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1.1.

1.2.

1.3.

1.4.

1.5.

1.6.

Executive Summary

This report has been updated to include the latest site layout provided to Aegaea on the 3
March 2026.

The previous Flood Risk Assessment report was approved under planning application reference

ref 24/00308/IPL — which included the following condition:

Further to Condition 2 above, an updated Flood Risk Assessment (FRA) with takes
onto account the detail design of the development shall be submitted as part of the
specified matters requiring to be the subject of a further formal planning application
for the approval of the Council as Planning Authority. The FRA shall consider flood
risk from all sources and shall be developed in accordance with the relevant technical
guidance published by the Scottish Environment Protection Agency (e.g. Technical
Flood Risk Guidance for Stakeholders) and the Council's Flood Risk and Flood Risk
Assessment Developer Guidance. For the avoidance of doubt, no development will
be permitted within areas which have been identified as being at risk from flooding
(1:200yr + climate change extents) Reason - In order to comply with the requirements
of the National Planning Framework 4 (2023)

The updated plans were therefore assessed against the previous approved assessment, and no
further analysis was undertaken. This included no further evaluation of SEPA's updated flood
mapping dataset, which was updated following outline planning approval for this project, and

any updates to the hydraulic / hydrological modelling.

The hydraulic modelling results show water to remain in bank for all modelled return periods,
with the exception of the 1000yr event at XS3. In this event, flood levels are slightly elevated
above the left bank level, however flows will be confined to adjacent to the watercourse and not

impact the site.

The lowest ground level within the site is 205.13m AOD. The site is therefore not expected to

be located within the floodplain for all events.

In accordance with criteria outlined in Policy 22 of NPF4, all new development must be located
outside of the predicted 1 in 200 year flooding envelope (plus climate change). The hydraulic
modelling exercise showed that the site is located above the maximum modelled water levels

up to and the 1 in 200 year plus climate change event.
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1.7.  ltis recommended that the finished floor levels are set 600mm above the adjacent 1 in 200-year
+ 53% climate change event flood level (recommended FFLs between 204.5m AOD and
204.98m AOD based on adjacent modelled cross sections for the 1 in 200-year + 53% climate

change event).

1.8.  Ground investigation has taken place on site as detailed in HGA's Drainage Impact Assessment

document.

1.9.  Of the 13 Trial Pit locations — groundwater was only encountered in 1 pit (Trial Pit 1), at a depth

of 2.1m below ground level, located in the northern regions of the site.

1.10.  However, as the proposed dwellings do not include basements or any other form of sub-

terranean development - the risk of groundwater flooding is considered to be low
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1.

1.1.

1.2.

1.3.

1.4.

1.5.

aegaea

Introduction

Aegaea were commissioned by David Lyon on behalf of the Rannoch Community Trust and
Dunalastair Estate (jointly referred to as ‘the Client’) to undertake a Flood Risk Assessment (FRA)
to facilitate a planning application for the proposed development. This FRA has been prepared
in accordance with the requirements set out in the National Planning Framework 4 (NPF4) and

the associated Planning Practice Guidance.

This FRA is intended to support a full planning application and as such the level of detail

included is commensurate and subject to the nature of the proposals.

This report includes a summary of the hydraulic modelling methodology, as well as an overview

of the modelling results relevant to the FRA.

The site of the proposed development is Land West of Kinloch, Rannoch, PH16 5PR. The site is
located approximately 60m north of Kinloch Rannoch Weir which controls flow between Loch
Rannoch situated to the west of the site and the River Tummel which flows in a northeasterly
direction past the site. At its closest point the River Tummel is approximately 40m from the site

boundary. The location of the site is demonstrated in Figure 1.

The Client intends to submit a full planning application to build 12 affordable homes and up to
5 houses for private sale or rent on a site in the north-east of a field that lies to the west of
Kinloch Rannoch village centre and south of the B846. Although the Flood Risk Assessment has
been prepared to support a planning application for the housing development, the scope of

the study takes in all of the field in which the site is located.
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1.6.

1.7.
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Figure 1: Site Location (Base map and data from OpenStreetMap and OpenStreetMap Foundation (CC-BY-SA). ©

https://www.openstreetmap.org and contributors).

The site is currently a greenfield site and plans indicate the proposed development is located
within the north eastern corner of the flood risk assessment area. The proposed development
comprises of affordable housing units and a smaller number of houses for private rent or sale
(Figure 2). The modelling study only seeks to represent the baseline scenario and is therefore

not contingent on any development proposals.

The proposed development would be classed as a "Highly vulnerable’ use according to the

Flood Risk and Land Use Vulnerability Guidance (2018)".

Thttps://www.sepa.org.uk/media/143416/land-use-vulnerability-guidance.pdf
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Figure 2: Indicative proposed site plan.
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2.1.

2.2.

Regulatory Framework

Policy 22 (Flood Risk) - states that:

a) Development proposals at risk of flooding or in a flood risk area will only be

supported if they are for:
i. essential infrastructure where the location is required for operational reasons;
ii. water compatible uses;

iii. redevelopment of an existing building or site for an equal or less vulnerable use;

or.

iv. redevelopment of previously used sites in built up areas where the LDP has
identified a need to bring these into positive use and where proposals demonstrate
that long-term safety and resilience can be secured in accordance with

relevant SEPA advice.

The protection offered by an existing formal flood protection scheme or one under

construction can be taken into account when determining flood risk.
In such cases, it will be demonstrated by the applicant that:
o allrisks of flooding are understood and addressed;

e there is no reduction in floodplain capacity, increased risk for others, or a need

for future flood protection schemes;
e the development remains safe and operational during floods;
o flood resistant and resilient materials and construction methods are used; and
e future adaptations can be made to accommodate the effects of climate change.

Additionally, for development proposals meeting criteria part iv), where flood risk is

managed at the site rather than avoided these will also require:

aegaea

water, civils and environment

National Planning Framework 4 (NPF4) is the national spatial strategy for Scotland. It sets out

the spatial principles, regional priorities, national developments and national planning policy.

Page 10



e the first occupied/utilised floor, and the underside of the development if relevant,
to be above the flood risk level and have an additional allowance for freeboard;
and

e that the proposal does not create an island of development and that safe

access/egress can be achieved.

b) Small scale extensions and alterations to existing buildings will only be supported

where they will not significantly increase flood risk.
¢) Development proposals will:
i. not increase the risk of surface water flooding to others, or itself be at risk.

ii. manage all rain and surface water through sustainable urban drainage systems
(SUDS), which should form part of and integrate with proposed and existing blue-
green infrastructure. All proposals should presume no surface water connection to

the combined sewer;
iii. seek to minimise the area of impermeable surface.

d) Development proposals will be supported if they can be connected to the public
water mains. If connection is not feasible, the applicant will need to demonstrate that
water for drinking water purposes will be sourced from a sustainable water source

that is resilient to periods of water scarcity.

e) Development proposals which create, expand or enhance opportunities for natural

flood risk management, including blue and green infrastructure, will be supported.

2.3. SEPA’s Technical Flood Risk Guidance for Stakeholders? details the requirements for
undertaking flood risk assessments in relation to proposed developments. These requirements
depend upon the complexity of the site, with more complex or high risk sites requiring detailed

assessments. In summary, FRAs must include the following:

2Technical Flood Risk Guidance for Stakeholders SS-NFR-P-002 (May 2019)
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24.

2.5.

2.6.

1. Background site data, including suitable plans and/or photographs;

2. Historic flood information;

3. Description of methodologies used,;

4, |dentification of relevant flood sources;

5. In case of river flooding: assessment of river flows, flood levels, depths, extents,

displaced flood storage volumes, etc,;

6. Assessment of culverts, sewers or other structures affecting flood risk;
7. Consideration of climate change impacts;

8. Details of required flood mitigation measures; and

9. Conclusions on flood risk related to relevant national and local policies.

Technical guidance on Flood Estimation Handbook (FEH) methodologies and on land raising

and compensatory storage are also provided as part of this guidance.

SEPA also provide Flood Risk and Land Use Vulnerability Guidance (SEPA, 2018), which gives
further guidance regarding the interpretation and application of SPP in relation to the suitability

of specific land use types within each flood risk category.

Perth and Kinross Council’s second Local Development Plan adopted in November 2019 covers
all of Perth and Kinross. The proposed site lies under the jurisdiction of the Perth and Kinross
Council and therefore, will be required to adhere to the local plan policies. The policy related

to flood risk is replicated below;
Policy 52: New Development and Flooding

Within the parameters as defined by this policy the Council supports the delivery of
the actions and objectives to avoid an overall increase, reduce overall, and manage
flood risk as set out within the relevant SEPA Flood Risk Management Strategies and
the Local Flood Risk Management Plans.

There will be a general presumption against proposals for built development or land
raising on a functional flood plain and in areas where there is a medium to high risk

of flooding from any source, or where the proposal would increase the probability of
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flooding elsewhere. In addition, built development should avoid areas at significant

risk from landslip, coastal erosion, wave overtopping and storm surges.

Where a risk of fluvial/coastal flooding is known or suspected the Council will use the

flood risk framework shown in the diagram overleaf and considers that areas of:

(1) medium to high flood risk are not suitable for civil infrastructure;

(2) low to medium flood risk are suitable for most forms of development; and

(3) little or no flood risk shown present no flood related constraints on development.

All development within areas of low to high flood risk must incorporate a suitable
climate change allowance as well as a ‘freeboard’ allowance and the use of water
resistant materials and forms of construction appropriate to its function, location, and
planned lifetime relative to the anticipated changes in flood risk arising from climate

change.

To allow for adaption to increased flood risk associated with climate change,

development should not:

(1) increase the rate of surface water run-off from any site (taking account of rain

falling on the site and run-off from adjacent areas);

(2) reduce the naturalness of the river;

(3) add to the area of land requiring flood protection measures;

(4) affect the flood attenuation capability of the functional flood plain; nor

(5) compromise major options for future shoreline or river management.
Infrastructure and buildings should generally be designed to be free from surface
water flooding in greater than 0.5% rainfall events. A Drainage Impact Assessment
(DIA) will be required to consider pluvial flooding for any proposed development
greater than 1,000m2.

Policy 53: Water Environment and Drainage
Policy 53A: Water Environment

Development at any location and of any scale should protect and where practical
improve the water environment (ground and surface water) in accordance with Water

Framework Directive 2000/60/EC. The Scottish River Basin Management Plan has
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protection and improvement objectives which aim to ensure that there is no
deterioration of water body status and where possible secure long-term

enhancements to water body status.

Proposals for development which do not accord with the Scotland River Basin
Management Plan will not be permitted unless the development is judged by the
Council to be of significant specified benefit to society and/or the wider environment.
The only situation where culverting for land gain may be permissible is where a
development is of overriding public interest. A minimum buffer between a
development and a watercourse should be applied in keeping with the Flood Risk
Supplementary Guidance.

Policy 53B: Foul Drainage

Foul drainage from all developments within and close to settlements that have public
sewerage systems will require connection to the public sewer. In settlements where
there is little or no public sewerage system, a private system may be permitted
provided it does not have an adverse effect on the natural and built environment,
surrounding uses and amenity of the area. For a private system to be acceptable it
must comply with the Scottish Building Standards Agency Technical Handbooks and
applicants should also demonstrate suitable maintenance arrangements will be put

in place for communal systems.
Policy 53C: Surface Water Drainage

All new development will be required to employ Sustainable Urban Drainage
Systems (SUDS) measures including relevant temporary measures at the construction
phase. SUDS will be encouraged to achieve multiple benefits, such as floodwater
management, landscape, green infrastructure, biodiversity and opportunities to
experience nature near where people live. Ecological solutions to SUDs will be

sought and SUDS integration with green/blue networks wherever possible.
Policy 53D Reinstatement of Natural Watercourses

The Council will not support development over an existing culvert or the culverting
of watercourses as part of a new development unless there is no practical alternative.
Where deemed necessary it will be essential to provide adequate access for

maintenance. Existing culverts should be opened and redundant water engineering
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structures removed whenever possible to benefit wildlife and improve amenity and a
suitable riparian buffer zone between development and the watercourse should be

provided.
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3.1.

3.2.

3.3.

3.4.

Available Data

Review of the site location against the SEPA flood maps® shows that the site is partially affected
by the Medium (0.5% annual chance of flooding) to High (10% annual chance of flooding)

likelihood of fluvial flooding extents.

SEPA flood maps are based on strategic scale modelling, which is not considered appropriate
for use for site-specific assessment of flood risk. It was therefore recommended that a bespoke
hydraulic model be created to determine the fluvial flood risk to the site. This is discussed further

within Section 6 of this report.

SEPA Phase 2 Light Detection and Ranging (LIDAR) data is available for the site and its
surroundings, at a horizontal resolution of 0.5m. This is considered to be the best available
terrain data available at the time and has been utilised to provide a high-level overview of the

topography of the site.

The data shows that the topography of the surrounding area is generally flat with land rising
towards the north. Elevation within the site itself ranges from 208 m Above Ordnance Datum

(AOD) to 205m AOD with the low point located adjacent to the River Tummel (Figure 3).

3 https://map.sepa.org.uk/floodmap/map.htm
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3.5.

,&&B}f"
:l Site Location |
— 1m Contours
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225m AOD

Figure 3: SEPA 0.5m Phase 2 LIDAR DTM (Base map and data from OpenStreetMap and OpenStreetMap Foundation (CC-BY-SA).

© https://www.openstreetmap.org and contributors).

Cross Section Data

As part of a wider topographic survey, cross section survey information, captured in May 2021,
is included as Appendix A. Each cross-section contained floodplain, bank, channel, and bed
elevations, as well as structural dimensions for selected bridges/culverts along the reach. A map
showing the cross section locations is shown in Figure 9. This includes two sections upstream of

Kinloch Rannoch Weir, and eight sections downstream.
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4.1.

4.2.

4.3.

aegaea

Water Environment

The River Tummel flows from southwest to northeast adjacent to the site, with the proposed
development located to the north of the river. The River Tummel is fed by a number of lochs,
including Loch Ba, Loch Laidon, Loch Eigheach, Loch Ericht, Dunalastair Water and Loch

Tummel.

Loch Rannoch outflows via Kinloch Rannoch Weir into the River Tummel. The River Tummel then

discharges into Dunalastair Water approximately 3.0km downstream.

The outflows released by Loch Rannoch are known to be controlled by 3 No. sluice gates (3m x
10m) located at Kinloch Rannoch Weir (KRW) — Figure 4. Information on how KRW operates has
been requested from SEPA and Scottish Southern Electric, however at the time of writing, it has

not been received.

Figure 4: Controlled discharge via sluice gates at Kinloch Rannoch Weir (KWR) and formation of hydraulic hump. Extracted from

‘Design of replacement vertical lift sluice gate for Kinloch Rannoch Weir', by KGAL and EESL (date unknown).
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5. Sources of Flood Risk

5.1.  SEPA's technical guidance* advises that a site-specific FRA should be undertaken where any
available information indicates there may be a risk of flooding (from any source) to the site,
and/or where the development of the site may increase flood risk elsewhere. Where a site-
specific FRA may be required, screening will determine the scope of the assessment and may

also be used to inform an appropriate and proportionate approach for the assessment.

5.2.  Flooding from watercourses arises when flows exceed the capacity of the channel, or where a

restrictive structure is encountered, resulting in water overtopping the banks into the floodplain.

5.3.  Review of the site location against the SEPA flood maps® shows that the site is partially affected
by the Medium (0.5% annual chance of flooding) to High (10% annual chance of flooding)

likelihood of fluvial flooding extents.

5.4.  Site-specific fluvial flood risk has been assessed in further detail using hydraulic modelling as
part of this Flood Risk Assessment. Details of this hydraulic and hydrological assessment are

presented and summarised in Section 6 of this report.

5.5, Pluvial flooding can occur during prolonged or intense storm events when the infiltration
potential of soils, or the capacity of drainage infrastructure is overwhelmed leading to

the accumulation of surface water and the generation of overland flow routes.

5.6.  Examination of SEPA's online pluvial flood maps show that the site is outside the pluvial flood
risk envelope. Isolated areas to the north and west of the site are at Medium (0.5% annual chance
of flooding) to High (10% annual chance of flooding) risk of surface water flooding (Figure 5).
The site is located outside of these areas and is therefore considered to be at low risk of surface

water flooding.

4 Technical Flood Risk Guidance For Stakeholders SS-NFR-P-002 (May 2019)
5 https://map.sepa.org.uk/floodmap/map.htm
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Figure 5 SEPA Surface Water Flood Hazard Extent Mapping (Source - SEPA)

5.7. Anecdotal information indicates that the B846 roadway to the north of the site experiences
flooding during rainfall events — which is likely attributed to the small High Risk area shown on

SEPA’s mapping.

5.8.  Furthermore - A Drainage Impact Assessment report® has been completed for the site, which
provides details with regards to how surface and foul water flows are being managed as part of

the development site.

5.9.  Thereport confirms that runoff generated within the site will be managed for up to and including

the 1in 200 year (plus climate change) critical storm event.

8 Housing Development Kinloch Rannoch — Drainage Impact Assessment HGA Consulting Engineers
(2026)
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5.10.

5.11.

5.12.

5.13.

5.14.

5.15.

5.16.

5.17.

Examination of the SEPA coastal flood risk mapping shows the site to be well outside the extents
of coastal flooding, including SEPA’s coastal future flood map extents, which incorporates the

potential impacts of climate change.

Flood risk from coastal sources can be considered to be low.

Flooding can occur from large waterbodies or reservoirs if they are impounded above the
surrounding ground levels or are used to retain water in times of flood. Although unlikely,
reservoirs and large waterbodies could overtop or breach leading to rapid inundation of the

downstream floodplain.

Examination of SEPA’s online reservoir flood map’ show the site to be located within the extents
of areas identified as being at risk from reservoir failure. The risk originates from two reservoirs,

Loch Ericht and Loch Rannoch.

However, it is assumed that any reservoirs will be regularly maintained, and the likelihood of

failure is low.

The risk of reservoir flooding can be considered to be low.

Groundwater flooding occurs in areas where underlying geology is permeable, and water can

rise within the strata sufficiently to breach the surface.

The British Geological Survey’s (BGS) mapping® shows the site is underlain by the Killiecrankie
Schist Formation composed of metamorphic bedrock. BGS mapping also shows that there are

superficial deposits of Alluvium - clay, silt, sand and gravel.

7 https://map.sepa.org.uk/reservoirsfloodmap/Map.html

8 British Geological Society - Geology of Britain Map Viewer

https://mapapps.bgs.ac.uk/geologyofbritain/home.html
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5.18.

5.19.

5.20.

5.21.

5.22.

5.23.

5.24.

5.25.

5.26.

5.27.

Due to the proximity of the River Tummel, it is possible that the water table at the site is in

continuity with the water level of the rivers.

According to the SEPA flood map, the site lies outside an area designated as potentially

vulnerable to groundwater flooding.

Ground investigation has taken place on site as detailed in HGA's Drainage Impact Assessment

document.

Of the 13 Trial Pit locations — groundwater was only encountered in 1 pit (Trial Pit 1), at a depth

of 2.1m below ground level, located in the northern regions of the site.

However, as the proposed dwellings do not include basements or any other form of sub-

terranean development - the risk of groundwater flooding is considered to be low

Sewers can be a cause of flooding where the drainage network has become overwhelmed, either
by blockage or due to local development beyond the designed capabilities of the drainage

system.

The site is situated in a remote, rural area with limited public drainage infrastructure present that
could pose a risk to the site. Any new drainage within the site would be designed to
accommodate the new development and non-return flaps will be installed to prevent backing

up into the site.

A Drainage Impact Assessment report’ has been completed for the site, which provides details
with regards to how surface and foul water flows are being managed as part of the development

site.
All foul flows will drain to the existing combined sewer north of the site.

All surface flows will be managed via a suitably sized infiltration basin south of the site, for up to

and including the critical 1 in 200 year (plus climate change) storm event.

® Housing Development Kinloch Rannoch — Drainage Impact Assessment HGA Consulting Engineers

(2026)
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5.28. Scottish Water have confirmed that:

o There is currently sufficient capacity in the Kinloch Rannoch Water Treatment Works to

service the development.

o There will be sufficient capacity in the Kinloch Rannoch (Dunalastair) Septic Tank to service

the development.

5.29. The risk of flooding from sewer sources can be considered to be low.

o Table 1 presents the flood risk scoping and screening summary for the proposed development
site. The screening indicated that fluvial flooding at the site is required to be assessed further

via hydrological and hydraulic analysis.
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Table 1: Summary of Flood Risk Scoping

Source of Preliminary Risk Oy L A Screening
Flooding Classification . Outcome
Review of the site location against the SEPA flood maps | Requires site
Fluvial (River) High — Medium | shows that the site is partially affected by the Medium (0.5% | specific
uvial (River
Risk annual chance of flooding) to High (10% annual chance of | assessment.
flooding) likelihood of fluvial flooding extents.
Pluvial (Surface Low Risk Low risk due to the site located outside SEPA's pluvial flood | Acceptable
ow Ris
Water) risk envelope. Risk
. Low risk due to the site located out with SEPA’s coastal | Acceptable
Coastal Low risk ) )
flood risk envelope. Risk
The site is located within the reservoir risk envelope, | Acceptable
Reservoirs Low risk however, any reservoirs in the vicinity will be expected to be | Risk
regularly maintained to prevent failure.
The site is located outside of SEPA's 'Potentially Vulnerable | Acceptable
Areas’ envelope. Risk
Ground investigation has taken place on site, and of the 13
) Trial Pit locations — groundwater was only encountered in 1
Groundwater Low Risk ) o
pit (Trial Pit 1), at a depth of 2.1m below ground level.
As the proposed dwellings do not include basements or any
other form of sub-terranean development — the risk of
groundwater flooding is considered to be low
The site is situated in a remote, rural area with limited public
. : : ) Acceptable
Sewer Low Risk drainage infrastructure present that could pose a risk to the el
is
site.
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6. Fluvial Flood Risk Assessment

6.1.

6.2.

6.3.

6.4.

6.5.

6.6.

6.7.

6.8.

In order to assess the fluvial risk of flooding from the River Tummel, a hydraulic flood modelling
has been prepared for the site. The hydraulic model requires inflow information for the River

Tummel, which has been established following a hydrological assessment of the catchment.

The aim of this hydrological analysis is to estimate incoming peak flows and hydrographs to

Loch Rannoch, as well as outflows released by KRW.

For the purpose of estimating incoming flows to Loch Rannoch, a conservative approach was
taken with inflow hydrographs directly taken from ReFH2. Given ReFH2 disregards open storage
as part of the rainfall-runoff model, the available storage in Loch Ba, Loch Laidon, Loch Eigheach
and Loch Erichtis not included in the analysis. This approach is a valid alternative in the absence

of operation and weir/gate discharge patterns that take place upstream of Loch Rannoch.

The outflows released through KRW were estimated by applying a bucket-spill analysis, which

is explained in further detail below.

At the time of writing, there was no available LIDAR DTM dataset for the wider River Tummel
catchment, which could be used to assess the contributing catchment to Loch Rannoch and
Kinloch Rannoch Weir. As such, the contributing catchment to Loch Rannoch was directly taken

from FEH online catchment database and is shown in Figure 6.
The FEH catchment to Kinloch Rannoch Weir is shown to be approximately 640.3km?.

The catchment contributing to Loch Rannoch was found to be predominantly rural, with human

interference limited to access roads and rural properties scattered across the catchment.

As expected, the geology across a catchment of this size varies significantly, with superficial
deposits comprising peat, head, glacial deposits, and alluvium. The bedrock formations
comprise mostly igneous rocks, including granite and granodiorite, and some limited sandstone

(Psammite).
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Figure 6: FEH Catchment (Basemap and data from Google Maps).

The main catchment descriptors for the FEH catchment are shown in Table 2 below. None of
the parameters has been adjusted prior to the estimate of inflow hydrographs. It is worth
reiterating that the impact of flood attenuation by reservoirs and lakes is not included within the

ReFH model structure, which has no process of representation of open storage.

Table 2: FEH descriptors for contributing catchment to Kinloch Rannoch Weir

Site reference | Area (Km?) BFIHOST19 FARL SAAR (mm) URBEXT2000
Kinloch Rannoch
. 640.3 0.364 0.65* 1776 0.0001
Weir (KRW)

* Not accounted for in ReFH rainfall-runoff engine

It is essential that climate change is accounted for during planning applications where there is

potential flood risk posed from either fluvial or surface water sources.
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The site is located within the Tay River Basin Region for the purposes of assessing peak river

flow climate change allowances.

SEPA's 'Climate change allowances for flood risk assessment in land use planning (version 4)'
sets out a 53% climate change allowance to peak flows in the Tay River Basin Region, up to year

2100.

This climate change allowance has been applied to the design return period of 200 years.

The estimation of peak flow hydrographs for the River Tummel followed a bespoke bucket-spill

analysis for Loch Rannoch.

In the absence of attenuation patterns provided in the lochs upstream of Loch Rannoch, the
analysis was informed by "unattenuated" inflow hydrographs at Kinloch Rannoch Weir, directly
extracted from ReFH2. This approach is therefore deemed conservative and acceptable in the
absence of additional information e.g. water levels in Loch Rannoch or outflow release/spill

patterns in the upstream lochs.

The bucket-spill analysis balances incoming flows to Loch Rannoch (ReFH2) against outflows
released via 3 No. sluice gates at Kinloch Rannoch Weir. The outflows released by the sluice
gates were estimated by specific discharge equations, provided in 'Sluice-Gate Discharge

Equations', Journal of Irrigation and Drainage Engineering (Prabhata K. Swamee, 1992).

Albeit no LIDAR dataset was available for the wider River Tummel catchment, SEPA's publicly
available LiDAR was available in the vicinity of Loch Rannoch. This information was used to
create a stage-volume curve for Loch Rannoch, based on 100mm volume increments generated
from LiDAR elevation contours. The stage-volume curve for Loch Rannoch is shown in Figure 7.
Note that the volume in the loch was estimated in relation to a reference water level of 203.96m

AQOD i.e. the normal water level in the loch measured on the day of the topographical survey.

The invert level of KRW was estimated as 201.72m AOD, based on a surveyed level of 204.97m
AQOD at the top of the gate and an assumed gate opening of 250mm. Note that the height of
the gates (3m) was available in 'Design of replacement vertical lift sluice gate for Kinloch

Rannoch Weir', by Kenneth Grubb Associates and Enterprise Engineering Services Ltd.
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Figure 7: Stage-volume curve for Loch Rannoch. Curve interpolated between 204.0m AOD and 206.0m AOD. "Zero" volume

refers to a normal water level of 203.96m AQOD in the loch.

o The initial outflow hydrographs at KRW assumed 3 No. sluice gates fully in operation for all
return periods assessed:
e Tin2year
e 1in 200 year
e 1in 200 year + 53% climate change
e 1in 1000 year

o However, it was found that the peak outflows had relatively small differences between each
other, given the volume available for attenuation in the reservoir. As such, the number of

gates in operation for each return period was assumed in accordance with Table 3.

Table 3: Peak outflows at Kinloch Rannoch Weir for different return periods. Assumed number of gates in operation.

No. of gatesin  Peak Outflow

Return Period

operation (I/s)
2-year 1 99.0
200-year 3 290.9
200-year 53%CC 3 308.6
1000-year 3 301.0

o The outflow hydrographs at Kinloch Rannoch weir, as well as the water level at Rannoch Loch

for the 200year and 200year53CC flood events are shown in Figure 8. The bucket-spill
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analysis assumes a starting water level of 203.96m AOD (as surveyed), and that the open

gates are in full operation from the start of the flood event.
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Figure 8: Outflow hydrographs at Kinloch Rannoch Weir and stage curves upstream of the sluice gates. Graphs for 3 No. sluice

gates in operation.

Model Build

The River Tummel is represented in 1D using the topographically surveyed cross sections in
ESTRY (version 2023-03-AC). Cross-sections included bed, top of bank, and floodplain levels.

Cross-section locations are shown in Figure 9.
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Figure 9: Modelled Cross-Section Locations (Base map and data from Bing Maps).

6.10. Based on aerial imagery and with reference to Chow's roughness guide'®, the channels were
allocated a roughness value of 0.035. Out of bank areas were allocated a roughness value of

between 0.05 and 0.12.
Channels and Structures

6.11. A total of 10 No. cross sections were used to construct the 1D domain. The location of the

surveyed cross section data is shown in Figure 9.

6.12.  One structure was included as part of the hydraulic model build, located between XSé6 and XS8.
Further details of the structures are presented in Table 4. The adjustable weir was not included

as it is accounted for within the hydrological assessment discussed above.

19 Chow (1959) - Open Channel Hydraulics
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Table 4: Structures represented in the hydraulic model.

Cross Section Label XSé6
Unit Type BARCH
Upstream Invert (m AOD) 200.67
Downstream Invert (m AOD) 200.67

Dimensions and inverts from cross section survey
data.

Comments

Boundary Conditions

6.13.  One inflow hydrograph was applied at the upstream end of the 1D domain using a 1d_bc layer
based on the estimated peak flow rates derived as part of the hydrological assessment. A Head-
Time (HT) boundary has been applied to the downstream boundary. This was created by running
the hydraulic model with an initial HT based on the surveyed water level, then extracting the
stage from the nearest upstream cross-section for use as a downstream boundary. The
downstream boundary varies for each event. Sensitivity testing has been completed on the

downstream boundary for the design event.
Design Events

6.14.  The model was simulated for the following events:
e Tin2year
e 1in 200 year
e 1in 200 year + 53% climate change
e 1in 1000 year

6.15.  All parameters were retained as default and a timestep of 2 seconds was adopted for the 1D

domain.
Model Results

6.16.  The hydraulic modelling results show water to remain in bank for all modelled return periods,

with the exception of the 1000yr event at XS3. In this event, flood levels are slightly elevated
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6.17.

above the left bank level, however flows will be confined to adjacent to the watercourse and not

impact the site.

Peak water levels, and adjacent bank levels, for cross-sections nearest the site are shown in Table

5.

Table 5: Peak Modelled Water Levels (m AOD)

Cross Level (m AOD)

Section Left Bank Level 200yr 200yrcc53

XS1 205.79 202.93 204.18 204.38 204.39
XS2 205.19 202.87 204.10 204.31 204.34
XS3 204.17 202.72 203.93 204.16 204.21
XS4 204.38 202.60 203.80 204.06 204.12
XS5 204.86 202.42 203.59 203.90 203.99
6.18.  The lowest ground level within the site is 205.13m AOD. The site is therefore not expected to

6.19.

6.20.

6.21.

6.22.

be located within the floodplain for all events.
Sensitivity Testing

Sensitivity tests were undertaken on the baseline model, including roughness, downstream

boundary, and blockage scenarios using the 1 in 200 year + 53% climate change flows.

An increase in roughness by 20% is shown to result in an increase of water level of up to 0.2m
within the vicinity of the site. The site is shown to remain sufficiently raised above modelled flood

levels for this scenario.

A decrease in roughness by 20% causes the model to go unstable. It is considered likely that

water levels would decrease as a result of this scenario.

A 50% blockage at XS6 was simulated by removing two of the four arch openings. Water levels
within the vicinity of the site were shown to increase by up to 0.87m, however it is noted that a

blockage of this magnitude is extremely unlikely.
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6.23.

6.24.

6.25.

6.26.

6.27.
6.28.

6.29.

aegaea

A 250mm increase in downstream boundary was shown to result in an increase of up to 0.19m
within the vicinity of the site. The site is shown to remain sufficiently raised above modelled flood

levels for this scenario.

A 250mm decrease in downstream boundary was shown to result in a decrease of up to 0.20m
within the vicinity of the site. The site is shown to remain sufficiently raised above modelled flood

levels for this scenario.
Summary

Full hydraulic modelling results can be found within Appendix B of this report.

The hydraulic modelling results show water to remain in bank for all modelled return periods,
with the exception of the 1000yr event at XS3. In this event, flood levels are slightly elevated
above the left bank level, however it is expected that flows will be confined to adjacent to the

watercourse and not impact the site.
Limitations & Stability

No negative depths were reported for the baseline simulations. The final cumulative mass error

for all baseline simulations was 0.00%.

The baseline simulations have a total of 2 warnings, however none of these are in relation to
model stability (Tno. 2583 and 1no. 1100).

The modelling exercise has made best use of the available data at the time of construction and

simulation.
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7

7.1.

7.2.

7.3.

. Flood Mitigation Measures

In accordance with criteria outlined in Policy 22 of NPF4, all new development must be located
outside of the predicted 1 in 200 year flooding envelope (plus climate change). The hydraulic
modelling exercise showed that the site is located above the maximum modelled water levels

up to and the 1 in 200 year plus climate change event.

It is recommended that the finished floor levels are set 600mm above the adjacent 1 in 200-year

+ 53% climate change event flood level.

Safe access and egress are expected to be available via the existing road (B846) to the north of

the site.
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8. Conclusions

8.1.  This FRA has been undertaken with reference to the requirements outlined in SEPA’s Technical

Flood Risk Assessment Guidance for stakeholders, with respect to the development at Land

West of Kinloch, Rannoch, PH16 5PR. It has been written to support a planning application and

has been prepared with due consideration to the nature of the proposed development to

provide the appropriate level of detail.

Source of
Flooding

Fluvial

Flood Risk Summary Table

A 1D hydraulic model of the River Tummel in the vicinity of the site was constructed in
ESTRY. Based on the modelling results presented in Section 6 of this report,
maximum flood levels are shown to remain in the banks. The site, and access road,
should remain unaffected during all events up to and including the 1in 200 year plus

climate change event.

Pluvial

Low risk due to the site located outside SEPA’s pluvial flood risk envelope.

Groundwater

The site is located outside of SEPA’s ‘Potentially Vulnerable Areas’ envelope.

Ground investigation has taken place on site, and of the 13 Trial Pit locations —
groundwater was only encountered in 1 pit (Trial Pit 1), at a depth of 2.1m below

ground level.

As the proposed dwellings do not include basements or any other form of sub-

terranean development — the risk of groundwater flooding is considered to be low

Coastal

Low risk due to the site located out with SEPA's coastal flood risk envelope.

Reservoir

The site is located within the reservoir risk envelope, however, any reservoirs in the

vicinity will be expected to be regularly maintained to prevent failure.

Sewer

The site is situated in a remote, rural area with limited public drainage infrastructure
present that could pose a risk of flooding to the site. The risk of sewer flooding to the

development is considered to be low.

8.2.  This Flood Risk Assessment should be submitted as part of the planning application to satisfy

both SEPA and Perth and Kinross Planning requirements.
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Appendix A - Survey Information
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Appendix B - Hydraulic Model Results
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