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1.0

Introduction

Scott Wilson Ltd was engaged by Mr Alastair Stewart to undertake a Flood Risk
Assessment (FRA) for a proposed development site at Mounthocly Goll Range, near
Jedburgh in the Scottish Borders.

The development site is situated approximately 4km to the northeast of the town of
Jedburgh, jusl off the AB98, near the confluence of the Jed Water and the River Teviol. The
site is located within the Scottish Borders Council (SBC) local government area. The sile is
potentially al risk of flooding from either Ihe Jed Waler or the River Teviol. The land use
surrounding the sile is mainly mixed use agricultural land with localised areas of lrees,
shrubs and undergrowlh.

The adjacent River Teviat floodplain has a width of same 500 to 1000m. The proposed site
is located on an area of ground that is slightly raised above the general surrounds. Ten
miles further downstream, the River Teviot jolns the Tweed, which subsequently flaws into
the North Sea at Berwick-upon-Tweed.

This report has been prepared to assess flood risk lo support a future planning application,
since the site is shown to be prone ta floading on SEPA's Indicative River & Coastal Flood
Map.
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2.0

2.1

o at y Golf Range, Jedburgh - Flood Risk Assessmenl

Background

Site Description

Mounthooly Golf Range is sltualed in Mounthaoly, near Jedburgh. The proposed slte s
Iocated off the ABSS between Bonjedward and Crailing. The site, currently a golf range, is
accessible through a car park, serving Lhe golf range and an adjacent restaurant. A few
outbuildings are also part of the existing development.

The site location is shown in Figure 1 and the topographical survey of the site is shown in
Figure 2. Ground levels at the site are generally between 54.0m AOD and 55.0m AOD, with
the lowest points at 53.78m AOD.
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Figure 1: General Site Location

The proposed development comprises three housing plots with access through the adjacent
car park.

This report has been prepared to assess the flood risk associated with the site to inform a
potential future planning applicalion.
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2.2 Available Data
This FRA is based on information collected from the following sources:

Ordnance Survey 1:50,000 Landranger map — Sheet 74: Kelso & Coldsiream;

Ordnance Survey 1:25,000 Explorer map - Sheet OL 16: The Cheviol Hills;

SEPA indicative flood mapping;

SEPA’s gauging data for the .Jed Waler at Jedburgh gauging station and the River

Teviol al Ormiston gauging station;

= Scott Wilson, ‘Proposed Dwelling House: Mounthooly, Jedburgh — Flood Risk
Assessment', May 2007;

o Detailed lopographic survey of the site and levels across the River Teviot and the Jed
Water floodplains;

o Detalled HEC-RAS model of the River Tavict and the Jed Waler (from 2007) and the
proposed development site;

s A site visit on August 4", 2009;

« The Flood Estimation Handbook {Institute of Hydrology);

= Kjedsen et al., 'Improving the FEH Statistical Methad’ — Flood & Coastal Management
Conference, University of Manchester, July 2008;

s The SUDS Manual, CIRIA C697 (2007);
SPP 7, Planning and Flooding ~ Scottish Execulive, February 2004; and

e Extract from JBA Consulting, Jedburgh Flocd Study Final Report, May 2006.

2.3 FRA Terminology and Limitations

Within this repori, flood events are referred Lo in terms of thelr return period. A return period
does not predict the period of time that will elapse between such events; rather it Is an
expression of the probability of that event occurring in any given year. A flood of any given
magnitude may occur at any time, and fwo or more extreme evenls may occur in successlon
within any given year.

Table 4 summarises the return periods discussed in Lhis report, and the probability of lhese
flood evenis oceurring In any given year.

Table 1: Probability of Flood Events of Given Return Periods

Return Period Probability of Occurrence in any Year

1in 2 year (Q2) 50 %
1 In 5 ygar (@5) 20%
[Tin 20 year (Q20) 5%
1.in 100 year (Q100} %
1 in 200 year (Q200) .5 %
1in 500 year (Q500) 2%
1 in 1000 year (Q1000) 01%

Where the left and the right of the river are raferred 1o in this reporl, these are in relation to
an observer facing downstream.
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Flood flowrates and flood levels shown In this report are estimates based on a certain set of
data and an error band is associated with all such estimates.
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3.0 Regulatory Framework and Consultations

3.1 SPP7 - Planning and Flooding

SPP 7 develops a Risk Framework that characterises areas for planning purpases by their
annual probabiiity of flooding and gives the following planning response:

« Little or no risk area - less than 0.1% annual risk (1:1000 event) — no general
canstraints;

s Lowto medium risk area - 0.1% to 0.5% (1:1000 ~ 1:200) — suitable for most
development but nol essenlial civil Infrastructure such as hospitals, fire stations,
emergency depals, schools, ground based eleclrical and telecommunicalions
equipment; and

« Medium to high risk area - 0.5% (1:200) or greater — In built up areas with flood
prevention measures most brownfield development should be acceplable for essential
civil infrastruciure; undeveloped and sparsely developed areas are generally nol
suitable for most development.

SPP 7 stales that it is not national policy to add an additional allowance for ciimate change
above the 0.5% (1:200) probability but planning authorilies may do so i it can be justified,
taking account of the most recent United Kingdam Climate Impacts Programme scenarios
as applied to the area concerned, An allowance for ‘freeboard’ would be additional and may
be required as a response to local circumstances.

In terms of planning policy, SPP 7 stipulates that new development should not:

= Materially increase the probability of flooding elsewhere;

» Add to the area of land which requires protection by flood prevention measures;

o Affect the ability of the funclional floodplain lo altenuate the effects of flooding by stering
flocd water;

» Interfere detrimentally with the flow of waler in the floodplain; or

o Compromise major options for fulure shoreline or river management.

The functional floodplain is defined as the area that would store and convey floodwaler
during times of flood. For planning purposes SPP 7 defines the funclional floodplain as that
area thal will generally have a grealer than 0.5% (1:200) probabilily of floeding in any year.

3.2 Scottish Environment Protection Agency

This present study is based on work carried out by Scott Wilson in 2007 for an adjacent sile
at Mounthooly. SEPA objecied to that development. The planning application was
subseguently put o appeal and the Scoltish Ministers granted planning permissian (subjecl
to conditions) in December 2008,

As it was planned to base the present study on the earlier HEC-RAS model, SEPA was
consulled from at the outsel, SEPA's hydrologist (Mr M MacConnachie) requested thal the

Sertember 2408




Mr Alastalr Stewart
Proposed Development at Mounthooly Gelf Range, Jedburgh — Flood Risk Assassment

hydrology be reviewed, especially for the Jed Waler, and thal mare details of flood levels in
lhe Jed Waler (and associated storage) be provided in the final report.

3.3 Scottish Borders Council

SBC requires that SPPT and olher relevant policy and guidance preduced by the Scottish
Execulive be adhered 10 when preparing FRA's.

Based on other projects carried out in SBC area, design was based on 1:200 flood flows
included an allowance for climale change (+ 20%) and 500mm freeboard.
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4.0

4.1

Flood Flow Estimation

Catchment Description

The River Teviot flows parallel with the AG98 and within 800m of the proposed site.
Upstream of the site, approximately 500m to the west, is the confluence of the Jed Waler
and River Teviol.

The River Teviat has its headwaters southwest of the site. This watercourse drains 2
catchment area of approximately 711 km? upstream of Its confluence with the Jed Waler
and 860km* at Mounlhooly. Ten miles further downstream, the River Teviot Joins the
Tweed, which subsequently flows inte the North Sea at Berwick-upon-Tweed.

The Jed Water has its headwaters south of the site. This watercoursa drains a calchment
area of approximalely 147.3 km? upstream of ils confluence with the River Teviot.

The general surroundings are mixed use agricullural land with localised areas of trees,
shrubs and undergrowth. The adjacent floodplain has a width of some 500 to 1000m wide
in this area,

4.2 Hydrological Model — Options and Development

The industry standard for the assessment of flood flows in the UK is the “Fiood Eslimation
Handbeok” (FEH), published by the Institule of Hydrology in 1999, which replacaed the Flood
Studies Report (FSR). Current methods of flood flow estimation in the UK can be broadly
divided inlo two categories:

» Stalistical analysis pracedures using gauged data. The FEH recommends this as the
preferred methad in most instances;

» Rainfall-runcff based approaches using hydrological models and generating a runoff
hydrograph;

» Combinations of the above.

The FEH discusses the factors influencing the choice between the methods for flow
estimation. In general, fiood flow astimations determined by the Rainfall Runoff mathod are
typically more uncertain than those oblained from the statistical method. Furthermore, for
use of either methed, adjustments should be made by data transfers from nearby or similar
catchments. Further details relevant to the selection of the flood flow estimation method for
the subject site are provided below:

= Stalistical methods are generally more applicable lo large catchments exceeding
1,000 km®. The calchment of the River Teviol al the sita is slightly smaller than this
threshold. For large catchmants where it is considered unlikely to experience a
calchment-wide design storm, the stalistical approach should be used.

» A gauged record twice as long as the target relurn period (T) Is required to provide a
good degree of confidence in the statistical procedure applied to a single gauged site.
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The FEH recognises that this Is usually not possible due to the limited length of gauged
records available and recommends a pooled analysis be used from a group of
catchments to generate a gauged racord of five times the target return period. Furiher
details are provided below.

« Gauged flow data should always be used where possible. If gauged data is available
far more than twa or three years the stalistical approach should be used.

+ If no continuous flow record exists, but rainfall and flow dala are available for five ar
more flood events then the rainfall runoff method Is preferred.

Given gauging stations on both the River Teviat and the Jed Water, It was considered that
the statistical approach would provide the best representation of flood behaviour and
estimaled flows in the area. A range of rainfall runoff methods were reported in 2007 and
shawed lower values than the statistical approaches. It was considered at the time that the
ralnfall-runoff approach, Including the revitalised rainfall-runoff method, was less appropriate
than the statistical methods. However, for completeness, they are also reperied in this
study.

4,21  Statistical Methods

The statistical approach used in the FEH estimates the median annual flow rate, and applies
a probability distribulion {growth curve) in order ta derive the peak flow for any given return
period. Wherever possible, the mathod should incorporate local data, particularly in
estmating the median annual flow rate (Quep). It is recommended thal for gauged records
in excess of 13 years, Quep is laken as the median of the annual maxima series,

For a target refurn period of greater than 27 years and a gauged record length greater than
14 years, FEH recommends the use of pooled analysis to estimate the growth curve, and
that a single site analysis be carried out for comparison purposes.

The clasest flow gauge to Maunthooly on the River Teviot is Ormiston Mill and geuging data
for this site was downloaded from the Naticnal River Flow Archive via the Centre for
Ecology and Hydrology website. Annual maxima flow data were also obtained for the same
slation from BEPA'. A brief summary of the station is provided in Table 2.

Table 2: Ormiston Mill Gauging Station Summary

National River Archive  Reference 21008 ’
umbear
Grid Reference NT 702 280 J
Catchment Area 1110.0km” i
Mean Flow 19.87m’/s 4‘
Record Length 44 years (1961 to 2007) :
Distance from subject sila Approx. Bkm downstream of the subject
sile on the River Teviot !

* It fs noted that Annual Maxima provided by SEPA had some estaneous dala, which was comecled in SEPA's letter of
December 21, 20035 [see Appendx A}
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There is also a flow gauge on the Jed Water at jedburgh, and data for this station was
downloaded from the National River Flow Archive via the Centre for Ecology and Hydrology
website. Annua maxima flow data were also obtained for the station from SEPA. A brief
summary of 1he station is provided in Table 3.

Table 3: Jedburgh Gauging Station Summary

National River Archive  Reference 21024
Number -7 .
Grid Reference ~ NT@55214
Catchment Area 139.0km* 1
Mean Fiow 2.32m"/s
Record Length 48 years (1960 1o 2007)
Distance from subject site Approx. 3km upstream of the subject site
on the Jed Water

Following are descriptions of the hydrological approaches adopted In (A) the earlier FRA by
Scott Wilson for Mounthooly, and (B) this present report.

A. From Scott Wilson's 2007 FRA

Following the method oullined in the FEH, Quep at the subject site was obtained by
calculating a first estimate of the value using the subject site catchmenl descriptars. A value
was also obtained in this way for the gauged catchment. An adjusted value of Quep at the
subject site was then chtained by scaling the calculated value based on the ratlo between
observed and caloulated Qyep values at the gauged daner site.

A slatisticat pooled analysis was carried out using WINFAP sofiware to select a pool of
broadly analagous stalions around the UK, in arder to compile 2 combined record length of
1000 years (i.e. five times the 1:200 retumn period). Certaln stations with marked
discordance were deleted, leading to an overall record length of 928 years. lterations were
carrled out in order to modify the pooling group to increase the homogeneity and preserve
the pooled record length. This pooling group was then used to obtain a filted growth curve,
which, when applied to the median flow, Quep provides flow values for a range of return
periods.

The Quep values calculated by catchment descriptors and modified by the gauged donor
catchment were then applied to the growth curve in order to generate flood flows al each
key location for different relurn periods. These estimaled flows are shown in Table 4.
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Table 4: Qu, Flow Estimation ({from 2007 report)

Return Estimated Flow at Each Catchment
Period

Poaling Group Q(m?/s}

Jed Water Teviol at |” Teviot Upstream
Upstream Mounthooly Mounthooly

Mounthooly i 859.32km" 710.92km*
147.3km’

B. Updated Hydrology (see appendix B for details}

Since the 2007 report was Issued, a new FEH Dataset (i.e FED CD-Rom Ver2.0) and new
hydrological melhodology (Kjeldsen, 2008) have bean made avallable and as requested by
SEPA, the hydrology of the River Teviot and the Jed Water were reviewed.

SEPA's hydrologist {Mr M MacConnachie) asked for a single slte analysis to be carried out
for the Jed Water as the value obtained by SEPA at Jedburgh gauging stalion (205.5 m’ls)
Is significantly higher than the design flow of 162,2 ms adopted in Scott Wilson's 2007
study.

Following the msthod ouliined in the FEH, Jed Water Qygp at the subject site was obtained
using the data transfer and scaling technique. It is noled that the Jed Water Quep at
Mounthooly is lower than the Jed Water Qo at Jedburgh, despite being located
downsiream of the gauging station.

The use of a single sile growth curve is nol recommended by the FEH unless a record twice
as long as the required return period Is available. Although the gauged record at Jedburgh
has only 47 years of useable data compared to the larget return perlod of 200 years, a
single sile analysis was run, as requested by SEPA. The Generalised Lapistic distribution
was used for this stalislical analysis.

The pooling group of the River Teviot was also reviewed, given discrepancles in the original
AM data and the short recard used. The pooled growth curve of the River Teviol was
reviewed and re-developed, with 998 years of data (within FEH recommendad record
length). Data analysls showed that the pooling group was homogeneous and a review of
the pooling group was ol required. The Pearson Type Ul distribulions were used for the
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pooled growth curve analyses because data analysis showed thal this distribution gave an
acceptable fit and provided the most conservalive growth factars.

The Quep values calculated by catchment descriptors and medified by the gauged donor
catchmanl were then applied {o the growth curve in order lo generate flood flows at each
key location for different return periods. These estimated flows are shawn In Table 5 along
with the results of the earlier analysis,

The Quep at the site was also calculated from the gauged data at Ormiston Mill and
Jedburgh following the procedure recommended by SEPA and presented at the 2008 Flood
& Coastal Management Conference (Kieldsen et al.,, 2008). This new method gave lower
Quen values than the FEH method for both the River Teviot and the Jed Water, as detailed
below:

o Jed Water: 62.27 m‘/s compared to 67.77 m*/s using the FEH method; and
+ River Teviot: 214.28 m*/s compared to 301,31 m¥s using the FEH method

The values estimated using the new Quep method were nol adopted for conservatism,
Table 5: Q Flow Estimation (2009 Hydrology)

Estimated Flow - River Teviot Estimated Flow — Jed Water
Upstream Mounthaooly Upstream Mounthooly
Pooling Group Q(m/s) Single Site Q(m*/s)

Return | =
Period 2007 Report 2009 Hydrology 2007 Report 2009 Hydrology

Pooling Group Pocling Group Pooling Group Single Site

NEW NEW

FEH Queo | g0 FEH Queo | o

200Qyrs 162.19 | 203.85
200yrs +CC 72086 | 51883 194.83 24462 | 22531 |

4.2.2 Rainfall Runoff Methods

The FEH Rainfall-Runoff (FEH R-R) method applies a unit hydrograph to standardised
rainfall data in order to compule a final flood hydrograph. The FEH R-R method relies on
three key variables to reflect the catchment characteristics: TP(0) {time to peak of the unit
hydrograph), SPR (standard percentage runoff) and BF (base flow). Local data for
verification of the above parameters was not readily available, and therefore initial flow
estimales had inilially been estimated in the 2007 report using calchment descriptors only.
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In July 2005, a Defra/Enviranment Agency joint research project was completed, providing a
revitalised ralnfall runoff method. Using this methad, the unit hydrograph and losses model
used In the FSR/FEH RR approaches are replaced by three distinct components — a loss
mode!, a routing model and a baseflow model. The report stales that one of the main drivers
behind the research was concern thal the FEH rainfall mode! caused the FEH RR method to
overestimate design floods in comparison 1o statistical methods.

A basic assessment using the Revitalised FEH method was also undertaken in 2007 using
catchment descriptors to calculate peak flows, although the Revitalised FEH method
remains uncalibrated for return periods greater than 150years.

Finally the FEH also provides a methodology for improving the catchment descriplor
estimates of the three key variables defined above. Extreme event analysis resulls are
published within the FEH and the ReFEH repart for a wide range of catchments around the
UK, allawing a comparison to be made of calculated and ohservad events, and the
calculated parameters modified if appropriae. Danor catchments (i.e. Tyne Waler at East
Linton and Lyne Water at Lyne Station} were used to adjust flood flow estimales at
Mounthooly.

Although there are common features between the calchments such as the underlying
geology and maximum calchment altitude, there are also significant dissimilarities: the
catchment areas and maan flows for the Tyne and Lyne are significantly smaller than for the
Teviol. Discrepancies in calchment characteristics reduce the suitability of the donor
catchment for flow modification.

Flaw values for a range of return periods using bolh the FEH RR methad and the
Revitalised FEH method, with and without adjustment made in light of the Tyne and Lyne
Extreme Event dala, for the Teviot just upstream of Mounthooly were all lower than the
eslimated obtained using Statistical Analysis methods.

The various RR methods produced a range of results with a spread of over 200 ms (for
1:200 events). The maximum 1:200 flow on he Teviot upsiream of the Jed confluence,
estimated using the FEH Rainfall-Runoff Method adjusted by the Tyne Water, was 711 23
m?ls, approximately 10 m/s below the Statistical Pooled Analysis estimates al the same
lacation.
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4.3 Adopted Hydrological Approach

The FEH guidance indicates that for large calchments, defined as thase in excess of
1000km?, the statislical approach is favoured. Alihough smaller than 1000km?, the
catchmenl area of the Teviot at Mounthooly is certainly approaching this size, m 860km?.
Although no continuous flow data is required for effective application of rainfall runoff
methads, the FEH does advise 1hat specific dala for more than & knawn evenls is
necessary.

Acting on the recommendations of the FEH, it was considered that the statistical methods
were the most appropriate method for the subject site at Mounthaoly, both for the Jed Water
and the River Teviot.

Given SEPA's recent comments (see Section 3.2) and for conservatism, it was considered
that:

» The Single Site Analysis was more appropriate lo estimale flood flows in the Jed Water
upsitream of Mounthooly. The Single-Site statislical analysis method compares
satisfactorily to the JBA flood study and offers some degrea of conservatism compared
to the Pooled Analysis; and

e The Pooling Group analysis was more appropriate lo estimate flood flows in the River
Teviol upstream of Mounthooly. The 2007 estimale was conserved as It provides higher
and more conservative flow values, allhough recent hydrological methods suggest it
may be ovar-conservative.

The adopled peak flows can be seen in Table 6 below.

Table 6: Adopted Peak Flows

| Estimated Flow
Upstream

Mounthooly
Return Period Report {(m’Is)

Jed River
Water i Teviot

200yrs +CC

2 As calculated at Jedburoh gauging stalion. ta provide an additional degree of conservalism.
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5.0 Flood Risk Estimation

5.1

A hydraulic madel of the relevant reaches of the River Teviot and the Jed Water was
developed in 2007 to pradict flood fevels for another proposed development al Mounthooly.
The original model of the walercourse created using HEC-RAS was based on cross-
sectional survey infarmation obtained from Becker Geomatics (Surveyors). The survey
sections were laken at various centres along both the Teviot and the Jed, from upstream of
the confluence to downslream of the B6400 road bridge across the Teviol. Additional
surveyed cross-sections were racently obtained east of the Nisbet Bridge and used to
updale the downstream end of the model. Tha golf range at Mounthaoly is within this
madelled reach.

HEC-RAS can be used to calculate water surface profiles for gradually varied flow under
both subcrilical and supercritical flow conditions. HEC-RAS is also able to mode! the
hydraulic contrals that influence flows in the vicinity of tha subject site.

Assessment of Flooding Mechanisms

The site Is potentially subject to flood walers overtopping the banks of the River Teviot and
the Jed Water. Faclors relating to fluvial flooding at the sile are considered to be as follows:

» There are a series of embankments running parallel to the walercourses, set back by
between 10 and 200m, appraximalely 0.5-1m above surrounding ground levels;

» Oulwith river bank level the surrounding topography along the Teviat is largely flat, and
in some areas there is a slight decline in levels away from the watercourse;

= The Jed Waler is crossed by the Jedfaot road bridge (A698) upstream of the
confluence;

« Upstream of the AB98, the Jed Waler channe! does not have sufficient conveyance
capacity to convey extreme flood flows without bursting its banks. Outwith river bank
leve! the surrounding topography east of the Jed Waler slopes downward in an easlerly
direction, along the A698 and towards the sile;

e The land on the southern side of the Teviol is generally lower than on the northern side;

s Site Inspections and topographical survey work were carried out during the 2007 winter
and it was observed during these periods that the river flows were high and at the bank-
full limit on occasion;

= Appraximately 500m northwest of the site is the confluence of the Jed Water and the
River Teviol. Should the Jed Water peak flow coincide with the River Teviot peak flow
there Is the possibility of a flow path being formed paralle] with and on the south side of
the AG98;

s Downstream of the confluence and nearer the downstream end of the project area, the
River Teviol is crossed by the Nisbet Bridge (B6400).
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5.2 Hydraulic Parameters

The model of the watercourse was reviewed and updated to account for previous comments
from SEPA. The river system has been modelled as a series of channel cross seclions,
crossed by bridge where appropriate. There are two contribuling watercourses and ane
junclion within the model.

The embankments mentioned previously are modelled as a series of lateral weirs, allowing
flow to pass over them once water in the channel rises above their crest height. Water
exiting the channel in this way flows into a series of slorage cells, connected by weirs
representing natural storage divisions such as tracks, roads and topographical features.
Compared fo the 2007 mode!, the storage area (Jed 1) immediately south of the Mounthooly
Golf Range was split intc two, lo more accurately estimate flood levels adjacent to the site.

Locations of the cross-seclions and storage areas in the model are shown in Figure 3 and 4.

Cross-sections A & B were surveyed in 2009 and added to the 2007 model. interpolated
cross-sections were also included downstream of the Nisbet Bridge.
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Figure 4: Model Schematic (from the 2007 report)
The slorage Jed 1 was splitin two distinct Storage Areas, Jed 1A and Jed 3 both
located south of the AB98 but east of St Cuthbert's Way. The embankments and the
AB98 act as connecting weirs in the model.

An unsleady analysis approach was used, to allow for modelling of storage effects.

Channel and Floodplain Parameters

The Manning's Equation is used in HEC-RAS to estimate flow depths in river reaches
assuming normal flow conditions. Manning's 'n' values are used in this equalion to reflect
the roughness of ihe flow channel. Large Manning's 'n’ values imply higher degrees of
roughness and consequently higher flood levels, Manning's ‘n’ values salected for this
hydraulic study varied as follows:

« 0.04 for the defined channel line that was observed lo ba relalively straight and without
overgrown vegetation;

«  0.065 for floodplain areas outwith the channel with grass cover and limited taller
vegetation (e.g. shrubs and trees); and
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522

523

» 0.05 for floodplain areas downsiream of the Nisbet Bridge with are generally harley
fields and grassland.

These 'n’ values are within the range generally used although towards the conservative end
recommended in the HEC-RAS technical reference manual as well as In other standard
references.

Model Boundary and Initial Conditions

The upstream boundary condition was set to 'flow hydrograph', tributary flow conveyance
was set lo lateral inflow hydrograph and the downsiream boundary condition was settoa
narmai depth slope of 0.26 % using an energy slope estimated from the survey dala,
including surveyed floodplain slope.

A mixed subcritical and supercritical flow regime was adopted for hydraulic modelling
purpases lo account for both backwater effects as well as possible supercritical conditions
through the hydraulic controls and steeper portions of the walercourse.

Bridges and Control Structures

Both the A698 bridge crossing of the Jed Water and the BE400 Nisbel Bridge crossing of
the River Teviot were included in the medel to account for possible backwater effects.

Conlraction and expansion coefficients of 0.1 and 0.3 were used for gradual transitions.
Higher caefficients of 0.3 and 0.5 were adopted immediately upsiream and downstream of
the two bridges

Weir coafficlents of 2.6 were adopted for the embankment within the study reach {whether
along the channel or separaling slorage areas), as recommended for broad crested weirs in
HEC-RAS literature.

5.3 Hydraulic Modelling

5.3.1

Cdlibration

Two significant flocd evenls were recently recorded in the calchment, one in Octaber 2002
and the other in January 2005. SEPA provided photos and survey levels of Lhe trash line at
Nisbet (NGR NT 6747 2547 - upstream of the Bridge) and Cralling (NGR NT 6977 2530).
The data at Nisbel Bridge was used to calibrale the current model.

In the January 2005 event, a gauged flaw of 852m>/s at Ormiston Mill caused an eslimated
water level of 51.78m AOD (based on the trash line) upsiream of the Nisbet Bridge. The
recorded flow was used to estimate flows al Mounthooly by scaling using areal comparison
(similar to the approach used in the 2007 calibration), as detailed below:

o B85.64 m¥s for the Jed Water

o 413,01 m¥s for the River Teviot

The updated model was callbrated salisfactorily against the survey level provided by SEPA,
as shown in Table 7.
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Table 7: Model Callbration

Level recorded

2009 updated

Secticn Description by SEPA Medel
River Teviot— Section 8a | 30m upstream of Nisbet Sridge ~51.78m AOD 51.84m AOD
Ay Immediately upstream of o
River Teviot — Section 8b Nisbet Bridge 51.78m AOD 51.76m AOD

5.3.2

Hydraulic modelling was car
change events (the “design”

Summary of Model Results

ried out for the 1 in 200 year and the 1 in 200 year plus climate
flood event for the purposes of this study). Flood levels in the

vicinity of the site are shown in Table 8 below. For comparison, Table 8 also shows the
results from the 2007 FRA study.

Deiails of the cross-sections on the River Teviot and the Jed Water are shown in Figures 52

to 5c.

The effects of the higher estimated flows in the Jed Water Is greatest in the flood storage
areas, and particularly In Jed 1A, which is principally fed from the Jed upstream of the
Jedfoot Bridge. In this storage area, fiood level has increased by 750mm. As expecled, the
effect of the higher flows in the Jed diminishes further downslream, where flood levels are
affected by levels in the River Teviot and in adjacent storage cells.

Table 8; Hydraullc Model Results
Locatlons of cross-sections and slorage areas are shown in Figure 3 and 4.
Resulls of the 2007 model (where available) are shown for comparison in brackets.

Cross Section

Section

River Teviot - Section 5

Description

Immediately downstream

Water Level (

1:200 year

54,34 (54.48)

m AQD)

20% climate
change

54,55 (54,54)

River Teviot— Section 8

Adjacent to Mounthooly Golf
Range

54,10 (54.13)

54,20 (54.34)

Jod Waler — Section 2

Jed 1A”

Immediately upstream Jedfoot
Bridge (AGBSB)

Immediately adjacent to right-

hand embankment of the Jed

Water upstream AG98 -

approximately 150m west of
Eite

55.44 (55.57)

§5.33 (54.65)

5553 (55.75)

55.39 (54.65)
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Cross Section Water Level {(m AOD)

1:200 year +
Section Description 1:200 year 20% climate
change

Immedialely south of site,
Jed 3 (new) Tttt tolnd 53.57 (NA) 53,80 (NA)
Tevial 2 Sile 7s localed within Teviot2 | 53.57 (53.40) 53.81 (53.56)
Taviol 4 Approximately IO eeet OF T Ee i) 53.78 (53.56)

53.3

* Jed 1 slorage cell re-defined.

Sensitivity Analysis

A sensitivity analysis was undertaken to determine the sensitivity of flood levels to modeliing
parameler assumptions. The results are summarised below, and were found to have no
significant impact on flood levels within the subject site:

¢ Varying Manning's ‘n’ values by +/- 10% produces a maximum change In flood levels of
around +/- 50mm in the storage areas and the river cross-seclions;

e Varying weir coefficlent values by +/- 10% produces a maximum change in flocd levels
of less than 100mm in the storage areas and ihe river cross-sections.

The sensitivily analysis undertaken as part of the 2007 FRA indicated that an ‘error band' of
+- 150mm was considered appropriate for the estimated flood levels,

Although the model has been well calibrated and the above indicales a low sensitivily to
parameter assumptions, a freehoard to development levels would still be recommended. as
discussed below.

5.4 Flood Risk

5.4.1

Flood Risk to Existing Site

Il is considered that the flood standard required for this development would be the 1:200
year event with an allowance for climale change, as recommended by SEPA and described
previously in this report. The flood levels for the design event are shown in Table 7, and the
most appropriate flood level would be that of the storage area Teviot 2. In this slorage area,
the 1:200 + CC flood level is estimated to be 53.81m AQD.

The lowest points on the proposed development site are at levels of 53.83m AQD, and are
therefore marginally above the estimated design event flood level.
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542

Flood Risk to Proposed Development

The ground levals adjacent to the praposed plot 2 are between 53.83m and 54.26m AOD.
Therefare there would be virtually no freeboard above the dasign flood event level. The two
other proposed housing plots are however, located above the 54.0m AOD contour. The
flood levels for the design event ara shown in Table 8 and the mapped flood extents are
shown in Figure 8.

It would be recommended that a minimum freeboard of 500mm be allowed for any finished
flaor or underfloar cavity levels. It is also recommended that the housing be set with levels
200mm above levels of the access road and current ground, to account for possible
overland sheetlow. Consequently, the finished floor levels should be set at 2 minimum of
54.31m AOD.

The model shows significanl conneclivity between the storage areas around the site, with
floodwater overtopping the AGS8 west and east of the Mounthooly Golf Range, for over
24hours in some locations.

A maximum 900mm depth of waler over the ABS8 Is predicted east of the site i.e. at the
linkage between Jed 3 and Teviot 2, and between Jed 3 and Teviot 4), effeclively causirg
the road lo be flooded and impassable for a time. The maximum water depth predicted by
the madel west of the site is below 400mm. Although the AB98 is also shown as flooded
appraximately 100m west of ihe site, the predicled depth should nol prevent emergency
services to access the sile if required. Further consultation with the Fire Department and
SEPA may be required to confirm ihis.

The AB98 dips east and west of the sile, wilh elevated lavels inmediately south of the site.
Given this road profile, shown in Figure 7 below, it is considered that AG98 would be
overlopped at low points away from the site.
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Flgure 7 - A698B Profile near Mounthooly Golf Range

Flooding effects on the wider transpartalion networks in the area have not been assessed in
this raport.

In accordance with SPP 7, the proposed development at the existing Golf Range would not:

. Materially increase the probability of flooding elsewhere (provided appropriate
SUDS provisions are made on-site);

. Add to the area of land which requires protection by flood prevention
measures;

. Affect the ability of the functional floadplain to attenuate the effects of flooding
by storing flond water;

. Interfere detrimentally with the flow of water in the floodplain; or

. Compromise major options for future shoreling or river management.

Should the emergency services be satisfied that the site is accessible during design flood
evants the praposed re-development of the site would be considered ta conform to the
requirements of SPP 7 in respect of flood risk.
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6.0 Conclusions and Recommendations

Scott Wilson Ltd was engaged by Mr Alastair Stewarl to undertake a Flood Risk
Assessment (FRA) for a proposed development at Mounthooly Goll Range, near Jedburgh
in the Scottish Borders. The proposed site Is located within the Scottish Borders Council
{SBC) local government area.

This FRA has baen prepared in accordance with the CIRIA Report C624 (Davalopment and
Flood Risk), SEPA Policy No 41 as update (Development at Risk of Fiooding) and the
assoclated Technical Flood Risk Guidance and SPP7 (Planning and Flooding Policy). This
FRA has utllised best-praclise approaches as recommended in the FEH to determine the
peak flows in the River Teviol and the Jed Walter within the vicinity of the site during the 1 in
200 year storm event plus an allowance for climate change. A hydraulic model of the
junction between these two watercourses was develaped for an earlier study, including
potential overland flow paths and storages linking the two watercourses. This model has
been updated with new survey information.

The model results indicate thal the intended development area al the Mounthooly Goll
Range would be free of finoding during the 1:200 year retum period plus climate change
event. Although the AG98 would flood wes! and easl of Ihe site during design events,
maximum flood depths west of the site are not considered sufficient to prevent site access
for emergency services. However, further consultation with the Fire Depariment and SEPA
would be required to confirm this.

Therefore, the propesed development of three housing plots with access through the
adjacent car park is considered to conform to the requiremants of SPP 7 in respect of flood
risk. It is however recommended that a freeboard of 500mm above the dasign flood levels
should be allowed for when designing living accommodation floor lavels and at least 200mm
freeboard for access road levels to account for uncertainty.

This assessment has not considered pre and post surface water runoff rates for any
development at the sile. It is recommended that a Sustainable Urban Drainage System
(SUDS) is employed to minimise the potential effects of increased runoff, The development
of any SUDS system should be considered from the outset of any proposals in censultation
with SEPA, the Scottish Borders Council and Scottish Water.
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Figure 2 — Indicative Layout of Proposed Development
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Figures 5 — Hydraulic Model Cross-Sections

Figure 5a - River Teviot - Cross Section 5
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Figure 5¢c - Jed Water - Cross Section 2

Ewvaten (my

lhn_ua.g-:w.-wm Por  1|Pls@ TI00CC 16037000 7] Pnd FfandS 10002006 3} Pundl-200 18002009

e

and Jed 3

Towards S.A. Teviot 2

Note: Storage Area Jed 1 is connected to the Jed water upstream of the Jedfoot Bridge,
although the Jed Water is not shown {o overtopped its right-hand embankment immediately
upstream of the bridge.
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Figure 6 — Flood Envelope
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Appendix A - SEPA’s letter (Wendy Campbell) addressed to
SBC and dated December 21, 2005.
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""“fEEn'n};:cmealopmantl Our Rel:  WC/KM/SBC/2004/1004/
- Eakeenmenial Planning it Lt st
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Scattish Borders Council ;
Planning & Economic Development  **

Areg Office Cm :
High Street tho el oo o0 It telephoning ask for:
HAWICK 0 e e —eee- o Wandy Campbell
TD9 9EF il _

FAQ: Craig Miller Ceinnoigc- c 21 December 2005

Retha .. .
Dear Sir

TOWN AND COUNTRY PLANNING SCOTLAND ACT 1997
PLANNING APPLICATION: 03/01384/FUL :
PROPOSED ERECTION OF DWELLINGHOUSE, SITE AT FIELD NO 4666, MOUNTHOOL

Thank. you for your consultation that SEPA received on the 21" Oglober in connection with the
above. | can conflrm that SEPA's Flood Risk Hydrology depariment have now reviewed the iatest
information and comments sent in by Alastalr Burrell Associates {ABA) and would provide the
following comments in rasponse:

Unfartunately the fiow figure communicaied by SEPA Galashiels to ABA for the 8uariuary; 2005 -
floodzon;thg River Teviol at the ORFiEon Mill gatiging statiori'(i.e. 762 6umacs),swas incorrect. A
new member of staff In the Galashiels Office unforiunately applied the wrong rating equation to the
racorded stage value for thal event. Using the mosi appropriate high flow calibration for the station
(i.e. the ane SEPA have made reference to in previous correspondence on this application) the
tiow value of 8 January 2005 is 652.4 cumecs (approx. 100 cumecs lower). At the {ime, this event
had an estimated rarity of 1 in 53 years or an annual exceedance probability of 1.86%.
Incorporating this flood event inlo an updated flood frequency anaiysis, the 200-year (0.5% annual
exceedance probability) flood estimate at Ormiston Mill gauging station increases from 731
cumecs to 814 cumecs.

Subsequent 1o ABA's letter of 10 October 2005, ancther large flow event occurred on the River
Teviot on 12 Oclober 2006 which led to flooding in Hawick. The flow further downsiream at
Ormiston Mill during this event was less than in the January 2005 event due to the very localised
nature of the intense rainfall storm, i.e. it was predominanily centred over the upper Teviot
catchment, hence the flooding in Hawick. On 8 January 2005, the rainfall was more widespread
and the runoff contribution from the Jed Water and the Ale Water was more significant, resulting in
a higher peak flow as racorded at Ormiston Mill gauging station. The flow Yigure af Ormistor "Mill for e
12: Gctober 2005 Wwas:579.5:gumecs, which is s!lnﬂy—.las§:lhnn'theﬂc}obﬁ?ébﬂfa\’ram--at 600
cumets® Incomporating the 12 Dctober 2005 event into the ftood frequency analysis, the 200-year
{0.5% annual excesdance probability) flood estimate increases again from 814 cumecs to 846
cumecs. This greater record length, which incarporates the two large flows of 2005 (i.e. B January
2005 and 12 Cclober 2005) which are Rank 1 and 3 raspectively within the entire flow record from
1960, now estimates the 8 January event as a 1 In 43-ysar event (or 2.3% annual probability},

8
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Cansidering the abave, it can be appreciated that a flood greater than the estimated 200-year
avent has not occurred on the River Teviot at Ormiston Mill, s suggested by ABA. SEPA
understand why they thought this was the case and indeed have explained the reasons for this
above.

Flood frequency analysls Is embedded in statistical non-stationarity, and the occurrence of one or
two large evenls Increases the overall sample of floods analysed and may thus alter the design
fiow estimates from what they wera previously. This is & normal and accepted parl of the sclence
of statistical food analysis and that Is what has happenad here in 2005 with the occurrence of both
the Januery and October events. The total record (from 1960) is now 45-years In langth ~ the
largest event on record (January 2005) has an estimated return period of 43-years, which is
statistically sensible. The probability of experiencing the 200-year flood in a 45-year period of
record Is only 20%.

ABA praviously stated that the level of the Oct 2002 flood at the site was 52.96 mAOD, This {lood
axient reached tha very edge of the proposed site {or even Inundated a small area of It) as was
shown in & plan diagram previously supplied by ABA. The abserved level ABA now quate for the
January 2005 flood Is 53.10 mAQD, which is obviously higher than in October 2002, However, in
thelr most recent lstler, ABA state that the minfmum existing ground level Is 600mm above the
January 2005 flaod level. ?

Considering the January 2005 event Is now currenily assessed as a 43-year flood event, It remains
the oplnion of SEPA that the 200-year design fiood will inundate the developmen site, and indeed
the devetopmant sita lies within the Functional Floodplain. Praviously, ABA had not demonstrated
anything to the contrary as their overall approach to modelling flood risk at this site was considered
insufficient by SEPA. .

SEPA still recommend 1o the Planning Authority that ABA teke on board the advice provided by
SEPA in December 2004, with respect fo calibrating thelr madel to observed events - thare are
now three recent fiood events [nstead of ane which they can use (i.e. Oct 2002, Jan 2005 and Oct
2005) which will reduce the unceriainty In the roughness parameter estimation.

SEPA also stil recommend that the effect hal & high River Teviot has on the Jed Walter at their
confluence (whilst both ere in fload), should also be modelled. No previous assessment of the
flood risk from the Jed Water was made and the recommendation that this factor was looked at
was also detalied in SEPA's response of Dacember 2004, SEPA are unsure whether such analysis
has yet been underiaken. -

The advice contalned In this letter is supplied to you by BEPA in terms of Section 25(2) of the
Environment Act 1985 on the basis of information held by SEPA as at the date heraof. It Is
intended as advice solely to Scottlsh Borders Council as Planning Autharity in terms of the said
Section 25(2).

On the basls of the above comments, SEPA would wish to maintain thelr objection In
respect of this proposed development. In the event that the planning authority proposes to
grant planning permission contrary to ihis advice on flood risk the application must be
notified to the Scottish Ministers as per the Notification of Applications Direction 1997.

Continued../3
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The applicant/agent's appropriate SEPA contact for further lialson will be Allstalr Cargill
(Flood Risk Hydrologist), tel: 01738 627 889

Yours faithfully

Wendy Campbel!
Planning Officer

cc Alastair Burrell Assoclales, Windypetes, Lanton, Jedburgh, Scatland, TD8 68X
Scottish Borders Team Leader
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Appendix B - Hydrological Analysis

Single-Site Analysis at Jedburgh Gauging Station — Growth
Curve
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Pooling Group Analysis — 2009 Revised Analysis
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Pooling Group Analysis at Ormiston Mill Gauging Station —
Growth Curve (2009 revised)
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