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SEPA SRS Flood Risk Assessment (FRA) Checklist Version 7.1 Last Updated: 27/11/2009
CHECKLIST

This document should be attached within the front cover of any flood risk assessments issued to Local Planning Authorities (LPA) in support of a development proposal which may
be at risk of flooding. The document will take only a few minutes to complete and will assist SEPA in reviewing FRAs, when consulted by LPAs. This document should not be a
substitute for a FRA.

Development Proposal

Site Name
Otago Lane. Glasgow
Grid Reference Easting: [257342 | Northing: |666789
Local Authority Glasgow City Council
Planning Reference number (if known)
Nature of the development Residential If residential, state type: |Flatted |
Size of the development site Ha
Identified Flood Risk Source: Fluvial Source name: River kelvin
Supporting Information
Have clear maps / plans been provided within the FRA
(including topographic and flood inundation plans) Yes
Has a historic flood search been undertaken? Yes
Is a formal flood prevention scheme present? No If known, state the standard of protection offered | |
Current / historical site use Flats, car park
Hydrology
Area of catchment 345]|km?
Qmed estimate 85| m°/s Method: | Gauged Record |
Estimate of 200 year design flood flow 189|m’/s
Estimation method(s) used * Pooled analysis If other (please specify methodology used): | |
If Pooled analysis have group details been included Yes

Hydraulic modelling method 1D steady Software used: HEC-RAS

If other please specify |
Modelled reach length ~2km m
Any structures within the modelled length? m Specify, if combination[Bridges, weirs |
Brief summary of sensitivity tests, and range:

variation on flow (%) 20+ %

variation on channel roughness 20

blockage of structure (range of % blocked) % Reference CIRIA culvert design quide R168, section 8.4

: 2.\\ conditions: Upstream Downstream

- m/pe [ Fow | [~ Normal depth ]
S E. PA' Specify if other | Specify if other |
e 2y does it influence water levels at the site? Yes No |

Has model been calibrated (gauge data / flood records)? Yes
Is the hydraulic model available to SEPA? No
Design flood levels 200 yearjariable across sitejm AOD 200 year plus climate changel |m AOD
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Flood Risk Assessment (FRA) Checklist Version 7.1 Last Updated: 27/11/2009

Estimate of 200 year design flood level m AOD
Estimation method(s) used Select from List If other (please specify methodology used): | |
Allowance for climate change (m) m

Allowance for wave action etc (m) m
Overall design flood level

Development

Is any of the site within the functional floodplain? (refer to
SPP7 para 16-18) No If yes, what is the net loss of storage
Is the site brownfield or greenfield Brownfield
Freeboard on design water level (m) 0.6]m

Is the development for essential civil infrastructure or If yes, has consideration been given to
vulnerable groups? No 1000 year design flood?, No
Is safe / dry access and egress available? Vehicular and Pedestrian| Min access/egress level m AOD
If there is no dry access, what return period is dry access
available? years
Max Flood Depth|
If there is no dry access, what is the impact on the access @ 200 year,|
routes? event: m Max Flood Velocity: m/s
Design levels Ground level m AOD Min FFL: mAOD
Mitigation

Can development be designed to avoid all areas at risk of
flooding? Yes

Is mitigation proposed? Select from List
If yes, is compenstory storage necessary? Select from List
Demonstration of compensatory storage on a "like for like"
basis? Select from List
Should water resistant materials and forms of construction
be used? Select from List

Any additional comments:

Approved by:|Michael Stewart
Organisation:|Kaya Consulting Limited
Date:]|14th September 2010

Note: Further details and guidance is provided in ‘Technical Flood Risk Guidance for Stakeholders' CLICK HERE

* ReFH not accepted by SEPA for flow estimates in Scotland. Any use of this method should be validated by the use of other, accepted methods.
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Introduction

Kaya Consulting Ltd was commissioned by Otago Street Developments Limited through David Narro
and Associates to carry out an assessment of the risk of flooding of a proposed development at Otago
Lane, Glasgow. The site is a brownfield site, located in a heavily urbanised area in the west end of
Glasgow. At present the site is occupied by existing residential buildings and car parking facilities.
The River Kelvin, flows south along the eastern boundary of the site. A flood risk assessment is
required to assess the risk from the watercourse and from surface water runoff from surrounding land.

The reach of the River Kelvin in the vicinity of the site meanders through a highly urbanised catchment
with steep banks and little floodplain storage.

The following work was proposed by Kaya Consulting in a letter of 12" January 2010;

1)
2)

3)
4)

5)
6)
7

Site visit and walkover survey

Liaise with council flooding officer with a view of obtaining any relevant information held by the
Council

Hydrological analysis for River Kelvin

Construction of mathematical model of reach of River Kelvin, to predicted flood levels close to
the site.

Assess the risk of surface water runoff entering the site from adjacent land.

Flood risk assessment based on the above.

Submission of a technical report summarising the study and its findings, including
recommendations. The report will be suitable for submission as a supporting document with
planning application and will confirm to the requirements of SEPA and Scottish Planning
Policy (SPP).

Information made available to Kaya Consulting Ltd for the study includes the following:

f
f
f

Location plan showing layout of existing site
River cross-section survey data collected for the purpose of this assessment
Topographic survey of the site collected for the purpose of this assessment

A general location map of the site is shown in Figure 1. The work carried out to assess the flooding
risk of the site and main findings of the study are summarised in the following sections.
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Figure 1. General Location Map
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2 National Policy Regarding Flooding, Return Period Definition and Climate Change

Scottish Planning Policy (SPP) was published in February 2010 (and supersedes a number of
Scaottish Planning Policy documents, including SPP 7: Planning and Flooding and some National
Planning Policy Guidance documents). SPP retains the main principle of SPP7 - that is new
development should not have a significant probability of being affected by flooding and should not
increase the probability of flooding elsewhere.

Some extracts from SPP are listed below.

fPlanning authorities must take the probability of flooding from all sources i (coastal, fluvial (water
course), pluvial (surface water), groundwater, sewers and blocked culverts) and the risks involved
into account when preparing development plans and determining planning applications.o

"Development which would have a significant probability of being affected by flooding or would
increase the probability of flooding elsewhere should not be permitted.”

"Prospective developers should take flood risk into account before committing themselves to a site
or project. The responsibility of the planning authority is to have regard to the risk of flooding when
preparing development plans and determining the planning applications, but this does not affect
the liability position of applicants and occupiers who have responsibilities for safeguarding their
property. Planning authorities should avoid any indication that a grant of planning permission
implies the absence of flood risk."

"Although ultimate responsibility for avoiding and managing flood risk still lies with land and
property owners, certain public bodies are expected to take a proactive role in managing and,
where achievable, lowering overall flood risk. The Flood Risk Management (FRM) (Scotland) Act
2009 places a duty on Scottish Ministers, SEPA, local authorities, Scottish Water and other
responsible authorities to exercise their functions with a view to managing and reducing flood risk
and to promote sustainable flood risk management. The main elements of flood risk management
relevant to the planning system are assessing flood risk and undertaking structural and non-
structural flood management measures."

"Section 42 of the FRM (Scotland) Act 2009 will, once commenced, amend the Town and Country
Planning (Development Management Procedure) Regulations (Scotland) 2009 so that planning
authorities will require applicants to provide an assessment of flood risk where a development is
likely to result in a material increase in the number of buildings at risk of being damaged by
flooding."

"For planning purposes the functional flood plain will generally have a greater than 0.5% (1:200)
probability of flooding in any year. Built development should only take place on the functional flood
plains where it will not affect the ability of the flood plain to store and convey water, where the
development will not be at risk of flooding and where the development will not increase the risk of
flooding elsewhere. There may be exceptions for infrastructure if a specific location is essential for
operational reasons or it cannot be located elsewhere."

"The risks associated with rising sea levels and coastal flooding should be taken into account when
identifying areas that are suitable for development.”
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Similar to SPP7, SPP also proposes a Risk Framework approach which identifies flood risk in three
main categories:

1. Little or no risk area (annual probability of flooding less than 0.1% (i.e. one in 1000 year
flood). No constraints to development due to flood risk.

2. Low to medium risk area (annual probability between 0.1% and 0.5% (i.e. between one
in 1000 and 200 year floods). Usually suitable for most development.

3. Medium to high risk area (annual probability greater than 0.5% (i.e. one in 200 year
flood). Generally not suitable for essential civil infrastructure such as hospitals, fire
stations, emergency depots etc., schools, care homes, ground-based electrical
telecommunication equipment unless subject to an appropriate long term flood risk
management strategy. The policy for development on functional floodplain applies. Land
raising may be acceptable.

If built development is permitted, appropriate measures to manage flood risk will be required and the
loss of flood storage capacity mitigated to produce a neutral or better outcome.

Residential, institutional, commercial and industrial development within built-up areas may be
acceptable if flood prevention measures to the appropriate standard already exist, are under
construction or are planned as part of a long term development strategy.

Undeveloped or sparsely developed areas are generally not suitable for additional development
unless the location is essential for operational reasons and an alternative lower risk location is not
achievable. Such infrastructure should be designed and constructed to remain operational during
floods. These areas may also be suitable for some recreation, sport, amenity and nature conservation
uses provided adequate evacuation procedures are in place. Job-related accommodation (e.g.
caretakers and operational staff) may be acceptable. New caravan and camping sites should not be
located in these areas.

“"Landraising, which involves permanently elevating a site above the functional flood plain, may
have a role in some circumstances.”

Proposals for landraising should satisfy five strict criteria (as listed in Para 208 of SPP).
"Major proposals for landraising should be promoted through the development plan."

"Watercourses should not be culverted as part of a new development unless there is no practical
alternative, and existing culverts should be opened where possible. If culverts are unavoidable,
they should be designed to maintain or improve existing flow conditions and aquatic life. A culvert
may be acceptable as part of scheme to manage flood risk or where it is used to carry a
watercourse under a road or railway."

"The Water Environment (Controlled Activities) (Scotland) Regulations 2005 requires all surface
water from new development to be treated by a sustainable drainage system (SUDS) before it is
discharged into the water environment, except for single houses or where the discharge will be
made into coastal water. Surface water drainage measures proposed as part of a planning
application should have a neutral or better effect on the risk of flooding both on and off the site.
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Where flooding is an issue, SUDS should be designed to mitigate the adverse effects of a storm
inflow into the watercourse or sewer."

Guidance on best practice in urban drainage in Scotland is given in Planning Advice Note (PAN) 61:
Planning and Sustainable Urban Drainage Systems, 2001 and PAN 69: Planning and Building
Standards Advice on Flooding, 2004.

The Water Environment (Controlled Activities) (Scotland) Regulations 2005 which came into force in
April 2006 bring new controls for discharges, abstractions, impoundments and engineering works in or
near inland waters. Any such work requires authorisation (licence) from the Scottish Environment
Protection Agency (SEPA) who are responsible for the implements of the Act.

21 Return period

The concept of return period is commonly used to describe the severity of a flood event. Return period
can be defined as the average number of years between the occurrences of events of a specified
magnitude. A 200 year event is likely to be equalled or exceeded once in 200 years when averaged
over a long period of time (hundreds of years). However, it can occur more than once or not at all in
any given 200 year period.

A better description of flood risk can be expressed in terms of probability. Statistically there is 0.5%
chance of the 200 year event occurring in any one year, 4.9% chance of occurrence in any 10 year
period, 22.2% chance of occurrence in any 50 year period, and 63.3% chance of occurrence in any
200 year period. Probability of exceedance for return periods varying from 2 to 1000 year over design
life periods varying from 1 to 200 years are shown below.

Probability (chance) of exceedance
Return Design Life (years)
Period (years) 1 10 30 50 60 100 200
2 0.500 | 0.999 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
5 0.200 | 0.893 | 0.999 | 1.000 | 1.000 | 1.000 | 1.000
10 0.100 | 0.651 | 0.958 | 0.995 | 0.998 | 1.000 | 1.000
20 0.050 | 0.401 | 0.785 | 0.923 | 0.954 | 0.994 | 1.000
25 0.040 | 0.335 | 0.706 | 0.870 | 0.914 | 0.983 | 1.000
50 0.020 | 0.183 | 0.455 | 0.636 | 0.702 | 0.867 | 0.982
100 0.010 | 0.096 | 0.260 | 0.395 | 0.453 | 0.634 | 0.866
200 0.005 | 0.049 | 0.140 | 0.222 | 0.260 | 0.394 | 0.633
500 0.002 | 0.020 | 0.058 | 0.095 | 0.113 | 0.181 | 0.330
1000 0.001 | 0.010 | 0.030 | 0.049 | 0.058 | 0.095 | 0.181

It is important to note that the concept of return period in flood studies assumes that the conditions
associated with flooding (catchment use, river and flood plain characteristics, hydrology, etc.) remain
largely unchanged with time. In practice, this is not necessarily the case when considered over long
periods of time. Therefore, return period predictions require to be treated with caution, and updated
regularly when additional relevant data becomes available, or significant changes take place in the
catchment, or when predictive tools are improved.
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2.2 Climate change

SPP states that:

"The design of new development should address the causes of climate change by minimising
carbon and other greenhouse gas emissions and should include features that provide effective
adaptation to the predicted effects of climate change. The changing climate will increase the risk of
damage to buildings and infrastructure by flood, storm, landslip and subsidence. Development
should therefore normally be avoided in areas with increased vulnerability to the effects of climate
change, particularly areas at significant risk of flooding, landslip and coastal erosion and highly
exposed sites at significant risk from the impacts of storms."

The most recent Scottish Government guidance with respect to climate change and flooding is
contained in the Research Report Climate Change: Review of Levels of Protection Offered by Flood
Prevention Schemes UKCIP02 update (2003). The analyses contained in this report suggests that
river flows in the West and South of Scotland could increase by up to 20% over the next 50 to 75
years. lItis therefore suggested that the above design flows are increased by 20% to obtain estimated
peak flows resulting from the effects of climate change over the next 50 to 75 years.

More recent climate change predictions (UKCP2009) are now available. However, more research is
required before practical guidance can be provided as to the impact that UKCP2009 have on extreme
rainfall and flooding across Scotland. Hence, at present this flood risk assessment utilises the results
of the Scottish Government's 2003 report (outlined above) to provide estimates of the impact on
climate change on flood flows.
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3 Site Location and Description

The site is located in an urbanised area in the west end of Glasgow. The site includes an existing
block of tenement flats and car parking facilities, as well as a vegetated embankment which slopes
down to the River Kelvin. The site is bounded to the north and south by existing buildings and to the
west by Otago Street. The River Kelvin flows to the east of the site, Figure 1 and Photo 1. Existing
topographic data indicates that most of the site lies above 19 m OD, with highest levels of 21 m OD
located adjacent to Otago Street. However, topography within the site slopes from west to east
towards the edge of the River Kelvin with ground levels falling to around 11 m OD along the eastern
boundary of the site.

The River Kelvin is a heavily engineered river which drains a catchment to the north of Glasgow.
Rising in the moors south east of the village of Banton, the river cuts through a typical steep upland
catchment before passing through Glasgow and flowing into the River Clyde at the Yorkhill Basin.
With an approximate reach length of 35 km and a catchment area of 350 km? at the site, the river
channel characteristics change from a small fast flowing burn in the upstream catchment to a wide
meandering channel at the downstream end of the reach.

Approximately 184 m upstream of the site the River
Bridgedo which serves the A82. The bridge2&mimpri ses
height and approximately 28 m wide. Located 49 m downstream of the site the river passes under the

Eldon Street Bridge. The bridge is of similar construction with masonry abutments and a single arch

spanning 20 m wide and 7 m high. Photos 2 and 3

Adjacent to the site the River Kelvin is approximately 23 m in width with a channel bed at 9.3 m AOD,
some 1.7 m below the eastern edge of the site. At the site steep banks extend down to the edge of the
river which is made up of trees and sparse vegetation. Upstream and downstream of the site the
channel has been heavily modified including; channelization where natural banks have been replaced
with flood walls, hydraulic structures such as bridges and weirs have been constructed and all natural
floodplains have been removed, Photo 4.

On the opposite bank of the river there is an area of low lying land (parkland and a large parking area)
that is protected from the river by a low wall. This area has an average surface elevation of around 13
m OD. Opposite the site the overtopping spill level in this area is at around 13.6 m OD, Photo 5.

Access to the site is off Otago Street which joins Great Western Road and Gibson Street to the north
and south of the site respectively Figure 3.

3.1 Historical flooding and previous work

The River Kelvin and surrounding area was affected by flooding in the winter of 1994. As is discussed
in Section 4, the return period of this event is likely in excess of 1 in 200 years. Overbank flooding
was recorded along the length of the Kelvin, e.g., it was reported that the Kelvin overtopped its banks
throughout the entire 20.5 km reach upstream of the Killermont Gauging station and flooding occurred
in the town of Kirkintilloch.

Figure 2 shows a photograph of flooding adjacent to the site, recorded soon after the peak of flooding
in 1994. The photograph indicates there was extensive flooding of the car parking area to the east of

Proposed Development at Otago Lane, Glasgow: Flood Risk Assessment 7
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the site. Water overtopped the flood wall upstream of the site and downstream of the site (shown in
Figure 2). During the flood event Kelvinbridge Underground station was inundated and the collapse of
a protective masonry wall allowed water to enter the abandoned Argyle Line Tunnel (entrance located
at the Eldon Street bridge) which caused extensive damage downstream at the exit of the tunnel.

Based on comparison of the photograph and available topographic survey data the flood level in the
river adjacent to the site is estimated to be around 14.1m OD. As shown in the photograph, during the
1994 event the river level was well below the level of much of the proposed development site (flat part
of the site on the same level of Otago Street is at around 19 m OD). However, the river rose up the
steep embankment adjacent to the site and approached the overtopping level of the vertical retaining
wall that bounds the river at the eastern part of the site.
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Photo 1: View of site from south-east
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Photo 3 View of Eldon Street bridge downstream of the site
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Photo 5: View from Eldon Street bridge looking upstream, showing vegetated bank which
forms western part of the site
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Figure 3: Detailed location map
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4 Hydrological Assessment

A hydrological assessment was undertaken for;
1 River Kelvin
1 greenfield runoff rate

4.1 River Kelvin

The site is located to the north of the River Kelvin, around 6 km downstream of the Scottish
Environmental Protection Agency (SEPA) gauging station, River Kelvin at Killermont (Station No.
84001). The catchment area of the River Kelvin at the Killermont gauge is 335.1 km?, while the
catchment area close to the site is 345 km?, measured from the FEH CD-Rom Version 3. Hence,
although the site is located a few kilometres downstream of the gauge the additional catchment
flowing to the Kelvin between the gauge and the site is relatively small. A comparison of key
catchment descriptors at the two locations is provided in Table 1.

Given the flow record at River Kelvin at Killermont, this assessment focuses its flood frequency
assessment at the gauge site and then scales the flows at the gauge to the site.

In accordance with the Risk Framework of SPP, for most types of development, the design period
against which the risk of flooding is assessed is 200-year (0.5% annual exceedance probability
(AEP)). However, as the proposed development is for flats, Glasgow City Council are likely to require
flood risk to be considered up to a 1 in 500 year event (0.2% AEP).

The industry standard Flood Estimation Handbook (FEH) methodology was used to estimate the
design flows in the River Kelvin at the location of the SEPA gauging station. Single site analysis of
recorded flows was carried out for the River Kelvin at Killermont gauging station and statistical pooling
group analysis was carried out using data from suitable regional monitoring stations. The FEH
recommends that when the length of records available at a site of interest is less than the return period
(i.e., in our case 200 and 500 years) the statistical pooling group analysis would normally be preferred
over the results of a single site analysis.

411 Single site analysis
The River Kelvin at Killermont gauging station is included in the standard FEH WINFAP3 database.

The River Kelvin at Killermont gauge has been in operation since 1947, although the station location
was moved in 1962. SEPA advise that only data from 1962 onwards should be used for hydrological
analysis as there were issues related to the accuracy of the site rating curve prior to 1962. As a result
data from 1947 to 1961 were not used in this analysis. Data was obtained up to 2008, giving 46
years of data.

Estimated return period flood flows and growth factors for generalised logistic (GL) distribution are
shown in Table 2 and Figure 4.
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Table 1: Key catchment descriptors for River Kelvin at the site and at the Killermont

gauge

Catchment Descriptor

River Kelvin at

EASTING (m)
NORTHING (m)
AREA (km?)
ALTBAR (m)
ASPBAR (°)
ASPVAR
BFIHOST
DPLBAR
DPSBAR
FARL
FPEXT
LDP
PROPWET
SAAR (mm)
SPRHOST
URBEXT1990
URBEXT2000

Killermont (SEPA River Kelvin at site
gauge 84001)
255800 257350
670550 666800
335.39 347.98
138 135
166 168
0.12 0.12
0.406 0.405
20.74 26.58
77.6 76.9
0.951 0.952
0.1124 0.1123
37.94 44.61
0.58 0.58
1258 1251
40.57 40.45
0.0604 0.074
0.0658 0.0804

Table 2. Estimated return period flows and growth factors for River Kelvin at
Killermont (single site analysis)

Return Period

Generalised Logistic

Growth Factor Instantaneous

(years) peak flow (m?/s)
1 81.4
S 1.195 97.3
10 1.342 109
25 1.563 127
50 1.759 143
100 1.987 162
200 2.254 183
500 2.681 218

Proposed Development at Otago Lane, Glasgow: Flood Risk Assessment 14



Kaya Consulting Ltd

Figure 4: Single site flood frequency analysis for River Kelvin at Killermont

Figure 5: Time series record of annual maximum flood flows for the River Kelvin at
Killermont station.
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