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Inset Figure 1.2 Manned Level Crossing Sites (XC187 Fantstown and XC201 Thomastown) 

  

Inset Figure 1.3: Level Crossing Sites (XC209 Ballyhay, XC211 Newtown and XC212 Ballycoskery) 
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Inset Figure 1.4: Level Crossing Sites (XC215 Shinangh and XC219 Buttevant) 

 

 

1.2 Proposed Project Description  

1.2.1 New Above Ground Infrastructure  

Out of the 7 level crossings, 3 (XC201 Thomastown, XC212 Ballycoskery and XC219 Buttevant) are proposed to 
have new road-over-rail bridge s to enable continuous uninterrupted access across the rail line. 

The proposal layout drawings for each level crossing are provided in Volume 4, Figures 2C to 8C.  

XC187 Fantstown and XC209 Ballyhay involve limited works.  For XC187 Fantstown, the works are close the level 
crossing.  At XC209 Ballyhay, the works comprise replacement of the existing manned crossing with a remote 
monitored CCTV solution.  

Details of the level crossings and respective proposed solutions are provided in Table 1.1 below. 
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Table 1.1 Proposed Project at each Level Crossing 

Location Infrastructure  Description  

XC187 Fantstown N/A  

 

Straight Closure: Alternative route along existing roads to existing road-over-
rail bridge approx. 3km to the north east. 

XC201 Thomastown 1no. road-over-rail bridge. 

 

 

 

 

New road-over-rail bridge: Tie in to existing local road to south and new 
junction on Regional Road R515 to north. 

Carriageway widths are proposed to match existing widths for safety reasons. 
Following consultation with Limerick City and County Council Roads 
Department as well as submissions made by members of the public, the 
structure has been widened so that minimal works would be required to 
accommodate a future widened carriageway.  

XC209 Ballyhay CCTV solution  Replace the existing manned level crossing with a remote monitored CCTV 
solution. 

XC211 Newtown New access road. New Access Road: Immediately east of the existing road-over-rail bridge to the 
north of XC211 Newton; tie in to existing Local road to the east of XC211 
Newtown.  

This alignment was chosen following public consultation and concerns raised 
about the initial proposal for a new access road tie in from the rear of the 
Beechwood Grove housing estate to the local road west of the XC211 Newtown 
level crossing.  

 

XC212 Ballycoskery 1 no. road-over-rail bridge, 
1no. parapet wall. 

New road-over-rail bridge: Tie in to existing local road to East and West, new 
carpark proposed for existing school. Tie- in to Beechwood Housing Estate and 
Ballyhea National School to North and existing Local road to south. 

XC215 Shinanagh Tie-in to existing road-
over-rail bridge. 

2no. retaining walls 

Upgrade of existing 
junction on N20  

New access road to tie-in to existing road-over-rail bridge approx. 1km to the 
north. 

 

XC219 Buttevant 1no. road-over-rail bridge, 
1no. portal frame road 
over river bridge, 1no. 
ditch box culvert, 
1no.access road box 
culvert, 2no. retaining 
walls. 

New road-over-rail bridge. Tie in to existing regional road to east and west.  

 

1.2.2 Elimination of Existing Above Ground Infrastructure  

All existing level crossings will be closed permanently , with the exception of XC209 Ballyhay. 

Short sections of existing highway leading up to the existing level crossings at XC201 Thomastown, XC211 
Newtown, XC212 Ballycoskery, XC215 Shinanagh, and XC219 Buttevant will be removed and landscaped. 

 





http://www.floodinfo.ie/
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Recurrent flooding. Flood source unknown. Meeting held in 2005. Flooding relates to Flood Ref 503 in the 
associated minutes and mapping. 

Inset Figure 1.5: Past Flood Events within 2.5km from Each Site 

 

The sites XC201 Thomastown and XC187 Fantstown have no recorded past flood events in their vicinity. The sites 
are mostly located in isolated rural areas and there are few records describing these past flood events. No past 
records identified relate to direct flooding at these sites.  

Historical and Anecdotal Evidence  

A high-level search was undertaken to identify additional historic or anecdotal evidence of flooding in and around 
the study areas, however no records were identified which detail flooding at the level crossing locations. 

XC187 Fantstown Site 

A few newspaper articles were identified documenting flooding in the town of Kilmallock (closest town to the level 
crossing site) from the River Maigue sub-catchment, however no records were identified which detail flooding at 
this level crossing. 

XC201 Thomastown Site  

A few newspaper articles were identified documenting flooding in the town of Charleville and Kilmallock (closest 
towns to the level crossing site) from the River Maigue sub-catchments, however no records were identified which 
detail flooding at this level crossing. 

XC209 Ballyhay Site  

A few newspaper articles were identified documenting flooding in the town of Charleville (closest town to the level 
crossing site) from the River Maigue sub-catchments, however no records were identified which detail flooding at 
this level crossing. 
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XC211 Newtown/ XC212 Ballycoskery Site  

No records were identified which detail flooding at these level crossings. 

XC215 Shinanagh Site 

No records were identified which detail flooding at this level crossings.  

XC219 Buttevant Site  

The XC219 Buttevant site is located adjacent to the Awbeg River. One record was found on a social media website, 
Twitter, alerting to floods on the Liscarroll t o Buttevant Road (R522) on the 14th of March 2018. This is consistent 
with Flood Event 5 detailed previously within Section 3.2.1. There are no further reports of past floods in any 
articles, however reference to a former pond associated to an old corn mill around Buttevant town is made. 

This reference states that even nowadays, when pluvial episodes occur, the river floods into what used to be the 
pond, now a floodplain. However, it is not thought that this flooding affects the level crossing.  

OPW Preliminary Flood Risk Assessment Mapping (PFRA) 

The OPW National PFRA mapping has been reviewed to identify potential sources of flooding from fluvial and 
pluvial sources. This mapping should be used with caution due to the grid size being relatively coarse, which limits 
its accuracy. 

XC187 Fantstown Site 

The PFRA outputs show this site to be within the 1% AEP fluvial flood extent, which equates to Flood Zone A. 

The PFRA mapping indicates that pluvial flood risk up to and including the 0.1% AEP pluvial extreme event is 
restricted to localised depressions situated away from the site. This was verified through site visits and topographic 
survey.  The risk from pluvial flooding is therefore considered to be low. 

XC201 Thomastown Site 

The PFRA mapping indicates the site is not located within an area of fluvial flood risk (0.1% or 1% AEP flood 
events). 

The PFRA mapping indicates that pluvial flood risk up to and including the 0.1% AEP pluvial extreme event is 
restricted to localised depressions situated away from the site. This was verified through site visits and topographic 
survey.  The risk from pluvial flooding is therefore considered to be low. 

XC209 Ballyhay Site  

The PFRA mapping indicates that part of the site is located within the 1% AEP fluvial flood extent, which equates 
to Flood Zone A. 

The PFRA mapping indicates that pluvial flood risk up to and including the 0.1% AEP pluvial extreme event is 
restricted to localised depressions situated away from the site. This was verified through site visits and topographic 
survey.  The risk from pluvial flooding is therefore considered to be low. 

XC211 Newtown/ XC212 Ballycoskery Site  

PFRA mapping indicates that XC212 Ballycoskery is proximate to the 1% AEP fluvial flood extent, which equates 
to Flood Zone A. 
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Inset Figure 1.6 Flood Zone Mapping (Background Mapping Source: Cork County Council)  

 

1% AEP flood levels in the area can be estimated to be maximum 95.7mOD based on the available flood extents . 
This compares to the finished ground levels for the Proposed Project vary but are typically greater than 98.0mOD 
throughout .  This indicates that the Proposed Project will not be at risk of flooding . 

XC219 - Buttevant  

The proposed Project at XC219 Buttevant includes the construction of a road-over-rail bridge and part of a new 
access road within the 1% AEP flood extent, which equates to Flood Zone A. The road-over-rail bridge itself is 
elevated and is outside Flood Zone A and B, however the access roads will be at risk of flooding. 

An initial review of PFRA flood extents and available topographic survey enables an approximation of the 1% AEP 
and 0.1% AEP flood levels. These are detailed within Table 1.2 below. 

Table 1.2 River Awbeg Flood Level Estimation for site XC19 Buttevant 

AEP Event River Awbeg Flood Level (mOD) 

1% (1 in 100)  83.0 

0.1% (1 in 1000)  84.0 

Due to the location of the proposed Project within Flood Zone A, a Stage 3 Detailed Flood Risk Assessment was 
recommended . 

This assessment included detailed hydraulic modelling to confirm  the level of flood risk and  that the proposed 
Project causes no increase in flood risk elsewhere.  The outcomes from the Stage 3 Assessment are presented in 
Section 6. 
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1% AEP flood levels in the area have been estimated to be approximately 95.7mOD  based on available flood 
mapping; see Inset Figure 1.7.  

Inset Figure 1.7 Floodzone Mapping for Ballycoskery (Base Mapping Source: Cork County Council) 

 

Inset Figure 1.8below shows a section through the proposed works.  The minimum ground level is 98.3mOD where 
the new road meets the existing road (to the east), rising up to 105.4m OD where the railway line is crossed on a 
bridge. 

Inset Figure 1.8 Long Section through Proposed Road and Embankment 

 

The proposed road and embankment have the potential to cut -off a small section of the existing floodplain.  As 
shown in Inset Figure 1.7, flows will be prevented from running north, parallel to the railway line.  Flows will still 
however be able to bypass the works to the east as they spill over the existing road.  There is therefore the potential 
for a small decrease in the risk of flooding to school. 

The proposed works are therefore assessed to have a negligible to potential beneficial impact on flooding. 

XC219 - Buttevant  

The proposed Project at XC219 Buttevant includes the construction of a road-over-rail bridge and part of a new 
access road within the 1% AEP flood extent, which equates to Flood Zone A. The location of the proposed Project 



Appendix 9A Flood Risk Assessment 
 

 

 19  

within Flood Zone A mean there is a potential impact on existing water levels in a flood event. Upstream and 
downstream receptors include a few properties, the R522 itself, local roads, and agricultural land. 

An initial review of PFRA flood extents and available topographic survey enables an approximation of the 1% AEP 
and 0.1% AEP flood levels. These are detailed within Table 1.6below. 

Table 1.6: Pepperhill Stream Flood Level Estimation for site XC219 Buttevant 

AEP Event Pepperhill Stream Flood Le vel (mOD) 

1% (1 in 100)  83.0 

0.1% (1 in 1000)  84.0 

Cork County Council provided indicative maps showing flood extents based on historic flooding (Inset Figure 1.9). 
These are consistent with and assist in verifying the PFRA mapping at a high level. 

Inset Figure 1.9 Past Flood Events within 2.5km From Buttevant 

 

Due to the location of the proposed Project within Flood Zone A, a Stage 3 Detailed Flood Risk was completed, 
supported by detailed hydraulic modelling , to verify the impacts of the works on flood risk (see Section 6). 
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Any increase in impermeable surface areas associated with the upgrade works shall be accounted for in the 
drainage design (see Section 5.3) ensuring no increase in runoff from the proposed Projects. Therefore, the impact 
of the proposed Project on artificial drainage systems can be considered to be low.  

1.7.5 Impacts on Groundwater Flooding  

No evidence of groundwater flooding has been identified on the existing level crossing sites. Given their proximity 
to the River Awbeg and River Maigue sub-catchments, it is likely that any groundwater movements beneath the 
sites (Section 3.2.5) will be hydraulically connected to the rivers. The risk of groundwater flooding from the 
proposed Project can therefore be considered in parallel with the assessment made in Section 4.3. 

This concluded no or negligible impact at all sites except XC219 Buttevant which will be subject to a Stage 3 
Detailed Flood Risk Assessment (Section 6).
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Inset Figure 1.10 Typical Swale Detail Proposed for Drainage Design (TII Typical Details) 
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Inset Figure 1.13 : Comparison of Observed Flood Events from Cork County Council (left) and Modelled Flood 
Events (right). 

 

Model boundaries in Inset Figure 1.13 are illustrated in dashed black lines, flood extents illustrated in blue, red 
shading on right hand side shows higher ground based on LiDAR  

In addition, the baseline model estimated water levels of approximately 83.6mOD at the proposed Project for the 
1% AEP MRFS flood event. This is consistent with the estimated peak water level of 83.0mOD to 84.0mOD) 
interpreted from the PFRA mapping (Section 4.3.3). 

1.8.4 Summary of impacts on Fluvial Flooding at  XC219 Buttevant  

Baseline Model Results 

Detailed hydraulic modelling was undertaken to estimate peak flood levels of 83.63mOD in the 1% AEP flood 
event (including climate change) at the site, consistent with past observations of widespread out of bank flooding 
in the area.  

Fluvial flooding in the area is driven by a combination of high flows in the Awbeg River (peak flows of 34.3m³/s for 
a 1% AEP flood event) causing backing up of the Pepperhill tributary. High flows in the Pepperhill Stream tributary 
(peak flows of 5.2m³/s for a 1% AEP flood event) are less significant in isolation but in combination result in 
widespread flooding. 

A summary of peak water levels for various design events are provided in Table 1.9 below. 

Table 1.9: Summary of Baseline Model Results 

Location Peak Water Level (mOD) 

5% AEP 1% AEP 1% AEP MRFS 

Upstream boundary of model 83.59 83.61 83.65 

Upstream of side channel confluence 83.58 83.60 83.63 

Upstream of proposed bridge / road embankment  83.58 83.60 83.63 

Downstream of proposed bridge / road embankment and R522 83.57 83.60 83.63 
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Table 1.14 Summary of potential flood risk impacts on surrounding areas as a result of the proposed Projects on all 
sites 

Flood Risk Potential 
Scheme 
Impact  

Discussion &  

Mitigation (where Required)  

Residual 
Scheme Impact 
(with 
mitigation)  

Coastal No impact The location of all proposed Projects mean they will have no impact on coastal 
flood risk. 

No impact 

Estuarine No impact The location of all proposed Projects mean they will have no impact on 
estuarine flood risk. 

No impact 

Fluvial Increase The proposed Project has the potential to increase flood risk elsewhere at 
XC219 Buttevant. Embedded mitigation in the form of SUDS and restricted flow 
rate sin surface water drains has been built into the design to reduce the runoff 
rate to existing greenfield rates.  A Stage 3 Flood Risk Assessment supported 
by hydraulic modelling has verified this (See Appendix B and C of this report). 

No impact 

Pluvial Increase As noted, the upgrade works have the potential to increase the rate of runoff 
from the creation of additional impermeable surfaces. However, a drainage 
strategy including the use of swales has been provided to ensure no net 
increase in surface runoff from the proposed Project to the surrounding area. 

No impact 

Artificial 
Drainage 
Systems 

Increase As noted, the upgrade works have the potential to increase the rate of runoff 
from the creation of additional impermeable surfaces. However, the proposed 
Project does not rely on any existing artificial drainage system, and all existing 
artificial drainage systems are retained. 

No impact 

Groundwater No impact As noted, the upgrade works associated with all 7 sites will not involve 
significant works below existing ground levels, since most works are road-over-
rail bridges , that could lead to an increased risk of flooding from groundwater. 

No impact 
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Appendix A. OPW National Flood Hazard Mapping  
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Appendix B. XC219 Design Flow Estimation Report 
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1. Introduction  

A range of design flow estimates were required for an unnamed watercourse, to provide inflows to a 1D 
hydraulic model of the watercourse. The result of the hydraulic model informs the design of a proposed 
overbridge for the R522 road where it crosses the Cork Railway Line near Buttevant in County Cork (see Figure 
1.1). This railway crossing is currently a level road crossing with the unnamed watercourse crossing the road 
through two culverts. The hydraulic model will be used to estimate the design peak flow and water level through 
a new culvert under the proposed overbridge embankment. 

 

Figure 1.1: Proposed level crossing location plan 

Full hydrographs were required for the unnamed watercourse for the 20-year, 100-year and 1000-year 
(equivalent to the 5%, 1% and 0.1% annual exceedance probability respectively) design events. The FSU web 
portal (opw.hydronet.com) was used to produce the design flood hydrographs.  

In addition, peak design flows were also required for the River Awbeg, to provide a downstream level boundary 
for the hydraulic model.  
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2. Catchment description  

The catchment area draining to the unnamed watercourse at the R522 road crossing is 13.9km2 in size. The 
unnamed watercourse flows into the River Awbeg (Major) approximately 300m downstream of the R522 
crossing. The River Awbeg to this point has a catchment area of approximately 155km2. A gauging station 
(Station 18004 �± Ballynamona) is located on the River Awbeg downstream of Buttevant, with a catchment area 
of 310km2. The River Awbeg flows to the River Blackwater. The area of interest is within OPW Unit of 
Management 18. Catchment descriptors referred to in this report are detailed in FSU (2014a). 

The catchment of the unnamed watercourse to the R522 road crossing is moderately steep (S1085=12.9m/km) 
and relatively permeable (BFISOIL=0.64). There is no impact from reservoirs (FARL=1).  

The River Awbeg catchment to the confluence with the unnamed tributary is much shallower (S1085=2.1m/km) 
and similarly permeable (BFISOIL=0.59). There is also no impact from reservoirs (FARL=1). 

The catchment of the unnamed watercourse to the R522 road crossing is almost entirely given over to pasture 
(>99%). The catchment has not been subject to arterial drainage schemes (ARTDRAIN=0). There is very little 
urbanisation (URBEXT=0.0009). 

The River Awbeg catchment to the confluence with the unnamed tributary is also largely pasture (90%), the 
remainder of the catchment is covered by forest (10%). The catchment has not been affected by arterial 
drainage schemes (ARTDRAIN=0). There is no significant urbanisation (URBEXT=0). 

Both catchments have lower-than-average annual rainfall (SAAR=985mm for the unnamed watercourse and 
986mm for the Awbeg), with SAAR varying from 710mm to 2465mm across the country. 

The geology in the unnamed watercourse catchment to the R522 road crossing is similar in nature to that for the 
River Awbeg (GSI 2019). The bedrock geology consists largely of locally important and regionally important 
aquifers, a considerable part of which is karstified (diffuse) with extensive faulting. However, most of the 
bedrock in the catchment is overlain with superficial Till deposits (derived from sandstones and shales). 
Alluvium deposits are present in the watercourse valleys. �0�R�V�W���V�X�E�V�R�L�O�V���D�U�H���F�O�D�V�V�H�G���D�V���K�D�Y�L�Q�J���µ�0�H�G�L�X�P�¶��
permeability. 
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3. Peak design flows  

The subject site on the unnamed watercourse at the R522 road crossing is ungauged and too far upstream of 
the nearest gauging station in the same catchment (Station 18004 on the River Awbeg) to be able to use that 
station to inform the design flows. The Flood Studies Update (FSU) Qmed regression equation was therefore 
used to produce an unadjusted synthetic estimate of Qmed. Refer to Appendix A for more details on the FSU 
data, results and audit trail in Appendix A.  

A review of the Catchment Flood Risk Assessment and Management (CFRAM) study report for Unit of 
Management 18 (Mott MacDonald 2016) confirmed that the CFRAM study area is too far downstream of the site 
to be of use. 

A growth curve was determined using pooling group analysis with approximately 500 station-years of pooled 
data. Details on the choice of hydrologically similar sites are provided in the FSU data, results and audit trail 
pages in Appendix A. 

The final growth curve based on a Generalised Extreme Value (GEV) distribution and the peak flows are shown 
in Table 3.1 below. The specific discharge refers to the flow per unit of catchment area in l/s/ha. 

Table 3.1: Unnamed watercourse growth factors and peak design flows  

Return period (year)  Growth factor  Peak flow (m 3/s)  
Specific discharge 

(l/s/ha)  

2 1.00 2.69 1.94 

10 1.47 3.96 2.85 

20 1.63 4.39 3.16 

50 1.81 4.88 3.51 

100 1.94 5.23 3.76 

200 2.07 5.58 4.01 

1000 2.32 6.25 4.50 

The typical range for the 2-year specific discharge is between 1 and 10 l/s/ha from small catchments and can be 
considerably lower for large catchments. The specific discharge in Table 3.1 (1.94 l/s/ha) falls within that range. 

The 100-year growth factor (1.94) is in the typical range for pooled growth curves in Unit of Management 18 as 
derived for the CFRAM study (Mott MacDonald 2016), between approximately 1.9 and 2.3. 

The subject site on the River Awbeg was selected immediately upstream of the confluence of the unnamed 
tributary at Buttevant with the River Awbeg. The gauging station on the River Awbeg located downstream of the 
subject site (Station 18004 - Ballynamona) was adopted  as a pivotal station for the estimation of Qmed. The 
Flood Studies Update (FSU) Qmed regression equation was used to produce a synthetic estimate of Qmed 
(21.51m3/s), which was then adjusted using a Qmed adjustment factor obtained from Station 18004 (0.96).  

A separate growth curve was determined for the River Awbeg subject site, also using pooling group analysis 
with approximately 500 station-years of pooled data, applying the GEV distribution. Refer to Appendix B for 
more details on the FSU data, results and audit trail.  
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Table 3.2: River Awbeg growth factors and peak design flows 

Return period (year)  Growth factor  Peak flow (m 3/s)  
Specific discharge 

(l/s/ha)  

2 1.00 20.66 1.33 

10 1.34 27.68 1.79 

20 1.45 29.95 1.93 

50 1.58 32.64 2.11 

100 1.66 34.29 2.21 

200 1.74 35.94 2.32 

1000 1.89 39.04 2.52 

For the River Awbeg (Table 3.2), the specific discharge for the 2-year peak flow (1.33) is lower than that for the 
unnamed watercourse (1.94), as expected for larger catchment with similar catchment characteristics. It is 
within the typical range (1-10l/s/ha).  

The 100-year growth factor (1.66) for the River Awbeg is somewhat lower than the CFRAM range (1.9 to  2.3). It 
is noted that karstified geology is present in the River Awbeg catchment, as confirmed by Mott MacDonald 
(2016) and Geological Survey Ireland (GSI) online mapping (GSI 2019). In catchments with permeable subsoils 
this may create complex subsurface runoff routes. For comparison purposes, we produced a growth curve using 
at-site data for Station 18004 (Ballynamona). This is shown in Figure 3.1, together with a pooled growth curve 
and a weighted average between the single-site and pooled growth curves (both with EV1 distributions) as 
provided on the FSU web portal. Details of the pooling analysis at the gauging station are included in Appendix 
C. The station is graded A2 and the highest gauged flow as a fraction of Qmed (HGF/Qmed) is 1.12. Although 
the highest gauged flow is not much higher than Qmed, the station is incorporated in the FSU list of gauging 
stations considered for pooling (FSU 2014b). 

The single site 100-year growth factor at the gauging station (1.55) is lower than that adopted in the CFRAM 
study, suggesting that geological conditions in the catchment contribute to the shallower (flatter) growth curve. 
(Adopting GEV distributions results in even shallower growth curves.) The average curve weighting was 
adjusted to 60%, i.e. a slight preference for the single site curve over the pooled curve. With this weighting the 
20-year and 100-year growth factors at the gauging station (1.40 and 1.66 respectively) are similar to the pooled 
growth factors at the River Awbeg subject site. 
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Figure 3.1: Single site, pooled and weighted-averaged growth curve River Awbeg at Ballynamona (No 18004) 

For the subject sites on the River Awbeg and the unnamed tributary, the pooled growth curves were taken 
forward in favour of the at-site growth curve at Station 18004 (Ballynamona) for the following reasons: 

1. The gauged record length (45 years) is too short to provide a reliable estimate of the 100-year target flood;  

2. The highest gauged flow is only 12% higher than Qmed, making the highest AMAX flows uncertain.  

3. GSI mapping (GSI 2019) suggests that the proportion of superficial Tills with shale (containing mud and 
thus reducing permeability) may be higher in the subject catchments than in the catchment to the gauging 
station. This in turn suggests that the permeable soil properties in the gauged catchment (BFISOIL = 0.685) 
may not be present as abundantly in the catchments to the subject sites.  

A comparison of the specific discharges at the subject sites on the unnamed tributary and the River Awbeg with 
the CFRAM study for Unit of Management 18 (Mott MacDonald 2016) shows that the specific discharge at the 
subject sites for the 100-year flood (3.76l/s/ha and 2.21l/s/ha respectively) are much higher than that from the 
River Awbeg contribution to the Blackwater (0.5l/s/ha). This reflects that the rivers at the subject sites respond in 
a flashier manner to shorter duration storms, whilst the storms that are most likely to cause flooding on the River 
Blackwater have low intensities but long durations, of the order of days.  

Pooled EV1 

Single site EV1 

Annual  
Maxima 

Weighted  
average (60%) 
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4. Hydrograph shape  

A synthetic shape was produced for the subject site on the unnamed watercourse at the R522 road crossing 
using the FSU web portal, based on catchment descriptors (BFISOIL, FARL, ALLUV, ARTDRAIN and S1085). 
However, this appeared to have an unrealistically long duration for the size, slope and permeability of the 
catchment (blue line in Figure 4.1). A gauging station hydrologically similar to the subject site (Station 22009, 
AREA=35.4km2) was used as a pivotal site to produce an adjustment to the parameter �µ�Q�¶���G�H�I�L�Q�L�Q�J���W�K�H �µ�Z�L�G�W�K�¶���R�I��
the hydrograph shape up to the inflection point shown in Figure 4.1. The adjustment was made by iteratively 
�Y�D�U�\�L�Q�J���µ�Q�¶���X�Q�W�L�O��the hydrograph shape fits best with observed events, and applying the �µ�Q�¶��thus obtained to the 
synthetic shape for the subject site. The other shape parameters (Tr and C) remained unaltered. The original 
and final shape parameters are summarised in Table 4.1. The application of the pivotal station resulted in the 
shorter hydrograph shown in black in Figure 4.1. 

Table 4.1: Unnamed watercourse original and final hydrograph shape parameters 

Parameter  
Original values  

subject site  

Original values 

pivotal station  

22009  

Final values pivotal 

station  22009  

Final values 

subject site  

n 5.4 7.1 40 40 

Tr (hours) 34.8 33.2 33.2 34.8 

C (hours) 26.3 20.6 32.9 26.3 

 

 

Figure 4.1: Synthetic and adjusted hydrograph shape at the subject site on the unnamed watercourse 

The resulting hydrograph still appears to be relatively wide, which may be reflective of the relatively permeable 
nature of the catchment. It is noted in this regard that pivotal station 22009 has a BFISOIL of 0.58 (FSU Vol 4 
p91), not too dissimilar to that for the subject. However, the long hydrograph could also reflect a limitation of the 
FSU technique for hydrograph shape estimation, e.g. differences in catchment characteristics other than 
BFISOIL could make it less appropriate to adopt this gauging station.  
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5. Uncertainty   

Confidence intervals for the synthetic rural Qmed estimate to the R522 road crossing (2.69m3/s) are provided on 
the FSU portal as shown in Table 5.1 below. 

Table 5.1: Unnamed watercourse Qmed confidence intervals  

Confidence interval  Lower l imit (m 3/s)  Upper l imit (m 3/s)  

68% 1.96 3.69 

95% 1.43 5.05 

The uncertainty in hydrograph �µ�Z�L�G�W�K�¶��is considerable for this ungauged catchment. It is recommended that 
sensitivity testing of the hydraulic model is undertaken by varying the hydrograph width whilst retaining the flood 
peak. 

Confidence intervals for the synthetic rural Qmed estimate to the River Awbeg at the confluence with the 
unnamed tributary at Buttevant (21.51m3/s) are provided on the FSU portal as shown in Table 5.2 below. 

Table 5.2: River Awbeg Qmed confidence intervals 

Confidence interval  Lower limit (m 3/s)  Upper limit (m 3/s)  

68% 15.70 29.47 

95% 11.46 40.37 
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6. Climate change  

Table 6.1 (reproduced from Table 12.1 of Mott MacDonald [2016]) shows recommended climate change 
allowances for Mid-Range Future Scenario (MRFS) and the High-End Future Scenario (HEFS, referred to in 
Mott MacDonald [2016] as HRFS). THE MRFS and HEFS represent different future greenhouse gas emission 
scenarios defined by the International Panel on Climate Change (IPCC). 

Table 6.1: Climate change parameters (from Mott MacDonald 2016) 

 

A climate change factor of 20% has been applied to the inflows, representing the MRFS. 
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7. Results  and recommendation s 

7.1 Results  

Table 7.1 below reports the central estimates of the peak design flows and the peak design flows when the 68% 
and 95% upper limits are applied on the unnamed watercourse at the R522 road crossing. Peak design flows 
are obtained from the upper limit value of Qmedrural by applying an urban adjustment factor (1.0015) and the 
relevant growth factor. These confidence limits only consider the uncertainty in the estimation of Qmed, i.e. the 
2-year design flood. For higher return periods the uncertainty may be expected to increase, but this has not 
been quantified. It is noted that statistical analysis in Section 9.6 of Flood Studies Update Volume II (FSU 
2014b) found �W�K�D�W�����µ�«��the uncertainty in QT [i.e. any higher return period peak flow] is dominated by the 
uncertainty in QMED and is independent of return period �������¶. 

Table 7.1: Unnamed watercourse upper limit peak design flows 

Return period  

(years)  

Central estimate of 

peak f low (m 3/s)  
68% upper l imit (m 3/s)  95% upper l imit (m 3/s)  

2 2.69 3.69 5.05 

10 3.96 5.43 7.43 

20 4.39 6.02 8.24 

50 4.88 6.69 9.15 

100 5.23 7.17 9.81 

200 5.58 7.65 10.47 

1000 6.25 8.57 11.73 

The culvert designer should check the operation of the culvert for the 68% or 95% upper limit flows, dependent 
on the level of flood risk that is acceptable. 

Table 7.2 summarises the peak design flows (central estimate and upper limits of the confidence intervals) on 
the unnamed watercourse at the R522 road crossing, including a 20% allowance for climate change. 

Table 7.2: Unnamed watercourse upper limit peak design flows with 20% climate change allowance 

Return period 

(years)  

Cent ral estimate of 

peak f low p lus c limate 

c hange (m 3/s)  

68% upper l imit  p lus 

c limate c hange  (m 3/s)  

95% upper limit plus 

climate change  (m 3/s)  

2 3.23 4.43 6.06 

10 4.75 6.52 8.92 

20 5.27 7.23 9.89 

50 5.86 8.03 10.99 

100 6.28 8.60 11.77 

200 6.70 9.18 12.56 

1000 7.50 10.29 14.08 

Tables 7.3 and 7.4 summarise the peak design flows on the River Awbeg at the confluence with the unnamed 
tributary, without and with climate change allowances, respectively.  
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Table 7.3 presents the central estimate and upper limits of the confidence intervals without climate change 
allowances. 

Table 7.3: River Awbeg upper limit peak design flows 

Return period 

(years)  

Central estimate of 

peak flow (m 3/s)  
68% upper limit (m 3/s)  95% upper limit (m 3/s)  

2 20.66 29.47 40.37 

10 27.68 39.49 54.10 

20 29.95 42.73 58.54 

50 32.64 46.56 63.78 

100 34.29 48.92 67.01 

200 35.94 51.28 70.24 

1000 39.04 55.70 76.30 

Table 7.4 presents the central estimate and upper limits of the confidence intervals including a 20% allowance 
for climate change. 

Table 7.4: River Awbeg upper limit peak design flows with 20% climate change allowance 

Return period 

(years)  

Central estimate of 

peak flow plus climate 

change (m 3/s)  

68% upper limit plus 

climate change (m 3/s)  

95% upper limit plus  

climate change (m 3/s)  

2 24.79 35.36 48.44 

10 33.22 47.39 64.91 

20 35.94 51.28 70.24 

50 39.17 55.88 76.54 

100 41.15 58.70 80.42 

200 43.13 61.53 84.29 

1000 46.85 66.84 91.56 

7.2 Recommendations  

Given the uncertainty in hydrograph width on the unnamed watercourse, it is recommended that sensitivity 
testing of the hydraulic model is undertaken by varying the hydrograph width whilst retaining the flood peak. The 
suggested sensitivity run hydrograph widths are:  

�x FSU recommended width (see Section 4) minus 50%; and  

�x FSU recommended width (see Section 4) plus 25%. 

To demonstrate the impact of the proposed scheme on flood water levels, it is suggested that the hydraulic 
model be run with a range of design flood combinations on the unnamed tributary and the River Awbeg. 

In the case that the water levels at the proposed scheme are affected by water levels on the River Awbeg, to 
identify the 20-year, 100-year and 1000-year peak flood flow and water levels at the proposed scheme, one 
would need to determine the combined (flow) probability distribution, which is a function of the individual 
probability distributions of the two watercourses and the dependency between flood peaks on the two 
watercourses. Without gauged data this dependency cannot be established. Given the difference in catchment 
size and peak flow between the two watercourses, it can be assumed that they respond to quite different 
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storms. Therefore, the dependency between flood flows on the two watercourses can be expected to be low, 
although not nil.  

In any case, the main purpose of the modelling is to show that the scheme does not negatively impact design 
flood levels for a wide range of floods. To this end, it is recommended that the modellers focus on the flood 
combinations provided in Table 7.5. 

Table 7.5: Model run flood combinations 

Overall return 

period (years)  

Unnamed 

watercourse 

return period 

(years)  

River Awbeg 

return period 

(years)  

Code  

20 
2 20 U2-A20 

20 2 U20-A2 

100 

2 100 U2-A100 

20 20 U20-A20 

100 2 U100-A2 

100 + Climate 
Change 

Critical combination of 100-year overall return period runs 
(U2-A100 or U20-A20 or U100-A2, whichever gives the 
highest peak water level in the unnamed watercourse at 
the R522 road crossing), with climate change allowances 
added to both flows. 

1000 

2 1000 U2-A1000 

20 100 U20-A100 

100 20 U100-A20 

1000 2 U1000-A2 

If it is found that the water levels at the scheme are not sensitive to water levels in the River Awbeg, then the list 
of runs in Table 7.5 can be reduced as appropriate.
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Appendix A.  FSU web portal: data, results  and audit trail  
(unnamed watercourse)  
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