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1.1 Introduction
Background
1.1.1  This Flood Risk Assessment (FRA) has been prepared as a Technical Appendix to Chapter

1.1.2

1.1.3

(Road Drainage and the Water Environment) of the Environmental Impact Assessment Report
(EIAR) for the A9 Dualling Programme. The A9 Dualling Programme involves upgrading the A
to dual carriageway standard between Perth and Inverness. This FRA covers the Pass of Birna
to Tay Crossing section of the A9 Dualling Programme, as shown on Figure A19.2.1, hereafte
referred to as the ‘proposed scheme’.

The assessment has been undertaken in accordance with the Design Manual for Roads an
Bridges (DMRB) and other relevant guidance, legislation, and planning policy extant in March
2025. In accordance with the DMRB Scheme Assessment Reporting (TD37/93), the Pass ¢
Birnam to Tay Crossing section of the A9 Dualling Programme has been progressed throug!
the DMRB Stage 1 and Stage 2 assessment processes and is currently at DMRB Stage
‘Detailed Assessment’.

At the DMRB Stage 2 assessment, multiple route options were considered and a DMRB Stac
2 FRA was provided to the Scottish Environment Protection Agency (SEPA) and other statuton
consultees for information and for comment. This DMRB Stage 3 FRA report has been
completed for the preferred route option and with reference to comments provided by SEPA
and other relevant stakeholders on the Pass of Birnam to Tay Crossing scheme.
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Figure A19.2-1: Location of Pass of Birnam to Tay Crossing Section within extent of A9
Dualling Programme

Purpose

This DMRB Stage 3 FRA report provides detailed information on the assessment of all source
of flood risk relevant to the proposed scheme. The purpose of this FRA is to:

investigate baseline (existing) flood risk;

identify potential flood risk impacts associated with the proposed scheme; and

where necessary, provide details of appropriate flood mitigation and flood management
measures.
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Context
1.1.5 The A9 road corridor between Perth and Inverness covers a total length of 177 kilometres

1.1.6

1.1.7

1.1.8

1.1.9

1.1.10

1.1.11

(km). This consists of approximately 48km of existing dual carriageway and 129km of single
carriageway, which will be upgraded to dual carriageway status.

The majority of the A9 road corridor traverses a hilly and mountainous environment and runs
alongside and crosses some of the largest rivers in Scotland, with several significant tributaries
and numerous smaller watercourses flowing beneath the existing carriageway. Many of these
watercourses are considered to be of high ecological value, including nature conservation
designations at both the national and international level.

Consequently, not only is the existing and proposed A9 route corridor at risk of flooding, but
the proposed scheme has the potential to alter baseline hydrological regimes and flood
mechanisms. This could potentially result in undesirable ecological, social and economic
impacts, which would need to be mitigated through the design process.

Flood Risk Assessment Approach
This FRA has been developed with reference to the following key legislation, policy and
guidance:

Flood Risk Management (Scotland) Act 2009 (Scottish Government, 2009).

National Planning Framework MRF4) (Scottish Government, 2023).

Technical Flood Risk Guidance for Stakeholders SEPA (2022).

Flood Risk and Land Use Vulnerability Guidance, SEPA (2024a)

Climate change allowances for flood risk assessment in land use planning SEPA (2024b)

DMRB LA 113 ‘Road Drainage and the Water Environment’, Revision 1 (Highways Englan
et al., 2020).

Throughout this report flood events are presented as Annual Exceedance Probability (AEP
events such as 50%, 20%, 10%, 3.33%, 2%, 1%, 0.5% and 0.1%, which are equivalent to the
5, 10, 30, 50, 100, 200 and 1000-year return period respectively. AEP refers to the chance thal
a flood of a particular magnitude is experienced or exceeded during any one year. For clarity,
the notation used in this report, to describe for example the 0.5% AEP flood event, is ‘0.5%
AEP (200-year) flood event'.

The DMRB Stage 3 assessment takes cognisance of the latest SEPA climate change guida
(SEPA, 2024b). Current guidance (as of August 2024) advises a peak river flow allowance
+53% and a peak rainfall intensity allowance of +39% to be applied for the Tay River Basir
Region.

NPF4 states that development proposals at risk of flooding or in a flood risk area will only be
supported if they constitute essential infrastructure where the location is required for
operational reasons. Given the scale of the A9 Dualling Programme and the surrounding
topography, impacts on areas currently at risk of flooding are unavoidable.
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1.1.12 However, it must be designed and constructed to:
remain operational and safe for users during times of flood;
results in no reduction in floodplain capacity;
not impede flows; and

not increase flood risk elsewhere.

1.1.13 In order to demonstrate that the proposed scheme has considered flood risk at all stages of
the design process, DMRB LA 113 advocates a staged approach to the evidence-base
assessment. Table A19.2-1 presents the adopted process of assessing flood risk within the
context of the DMRB assessment and how this relates to SEPA’s technical requirements as ;
statutory consultee.

Table A19.2-1: Flood risk assessment stages

Stage Assessment Detall Purpose Alignment with the
requirements of SEPA
Technical Guidance

The ‘Scoping Assessment’ uses rea To scope the  Identification of sources
available information to: DMRB 2 and types of flooding.

highlight potential sources of  ‘Simple

flood risk; and Assessment’.

identify and establish areas an

flood sources that require

further detailed assessment.

This includes high-risk sources

of flooding as identified in the

route-wide Strategic Flood Ris}

Assessment including rivers,

small watercourses and existin

A9 water-crossings.

DMRB Stage 1
Scoping Assessment
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1.1.14 This DMRB Stage 3 FRA documents the findings of the assessment undertaken for th
preferred route option based on the current scheme design. For full details of the scheme

1.1.15

1.1.16

Stage Assessment Detail

The ‘Simple Assessment’ aims to
assess and compare flood risks
between alternative alignment route
options by:
providing a description of the
baseline conditions;

to flooding;

assessing the impacts of the
proposed scheme route option:
and

assessing the importance of th
impact i.e. magnitude of the
impact against the sensitivity o
the receptor.

DMRB Stage 2
Simple Assessment

The ‘Detailed Assessment’ will focus

Purpose

To inform the
selection of a
preferred
route option
and the Stage
2 assessment

identifying receptors sensitive Environmental

Report.

To inform the

% on potential effects of the preferred scheme desigr
2 g alignment route option and where  and the
S @ necessary consider appropriate floor Environmental
» & mitigation measures to achieve a  Statement.
@ _<Cr; neutral flood risk.
s @
Qg

[}

o

design see Chapter 6: The Proposed Scheme.

The DMRB Stage 3 FRA has adopted a range of assessment techniques to quantify the existi
risk of flooding and potential impact of the proposed scheme on baseline flood risk. This has
included hydraulic calculations to quantify the hydraulic performance of individual culverts
located on minor watercourses to detailed hydraulic modelling of principal and minor

watercourses.

Further detail of the hydrological and hydraulic modelling assessments undertaken at DMRB
Stage 3 are contained within Annex D (Surface Water Hydrology) and Annex E (Hydraulic
Modelling Report) respectively. Where necessary, to aid understanding, the FRA includes a
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Alignment with the
requirements of SEPA
Technical Guidance

Assessment of design
flows.

Identification of the
plan extents of flooding

Describe the proposed
structure/changes and
impacts on predicted
water level.

Assessment of climate
change impacts.

Provide details of
proposed flood
mitigation measures.
Provide an assessment
of any displaced
floodwater on sensitive
receptors.

Provide reference to an
other impact on the
river environment.

brief overview of the hydrological and hydraulic modelling assessments undertaken.
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1.1.17 Where the FRA has identified potential flood risk impacts, flood mitigation measures (either
embedded in design or standalone) have been considered to minimise the overall impact on
flood risk. At locations where the proposed scheme may have an impact, a range of measures
have been explored with the aim of achieving a neutral effect on that source of flood risk.

Sources of Flooding

1.1.18 The assessment of flood risk has considered all sources of flooding, specifically:

Fluvial (Principal Watercourses): Flooding originating from principal watercourses,
including the River Tay, River Braan, Inchewan Burn and the Mill Stream at Inver, which
have the potential to pose the most significant flood risks within the study area (see
Section 1.3: Principal Watercourses).

Fluvial (Minor Watercourses): Flooding originating from minor watercourses, with
localised or less significant flood risk issues (see Section 1.4: Minor Watercourses).

Surface Water (Pluvial): Urban or rural flooding resulting from high intensity rainfall
travelling overland and ponding in local topographic depressions before the runoff enters
a watercourse, drainage system or sewer (see Section 1.5: Surface Water).

Groundwater: Flooding due to the groundwater table rising above the surface, normally
due to prolonged and heavy rainfall over a sustained period of time (see Section 1.6:
Groundwater).

Sewers and Water Mains: Flooding due to exceedance of the capacity of man-made
drainage systems. A review undertaken as part of the A9 Strategic Flood Risk Assessmen
(SFRA) indicated that the A9 is within an essentially rural area and that the extent and
coverage of the existing sewer network in this area is limited. The proposed scheme would
not result in additional flow being discharged into the existing sewers or affect the water
supply networks. It is therefore anticipated that the risk of flooding is unlikely to change
and consequently this source of flooding has only been briefly discussed (see Section 1.7:
Failure of Water Retaining Infrastructure).

Land Drainage and Artificial Drainage: Failure of land drainage infrastructure such as
drains, channels and outflow pipes, which is most commonly the result of obstructions,
poor maintenance and/or blockages. For the proposed scheme, a like for like replacement
would be undertaken where this infrastructure is affected. Therefore, the risk of flooding

is unlikely to change and consequently the FRA has not considered this source of flooding
further.

Failure of Water Retaining Infrastructure: Flooding due to the collapse and/or failure of
man-made water retaining features such hydropower-dams, water supply reservoirs,
canals, flood defences structures, underground conduits, and water treatment tanks or
pumping stations (see Section 1.7: Failure of Water Retaining Infrastructure).

Coastal: Flooding originating from the sea where water levels exceed the normal tidal
range and flood onto the low-lying areas that define the coastline. At an elevation of
50mAOD or above, the proposed scheme does not traverse areas considered to be at risk
of coastal flooding and would not increase the risk of coastal flooding. Therefore, the FRA
has not considered this source of flooding further.
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1.1.20

1.1.21

1.2
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Construction Risks: Risk associated with all sources of flooding listed above, during the
construction phase (see Section 1.8: Construction Phase).

This DMRB Stage 3 FRA adoptsSteBA Flood Maps (SEPA 2024c) as one of a number of
sources of information used to assess the risk of both fluvial and surface water flooding. For
each source of flooding, the maps illustrate flood extents for a Low, Medium and High
probability of flooding, which refer to the 0.1% AEP (1,000-year), 0.5% AEP (200-year) and 109
AEP (10-year) flood events respectively. This information has been supplemented by detailed
hydraulic modelling.

The functional floodplain is defined by SEPA as the 0.5% AEP (200-year) flood extent. It shou
be noted that the SEPA flood mapping can be indicative in nature. Consequently, the 0.5% AEI
(200-year) flood extent outline indicates the areas considered to be at flood risk at the present
time. Where detailed hydraulic modelling has been undertaken for this FRA, it will supersede
the published SEPA Flood Map as the assessment of baseline (existing) flood risk.

The FRA has considered the potential impact of climate change on fluvial flood depths and
extents in line with current SEPA guidance for applying climate change allowances for flood
risk assessment in land use planning (SEPA 2024b). Peak flow estimates for the 0.5% AEP (2(
year) flood event have been increased by 53% and, where appropriate, design peak rainfall
estimates increased by 39%. The uplifted 0.5% AEP (200-year) event is denoted by 0.5% AE
(200-year) plus CC. This has been adopted as the 'design flood event'.

Pass of Birnam to Tay Crossing Study Area

Location

The Pass of Birnam to Tay Crossing section of the A9 Dualling Programme commences at tt
northern extent of existing dual carriageway that extends from Perth to the Pass of Birnam.
The section extends approximately 8.4km, bypassing the towns of Birnam, Little Dunkeld and
Dunkeld, to the east, and Inver and the Hermitage to the west. The tie-in point with the
following (northern) section, Tay Crossing to Ballinluig, is approximately 0.75km north of the
current River Tay Crossing. The project location is shown on Figure A19.2-2.
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Figure A19.2-2: Location Plan Showing, Pass of Birnam to Tay Crossing Section and
Watercourses

Watercourses in Study Area

Within the extents of the study area, the A9 and side roads cross four principal watercourses,
Inchewan Burn, River Braan, Mill Stream and the River Tay, as well as 12 minor watercourse
at 13 crossings (one minor watercourse is crossed twice). The River Tay runs parallel and i
close proximity to the road for much of the section. The A9 crosses the River Tay near the
northern extent and crosses the River Braan approximately 190m upstream of its confluence

with the River Tay.

The locations of all principal watercourses (with river names) and minor watercourse crossings
(with crossing numbers only) are shown previously on Figure A19.2-2 and listed in Table A19.2
2. Further information on the watercourse crossings which form part of the proposed scheme

are outlined in Appendix 19.3 Watercourse Crossings Report.

Table A19.2-2: Details of Watercourse Crossings in Study Area

Water Watercourse Principal or Minor Easting Northing
Feature Watercourse

WFO1 Birnam Burn Minor 305668 739430
WF02 Unnamed Minor 305469 739476
WF04 Ephemeral Minor 304529 740242

10



A9 Dualling Programme: Pass of Birnam to Tay Crossing @9
DMRB Stage 3 Environmental Impact Assessment Report

Appendix A19.2: Flood Risk Assessment DUALLING
TO TAY CROSSING

Water Watercourse Principal or Minor Easting Northing
Feature Watercourse
WFO05 Unnamed Minor 304312 740583
WFO5A Unnamed Minor 304121 740771
WFO07 Ephemeral Minor 303910 741083
WF08 Inchewan Burn  Principal 303038 741734
WF09 Unnamed Minor 302532 742073
WF11 River Braan Principal 302298 742176
WF11A Braan Tributary  Minor 302127 742027
WF12 Mill Stream Principal 301705 742288
WF12A Unnamed Minor 300775 742320
WF12B Unnamed Minor 300317 742919
WF13 Unnamed Minor 300327 743218
WF14 Unnamed Minor 300435 743748
WF16 Unnamed Minor 300561 744247
WF18 Unnamed Minor 300556 744343

1.2.4  Within the study area, there are intermittent channels subject to ephemeral flow conditions

1.2.5

1.2.6

1.2.7

which do not exhibit any clear hydrological connection to the existing A9. The watercourse
crossings marked as ‘Ephemeral’ indicate that no visible watercourse was identified and/or no
hydraulic structure located.

Development Constraints

There are a number of natural environmental and man-made engineering constraints within
the Pass of Birnam to Tay Crossing section.

Environmental Constraints and Designations

At Dunkeld and Birnam the A9 passes through the steep sided, narrow River Tay valley, witt
the topography rising steeply to the west and with the floodplain associated with the River
Tay to the east. At the southern extent, the existing A9 is surrounded by Ancient Woodland
that forms part of the Murthly Castle Gardens, Birnam Wood, Rochanroy Wood and Ring
Wood to the immediate west.

To the east of the A9, the floodplain opens out and the settlements of Little Dunkeld and
Birnam are located on the west bank of the River Tay, which is a Special Area of Conservatiol
(SAC). A further small settlement, Inver, is located to the immediate west of the A9 between
the River Braan and River Tay on a low-lying area of land. The Hermitage, which is a Natione
Trust for Scotland (NTS) protected site, is also to the west of the A9 and offers attractive
woodland walks.

11
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Within the extents of the Pass of Birnam to Tay Crossing section, the existing A9 trunk road i
mainly outside floodplain areas, apart from short sections of the A9 that span the Inchewan
Burn, the River Braan and the River Tay.

Man-Made Engineering Constraints

The route of the current A9 interfaces with the local road network operated and maintained
by Perth & Kinross Council, including the B898, B867, Perth Road, A923 and A822 whicl
follows the route of General Wade’s Old Military Road, originally constructed in the 18th
Century.

Access tracks, many of which form direct junctions with the current A9, provide access to land
adjacent to the road. In total, there are 13 direct accesses on the current A9.

The Highland Main Line railway is in close proximity to the A9 at Birnam and Dunkeld and
passes under the A9 carriageway approximately 1.5km west of the A822 junction, and

immediately south of the River Tay Crossing. The route is predominantly single track through
this area, with a short section of double track creating a passing loop at the Dunkeld & Birnam
Station.

Dunkeld & Birnam Station is located immediately to the west of the A9. The station is located
on a section of passing loop and has platforms in both directions. Presently vehicular access
to the station is from the A9. The station building is Category A Listed, and the listing includes
the pedestrian footbridge. The signal box at the station is Category B Listed.

There are a number of residential areas in the locality of the existing A9, including Birnam,
Little Dunkeld, Dunkeld and Inver that use the local road network to access the A9. Birnam,
Little Dunkeld and Dunkeld can be accessed using either the existing left/right staggered
priority junction with the B867 and Perth Road at Birnam, or the existing right/left staggered
priority junction with the A923 and A822 at Dunkeld. Inver can be accessed using the A822.

There are several business properties in the locality of the existing A9 between the Pass o
Birnam and Tay Crossing which are accessed via the A9 and the existing local road network
The Birnam Industrial Estate is located immediately east of the A9 and comprises of several
business units. This industrial estate is in Birnam and can be accessed via Perth Road utilisin
the junctions at Birnam or Dunkeld.

Ladywell Landfill, which is monitored by Perth & Kinross Council, is located immediately to the
south of the Highland Main Line railway and approximately 0.2km to the west of the Inchewan
Burn.

The Proposed Scheme

The proposed scheme between the Pass of Birnam and the Tay Crossing is an online optic
and includes widening the existing single carriageways along with junction, access road and
drainage improvements. When completed, the Pass of Birnam and the Tay Crossing will have
a 10.2km continuous section of dual carriageway, incorporating the existing dual carriageway
at Pass of Birnam.

12
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The subsequent subsections provide an overview of the key features of the proposed scheme
as pertaining to flood risk. Chapter 6 (The Proposed Scheme) contains a full description of the
proposed scheme. The proposed scheme is shown on Figure 6.1 of Chapter 6 (The Propose
Scheme).

A9 Dualling, Junctions, Access Roads and Tracks

The proposed scheme involves widening of the existing A9 alignment as well as short section
of realignment at Birnam Junction (Ring Wood) and Dalguise Junction. This widening would
involve new cuttings into steep hillside and widening of existing embankments on both the
north and southbound carriageways.

The proposed scheme includes the provision of modified local access arrangements to the
B867 to Waterloo and Bankfoot, Perth Road to Birnam and Little Dunkeld, the A923 to Little
Dunkeld, the A822 to Milton, the unnamed access road from the A822 to Inver and the B898
(Dalguise Road). The proposed scheme would also include an additional bridge across the
River Tay (immediately adjacent to the existing bridge) and a widened replacement bridge
across the River Braan and Inchewan Burn. Other surfaced access roads or unsurfaced acce:
tracks to be modified or provided by the proposed scheme include new access roads for
Sustainable Drainage System (SuDS) features and access tracks serving a small number
properties and agricultural land.

Minor Watercourse Crossings

The existing A9 carriageway crosses four principal watercourses and 12 minor watercourse:s
within the study area. Many of these crossings consist of simple culverts draining small open
channels. The proposed scheme includes the extension, replacement and/or enlargement of
these culverts.

The design process for the minor watercourse crossings takes account of a range of desig
criteria and constraints to develop the most appropriate crossing for each watercourse. The
factors that influence the culvert design include:

horizontal and vertical alignment of the proposed scheme, specifically the influence on
online construction and the level of the road drainage to avoid clashes with the
watercourse crossing;

maintenance requirements to meet DMRB standards;

ecological considerations, such as the need to provide adequate mammal passage through
culverts;

geomorphological considerations related to potential erosion and sedimentation issues
upstream and downstream of the watercourse crossings; and

existing flood risks and the potential impact on upstream and downstream flood sensitive
receptors in the event that a culvert is either extended (based on current geometry) or
enlarged.

13
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For all areas, these influencing factors need to be considered collectively on a case-by-cas
basis to develop the most appropriate culvert design for each crossing. The decision-making
hierarchy adopted during the design process was, where possible, to retain the existing culvert
or to extend the culvert on a ‘like-for-like’ basis to accommodate the proposed scheme. Only
where this was not possible, due to flood risk, engineering or environmental constraints,
would the existing culvert be replaced with a new culvert.

The design of all new culverts will be in accordance DMRB CD 529 Design of Outfall and
Culvert Details (Highways England et al., 2021). There are a number of locations where the
proposed scheme will result in earthworks ‘cut’ into the adjacent hillside or where the invert
of the new watercourse crossing will need to be lowered to pass beneath the proposed road
drainage system. In both cases this will result in a steepened watercourse requiring a ‘cascade
to safely convey the design flood event without compromising the integrity and existing
landform of the hillside and/or operation of the proposed scheme. Appendix A19.3
(Watercourse Crossing Report) contains further detail and justification for the design of each
structure.

Surface Water Drainage

The proposed scheme includes the construction of new drainage features to treat and
attenuate surface water runoff to ensure no detrimental impact upon flood risk and water
qguality. This will include Pre-Earthwork Drainage (PED), road drainage networks including
SuDS features with associated outfall structures and access tracks.

Proposed Scheme Design Principles and Standards

The design of the proposed scheme has developed over the three DMRB assessment stage
and is cognisant of a range of design principles and standards and a full range of locational
and environmental issues. Table A19.2-3 provides a list of flood risk design principles and
standards considered during the development of the proposed scheme to minimise potential
flood risk impacts.

Table A19.2-3: Proposed scheme flood risk design principles and standards

Proposed Design Principles and Standards Description

Scheme

Mainline A9 0.5% AEP (200-year) Avoid locating the proposed

Dualling, Functional Floodplain scheme and any associated wor

Junctions, Access 0.5% AEP (200-year) plus Within the functional floodplain.

Roads and Tracks flood event plus 600mm  Set the mainline, junctions and
freeboard surfaced access roads above the

design flood event level.
Unsurfaced access tracks would
remain unchanged from existing
elevations and as a result could
have lower flood design
standards.
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Proposed
Scheme

Principal
Watercourse
Crossings

Minor
Watercourse
Crossings
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Design Principles and Standards Description

0.5% AEP (200-year)
Functional Floodplain
0.5% AEP (200-year) plus
flood event plus 600mm
freeboard

New (or replaced) mainline and
access road culverts

0.5% AEP (200-year) plus
flood event plus
appropriate freeboard

New (or replaced) unsurfaced
track culverts

2% AEP (50-year) flood
event plus appropriate
freeboard

Freeboard

Culvert freeboard requirements
are as follows:

for culverts between 0.45m
and 1.2m barrel
diameter/height, a minimum
freeboard of D/4 shall be
provided, where D is the
culvert internal diameter or
culvert height for a box
culvert;

for culverts between 1.2m to
1.8m barrel diameter/height,
a minimum freeboard of D/6
shall be provided, where D is
the culvert internal diameter
or culvert height for a box
culvert; and

for culverts of over 1.8m
barrel diameter/height, 0.3m
to 0.6m freeboard shall be
provided.

Avoid locating the proposed
scheme and any associated wor
including bridge piers and
abutments within the functional
floodplain.

Where the proposed scheme
intends to replace existing
structures, soffit levels are set
above the design flood event
level.

In line with DMRB, all new (or
replacement) mainline and acce:
road culverts are designed to
freely pass the 1% AEP (100-ye:
design flood event plus climate
change allowance (with
appropriate freeboard within the
culvert barrel).

In line with DMRB, all new (or
replaced) unsurfaced track
culverts are designed to freely
pass the 2% AEP (50-year) desi
flood event (with appropriate
freeboard within the culvert
barrel).

The flood design standard for
unsurfaced access track culverts
is lower than for mainline culvert
as these tracks have a low traffic
volume, and thus limited
consequences in the case of
flooding. Unsurfaced access
tracks are also to be set at
existing ground level (which may
be elevated above surrounding
ground levels), to avoid changing
the local risk of flooding.

The impact of the proposed
scheme on flooding has been
assessed against the design floc
event.

Within the study area, all but one
of the new mainline and access
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Proposed
Scheme

Pre-earthwork
Drainage (PED)

Road drainage
system

SuDS Features
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Design Principles and Standards Description

1% AEP (100-year) rainfall
runoff flood event

100% AEP (1-year) rainfall
flood event, without
surcharging

20% AEP (5-year) rainfall
flood event, plus a 39%
allowance for climate
change, without exceeding
the chamber cover

0.5% AEP (200-year)
Functional Floodplain

road culverts have been designe
to pass the 0.5% AEP (200-year
plus CC event due to their
location and proximity to the A9.
There is one new unsurfaced
track culvert which has been
designed to the lower standard.

In line with DMRB, PED are
designed to capture and convey
surface water runoff from the
catchment they would be
intercepting and discharge into
the nearest watercourse.

As per DMRB CG 501 (2022), th
design of the road drainage
system would accommodate a
short duration, high intensity
rainfall event, without
surcharging.

Where possible, avoid developin
SuDS in the functional floodplair
If this is the only available open
space provide mitigation for
increase in flood risk caused by
any loss of floodplain capacity
where practicable. In accordanct
with guidance in the CRDM
(2015) SuDS Manual (Section
8.8.2), where SuDS in the
floodplain cannot be avoided,
they will be constructed without
loss of floodplain storage, e.g.
access tracks will be at existing
ground levels and bunds will be
avoided. Surface discharge from
SuDS will be dispersed (i.e.
allowed to shed off as sheet flon
with point discharges minimised
or eliminated.
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Proposed Design Principles and Standards Description
Scheme

3.33% AEP (30-year) flood SuDS features not to be
event inundated with floodwater during
the fluvial event

0.5% AEP (200-year) rainfe SuDS features to treat and
flood event, plus an attenuate the peak flow from the
allowance for climate proposed road drainage system.
change and appropriate

freeboard where

practicable and at least the

3.33% AEP (30-year) flood

event.
50% AEP (2-year) SuDS features to discharge into
‘greenfield’ runoff rate the nearest watercourse at a

where practicable and no = controlled rate.
greater than existing 50%
AEP (2-year) runoff where

not.
Compensatory Same volume to be Compensatory flood storage
Flood Storage provided at the same level should be provided close to the

relative to the design flood point of lost floodplain and

event, which is the 0.5%  provide the same volume at the

AEP (200-year) flood event same level relative to the design
flood level as that lost.
In designing compensatory flood
storage, the impacts of the
measure will be tested against a
range of flood events up to the
design flood event.

Flood History

1.2.26 Historical incidences of flooding are informed through a range of sources including SEPA, the
A9 Dualling Programme Strategic Flood Risk Assessment (SFRA) (Halcrow, 2014), tt
Chronology of British Hydrological Events and a web-based search of internet news articles.
Historical incidences of flooding are collated in Table A19.2-4.

1.2.27 In addition to those sources of information named, anecdotal evidence provided by local
residents has been collated and information relevant to the Pass of Birnam to Tay Crossing
section is reproduced in Table A19.2-5.
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1.2.29

1.2.30

1.2.31

1.2.32

1.2.33

1.2.34

1.2.35
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A9 Dualling Programme Strateqic Flood Risk Assessment

A route-wide Strategic Flood Risk Assessment (SFRA) Report (Transport Scotland, 2014) w
produced as an addendum to the A9 Dualling Programme Strategic Environmental
Assessment (SEA), for the A9 corridor between Perth and Inverness. The SFRA considers rout
wide flood history, identifies key areas of flood risk to the A9 dualling and areas where the
proposed dualling may have an impact on flooding.

The SFRA reports historical incidences of flooding however included only one record in the
study area of the proposed scheme. This was reported as a landslide on 4th April 2011 and
occurred along the stretch of the A9 just north of the Tay crossing, near the northern boundary
of the proposed scheme area. The SFRA notes that due to its rural setting many flood events
may not be recorded.

The Strategic Environmental Assessment (SEA) Statement identified that at the local and route
wide scales, the A9 dualling could potentially present major adverse effects.

SEPA Potentially Vulnerable Areas (PVAS)

Potentially Vulnerable Areas (PVAS) are areas where significant flood risk exists at present @
is likely to occur in the future. PVAs are updated every six years with the latest published in
December 2024 for the flood risk management planning cycle 2028-2034.

The settlements of Dunkeld and Birnam form a PVA (Target Area 225) unday thecal Plan
District (SEPA, 2021). The main source of flooding in the area is river flooding from the River
Tay. It is estimated that there are approximately 104 homes and businesses currently at risk
of flooding. This is likely to increase to 149 homes and businesses by the 2080s due to climate
change.

Historical Flood Records

A review of historical flood records indicates that there have been a number of flood events
that have occurred within the study area, predominantly within the floodplain of the principal
watercourses and/or from exceedance of minor watercourses, away from the existing A9
route corridor. Where the source of flooding is provided, incidences of historic flooding are
generally caused by exceedance flows (fluvial), heavy rainfall (pluvial) or rapid snow melt.

Significant flooding from the principal watercourses within the project area has been recorded
up to 2015 when during December 2015 and January 2016, Storms Desmond and Frank cause
prolonged rainfall throughout Perth and Kinross.

Details of historic incidences of flooding within the Pass of Birnam to Tay Crossing study are:
are provided in Table A19.2-4.

Table A19.2-4: Historic Flood Events

Date Location Source Further details
07 October 015-Tay  Chronology 1847 October 7 Level at Smeaton's Bridge
of British Perth 6.11 metres (rank 2 of 20 flood levels
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1847 Hydrological

Events

29 January 015-Tay  Chronology

1892 of British
Hydrological
Events

31 January 015-Tay  Chronology

1903 of British
Hydrological
Events

21 015-Tay  Chronology

December of British

1912 Hydrological
Events
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this reference between 1814 and 1990
inclusive). "excessive rainfall coupled with ¢
S.E. wind. Rained from 8p.m. Tues. to 5 p.I
Thurs. Areas affected in Perth: North Port,
South Inch, Princes St., Charlotte St., Rose
Terrace. Inundation and damage in Dunkel
district, Dalguise, Dalmarnock."”

1892 January 29 Observer at Dunkeld (Inve
Braan) noted p[35] "Very severe, snow and
ice lying on the ground up to the 27th, whel
a strong W. gale sprang up, and by 29th th
snow and ice were all gone. The sudden
freshet which followed raised the rivers to &
great height, and the Tay was higher than i
had been for 30 years. Around Guay and
Dalguise, roads were torn up, whole fields «
soil washed away, and one man lost more
than 100 tons of potatoes. Cows, sheep an
pigs, and great quantities of fencing &c.,
were seen floating past Dunkeld."

1903 January 31 Level at Smeaton's Br 5.6
metres (rank 13 of 20 flood levels in this
reference between 1814 and 1990 inclusive
"Heavy rains and strong gales. Heavy rain
snowmelt from the Grampians... Perth: Nor
and South Inches, Rose Terr, North Port,
Lower Commercial St., Princes St., Nelson
Scott St., James St., King St., Edinburgh R
Marshall Pl, Moncrieff Island all flooded.
Nearly all cellars in the city flooded.
Meikleour, Dunkeld, Pitlochry, Ballinluig,
Dalguise affected. Many roadways
impassable".

1912 December 21 Level at Smeaton's Bric
in Perth 5.68 metres (rank 10 of 20 flood
levels in this reference between 1814 and
1990 inclusive). "Heavy rain, snowmelt. Riv
Tay was abnormally high for 2 weeks befor
floods. Incoming tides increased flooding.
Perth: North and South Inches, Marshall Pl
(from James to Princes St.) McQuibbans
Bldgs, Moncrieff Island, Commercial St.
Bridgend, Edinburgh Rd., North Port, Tay £
George Hotel's stables and kitchens all
flooded. Lower Strathern, Dunkeld, Dalguis
Aberfeldy, Castle Menzies, Weem Mid Athc
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22 January 015 - Tay

1928

January
1993

August
2004

2004
(month not
known)

January
2005

December
2006

January
2008

January
2014

January
2015

February
2020

Logierait to
Dalguise

Perth to
Pitlochry

Dunkeld

Guay to
Dalguise

Logierait to
Tay Crossin(

Dalguise

Dowally to
Tay Crossin(

Logierait to
Tay Crossin(

Dunkeld

Chronology
of British
Hydrological
Events

SEPA

SEPA

SEPA

SEPA

SEPA

SEPA
SEPA
SEPA

Perth &
Kinross
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District, Logierait, Moulinearn, Blairgowrie
District, St Fillians, Crieff, Tay Farm, Delvin
House, Pitlochry, Meikle Fardle."

1928 January 22 Level at Smeaton's Bridge
Perth 5.77 metres (rank 8 of 20 flood levels
this reference between 1814 and 1990
inclusive) "Wettest January on record.
Snowmelt. Perth: flooding at Commercial S
Bridgend, basements in Marshall P, cellars
the vicinity of North Inch, Barossa PI, Shore
Road, Mun Golf Course. Outside Perth:
Flooding at Strathearn, Comrie, Crieff,
Aberfeldy, Logieriate, Dowally, Caputh,
Meikle Fardle, Pitlochry, Meikleour,
Strathblane, Dalguise, Meigle, Blairgowrie.’

Rapid snow melt and heavy rain resulting ir
widespread flooding within the area. Dunke
Perthshire A822 flooded near Dunkeld and
flooding to the rear of TA Hall.

Intense heavy rainfall resulting in widespre:
flooding within the area. Flooding was note
at Inver and Invermill Caravan site.

A9 landslide engulfed a car and closed the
north of Dunkeld

Heavy rain resulting in widespread flooding
to agricultural land. The River Tay was
bankfull at Dunkeld and flooding occurred t
agricultural land near Newtyle, Littleton anc
a small piece of land flooded by Dunkeld
Bridge on the north bank of the Tay.

Large flows in the Middle and Lower River
Tay resulting in flooding to properties and
the railway and B898 becoming impassable
places.

Heavy rain resulting in widespread flooding
from the River Tay.

Heavy rain resulting in widespread flooding
from the River Tay.

Widespread flooding throughout the area.

Properties in Dunkeld threatened by floodir
or were flooded from small watercourses
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1.2.36

Local Resident Feedback

Following community engagement through public exhibition events, local residents were
asked to provide feedback to Transport Scotland in relation to flooding. This feedback has
been collated and those records affecting the Pass of Birnam to Tay Crossing study area are

Council

summarised in Table A19.2-5.

Table A19.2-5: Local resident feedback

Date

Meeting
notes 1
Oct 2013

Public
exhibition
feedback

Public
exhibition
feedback

Email
feedback
5% Sep
2016

Location

Highland
Mainline
Railway /
General

N/A

B898

Railway

underpass,

east of
Dunkeld

and Birnam

Station.

Source

«A9
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(Sawmill Brae and Spoutwell Burn)

Further details

Meeting between “In the past 20 years the River Tay has

MP (Jacobs),
Atholl Estates,
Private
Landowner RL

(names omitted
for privacy
protection)

(names omitted
for privacy
protection)

(names omitted
for privacy
protection)

flooded four times with the water level
rising up to 15ft (4.5m) above the norm
river level.”

“During a flood event the Highland
Mainline Railway, which links Perth anc
Inverness, acts as a barrier. However, i
of the existing underpasses are floodec
It is not uncommon for the flood waters
to reach the level of the railway tracks,
which are on embankment through this
section.”

Expression of concerns and request fol
political reflection on the A9 proposal.
Raises flood risk as a general point of
consideration. No location-specific
information on flood risk provided.

Comment in favour of Option 1 (two
junctions at Dunkeld): “We ... would be
very concerned in particular to see mor
traffic sent along the Dalguise road
which ... is also prone to flooding and
often blocked with snow.”

“You asked for the grid reference of
flooding at the railway underpass east
Dunkeld and Birnam Station. This is
caused by a stream which has never
been culverted. The reference is
NO411039*.”

“There is another problem stream whicl
has never been culverted at
NN511988*. This is opposite a building
currently used by House of Bruar”
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1.3

13.1

1.3.2

1.3.3

134

1.3.5
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*Note 1: Grid references NO411039 and NN511988 are hoth not in the project area. Reversing northing and eastings
corrects the problem: NO039411 and NN988511 are both in the expected locations. NO039411 is within the proposed
scheme area (WF7) and NN988511 is in the Tay Crossing to Ballinluig section (WF51).

Principal Watercourses

Introduction

Within the context of this FRA, principal watercourses are categorised as those having the
potential to pose the most significant flood risk along the existing A9 corridor. These include

the River Tay and its tributaries the River Braan and Inchewan Burn. A short channel
connecting the Rivers Braan and Tay at Inver, the Mill Stream, is considered a principal
watercourse in this assessment, as flooding from it is driven by high water levels on the Rivers
Braan and Tay.

Based on the SEPA fluvial Flood Maps, an approximately 650m section of the existing A9 fror
the River Braan crossing to the Mill Stream crossing is located in the floodplain of the River
Tay and River Braan. The SEPA Flood Maps suggest this section would be overtopped ina 0.t
AEP (200-year) flood. Elsewhere within the study area, the existing A9 is not indicated by the
SEPA Flood Maps to encroach into the 0.5% AEP (200-year) functional floodplain.

Given the limitations of the SEPA Flood Map, which are based on high level hydraulic
modelling, and the proximity of the proposed scheme to the floodplain; a detailed assessment
has been undertaken to investigate the risk of flooding to the proposed scheme and the
impact from the proposed scheme upon flood risk elsewhere.

Assessment Approach

To undertake assessment of flood risk, a hydraulic model has been developed for the
proposed scheme study area. The model adopts a linked one-dimensional/two-dimensional
(1D/2D) approach, whereby the river channel is represented as a 1D component within Flood
Modeller (v7.1) software, which is linked dynamically to the floodplain, which is represented
in 2D, using TUFLOW (2020-10-AF) software. The hydraulic model includes a representatiol
of the River Tay, River Braan, the Mill Stream and Inchewan Burn.

It should be noted that the hydraulic modelling software has a numerical convergence
tolerance of +/- 10 millimetres (mm) on water levels and that there are further uncertainties
within the survey data and hydrological and hydraulic parameters used to construct the
model. Further details are available within Annex D (Surface Water Hydrology) and Annex E
(Hydraulic Modelling Report). These uncertainties are applicable to both the baseline and
proposed scheme modelling and are therefore not considered to impact the assessment of
flood risk to the scheme unduly. The inherent uncertainties are addressed via the
incorporation of freeboard within the proposed scheme design. Throughout this FRA,
modelling results are reported to the nearest mm to allow for the comparison of baseline and
proposed scheme modelling, but it is emphasised that they are subject to these uncertainties.
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1.3.6 To assess existing flood risk and the potential impact of the proposed scheme, the modelling
considers a range of flood events for three scenarios: the ‘baseline (existing A9) scenario’; the
‘proposed scheme (without mitigation) scenario’; and a third modelling scenario, the
‘proposed scheme (with mitigation) scenario’ which was developed to identify methods of
mitigating any adverse impacts.

1.3.7 By way of a summary, modifications to the baseline model to represent the proposed scheme
include:

horizontal and vertical changes to the existing A9 and embankments to accommodate the
new carriageway, which includes embedded mitigation to prevent the carriageway from
flooding;

modifications to existing A9 structures and inclusion of new hydraulic structures (bridges
and culverts) in the river channel; and

inclusion of proposed scheme features within the floodplain, including junctions, access
roads and tracks, and road drainage features, such as SuDS features.

1.3.8 Model scenarios were simulated for a range of flood events including the 0.5% AEP (200-year
plus CC design flood event. Peak flows on each of the principal watercourses are included ir
Table A19.2-6. Annex D (Surface Water Hydrology) provides further details of the flood
hydrology.

Table A.19.2-6: Peak flows (m3/s) on modelled watercourses

50% AEP 3.33% AEP 0.5% AEP 0.5% AEP CC

Watercourse (2-year) (30-year) (200-year) (200-year) CC

River Tay at Inver 803 1,473 2,120 3,243
2.97 6.76 10.61 16.23*

Inch B Al

nchewan Burn at 15 5G**

River Braan at A9 125 287 472 722

*Model Run 1: Climate change uplift (53%) based on the peak river flow allowance for the Tay river basin
region as per SEPA climate change allowance guidance for catchments larger than 50kmz.

**Model Run 2: Climate change uplift (39%) based on peak rainfall intensity allowance for the Tay river basin
district as per SEPA climate change allowance for catchments less than 30kmz.

1.3.9 Flood maps illustrating modelled flood extents under the baseline scenario and the proposed
scheme (no mitigation) scenario during the 0.5% AEP (200-year) plus CC design flood even
are presented in Annex C (Flood Risk Assessment Figures). The mapping also illustrates tr
impacts on maximum flood level difference categorised using Table A.19.2-7. Annex E
(Hydraulic Modelling Report) includes peak water levels for each model cross-section.

Table A.19.2-7: Fluvial flood risk impacts
Potential flood impact Change in Peak Flood Level for the Design Flood Event

- Major Adverse Increase in peak flood level >100mm
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Potential flood impact Change in Peak Flood Level for the Design Flood Event
Moderate Adverse Increase in peak flood level >50mm
Minor Adverse Increase in peak flood level >10mm
Negligible Negligible change in peak flood level <+/- 10mm
- Minor Beneficial Reduction in peak flood level >10 mm
- Moderate Beneficial Reduction in peak flood level >50mm
- Major Beneficial Reduction in peak flood level >100mm

Baseline Fluvial Flood Risk

The baseline fluvial flood risk identified by the hydraulic model, is shown on Figure A19.2-4 to
Figure A19.2-6 for the 0.5% AEP (200-year) plus 53% CC scenario. The flood extents show
and the accompanying discussion of the modelled baseline flood risk are for model Run 1,
which represents the critical flood event on the River Tay with a less severe flood on the Braan
and Inchewan Burn. Model results are shown for Run 1 as this represents the critical flood
scenario i.e., the greatest flood extents and depths. Annex D (Surface Water Hydrology)
provides further details of the flood hydrology.

An alternative modelled scenario, referenced as Run 2, represents the critical flood event on
the River Braan and Inchewan Burn with minor flooding (taken as the estimated QMED flow)
on the River Tay.

Where reference is made to left bank or right bank, this is relative to the perspective of looking
downstream.

Chainage 1700 — 4300 (Birnam to Dunkeld)

Between Ring Wood, at road chainage 1750 (NGR NO 04331 40642), to Oak Avenue, locatse
on the right bank of the Inchewan Burn at road chainage 3450 (NGR NO 03084 41971); the
hydraulic modelling predicts that the right bank of the River Tay would be inundated. The
average modelled flood depth is approximately 1.7m however maximum flood depths greater
than 5.0m are predicted for example, to the south of the sewage works at NGR NO 04235
40845 and NO 04174 40914. North of the sewage works, i.e. towards the settlement of
Birnam, flood depths generally decrease and at Torlee Road, the average modelled flood
depth is approximately 1.2m and maximum modelled flood depths are approximately 1.7m.
With the exception of properties on Torlee Road, the settlement of Birnam is predicted to be
largely unaffected by flooding from the River Tay. Flood water is generally confined to the low-
lying floodplain, although properties located on Oak Road and Oak Avenue are predicted to
be impacted from the combined influence of elevated river levels in the River Tay and the
Inchewan Burn. Flood water is shown to extend upstream of the confluence of the River Tay
and Inchewan Burn to Tayburn House at NGR NO 03084 41975. The average modelled floo
depth is approximately 0.6m and maximum modelled flood depths of approximately 3.5m are
predicted over ground to the east of Tayview Cottage at NGR NO 03271 42108.
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Flooding is also predicted to inundate the left bank of the River Tay and from NGR NO 0338
42236 to NGR NO 03214 42301 the A984 is predicted to be impacted with average flood
depths of approximately 1.8m and a maximum flood depth of approximately 3.2m at NGR NO
03259 42285. At Eastwood NGR NO 03512 42133, flood depths of up to approximately 2.7m
are predicted.

Between the left bank of the Inchewan Burn at road chainage 3500 (NGR NO 03143 42128
i.e., near Burnmouth Road, and the confluence of the River Tay and River Braan at road
chainage 4300, located by Dunkeld and Birnam Recreation Club (NGR NO 02340 42314), th
hydraulic model predicts that the right bank of the River Tay would be inundated. The average
modelled flood depth is approximately 1.3m however maximum flood depths greater than
7.0m are predicted, although confined to the bankside of the River Tay. The footpath between
NGR NO 02980 42287 to NO 03082 42244 for example, is inundated to depths greater than
6.0m.

Flood depths are also predicted to be significant in the area of Burnmouth Road with an
average predicted flood depth of approximately 3.4m and a maximum depth of approximately
5.9m at NGR NO 03160 42173. Flood depths decrease with distance from the River Tay and &
the termination of Burnmouth Road, i.e., at No. 10 Burnmouth Rd, flood depths are
approximately 1.5m increasing to >5m at No. 1 Burnmouth Rd.

Within the wider area of Little Dunkeld, the area to the east of the A923 crossing of the River
Tay, north of Perth Road, i.e., properties in the Willow Bank area for example, are predicted
to be impacted by flooding, with average predicted flood depths of approximately 1.2m. To
the west of the A923 River Tay crossing to the confluence of the River Braan and River Tay
i.e., Bruce Gardens and the area occupied by Dunkeld and Birnam Recreation Club, averag
predicted flood depths are approximately 1m.

Flood water from the River Tay is also predicted to inundate the left bank and from the
junction of the A923 crossing and A984 at NGR NO 02678 42577 eastwards to NGR NO 031¢
42306, the A984 is predicted to be flooded to a maximum depth of approximately 3.7m at
NGR NO 02915 42477. Properties along Bridge Street and Tay Terrace, Dunkeld i.e., Athc
Arms Hotel and Tay house are predicted to be impacted with flooding predicted to extend
northward as far as the Royal British Legion Club at NGR NO 02644 42804.

Much of lower Dunkeld is predicted to be impacted, for example the High Street and Cathedral
Street are completely inundated with maximum flood depths of approximately 5m predicted
although on average flood depths are predicted to be approximately 1.9m.

Chainage 4350 — 7400 (Inver)

At Inver, located on the right bank of the River Tay, widespread flooding is predicted from the
combined influence of elevated river levels in the River Tay and flows in the River Braan. The
existing A9 is inundated along an approximately 600m stretch from NGR NO 02285 42185 to
NO 01687 42310 (between road chainage 4350 and 4950) and the extent of flooding is broadly
consistent with the 0.5% AEP (medium likelihood) flood extent shown by the SEPA Flood
Maps.
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Inver Mill Holiday Park at NGR NO 01985 42116 is completely inundated with average flooc
depths of approximately 2.5m and a maximum flood depth of approximately 3.7m predicted.
Properties on the left bank of the River Braan including Inver Park and the settlement of Inver
itself are predicted to be impacted with flood inundation shown to extend up to the OId Inn
around NGR NO 01654 42211 where maximum flood depths are predicted to be greater than
2m.

Between road chainage 5300 and 7400, flooding over the right bank of the River Tay is les:
significant with no properties or critical infrastructure predicted to be impacted.

Flooding on the left bank of the River Tay extends westward to NGR NO 00856 42617 (roax
chainage 5800) near Dunkeld House Hotel and land occupied by the Tennis Courts. The Hote
is not shown to be impacted by flooding however the Tennis Court and nearby buildings are
shown to be impacted.

Chainage 7500 — 8400 (Inchmagrannachan)

From NGR NO 00365 43870 to NO 00232 44469 (road chainage 7600 to 8200) the right bar
of the River Tay is inundated with an average flood depth of approximately 4.6m and
maximum flood depths of approximately 7.0m. The B898 and railway are overtopped.

From NGR NO 00539 44259 to NO 00516 44603 (road chainage 8000 to 8400) the A9 is floode
from the Tay left bank for a length of approximately 290m and area of approximately £000m
with an average depth of approximately 0.3m and maximum flood depth of approximately
1.1m predicted.
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Figure A19.2-4: Run 1 Baseline — Flood Extent Map for the 0.5% AEP plus 53% Climate Change Event (ch 1700 - 5100)
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Figure A19.2-5: Run 1 Baseline — Flood Extent Map for the 0.5% AEP plus 53% Climate Change Event (ch 4600 - 7500)
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Figure A19.2-6: Run 1 Baseline — Flood Extent Map for the 0.5% AEP plus 53% Climate Change Event (ch 7300 - 8400)
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Potential Pre-Mitigation Impacts

This section provides an overview of the impact of the proposed scheme upon fluvial flood
risk in the absence of essential mitigation but includes embedded mitigation. Embedded
mitigation are measures included as part of the scheme design process, for example,
avoidance and re-locating scheme elements out of the floodplain. The proposed scheme
includes raising the road profile above the 0.5% AEP (200-year) plus climate change peal
water level. A minimum freeboard of 600mm has been provided above this level as per SEPA
Technical Flood Risk Guidance (SEPA 2022). Embedded mitigation is detailed further below i
section 1.3.50.

The following descriptions detail the flood mechanism and impacts in the key reaches (as
provided in the baseline section) and highlights both adverse and beneficial magnitude of
impact.

Chainage 1700 — 4300 (Birnam to Dunkeld)

There is no change is this reach with the proposed scheme impacts remaining similar to the
baseline scenario with negligible changes in flood depth.

Chainage 4350 — 7400 (Inver)

On the banks of the River Tay there are some small areas of adverse impact directly opposit:
the confluence with the River Braan, however there are minor to major beneficial reductions
in flood depth in the floodplain which extend some distance upstream.

The area of Inver between the right bank of the Tay and the left bank of the Braan (from
chainage 4370 to 5000) is split by the existing A9. The proposed scheme will have a highel
vertical alignment and this has the effect of preventing flooding from the River Braan
overtopping towards the River Tay. The areas of beneficial impact on the right-bank of the
River Tay upstream of the Braan confluence reflect this reduction in flow via this overtopping
mechanism. Conversely, due to the increased impoundment, there are large areas of minor
and moderate adverse impact on the River Braan floodplain as the overtopping flood
mechanism is prevented. This area of adverse impact extends upstream on the River Braan tc
Inver Bridge and extends along the Mill Lade with moderate adverse impact with changes in
depths of up to 128mm to sensitive receptors.

The proposed scheme incorporates a newly constructed crossing of the River Braan which ha
a widened bridge span and an increased height, relative to the existing bridge structures. In

the baseline the main road bridge is being significantly surcharged with a peak water level of
53.356mAOD well above the 51.385mAOD soffit level during the design event. In the

proposed design, the soffit has been increased significantly to 54.276mAOQOD to mitigate this.

The peak water level is reduced from the baseline to 53.245mAQOD and thus freely passes
beneath the new bridge.
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As the current structures crossing the River Braan both surcharge and overtop during the
baseline design flood, they act as a significant throttle to flows, reducing conveyance in this
reach and bringing the peak flows of the two rivers closer together (when compared with the
proposed scheme with no mitigation). This throttle behaviour and high River Tay water levels
backs-up the River Braan into the floodplain and eventually reaches levels where the road
embankment overtops. This does not happen in the proposed scheme as the vertical
alignment of the carriageway has been elevated to keep the highway flood-free; and allow
sufficient freeboard for the peak water levels to the Braan crossing soffit level (approximately
1.03m freeboard provided). This leads to greater depths in the Inver area than the baseline
with minor to moderate adverse impacts.

The hydrographs representing the River Braan and Inchewan Burn are set to peak around 6.
hours before the River Tay to reflect a time lag observed in historic floods. Historic flood
hydrographs on the Rivers Tay and Braan show that the Braan tends to peak earlier than the
Tay, see Annex D: Surface Water Hydrology. During the 20 largest historic events, the Braal
on average peaked 6.9 hours before the Tay, with a standard deviation of 4.6 hours. As a
consequence of the larger bridge opening in the with-scheme condition, the flood hydrograph
from the River Braan reaches the confluence with the River Tay slightly earlier than in the
baselinethis results in the Braan contributing less to the peak flow and water level on the River
Tay. This has a beneficial impact not just on flooding along the River Tay, but also on flooding
in the downstream part of the River Braan floodplain, where backwater effects from floods
on the Tay are the dominant cause of flooding. Upstream of Inver Bridge there is a small area
of minor beneficial impact with slight improvements in flood depth but largely flooding is in
line with the baseline scenario with no properties nor critical infrastructure predicted to be
impacted by the proposed scheme.

Chainage 7500 — 8400 (Inchmagrannachan)

There is a Minor Beneficial reduction (10-50mm) in water levels on the right bank of the Tay
and for much of the left bank, likely due to the SuDS pond at NGR NO 00498 44167. However
the wider road design at this location allows further encroachment of the flooding across the
carriageway.

Encroachment into the floodplain

There are five areas where the scheme encroaches into the floodplain of the River Tay anc
River Braan and these are discussed in the following sections.

Inver

The proposed scheme encroaches into the 0.5% AEP (200-year) plus CC flood extent on bo
the north and south sides of the main alignment through this section from the Braan Crossing
at road chainage 4300 to the Mill Lade culvert at road chainage 4950m.

To the north, the raised and widened embankment would reduce the floodplain available
within the area between the main alignment and the River Tay. This is currently an area of
scrub and woodland which runs along the existing A9 embankment. On this side of the
proposed scheme, the encroachment would be limited by use of retaining walls rather than
embankments.
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On the south side of the main alignment there would be a loss floodplain as a result of the
widened embankment for the mainline which is more pronounced on this southern side due
to the provision of additional new lanes and associated earthworks for pedestrian access to
the Braan Crossing. The construction of a SuDS pond and access road within the floodplair
would be below existing ground or at current grade and has been designed to have a neutral
impact on floodplain loss. The increased embankments, SuDS pond and access road are a
fully located within the design event flood extent and constitute a significant volume of
floodplain loss, with approximately 24,016mof flood plain storage loss to the River Tay
floodplain and 28,931/loss to the River Braan floodplain during the 0.5% AEP (200-year)
plus CC event. This gives a total of 52,9468s in the Inver area.

During the 0.5% AEP (200-year) event there is a 4302mto the River Tay floodplain and
a 12,468mM loss to the River Braan floodplain.

Hermitage Junction

The proposed scheme footprint would encroach onto the 0.5% AEP (200-year) plus CC floo
extent on the north side of the main alignment at Hermitage Junction. This reduces the
floodplain available between the main highway and the River Tay, with 388Bstorage

lost over an area of 3,900There is no detectable change in the hydraulic modelling results
due to this floodplain loss.

During the 0.5% AEP (200-year) event there is no loss of floodplain storage in this area.

Dalguise Junction

To the west side of Dalguise Junction, the main alignment has a limited footprint within the
0.5% AEP (200-year) plus CC flood extent, with the main highway and its embankments clea
and only a small section of the eastern slip road within the floodplain at a very shallow depth.
The inclusion of a SuDS pond and associated access tracks and NMU is the primary loss
floodplain storage in this area and 1,35%ismlost over around 250m of embankment at the
edge of the flood extent. There is no detectable change in the hydraulic modelling results from
the baseline due to this floodplain loss.

During the 0.5% AEP (200-year) event there is a $@sof floodplain storage in this area.

Birnam Junction (Sewage Treatment Works Access)

The proposed scheme has a limited footprint within the floodplain in this area, with road
infrastructure located primarily outside the 0.5% AEP (200-year) plus CC flood extents. Smal
sections of embankments for the side roads would encroach into the floodplain with a loss of
302, having a negligible impact on flood risk.

A proposed SuDS pond also located in this area would be placed within the flood extent, with
only minor sections of its earthworks and the western tip of the access road from Torlee Road
falling within the flood event extents. This will have a minor impact on floodplain loss and is
unlikely to increase flood risk.

During the 0.5% AEP (200-year) event there is 8189mof floodplain storage in this area.
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Tay Crossing Left Bank Abutment and NMU provision

The proposed scheme has a wider carriageway on the east side of the crossing at the Tay le
bank, encroaching into the floodplain. There is also a SuDS pond to the north of the crossing
and an NMU track leading from the east of the crossing to the Tay bank, leading to a loss of
3,011 n¥of floodplain storage during the 0.5% AEP (200-year) plus CC event.

During the 0.5% AEP (200-year) event there is a8a5sof floodplain storage in this area.

Summary

The impact of the unmitigated scheme on floodplain storage loss has been summarised in
Table A19.2-8. The major loss is in the Inver area and here the embankment is fully submergec
during the design flood event in the baseline, with the new embankment raised and the
footprint widened to accommodate the proposed scheme.

Table A19.2-8: Impact of proposed scheme upon 0.5% AEP (200-year) +CC fluvial flood risk

Location Chainage Approximate Volume of
Floodplain Lost ()

Inver 5000 - 4300 52,946

Hermitage Junction 5300 - 5400 3,833

Dalguise Junction 6900 - 7100 1,357

Tay Crossing L.e.ft Bank Abutmel 2600 3.011

and NMU provision

Birnam Junction (Sewage

Treatment Works Access) 2300 302

Total - 61,451

Mitigation Measures

The hydraulic model predicts that without mitigation the proposed scheme would increase

peak water levels locally within the River Braan floodplain. Mitigation measures to prevent

these increases have therefore been considered and are discussed in more detail in the
following sections.

Embedded Mitigation

Initially, potential changes in the proposed scheme design to reduce the impact on flood risk
were considered. The embedded mitigation options considered and whether they have been

incorporated are included in Table A19.2-9. It should be noted that the volumes of floodplain

lost due to the proposed scheme are included in Table A19.2-8.
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Table A19.2-9: Embedded mitigation measures considered

Measure Flood Risk Benefi Incorporation in Proposed Scheme

Relocate Would prevent A multi-disciplinary technical study looking at potenti

scheme loss of floodplain  alternative routes was undertaken at DMRB Stage 2.
outside storage on the Routes that completely removed the proposed scher
floodplain  River Tay. from the floodplain were considered less favourable

due to greater potential environmental impacts and
considerably greater cost.

At the Birnam Junction, the junction design originally
encroached into the floodplain. This was redesigned
be outside the floodplain, resulting in no floodplain lo
The access track to the STW was also moved
southwards to reduce floodplain loss, although a sm:
amount of loss (at the transition from high ground to
low ground at floodplain level) could not be avoided.
Compensatory flood storage very close to the schem
has been incorporated in the scheme to fully offset tf

small loss.
Reduce Would reduce los¢ A desire to reduce impact on the floodplain was one
extent of of floodplain the primary reasons for southbound widening.
scheme storage on the Where possible, side roads have been relocated to k
within River Tay. outside the functional floodplain.
floodplain When considering options for the location of the

overbridge, areas of lower flood risk have been
considered in preference to areas of higher risk.
Embankment slopes within the floodplain have been
steepened to minimise encroachment where this is
considered a sustainable solution in liaison with
landscape and ecology specialists.

Cantilever structure at Mill Stream extending to the
beginning of proposed embankments.

Where possible have access and tracks at or near gt
where the floodplain interacts with the proposed
scheme infrastructure.

Remove Would reduce los¢ Raised SuDS ponds removed from functional floodpl

raised of floodplain such as at Inver and Dalguise where raised bunds h:
elements of storage on the been removed. Where ponds are within the floodplai
SuDS ponds River Tay. they are below existing ground level.

within the

floodplain

Birnam Reduce the Northern section of the proposed new access road
Junction impact of alignment has been moved westwards away from Ta

(Sewage floodplain loss as floodplain. Southern section of road is in floodplain a
Treatment much as possible designed to be level with existing ground levels. Whe
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Measure Flood Risk Benefi Incorporation in Proposed Scheme

Works without impacting the northern section and southern section meet, the
Access too much on road drops to floodplain level, causing a minimal
Track) ancient woodland residual floodplain loss of 76iThis is discussed in the

Flood Risk Mitigation section below. To remove this
impact requires further widening into the existing sloj
creating large earthworks and loss of ancient woodla

Flood Risk - Specific Mitigation

Where it has not been possible to prevent the scheme from impacting on the functional
floodplain by embedding mitigation within the design, the initial measure considered for
standalone mitigation has been the provision of compensatory flood storage (CFS) that, in
accordance with SEPA guidance, should be provided on a ‘like for like’ basis i.e., compensator
storage must become effective at the same point in a flood event, as the lost storage would
have been (SEPA 2022). It is also a DMRB Standard that a road scheme should result in no n
loss of floodplain volume.

There are limited areas of high ground close to the areas of loss that can be used to provide
direct storage at Inver to compensate for the 0.5%AEP (200-year) plus CC event. There are
also ecological, environmental and land constraints to the provision of CFS within the
proposed scheme area. The River Tay floodplain is relatively constrained close to the main
channel banks with various landscape designations and sensitive habitats limiting the
available area to provide CFS.

These constraints have been taken into account as part of the assessment of mitigation
measures and compensatory storage area screening is detailed in Annex E. A detailec
description of the options considered for the Inver area to mitigate flood risk are presented in
Annex F. Engineered solutions are not considered to be viable (e.g. viaduct options or
extensive and high retaining walls) due to impacts to other sensitive environmental receptors
and significant cost.

The primary aim in mitigation design and assessment has been to achieve a neutral impact or
flood risk as a result of the proposed scheme. Where this has been identified as impracticable
due to local constraints, prevention of increase in flood risk to sensitive receptors such as
buildings and local infrastructure has been prioritised over water level increases to agricultural
and other undeveloped land within the existing floodplain.

The process for identifying potential flood mitigation has generally been as follows:

Identify areas of floodplain loss as a result of the proposed scheme and identify and
characterise the flood mechanism where adverse impacts are noted,;

Develop a long-list of potential mitigation options, including areas of potential level for
level (direct) compensation and measures to improve conveyance or reinstate flood
mechanisms that are changed by the proposed scheme;

Identify candidate sites for compensatory storage and testing of flood mitigation measures
leading to a short-list for more detailed consideration; and
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Detailed analysis of shortlisted options, generally including iterative hydraulic modelling
to refine mitigation measures and determine hydraulic performance and effectiveness.

1.3.57 The following sections set out the mitigation that has been selected within the proposed
scheme extents. The mitigation options considered have been assessed for their effectiveness
both to mitigate changes in flood risk locally and as part of a wider range of measures to
consider the wider floodplain. Shortlisted mitigation options located within the proposed
scheme area are included in Table A19.2-10.

Table A19.2-10: Shortlisted mitigation measures and selection.

Location  Mitigation measures Effectiveness and mitigation selection
shortlisted
River Tay/ Compensatory Effective - included as CFS Area 1. Provi
River storage area on the like for like, level for level compensatory
Braan River Tay at the storage for the 0.5%AEP event on the Ta:
Confluence Braan confluence side. Indirect storage in this location also
(Ch 4350-4700) helps to negate any increases in flood lev
due to improved conveyance at the Braar
crossing.
Inver Flood relief culverts Effective - 3no. 1.5m diameter Flood Reli
Floodplain reducing flood Culverts proposed to convey additional
depth to the Mill floodwater within the Inver floodplain
lade area (Ch 4890 through the A9 carriageway into the River
Tay.
Inver Flood relief culverts Effective - 14no. 3.6m x 1.2m Flood Relie
Floodplain in the A9 Culverts constructed through proposed
embankment at to embankment (level of culverts set to
replicate the existing carriageway level — 52.1mAOD).
overtopping The culverts will only operate during the
mechanism from Run 1 0.5% AEP + CC flood event,
the River Braan to replicating the existing flood path over the
the River Tay A9 carriageway.
(Centred on Ch
4500)
Inver Compensatory Was not effective for the design event as
Floodplain storage area on the only indirect storage was feasible. Indirec
River Tay at the storage tested increased flood extents an
Braan confluence depths locally causing detriment to the lef
(Ch 5280-5500) bank. This was due to the storage area
introducing recirculatory flows which crea
a localised increase in water level and
increase flood extent and depth.
North of Area of flooding at Ineffective - although technically feasible
the Tay chainage 8300-840( has been considered impractical to
Crossing construct a ¢.1200-2600 mm flood wall
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Location  Mitigation measures Effectiveness and mitigation selection
shortlisted
north of the Tay (including 600mm freeboard) that would kt
Crossing required to protect the proposed scheme

1.3.58

1.3.59

1.3.60

from flooding at Chainage 8300-8400.
Impractical - Tay Crossing to Ballinluig
section, to which this section of the route
ties-in, is designed and consented to the
0.5%AEP plus 20%CC event. This FRA
demonstrates that this section of the road
remains operational for the same event,
therefore it is considered impractical to
raise the road elevation due to the highwe
geometry.

It is considered proportionate to manage
this limited flooding at the design event
rather than mitigate given the challenges
a flood defence solution and tie-in
requirements of the proposed scheme wit
the Tay Crossing to Ballinluig section.

With the exception of the Inver area, the losses of floodplain storage due to the proposed
scheme are very small when compared to the flooded area and capacity of the River Tay
floodplain adjacent to the areas of loss. The displacement leads to very small changes in water
levels locally and no detectable downstream impacts to the hydrograph or stage level are
shown in the hydraulic modelling. It is not considered to be proportionate to mitigate for these
losses due to the negligible impacts to areas with no sensitive flood receptors. Any floodplain
storage provision would result in other environmental impacts and cost with no measurable
benefit to flood risk. The losses described are only relevant to the most extreme events.

At Inver, for the 0.5%AEP (200-year) plus CC event it is not feasible to provide direct
replacement for the proposed scheme losses. The only available high ground is generally
occupied or adjacent to infrastructure (e.g. the Inver access road and the Highland Mainline
railway) or residential or commercial properties. Several areas are also sensitive habitats or
have landscape designations precluding land lowering. The proposed CFS area at the Braa
confluence provides some direct compensatory storage at the 0.5% AEP (200-year) event leve
on the River Tay side but no areas were considered to be viable for the River Braan floodplain.

At Inver, the primary pre-mitigation impacts were moderate adverse changes in flood level in
the Braan floodplain of 18-128mm at sensitive receptors, primarily due to the raised level of
the proposed scheme changing the baseline overtopping mechanism to the River Tay. Any
impact from the loss of floodplain storage appears to be largely mitigated by improved
conveyance at the Braan Crossing. Downstream of the Braan Crossing, there is a small area ¢
riparian woodland within the Cathedral Historic Monument which shows a minor adverse
impact due to the improved conveyance. As velocities are low, there is no increased erosion
risk that could change the character of the receptor no further mitigation is proposed.
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At Inver, localised impacts to sensitive receptors would be mitigated by 3no. flood relief
culverts adjacent to the Mill Lade culvert. The wider impacts to the floodplain would be

mitigated through the inclusion of 14no. flood relief culverts with invert level at the existing

A9 road level, replicating the overtopping mechanism in the baseline.

As demonstrated in this FRA, a 53% climate change uplift applied as the design event woul
result in flooding north of the Tay Crossing at the interface with the proposed scheme and the
A9 Dualling: Tay Crossing to Ballinluig section which was designed and consented to a 209
uplift for climate change. It should be noted that, as demonstrated in this FRA, the entire A9
mainline within the proposed scheme extents would remain operational during the 0.5%AEP
(200-year) plus 20% for climate change flood event.

The area of flooding to the proposed scheme to the north of the Tay Crossing was investigatec
and flood wall options were examined. Although a wall is feasible to construct it would be
challenging due to the limited space and necessity to accommodate an access road. As the
flooding is limited to the A9 and the northern section of the road has to tie into the A9
Dualling: Tay Crossing to Ballinluig section which is designed to a 20% uplift for climate change
it is considered to be proportionate to manage this limited flooding at the design event rather
than mitigate.

Given the B898 would be flooded at Inchmagarrachan in the design flood event, it is
considered that this would not present a suitable alternative route and access at the Dalguise
Junction would therefore also require to be managed. The flooding to the proposed scheme
occurs at the very peak of the flood hydrograph and would be passable to emergency vehicles
able to traverse depths of 300-600mm. The limited extent and volume (circa 2)@onid

also be managed by emergency pumping to limit the flood depth and extent.

Summary of proposed mitigation for Principal Watercourses

The assessment set out above demonstrates that multiple mitigation options have been
considered and explains the process through which selection of effective mitigation has been
made. The proposed mitigation measures adopted are:

P02-W37 - Compensatory Flood Storage Area (CFSA 1)

P02-W38 - Mill Lade Flood Relief Culverts

P02-W39 - Embankment culverts to replicate current A9 overtopping
P02-W41 — Emergency Response Plan

The volume of compensatory storage provided by the proposed mitigation is summarised in
Table A19.2-11. Although the constraints to provision of compensatory storage have
prevented no net loss, the proposed CFSA1 area close to the Brann crossing is effective i
providing some benefit in combination with the improved conveyance of the widened Braan
Bridge crossing, the Mill Lade flood relief culverts and the embankment flood relief culverts
which replicate the existing overtopping mechanism. This suite of mitigation has resulted in
minor to moderate beneficial impacts in the Inver area compared with the baseline.
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There is a small 608rarea of riparian woodland within the Cathedral Historic Monument
boundary, which shows a minor adverse impact with an increase of c.21mm due to improved
conveyance at the Braan confluence and as a result of the Essential Mitigation designed to
counter the increased flooding upstream on the River Braan. Velocities in this area are low
(<1.5m/s) and there is no additional erosion risk that could change the landscape character of
the designated site. The area is flooded for about 36 hours in both Baseline and Design
scenarios with very little difference in the depth profiles except for the small peak increase.
Given this very small area of minor adverse impact and limited impact on the sensitive
receptor, no further mitigation is proposed for this impact.

The deficit in compensatory storage is therefore considered to be acceptable as it has beer
demonstrated that the proposed mitigation measures are effective and that overall, the
proposed scheme achieves a neutral impact to flooding with some beneficial reductions in
depth and extent for the design flood event.

Table A19.2-11: Volume of compensatory storage compared with storage lost due to the
proposed scheme during the 0.5% AEP (200-year) plus CC event.

Storage Area Compensatory Storage
Volume (n¥)

CFSAL1 Volume (Indirect storage) 31,198

Total Storage Lost 61,451

Total floodplain storage loss 30,253

Impact of Scheme with Proposed Mitigation

The proposed scheme has been modelled with all the proposed mitigation included to identify
any residual impact of the scheme. The impact of the scheme has been investigated over a
range of flood events (50% AEP (2-year), 3.33% AEP (30-year), 0.5% AEP (200-year) and O.
AEP (200-year) plus CC) and the impact of the scheme on peak depths and flows has bee
considered.

Peak Flood Depth at Receptors

Key receptors included in this discussion are properties within the modelled flood extents for
the design flood event and a selection of points within the general floodplain. The points
selected are identified on Figure A19.2-7. The change from the baseline in peak flood depth
at a range of receptors in the unmitigated scenario is presented in Table A19.2-12. Figures
stated are Run 1 unless there is a worse case for Run 2, in which case the Run 2 figures ar
stated.

The change from the baseline in peak flood depth at a range of receptors for the mitigated
proposed scheme is provided in Table A19.2-13. The negligible changes in flood depth at these
receptors as a result of the proposed scheme (with mitigation) means that there would also
be negligible change to the threshold, extent and frequency of flooding as a result of the
proposed scheme.
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The results presented within Table A19.2-13 and within Annex D demonstrate that any change
as a result of the mitigated proposed scheme is negligible or beneficial at sensitive receptors.
Post mitigation there is an increase of 5mm at Torlee Road. The encroachment of the access
road to the SuDS pond and to the sewerage works does result in al@ésnn flood storage

but given the water depths at these sensitive receptors of between 1.0-1.6m depth it is
considered to be a negligible change and no mitigation is proposed.

All other sensitive receptors show no change or minor to moderate beneficial impacts of the
proposed scheme.

Run 2, where the River Braan flood is dominant, does display very small pockets of minor tc
major adverse upstream of the Braan Confluence on both banks of the River Tay, extending
towards the top of the modelled extents. This is likely due to the improved conveyance of the
Braan Crossing and the converging flows creating a very minor backwater effect on the River
Tay, slightly increasing marginal flood extents on the river banks. This has not been considerec
further for mitigation as there are no sensitive receptors impacted and this is a much less
severe event than Run 1, where there are largely beneficial impacts in these areas.

Figures A19.2.8 to A19.2.13 show the water level differences between the mitigated proposed
scheme and the baseline and demonstrate along the scheme the water level difference with
the baseline is mainly negligible or beneficial. The Braan floodplain is mainly beneficial with
the mitigation measures in place.
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Figure A19.2-7: Receptor Locations
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