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EXECUTIVE SUMMARY
The purpose of this report is to present the outputs of a detailed revision of the Burnfoot model and
review the cost of flood risk management measures, with the objective of determining if an
economically viable measure may exist that could justify the progression to full project-level
assessment.
During the evening of 22

nd

and the morning of the 23

rd

August 2017, the North West of Ireland

experienced an extreme rainfall event. For many, this event was unprecedented and its ‘like’ was
never seen before. Similarly the widespread flooding that followed was unprecedented, impacting
individuals and communities.
This flooding was directly attributed to the occurrence of very heavy and persistent rainfall (60-70mm),
which is about 63% of the average rainfall for the month of August falling within a day. This heavy rain
caused rivers and streams to quickly rise to extreme levels and the Burnfoot River and tributary was
no exception. This flood event affected numerous commercial and residential properties. Twenty nine
residential properties and eight commercial properties were affected, with the Burnfoot Bridge
becoming impassable. Following this event, RPS flood response group visited the scene & assessed
the impact first hand. This flood event equates approximately to a 251-500 year flood level, as
discussed in Section 3.1.
No human life was lost during this particular flood event, despite the significant flow within the
Burnfoot River. As the Burnfoot River overflowed, Páirc an Grianán and Líos na Gréine estates and
the main street flooded. Consequently, assets including roads, the Páirc an Grianán Waste Water
Treatment Works and a number of properties suffered considerable damage.
Following this extreme flood event, the OPW commissioned RPS Consulting Engineers to carry out a
cost review study and to determine after detailed assessment of a range of updated technical inputs if
an economically viable Flood Risk Management (FRM) method exists and justify its progression to full
project-level assessment.
Following appointment, RPS reviewed the existing CFRAMS model and updated this model to provide
rd

a greater confidence in model outputs, based upon the 23 August 2017 extreme flood event. RPS
also reviewed the existing model inputs and identified an opportunity to reassess the hydrological
inputs incorporating the most recent flood event data and up to date methodologies.
RPS has reviewed and updated the model as per the project specification and conclude it to be
suitable as a basis to undertake the feasibility and economic appraisal stages of the project. Two
viable options were taken forward for costing and multi-criteria analysis. Option 1, utilises hard
defences and is calculated to have a cost benefit of 4.95:1. Option 2, utilises hard defences with
improvement of channel conveyance and is calculated to have a cost benefit of 3.06:1.
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1

INTRODUCTION

1.1

BACKGROUND

Burnfoot was identified as an Area for Further Assessment (AFA) requiring a cost review study under
the North Western-Neagh Bann Catchment Flood Risk Assessment and Management Study
(CFRAMS). No viable flood relief options were identified for Burnfoot under the CFRAM Study and the
purpose of this study is, using a range of updated technical inputs, to determine if an economically
viable measure may exist that could justify progression to a full project-level assessment.
The Burnfoot model built for CFRAMS includes the lower reaches of Skeoge River and Burnfoot River
as it passes through the village of Burnfoot. From the western extent of the Burnfoot AFA, the
Burnfoot River flows downstream in a westerly direction joining the Skeoge River. The Skeoge River
discharges into an area of impounded fresh water known locally as Inch Lake. Inch Lake drains into
Lough Swilly at low tide, when a tidal flood gate at Carrowen allows seaward flow of water. The entire
perimeter of Inch Lake is surrounded by an impounding embankment. A pump house aids in the
drainage of low lying area to west and south-west of the Skeoge River, locally known as the Inch
Levels. This area is well maintained and localised pluvial flooding is observed during periods of heavy
rainfall.
The Burnfoot and Skeoge Rivers were modelled as 1D-2D using the MIKE Suite of software.
Under the CFRAM Study, one option was identified for Burnfoot AFA, consisting of hard defences. An
economic appraisal identified that the preferred option had a benefit cost ratio of 0.88 which is below
unity. The Flood Risk Management Plan noted that ‘It is considered that the costs for certain works, or
smaller schemes, is likely to be conservative in the Unit Cost Database’. Therefore a recommendation
was put forward to include a detailed assessment of the costs to determine if an economically viable
measure may exist that could justify the progression to full project-level assessment.
An extensive flood event occurred in Burnfoot in August 2017, both residential and commercial
properties, as well as local infrastructure were affected.
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1.2

AIMS AND SCOPE

OPW have appointed RPS to carry out a cost review study for Burnfoot. The main aim of the study is
to determine if an economically viable measure may exist that could justify the progression to full
project-level assessment.
The project brief included the following requirements:


Additional Topographic Survey - Identify requirements and specification for topographic
survey. To include any hydraulically significant features not included in the existing CFRAMS
hydraulic model.



Hydrology review - Collect flood event and hydrometric data, complete a full hydrology review,
revising all hydrological calibration event and design event estimations.



Hydraulic Modelling - Update the existing CFRAMS model with topographic and hydrology
information. Calibrate the model with inflows representative of the August 2017 flood event
and simulate all CFRAMS annual exceedance probabilities. Complete HEP Reconciliation.



Flood & Risk Mapping - Issue mapping in line with CFRAMS GN26, requirements for flood
extent, depth, velocity, zone, node points, river centre line in GIS version and PDFs of flood
extent, depth, velocity, risk-to-people, indicative number of inhabitants, general environmental
risk maps.



Risk Assessment - Update the damage assessment prepared under CFRAMS to reflect the
revised modelling and flood mapping, including any properties within the AFA not included in
the original damage assessment.



Option Appraisal - Carry out specified option simulations including review of the preferred
option from the CFRAMS process and further assessment by combining measures. Provide
detailed option costing, through use of the CFRAMS Unit Cost Database and OPW Regional
Drainage Maintenance Staff. Undertake a Multi-Criteria Analysis and Benefit-Cost Analysis, in
line with the CFRAMS Brief and relevant Guidance Notes. Review alternate standards of
protection if no viable option is identified.



PSDP (Project Supervision Design Process) Role - The requirement for the PSDP role was
identified at project inception. A review of the options will be carried out and health and safety
information included in the MCA assessment.



Reporting - Produce a fully integrated project report, including lessons learnt for future cost
review studies and environmental implications arising from the option recommendations.
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2

DATA COLLECTION

2.1

HISTORIC FLOODING EVENTS

The NWNB CFRAMS Flood Risk Review (2011s5232 NW&NB CFRAM FRR Report_Final_v2.0)
highlighted Burnfoot as an AFA for fluvial and coastal flooding based on a review of historic flooding
and the extents of flood risk determined during the PFRA.
Key historical events include the October 1870 event, where extensive flooding occurred between
Buncrana and Burnfoot. Archive rainfall records held by the Armagh Observatory, recorded levels of
226.4mm for October 1870. An extreme fluvial flood event occurred at Burnfoot between 22

nd

rd

and 23

August 2017; the occurrence of this event post-dates the collation of historic flood risk information as
part of the NWNB CFRAMS project. The following information has been gathered regarding this
event,


During the August 2017 fluvial flood event, the occurrence of an extreme rainfall event,
contributed to the rapid filling of Inch Lake (located approx. 5.5km downstream of Burnfoot).
Inch Lake drains into Lough Swilly during low tide, with landward tidal flow prohibited by the
presence of coastal defences. The occurrence of the flood event coincided with a monthly
spring tide; in turn this locked fresh water within Inch Lake. Consequently, high lake levels
would have reduced the efficiency of the Skeoge River to discharge at this point, causing the
river to back up for a short distance. However, it should be noted that although high lake
levels may have exacerbated flooding on agricultural land downstream of Burnfoot, high lake
levels did not impact water levels within the Burnfoot River as it flows through Burnfoot town.
Impacts to receptors within Burnfoot are attributed to the unprecedented rainfall event leading
to the Burnfoot River breaking its banks creating overland flow paths. To support this,
eyewitness accounts have described how water flowed down from Scalp Hill towards the
Burnfoot River.



The Burnfoot River initially broke banks on the left (southern) bank, either at or upstream of
the embankment behind Páirc an Grianán and Líos na Greíne. As water levels increased, the
existing embankment was overtopped. The river was very fast flowing, causing water to travel
at pace through Páirc an Grianán and Líos na Greíne, towards the town/main street.



The extent of flooding and impacts on properties, infrastructure and other infrastructure were
recorded as part of flood event response carried out by RPS. The main receptors affected in
this event were located along Main Street, Páirc an Grianán and Líos na Greíne. A total of 37
properties were affected, including residential and commercial properties. Residents in both
Páirc an Grianán and Líos na Greíne reported of residents who needed to be rescued.
Although there was no loss of life or serious injuries made aware to flood event response
staff, there was a report of a child in Páirc An Grianán who was caught in the flood waters but
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was able to grab onto a fence before being rescued by an adult. This highlights the risk at
which residents were subject to in this area as a result of the flooding.


Flood waters during this event contained raw sewage and oil, along with a large amount of
debris, which was subsequently deposited in homes, commercial premises and throughout
the town, resulting in a danger to public health. Flood depths were recorded up to 1.22
metres; this depth was measured in a garage in the rear garden of no. 9 Páirc An Grianán.



The recorded flood information informed hydraulic model calibration and verification, as
discussed in Section 4.2.



The complete flood event report form and photos taken on 25th August have been included in
Appendix A.

2.2

WALKOVER SURVEY

RPS conducted a walkover survey (29/01/18) of the study reaches in conjunction with a
representative from OPW. This enabled RPS to gain an appreciation of catchment topography and
flood mechanisms. During the walkover the following information was recorded:


The flooding mechanisms of the August 2017 event were reviewed. It was noted that water
spilled from the left bank of the Burnfoot River upstream of the Waste Water Treatment Works
and Páirc an Grianán estate. Flood waters flowed along the left bank through the Waste
Water Treatment Works, Páirc an Grianán and Líos na Gréine estates towards the main R238
road. A review of the embankment between the housing estates and Burnfoot River showed
that flood waters bypassed the embankment by spilling further upstream. It was also noted
that there were low points in the embankment (behind the Páirc an Grianán estate) however
based on damage in the area it appears that the low points allowed flood waters to enter back
into the Burnfoot River rather than acting as the main flow path.



It was noted that the Páirc an Grianán cul-de-sac was fenced off as properties are
uninhabitable since the August 2017 flood event. Residents in the Líos na Gréine estate
looked to be carrying out home refurbishment/repairs following the event.



Along a section of the right bank of the Burnfoot River and located close to the new Monreagh
Park housing estate, an embankment unknown to local authorities or OPW has been
constructed.



It was noted that the Monreagh Park estate has infrastructure and utilities in place to
construct more properties which would be located on an existing flood plain.
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The Burnfoot Tributary joins the Burnfoot River upstream of the Burnfoot Bridge. The tributary
has a very steep gradient and drains agricultural lands before flowing past a few properties
and entering the Burnfoot River. It was noted during the August 2017 flood event that water
flowed onto the R238 road and knocked down a wall at the Seaimpein hair salon.



The Burnfoot River has had bank scour protection works completed upstream of the Burnfoot
Bridge.



The river channel downstream of the Burnfoot Bridge is maintained by OPW under the arterial
drainage act.

2.3

TOPOGRAPHICAL SURVEY

Subsequent to the site walkover, discussion with OPW and a review of survey information received
during CFRAMS, three survey requirements were identified as requiring additional information to
update and improve the representation of fluvial flood mechanisms in the Burnfoot model. These
areas included cross section information for the Burnfoot River and Burnfoot tributary, line and level
information of existing embankments located on both banks upstream of the Burnfoot Bridge and
finished floor levels of properties. Figure 2.1 shows the location of the cross section and embankment
survey, Figure 2.2 shows the location of the properties where finished floor levels were taken. RPS
appointed McKeown and Shields Ltd. to record topographical information of 27 cross sections, line
and level information over 340m of embankment and finished floor levels of 9 properties. All
information was received in February 2018 and is presented in Appendix B.
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Figure 2.1: Burnfoot Topographical Survey Information
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Figure 2.2: Burnfoot Finished Floor Level Survey Information
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3

HYDROLOGICAL ASSESSMENT

This hydrological assessment represents a summary of the flood event frequency analysis and design
flow estimation undertaken in support of the hydraulic modelling. All hydrological calibration events
and design event estimations have been revised using data collected since the end of the NWNB
CFRAM Study hydrometric data collection period.

3.1

FLOOD EVENT & HYDROMETRIC DATA COLLECTION &
ANALYSIS

The Burnfoot River does not have a hydrometric gauging station from which flood flow data is
available. Both the Burnfoot and Skeoge Rivers have in the past been gauged (at HEPs 36015 and
36016) but both gauging stations were staff gauge only sites. No continuous flood flow data exists
which can be used either for design flow estimation or for the purposes of historic event frequency
analysis. The nearest gauging stations for which flood flow data are available are remote from the
Skeoge/Burnfoot catchment. The Tullarvan station (39003) on the Crana River in Buncrana is
approximately 10km to the north and the Sandy Mills station is located on the Deele, a tributary of the
Foyle, located approximately 27km to the south. Neither station is particularly hydrologically similar to
the Burnfoot/Skeoge catchment but flood flows recorded at each station could potentially be used to
estimate the fluvial frequency of the flood event on the 22nd August 2017. A review of the peak flows
recorded for the event at each gauging station, along with an estimation of the frequency of the event
at each location is provided in Table 3.1.
Table 3.1: Fluvial Flood Frequency of August 2017 event at nearby hydrometric stations

Gauging
Station/
Catchment

Catchment
2

Area (km )

Burnfoot
(39015)
Bridge End
(39016)
Sandy Mills
(01041)
Tullyarvan
(39003)

SAAR
(mm)

Aug 2017
BFI

FARL

URBEXT

Est. Peak
3

Flow (m /s)

Estimated
Frequency
/ Return
Period

21.0

1257

0.343

1

0

N/A

N/A

27.2

1125

0.347

1

0

N/A

N/A

116.2

1329

0.379

1

0.86

126

10-20 years

97.9

1526

0.285

0.993

0.82

324

100-200*
years

* Use with caution. Beyond reliable limit of the rating. Estimated return period > 2 x record length

The estimated peak flow and frequency for the August 2017 event at the Sandy Mills gauge can be
considered to be within the reliable rating for this gauge. The Tullyarvan gauge on the other hand is
IBE1448/May18
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much less reliable and the peak flow and frequency estimate should be treated with extreme caution.
The flow recorded for the August 2017 flood event is beyond the reliable limit of the gauging station
rating and as such there is a high level of uncertainty in the recorded value. Furthermore estimates of
frequency which in return period terms are much larger than the record length are statistically
unreliable.
Notwithstanding the uncertainty in the flow and frequency estimate for the Tullyarvan gauging station
1

the event on the Crana River was undoubtedly an extreme event with damage occurring at Elm Park
and Swan Park in Buncrana through which the river flows. The flood event on the Deele was not as
significant with any major reports of flooding. This catchment is located much further to the south in
an area where the rainfall sums were lower (see Table 3.2). Both catchments are hydrologically
similar to the Burnfoot catchment as can be seen from the physical catchment descriptors in Table
3.1, although both catchments are larger.
Historic daily rainfall data for the 22nd August 2017 event was downloaded from Met Éireann for the
three closest rainfall gauges to Burnfoot in order to ascertain estimate of the rainfall event frequency.
These three rainfall gauges are daily stations located at Carrigans-Kildrum, Illes and Quigleys Point,
as shown on Figure 3.1.

Figure 3.1: Rain Gauge Locations

1

As evidence from drone footage available on YouTube: ‘Flood Damage, Buncrana 2017’
https://www.youtube.com/watch?v=ayWvkoQjtpY
IBE1448/May18

11

F01

Burnfoot Cost Review Study

Hourly rainfall data from the Malin Head gauge was also downloaded from Met Eireann to calculate
when the majority of rainfall occurred in a 24 hour period and what percentage of the overall rainfall
this represented. It was found that the majority of rainfall (99%) during the 22nd August flood event
fell between 3pm and 11pm at Malin Head. The 24 hour period was assumed to begin at 9am on the
22nd August and end at 9am on 23rd August. This temporal distribution of rainfall was assumed to be
similar for the daily rain gauges such that a frequency, based on a sub-daily duration, could be
estimated for the rainfall event. In other words this data was used to calculate what volume of rain
was likely to have fallen in a similar 8 hour window on the 22nd August at the three daily rain gauge
stations.
Table 3.2: Daily Rainfall Data

Location

Estimated

Straight Line Distance

8 Hour Rainfall (mm)

from Burnfoot (km)

Frequency / Return
Period

Carrigans-Kildrum

9.23

60.96

121 Years

Quigleys Point

13.24

86.92

> 500 Years

Illies

11.38

84.83

> 500 Years

74.17*

250 – 500 Years

Burnfoot
* Value is a weighted rainfall sum calculated for Burnfoot

The FSU web portal was used to calculate the event probability of the 22nd August storm event at
each of the three daily rain gauges. The event probability differed largely between the three gauges
due to distance from Burnfoot, each other and the difference in rainfall recorded. This included more
than 24mm and 25mm at the Illes and Quigleys Point gauges respectively when compared to the
Carrigans-Kildrum gauge. In order to make these gauges comparable with each other and to give a
more reliable return period for the storm event in Burnfoot an inverse distance weighting calculation
was applied to the three gauges. This resulted in an estimated rainfall return period of 251 – 500
years for the 22nd August storm event. This estimate should be treated with caution as it assumes the
same temporal distribution as the Malin Head gauge and that the distance weighted average is an
accurate representation of the actual rainfall in the Burnfoot catchment.

3.2

HYDROLOGY REVIEW

The Burnfoot hydrology was updated to include a tributary which runs from north to south into the
Burnfoot River as it flows through the town. Owing to the small contributing catchment area, and the
level of perceived flood risk likely to arise from the watercourse at survey/modelling stage, this
tributary was not represented in the CFRAM Study. The extent of the watercourse to be modelled was
determined using the updated topographical survey information provided by McKeown and Shields
IBE1448/May18
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Limited. An additional two Hydrological Estimation Points (HEPs) were added for calculating the
design flows on this tributary. These two points were labelled as 39_1001_1_RPS and
39_1001_2_RPS. The new catchment created for these HEPs was delineated using the 5m resolution
LiDAR previously collected for Burnfoot. The physical catchment descriptors were either calculated or
borrowed directly from nearby Flood Studies Update (FSU) ungauged physical catchment descriptor
nodes. From these physical catchment descriptor values the QMEDs for the Burnfoot hydraulic model
were estimated as per the methods outlined in FSU TRR Volume II. An adjustment factor was then
applied as per the CFRAM Study whereby the catchment descriptor estimates were adjusted upwards
by a factor of 1.25 using a combined adjustment factor from the 2nd closest and most hydrologically
similar site at Sandy Mills (01041) and moderated based on the New Mills (39001) site which is also
close to the subject catchment. As a result of introducing a new inflow to represent the new
catchment, the lateral flow between HEPs 39015 and 39_1105_6 is reduced to represent the
decrease in the hydrological catchment area between these points. The updated HEPs are shown in
Figure 3.2.

Figure 3.2: Hydrological Estimation Points Overview
The result of the new tributary is a small change in overall peak flow (m³/s) that is input into the
Burnfoot model. The overall 1% Annual Exceedance Probability (AEP) peak flow input into the
CFRAMS Burnfoot model at HEP 39015 previously totalled 34.23m³/s. This has been increased to
35.57m³/s for the updated Burnfoot model due to the creation of the inflow for the small tributary.
However when considering hydrograph timing, the total peak sum of the inflow from the hydrographs
IBE1448/May18
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3

3

at 39015 is actually decreased slightly from 34.01m /s to 33.38m /s. This summation of the inflow
3

hydrographs is now 0.3% less than the hydrological estimate at the check flow HEP of 33.49m /s but
is still considered well within acceptable limits given that the hydrological estimate of flow at the HEP
is not derived directly from observed data. The slight reduction in the sum of the inflow hydrographs is
due to the newly modelled tributary peaking before the Burnfoot River meaning much of its flow has
passed node 39015 by the time the main Burnfoot River peaks. The final design flows used for the
present day scenario are shown in Table 3.3. These flows were used to generate the hydrographs for
each of the return periods and therefore do not have the exact same peak flow as those observed
from the hydrographs described above.
Table 3.3: Final Design Flow Estimates for Model Input

Node ID_CFRAMS
39016_RPS
39_480_1
39_1001_1_RPS
39_1001_2_RPS
Lateral between
39_1001_1 RPS &
39_1001_2_RPS
39015
Lateral flow between
39_480_1 & 39015
39_1105_6
Lateral flow between
39015 & 39_1105_6
39_1082_4
39_1162_2_RPS
Lateral flow between
39016_RPS &
39_1162_2

AREA
2
(km )

Qmed

27.20
19.46
0.73
1.24

Flows for AEP
5%
2%
(20)
(50)
42.00 49.37
23.71 27.75
1.61
1.84
2.76
3.14

25.32
14.91
1.06
1.81

50%
(2)
25.32
14.91
1.06
1.81

20%
(5)
32.15
18.45
1.29
2.21

10%
(10)
36.96
20.99
1.45
2.48

1%
0.5%
0.1%
(100) (200) (1000)
55.67 62.69
82.44
31.26 35.22
46.67
2.02
2.21
2.74
3.45
3.79
4.68

0.51

0.82

0.82

1.00

1.13

1.25

1.42

1.57

1.72

2.12

21.04

15.97

15.97

19.77

22.49

25.41

29.74

33.49

37.74

50.00

0.35

0.34

0.34

0.43

0.48

0.55

0.64

0.72

0.81

1.08

22.60

17.21

17.21

21.32

24.21

27.26

31.75

35.59

39.87

52.02

1.56

1.40

1.40

1.74

1.98

2.24

2.62

2.95

3.32

4.40

5.61
65.85

4.36
40.26

4.36
40.26

5.66
49.27

6.62
55.31

7.68
61.35

9.31
69.84

10.77
76.81

12.46
84.30

17.54
104.14

10.43

7.16

7.16

8.77

9.84

10.92

12.43

13.67

15.00

18.53

Point Inflows
Lateral Inflows
Total flows at intermediate locations. To be used for anchoring hydrological and hydraulic analysis
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4

HYDRAULIC MODELLING

4.1

MODEL UPDATES

OPW granted RPS permission to use the 1D-2D MIKE Flood CFRAMS for use in the Burnfoot Cost
Review Study. Subsequent to the site walkover, discussion with OPW and survey information
received, RPS applied a number of updates to the model, as detailed below.


Burnfoot and Bridge End AFAs were modelled together during the CFRAMS model
construction phase due to their close proximity (approximately 1km) and since the River
Skeoge forms part of each model. However for the purposes of the Burnfoot Cost Review
Study, Bridgend was removed from the updated model extents.



While the total peak flow input into the model has increased in the updated Burnfoot model
the total downstream flow still remains the same. This is because the increase in flow is small
and when the check flows and intermediate checks were viewed from the model results they
still fell within the required margin of error such that they did not warrant an overhaul of the
previous downstream flows.



The Burnfoot Tributary centreline, cross-sections and structures were added into the 1D
element of the model.



Newly received surveyed cross-sections along the Burnfoot River replaced outdated
CFRAMS cross-sections where they were a direct replacement at the same location. This
meant 9 cross-sections replaced the previous sections and the 10th newly surveyed section
along the Burnfoot River was added without deleting any older sections as this was at a new
location.



Burnfoot Bridge was updated in the model from the new survey data, remaining in the same
location.



Manning’s n roughness values were updated along the newly surveyed section of the
Burnfoot River and assessed for the Burnfoot Tributary.



All surveyed embankment and bank levels were updated in the M21 Bathymetry MESH file.
These incorporated any low points along banks that were picked up by the surveyor.



MIKE21 links were included for the Burnfoot Tributary and altered along the Burnfoot River at
the confluence of the two rivers.



Updates to the hydrological inputs as discussed in Section 3.

IBE1448/May18

15

F01

Burnfoot Cost Review Study



As the model had been clipped to exclude Bridgend, the upstream input for the Skeoge River
needed to be updated. This input was analysed along with the rest of the hydrological inputs
as discussed in Section 3. However, for Bridgend and the surrounding area in the CFRAMS
model, hydrological estimates put through the modelling process represented the hydraulic
characteristics of this particular area and were deemed more representative of the scenario
occurring, which is why hydrological check points were not met. For this reason, to make the
updated model more representative, modelled outputs were extracted from the appropriate
location on the Skeoge River from the CFRAMS model for each modelled scenario and were
used as the upstream input on the Skeoge River in the updated model.



The upstream input, 39_480_1, for the Burnfoot River was delayed by two hours, moving its
peak from 6:30am to 8:30am on Day 1, for its peak to line up with other peaks in the model
and produce the highest flow scenario.



The lateral input, Top-up between 39_480_1 & 39015, for the Burnfoot River was delayed by
one hour, moving its peak from 7:30am to 8:30am on Day 1, again allowing for the lining up of
times with other modelled peaks to produce the highest flow scenario.



Due to the close proximity of cross-sections along the Burnfoot Tributary in parts, some
alterations to cross-section were required. Cross-section 01TRIB00006 was removed from
the model as this cross-section was in extremely close proximity to 01TRIB00006I which
caused stability issues, was very similar in shape and importantly had no low bank levels so
was deemed appropriate to remove from the model without affecting the modelled
representation along the watercourse. Weir 01TRIB00007W also had multiple cross-sections
in very close proximity which caused further instability. The upstream and downstream
sections of the weir were moved by a number of metres to stabilise the modelled structure
and still remain representative of the hydraulic characteristics of the physical structure.



Further alterations were made to cross-sections along the Burnfoot Tributary to further
improve stability; however, all changes were minor with the above changes at structures
being the most significant.



A house was removed from the bathymetry at the Monreagh Road to facilitate the flow path
from the right bank of the Burnfoot Tributary. This was required as buildings are represented
within MIKE simulation files as blocked cells, removing the building allows flow to spill from
the 1D model domain onto the flood plain ensuring accurate representation of overland flow
paths. The building is still considered during damage assessment.



The model time step was reduced from 2 seconds to 1 second to improve model stability.



Storing frequencies of the model were increased so the modelled outputs stored results six
times more often than before to ensure peak floods are being captured.
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During model simulations a new flow path was identified from the Burnfoot Tributary. Water
spills from the upper reaches of the tributary and flows down the right bank before spilling
across the R238 road and into the Burnfoot River. The flow path descends down a steep
gradient and the model struggled to cope with the fast flowing, shallow flow path over the 5m
grid. Model updates were required on the right bank of the Burnfoot Tributary to aid model
stability. These edits included updates to the eddy viscosity, roughness, bathymetry and
MIKE FLOOD links (shape, smoothed and depth tolerance edits) in the local area. These
changes were only made for the Burnfoot Tributary and were not applied to the Burnfoot
River.

4.2

MODEL CALIBRATION & VERIFICATION

The August 2017 extreme flood event postdates the delivery of the NWNB CFRAM programme,
which included Burnfoot as an Area of Further Assessment. During the CFRAMS process, there was
limited historic flood information available to allow the model calibration to be carried out. The August
2017 event indicated that the results of the CFRAMS model showed general agreement but did not
display the full extent of flooding observed, with areas flooded in the August 2017 event that were not
shown to be flooded in the 0.1% AEP CFRAMS model extent.
A number of updates were made to the model, with additional topographical survey data incorporated
along the Burnfoot River, as well as the incorporation of the newly surveyed Burnfoot Tributary. The
new flow path from the right bank of the Burnfoot Tributary affects a number of properties which were
not identified as being a risk during the CFRAMS modelling. The existence of the flow path is
supported by damage observed after the August 2017 flood event, the wall at Seaimpein hair salon
was knocked down falling towards the Burnfoot River by an overland flow path. Locals also mentioned
how often the Burnfoot area has experienced flooding during the site walkover (29/01/18), it was
suggested a number of minor flood events had occurred since the August 2017 flood event.
The event in August 2017 cannot be accurately gauged in terms of its probability due to a lack of
hydrometric and rainfall gauges along the Burnfoot or Skeoge Rivers. The hydrometric station at
Tullyarvan to the north of Burnfoot is more extreme than that of the Sandymill gauge to the south as
discussed in section 3. The same pattern is observed with the three rainfall gauges. The two gauges
in the north, Illes and Quigleys Point, are much more extreme than that of the Carrigans-Kildrum
gauge located south of Burnfoot. The probability of the August 2017 event could have been anywhere
between the smallest and largest AEP observed at these gauges.
As discussed there are no gauging stations within the modelled watercourse extents and no rainfall
gauges in the catchments therefore it is difficult to calibrate the model further than to observed flood
extents. Overall, RPS consider that the model is performing well for design event simulation. Further
studies and data would facilitate full calibration and verification.
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The design model was used to simulate the 50%, 20%, 10%, 5%, 2%, 1%, 0.5% and 0.1% AEPs.

4.3

MODEL PERFORMANCE

A mass balance check has also been carried out on the 1% AEP model to ensure that the total
volume of water entering and leaving the model at the upstream and downstream boundaries
balances the quantity of water remaining in the model domain at the end of a simulation.
Generally mass errors should be less than 2%. If the mass error is greater than 2%, the cause and
location of the mass error within the model schematisation should be identified and the consequence
of this error assessed and improvements to the model considered. If the mass error is greater than
5%, then it suggests that the model schematisation is not robust and needs to be reviewed
(Environment Agency, 2010). The mass balance calculated for the Burnfoot model was 0.546%. As
this is less than 2% the model is considered to be robust.

4.4

DESIGN EVENT SIMULATIONS

The calibrated model was run to determine flood extents for a range of AEP events. Flood maps have
been generated for the following return periods listed in Table 4.1:
Table 4.1: Modelled Return Periods

Present Day

Mid-Range Future Scenario
(MRFS)

50%

50%

20%

20%

10%

10%

5%

5%

2%

2%

1%

1%

0.5%

0.5%

0.1%

0.1%
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1%
0.1%

F01

Burnfoot Cost Review Study

4.5

MODEL LIMITATIONS

There are inherent assumptions, limitations and uncertainty associated with hydraulic modelling
including;


Schematisation decisions regarding out-of-bank flow routes



Culvert/bridge schematisation (including skew angle considerations)



Data sources



Changes to parameters from default

RPS employed best practice in the computer modelling of watercourses and used anecdotal evidence
to compare flood extents and depths. As RPS completed the CFRAM Study of Burnfoot, when
combined with Bridgend, RPS was aware of any assumptions that were made previously.
The addition of the Burnfoot Tributary proved challenging to include in the existing CFRAMS model.
Water spilling from the upstream extents of the tributary created an overland flow path down a steep
gradient which the MIKE model found computationally difficult to simulate as the flow path was
shallow and fast over a 5m grid. Numerous edits were made in the localised area of this flow path to
improve stability, as discussed in Section 4.1.
For any subsequent feasibility or design analysis it is noted that this flow path may be better
represented using a smaller grid, changing to a flexible grid or carrying out modelling in alternative
software program such as InfoWorks ICM.
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5

FLOOD RISK ASSESSMENT

5.1

INTRODUCTION

As a result of the updates made to the hydrological and hydraulic analysis, it was necessary to carry
out a new damage assessment for Burnfoot. The updated damage assessment is consistent with the
methodology adopted for the CFRAM Study; this allows comparison to be drawn with the previous
revision of the economic assessment, as well as benchmarking any incurred damages or potential
benefit cost ratios with other AFAs assessed by the CFRAMS programme. The damage assessment
methodology is detailed in Section 5 of the North Western – Neagh Bann CFRAM Study UoM01
Preliminary Options Report (IBE0700Rp0017_UoM01 Preliminary Options Report_D02).
On commencement of the project, the flood risk to Burnfoot Waste Water Treatment Works adjacent
to Páirc an Grianán was identified to RPS to be considered. This property was not included in the
relevant ESRI building dataset supplied for the CFRAMS assessment, nor was it highlighted during
any client or public engagement at the time; therefore the flood risk to this receptor was not previously
captured. This property has been included in the updated assessment as part of Burnfoot Cost
Review Study. This building is indicated in Figure 5.1.

Figure 5.1: Location of Burnfoot Waste Water Treatment Works Included in Economic
Assessment
IBE1448/May18
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5.2

MONETARY DAMAGE AND BENEFIT
Total
€ 587,274

Annual Average Damage (AAD)
Present Value Damage (pvD)

€ 12,615,811

Preferred Standard of Protection (SoP)

1% AEP

Number of Properties Benefiting from Design SoP

36
€ 12,166,948

Minimum Present Value Benefit
Capped Minimum Present Value Benefit

€ 7,284,832

The properties identified at risk in the 1% fluvial scenario in Burnfoot are identified in Figure 5.2. Risk
mapping, which includes indicative number of inhabitants, is provided in Appendix E.

Figure 5.2: Properties Identified at Risk in the 1% AEP Scenario in Burnfoot
In the CFRAMS damage assessment, the number of properties at risk in the 1% AEP was found to be
22. As a result of the updates to the hydraulic network and associated hydrology, this number has
increased to 36. These additional properties are found along the Burnfoot Tributary, as well as along
the Burnfoot River both upstream and downstream of the confluence of the newly added tributary.
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Several properties which were found to be at risk from fluvial flooding from the Burnfoot Tributary are
found to be affected from the 50% AEP scenario. Similarly, properties are identified to be at risk in the
Páirc An Grianán area in the 20% AEP scenario.
The additional properties the updated assessment has captured, as well as an increased frequency of
flooding evaluated in other areas, has led to increased property damage, as well as the potential
benefits associated with protecting to the 1% AEP design standard of protection.
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6

OPTION APPRAISAL

6.1

SPECIFIED OPTION RUNS

6.1.1 Overview
CFRAMS identified a series of viable structural or non-structural options and measures for the
effective and sustainable management of flood risk within AFAs, including Burnfoot. Table 6.1
provides the summary of the CFRAMS Feasibility Review Summary relating to Burnfoot. The
feasibility of a series of Flood Risk Management (FRM) methods were considered and the outcome
following the screening of Technical, Economic, Social, as well as Environmental and Cultural
Heritage factors are listed.
Table 6.1: Burnfoot CFRAMS Feasibility Review Summary

As listed in Table 6.1 the FRM methods that progressed through screening and considered further
under option development included Land Use Management, Hard Defences and Individual Property

IBE1448/May18

23

F01

Burnfoot Cost Review Study

Protection. The remaining methods were not progressed further as they were deemed as being
technically unfeasible; this included storage, diversion of flow and relocation of properties.
Improvement of Channel Conveyance (ICC) was not progressed to the option development stage as
its estimated cost was deemed to be economically unviable as a standalone solution.
Land Use Management measures were tested at UoM scale; as Burnfoot is located within a
catchment considered suitable as a pilot area, it was agreed that it should only progress in the
optioneering process should no other method providing the full SoP be found suitable.
Individual Property Protection was also considered during the screening process. This method is
aimed at individual properties that are remote from the main risk area. Considering that Burnfoot
consists of a small number of remote properties this method was considered as a feasible solution.
Individual property protection could consist of flood gates and vent seals on the building structure
itself. As this method is temporary and relies upon human intervention there is an element of
uncertainty as to whether the full SoP will be met for every flood event. As such it was assumed that
20% of the flood damage would be avoided. This FRM would only progress in the optioneering
process should no other method providing the full SoP is be found suitable.
Hard Defences, including embankments and flood walls were reviewed technically for the Burnfoot
AFA. Modelling was conducted to ascertain where hard defences would be required to provide
protection to all properties affected during a 1% AEP flood event. Figure 6.1 shows the position of
hard defences that were developed during the CFRAMS optioneering process. Embankments were
proposed along the banks of Burnfoot River, with some following the line of existing
embankments. Since some of the original defences were found to have insufficient height to provide
protection to the 1% AEP SoP, it was assumed that these could be replaced or extended in height
and extent. Hydraulic model simulations calculated that to provide protection during a 1% AEP flood
event hard defences would be required with an average height of 2.1m and a total length of 0.6km. An
economic review estimated the cost of the proposed hard defences to be approximately €1,232,762.
CFRAMS also identified that there were no environmental concerns associated with the emplacement
of Hard Defences. Although Lough Swilly SPA and SAC are located within close proximity to Burnfoot
AFA, the emplacement of Hard Defences would not influence any hydrological alterations and thus
would not impact the SAC or SPA. No other environmentally sensitive sites, such as UNESCO World
Heritage Sites are located within the vicinity of, or downstream of the Burnfoot AFA.
During the CFRAMS programme, Hard Defences were favoured and selected as the preferred option
for Burnfoot.
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Figure 6.1: Burnfoot CFRAMS Location of Hard Defence
Following the August 2017 flood event, OPW requested that RPS provide a detailed revision of the
Burnfoot model and review the cost of FRM measures. The objective of this study was to determine if
an economically viable measure may exist that could justify the progression to full project-level
assessment.
The existing CFRAMS hydraulic model was updated and extended to reflect the conditions that were
experienced during the August 2017 flood event. This updated hydraulic model was adapted to review
the FRM methods that were previously screened as being technically viable, including Hard Defences
and Improvement of Channel Conveyance. Land Use Management and Individual Property Protection
were not considered further since the former FRM methods have the potential to provide the full 1%
AEP fluvial SoP.

6.1.2 Hard Defences, Option 1
Following the methodology developed for CFRAMS, a technical review was conducted to ascertain
the best possible position for the emplacement of a series of flood prevention embankments and
walls, thereby providing protection to all properties within Burnfoot affected during the occurrence of a
1% AEP flood event. Figure 6.2 shows the location of potential Hard Defences. Similar to the
CFRAMS proposal, a series of hard defences were proposed along the rear of Páirc an Grianán and
Líos na Gréine. However, rather than continuing upstream along the Burnfoot River, the revised flood
defence runs in a SSE direction, following the same orientation as the field boundary located next to
IBE1448/May18
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the Burnfoot Waste Water Treatment Works. The updated position allows part of the flood plain to
remain during flooding, without increasing flood risk to other properties.

Figure 6.2: Option 1, Location of Potential Hard Defences (Surface Elevations Labels - mOD)
It should be noted that existing flood embankments located along the Burnfoot River upstream and
downstream of the Burnfoot Bridge would be replaced. These embankments, which are currently at
4.9 – 5.1mOD in the vicinity of the housing estates, are of insufficient height to prevent flooding during
the occurrence of a 1% AEP flood event. Replacement of existing embankments has been proposed
as there is uncertainty over the embankment material/structural integrity and in some locations there
is limited space for an increased embankment footprint required for height extension. As shown in
Figure 6.3, where there is room for an increased footprint the existing embankment will be replaced
with a new embankment structure, however where space is limited the existing embankment will be
replaced with a flood wall.
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Figure 6.3: Option 1, Hard Defence Type
Model simulations showed hard defences would protect to the 1% AEP flood event as a standalone
option with an average wall height of 1.16m and a total length of 425m. Embankments would measure
an average height of 1.33m and be approximately 245m in length, refer to Table 6.3. Note hard
defence heights were more accurately calculated during the Burnfoot Cost Review Study compared to
CFRAMS as the provision of additional survey data allowed a more accurate bank level to be
established.

6.1.3 Hard Defences and Improvement of Channel Conveyance, Option 2
Improved Channel Conveyance focuses upon increasing the capacity of a channel to convey flood
flow; this can be achieved by lowering channel bed levels or widening/reshaping the channel.
Removing channel/structure constrictions, culverting reaches of watercourse and reducing roughness
of the channel can also be applied. Improvement of Channel Conveyance does not provide protection
of all properties to the 1% AEP Standard of Protection as a standalone solution. It was estimated that
3

approximately 10,000m of material would be required to be dredged from the main Burnfoot River
channel. While dredging of material along the downstream section of the Burnfoot River may be less
due to the predominance of a sandy material (as assumed from photographic evidence), the upper
sections would be more difficult due to the presence of courser bed material. The narrow channel
lined by properties and steep gradient associated with the Burnfoot Tributary would also prove
problematic.
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Hard Defences were considered in conjunction with improvement of channel conveyance to protect
properties to a SoP level of 1% AEP. Figure 6.4 shows the location of Hard Defences, Improvement
of Channel Conveyance and Bridge Underpinning for Option 2. The types of hard defences required
are the same as for Option 1, see Figure 6.3. However as the improvement of channel conveyance
measures reduce water levels within the Burnfoot River channel the heights and lengths of hard
defences can be reduced. Urban walls would protect to the 1% AEP SoP with an average wall height
of 1.07m and a total length of 420m. Embankments would measure an average height of 1.23m and
3

measure approximately 210m in length. Around 3,500m of bed material would be required to be
removed along the Burnfoot River and the triple arched Burnfoot Bridge would need to be
underpinned by 0.7m.

Figure 6.4: Updated Location of Potential Hard Defence, Improved Channel Conveyance and
Bridge Underpinning

6.1.4 Option Comparison
Option 1 considers hard defences as a standalone option, compared to Option 2 which combines
hard defences with improvement of channel conveyance. Option 2 reduces water levels along the
Burnfoot River, thereby allowing hard defences to reduce in height. Improvement of channel
conveyance can be achieved by dredging and deepening of the Burnfoot River (0.5m to 0.7m) and
underpinning of the Burnfoot Bridge (0.7m). Table 6.2 shows water level comparisons between the
Option 1 and Option 2 simulations at a number of locations. The chainages listed are located
upstream and downstream of the Burnfoot Bridge as shown in Figure 6.5.
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Table 6.2: Comparison of Burnfoot In-Channel Water Levels (Water Levels - mOD)
River

Chainage (m)

1% AEP Option 1 (Hard
Defence)

1% AEP Option 2 (Hard Defence
& Improved Channel
Conveyance)

Burnfoot
River

627
754
839
853
878
916

5.27
4.87
4.72
4.70
4.47
4.27

5.20
4.55
4.36
4.35
4.17
4.04

The lowering of the water level associated with Option 2 (Hard Defence and Improvement of Channel
Conveyance); allows for the emplacement of Hard Defences of a lower height and reduced length.
This is summarised by Table 6.3.

Figure 6.5: Locations of Chainages Used to Compare Water Levels in the Burnfoot River
Table 6.3: Comparison of Option Hard Defences
1% AEP Option 1 (Hard Defence)
Description
Wall
Embankment
Total

IBE1448/May18

Height
(average m)
1.16
1.33
1.23

Length (m)
425
245
670
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1% AEP Option 2 (Hard Defence &
Improved Channel Conveyance)
Height
Length (m)
(average m)
1.07
420
1.23
210
1.13
630
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6.2

OPTION COSTING

6.2.1 Option 1 – Hard Defences
An economic review estimated the cost of the hard defences to be approximately €1.5million. Table
6.4 provides a summary breakdown of the economic review relating to Hard Defence. Option costing
tables have been included in Appendix C.
Table 6.4: Option 1 Hard Defence Construction Cost Breakdown
Urban Wall
€592,557

Construction Cost

Embankment
€65,936

Total Capital Cost (Inc Preliminaries and Optimism Bias)

€1,086,316

Total Cost of Scheme (Inc Operation and Maintenance Costs)

€1,471,404

6.2.2 Option 2 – Hard Defences, Improvement of Channel Conveyance and
Bridge Underpinning
An economic review estimated the total cost of Option 2 at €2.4million.
Table 6.5 provides a summary breakdown of the economic review relating to Hard Defences,
Improvement of Channel Conveyance and Bridge Underpinning. Option costing tables have been
included in Appendix C.
Table 6.5: Option 2 Hard Defence, Improvement of Channel Conveyance and Bridge
Underpinning Construction Cost Breakdown

Urban

Embankment

Wall

Construction Cost

€555,872

€44,016

In-channel
Excavation

€234,445

Burnfoot Bridge
Underpinning
(0158M00212D)

€198,179

Total Capital Cost (Inc Preliminaries
and Optimism Bias)

€1,691,255

Total Cost of Scheme

€2,380,441
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6.3

BENEFIT COST RATIO ANALYSIS

Comparison between the cost of the options and the benefit afforded is summarised in Table 6.6. The
analysis indicates that both options are economically favourable, with ratios greater than unity. Option
1 has a greater benefit cost ratio, therefore is more economically favourable.
Table 6.6: Summary of Benefit Cost Ratio Analysis

Option

Option Cost

Option NPVb

Benefit -

(capped)

Cost Ratio

Option 1 – Hard Defences

€1,471,404

€7,284,832

4.95

Option 2 – Hard Defences, ICC & Bridge Underpinning

€2,380,441

€7,284,832

3.06

6.4

MCA ANALYSIS

A multi-criteria analysis was carried out for Options 1 and 2, which considered a range of objectives
within technical, economic, social and environmental criteria. The total MCA benefit score and MCA
benefit score cost ratios have been summarised in Table 6.7. Outputs from the MCA analysis have
been included in Appendix D.
Table 6.7: Summary of MCA Analysis

Total MCAOption

Benefit
Score

Option Cost
(€millions)

MCA-Benefit
Score/Cost
Ratio

Option 1 – Hard Defences

1483

€1.5

1008

Option 2 – Hard Defences, ICC & Bridge Underpinning

1354

€2.4

569

Table 6.7 shows that Option 1 has a greater MCA benefit score cost ratio, which ultimately indicates
that Option 1 is favourable. In the analysis, Option 2 received a lower environmental score than
Option 1 due to the potential for impact upon habitats for fish, brought about by dredging activities.

6.5

HEALTH AND SAFETY

As the Burnfoot Cost Review Study was a continuation of design from early stages the need for a
Project Supervision Design Process (PSDP) role was identified. The option being put forward from
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CFRAMS was hard defences. Option 1 being put forward from the Burnfoot Cost Review Study also
includes hard defences, however lengths and extents have changed. Option 2 consists of hard
defences, improvement of channel conveyance and bridge underpinning, which was not included in
the CFRAMS health and safety review. (Please refer to document IBE0700Rp0065_UoM01 NWNB
CFRAM Study Preliminary Health and Safety Information_F01 from the CFRAM study).
A review of the health and safety related elements of the risk assessment for the preferred Flood Risk
Management options identified have been used to inform the MCA assessments (as presented in
Appendix D). It should be noted that at strategic level the CFRAM Study and Burnfoot Cost Review
Study have not yet undertaken detailed design, and associated site investigation, services inquiries
and consultation and environmental assessment, therefore the information will require update and
addition of the plan level information during follow-on project level assessment.

6.6

ENVIRONMENTAL IMPLICATIONS

The two options proposed for the Burnfoot Flood Risk Management (FRM) scheme have been
assessed against a number of environmental topics, in line with the National CFRAMS Programme
Guidance Note No. 28 for Multi-Criteria Analysis.
There is the potential for direct negative impacts on the Burnfoot River water body and indirect
negative impacts on the Lough Swilly transitional water body, which is 2km downstream of the site
and is designated as a shellfish water body and SAC, as a result of the development of either option,
due to in-stream and on-bank works. The improvement of channel conveyance with option 2 however
has the potential to impede the achievement of the Burnfoot River water body WFD objectives. Both
options may however provide intermittent contributions towards the achievement of the WFD
objectives for the Burnfoot River and Lough Swilly water bodies, from reduced flooding in the Burnfoot
urban area and therefore improving downstream water quality during flood events.
Two European designated sites were identified within the Appropriate Assessment (AA) of the UoM01
Flood Risk Management Plan (FRMP) as potentially being impacted upon by the development of the
Burnfoot FRM scheme. The first of which is the Lough Swilly SPA, which is less than 300m
downstream of the Burnfoot FRM options, and the second of which is the Lough Swilly SAC, which is
2 km downstream of the FRM options. There is the potential for detrimental impacts on these sites
during the construction phase, however many of the impacts may be avoided or mitigated for with
good working practices and well timed works. The Lough Swilly pNHA is also less than 200m
downstream of the Burnfoot flood options and similarly has the potential to be impacted by
construction of the Burnfoot FRM scheme.
Options 1 and 2 are both likely to require some instream works and excavation of banks of the
Burnfoot River, which is a potential salmonid water body. These works could affect salmon migration
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in the river. The channel conveyance works as part of option 2 however have the potential for greater
impacts on fisheries potential through the permanent loss or removal of fisheries habitat.
The construction and extension of the local flood embankment as part of both Options 1 and 2 will
likely result in construction phase and permanent negative impacts on the local landscape, prior to the
establishment of screening. The proposed height of the flood embankment for option 2 is however
slightly lower than that of option 1, thereby slightly lessening the visual impacts of Option 2 in
comparison to Option 1.
There are no architectural or archaeological heritage features in close proximity to the Burnfoot flood
defence options and there are therefore unlikely to be any impacts on known heritage features with
the development of either option.
In summary, the achievement of the WFD objectives of the Burnfoot River and Lough Swilly water
bodies has the potential to be negatively impacted with the development of either FRM option.
Construction phase impacts are likely to be greater with Option 2 as a result of the instream
conveyance works. The potential impacts arising from either option on international, national and
locally designated sites are likely to be similar, however Option 2 will require greater in-stream works,
creating more potential for downstream impacts. Both options are likely to result in negative impacts
to the fisheries potential of the Burnfoot River, although these impacts are likely to once again be
greater with Option 2, as a result of the instream works. The local landscape is likely to be
permanently negatively impacted with both options; however these impacts will be slightly less with
the lower embankments of Option 2. There are no predicted impacts to known architectural or
archaeological heritage features resulting from either option. Further environmental assessment and
AA will need to be undertaken at a more detailed stage of design in order to fully ascertain the
potential impacts to these sensitive environmental areas, receptors and species.
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LESSONS LEARNT FOR FUTURE COST REVIEW
STUDIES

Lessons learnt from the Burnfoot Cost Review Study have been noted below to benefit future cost
review studies.


RPS requested clarification of project scope on the following items, further detail included in
the project scope may be beneficial however the degree of work undertaken has enabled a
recommendation to be achieved for this AFA,
o

The Burnfoot CFRAMS modelling and outputs included coastal flooding mechanisms,
defence scenarios and benefitting areas mapping. These items were not noted in the
project scope but were discussed with the OPW throughout the project.

o

The project scope did not specify social, economic or cultural heritage mapping.

o

There was no requirement to attend any flood events which may have occurred
during the duration of the project.

o

A PSDP role is required for cost review studies as such projects are a continuation of
design from the early stages of CFRAMS.



Extended OPW review time would be desirable.



Modelling took longer than expected due to instabilities associated with adding the Burnfoot
Tributary associated with its gradient and overland flow characteristics.



During the course of the project it was noted an ad hoc embankment is located on the right
bank of the Burnfoot River. Donegal County Council, planning confirmed that in relation to the
Monreagh Park site, any works more than 1m high on the site would be an unauthorised
development which might rule out the developer bunding the site. Also the planning
permissions on the site expired in 2016 and as such a new application would be needed
before proceeding with the development. At that time the OPW flood maps should
automatically trigger a referral to relevant authorities.



This project has put forward recommendations to protect Burnfoot from fluvial flood risk
however further consideration is required regarding who would be responsible for the building
and maintenance of any scheme. Also who would be responsible for addressing the ad hoc
embankment on the right bank of the Burnfoot River.
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The addition of the Burnfoot Tributary proved challenging to include in the existing CFRAMS
model. The MIKE model found it computationally difficult to simulate the flow path which was
shallow and fast flowing over the 5m grid. Any subsequent feasibility or design analysis
should consider representing the tributary using a smaller grid, changing to a flexible grid or
carrying out modelling in an alternative software program such as InfoWorks ICM.
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8

CONCLUSIONS

Hydraulic analysis was undertaken in order to determine if an economically viable measure exists for
Burnfoot that could justify the progression to a full project-level assessment. The analysis consisted of
a review and update of the existing MIKE computational model, leading to screening and
development of flood alleviation options, with viable options costed and compared with the potential
benefit.
The August 2017 fluvial flood event caused a number of properties to flood in Burnfoot, with roads
and other receptors affected. A post flood event response was carried out after the event, with data
collected used to calibrate the hydraulic model.
A number of surveys were carried out in order to update the hydraulic model. Embankments identified
as being overtopped during the August 2017 event were surveyed and the bank levels revised
accordingly in the model. A tributary of the Burnfoot River was also surveyed and included in the
updated model, which joins the main watercourse in proximity to the area affected in 2017. A number
of other updates were carried out, which have been discussed in this report.
The final model was used to simulate 50%, 20%, 10%, 5%, 2%, 1%, 0.5% and 0.1% AEP events and
potential options to facilitate the appraisal of possible flood risk management actions and measures.
There is good confidence in the overall modelling of the Burnfoot study area. However, there is a
degree of uncertainty in the modelling of the Burnfoot Tributary due to limitations of the MIKE
modelling software for the current data available. Obtaining finer LiDAR, with a grid smaller than 5m,
modelling in a flexible grid or running the model in an alternative software program such as InfoWorks
ICM could improve confidence in the flow path that comes from the right bank at the upper reaches of
the Burnfoot Tributary.
Option appraisal identified two options capable of providing the 1% Standard of Protection in Burnfoot
which were costed and subjected to the CFRAMS multi-criteria analysis (MCA), which examined
technical, environmental, social and additional economic factors. Option 1 included only Hard
Defences, with Option 2 comprising of a combination of Hard Defences, Improvement of Channel
Conveyance and the underpinning of Burnfoot Bridge.
The benefit cost analysis found that Option 1 to be comparatively better than Option 2, with benefit
cost ratios of 3.32 and 2.45, respectively. Option 1 scored higher than Option 2 on cost terms alone,
however MCA appraisal scores relating to technical, social economical scoring are all equal. The
multi-criteria analysis also did not identify any potential impacts that would be prohibitive to a flood
alleviation option for Burnfoot.
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Option 2 will reduce water levels compared to Option 1, with channel dredging and bridge
underpinning improving channel capacity within the Burnfoot River. This lower retained level behind
the flood defences will also reduce the safety risk of any structure failure. Furthermore, Option 2 hard
defence dimensions are lower compared to Option 1, potentially providing an additional social benefit.
The lower height of the hard defences has the added advantage of making the scheme more
palatable to residents by improving the aesthetics of the urban landscape.
In conclusion, the updated analysis undertaken for Burnfoot has produced two viable options suitable
for progression to full project-level assessment, in accordance with the project specification.
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AUGUST 2017 FLOOD EVENT RESPONSE DATA

The Foot Inn Pub

Walls collapsed on the R238 at the bottom of
Monreagh Park

House on Main Street next to The Foot Inn
Pub, 0.65-0.75m measured

No 19. Líos na Greíne

Flattened grass on embankment behind Páirc
an Grianán and Líos na Greíne

No 16. Líos na Greíne

Metal shed and fence collapsed in No.10 Páirc
an Grianán back garden

Garage behind No. 9 Páirc an Grianán

Garden of No.8 Páirc an Grianán

Second set of skips in Páirc an Grianán

Cracks round base of No.8 Páirc an Grianán

No. 8 Páirc an Grianán

No.7 Páirc an Grianán

Garden of No.7 Páirc an Grianán
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