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Proposed Residential Development, St Fillans: Flood Risk Assessment

1.0 Introduction

Atholl Associates Ltd have been instructed by Denholm Partnership Architects, on behalf of St Fillans
Community Council, to carry out a Flood Risk Assessment in relation to a proposed village hall at St
Fillans, Perthshire. The proposed site is on the outskirts of the village, on land which lies to the south
of the River Earn.

Perth and Kinross Council, as planning authority, have requested a Flood Risk Assessment for the
proposed development. It is normal for a development of this type to be assessed for flood risk from
a flood with a return period of 1 in 200 years (for floodplain extents and landraising), and to take into
account the potential effects of climate change.

1.1 Scope and methodology

The scope of this Flood Risk Assessment is to assess and quantify flood risk to the proposed
development. Flood risk to the development will be assessed for a 1-in-200-year flood event.

To assess flood risk to the development, a topographical survey has been undertaken, including
surveyed cross sections through watercourses in the area near to the site and surrounding area as
appropriate. This has been done to enable hydraulic modelling to be carried out. The survey was
preceded by a site walkover to confirm the extent of survey required.

Using the FEH Statistical Method the Q200 flood flow in the vicinity of the site has been assessed and
applied in the hydraulic model. The results provided by the hydraulic model have been utilised with the
topographical survey to assess flood risk to the site.

Based on the assessed flood risk to the site, recommendations for the site from the perspective of flood
risk have been made.

This assessment is prepared using our best engineering judgement but there are levels of uncertainty
implicit in the historical data and methods of analysis. Details of the range of possible error in the
methods of flood estimation are given in the Flood Estimation Handbook (FEH).

This Flood Risk Assessment is carried out in accordance with the requirements of the Scottish
Planning Policy (SPP) (Scottish Government, 2020), the Planning Advice Note 61 (PAN 61): Planning
and Sustainable Urban Drainage Systems, PAN 69: Planning and Buildings Standards on Flooding
and BS 8533-2011 Assessing and Managing Flood Risk in Development Code of Practice 4.

This assessment uses a set of procedures originally set out in the Flood Estimation Handbook
(Institute of Hydrology, 1999) and embodied in the FEH and WINFAP software packages currently
used.
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2.0 General description of the site

The site of the proposed community facility is approximately 0.95 hectares in extent, and sits on an
area of ground which is in the form of a low mound, roughly triangular in shape, which lies on the
southern side (right bank) of the River Earn. The site is bounded to the north by the River Earn, to
the west by the eastern shore of Loch Earn, and to the south by a single-track unclassified road.

To the west of the site, lies the eastern end of Loch Ear, which is a substantial body of water with an
extensive catchment area. The levels in the loch (and the stretch of the River Earn which runs past
the site) are artificially raised by a weir approximately 100m downstream of the eastern end of the
site, which is part of the intake works for a large hydro scheme built in the late 1950’s and run by
SSE. The weir is a fixed concrete structure several meters high. Adjacent to the weir is the intake to a
tunnel connecting to Dalchonzie Power Station. There is also a fish ladder on the south side of the
weir. Although the intake is capable of taking a substantial flow, it is assumed that (as is normal
operating practice for hydro schemes), the worst-case scenario of a “hands off” flow will normally be
the setting during any substantial flood event.

On the north side of the river is the small village of St Fillans. The site can be accessed directly from
the village by an existing footbridge over the river. This footbridge is a relatively substantial structure,
in a single clear span constructed of concrete.

The footbridge connects with a path which runs down the western boundary of the site, parallel with
the loch shore and across a small causeway to link with the unclassified road. There is a second path
leading from the bridge along the northern boundary of the site, i.e. along the right bank of the River
Earn, again leading to a junction with the unclassified road.

The site is in part wooded but with an area of open ground roughly in the centre of the site. This open
ground is essentially the higher part of the site. Ground levels on site range from 97.4m to 101.0m
AOD. Significantly, to the south the site dips lower than the adjacent road, along a strip of marshy
ground which includes some ponded areas. The largest of the ponds is at the western end of this
feature, where the pond appears to be up to around 0.5m deep (based on surveyed levels). The main
pond is approximately 50m long by 20m wide. The other ponded areas are relatively small, and
appear to be the route of outflow from the pond eastwards to the River Earn.

Drainage of the majority of the site seems, based on topography, to be towards the ponds on the
southern boundary. It would appear that the natural outlet from the main pond would have been
towards the loch shore to the west. However this is blocked by the causeway on which the footpath is
situated, raising the level of the pond sufficiently that it overflows to the east and towards the river.
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Figure 2.1 - Location Plan (Excerpt from Drawing 5342_-_Location Plan. See Plans section of this report)
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It is proposed to build a community facility on the site consisting of a village hall, with car parking and
outdoor activity space. The vehicular access to the site would be from the south, of the unclassified
road. A proposed layout is shown in Figure 2.2 below:
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Figure 2.2 - Proposed layout (excerpt from Drawing 5342_SKO03_ Block Plan — see Plans section of this report)
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Photograph 1 - Left bank of the River Earn, just downstream of the footbridge, looking downstream.
Car parking area on left, in the distance on the left can be seen the main road through St Fillans (A85)

and some of the houses on the main street.

Photograph 2 - Looking upstream from hydro weir towards the stretch of the river downstream of the site.
On the left is the intake grill for the tunnel to Dalchonzie power station.
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Photograph 3 - River Earn flowing over hydro weir, with intake screen to tunnel
and fish pass structure on opposite bank.

Photograph 4 - View from downstream at the SSE hydro intake and weir (on left of picture) and retaining wall on right
(at street level of main road through St Fillans). On the left of the weir there is the outlet from the fish pass.
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Photograph 5 - Looking upstream along the River Earn past the substantial footbridge near the upstream end of the
river. A short distance upstream, Loch Earn is visible. On the opposite bank the landfall of the bridge is on the north
west corner of the site.

Photograph 6 - From the same vantage point as Photograph 5, looking across to the northwest corner of the site.
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Photograph 8 - From the same vantage point as Photograph 7, Iooklng east (downstream) along the River Earn.
The boundary fence of the site is on the right of picture.
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Photograph 9 - Looking south along the footpath next to the western boundary of the site. Loch Earn, which is at a
moderate level, is on the right of picture. The unclassified single track road on the south of the site is in the distance.

Photograph 10 - Further along the same path as previous photograph, showing where the path meets the
unclassified road, and the western end of the ponded arear on the left.
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Photograph 12 - From the same vantage point as previous picture, looking east towards the higher part of the site in
a clearing, where drainage testing is underway.
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Photograph 13 - Looking north on footpath, past the western end of the pond, and with Loch Earn shore on the left
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Photograph 15 - Looking east along line of “flood relief channel”. The vehicle in the distance is sitting roughly on top
of the culvert where the field entrance is situated. The culvert discharges onto the bank of the River Earn just beyond.

-

Photograph 16 - From the same vantage point as previous picture, looking west towards the main pond.
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Photograph 17 - From the right bank to the River Earn, at the eastern corner of the site, looking towards the hydro
weir which is approximately 100m downstream.

Photograph 18 - Feld access of unclassified road, at the eastern end of the site.
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Photograph 19 - Looking east along the southern boundary of the site. The flood relief channel is in the middle
distance, while further away the site testing is underway on the higher part of the site.

16
Ref: AAFR/BC/196b April 2021



Proposed Residential Development, St Fillans: Flood Risk Assessment

3.0 General Observations

The objectives of this flood risk assessment are to analyse flows in the watercourse, define
appropriate flood levels and flood plain extents in the vicinity of the site, and also to establish whether
there are safe means of access and egress from the site during flood events.

According to the indications in SEPA flood mapping, the site is almost completely within the 1 in 200
year (medium risk) floodplain. However, the mapping also indicates an area within the centre of the
site which is at high risk. This is clearly not the case, as the area indicated is actually the highest part
of the site. Hence, as is normally the case when considering flood risk at an individual site level,
further investigation is required. This will be checked by carrying out an assessment of flood levels in
the adjacent stretch of the River Earn (see section 5.0).

From a walkover of the site, it was apparent that the site is well above the normal loch level. Prior to
the building of the downstream hydro scheme, most of the site would be above the 1 in 200 year flood
level. However, the weir associate with the hydro scheme has high walls on either side which extend
up to approximately street level when compared with the adjacent main road, so it is not surprising
that there is a significant effect from the presence of the weir, and in effect (see discussion of results
in Section 5.0) the weir is in effect a downstream control which dictates flood levels in the river and in
the Loch Earn itself.

Also clear from the walkover is that the ground on the south side next to the unclassified road is
effectively a secondary channel when flood levels in the river and the loch are very high. Because of
this it is important to acknowledge that any vehicular access from the south will only be passable
when there are not high levels of flooding in Loch Earn. Also, equally important, this secondary
channel should not be blocked or restricted as a result of development. For this reason, it is
recommended that any vehicular access is formed in such a way that it either conforms to existing
ground levels (relatively inexpensive to achieve), or that the channel is spanned by a single clear
span at road level, with a soffit height greater than the design flood level plus freeboard (very
expensive, difficult to achieve, and very intrusive visually).

Flooding is also likely to restrict pedestrian access over the bridge during extreme flood events.
However it should be noted that:

e Pedestrian access is not provided specifically for the proposed development so providing the
community facilities are closed when high floods are predicted, no special arrangements
regarding the bridge should be required.

e Inorder to ensure appropriate measures are in place to close the community centre when
high flood levels are predicted, an appropriate emergency plan should be set out for the
facility, for display in the building and distribution to management committee members.

e Because of the vast storage volume and surface area of Loch Earn, changes in loch and river
levels upstream of the hydro weir will always be very gradual.

To gain a clearer understanding of the relative levels of the surrounding ground to the site, the flow
capacity of the watercourse, and the levels along the main access route to the development site, a
topographical survey, including cross sectional data along the main watercourse, was commissioned
from Benchmark Surveys in 2021 of the River Earn, and added to with a survey of the subject site
completed by Douglas Land Surveys in 2022. The relevant survey drawing is included in the Plans
section of this report (Drawing 0722-01 Topographical 1-250 (A1)), and in the cross sectional data set
out in Appendix A. The survey of the main site is included below as Figure 3.1
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Figure 3.1 - Existing site layout (excerpt from Drawing 0722-01-War Memorial — see Plans section of this report)

April 2021
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4.0 Estimation of flood flows

In order to define the extent and water surface level of the 200 year (0,5% probability) floodplain, we
have made an assessment of flood flows and flood levels in the River Earn using the FEH Statistical
Method, which is appropriate for rivers with larger catchments, significant storage, and reasonable
availability of gauged flows. The estimated flood flows have also been factored up by 35% to allow
for the potential influence of climate change (following established practice and in line with guidance
from the UK Climate Impacts Programme).

41 Flow estimation, River Earn

Based on catchment characteristics downloaded from the FEH Web Service (see Appendix A), flows
in the River Earn at St Fillans were estimated using the FEH Statistical Method. This was chosen as:

e There is good data for the river from the downstream gauging station at Aberuchill for the
River Earn

e The FARL value in the catchment is low (0.737). This is due to the very large volume of
storage just upstream in Loch Earn. Hence, clearly catchment storage is a key influence on
flowrates in the river. Upstream storage is not taken into account with the Rainfall Runoff or
ReFH2 methods hence these would tend to overestimate the flow in the river.

Hence the FEH Statistical Method was used for flow estimation in the River Earn, which gave results
as follows:

411 FEH Statistical Method
4.1.1.1 Estimation of Index Flood Qmed

In order to define the extent and water surface level of the 0.5% annual probability floodplain, we must
first estimate the Index Flood, Qwep, using the methods outlined in the Flood Estimation Handbook
(FEH).

There are no observed records available to us for the River Earn at St Fillans. Hence, flows will be
estimated using the Catchment Descriptor Method. This method uses catchment descriptors, and is
adjusted using flow records from suitable donor sites. This method is described in Volume 3, Chapter
13, of the FEH.

The catchment descriptors define various physical and hydrological properties and characteristics of
the land that forms the catchment upstream of the point of interest. The formula also includes variables
that define the statistical rainfall pattern within the catchment. There is a further adjustment to the
formula that accounts for the degree of urbanisation of the catchment.

The method produces the mean annual flood Quep — the index flood — which is the flood flow along the
river or floodplain that is statistically “exceeded on average every other year”. It is roughly equivalent to
the two-year flood. The exercise is done using the FEH and WINFAP software.
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Figure 4.1 - River Earn catchment boundary from FEH web service, for catchment contributing to
flow over the Hydro weir at St Fillans

The catchment descriptors used for the subject catchment are shown in Figure 4.2 below.
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Figure 4.2 - Catchment Descriptors for the River Earn based on catchment shown in Figure 4.1

The WINFAP-FEH estimation of QMED from catchment descriptors is 38.172m?/s.

4.1.1.2 Adjustment to Qmed based on selected donor sites

In order to make the estimation of Quep more accurate, it is necessary to use flow data from donor sites
with similar hydrological characteristics, where gauged information does exist for an adequate number
of years. An appropriate local adjustment to the estimate of Qmep at the subject site is then made. The
procedure uses several donor sites to estimate an adjusted Qwmep value which is then applied to the

subject site.

As discussed, in this case, there is a very good donor site in the downstream Aberuchil gauging site on
the River Earn. For the Aberuchil site, Q med = 38.172m?%/s

Ref: AAFR/BC/196b
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Using WINFAP software, the adjusted Quep value becomes 44.358m?%/s.

4.1.1.3 Flood Growth Curves

In order to estimate the magnitude of the range of possible statistical flood events which will occur in
this catchment, for example the flood that will statistically occur once in 200 years (the flood flow which
has a 0.5% chance of occurring in any one year), it is necessary to determine a flood growth curve and
a flood frequency curve. This is done by forming a “Pooling Group”, i.e. by selecting a group of other
catchments across the UK which have very similar characteristics to the subject site and which have
existing gauged flow records covering a statistically adequate number of years, and subjecting this
group to statistical analysis.

The catchment descriptors from the FEH Web Service are entered as a data file to the WINFAP
software, which collates a pooling group of similar catchments, subjects these to a statistical analysis,
and calculates a range of flows representing floods of different probabilities at the subject site.

The results can vary slightly, depending upon the chosen weighting of the statistical analysis, but
adopting the recommended “Generalised Logistic” (GL) technique, the watercourse flow results are as
follows:

Return Period Flow (m?3/s)
Q200 138.3
Table 4.1 Flow calculation results using FEH Statistical Method

The data and results for the WINFAP growth curve derivations are shown in Appendix A.
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4.2 Applicable Flowrates

Flood Risk Assessment

As previously discussed, only the FEH Statistical method was used for the River Earn, so the

outcome is straightforward.

For the Struie Burn, both the Rainfall Runoff and the ReFH2 methods were used, so it is necessary to
decide which is more appropriate. In this context it can be said that the ReFH2 method should be
more reliable, being a method developed with the intention of replacing the RR method. However, as
the result from the RR method is a higher flowrate, and in the interests of using the “precautionary
principle” we will carry out flood estimation for the Struie Burn using the RefH2 method flows, but
check the effects of applying the RR Method figure also. This is a very conservative estimate, being
almost exactly double the flow predicted by ReFH2.

Return Period Flow (m?3/s)
Q200 138.3
Q200 + CC 186.7

Ref: AAFR/BC/196b

Table 4.4 Applicable flowrates
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5.0 Predicted Flood Levels

Having estimated flood flows in the River Earn, flood modelling is required to analyse the watercourse
channels to see what level the floodwater would reach in each during the critical 0.5% annual probability
flood event.

5.1 River Earn flood modelling
5.1.1 Initial model

The watercourse between the sections is analysed using the HEC-RAS river analysis software, which
is generally recognised by the relevant authorities as producing verifiable results. The watercourse
has been surveyed on site over the length adjacent to the site and for some distance upstream and
downstream (see Drawing AA-FR-196b-002 - cross section location plan).

Manning’s n coefficients were selected for the site based on inspection of existing conditions, and
comparison with tabulated descriptors in tables of Manning’s values. Hence the following were
selected:

e Main channel: clean, straight, no rifts or deep pools, (medium value of n = 0.030 applied)

e Floodplains: scattered brush, heavy weeds (normal value of n = 0.050), and medium to
dense brush and trees in summer (normal value of n = 0.100), and tarmac (normal value
0.015)

Once appropriate Manning’s values had been selected, boundary conditions at the downstream and
upstream ends of the modelled length were modelled based on normal depth commensurate with
average channel gradients at each end.

Modelling included 3 in-line structures. These were
e a footbridge near the upstream end of the river (at Section 5.9) where it emerges from Loch

Earn

e amajor dam and intake structure at Section 4.4 associated with the SSE hydro scheme in this
area

e a masonry arch road bridge near the downstream end of the modelled stretch of the river (at
Section 2.1)

It should be noted that for health and safety reasons, the surveyed cross sections include depths to the
bed close to the bank at either side, with no measurement of deeper parts in the middle of the river,
apart from the loch at the entrance to the river, where a remote-controlled boat with a sensor was used.
When checks were taken of typical water depths by dipping from the two bridges, in both cases the
actual depth of water was approximately 1 meter deeper than is shown on the surveyed cross sections.
Hence the modelling results quoted below are conservative, and predicted flood levels downstream of
the hydro weir could be nearly 1m lower if it had been possible to survey the complete river cross
section.

Cross sections on the left bank generally extend as far as the main road, but do not include the ground
around and behind the private properties on the opposite side of the road. To avoid glass walls on the
model upstream of the hydro weir, the surveyed cross sections were extended using interpolated data
from OS mapping. This was also done from cross sections on the south side of the unclassified road
for the same reasons.

Results of the analysis are contained in Appendix D.

The analysis shows the level of the 0.5% (Q200) flood level using the flood flows derived above:
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Section Q200 Flood Q200 + 35%
Number Level Flood Level
(m AOD) (m AOD)
6.1 99.81 100.44
6 99.76 100.40
5.8 99.77 100.41
5 99.77 100.41
4.5 99.71 100.32
4.3 98.35 98.75
4 98.32 98.73
3 98.28 98.69
2.2 98.25 98.65
2 96.15 96.44
1 95.57 95.85

Table 4.1 — Predicted flood levels

The results show that for a 1-in-200-year event, flow in the River Earn would exceed channel capacity
and flood out in places over both banks in the stretch of the river which passes through the village of St
Fillans. There will also be flow along the secondary channel at the south side of the site, with depths
of up to 2.3m indicated at the cross sections modelled.

At the dam itself, the river is predicted to stay in-bank even for the Q200 plus climate change scenario,
and downstream of the hydro dam, flood flows are generally in-bank (there are some glass walls on the
modelling results for the right bank further downstream, which are a reflection of the lack of survey data
on the right bank rather than any particular indication of flooding).

As might t be expected, given that the river reach that passes the site is controlled by the downstream
weir structure, velocities of flow are relatively low. For the 1 in 200 year flow, velocities in the stretch
adjacent to the site range from 0.44m/s to 1./11m/s. Hence, the danger of e.g. erosion of bridge
abutments at the pedestrian footbridge is limited.

Appendix D contains details of the HECRAS analysis, including plots of the watercourse cross-sections
and the water surface levels appropriate to the values above.

The predicted flood extents for the Q200 and Q200+CC flows are indicated in Figure 4.1 below, and
show that the site would in theory be accessible from the pedestrian bridge up to the 1 in 200 year
event, but that there would be effectively an island in the middle of the site on which the proposed
building would stand. For future flooding taking into account climate change, the building would
remain flood free but on a relatively small island with limited freeboard.
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5.1.2 Sensitivity Analysis

Sensitivity analyses were carried out to check the effect of a variation in flow rate, of variation in
Manning’s ‘n’ values, and of variation in downstream boundary conditions. Only levels upstream of the
hydro intake/weir are critical to the analysis for the subject site, and hence only Cross Sections from
5.0 to 6.1 are listed below and in the following sections regarding sensitivity analysis.

The following table compares predicted flood levels for the Q200 and Q200 + 35% (Q200 plus climate
change) flood events.

Section Flood Level Variation in
Number (m AOD) level(m)
Q200 +35%
5 99.81 100.44 0.65
5.8 99.76 100.40 0.64
6 99.77 100.41 0.64
6.1 99.77 100.41 0.64

Table 5.2a - Sensitivity analysis — variation in flowrate

The above results show that an increase in flood flow of 35% would have a moderate effect on flow
depths. This would cause out of bank flow on the left banks, resulting in depths of up to 300mm on the
main A85 road through St Fillans. On the south side of the site, predicted flood depths on the
unclassified road would increase from up to 0.75m up to nearly double at 1.4m (at Section 5.8) but in
either case the southern approach would be impassable.

As there are good records of flow in the River Earn catchment, it is not anticipated that flow estimates
are likely to be particularly inaccurate.

Sensitivity of the model to changes in Manning’s n were tested, by increasing the initial (normal) values
for watercourse sections by 0.01:

Section Flood Level Variation
Number (m AOD) in level
Q200 Manning’s n (m)
increased by
0.01
5 99.81 99.78 0.03
5.8 99.76 99.79 0.03
6 99.77 99.79 0.02
6.1 99.77 99.83 0.06

Table 5.2b — Sensitivity analysis — variation in Manning’s n

The above results show that the increase in roughness values does not result in significant variation in
predicted flood levels.

Sensitivity of the model to changes in the downstream boundary conditions were tested, by increasing
the initial gradient determining normal depth by 10%.
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Section Flood Level Variation
Number (m AOD) in level
Q200 Downstream (m)
Gradient
increased by
10%
5 99.81 99.77 0.04
58 99.76 99.77 0.01
6 99.77 99.76 0.01
6.1 99.77 99.81 0.01

Table 5.2c — Sensitivity analysis — variation in downstream gradient

As can be seen in the results above, the increase in downstream gradient does not significantly affect
predicted flood levels near the site.

5.1.3 Flood levels including bridge blockage scenario

The flows in the reach adjacent to the subject site are clearly controlled by the downstream hydro weir,
and hence by inspection, a bridge blockage at the masonry arch bridge at the downstream modelled
length of the river (at Section 2.1) would have no effect on flood levels at the subject site.

The hydro weir is an open-topped and relatively wide structure, with a smooth ogee type profile. Hence,
it is not likely that a significant blockage due to debris could occur at the weir. Therefore, no bridge
blockage scenario is relevant to this flood risk assessment.
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6.0 Proposed mitigation and management of flood risk

The results of the flow estimation and flood modelling exercise for the 1 in 200 year flood scenarios
indicate that there is a significant flood risk to the site, which would affect significant parts of the site,
and would frequently make vehicular access from the south impassable. However, the site has well
designed and safe pedestrian access from the north for all flows up to and including the 1 in 200 year
flood.

The building should be sited on the highest part of the site in order to make it as safe as possible.
This will ensure that it will be safe from present day floods in excess of the 1 in 200 year event, and
that it will also sit above the future flood of 1 in 200 year including the effects of climate change.

An example of how the proposed mitigation strategy could be enacted is set out in AA-FR-196b-003 -
Mitigation Strategy Plan, an extract of which is set out in Figure 5.1 below, along with AA-FR-196b-
004 Key Features Plan, an extract of which is set out as Figure 5.2:
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Figure 5.1 - Extract from AA-FR-196b-003 Mitigation Strategy
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Fortunately, the predicted flood flows are not associated with high velocities or with sudden changes
in level. Extreme floods of the magnitude considered in this report would come on gradually with
sufficient warning to allow the site to be closed in advance. This is very important as the greatest risk
would be of anyone accessing the site in the dark and becoming disoriented while the facility is
surrounded by floodwater. For this reason, a site-specific Flood Emergency Plan should be
developed, and the resulting plan issued to all relevant stakeholders involved with managing the
proposed facility.

There should be a minimum freeboard above predicted flood levels of at least 600mm, relative to the
Q200+CC level. Hence, the minimum flood level recommended for the completed building is
101.04m AOD.

It should be noted that the proposed vehicular access should not be raised higher than existing
ground levels along the southern flood channel, as previously discussed. Hence in Drawing AA-FR-
196b-003 - Mitigation Strategy Plan, the proposed access route is indicated to follow the line of the
existing field access. The field access passes over a culvert which may be in a poor condition and
unlikely to be a suitable basis for a regular vehicular access. Hence it is recommended that as part of
the preparatory works, a new pipe culvert of a similar diameter is installed. It should be noted that the
proposed access will be subject to occasional flooding and should therefore have a reasonably
resilient construction. It is possible however that it will be subject to damage from time to time as a
result of flood event.

Although there is no indication that the proposed building would be at direct risk of flooding, it would
be prudent to ensure that the floor level of the proposed building has a suitable upstand above
surrounding finished ground levels of at least 300mm, and (as a further precaution) that buildings
should be constructed using water resilient methods and materials.

In order to avoid any increase in flood risk to third party property, surface water runoff generated by the
site should be dealt with following the principals of Sustainable Urban Drainage Systems.

Based on our findings and the above recommendations, it is possible to say that the development of
the proposed site will not cause an increase in flood risk to third party property, and that there will be
no resultant loss of flood storage.
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7.0 Conclusions

e The site will in parts be prone to flooding on occasion. Hence, the proposed building
should be sited on the highest part of the site in order to make it as safe as possible.

e There should be a minimum freeboard above predicted flood levels of at least 600mm,
relative to the Q200+CC level. Hence, the minimum flood level recommended for the
completed building is 101.04m AOD

e The floor level of the buildings should have a suitable upstand above surrounding finished
ground levels of at least 300mm, commensurate with good building practice.

e A site-specific Flood Emergency Plan should be developed, and the resulting plan issued
to all relevant stakeholders involved with managing the proposed facility.

e As a precaution, buildings should be constructed using water resilient methods and
materials.

e The proposed vehicular access should not be raised higher than existing ground levels
along the southern flood channel. Also, a new pipe culvert of a similar diameter to the
existing one is installed at the access.

e |t should be noted that the proposed access will be subject to occasional flooding and
should therefore have a reasonably resilient construction.

e Inorderto avoid any increase in flood risk, surface water runoff generated by the site should
be dealt with following the principals of Sustainable Urban Drainage Systems.

o The development of the proposed site will not cause an increase in flood risk to third party
property, and that there will be no resultant loss of flood storage.

We have used our best engineering judgement in this Assessment, and our calculations have been
carried out using the Flood Estimation Handbook, WINFAP, HECRAS and other standard hydrological
methods. We note that as with all such Flood Risk Assessments the accuracy of the results is only as
good as the data and statistical techniques used.
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Appendix A

River Earn:
Catchment characteristics from the FEH Web
Service and Results of WINFAP flow
estimation (FEH Statistical Method)
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Appendix B

Output from HECRAS model
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