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Abbreviations and Glossary of Terms
Alluvium

Sediment deposited by flowing water, as in a riverbed or flood
plain.

AEP

Annual Event Probability – probability of a flooding event being
equalled or exceeded in any one year

DMRB

Design Manual for Roads and Bridges

Filter drain

A drain the construction of which consists of a trench or channel,
filled with stones, through which water can drain into the
surrounding soil. May also have a perforated pipe at its base,
which would take water that falls through the filter material to an
outfall

FEH

Flood Estimation Handbook – watercourse flow information

Floodplain

Area of land that bounds the extent to which a river or other
watercourse floods during a heavy and prolonged period of rainfall

FRA

Flood Risk Assessment

GFRO

Greenfield Run Off

PED

Pre-Earthworks Drainage – infrastructure for intercepting flows
from adjacent natural catchments and highway embankments

Proposed
Scheme

The proposed
dual
carriageway, junctions,
side
roads, accommodation works and all mitigation that are included
within the Draft Vesting Orders

SNIFFER

Scotland and Northern Ireland Forum for Environmental Research
– Publisher of Findings of a Study on Impacts of Climate Change

SWC

Surface Water Channel - concrete channel adjacent to the
carriageway edge (or median) and at the same longitudinal
gradient as the carriageway
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1.1

Introduction

1.1.1

My name is Aidan Hackett. I am a Chartered Member of the Institution of
Engineers Ireland.

1.1.2

I have over 8 years experience working in an engineering consultancy
role with Mouchel. In 2003 I completed a Doctorate in Engineering at
Queens University, Belfast, after achieving a Masters with Distinction in
Environmental Engineering. Prior to working for 1 year with a large Civil
Engineering Contractor, I graduated from the University of Ulster with a
Bachelor of Science (Honours) degree in Transport in 1997.

1.1.3

During my employment in Engineering Contracting, I have worked on a
range of infrastructure projects; for both private and public sector clients in
water, marine and civil infrastructure.

1.1.4

My PhD included an examination of the effects of selected construction
materials on the environment/receiving water bodies.

1.1.5

My early work with Mouchel involved civil engineering projects; from
feasibility and preliminary design through to detailed design and
preparation of contract documentation. I subsequently administered and
supervised the construction of water/drainage infrastructure projects on
behalf of NI Water.

1.1.6

I have been involved in numerous hydraulic assessments across various
geographical

areas

including

Portadown,

Maghaberry, Windsor and Chertsey.

Dromore,

Castlewellan,

These assessments are used in

evaluating infrastructure and the future hydraulic requirements of
sewerage networks. I subsequently project managed the detailed design
of pipework upgrades in Portadown, constructed in 2010.
1.1.7

I have been lead project engineer for the Watermain Rehabilitation
contract providing design services to NI Water. The role involved leading
technical teams in the delivery of feasibility assessments, enabling works,
network modelling, detailed design, scheduling of principal quantities and
preparation of engineering drawings.

Extensive liaison was required

between the client, statutory and non-statutory stakeholders.
1.1.8

I am responsible for the East Belfast Drainage Area Study, involving an
assessment of sewerage and drainage infrastructure across East Belfast.
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One of the principal drivers for this study is to understand flooding in the
catchment area and develop engineering solutions to alleviate flooding
and meet environmental needs.
1.1.9

I have overall responsibility for flood risk assessments delivered through
the Mouchel Northern Ireland office, for both Private and Public sector
projects.

Role and Responsibilities on the A5 WTC Project
1.1.10

Since early 2007 I have been team leader for all flooding and drainage
staff working on the Proposed Scheme, with responsibility for coordinating the activities of the various design teams and liaising with
Roads Service on technical issues.

1.1.11

As such, I have co-ordinated the production of the Flood Risk Assessment
and have supervised the drainage and flood mitigation design
development throughout the duration of the A5WTC Project.

Scope of Evidence
1.1.12

My evidence will address the particulars of floodplains and flood risk
under the following headings:

1.1.13

•

Design Philosophy

•

Existing Situation & Data Collection

•

Proposed Scheme Details

The road drainage for the Proposed Scheme is described by Paul Carey,
Kevin Chesworth and Declan Maguire in their evidence for Sections 1, 2
and 3 respectively.

A summary overview of drainage and flooding

considerations is outlined in the following sections.
1.2

Overall Design Philosophy

1.2.1

The drainage design for the Proposed Scheme proposes positive
drainage systems utilising surface water channels and associated storm
carrier drains to convey surface run-off to appropriate receiving
watercourses, via attenuation and/or treatment facilities as necessary.

1.2.2

A number of key objectives and deliverables were used in the
development of drainage design proposals; ensuring a drainage solution
was produced that satisfied the requisite design criteria and provided a
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consistent approach throughout the three Sections of the Proposed
Scheme.
1.2.3

These key objectives and deliverables are as follows:
•

Provision of surface drainage infrastructure to prevent flooding of
the proposed carriageway or ponding on the road surface.

•

Provision of sub-surface drainage infrastructure to protect the
integrity of the road pavement layers.

•

Provision of Pre-earthworks Drainage (PED) to prevent erosion of
cutting and embankment slopes.

•

Interception of existing boundary drains and overland flow within
PED.

•

Provision of attenuation facilities, where required, to manage
surface run-off flows and mitigate against potential increase in
flood risk as a result of the scheme.

•

Provision of culverts and watercourse diversions to enable
crossing of watercourses.

•

Control of water borne pollutants associated with carriageway runoff and accidental spillage to protect receiving watercourses and
ground water from potential contamination.

Drainage
Surface and Sub-surface Drainage
1.2.4

It is proposed that surface drainage would be provided by means of a
Surface Water Channel (SWC) in accordance with the recommendations
in the Design Manual for Roads and Bridges (DMRB).

1.2.5

This method of surface drainage provides a concrete channel adjacent to
the carriageway edge (or median as appropriate), and at the same
longitudinal gradient as the carriageway, to intercept surface run-off as
sheet flow from the carriageway with channelling to a SWC Outlet and
discharge to a carrier drain.

1.2.6

Carrier drains will transfer flows generated from a particular road drainage
catchment to an adjacent suitable watercourse for discharge via a suitable
outfall structure designed in accordance with DMRB HA 107/04 – “Culvert
and Outfall Details”.
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1.2.7

In some instances it may be necessary to discharge flows to an
attenuation pond and/or surface flow wetland, prior to discharge to the
adjacent watercourse via an outfall structure. Further detail of attenuation
ponds and surface flow wetlands will be provided later.

1.2.8

It is proposed that sub-surface drainage would be provided by means of
Narrow

Filter

Drains

and

Fin

Drains

in

accordance

with

the

recommendations in DMRB, volume 4, Part 2, “HA33/06 Surface and
Sub-Surface Drainage systems for Highways.”
1.2.9

This method of sub-surface drainage provides a longitudinal sub-surface
drain at the low side of the pavement that drains the pavement layers and
prevents ingress of water form adjacent verge areas into the pavement
layers.

Pre-Earthworks Drainage
1.2.10

It is proposed that PED would be provided by means of interceptor
ditches and/or filter drains at the top of cutting slopes and at the toe of
embankment slopes to intercept sheet flows from adjacent natural
catchments in advance of the embankment/cutting slope construction in
accordance with the recommendations in DMRB Volume 4, Part 2, “HA
106/04 – Drainage of Run-off from Natural Catchments”
PED would also intercept existing field drainage networks where the
Proposed Scheme severs these networks. PED would be sized to accept
flows from the contributing natural catchment and installed at a
longitudinal gradient to discharge to a suitable receiving watercourse via
an outfall structure.
The use of PED to intercept flows from embankment slopes would
prevent flooding of adjacent lands.
It would be necessary to provide drainage pipe work (Cross Drains) to
transfer flows from one side of the carriageway to the other due to
topographical constraints, to avoid ponding/localised flooding due to
trapped sags and to provide a suitable outfall to receiving watercourses.
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Attenuation Ponds, Surface Flow Wetlands and Outfalls
1.2.11

It is proposed that attenuation ponds would be constructed to control the
discharge of run-off into adjacent receiving watercourses.

1.2.12

Attenuation ponds have been designed in accordance with the SUDS
Manual (2007) (CIRIA 697).

The storage volume associated with all

attenuation ponds is based on a storm event with a 100 year return period
for the critical storm duration.
1.2.13

These ponds have been designed to accept all flows generated by a
particular road catchment, with a controlled discharge to a suitable
receiving watercourse. This controlled discharge rate would be equivalent
to flows that would have been generated prior to the construction of road,
known as “Greenfield Run Off (GFRO)”.

1.2.14

Replacement of permeable agricultural land which provides infiltration of
rain water and overland flow towards an adjacent watercourse, with an
impermeable road surface that channels run-off flows to a receiving
watercourse can pose an increased risk to flooding of the receiving
watercourse as the surface run-off would be transferred to the
watercourse in a shorter time period than the existing scenario.

1.2.15

The incorporation of attenuation ponds is specifically proposed to avoid
this increased risk by maintaining GFRO rates to the receiving
watercourses.

1.2.16

Ponds have been design to provide 1:4 side slopes and are graded back
into the existing topography with a 1:3 batter. A 3m access track with a
1:40 crossfall (towards the pond) surrounds all attenuation ponds for
maintenance purposes.

1.2.17

Surface Flow Wetlands have been designed in accordance with the
SUDS Manual (2007) (CIRIA 697) and DMRB Volume 4, Section 2, Part 1
HA 103/06.

1.2.18

The requirement for Surface Flow Wetlands has been determined by the
Water Quality Team (Refer to evidence by my colleague Sarah
Sutherland) to provide suitable and sufficient treatment of surface run-off.

1.2.19

The drainage team has designed surface flow wetlands to provide a
storage volume equivalent to the first flush of surface runoff, retained for
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24 hours from road drainage catchments where required. Surface Flow
Wetlands have been designed to facilitate incorporation of sediment
forebay, marshes, berms, planting and 300mm freeboard, in accordance
with the guidance previously referenced.
1.2.20

Surface Flow Wetlands have been designed with 1:4 side slopes and are
graded back into the existing topography with a 1:3 batter. A 3m access
track with a 1:40 crossfall (towards the wetland) surrounds all Surface
Flow Wetlands for maintenance purposes.

1.2.21

All drainage outfalls are designed in accordance with DMRB Volume 4,
Section 2 HA 107/04.
There are locations where the proposed drainage infrastructure
discharges below the water level in the receiving watercourse, particularly
where there is a tidal influence. In order to prevent backup from the
receiving watercourse an approved non return valve would be required to
eliminate the potential for backup of flows.
The design proposals ensure that there is sufficient hydraulic head in the
drainage infrastructure to discharge flows to receiving watercourses
during periods of high water levels.

Culvert and Watercourse Diversions
1.2.22

It is proposed that culverts would be constructed to maintain the
conveyance of existing watercourses at road crossings.

1.2.23

The hydraulic design of culverts has been completed with reference to the
design methodology outlined in CIRIA R168 Culvert Design Guide –
Conceptual Design and DMRB, Volume 4, Section 2, Part 7 HA 107/04
Design of Outfall and Culvert Details.

1.2.24

Culverts have been designed to convey 100 year return period (Q100)
flows at each crossing. Flow rates for watercourses have been calculated
using either Poots & Cochrane or Flood Estimation Handbook (FEH),
dependent on catchment size and characteristics. A freeboard of 600mm
has been allowed, which includes an allowance for climate change.

1.2.25

All proposed culverts have been discussed in detail with Rivers Agency.
Detailed design of culvert proposals would be submitted to Rivers Agency
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for approval in accordance with Schedule 6 of the Drainage Order
(Northern Ireland) 1973, at a later stage in the project.
1.2.26

It is proposed that watercourse diversions would be provided to rationalise
the quantity of culverts and to traverse the new road perpendicularly
where practicable, thereby minimising culvert length.

1.2.27

Watercourse diversions have been designed in consideration of the
existing channel dimensions and gradients to provide a diversion of
similar hydraulic characteristics where practicable, and in consideration of
the topography in the environs of the proposal to minimise land take. All
proposed watercourse diversions have been submitted and discussed in
detail with Rivers Agency.

1.2.28

Detailed design of watercourse diversions would be submitted to Rivers
Agency for approval in accordance with Schedule 6 of the Drainage Order
(Northern Ireland) 1973, at a later stage in the project.

Flooding Assessment
The Flood Risk Assessment
1.2.29

The Proposed Scheme is subject to a Flood Risk Assessment (FRA) in
accordance with guidelines contained within the DMRB, Volume 11
(Environmental Assessment), Section 3 (Environmental Assessment
Techniques), Part 10 HD 45/09 (this supersedes HA 216/06 from
November 2009) (Road Drainage and the Water Environment); and,
Department of Environment (DoE) Planning Service, Planning Policy
Statement 15 (PPS 15) – Planning and Flood Risk: Annex D: Assessing
Flood Risk and Drainage Impact. Construction Industry Research and
Information Association (CIRIA) C624 – Development and Flood Risk –
Guidance for the Construction Industry and Rivers Agency Guidelines
have also been referred to in developing the flood risk assessment.

1.2.30

The purpose of the flood risk assessment is to identify areas of existing
flood risk, and where development within floodplains is essential; to
ensure that the Proposed Scheme is not at risk from flooding nor does it
materially increase flood risk elsewhere
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Preliminary Flood Risk Identification
1.2.31

An assessment of potential flood risk and associated impacts were
required to develop the Proposed Scheme. DMRB (HD 45/09) procedures
for assessing flood impacts identify the potential effects of alignments on
pre-defined attributes. Outline assessments for identifying potential flood
risk are determined by two key aspects; the importance attached to the
attribute; i.e. floodplain, and the likely magnitude of the impact. These
elements can then be assessed together to provide an appraisal of the
significance of potential effects.

1.2.32

The initial assessment of magnitude of impact was devised on the basis
of Rivers Agency Northern Ireland Strategic Flood Maps, historical
flooding information, alluvium mapping and additional sources of
information such as desktop studies and site surveys.

Detailed Assessment Rationale
1.2.33

The DMRB states that where essential infrastructure is located within a
floodplain, a detailed assessment of flood risk is required. To complete
this assessment it was necessary to understand the detailed extents of
floodplains, flood levels, the potential impacts arising from the Proposed
Scheme and to develop appropriate mitigation measures as necessary.

1.2.34

The DMRB provides guidance on some of the impacts that can arise from
development within floodplains; these include afflux, loss of floodplain
storage, impediment of water flows and potential increases in flood risk.

1.2.35

Guidance within DMRB (HD 45/09) advises that the development of
hydraulic models is generally required to complete such detailed
assessments, including the review of impacts and mitigation measures.

Detailed Hydraulic Modelling Requirements
1.2.36

Preliminary flood risk assessments identified specific areas along the
proposed A5 WTC route where detailed consideration using hydraulic
models was required. Tables 1, 2 and 3 below identify the potential
floodplains along the proposed route and the data sources utilised to
indicate the possible presence of floodplain areas.

The identification

included liaison with Rivers Agency.
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1.2.37

Although preliminary floodplain areas were identified, no sufficient or
current detailed information relating to floodplain extents and associated
flood levels was available for the floodplains identified along the proposed
route. Consequently, detailed hydraulic models were developed for the
locations detailed in Tables 1, 2 and 3. These models facilitate more
detailed and site specific appraisals of flood risk.

Table 1 - Section 1 Preliminary Floodplain Identification
Floodplain Identifier
Mouchel
Model

Watercourse

Reference

Floodplain Location
Summary

Rivers
Historical

Alluvium

Agency

Flooding

Floodplain

Strategic

Indicated

Indicated

Flood

Other
Sources

Maps

M.A

M.B

Gortin Hall
Drain

Blackstone
Burn

River Foyle,
River Finn,
Mourne
M.1, M.2
and M.3

River, Deele
River, Swilly
Burn,
Glenmornan
& Burndennet
Rivers

Between Magheramason
and Rossnagalliagh at

-

-

X

X

-

X

X

X

X

X

X

X

Tully Bridge

Magheramason

From Carrick Lee (Rr
Finn), Milltown Bridge
(Mourne Rr),
Ballynabreen (Deele Rr),
Swilly Bridge (Swilly
Burn), Burndennet
Bridge (Burndennet)
and Ballymagorry Bridge
(Glenmornan) to Lough
Foyle at Derry City
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Table 2 - Section 2 Preliminary Floodplain Identification
Floodplain Identifier
Mouchel
Model

Watercourse

Reference

Floodplain Location
Summary

Rivers
Historical

Alluvium

Agency

Flooding

Floodplain

Strategic

Indicated

Indicated

Flood

Other
Sources

Maps
M.D

Undesignated

Upstream Seein Bridge

-

-

X

X

-

X

X

X

-

X

X

X

-

-

-

X

Between Mourne –
M.5

River Derg

Strule Extension at New
Bridge and Ardstraw

M.E

Coolaghy Burn
(Undesignated)

Between New Bridge
(Coolaghy) and
Woodbrook

South-West of

M.F

Back Burn

M.G

Undesignated

North-West Mountjoy

-

-

-

X

M.H

Tully Drain

South-West Mountjoy

-

-

X

X

X

-

X

X

-

-

-

X

X

X

X

X

Newtownstewart

Fairy Water,
Strule,
M.4

Coneywarren

West Omagh

Drain,

(Lislimnaghan –

Aghnamoyle

Mullaghmenagh)

and Tully Drain
Rivers

M.I

M.6

Fireagh Lough

South-West Omagh in

Drain

vicinity of A32

Drumragh

From Drumshanly to

River

Crevenagh, Omagh
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Table 3 - Section 3 Preliminary Floodplain Identification
Floodplain Identifier
Mouchel
Model

Watercourse

Reference

Floodplain Location
Summary

Rivers
Historical

Alluvium

Agency

Flooding

Floodplain

Strategic

Indicated

Indicated

Flood

Other
Sources

Maps
M.L

Ranelly Drain

In vicinity of Doogary Rd

-

-

X

X

M.M

Letfern

In vicinity of Moylagh

-

X

-

X

M.N

Undesignated

In vicinity of Killadroy

-

X

-

X

M.O

Undesignated

In vicinity of Killadroy

-

X

-

X

North of Newtownsaville

-

X

X

X

-

-

X

X

-

X

-

X

-

X

-

X

X

X

X

X

Routing Burn
M.P

& Routing
Burn Ext.

M.R

Undesignated

M.S

Undesignated

M.T

Roughan

South-East
Newtownsaville

In vicinity of Kilgreen

In vicinity of
Ballynasaggart

Ballygawley

Tullybryan, South-West

Water

of Ballygawley

M.V

Tullyvar

In vicinity Lisginny Rd

-

X

X

X

M.W

Ravella

In vicinity Derrycreevy

-

-

X

X

M.X

Undesignated

In vicinity Glack

-

-

X

X

M.Y

Lisadavil

South-East Aughnacloy

-

X

X

X

M.U
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1.3

Existing Situation, Data Collection and Flood Assessment

1.3.1

Extensive survey activities have been undertaken to identify existing
watercourses, floodplains, drainage ditches and culverts along the length
of the Proposed Scheme.

Data Collection for Detailed Assessments
1.3.2

Site inspections of all the proposed modelling locations identified in
Tables 1, 2 and 3 were undertaken to confirm the location and nature of
the

various

watercourses,

gain

an

appreciation

of

catchment

characteristics (steepness, land use, etc), confirm model extents and
determine the appropriate channel and floodplain roughness (Manning’s
n) coefficients to be applied to the hydraulic models.
1.3.3

A specification for the topographical survey was developed after the site
visits, detailing cross section extents and any relevant hydraulic control
structures to be surveyed (bridges, culverts, etc).

1.3.4

Cross sections and structures were surveyed primarily using a
combination of GPS and Total Station, with control being provided by
GPS. Manual measurements using tapes and staffs were also made to
record dimensions of structures. Reflectorless total station techniques
were used to survey large structures or in locations where access proved
difficult.

1.3.5

Deep river channels were surveyed using a small boat with onboard GPS
and depths recorded using a staff. Depths were recorded on deeper
stretches of water using an Acoustic Doppler Current Profiler combined
with onboard GPS.

1.3.6

DTM / LiDAR data typically supplements surveyed data in floodplain
areas and is typically used for flood mapping purposes. It is also used
where floodplains are modelled in 2D as the key component of any 2D
model is a detailed ground model. In addition to the DTM data acquired
for the A5 WTC scheme, a more detailed LiDAR data set was acquired
covering the extent of the Proposed Scheme.

Catchment Analysis and Design Flow Estimation
1.3.7

Catchment assessments were undertaken based primarily on Flood
Estimation Handbook (FEH) techniques, OS mapping, and DTM data. For
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each modelled watercourse, the appropriate contributing hydrological
catchment was identified.
1.3.8

The industry standard Flood Estimation Handbook (FEH) was utilised to
provide flow estimates. The FEH provides two main approaches to flood
frequency estimation: the statistical analysis of peak flows and the rainfallrunoff method. In some instances both approaches were used for
comparative purposes. A wide range of return periods were considered in
this study, up to and including the 1000 year event.

1.3.9

For the purposes of design flow estimation, no reliance has been placed
upon any restrictions caused by upstream structures, beyond the study
reaches. This is considered a robust and conservative approach as it is
possible that during extreme storm events any upstream structures which
may currently serve to restrict flows could be overtopped and bypassed.

Climate Change
1.3.10

To assist with the determination of potential climate change impacts and
proposed design criteria for the A5 WTC, climate change guidance
documents such as United Kingdom Climate Impacts Programme 2009
(UKCIP09), SNIFFER (Scotland and Northern Ireland Forum for
Environmental Research) – Preparing for a Changing Climate in Northern
Ireland (January 2007), DoE Planning Service, Planning Policy Statement
15 (PPS 15) - Planning and Flood Risk (June 2006), Design Manual for
Roads and Bridges, Volume 11, Section 3, Part 10, HD45/09 Road
Drainage and the Water Environment and Rivers Agency Guidance for
Road Schemes were reviewed and where appropriate, taken into
consideration. In relation to A5 WTC appraisals, climate change is taken
into account with regards to both fluvial and tidal flood events.
With regards to fluvial climate change, the following has been taken into
account during design development:
•

Roads have been designed to be above 100 year flood levels plus
a minimum 600mm freeboard (RA guidance, PPS15 and DMRB).
This freeboard includes an allowance for climate change.

•

100 year + climate change (20% uplift on flows) and 1000 year
sensitivity checks undertaken as part of the sensitivity analysis.
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1.3.11

With regards to tidal climate change, the UKCIP109 Report predicts
changes to sea levels until 2080. These predictions have a significant
degree of uncertainty. A design life of 120 years has been utilised for the
purposes of flooding assessments accounting for structure/culvert
crossings; potential sea level rises and predicted values have been
extrapolated from UKCIP 09 as appropriate. This extrapolation yielded a
value for predicted relative sea level rise of 0.547m including surge.
Consequently, the standard 600mm freeboard is considered to be
inadequate for coastal / tidal areas. A total uplift of 1.147m which includes
600mm freeboard has been applied to the design return period levels
within the coastal / tidal zones.

Hydraulic Models
1.3.12

Hydraulic models were used to determine the peak water levels and
associated extent of flood events of a range of return periods (including
the ‘design’ event of 100year return period) on the specific watercourses
outlined in Tables 1, 2 and 3. Modelling also allowed an assessment of
the likely effects resulting from the crossing of the watercourses and
floodplains with the proposed road. This information was then used for
developing possible flood mitigation measures, and ensuring the design
complies with the recommendations set out in the DMRB.

1.3.13

Site inspection and topographical survey data have been used to define
model channel cross sections, floodplains and details of all relevant
hydraulic control structures (bridges, culverts, etc). Site inspections and
surveys enabled estimation of channel roughness to be made. In areas
where extensive and complex floodplains were anticipated, models were
developed with LiDAR data used to define the topography of these
extensive floodplain areas.

1.3.14

The hydrological information (design flows) were then input into the
hydraulic model and water levels and flood extents were evaluated for a
range of return periods.

1.3.15

A number of industry standard computer packages were used in the river
modelling activities for the A5 WTC study.

1.3.16

Where recorded flow data were available, model output was calibrated /
verified against this data. However, in several cases and particularly for
the smaller watercourses, no model calibration / verification was possible
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due to the lack of recorded flow data. In these instances, model output
was sense checked and subjected to sensitivity testing to assess the
uncertainties regarding the model parameters and boundary conditions
chosen in the model.
1.3.17

Tests were completed to ensure stability / consistency in results with
regards to the following:
•

Models tested to determine the response / stability of the model for
a large range of flows and to identify parts of the model which are
sensitive to flow variation.

•

Models tested by varying the roughness conditions (Manning’s ‘n’).
Typically by +/- 20 % to assess model stability / sensitivity.

•

Model tested against variations in water level at the downstream
boundary.

Confirmation of Existing Floodplains
1.3.18

Water levels and associated floodplain extents were evaluated and
mapped for a range of return periods, including the specified 100year
design event. The estimated 100year flood outlines for the various
identified modelling locations are shown in Drawing No; 718736-S1-05000001 to 718736-S1-0500-0003 for Section 1, 718736-S2-0500-0001 to
718736-S2-0500-0007 and 718736-S2-0013 to 718736-S2-0014 for
Section 2, 718736-S3-0500-0001 to 718736-S3-0500-0013 for Section 3.

Impact Analyses
1.3.19

The various hydraulic models were utilised to inform the route
development and to assist in the avoidance and/or reduction of impacts
arising from the road alignment. The models facilitated the development
of various crossing structure sizes, mitigation measures and assessment
of floodplain impacts to the 100yr design event. In respect of the DMRB
methodology outlined in HD 45/09, overall the impact of the Proposed
Scheme on floodplains has been assessed as not being significant; 15
modelled areas identified as risk neutral and 9 slight adverse, 7 of which
have no properties within floodplain extents.

1.3.20

Water levels across the Foyle floodplain increase marginally for the 100
year design event, with increases (and some decreases) variable across
the extents of local floodplain topography. At those locations where the
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maximum increase is of the order of 70-80mm, there are no properties
noted. Where residential and commercial properties are located within
the floodplain, potential water level increases as a result of the Proposed
Scheme are in the order of 10-20mm. Accordingly it is concluded that the
change in flood risk is slight, accounting for the interaction of potential
water level increases and occurrence of property.
1.3.21

At Omagh, an area also assessed as having a slight flood risk, the
modelling output indicates a localised water level increase in the order of
40-50mm adjacent to 7 residential properties. There is a single residential
property where the Proposed Scheme causes a potential increase of 1020mm. The largest representative water level increase of 160-170mm
occurs in agricultural lands without any property occurrence. Accordingly
it is concluded that in overall terms the influence of the road on flood risk
is slight, accounting for the interaction of potential water level increases
and occurrence of residential properties.

1.3.22

Generally, potential flood impacts are mitigated in the Proposed Scheme
by:
•

Avoidance of floodplains as far as practically possible

•

Minimisation of road footprint as far as practically possible

•

Culverts sized appropriately to maintain existing upstream and
downstream water levels

•

Provision of floodplain connectivity structures and large span
structures to maintain floodplain conveyance where floodplains are
bisected by the road alignment

•

Provision of compensatory storage where volumetric floodplain
encroachment remains

Compensatory Storage
1.3.23

If any scheme proposals include alterations to the topography within
floodplains, those changes have the potential to impact upon water levels
at upstream and/or downstream of the site. This is a potential
consequence of the removal of volumes that were once floodable
(floodplain removal).

1.3.24

DMRB and Rivers Agency guidance state that where floodplain loss due
to development is unavoidable it must be mitigated by the provision of
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volumetric compensation equivalent. Compensatory flood storage must
become effective at the same point in a flood event as the lost storage
would have been. It should therefore provide the same volume and be at
the same relative hydraulic level as the lost storage. It should also be
located in close proximity to where the loss of volume has taken place.
Volumetric compensation requirements are outlined in CIRIA Report C624
and Rivers Agency guidance.
1.3.25

Volumetric compensation is not solely aimed at addressing and mitigating
localised impacts but importantly, potential adverse cumulative effects
further downstream. The requirement for flood volume mitigation
addresses the issue of cumulative floodplain loss due to numerous small
developments within catchments. When looked at individually, impacts
can be small and difficult to accurately demonstrate by modelling,
particularly if a relatively small encroachment occurs on large extensive
floodplains. Cumulatively, numerous small pieces of floodplain removal
within a catchment can however have notable impacts in other areas of
the catchment. The application of compensatory storage seeks to avoid
and/or mitigate this piecemeal floodplain degradation.

1.3.26

An important point to note in the determination of volume compensation
storage is that the eventual engineering works (plan area and volume)
required to achieve the necessary compensation storage may be
significantly more than the actual volumes displaced by flooding. The
actual engineering works depend on the prevailing topography and how
much ground needs to be removed before the hydraulically relevant
layers are removed. The back faces of the volume compensation areas
will also require to be sloped back into existing ground levels which also
affects the overall engineering works and associated footprint of the
volume compensation works. Refer to drawing 718736-0500-D-00194 for
an example of how typical compensatory storage provision is determined.

1.3.27

Volumetric compensation is proposed throughout the scheme with one
notable exception, the Foyle system. There are a number of fundamental
reasons for this:
•

The Foyle system (including the Finn, Mourne, Burndennet,
Glenmornan, Deele and Swilly tributaries) is within the tidal zone
at the most downstream end of the very large Foyle hydrological
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system. The Foyle hydraulic model extends all the way to the sea.
Consequently, there are no potential unknown cumulative
downstream impacts to consider.
•

The DMRB recommends that the effects of compensatory flood
storage may cause other environmental impacts and these should
be assessed along with the direct impacts. The Foyle estuary and
associated environs are of particular sensitivity and the volume
compensatory footprint would far exceed those of the proposed
road itself.

Accordingly, the potential effects of compensatory

flood storage provision would be significant.
•

The most effective and practical mitigation options tested to
maintain floodplain extents, levels and temporal nature were to
reduce floodplain encroachment, reduce road footprint, provide
floodplain connectivity and large structures (on main channels and
some key floodplain conveyance locations). These more practical
options have been explored in detail and form the major impact
mitigation strategy that has been proposed for the scheme
following discussions with Roads Service and Rivers Agency.

Mitigation Measures
1.3.28

Where development is required within a floodplain, additional works as
outlined above may be required to mitigate flood risk changes caused by
the scheme. The purpose of mitigation measures within a floodplain is to
manage floodwater levels in a way that reduces the potential impact of
flooding within the catchment area

1.3.29

Within the numerous site specific design constraints, the highways design
teams have incorporated a number of floodplain mitigation measures
where practically feasible. The following measures are proposed to be
incorporated into the scheme to mitigate floodplain and drainage impacts
as far as practically possible. The details given below may be subject to
change as the scheme progresses through detailed design.

1.4

Scheme Details

Section 1 - Road Drainage
1.4.1

Within Section 1 there are a total of 31 mainline outfalls which discharge
road related run-off to suitable existing watercourses at specific locations.
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There are a total of 22 attenuation ponds associated with these outfalls;
located where it has been deemed necessary to manage flows to the
receiving watercourse. Additional water quality treatment is provided
through surface flow wetlands; there are 10 wetlands within Section 1.
1.4.2

There are 20 side road outfalls in Section 1, which discharge to suitable
receiving watercourses or existing road drainage infrastructure.

Section 1 Culverts and Watercourse Diversions
1.4.3

A total of 34 watercourses would be crossed by the Proposed Scheme in
Section 1. Three of the crossings would be bridges and 31 culverts.

1.4.4

There would be 14 proposed watercourse diversions within Section 1. The
size of watercourse being diverted ranges from known, small, open field
drains to large streams. In some instances, it is proposed that land and
field drainage would be incorporated into the proposed PED design and at
these locations no watercourse diversion would be proposed.

Section 1 Flooding
1.4.5

The alignment crosses 3 major rivers (Burndennet, Glenmornan and the
Mourne) and 2 minor rivers (Gortin Hall Drain and Blackstone Burn) as
well as various other smaller watercourses, including numerous open field
drains and ditches.

1.4.6

The Gortin Hall Drain is located between the towns of New Buildings and
Magheramason. (Refer to Drawing No. 718736-S1-0500-0001 for the 1%
Annual Event Probability (AEP) (100 year design return period) flood
outline).
Hydraulic modelling indicates that there are no significant floodplains
along the Gortin Hall Drain which would be affected by the proposed road
alignment. The proposed alignment sits on the very edge of the Foyle
floodplain and shows very slight floodplain encroachment at the design
event.
As the Gortin Hall Drain discharges into the Foyle system, flood volume
compensation was not considered an appropriate or effective mitigation
measure as outlined previously.
An appropriately sized and aligned culvert crossing would be provided
that minimises water levels impacts upstream or downstream of the
crossing.
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1.4.7

The Blackstone Burn is located in the vicinity of Magheramason. (Refer to
Drawing 718736-S1-0500-0002 for the 1% AEP (design return period)
flood outline).
A minimal floodplain area is noted within the proposed road alignment
footprint on the Blackstone Burn.
Due to the immediate proximity of the receiving reach of the Foyle, no
provision has been included for flood volume compensation as it was not
considered an appropriate or effective mitigation measure as outlined
previously.
An appropriately sized and aligned culvert crossing would be provided
that minimises water level changes upstream or downstream of the
proposed crossing.

1.4.8

The River Foyle and the lower reaches of the River Mourne and River
Finn are located within Section 1 of the Proposed Scheme. The River
Foyle starts at the confluence of the River Mourne and the River Finn.
The Deele River, Swilly Burn, Burn Dennet, Glenmornan River, Liberly
River and a number of other smaller tributaries discharge to the River
Foyle. The River Foyle floodplains are extensive and are present within
almost the whole of Section 1 of the Proposed Scheme (Refer to Drawing
718736-S1-0500-0003 for the design return period flood outlines). The
design flood outline is a combination of the fluvial and tidal scenarios.
Although generally, the provision of volumetric compensation storage for
displaced floodplains is a DMRB and Rivers Agency requirement, no
provision has been included for displaced flood volumes on the Foyle /
Finn. Flood volume compensation is not considered an appropriate or
effective mitigation measure here (rationale provided in Section 1.3.27).
From the modelling undertaken, the most effective mitigation measures
for the Foyle / Finn have been found to be avoidance of floodplains where
possible, road footprint minimisation and the provision of strategically
located floodplain connectivity structures. These measures have been
discussed at length and agreed upon in principle with Rivers Agency
during the course of a series of meetings to discuss the Proposed
Scheme.
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Section 1 Connectivity Structures
1.4.9

In order to maintain equilibrium across the existing floodplain, connectivity
culverts would be incorporated into the Proposed Scheme through
structures S1-CC-01 to S3-CC-08 inclusive (Table 4). For further details
refer to flood mitigation Drawing No. 718736-S1-0500-0101 to 718736S1-0500-0106. These connectivity structures would be in addition to other
proposed culverts where a specific watercourse crossing is required.
Where specific watercourse crossings are required, appropriately sized
and aligned culvert / bridge crossings would be provided that minimise
water level impacts upstream or downstream of the proposed crossing.
Table 4 - Connectivity Structures in Section 1
Hydraulic Clear
Co-ordinates

Connectivity
Structure

Requirement

Chainage (m)

Reference

1.4.10

Opening

X

Y

Height

Width

(m)

(m)

S1-CC-01

11050

237099

403779

2.1

4.0

S1-CC-02

12900

236320

402179

3.0

4.0

S1-CC-03

15600

235410

399759

3.3

4.0

S1-CC-04

15800

235261

399627

3.0

4.0

S1-CC-05

16400

234862

399191

2.1

4.0

S1-CC-06

17350

234197

398525

2.4

4.0

S1-CC-07

17500

234064

398407

2.4

4.0

S1-CC-08

18350

233549

397679

5.1

4.0

In addition to the connectivity culverts noted in Table 4 above, larger span
structures have also been included in the floodplain area adjacent to
Ballymagorry. Hydraulic modelling has identified significant floodplain
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conveyance in the area around Ballymagorry and that smaller connectivity
culverts would be insufficient in maintaining floodplain connectivity and
functionality through this area. To maintain floodplain equilibrium, three
major structures each with over 100 metres of open spans are proposed
around Ballymagorry junction.
1.4.11

In addition to connectivity culverts/structures noted above, a number of
larger span structures have also been included across the Burn Dennet,
Glenmornan and Mourne watercourses to provide some flood connectivity
in adjacent over-bank areas.

Section 2 Road Drainage
1.4.12

Within Section 2 there are a total of 31 mainline outfalls which discharge
road related run-off to suitable existing watercourses at specific locations.
It is proposed that attenuation areas are provided to manage discharges
to the receiving watercourses.

Additional water quality treatment is

provided through surface flow wetlands; there are 7 wetlands within
Section 2.
1.4.13

There are 60 side road outfalls in Section 2, which discharge to suitable
receiving watercourses or existing road drainage.

Section 2 Culverts and Watercourse Diversions
A total of 45 watercourses would be crossed by the Proposed Scheme in
Section 2. Four of the crossings would be bridges and 41 culverts.
There would be 31 proposed watercourse diversions within Section 2. The
size of watercourse being diverted ranges from small field drains to large
streams. In some instances the picking up of existing drainage would be
incorporated into the proposed pre-earthworks drainage (PED) design
and at these locations no watercourse diversion would be proposed
Section 2 Flooding
1.4.14

Section 2 crosses a number of watercourses ranging in size from large
rivers such as the Derg, Coolaghy Burn, Fairy Water and Drumragh to
smaller watercourses and drains.
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1.4.15

The proposed road crosses an undesignated watercourse approximately
0.5 km upstream of Seein Bridge (Refer to Drawing No. 718736-S2-05000001 for the 1% AEP (design return period) flood outline).
Hydraulic modelling indicates that for the design event there would be
approximately 187m3 of water displaced by the Proposed Scheme. Flood
compensatory storage would be provided through S2-CS-01 (Table 5).
For further details refer to mitigation Drawing 718736-S2-0500-0101. The
inundation of the floodplain would not be significantly affected by the
Proposed Scheme.
An appropriately sized and aligned culvert crossing would be provided
that minimises water level impacts upstream or downstream of the
crossing.

1.4.16

The River Derg is a tributary of Strule River. The Proposed Scheme would
cross approximately 0.4km to the south-west of the Derg Bridge on the
existing A5. (Refer to drawing 718736-S2-0500-002 for the 1% AEP
(design return period) flood outline).
Hydraulic modelling indicates that for the design event there would be
approximately 846m3 of water displaced by the Proposed Scheme. Flood
compensatory storage would be provided through S2-CS-02 (Table 5).
For further details refer to mitigation drawing 718736-S2-0500-102. The
inundation of the floodplain would not be significantly affected by the
Proposed Scheme.
An appropriately sized bridge structure crossing would be provided that
minimises water levels impacts upstream or downstream of the proposed
crossing.

1.4.17

Coolaghy Burn is a tributary of the River Derg. The Proposed Scheme
crossing of this watercourse is located approximately 2.5km upstream of
its confluence with the River Derg. The crossing would be located
approximately 0.7km to the north of the junction of the Drumlegagh Road
North and the Maghracolton Road (Refer to drawing 718736-S2-05000003 for the 1% AEP (design return period) flood outline).
Hydraulic modelling indicates that for the design event there would be
approximately 2036m3 of water displaced as a result of the Proposed
Scheme. Flood compensatory storage would be provided through S2-CS-
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03 (Table 5). In order to maintain equilibrium across the existing
floodplain, connectivity would be incorporated into the design through
structures S2-CC-01 and S2-CC-02 (Table 6). (For further details refer to
mitigation drawing 718736-S2-0500-0103).
An appropriately sized bridge structure crossing would be provided that
minimises water levels impacts upstream or downstream of the crossing.
1.4.18

The Back Burn watercourse is located south of Newtownstewart, with the
Proposed Scheme crossing the watercourse approximately 0.8 km
upstream of the town (Refer to drawing 718736-S2-0500-0004 for the 1%
AEP (design return period) flood outline).
Hydraulic modelling indicates that for the design event there would be no
water displaced as a result of the Proposed Scheme.
An appropriately sized and aligned culvert crossing would be provided
that minimises water levels changes upstream or downstream of the
crossing.

1.4.19

The proposed road crosses an undesignated watercourse approximately
0.5km to the north of the junction of Dunteige Road and the Cashty Road
in the vicinity of the village of Mountjoy. The watercourse is a tributary of
the River Strule (Refer to drawing 718736-S2-0500-0005 for the 1% AEP
(design return period) flood outline).
Hydraulic modelling indicates that for the design event there would be
approximately 1987m3 of water displaced as a result of the Proposed
Scheme. Flood compensatory storage would be provided through S2-CS04 (Table 5). The inundation of the floodplain would not be significantly
affected by the Proposed Scheme. For further details refer to mitigation
drawing 718736-S2-0500-0104.
An appropriately sized and aligned culvert crossing would be provided
that minimises water level impacts upstream or downstream of the
crossing.

1.4.20

The upstream reach of the Tully Drain is located between the Dunteige
and Lisnagirr Roads. Tully Drain is a tributary of the Mourne-Strule
(Extension) located to the north of Omagh (Refer to drawing 718736-S20500-0006 for the 1% AEP (design return period) flood outline).
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Hydraulic modelling indicates that for the design event there would be
approximately 174m3 of water displaced as a result of the Proposed
Scheme. Flood compensatory storage would be provided through S2-CS05 (Table 5). The inundation of the floodplain would not be significantly
affected by the Proposed Scheme. For further details refer to mitigation
drawing 718736-S2-0500-0105.
An appropriately sized and aligned culvert crossing would be provided
that minimises water level changes upstream or downstream of the
proposed crossing.
1.4.21

The route of the Proposed Scheme would cross the Tully Drain, Fairy
Water and Aghnamoyle Drain as it bypasses Omagh. As the Proposed
Scheme progresses south towards Omagh it would cross the Tully Drain
to the north-west of the junction of Drumlegagh Road south and the
Beltany Road. Further south it would bridge the Fairy Water 400m
upstream of Beltany Road. Further south it would bridge the Fairy Water
400m upstream of Beltany Road. To the west of Omagh the Proposed
Scheme would cross the Aghnamoyle Drain approximately 170m to the
north-west of the junction between Gillygooly Road and Mullaghmena
Road (Refer to drawing 718736-S2-0500-007 for the 1% AEP (design
return period) flood outline).
Hydraulic modelling indicates that for the design event there would be
approximately 148314m3 of water displaced as a result of the Proposed
Scheme. Flood compensatory storage would be provided through S2-CS06 to S2-CS-12 inclusive (Table 5). In order to maintain equilibrium across
the existing floodplain, connectivity would be incorporated into the design
through structures S2-CC-03 to S2-CC-12 inclusive (Table 6). For further
details refer to mitigation drawing 718736-S2-0500-106.
Appropriately sized and aligned culvert / bridge crossings would be
provided that minimise water level changes upstream or downstream of
the proposed crossing.

1.4.22

Fireagh Lough Drain is located west of Omagh between the A32
Clanabogan Road and the Brookmount Road (Refer to drawing 718736S2-0500-0013 for the 1% AEP (design return period) flood outline).
Hydraulic modelling indicates that for the design event there would be no
water displaced as a result of the Proposed Scheme.
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1.4.23

The Drumragh River is located approximately 2.5 km south-west of
Omagh, with the Proposed Scheme crossing the river between Drumragh
Bridge and Drumshanly (Refer to drawing 718736-S2-0500-0014 for the
1% AEP (design return period) flood outline).
Hydraulic modelling indicates that for the design event there would be
approximately 3594m3 of water displaced as a result of the Proposed
Scheme. Flood compensatory storage would be provided through S2-CS13 (Table 5). In order to maintain equilibrium across the existing
floodplain, connectivity would be incorporated into the design through
structures S2-CC-13 and S2-CC-14 (Table 6). For further details refer to
mitigation drawing 718736-S2-0500-111).

Section 2 Floodplain Volume Compensation
1.4.24

Where the Proposed Scheme materially impacts existing floodplains, land
is required to create compensatory flood storage and includes areas
required to facilitate construction (for example temporary stockpiling of
topsoil). In consideration of the local topography, the lands are directly
hydraulically linked to the existing floodplain. Table 5 below shows areas
of proposed flood compensation for Section 2.
Table 5 - Flood compensation in Section 2

storage
reference

Total

Co-ordinates

Compensation

Chainage

Watercourse

area

ID

required
2

X

Y

S2-CS-01

233424

391052

29850

UD_15

2046

S2-CS-02

236296

387564

34350

Derg

6801

S2-CS-03

237274

385861

36400

Coolaghy

9799

S2-CS-04

241464

378304

46400

UD_39

15293

S2-CS-05

241770

377274

47500

UD_42 - Tully

3184

S2-CS-06

242273

375804

48900

Tully Drain

72111
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storage
reference

Total

Co-ordinates

Compensation

Chainage

Watercourse

area

ID

required
2

X

Y

S2-CS-07

242419

375862

49000

Tully Drain

11189

S2-CS-08

242761

375579

49600

Tully Drain

25448

S2-CS-09

242841

375058

49900

Fairy Water

15428

S2-CS-10

242645

374315

50600

Fairy Water

152534

S2-CS-11

242443

373916

51100

Aghnamoyle

24395

S2-CS-11

242722

373943

51100

Aghnamoyle

30435

S2-CS-13

245341

369348

56600

Drumragh

8195

(m )

Section 2 Connectivity Structures
1.4.25

Where the carriageway traverses a floodplain, structures may be required
to maintain floodplain connectivity and functionality. Along Section 2 there
are a total of 15 connectivity structures proposed. Table 6 below shows
connectivity structures proposed within Section 2.
Table 6 - Connectivity Structures in Section 2
Hydraulic Clear
Co-ordinates

Connectivity
Structure

Opening
Requirement

Chainage (m)

Reference
X

Y

Height

Width

(m)

(m)

S2-CC-01

36410

237306

385910

1.5

6.0

S2-CC-02

36440

237332

385898

1.5

6.0
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Hydraulic Clear
Co-ordinates

Connectivity
Structure

Opening
Requirement

Chainage (m)

Reference
X

Y

Height

Width

(m)

(m)

S2-CC-03

49610

242717

375378

2.1

5.0

S2-CC-04

50000

242779

374991

3.6

5.0

S2-CC-05

50105

242773

374897

4.2

5.0

S2-CC-06

50205

242756

374796

3.9

5.0

S2-CC-07

50245

242746

374756

3.6

5.0

S2-CC-08

50370

242708

374644

3.0

5.0

S2-CC-09

50470

242668

374551

2.7

5.0

S2-CC-10

50620

242612

374414

2.7

5.0

S2-CC-11

50980

242555

374060

2.1

5.0

S2-CC-12

51100

242564

373944

1.5

5.0

S2-CC-13

56600

245316

369424

1.5

6.0

S2-CC-14

56600

245329

369415

1.5

6.0

S2-CC-15

56600

245344

369408

1.5

6.0

In addition to connectivity culverts, larger span structures have been
included across the River Derg to provide for increased flood connectivity.
Section 3 Road Drainage
1.4.26

Within Section 3 there are a total of 25 mainline outfalls which discharge
road related run-off to suitable existing watercourses at specific locations.
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It is proposed 24 of the outfalls will have attenuation areas to manage
discharges to receiving watercourses. Additional water quality treatment
is provided through surface flow wetlands; there are 8 wetlands within
Section 3.
There are 48 side road outfalls in Section 3, which discharge to suitable
receiving watercourses or existing road drainage.
Section 3 Culverts and Watercourse Diversions
1.4.27

A total of 62 watercourses would be crossed by the Proposed Scheme in
Section 3. Two of the crossings would be bridges and 60 culverts
There would be 59 proposed watercourse diversions within Section 3. The
size of watercourse being diverted ranges from known, small, open field
drains to large streams. It is proposed that land and field drainage will be
incorporated into the proposed pre-earthworks drainage PED design and
at these locations no watercourse diversions are proposed

Section 3 Flooding
1.4.28

Section 3 crosses watercourses ranging in size from Routing Burn and
Ballygawley Water to smaller watercourses and drains.

1.4.29

The Proposed Scheme would cross the upstream extents of the Ranelly
Drain in the vicinity of the Doogary / Tullyrush Roads, south-east of
Omagh and to the west of the existing A5 (Refer to drawing 718736-S30500-0001 for the 1% AEP (design return period) flood outline).
Hydraulic modelling indicates that for the design event there will be
approximately 2322m3 of water displaced by the Proposed Scheme.
Flood compensatory storage would be provided through S3-CS-01 to S3CS-03 inclusive (Table 7). The inundation of the floodplain would not be
significantly affected by the Proposed Scheme. For further details refer to
mitigation drawing 718736-S3-0500-0101 to 718736-S3-0500-0102.
Appropriately sized and aligned culvert crossings would be provided that
minimise water level impacts upstream or downstream of the crossings.

1.4.30

The Letfern watercourse is located approximately 2 km east of the village
of Seskinore, in the locality of the junction of Augher Point Road and B46
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Moylagh Road (Refer to drawing 718736-S3-0500-0002 for the 1% AEP
(design return period) flood outline).
Hydraulic modelling indicates that for the design event there would be
approximately 12m3 of water displaced by the Proposed Scheme. Flood
compensatory storage would be provided through S3-CS-05 (Table 7).
For further details refer to mitigation drawing 718736-S3-0500-0103. The
inundation of the floodplain would not be significantly affected by the
Proposed Scheme.
Appropriately sized and aligned culvert crossings would be provided that
minimise changes to water levels upstream or downstream of the
crossings.
1.4.31

The proposed road crosses an undesignated watercourse located
between the B46 Moylagh Road and Greenmount Road, approximately
2.8 km south-east of the village of Seskinore. This watercourse is an
upstream tributary of the Letfern Burn Branch (Refer to drawing 718736S3-0500-0003 for the 1% AEP (design return period) flood outline).
Hydraulic modelling indicates that for the design event there would be no
water displaced by the Proposed Scheme.
An appropriately sized and aligned culvert crossing would be provided
that minimises water level impacts upstream or downstream of the
crossing.

1.4.32

The Proposed Scheme crosses an undesignated watercourse located
approximately 3.1km to the south-east of Seskinore. This watercourse
flows in a south-westerly direction and is made up of two tributaries
whose confluence is approximately 300m downstream of the crossings
with the Proposed Scheme (Refer to drawing 718736-S3-0500-0004 for
the 1% AEP (design return period) flood outline).
Hydraulic modelling indicates that for the design event there would be no
water displaced by the Proposed Scheme.
An appropriately sized and aligned culvert crossing would be provided
that minimise water level changes upstream or downstream of the
crossing.

1.4.33

The Routing Burn watercourse, including an undesignated tributary, is
located in the vicinity of the Greenmount, Killadroy and Routing Burn
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Roads approximately 2 km north-west of the village of Newtownsaville
(refer to drawing 718736-S3-0500-0005 for the 1% AEP (design return
period) flood outline).
Hydraulic modelling indicates that for the design event, at the most
northerly watercourse crossing there would be no impact on the
floodplain, however further south, on the tributary of the Routing Burn
there would be 2542m3 of water displaced by the Proposed Scheme.
Flood compensatory storage would be provided through S3-CS-06 (Table
7). For further details refer to mitigation drawing 718736-S3-0500-0104.
The inundation of the floodplain would not be significantly affected by the
Proposed Scheme.
An appropriately sized and aligned culvert crossing would be provided
that minimises water levels impacts upstream or downstream of the
crossing.
1.4.34

The Proposed Scheme crosses an undesignated watercourse located
immediately east of Newtownsaville, in the vicinity of the Springhill Road
and Newtownsaville Road (Refer to drawing 718736-S3-0500-0006 for
the 1% AEP (design return period) flood outline).
Hydraulic modelling indicates that for the design event there would be
approximately 40m3 of water displaced by the Proposed Scheme. Flood
compensatory storage would be provided through S3-CS-08 (Table 7).
The inundation of the floodplain would not be significantly affected by the
Proposed Scheme. For further details refer to mitigation drawing 718736S3-0500-0105.
An appropriately sized and aligned culvert crossing would be provided
that minimises water levels changes upstream or downstream of the
crossing.

1.4.35

The Proposed Scheme crosses an undesignated watercourse situated to
the South of the junction of the Newtownsaville and Tullnafoile Road
(Refer to drawing 718736-S3-0500-0007 for the 1% AEP (design return
period) flood outline).
Hydraulic modelling indicates that for the design event there would be no
water displaced by the Proposed Scheme.
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An appropriately sized and aligned culvert crossing would be provided
that minimises water level impacts upstream or downstream of the
proposed crossing.
1.4.36

The Roughan River is located between Ballynasaggart and Rattling Ford
(Refer to drawing 718736-S3-0500-0008 for the 1% AEP (design return
period) flood outline).
Hydraulic modelling indicates that for the design event there would be
approximately 5687m3 of water displaced by the Proposed Scheme.
Flood compensatory storage would be provided through S3-CS-09 (Table
7). In order to maintain equilibrium across the existing floodplain,
connectivity would be incorporated into the Proposed Scheme through
structures S3-CC-01 and S3-CC-02 (Table 8). For further details refer to
mitigation drawing 718736-S3-0500-0106.
An appropriately sized and aligned culvert crossing would be provided
that minimises water level impacts upstream or downstream of the
crossing.

1.4.37

The Section of Ballygawley Water in the vicinity of the Proposed Scheme
is located between the village of Ballygawley and Lisdoart Bridge (Refer
to drawing 718736-S3-0500-0009 for the 1% AEP (design return period)
flood outline).
Hydraulic modelling indicates that for the design event there would be
approximately 12215m3 of water displaced by the Proposed Scheme.
Flood compensatory storage would be provided through S3-CS-10 (Table
7). In order to maintain equilibrium across the existing floodplain,
connectivity would be incorporated into the Proposed Scheme through
structure S3-CC-03 (Table 8). For further details refer to mitigation
drawing 718736-S3-0500-0107 to 718736-S3-0500-0108.
An appropriately sized bridge structure crossing would be provided that
minimises water levels impacts upstream or downstream of the crossing.

1.4.38

The Tullyvar Drain is a designated watercourse located 1km to the west of
the junction of the Tullyvar and the Lisginny Road (Refer to drawing
718736-S3-0500-0010 for the 1% AEP (design return period) flood
outline).
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Hydraulic modelling indicates that for the design event there would be
approximately 3825m3 of water displaced by the Proposed Scheme.
Flood compensatory storage would be provided through S3-CS-11 and
S3-CS-12 (Table 7). In order to maintain equilibrium across the existing
floodplain, connectivity would be incorporated into the Proposed Scheme
through structures S3-CC-04 and S3-CC-05 (Table 8). For further details
refer to mitigation drawing 718736-S3-0500-0109.
An appropriately sized and aligned culvert crossing would be provided
that minimises water level impacts upstream or downstream of the
crossing.
1.4.39

The Ravella Drain is a designated watercourse located near Lissenderry
between the A5 Tullyvar Road and the A28 Favor Royal Road (Refer to
drawing 718736-S3-0500-0011 for the 1% AEP (design return period)
flood outline).
Hydraulic modelling indicates that for the design event there would be
approximately 184m3 of water displaced by the Proposed Scheme. Flood
compensatory storage would be provided through S3-CS-013 (Table 7).
The inundation of the floodplain would not be significantly affected by the
Proposed Scheme. For further details refer to mitigation drawing 718736S3-0500-0110.
An appropriately sized and aligned culvert crossing would be provided
that minimises water levels changes upstream or downstream of the
proposed crossing.

1.4.40

The proposed road crosses an undesignated watercourse located
approximately 1.5km to the north of the town of Aughnacloy (Refer to
drawing 718736-S3-0500-0012 for the 1% AEP (design return period)
flood outline).
Hydraulic modelling indicates that there would be no material loss of
floodplain as flood extents are largely contained within the plan extents of
the main channel within the road footprint.
An appropriately sized and aligned culvert crossing would be provided
that minimises water level impacts upstream or downstream of the
crossing.
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1.4.41

The Lisadavil River flows around the eastern boundary of Aughnacloy
(Refer to drawing 718736-S3-0500-0013 for the 1% AEP (design return
period) flood outline).
Hydraulic modelling indicates that for the design event there would be
approximately 5641m3 of water displaced by the Proposed Scheme.
Flood compensatory storage would be provided through S3-CS-14 and
S3-CS 15 (Table 7). In order to maintain equilibrium across the existing
floodplain, connectivity would be incorporated into the Proposed Scheme
through structures S3-CC-06 and S3-CC-07 (Table 8). For further details
refer to mitigation drawing 718736-S3-0500-0111.
An appropriately sized and aligned culvert crossing would be provided
that minimises water level impacts upstream or downstream of the
proposed crossing.

Section 3 Floodplain Volume Compensation
1.4.42

Where the Proposed Scheme materially impacts existing floodplains, land
is required to create compensatory flood storage and includes areas
required to facilitate construction, for example temporary stockpiling of
topsoil. In consideration of the local topography, the lands are directly
hydraulically linked to the existing floodplain. Table 7 below shows areas
of proposed flood compensation for Section 3.
Table 7 – Flood Compensation in Section 3

Compensation
storage
reference

Total

Co-ordinates
Chainage

Watercourse

area

ID

required
2

X

Y

S3-CS-01

248665

367076

65100

Ranelly

2982

S3-CS-02

248607

368548

65600

Ranelly

5843

S3-CS-03

248603

366606

65800

Ranelly

32421

S3-CS-04

250394

363957

65800

Ranelly

417

S3-CS-05

248778

366347

68750

Letfern

708
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Compensation
storage
reference

Total

Co-ordinates
Chainage

Watercourse

area

ID

required
2

X

Y

S3-CS-06

252902

361206

72400

UD_69

13599

S3-CS-07

254961

358672

75850

UD_110

3520

S3-CS-08

254826

358530

75851

UD_110

7832

S3-CS-09

259639

356514

81250

Roughan

30698

S3-CS-10

262174

356185

83800

Ballygawley

57839

S3-CS-11

264139

354815

86100

Tullyvar

29242

S3-CS-12

263935

354751

86300

Tullyvar

5092

S3-CS-13

264675

354117

87100

UD_86

43854

S3-CS-14

267924

352577

90900

UD_92

3600

S3-CS-15

267678

352172

91300

Lisadavil

28481

(m )

Section 3 Connectivity Structures
1.4.43

Where the carriageway traverses a floodplain, structures may be required
to maintain floodplain connectivity and functionality. Along Section 3 there
are a total of 7 connectivity structures proposed. Table 8 below shows
connectivity structures proposed within Section 3.
In addition to connectivity culverts, larger span structures have been
included across the Ballygawley Water to provide flood connectivity.
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Table 8 – Connectivity Provision in Section 3
Hydraulic Clear
Co-ordinates

Connectivity
Structure

Opening
Requirements

Chainage (m)

Reference
X

Y

Height

Width

(m)

(m)

S3-CC-01

81220

259559

356619

1.2

1.2

S3-CC-02

81305

259642

356605

1.2

1.2

S3-CC-03

83835

261952

355757

1.5

4.0

S3-CC-04

86130

264028

354791

1.5

1.5

S3-CC-05

86200

264077

354758

1.5

1.5

S3-CC-06

91320

267747

352141

1.5

1.5

S3-CC-07

91375

267722

352090

1.5

1.5

Aidan J Hackett BSc MSc PhD CEng MIEI
718736-000-R-027

Page 39 of 43

A5 Western Transport Corridor
Submission on Flooding

1.5

Conclusions

1.5.1

The Proposed Scheme complies with current legislation, guidance and
good practice in regards to drainage and flooding aspects of the design.

1.5.2

The engineering works detailed in my submission and in the draft Stage 3
Scheme Assessment Report and the draft Flood Risk Assessment
Volumes 1, 2 and 3, provide the appropriate level of mitigation against
potential effects of increased flood risk as a result of the Proposed
Scheme.

1.5.3

In accordance with DMRB methodology and categorisation the appraisal
demonstrates that overall, the scheme-wide impact of the Proposed
Scheme with respect to flooding is categorised as slight.

1.5.4

The land contained within the draft Vesting Order is required to enable the
appropriate level of drainage and flooding mitigation for the scheme to be
constructed.
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1.7

Drawings Schedule

718736-S1-0500-0001
718736-S1-0500-0002
718736-S1-0500-0003
718736-S2-0500-0001
718736-S2-0500-0002
718736-S2-0500-0003
718736-S2-0500-0004
718736-S2-0500-0005
718736-S2-0500-0006
718736-S2-0500-0007
718736-S2-0500-0013
718736-S2-0500-0014
718736-S3-0500-0001
718736-S3-0500-0002
718736-S3-0500-0003
718736-S3-0500-0004
718736-S3-0500-0005
718736-S3-0500-0007
718736-S3-0500-0008
718736-S3-0500-0009
718736-S3-0500-0010
718736-S3-0500-0011
718736-S3-0500-0012
718736-S3-0500-0013
718736-S1-0500-0101
718736-S1-0500-0102
718736-S1-0500-0103
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718736-S1-0500-0104
718736-S1-0500-0105
718736-S1-0500-0106
718736-S2-0500-0101
718736-S2-0500-0102
718736-S2-0500-0103
718736-S2-0500-0104
718736-S2-0500-0105
718736-S2-0500-0106
718736-S2-0500-0111
718736-S3-0500-0101
718736-S3-0500-0102
718736-S3-0500-0103
718736-S3-0500-0104
718736-S3-0500-0105
718736-S3-0500-0106
718736-S3-0500-0107
718736-S3-0500-0108
718736-S3-0500-0109
718736-S3-0500-0110
718736-S3-0500-0111
718736-0500-D-00194
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