and Reach 
4) and reductions around Saint Thomas Island (Reach 5). The in-combination impact on shear 
stress is more muted and generally negligible apart from a general reduction around the University 
of Limerick (Reach 4). This suggests no major change from the current system dynamics with only 
a minor risk of sediment accumulation around the University of Limerick from any material delivered 
to the reach on the falling limb of a flood event. 
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Figure 3.8 Low flow velocity (m/s) and shear stress (N/m2) change following vegetation removal (Scenario 2) 
around Castleconnell (Reach 2) and the University (Reach 4) – no data shown by black areas. 
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Figure 3.9 Low flow velocity (m/s) and shear stress (N/m2) change following sediment removal (Scenario 3) 
below the confluence of the Mulkear River (in Reach 3 and 4) – no data shown by black areas. 
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Figure 3.10 Low flow velocity (m/s) and shear stress (N/m2) change following vegetation removal around 
Castleconnell (Reach 2) and the University (Reach 4) and sediment removal below the confluence of the 
Mulkear River in Reach 3 and 4 (Scenario 4) – no data shown by black areas. 



85 
 

 

Table 3.2 below summarises the sub reach scale impact under low flow conditions (Flow Regime 1) 
compared to existing channel conditions (Scenario 1) for vegetation removal (Scenario 2), sediment 
removal (Scenario 3) and vegetation and sediment removal (Scenario 4). 

 

Table 3.2 Summarising sub-reach impact compared to existing channel conditions (Scenario 1) for Scenarios 
2, 3 and 4 for low flow conditions (Flow Regime 1). 

Reach 

Vegetation removal 
comparison 
(Scenario 2) to 
existing conditions – 
see Figure 3.8 

Sediment removal 
comparison 
(Scenario 3) to 
existing conditions – 
see Figure 3.9 

Vegetation and 
Sediment removal 
comparison 
(Scenario 4) to 
existing conditions – 
see Figure 3.10 

Reach 1 No significant change No significant change No significant change 

Reach 2 

Minor local increases 
in velocity and bed 
shear stress but not 
enough to impact the 
flow and sediment 
regime significantly 

No significant change 

Minor local increases 
in velocity and bed 
shear stress but not 
enough to impact the 
flow and sediment 
regime significantly 

Reach 3 No significant change 

Increases in velocity 
immediately below 
Mulkear confluence 
where channel 
capacity was 
increased through 
sediment removal. 
These areas will 
continue to encourage 
deposition should 
sediment removal be 
undertaken. Bed shear 
stress change not 
significant. 

Increases in velocity 
immediately below 
Mulkear confluence 
where channel 
capacity was 
increased through 
sediment removal. 
These areas will 
continue to encourage 
deposition should 
sediment removal be 
undertaken. Bed shear 
stress change not 
significant. 

Reach 4 

Minor local increases 
in velocity and bed 
shear stress but not 
enough to impact the 
flow and sediment 
regime significantly 

Increases in velocity 
immediately below 
Mulkear confluence 
followed by decreases 
downstream of the 
confluence in Reach 4 
around the University 
where channel 
capacity was 
increased through 
sediment removal. 
These areas will 
continue to encourage 

Increases in velocity 
immediately below 
Mulkear confluence 
followed by decreases 
downstream of the 
confluence in Reach 4 
around the University 
where channel 
capacity was 
increased through 
sediment removal. 
These areas will 
continue to encourage 
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Reach 

Vegetation removal 
comparison 
(Scenario 2) to 
existing conditions – 
see Figure 3.8 

Sediment removal 
comparison 
(Scenario 3) to 
existing conditions – 
see Figure 3.9 

Vegetation and 
Sediment removal 
comparison 
(Scenario 4) to 
existing conditions – 
see Figure 3.10 

deposition should 
sediment removal be 
undertaken. Bed shear 
stress change not 
significant. 

deposition should 
sediment removal be 
undertaken. Bed shear 
stress change not 
significant. 

Reach 5 No significant change 

Some local decreases 
in velocity but no 
significant change in 
bed shear stress 
where minor sediment 
removal undertaken. 

Some local decreases 
in velocity but no 
significant change in 
bed shear stress 
where minor sediment 
removal undertaken. 

 

3.5.3 Bankfull Flow Dynamics 
Following the gross change to the hydrology of the Old River Shannon as a result of the Shannon Hydro-
Electric Scheme, the coincident flows of the Old River Channel and the Mulkear River were reviewed 
(Figure 3.11). The heat map shows that elevated flows in the Mulkear are often associated with only the 
compensation flow in the Old River Shannon with higher spill flows in the Old River Shannon coinciding 
with high Mulkear flows only occasionally. The flood hydrology of the Old River Shannon has also been 
substantively altered with the pre-scheme bankfull or 1.5 year return period flow reduced from a natural / 
pre-Shannon Hydro-Electric Scheme 506 m3/s to 161 m3/s on the Shannon (no changes to Mulkear 
hydrology compared to baseline). It is therefore necessary to explore the artificial influence on the Old River 
Shannon flow and sediment regime as a result of the Shannon Hydro-Electric Scheme. With these changes 
in mind the following scenarios were modelled: 

• A natural / pre-Shannon Hydro-Electric Scheme bankfull flow on the Old River Shannon and Mulkear 
River (Flow Regime 4) under existing channel conditions (Scenario 1). 

• The current / post-Shannon Hydro-Electric Scheme bankfull flow on the Old River Shannon and 
Mulkear River (Flow Regime 2) under existing channel conditions (Scenario 1). 

• The compensation flow on the Old River Shannon and bankfull flow on the Mulkear River (Flow 
Regime 3) under existing channel conditions (Scenario 1).  
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Figure 3.11 Heat map of combined flow alteration for the River Shannon (post-scheme and reconstructed pre-
scheme) and coincident flows on the Mulkear River. 

 

Figure 3.12 illustrates that under pre-scheme flow conditions (Flow Regime 4) the bankfull velocities 
experienced along the Old River Shannon would have been higher than under the present flow regime 
(Flow Regime 2). This is most pronounced around Castleconnell (Reach 2) and the University of Limerick 
(Reach 4). Changes around the Mulkear River confluence are much more limited (downstream end of 
Reach 3). These results suggest that flushing bankfull flow energy has been reduced in places including 
around the Mulkear where sediment is accumulating. The simulated shear stress difference (Figure 3.12) 
suggests that shear stress levels were previously more elevated downstream of the Mulkear River 
confluence. This suggests that this reach may previously have been subject to heightened bankfull 
hydraulics than at present and may have been less prone to sediment accumulation.  

The flood flow situation most common on the system at present is for bankfull flow on the Mulkear River 
discharging into a compensation flow in the Old River Shannon (Flow Regime 3). The velocity and shear 
stress difference from natural / pre-Shannon Hydro-Electric Scheme flow conditions on both rivers (Flow 
Regime 4) compared to existing (Flow Regime 3) are shown in Figure 3.13. Velocities were significantly 
higher after Parteen Weir (Reach 1) and around the University (Reach 4) than under the post-scheme Flow 
Regime 3 and shear stress levels were also significantly higher after the Mulkear River Confluence (Reach 
3 [downstream end] and Reach 4) and around Castleconnell (Reach 2). This suggests that the present river 
flow regime (Flow Regime 3) is less competent to move sediment through Castleconnell and after the 
Mulkear confluence. The lack of sediment supply above the Mulkear River confluence means that the 
reduced energy regime created by the Hydro-Electric Scheme is not resulting in increased sedimentation 
around Castleconnell, deposits are, however, seen after the confluence (Reaches 3 [downstream end], 4 
and 5) having been supplied from the Mulkear River. Removal of this material is discussed later, but it must 
be remembered that the current controlled hydraulic conditions (Flow Regime 3) on the Old River Shannon 
are now more conducive to sediment build up within Reaches 3, 4 and 5 as a result of the supply of sediment 
from the Mulkear River and reduced main channel sediment transport competence. 
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Figure 3.12 Changes in velocity (m/s) and shear stress (N/m2) for existing vegetation and sediment conditions 
(Scenario 1), from a comparison between natural (pre-Shannon Hydro-Electric Scheme) bankfull flows – Flow 
Regime 4 (old channel and Mulkear) to the current bankfull flows – Flow Regime 2 (old channel and Mulkear) 
– no data shown by black areas. 
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Figure 3.13 Changes in velocity (m/s) and shear stress (N/m2) for existing vegetation and sediment conditions 
(Scenario 1), from a comparison between compensation flow (old channel) and  bankfull flow (Mulkear) Flow 
Regime 3, to the natural (pre-Shannon Hydro-Electric Scheme) bankfull flows – Flow Regime 4 (old channel 
& Mulkear) – no data shown by black areas. 
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Table 3.3 below summarises the sub reach scale impact under bankfull flow conditions for pre-Shannon 
Hydro-Electric Scheme / natural bankfull flow (Flow Regime 4) compared to post-Shannon Hydro-Electric 
Scheme / existing bankfull flow (Flow Regime 2), and pre-Shannon Hydro-Electric Scheme / natural bankfull 
flow (Flow Regime 4) compared to compensation flow in the Old River Shannon and bankfull flow on the 
Mulkear (Flow Regime 3).  

 

Table 3.3 Summarising sub-reach impact for pre and post Shannon Hydro-Electric Scheme bankfull flows 
(Flow Regime 4 and 2 respectively), and pre-Shannon Hydro-Electric Scheme bankfull flows (Flow Regime 
4) compared to compensation flows on the Old River Shannon with bankfull flows on the Mulkear (Flow 
Regime 3) 

Reach 

Pre-Shannon Hydro-Electric 
Scheme/ natural bankfull flow (old 
channel & Mulkear, Flow Regime 
4) compared to post-Shannon 
Hydro-Electric Scheme (existing) 
bankfull (Flow Regime 2) – see 
Figure 3.12 

Pre-Shannon Hydro-Electric 
Scheme / natural bankfull flow 
(old channel & Mulkear, Flow 
Regime 4) compared to 
compensation flow on Old River 
Shannon (old channel) with 
bankfull flow on the Mulkear 
(Flow Regime 3) – see Figure 3.13 

Reach 1 No significant change. 

Some local increases in velocity and 
shear stress for Flow Regime 4 
compared to Flow Regime 3 
immediately after Parteen Weir, but 
there is little supply of sediment here 
under existing conditions so no 
significant impact to the sediment 
regime as a result. 

Reach 2 

Flow velocities and shear stress 
significantly higher for Flow Regime 
4 compared to Flow Regime 2. 
Unlikely significant change to 
deposition due to it being a bedrock 
reach and has limited supply of 
sediment from upstream. 

Flow velocities and shear stress 
significantly higher for Flow Regime 
4 compared to Flow Regime 3. 
Unlikely significant change to 
deposition due to it being a bedrock 
reach and has limited supply of 
sediment from upstream. 

Reach 3 

No significant change around 
Mulkear confluence itself, but 
velocity and shear stress levels 
higher under Flow Regime 4 
downstream of the confluence and 
therefore now (Flow Regime 2) is 
more prone to sedimentation linked 
to sediment supply from the Mulkear 
River. 

No significant change around 
Mulkear confluence itself, but 
velocity and shear stress levels 
higher under Flow Regime 4 
downstream of the confluence and 
therefore now (Flow Regime 3) is 
more prone to sedimentation linked 
to sediment supply from the Mulkear 
River. 

Reach 4 
No significant change around 
Mulkear confluence itself, but 
velocity and shear stress levels 
higher under Flow Regime 4 

No significant change around 
Mulkear confluence itself, but 
velocity and shear stress levels 
higher under Flow Regime 4 
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Reach 

Pre-Shannon Hydro-Electric 
Scheme/ natural bankfull flow (old 
channel & Mulkear, Flow Regime 
4) compared to post-Shannon 
Hydro-Electric Scheme (existing) 
bankfull (Flow Regime 2) – see 
Figure 3.12 

Pre-Shannon Hydro-Electric 
Scheme / natural bankfull flow 
(old channel & Mulkear, Flow 
Regime 4) compared to 
compensation flow on Old River 
Shannon (old channel) with 
bankfull flow on the Mulkear 
(Flow Regime 3) – see Figure 3.13 

downstream of the confluence and 
therefore now (Flow Regime 2) is 
more prone to sedimentation linked 
to sediment supply from the Mulkear 
River. 

downstream of the confluence and 
therefore now (Flow Regime 3) is 
more prone to sedimentation linked 
to sediment supply from the Mulkear 
River. 

Reach 5 No significant change. 

Velocity and shear stress levels 
higher under Flow Regime 4 and 
therefore now (Flow Regime 3) is 
more prone to sedimentation linked 
to sediment supply from the Mulkear 
River. 

 

 

3.5.4 Vegetated Island Influence (Scenario 2) 
Significant areas of wet woodland exist on the Old River Shannon in the Castleconnell (Reach 2) and 
University of Limerick (Reach 4) sub-reaches. These appear to have extended following the construction 
of the Shannon Hydro-Electric Scheme (see desktop assessment in section 2) and the presence of dense 
woodland could impact on flood flow levels.  

This was investigated by comparing the outputs from the model with the current vegetation/sediment 
conditions (Scenario 1) to the model outputs with the vegetation removed (Scenario 2, achieved through 
reducing the area roughness), with the comparison being made for each of the following hydrological 
conditions: 

• Current / post Shannon Hydro-Electric Scheme bankfull flow in both the Old River Shannon and the 
Mulkear (Flow Regime 2), and 

• Compensation flow in the Old River Shannon (statutory compensation discharge of 10m3/s) with 
current bankfull flow in the Mulkear River (Flow Regime 3). 

Under current / post-Shannon Hydro-Electric Scheme bankfull flows in both the Old River Shannon and the 
Mulkear River (Flow Regime 2) the impact of vegetation removal on velocity is shown in the difference map 
(Figure 3.14). Velocities are increased around Castleconnell (Reach 2) and immediately after the Mulkear 
confluence (Reach 3) through to the University of Limerick reach (Reach 4). Interestingly these changes 
have little impact on the shear stresses with very little change in the modelled results (Figure 3.14) except 
just after the Mulkear River confluence (Reach 3) where shear stress levels are reduced. This may be due 
to increased flood efficiencies around Castleconnell (Reach 2) and through the University of Limerick reach 
(Reach 4) and suggests an increased chance of enhanced sedimentation in the reach below the Mulkear 
River confluence linked to the sediment inputs from the Mulkear River.  

Under compensation flow conditions (Flow Regime 3, see Figure 3.15) velocities appear to increase 
through Castleconnell (Reach 2) and the University of Limerick (Reach 4) reaches as would be anticipated 
with a reduced overall roughness. These lower values are not reflected in an equivalent response as 
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regards shear stress as the discharge in the Old River Shannon is lower with only a minor reduction around 
Castleconnell, probably linked with flow spreading. There is negligible change elsewhere. 

From these results it is suggested that the wooded islands are not significantly impacting the propensity for 
sedimentation along the Old River Shannon and given the geomorphic importance of the reach past 
Castleconnell (Reach 2), these areas should not be significantly altered under any future channel 
management regime. 
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Figure 3.14 Current bankfull flow (Flow Regime 2) velocity (m/s) and shear stress (N/m2) change, compared 
for current channel conditions (Scenario 1) and following vegetation removal (Scenario 2) around 
Castleconnell and the University – no data shown by black areas. 
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Figure 3.15 Velocity (m/s) and shear stress (N/m2) change following vegetation removal (Scenario 2) around 
Castleconnell and the University compared to current channel conditions (Scenario 1) under compensation 
flow in the Old River Shannon and bankfull flow in the Mulkear River (Flow Regime 3) – no data shown by 
black areas. 
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Table 3.4 below summarises the sub reach scale impact as a result of vegetation removal (Scenario 2) 
compared to current channel conditions (Scenario 1) under post-Shannon Hydro-Electric Scheme / existing 
bankfull flow (Flow Regime 2), and compensation flow in the Old River Shannon and bankfull flow on the 
Mulkear (Flow Regime 3). 

Table 3.4 summarising sub-reach impact compared to existing channel conditions (Scenario 1) for Scenario 
2 (vegetation removed) for current / post Shannon Hydro-Electric Scheme bankfull flow in both the Old 
River Shannon and the Mulkear (Flow Regime 2), and compensation flow in the Old River Shannon with 
current bankfull flow in the Mulkear River (Flow Regime 3) 

Reach Flow Regime 2 – see Figure 3.14 Flow Regime 3 – see Figure 3.15 

Reach 1 No significant change. No significant change. 

Reach 2 

Increases in velocity but 
insignificant changes in shear 
stress which may be due to 
increased flood efficiencies through 
the reach. Little change to 
sediment regime due to limited 
supply from upstream. 

Increases in velocity but 
insignificant changes in shear 
stress through the reach. Little 
change to sediment regime due to 
limited supply from upstream. 

Reach 3 

Increases in velocity but 
insignificant changes in shear 
stress which may be due to 
increased flood efficiencies through 
the reach. Increased chance of 
enhanced sedimentation in the 
reach due to the sediment inputs 
from the Mulkear River. 

Increases in velocity but 
insignificant changes in shear 
stress through the reach. Increased 
chance of enhanced sedimentation 
in the reach due to the sediment 
inputs from the Mulkear River. 

Reach 4 

Increases in velocity but 
insignificant changes in shear 
stress which may be due to 
increased flood efficiencies through 
the reach. Increased chance of 
enhanced sedimentation in the 
reach due to the sediment inputs 
from the Mulkear River. 

Increases in velocity but 
insignificant changes in shear 
stress through the reach. Increased 
chance of enhanced sedimentation 
in the reach due to the sediment 
inputs from the Mulkear River. 

Reach 5 No significant change. No significant change. 

 

3.5.5 Sediment Removal Influence (Scenario 3) 
Significant sediment build up across the bed of the Old River Shannon was not recorded during the fluvial 
audit until after the confluence of the Mulkear River, after which submerged gravels and mixed sediment 
were observed together with finer sediment build up on wooded islands past the University (Reaches 3, 4 
and 5). The impact of these sediments were simulated by comparing the hydraulics of the Old River 
Shannon under current conditions (Scenario 1) with the channel after sediment was removed (Scenario 3) 
as follows:  

• Sediment removal down to an assumed bedrock base after the River Mulkear, with current bankfull 
flow in both the Old River Shannon and the Mulkear River (Flow Regime 2), and 
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• Sediment removal down to an assumed bedrock base after the River Mulkear, compensation flow 
in the Old River Shannon and current bankfull flow in the Mulkear River (Flow Regime 3). 

The most noticeable impact of the sediment removal scenario (Scenario 3) was a patchy increase in flow 
velocity above the Mulkear River confluence (Reach 3) following sediment removal downstream and this 
may relate to an increased local water surface slope (Figure 3.16) for Flow Regime 2. Change in the velocity 
field through the sediment removal area downstream of the Mulkear (Reaches 3 [downstream end] and 4) 
shows some velocity increase. This pattern is also reflected in a more subdued way in the shear stress 
pattern (Figure 3.16) with an increase seen through the sub-reach after the Mulkear River (Reaches 3 
[downstream end] and 4). This suggests that higher flows in the Old River Shannon are made more 
competent to move sediment in this current depositional reach following the widespread removal of 
accumulated material.  

The situation of a reduced / compensation flow in the Old River Shannon and a bankfull flow in the Mulkear 
River (Flow Regime 3) with sediment removed (Scenario 3) is shown in Figure 3.17. The patterning strongly 
mirrors that described above and again suggests that the current depositional reach below the Mulkear 
River confluence (Reaches 3 [downstream end] and 4) is made more competent following the widespread 
removal of accumulated material. Despite this reach being made more competent following the widespread 
removal of accumulated material, it must be remembered that potentially excessive supply of finer mixed 
sediment from the Mulkear catchment may influence the sediment flux significantly and deposition may still 
occur through this reach into the future if the oversupply issue from the Mulkear is not addressed. Therefore, 
removal of this material would be a commitment to a significant long-term maintenance regime (see flood 
impacts section below). 
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Figure 3.16 Current bankfull flow (Flow Regime 2) velocity (m/s) and shear stress (N/m2) change, compared 
for current channel conditions (Scenario 1) and following sediment removal (Scenario 3) below the 
confluence of the Mulkear River – no data shown by black areas. 
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Figure 3.17 Velocity (m/s) and shear stress (N/m2) change following sediment removal (Scenario 3) below 
the confluence of the Mulkear River compared to current channel conditions (Scenario 1) under 
compensation flow in the Old River Shannon and bankfull flow in the Mulkear River (Flow Regime 3) – no 
data shown by black areas. 
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Table 3.5 below summarises the sub reach scale impact as a result of sediment removal (Scenario 3) 
compared to current channel conditions (Scenario 1) under post-Shannon Hydro-Electric Scheme / existing 
bankfull flow (Flow Regime 2), and compensation flow in the Old River Shannon and bankfull flow on the 
Mulkear (Flow Regime 3). 

Table 3.5 summarising sub-reach impact compared to existing channel conditions (Scenario 1) for Scenario 
3 (sediment removed) for current / post Shannon Hydro-Electric Scheme bankfull flow in both the Old River 
Shannon and the Mulkear (Flow Regime 2), and compensation flow in the Old River Shannon with current 
bankfull flow in the Mulkear River (Flow Regime 3) 

Reach Flow Regime 2 – see Figure 3.16 Flow Regime 3 – see Figure 3.17 

Reach 1 No significant change. No significant change. 

Reach 2 No significant change. No significant change. 

Reach 3 

Increase in velocity due to 
increased water surface slope from 
sediment removal downstream, 
minor increase in bed shear stress. 
No significant impact to the 
sediment regime due to limited 
supply from upstream of the 
Mulkear, but some likely impacts 
downstream of the Mulkear 
confluence. 

Increases in velocity and bed shear 
stress as a result of sediment 
removed. More competent to move 
sediment in this current 
depositional reach following the 
widespread removal of 
accumulated material. But 
potentially excessive supply of finer 
mixed sediment from the Mulkear 
catchment may influence the 
sediment flux and deposition may 
still occur through this reach into 
the future under flow regime 2 if the 
oversupply issue from the Mulkear 
is not addressed. 

Reach 4 

Patchy increases in velocity and 
bed shear stress as a result of 
sediment removed. Potentially 
excessive supply of finer mixed 
sediment from the Mulkear 
catchment may influence the 
sediment flux significantly and 
deposition may still occur on 
islands through this reach into the 
future if the oversupply issue from 
the Mulkear is not addressed. 

Increases in velocity and bed shear 
stress as a result of sediment 
removed would make this reach 
more competent than current. 
Some flushing of deposited 
sediment may occur if 
unconsolidated. 

Reach 5 

Increases in velocity and bed shear 
stress as a result of sediment 
removed. More competent to move 
sediment but potentially excessive 
supply of finer mixed sediment 
from the Mulkear catchment may 
influence the sediment flux 
significantly and deposition may 
still occur through this reach into 

Increases in velocity and bed shear 
stress as a result of sediment 
removed. More competent to move 
sediment.  
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Reach Flow Regime 2 – see Figure 3.16 Flow Regime 3 – see Figure 3.17 

the future if the oversupply issue 
from the Mulkear is not addressed. 

 

3.5.6 Combined sediment and vegetated island influence (Scenario 4) 
This was investigated by comparing the outputs from the model with the current vegetation/sediment 
conditions (Scenario 1) to the model outputs with the vegetation and sediment removed (Scenario 4), with 
the comparison being made for each of the following hydrological conditions: 

• Current / post Shannon Hydro-Electric Scheme bankfull flow in both the Old River Shannon and the 
Mulkear (Flow Regime 2), and 

• Compensation flow in the Old River Shannon (statutory compensation discharge of 10m3/s) with 
current bankfull flow in the Mulkear River (Flow Regime 3). 

The combined vegetation and sediment removal scenario (Scenario 4) under bankfull flow conditions (Flow 
Regime 2) showed an increase in flow velocity above the Mulkear River confluence (Reach 3) most likely 
influenced by sediment removal downstream, increasing local water surface slope (Figure 3.18). Shear 
stress (Figure 3.18) increases through the sub-reach after the Mulkear River (Reach 3 [downstream end], 
4 and 5).  

The situation of a reduced flow in the Old River Shannon and a bankfull flow in the Mulkear River (Flow 
Regime 3) with vegetation and sediment removed is shown in Figure 3.19. The patterning strongly mirrors 
that above. 

These results suggest that the removal of material from the current depositional reach below the Mulkear 
River confluence (Reaches 3 [downstream end] and 4) has the most significant impact on future 
sedimentation patterns on the Old River Shannon as the shear stress levels through this reach increase 
under higher flow conditions with and without additional flow in the Old River Shannon above the 
compensation flow.  Despite this reach being made more competent following the widespread removal of 
accumulated material, it must be remembered that potentially excessive supply of finer mixed sediment 
from the Mulkear catchment may influence the sediment flux significantly and deposition may still occur 
through this reach into the future if the oversupply issue from the Mulkear is not addressed. Therefore, 
removal of this material would be a commitment to a significant long-term maintenance regime (see flood 
impacts section below). 
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Figure 3.18 Current bankfull flow (Flow Regime 2) velocity (m/s) and shear stress (N/m2) change, compared 
for current channel conditions (Scenario 1) and following vegetation removal around Castleconnell and the 
University and sediment removal after the Mulkear River (Scenario 4) – no data shown by black areas. 
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Figure 3.19 Velocity (m/s) and shear stress (N/m2) change, compared for current channel conditions 
(Scenario 1) and following vegetation removal around Castleconnell and the University and sediment 
removal after the Mulkear River (Scenario 4) under compensation flow in the Old River Shannon and 
bankfull flow in the Mulkear River (Flow Regime 3) – no data shown by black areas. 



103 
 

 

Table 3.6 below summarises the sub reach scale impact as a result of vegetation removal and sediment 
removal (Scenario 4) compared to current channel conditions (Scenario 1) under post-Shannon Hydro-
Electric Scheme / existing bankfull flow (Flow Regime 2), and compensation flow in the Old River Shannon 
and bankfull flow on the Mulkear (Flow Regime 3). 

Table 3.6 summarising sub-reach impact compared to existing channel conditions (Scenario 1) for Scenario 
4 (vegetation and sediment removed) for current / post Shannon Hydro-Electric Scheme bankfull flow in 
both the Old River Shannon and the Mulkear (Flow Regime 2), and compensation flow in the Old River 
Shannon with current bankfull flow in the Mulkear River (Flow Regime 3) 

Reach Flow Regime 2 – see Figure 3.18 Flow Regime 3 – see Figure 3.19 

Reach 1 No significant change. No significant change. 

Reach 2 

Increases in velocity but 
insignificant changes in shear 
stress which may be due to 
increased flood efficiencies through 
the reach. Little change to 
sediment regime due to limited 
supply from upstream. 

Increases in velocity but 
insignificant changes in shear 
stress through the reach. Little 
change to sediment regime due to 
limited supply from upstream. 

Reach 3 

Increase in velocity, minor increase 
in bed shear stress. No significant 
impact to the sediment regime 
above the Mulkear River 
confluence due to limited supply 
from upstream. Potentially 
excessive supply of finer mixed 
sediment from the Mulkear 
catchment may influence the 
sediment flux significantly and 
deposition may still occur through 
this reach into the future if the 
oversupply issue from the Mulkear 
is not addressed. 

Increases in velocity and bed shear 
stress as a result of sediment 
removed. More competent to move 
sediment in this current 
depositional reach following the 
widespread removal of 
accumulated material.  

Reach 4 

Patchy increases in velocity and 
bed shear stress as a result of 
sediment removed. More 
competent to move sediment 
following the widespread removal 
of accumulated material. But 
potentially excessive supply of finer 
mixed sediment from the Mulkear 
catchment may influence the 
sediment flux significantly and 
deposition may still occur through 
this reach into the future if the 
oversupply issue from the Mulkear 
is not addressed. 

Increases in velocity and bed shear 
stress as a result of sediment 
removed. More competent to move 
sediment following the widespread 
removal of accumulated material. 
Some flushing of deposited 
sediment may occur if 
unconsolidated. 
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Reach Flow Regime 2 – see Figure 3.18 Flow Regime 3 – see Figure 3.19 

Reach 5 

Increases in velocity and bed shear 
stress as a result of sediment 
removed. More competent to move 
sediment but potentially excessive 
supply of finer mixed sediment 
from the Mulkear catchment may 
influence the sediment flux 
significantly and deposition may 
still occur through this reach into 
the future if the oversupply issue 
from the Mulkear is not addressed. 

Increases in velocity and bed shear 
stress as a result of sediment 
removed. More competent to move 
sediment.  

 

3.5.7 Sediment Transport Model Simulations 
Bedload transport flux was simulated for the study reach using the CAESAR morphodynamic model 
developed at the University of Hull3. This model uses a simplified 2D hydraulic algorithm to generate flow 
hydraulics (Lisflood4) and these data are directly coupled to sediment transport estimates using the Wilcock 
and Crowe mixed sediment transport equations. Bed sediment distribution data observed during the fluvial 
audit were input to the model together with the DEM of the river and adjacent valley bottom. The same 
baseline model DEM used in the TUFLOW modelling was used for the CAESAR model, with a cell size of 
5m.  Flow was input on both the Old River Shannon and the Mulkear River and bed sediment was 
recirculated to simulate a continuous supply dependent on the reach hydraulics. Modelled flood extents 
showed good agreement with those from the TUFLOW model. 

Two simulations were conducted based on the hydrological character of the system discussed above and 
the current bedload mix composed of medium and coarse gravel (32-64 mm b-axis) and a smaller 
proportion of small cobbles (64-128 mm b-axis): 

• Current bankfull flow in the Old River Shannon and the Mulkear River (Flow Regime 2), and current 
mixed sediment bed. 

• Compensation flow in the Old River Shannon (statutory compensation discharge of 10m3/s) and 
current bankfull flow in the Mulkear River (Flow Regime 3), with the current mixed sediment bed. 

A third simulation investigated the fine sediment dynamics simulating the flux of sand and small gravel 
material ranging from 1-32 mm. 

• Compensation flow in the Old River Shannon (statutory compensation discharge of 10m3/s) and 
current bankfull flow in the Mulkear River (Flow Regime 3), with a fine sediment mix. 

Under current bankfull conditions in the Old River Shannon and the Mulkear River (Flow Regime 2), the 
model suggests that any mixed bedload would potentially be eroded around Castleconnell (Reach 2) and 
transported downstream. In reality this does not occur here as this is a bedrock reach and as such would 
remain stable with no sediment moving downstream (this is a limitation of the model which assumes the 
sediment is present all the way along the river).  

A strong supply of sediment does enter the Old River Shannon from the Mulkear tributary (Figure 3.20) and 
the model predicts that this material is eroded and deposited in a complex pattern in the reach from the 

 
 

3 Coulthard, T.J. and Wiel, M.J.V.D., 2006. A cellular model of river meandering. Earth Surface Processes and 
Landforms: The Journal of the British Geomorphological Research Group, 31(1), pp.123-132. 
4 Coulthard, T.J., Neal, J.C., Bates, P.D., Ramirez, J., de Almeida, G.A. and Hancock, G.R., 2013. Integrating the 
LISFLOOD‐FP 2D hydrodynamic model with the CAESAR model: implications for modelling landscape 
evolution. Earth Surface Processes and Landforms, 38(15), pp.1897-1906. 
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confluence down past the University of Limerick (Reaches 3 [downstream end], 4 and 5). Initial 
sedimentation is predicted immediately after the confluence as was observed during the fluvial / field audit. 
Further significant deposition is predicted upstream from Saint Thomas Island (Reach 5). 

Interestingly the pattern of erosion and deposition of material of the calibre of that presently seen in the 
system under compensation flow conditions in the Old River Shannon, when the Mulkear River is in flood 
(Flow Regime 3), suggests, as observed, that there will be a strong sediment supply from the Mulkear River 
(Figure 3.21). Deposition is, however, predicted upstream of the confluence in the Mulkear and not in the 
Old River Shannon. Further but more subdued sedimentation is predicted in the main river and is reflective 
of the sediment build up observed during the fluvial audit. The deposition above Saint Thomas Island 
(Reach 5) is also more subdued than the model suggests. Given the limitations of the model, it should not 
be used for sediment volume estimation but the pattern of sedimentation predicted after the Mulkear River 
confluence is reflective of that observed and suggests that this will persist under the current flow and 
sediment regime. 

Fine sediment flux was also simulated (Figure 3.22) and the predictions suggest that even small calibre 
material is prone to deposition downstream of the Mulkear confluence (Reaches 3 [downstream end], 4 
and 5), this was supported by the field evidence. Erosion through Castleconnell (Reach 2) is predicted but 
again would not occur as this is a bedrock reach with only a very limited fine sediment supply and none 
stored in the reach at present. 
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Figure 3.20 Mixed bed sediment dynamics under current bankfull flow conditions on the Old River Shannon 
and the Mulkear River (Flow Regime 2) – no data shown by black areas. 
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Figure 3.21 Mixed bed sediment dynamics under compensation flow conditions on the Old River Shannon 
and current bankfull flow on the Mulkear River (Flow Regime 3) – no data shown by black areas. 
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Figure 3.22 Fine bed sediment dynamics under compensation flow conditions on the Old River Shannon 
and current bankfull flow on the Mulkear River (Flow Regime 3) – no data shown by black areas. 
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3.5.8 Summary Geomorphological Modelling 
The flow and sediment simulations presented above suggest that the removal of vegetation in the channel 
in the form of wooded islands makes no significant improvement to the transport competence of the Old 
River Shannon to move sediment. Removal of the sediment deposited in the channel after the Mulkear 
River confluence could see an increase in local channel transport competence reducing the rate at which 
redeposition will occur within Reaches 3 [downstream end], 4 and 5. This improved competence must be 
considered alongside the high levels of supply of mixed sediment from the Mulkear River catchment and 
sediment removal without any coincident effort to reduce the overall rate of supply will see any improvement 
in competence lost over time as large volumes of new sediment arrive in the main river.  

Overall the findings of the flow and sediment transport modelling support the findings of the fluvial audit. 
Conditions above the Mulkear River confluence (Reaches 1, 2 and 3) are very stable with the channel 
remaining almost sediment free due to a very low supply from upstream and a high channel sediment 
transport competence despite the alteration of the flow regime caused by abstraction for the Shannon 
Hydro-Electric Scheme. Mixed sediment supply to the Old River Shannon is strong from the Mulkear River 
and channel hydraulics suggest that the reach down from the confluence (Reaches 3 [downstream end], 4 
and 5) is prone to aggradation as this material is stored. Flood flushing appears unlikely but may be 
quantified through further ADCP survey of the confluence reach following the flooding of February 2020. 
Storage likelihood reduces through the University of Limerick reach (Reach 4), but the reduced gradient 
here sees some sediment deposited over the wooded islands. Limited additional sedimentation is predicted 
above Saint Thomas Island (Reach 5) and along the channel margins and low elevation vegetated berms 
were observed.   

 
3.6 Potential Impacts of Sediment and Vegetation 
The impact of the sedimentation and vegetation colonisation identified from the fluvial audit has been 
broadly assessed using the 2D model outputs for the higher flow simulations across the four 
vegetation/sediment scenarios. 

Figures 3.23 to 3.28 demonstrate the flood extent changes for each of the flood flows regimes, with outputs 
for the existing vegetation/sediment conditions (Scenario 1) shown in blue and the other physical change 
Scenarios 2, 3 and 4 conditions shown in red. The combinations of sediment/vegetation and flow are listed 
in Table 3.7. 

Table 3.7 Summarising the flood extent reduction change for Flow Regimes 2 and 4 (significant flood flows) 
for Scenarios 2, 3 and 4 when compared to existing channel conditions (Scenario 1). 

Vegetation/Sediment 
Scenario 

Flow Regime % reduction in flood 
extent area 

Figure Reference 

Scenario 4 (removal of 
vegetation and 
sediment) 

Pre-Shannon Hydro-
Electric Scheme bankfull 
flow in Old River Shannon 
and Mulkear (Flow 
Regime 4) 

~9% 3.23 

Scenario 4 (removal of 
vegetation and 
sediment) 

Current bankfull flow in 
Old River Shannon and 
Mulkear (Flow Regime 2) 

~26% 3.24 

Scenario 3 (removal of 
sediment) 

Pre-Shannon Hydro-
Electric Scheme bankfull 
flow in Old River Shannon 
and Mulkear (Flow 
Regime 4) 

~8% 3.25 
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Vegetation/Sediment 
Scenario 

Flow Regime % reduction in flood 
extent area 

Figure Reference 

Scenario 3 (removal of 
sediment) 

Current bankfull flow in 
Old River Shannon and 
Mulkear (Flow Regime 2) 

~25% 3.26 

Scenario 2 (removal of 
vegetation) 

Pre-Shannon Hydro-
Electric Scheme bankfull 
flow in Old River Shannon 
and Mulkear (Flow 
Regime 4) 

~3% 3.27 

Scenario 2 (removal of 
vegetation) 

Current bankfull flow in 
Old River Shannon and 
Mulkear (Flow Regime 2) 

~28% 3.28 

 

As can be seen in the Figures 3.23 to 3.28 and Table 3.7, the flood extents are reduced for each of the 
sediment/vegetation Scenarios (2,3 and 4) when compared to the existing sediment/vegetation conditions 
(Scenario 1), for each of the flow regimes (Flow Regimes 2 and 4). The most significant changes occur as 
a result of sediment removal Scenarios 3 and 4 achieved through the removal of an average depth of 
300mm of material from the river bed. However, it should be noted that for the current bankfull flow 
simulations (161m3/s in the Shannon and 87m3/s in the Mulkear), removing the arable field flooding results 
in a small amount of additional water being pushed downstream towards Limerick City Centre compared to 
existing conditions, creating flood depth increases in some locations of up to 10-20cm. This study did not 
include any detailed assessment of the economic viability or environmental impact of the works required to 
remove the vegetation/sediment as modelled in the various scenarios, and such an assessment would be 
fundamental to the progression of any such works. 
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Figure 3.23 506m3/s within the River Shannon and 87m3/s within the Mulkear (Flow Regime 4) flood extent 
change, blue = existing (Scenario 1), red = Scenario 4. 
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Figure 3.24 161m3/s within the River Shannon and 87m3/s within the Mulkear (Flow Regime 2) flood extent 
change, blue = existing (Scenario 1), red = Scenario 4. 
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Figure 3.25 506m3/s within the River Shannon and 87m3/s within the Mulkear (Flow Regime 4) flood extent 
change, blue = existing (Scenario 1), red = Scenario 3. 
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Figure 3.26 161m3/s within the River Shannon and 87m3/s within the Mulkear (Flow Regime 2) flood extent 
change, blue = existing (Scenario 1), red = Scenario 3. 
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Figure 3.27 506m3/s within the River Shannon and 87m3/s within the Mulkear (Flow Regime 4) flood extent 
change, blue = existing (Scenario 1), red = Scenario 2. 
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Figure 3.28 161m3/s within the River Shannon and 87m3/s within the Mulkear (Flow Regime 2) flood extent 
change, blue = existing (Scenario 1), red = Scenario 2. 
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4.1 Conclusions 
The Old River Shannon may be split into 5 distinct sub-reaches based on the geomorphology (Figure 4.1). 
The bedrock anastomosed area around Castleconnell (Reach 2) is of importance due to its relative rarity 
and very careful consideration should be given to any alteration of this reach into the future. The most 
significant process break occurs at the Mulkear River confluence with a sediment poor reach above 
(Reaches 1,2 and 3) and a more alluviated reach below (Reaches 3 [downstream end], 4 and 5). Overall, 
the findings of the flow and sediment transport modelling support the findings of the fluvial audit. Key 
conclusions include: 

• The flow split created by the Shannon Hydro-Electric Scheme leaves the post-scheme Old Channel 
with a reduced small to moderate flow regime, with the Old Channel containing the statutory 
compensation discharge of 10m3/s for 85% of the time. This has reduced flow competence to 
transport delivered sediment and this is most obvious after the Mulkear River confluence where 
sediment has accumulated in the main channel. Further survey work and modelling would be 
necessary to determine if occasional flood flows, or an alteration to the compensatory flow regime, 
are able to flush some or all of this sediment downstream 

• The sediment poor reach above the Mulkear River confluence (Reaches 1, 2 and 3) persists due to 
the very low supply of sediment from upstream due to the impounding influence of Parteen Weir 
and Lough Derg trapping sediment behind and encouraging settlement on the bed of the lake.  

• Conditions upstream of the Mulkear River confluence are very stable with the channel remaining 
almost sediment free due to a very low supply and a high channel sediment transport competence 
despite the alteration of the flow regime caused by abstraction for the Shannon Hydro-Electric 
Scheme. This is a result of Parteen Weir and Lough Derg interrupting sediment delivery downstream 
and the modified flow regime it creates.  

• Elevated fine sediment inputs from the Mulkear River are being deposited downstream of the 
confluence in Reaches 3 (downstream end), 4 and in a more limited way, Reach 5. This is principally 
as low berms and bars in the main channel where it is becoming consolidated and vegetated. These 
deposits are unlikely to be eroded under the contemporary post-scheme flow regime of the Old 
River Shannon (Flow Regimes 1, 2 and 3). This may be reviewed if a further ADCP survey of the 
Mulkear confluence is undertaken to ascertain scour levels resulting from the floods of February 
2020. The ESB suggest that pre-scheme deposition was occurring immediately downstream of the 
Mulkear confluence, it has not been possible to verify this as part of the study but it is likely that the 
supply of sediment from the Mulkear would still have encouraged deposition, despite the improved 
low flow regime hydraulics pre-scheme. 

• Channel hydraulics suggest that the reaches down from the Mulkear confluence (Reaches 3 
[downstream end], 4 and 5) are prone to aggradation as this material is stored.  

• Only limited deposits are seen through the University of Limerick reach (Reach 4) as this is 
influenced by bedrock, is steeper and as a result has a higher sediment transport competence. 

• Limited additional sedimentation is predicted above Saint Thomas Island (Reach 5) and along the 
channel margins and low elevation vegetated berms were observed.   

• The modelling shows the sediment regime would be generally unaffected by removal of woody 
vegetation from islands around Castleconnell (Reach 2) and the University of Limerick (Reach 4). 

• The bedrock anastomosed reach past Castleconnell (Reach 2) is geomorphologically rare. This 
reach of the Old River Shannon is already designated under the Lower Shannon SAC as an alluvial 
forest. This could be reviewed to consider reclassification given the anastomosed bedrock nature 
of the reach. 

• Tree / vegetation removal is not recommended as a result of the conclusions above as it has no 
significant impact on the flow and sediment regime. It would also need review against the protection 

4 Conclusions and Recommendations 
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afforded by the SAC. Much of the identified vegetation coverage is founded on bedrock with limited 
recent depositional material associated to the island complexes. Trees should only be removed from 
the river channel where they pose a risk in terms of structure blockage, as leaving them provides 
important habitat and flow diversity to the river channel and the fact that they are rooted into bedrock 
makes them highly resilient during floods. 

• Removal of sediment downstream of the Mulkear River confluence improves sediment conveyance, 
however, any action to remove this material must be associated with sediment delivery measures 
in the Mulkear catchment, otherwise this effect will be short term. It could also compromise the 
objectives of the Lower Shannon SAC. The modelling assumptions with regards to sediment 
removal volumes mean there could be an under or overestimate given likely fluctuations in sediment 
depth along and across the channel. This could have implications with regards to the broad flood 
impact conclusions drawn from the study. 

• The broad flood analysis undertaken using the 2D model outputs show that flood extent reduction 
could be achieved principally through sediment removal and to a much lesser extent through 
vegetation removal along the study reach but the works required to carry this out would require 
detailed economic and environmental assessment before they could proceed. The rarity of the 
bedrock anastomosed channel (Reach 2) must also be considered. It is also important to note that 
if sediment removal were to be undertaken, then this would be a commitment to a long-term 
management measure due to the supply identified from the Mulkear River. Removal of sediment 
also disrupts important riverine habitat for a variety of species and could impact the Lower Shannon 
SAC. 

• Future depositional rates and key zones will continue to be influenced by inputs from the Mulkear 
River. This includes mainly Reaches 4 and 5 that will continue to aggrade at rates of between 3 to 
25mm per year (based on average depositional depths calculated in Section 2.7 based on data 
back to 1920) unless fine sediment inputs are reduced from the Mulkear River by wider catchment 
works. 

• The Mulkear River was drained and embanked in the mid-19th century. The OPW Mulkear 
Ballymackeogh arterial drainage scheme operates within the Mulkear wider catchment and may be 
impacting the flow and sediment regime by draining the surrounding land quicker, concentrating 
flows in drainage channels, and therefore accelerating delivery of fine sediment downstream. This 
would be particularly relevant in places where there are high concentrations of drainage channels, 
such as Ballymackeogh, Cunnagavale and Pullagh and local surrounding areas. Given that there 
are significant volumes of sediment from the Mulkear River entering the Shannon, it is 
recommended that a review of the management regime of this drainage scheme is undertaken.  
This review should also consider additional measures to manage sediment in the Mulkear 
catchment. 

• Before the Shannon Hydro-Electric Scheme, there would generally be sequenced flows from the 
Mulkear and the River Shannon, hence a Bankfull flow in the Mulkear would occur in combination 
with a Bankfull flow on the Shannon. This is demonstrated by the heat maps in the hydrology Section 
2.6.  More frequent lower order floods that are currently removed from the Old River Shannon as a 
result of Parteen weir would definitely assist with mobilisation of finer sediments further downstream.   
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Figure 4.1 Summary state and dynamics of the Old River Shannon downstream of Parteen Weir. 

 

4.2 Recommendations 
This study has helped elucidate on the form and function of the Old River Shannon below Parteen Weir. 
One of the principal findings has been the influence of the Mulkear River on the sediment flux / delivery and 
the impact that the loss of small and moderate flood flows has had on the development of in-channel bar 
and island deposits. Several actions should be taken forward to better understand the system including: 

• Any future study commissioned to examine sediment/vegetation management options should 
include an in-depth, assessment of the wider Mulkear catchment, given the findings as set out in 
this report on the sources, pathways and sinks for mixed sediment that is being delivered to the Old 
River Shannon. 

• Monitoring of the suspended and bedload transport along the lower Mulkear River and Old River 
Shannon after the confluence to confirm volumetric inputs and throughputs. 

• A repeat ADCP bathymetric survey of the bed sediment below the Mulkear River confluence in the 
Old River Shannon to quantify any change to the sediment storage measured prior to the extreme 
flood flow of February 2020. This could then be incorporated into a re-run of the current model. 

• A survey of the tree community age structure across the wet woodland islands to determine their 
robustness to withstand flood flows. 

• A detailed program of auguring to ascertain an accurate measure of the volume of cohesive 
sediment stored in the University of Limerick reach. A similar exercise around Castleconnell could 
also quantify stored volumes but it is anticipated from this study that this will be very small. 

• Dating of the island sediment deposits around the University of Limerick to determine their age and 
robustness to flood erosion. 



120 
 

 

• The Shannon fish pass study is currently considering options for improving fish passage along the 
Old River Shannon, any future studies with regards to optioneering should take into consideration 
the outcomes of this ongoing study. 
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Appendix B – Historic Mapping Figures 
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Appendix C – Modelling Figures 
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Appendix D – Drone Survey Report 
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Appendix E – Photographs 
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