Mill Burn Flood Risk
Review

April 2011

The Highland Council

“W X N

Mott MacDonald






Mill Burn Flood Risk
Review

April 2011

The Highland Council

Transport, Environmental and Community Services
Project Design Unit

Drummuie

Golspie, Sutherland

KW10 6TA

Mott MacDonald, Moray House, 16-18 Bank Street, Inverness IV1 1QY, United Kingdom
T +44(0)1463 239 323 F +44(0) 1463 251 599, W www.mottmac.com






Mill Burn Flood Risk Review
Mott MacDonald

Revision Date Originator Checker Approver Description

A 19 April 2011 M Nekula and L Cload P Whitefoot First Issue

G Hardyal

This document has been prepared for the titled project or Mott MacDonald accepts no responsibility or liability for this
named part thereof and should not be relied upon or used document to any party other than the person by whom it was
for any other project without an independent check being commissioned.
carried out as to its suitability and prior written authority of
Mott MacDonald being obtained. Mott MacDonald accepts no To the extent that this report is based on information supplied
responsibility or liability for the consequence of this document by other parties, Mott MacDonald accepts no liability for any
being used for a purpose other than the purposes for which it loss or damage suffered by the client, whether contractual or
was commissioned. Any person using or relying on the tortious, stemming from any conclusions based on data
document for such other purpose agrees, and will by such supplied by parties other than Mott MacDonald and used by
use or reliance be taken to confirm his agreement to indemnify Mott MacDonald in preparing this report.

Mott MacDonald for all loss or damage resulting therefrom.

Mott MacDonald, Moray House, 16-18 Bank Street, Inverness IV1 1QY, United Kingdom
T +44(0)1463 239 323 F +44(0) 1463 251 599, W www.mottmac.com



Mill Burn Flood Risk Review

Content

Chapter Title

Executive Summary

Glossary

1.1
1.2

2.1
2.2
2.3

4.1
4.2

5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8

6.1
6.2

Mott MacDonald

List of Appendices

Appendix A. Details of hydrological analysis

Page
iii
iv
Introduction 1
The Mill Burn 1
Scope & purpose of study 1
Background 1
Data sources 1
Historical flooding of the study area 1
Site inspection 1
Hydrology
Hydrological analysis 2
Hydraulic Model Review 4
Details of previous model 4
Review of previous model 4
Hydraulic Modelling 5
Model overview 5
Data sources 5
Amendments to model 5
Assumptions 6
Model runs 7
Sensitivity analyses 9
Model observations 10
Option modelling 10
Findings of Hydraulic Modelling 11
Indicative flood levels 11
Proposed flood alleviation scheme 12
Conclusions 16
18
19

284913/SNI/INV/01/A 06 April 2011
PIMS\284913\Documents\Iinternally Produced\Reports



Mill Burn Flood Risk Review
Mott MacDonald

A1 Rainfall-Runoff method 19
A.2. Catchment area review 20
A3. Urban area extent review 21
A4. Design flows — FEH Rainfall-Runoff Method 23
A.5. FEH Statistical Method 24
Appendix B. Model schematics 25
Appendix C. Model results 31
Appendix D. Drawings 38
Appendix E. Cross-sections and elevations 39

. 284913/SNI/INV/01/A 06 April 2011
Il PIMS\284913\Documents\Internally Produced\Reports



Mill Burn Flood Risk Review
Mott MacDonald

The Mill Burn is a small steep watercourse with much of its length located in the
urban area of Inverness. This report considers the flood risk associated with the
Mill Burn and its main upper tributaries in Inverness. For this study an existing
one-dimensional ISIS hydraulic model was reviewed and updated in order that
flood risk maps could be produced for the entire modelled length.

This study suggests that three areas are potentially at risk of flooding when
considering flood events up to the 0.5% AEP plus climate change flood. These are
the Castle Heather area, along Diriebught Road and the Harbour Road area.
Flood alleviation measures have been previously proposed for the Mill Burn in
these areas and were modelled and reviewed during the current study. In detail
the following works are proposed:

Castle Heather Area: The left bank of the Temple Burn is predicted to overtop
during the 50% AEP flood event. To alleviate flooding in the Castle Heather area,
it is proposed to construct a flood defence wall approximately 0.9m in height along
the left bank of Temple Burn from downstream of Castle Heather Road to Old
Edinburgh Road.

Along Diriebught Road: Overtopping of the left bank of the Mill Burn is predicted to
occur during the 20% AEP flood event. To alleviate flooding in this area a flood
defence wall is proposed along the left bank of the Mill Burn from approximately
80m downstream of Culcabock Road bridge with a height of approximately 0.54m
and follow the left bank to the area of Millburn Academy where the height would
be approximately 1.0m. To maintain access, it would not be possible to construct
the wall in front of Diriebught House. A flood relief channel behind Diriebught
House is therefore proposed to bypass this specific area with a control structure
within the existing Mill Burn channel to control downstream discharges.

Near the Harbour Road Bridge overtopping of the left bank of the Mill Burn is
predicted to occur during the 4% AEP flood event. Minor embankment alterations
could increase this to the 2%AEP. To convey higher flows the embankment levels
would need to be increased, the channel modified or the Harbour Road culvert
increased in capacity. Further option investigation would be required to confirm
works in this area.

284913/SNI/INV/01/A 06 April 2011
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AEP Annual Exceedance Probability. A flood with a 1% AEP has a statistical
probability of being reached or exceeded in each year of 1%. This is
often referred to as the “1 in 100 year flood”. It should be noted
however, that the occurrence of a flood event does not change the
statistical probability of another flood occurring.
0.5%AEP = 1 in 200 year flood
1%AEP = 1 in 100 year flood
2%AEP = 1 in 50 year flood
4%AEP = 1 in 25 year flood
10%AEP = 1 in 10 year flood
20%AEP = 1 in 5 year flood
50%AEP = 1 in 2 year flood

FEH The Flood Estimation Handbook is a Centre for Ecology and Hydrology
publication, giving guidance on rainfall and river flood frequency
estimation in the UK.

Functional floodplain The functional floodplain is defined in SPP as generally having greater
than 0.5% probability of flooding in any year (less than a 1 in 200 year
return period)

ISIS Industry standard computer hydraulic modelling software, developed by
Halcrow and HR Wallingford

mAOD Levels in meters above Ordnance Datum (Newlyn)

One-dimensional A numerical model in which water levels only change along the river,

hydraulic model. i.e. water levels across the channel are assumed to be the same.

THC The Highland Council

The report is a factual assessment of flood risk based on the existing available statistical information.
The flood risk assessment has been based on the information available at the time of study, to be used
to inform relevant parties, and to assist in the planning process. Mott MacDonald is not liable for, and
will not give a warranty against, actual flooding of the site, or damage as a result of said flooding.
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1. Introduction

1.1 The Mill Burn

The Mill Burn flows in a north-westerly direction from the Drummossie
Figure 1.1:  Mill Burn' Muir hillside through Inverness and into the Moray Firth. It is a steep

T TR watercourse with a gradient of approximately 1 in 40 with two main
tributaries Park Burn and Temple Burn.

The watercourse has been significantly modified, with the majority of
the channel having being straightened with uniform cross-sectional
profiles. There are a number of bridges and some sections of the burns
have long culverted lengths. Earth embankments have been
constructed along some reaches but these do not constitute formal

i flood alleviation measures.
'QE,,VﬁllburrrJ e -
] Lol As the burns are entrenched deeply down most of the hillside, the study

area comprised the residential and commercial regions surrounding the
burns from an elevation of around 50m AOD. The model extents are
shown in Figure 1.1.

Scope & purpose of study

The Highland Council (THC) commissioned various studies over the
years in an effort to gain an understanding of flooding mechanisms,
identify areas at risk of flooding and potential flood alleviation solutions
along the Mill Burn and its upper tributaries.

Mott MacDonald Ltd was commissioned by THC to review the studies
carried out to date and the existing one-dimensional ISIS hydraulic
model (reference M-P21-100y.DAT) for the Mill Burn watercourse
developed by Mouchel Parkman in 2005.

The aim of this review was to identify the flood risk currently posed by
the Mill Burn to properties, the transport network and critical
infrastructure. This information will be used to inform the design of a
flood alleviation scheme in accordance with the principles of the Flood

47 Risk Management (Scotland) 2009 Act.
[ Cas:le ‘.’:) @ ’Parks
Golfr;\\\Heather&\ r uarries ‘?//1—,
%  Bridge

- Watercourse

' Base mapping reproduced from OS Explorer data by permission of Ordnance Survey,
on behalf of the Controller of Her Majesty’s Stationery Office. Crown Copyright 2008.
All rights reserved. Mott MacDonald Ltd licence number 100026791
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2.1 Data sources

To undertake this review the following data and information were
collated and analysed:
Mill Burn ISIS model reference M-P21-100y.DAT produced by
Mouchel Parkman in 2005, supplied with accompanying report.
Topographical survey information showing cross-sections along
specific lengths of each burn surveyed for this project by THC in
February 2011.
Topographical survey information for other specific lengths of the
water course provided by THC.
Mill Burn InfoWorks model between the railway bridge and the A9
Culvert provided by THC.
LIDAR?
Ordnance Survey Maps
Data extracts from the FEH CD-Rom®

2.2 Historical flooding of the study area

Historic records indicate that there have been various flooding incidents
associated with the Mill Burn during 1997, 1999, 2002, 2003 and 2006.

During the course of these floods, residential and commercial
properties in the Castle Heather area, along Diriebught Road, along
Millburn Road and in the Old Mill Lane area have been affected. In
addition parts of Inverness Golf Course have been flooded. None of the
anecdotal flood records supplied included photos or any indication as to
the source or depth of flooding and as a result could not be used as
calibration data for the hydraulic modelling.

2.3 Site inspection

A site inspection of the Mill Burn, Park Burn, Temple Burn and
surroundings within the study area was undertaken on 15™ December
2010. Sample photographs from the site inspection are shown on the
model layout drawings contained in Appendix D .

284913/SNI/INV/01/A 06 April 2011
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3.1 Hydrological analysis
3.1.1 | High flow estimation methodology

The flood estimation methods as outlined in the Flood Estimation

Figure 3.1:  Main flow estimation Handbook (FEH) have been adopted to assess extreme flows in the Mill
Burn. The choice of method is dependant on a variety of factors, such
as:

catchment size and location;

extent of urbanisation within the catchment;

availability of gauged records;

catchment permeability.

-v_ : - For this review, the FEH Rainfall-Runoff (R-R) Method was used to
mbum ' e P g estimate flood flows at several locations within the Mill Burn catchment.

/ U { Tk, This is considered an appropriate method for small sized catchments
where it is difficult to identify suitable analogue sites.

However, an addition check using the FEH Statistical Method was
undertaken as a comparison. It was established that the statistical
method provides significantly lower estimates of the design flood
discharge compared to the rainfall-runoff method. Following a
precautionary approach, the R-R method was adopted and only
the R-R method is presented in this report.

Four main tributaries contribute to the Mill Burn and a number of urban
inflows are included in the hydraulic model to represent the whole Mill
Burn catchment. The R-R Method was used to calculate the discharges
at four main tributaries, i.e. Mill Burn (upper reach), Park Burn, Temple
Burn and an eastern unnamed tributary of the Mill Burn. The remaining
discharge was added gradually into the lower reach of the Mill Burn
proportionally to the area of each urban catchment. The total inputs of
all inflows were designed to achieve the estimated flood flow rates at
the downstream boundary of the model.

The estimated design flows for the four main tributaries and at the
downstream boundary are summarised in Table 3.1, with full details of
methodology given in Appendix A.

vk Bridge 3.1.2 | Impact of climate change
—  Watercourse

O Boundary points It is generally accepted that the Earth’s climate is changing. However

the predicted impacts of climate change, particularly in a quantifiable
state, are subject to significant uncertainty. The general trends across
the United Kingdom are for a more varied future climate, with greater

284913/SNI/INV/01/A 06 April 2011
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extremes of weather. This is likely to lead to an increase in both the
severity and frequency of flood events across the UK.

Research on three potential climate change options, based on different
greenhouse gas emissions scenarios, was undertaken for the UKCP09*
report. The key findings of the research are presented for 16
administrative regions throughout the UK. Although these scenarios
exist, guidance from SEPA® currently recommends adopting a
conservative allowance of 20% increase in peak flow. Such an
allowance has been adopted for this study for the 1% AEP and

0.5% AEP flood flows.

3.1.3 | Summary of design flows

Table 3.1: Mill Burn design flows at examined catchments

Mill Burn — Mill Burn at
ubper reach Unknown east Park Burn Temple Burn downstream
Design Flood (r'r:?Is) tributary (m%s) (m%s) (mls) boundary
NH 68650 43400  NH 6820043500  NH 68300 42900  (M'/S)
A NH 67850 45700
50% AEP (1 in 2 year) 0.88 0.14 0.31 0.54 3.13
20% AEP (1 in 5 year) 1.33 0.21 0.48 0.84 4.83
10% AEP (1 in 10 year) 1.58 0.25 0.57 1.01 5.76
4% AEP (1 in 25 year) 1.97 0.32 0.72 1.26 7.2
2% AEP (1 in 50 year) 2.40 0.38 0.86 1.52 8.7
1% AEP (1in 100 year) 2.82 0.44 1.00 1.76 10.14
1% AEP (1in 100 year)
including climate change 3.39 0.53 1.20 2.1 1217
allowance
0.5% AEP (1 in 200 year) 3.29 0.51 1.16 2.04 11.78
0.5% AEP (1 in 200 year)
including climate change 3.95 0.61 1.39 2.45 14.14
allowance

* The UK Climate Change Projections 2009, available by DEFRA
® SEPA (2010) Technical Flood Risk Guidance for Stakeholders, version 6

284913/SNI/INV/01/A 06 April 2011
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4.1 Details of previous model

A one-dimensional ISIS hydraulic model was developed by Mouchel
Parkman (reference M-P21-100y.DAT). The model covered the
following reaches:
Mill Burn from approximately 20m upstream of the southern
distributor road (B8082) culverts to downstream of the Millburn Court
culvert.
Park Burn was modelled from immediately downstream of the
southern distributer road culvert to its confluence with Mill Burn.
Temple Burn extended from just downstream of its confluence with
the Druid Burn to its confluence with Mill Burn.

A report was provided with the model, but there was no detail as to the
source or location of model cross-sections, inflows, or assumptions
made during development of the model.

Therefore steps were taken to provide confidence in the cross-sections
used in the model, as follows.:
During the site inspection cross-sections in the model were
compared to what was observed on site. This indicated that the
majority of the cross-sections were similar in shape to the observed
channel.
Where survey information was available, sections of the survey was
compared to cross-sections in the model and showed a reasonable
comparison in most places.

4.2 Review of previous model

The existing ISIS model was reviewed and a number of deficiencies
were rectified in the new model (refer to section 5.3). One issue was
that the model was an in bank model with no out of bank flow or
embankments in the model. Consequently, overtopping of the banks of
the burns was not represented in the model.

There was no overtopping mechanism incorporated at bridge or weir
locations. Without the overtopping mechanism, the model would allow
water to accumulate at the structure rather than flow over the structure
once it reached the top of the structure. The overtopping mechanism
therefore makes a difference to flood water levels predicted by the
model.

284913/SNI/INV/01/A 06 April 2011
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5.1 Model overview

The existing Mouchel Parkman ISIS hydraulic model was used as a
basis for the hydraulic modelling work. The model was modified in order
to incorporate out of bank flow and bridge overflow and the model was
extended both upstream and downstream to incorporate additional
development areas.

The revised model schematics can be seen in Appendix B.
5.2 Data sources

In order to construct the revised model, Mott MacDonald utilised
information from:
Cross-section data for the various burns provided by THC, from
previous surveys and from survey undertaken in February 2011.
Site measurements provided by THC for structures such as culverts,
trash screens and weirs.
LIDAR data to obtain road levels at the top of bridges and to extend
cross-sections.
Observations from the site inspection on 15" December 2010
related to channel roughness, bank profiles and location of
additional structures.
Details of the flood alleviation scheme from the ‘South West
Inverness Flood Relief Scheme — Mill Burn: Outline Design Report’
dated October 2005.
Cross-section data from an InfoWorks hydraulic model between the
railway bridge and the A9, provided by THC.

5.3 Amendments to model

Mott MacDonald carried out a number of changes to the initial model so
that the revised model represented the existing situation. The changes
included:
Extending the model downstream to the discharge point of the Mill
Burn into the Moray Firth.
Recalculating and repositioning the urban and rural inflows.
Extending the upstream reach of the Mill Burn to include the channel
in the area of Miller Road and Miller Gardens and the earth bunds
near Miller Road.
Incorporating spill units at the bridges and weirs to allow for
overtopping where necessary.
Incorporating additional bridges including the B8082 culvert along
Temple Burn, and a private road bridge on Harris Road.

284913/SNI/INV/01/A 06 April 2011
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Updating the lengths between cross-sections to correspond with the
descriptions for the cross-sections.

Replacing the single culvert at Castle Heather Road with three
rectangular culverts to represent the existing arrangement of three
900mm diameter culverts.

Increasing the diameter of the Park Burn culverts from 1.2m to
1.35m based on THC survey data.

Replacing the single weir near the sluices at the Auld Distillery with
two weir units representing the full length of the weir.

Splitting the model at Harris Road into an upstream and downstream
model.

5.4 Assumptions

A number of assumptions and modelling schematisation were made
when amending the model. These include:

Figure 5.1: Culcabock Road

B 1) At Culcabock Road Bridge the over bridge spill was set as the
ridge

opening in the wall at the downstream side of the bridge, as the wall on
this same side would generally prevent overtopping directly back into
the stream.

2) Culcabock Road Bridge is made of a semi-circular arch bridge that
has been extended with a rectangular section. The rectangular section
is on the upstream face and has been used as the shape for the head
loss calculation as this represents the most significant change in cross-
section on the watercourse at this point.

3) All circular culverts were replaced with rectangular openings with the
same soffit and invert but narrower in width (compared to the culvert
diameter) to provide an equivalent stage discharge relationship through
the culvert.

4) Near Dows Diner on the Temple Burn and on the Mill Burn upstream
of the southern distributor road, out of bank flow can leave the model,
as the natural gradient leads away from the watercourses. This is
modelled as a storage area.

5) Where cross-section data were not available from an alternative
source, it was assumed that the information in the Mouchel Parkman
model was correct.

6) Embankments are assumed not to breach during a flood and

measured embankment levels are assumed as low points.

284913/SNI/INV/01/A 06 April 2011
PIMS\284913\Documents\Iinternally Produced\Reports



Mill Burn Flood Risk Review
Mott MacDonald

5.5 Model runs

To assess baseline and ‘with-scheme’ flood water levels, un-steady
(adaptive timestep) simulations based on the AEP flows detailed in
Table 3.1 were carried out using the revised and proposed model
respectively. A minimum and maximum timestep of 1 and 5 seconds
respectively was used for the modelling.

5.5.1 Initial conditions

The initial conditions for all of the revised model simulations were
generated by running the model with a low flow that kept water levels
within the channel.

5.5.2 | Boundary conditions

The design discharges from the hydrological analysis, Table 3.1, were
applied as the upstream boundary conditions for the revised hydraulic
models. These were applied as unsteady hydrograph inflows using the
critical storm duration for each catchment. The hydrographs were
adjusted in order that the peak flows combined at the same time in the
model. For the urban inflows the peak discharges were maintained at a
peak level for three to four hours to ensure that the peak flows
combined in the hydraulic model.

The hydraulic model was split at Harris Road. The upstream part of the
model used a normal flow downstream boundary and the downstream
part of the model used a tidal boundary. The inflow to the downstream
model was taken 220m upstream of the boundary of the upstream part
of the model (upstream model node M1.255JD).

Tidal boundaries were obtained from the 2008 River Ness Flood
Alleviation Scheme report. The report uses an extreme water level
calculated from the 15 year data set at Clachnaharry and was signed
off by SEPA as part of the River Ness Flood Prevention Order. Tide
levels are considered to be independent to flows in the Mill Burn. The
majority of the Mill Burn model runs used a tidal level of 3.1mAQOD.

For sensitivity scenarios (refer to section 5.6), three tidal boundaries for
the Moray Firth were used in the model, namely 2.5mAOD (MHWS),
3.21mAOD (20% AEP tide) and 3.84 mAOD (0.5% AEP tide).

284913/SNI/INV/01/A 06 April 2011
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5.5.3 | Channel roughness - Manning’s ‘n’

Figure 5.2:  Park Burn The roughness of the river channel and floodplain was modelled using
Manning’s roughness coefficient ‘n’. This was determined from the site
inspection and standard tabulated values®.

The channel is heavily modified and straight along many of the
modelled lengths with floodplain areas mainly comprising of pavements
and park grassland as can be seen in Figure 5.2. A Manning’s ‘n’
roughness coefficient was taken as 0.03 for the river channel and
floodplains, to represent the conditions observed during the site
inspection. One exception to this was the Mill Burn channel upstream of
the Southern Distributor Road where Manning’s was taken as 0.04 due
to the burn being more overgrown and meandering. Sensitivity analyses
were undertaken on the value of Manning'’s roughness coefficient used,

as discussed in Section 5.6.

5.5.4 | Floodplain storage and over bank flow

LIDAR data were used to produce level thematic outlines to identify
potential floodplain storage areas where over bank flow could
potentially accumulate. Level area relationships were then developed
based on the LIDAR for these storage areas.

Upstream of Culcabock Road Bridge over bank flow areas were
incorporated as extensions to the channel cross-section. Downstream
of Culcabock Road Bridge a combination of spills, flood plain units and
reservoir units (storage areas) were used in ISIS to model out of bank
flow. These can be seen on the model layouts in Appendix D.

5.5.5 | Hydraulic structures

All bridges were modelled in ISIS using the USPBR unit for flat soffits
and an arch for arch bridges, using survey data to provide dimensions.
Where ISIS predicted a bridge would overtop a spill unit was provided
to bypass the bridge and the bridge orifice flow calculation was set with
a lower and upper limit of 0.1m. In some scenarios, it was necessary to
use a lower and upper limit of 0.15m to improve model convergence.
Fixed weirs were put into the model as weir units using survey
information. Where the river cross-section was wider than the weir, a
spill unit was included to bypass the weir.

284913/SNI/INV/01/A 06 April 2011
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In some places the channel was steep or there was a fall but there was
no formal weir. In these locations a NOTWEIR unit was used to
represent the relevant part of the watercourse.

Calibration and verification

Although historical records of flooding exist, the information obtained in
the records was vague with no indication of flood mechanisms or
photographs. In addition, the SEPA gauge on the burn is a secondary
site which is only accurate for in bank flows. It was not possible
therefore to calibrate or verify the revised model. Sensitivity analyses
were therefore undertaken to provide confidence in the modelling work.

Sensitivity analyses

Sensitivity analyses were undertaken on the revised hydraulic models
for the 0.5% AEP plus climate change scenario, see Appendix C for full
results. Blockage scenarios were only considered at those bridges
where water levels were predicted to be near the bridge soffit level.
Harbour Road and Old Edinburgh Road culverts were not investigated
because the out of bank flow immediately upstream of these bridges
would knowingly increase and as a result would distort any sensitivity in
levels. In this manner only Castle Heather Road Bridge and Culcabock
Road Bridge were investigated for sensitivity to blockage.

The following results were observed from the sensitivity analysis:
Adjusting the roughness coefficient by +10%, altered water levels by
a maximum of +0.10m (T1.895I, T1.900JU) and generally +0.05m
respectively in the upstream and downstream model.

The roughness coefficient was adjusted by -10%, this altered water
levels by a maximum of +0.07m (M1.210JU, M1.210WU,
M1.210WspU) and 0.08m (M1.413WU) respectively in the upstream
model and downstream model.

For the downstream model, reducing the downstream boundary
from 3.1m AOD to the MHWS level of 2.5m AOD, resulted in

a reduction in flood water level at the downstream boundary of
-0.2m up to the railway bridge.

Various inflows were modelled through the models. A 20% increase
in flow, this being the difference between the 0.5% AEP and

0.5% AEP plus climate change flow, resulted in water levels
changing by a maximum of +0.04 (M1.2301, M1.240I) and +0.12m
(M1.820JU) in the upstream and downstream model respectively.
A blockage scenario at the Castle Heather Road bridge increased
flood water levels by a maximum of +0.13m (T1.300JU, T1.300spU,
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T1.300U) in the upstream model. There was no change in the flood
water levels in the downstream model.

A blockage scenario at the Culcabock Road bridge increased flood
water levels by +0.21m just upstream of the bridge (M1.407i) and is
predicted to overtop the bridge.

In general the sensitivity analyses results indicate only minor variation
in flood water levels with a change in model parameters and therefore
the model is within reasonable limits of accuracy to be expected at
0.25m.

5.7 Model observations

It was noted that in some cases the hydraulic model predicted
supercritical flow due to the steepness of the channel. Slots were added
to the model cross-sections as standard practice to force subcritical
flow to be modelled. Little change in the flow depths were observed
from this modification.

The flood bank levels used as spills in the ISIS model were based on
cross-section data. The actual flood banks vary continuously in level
and thickness and could fail during a flood event at an AEP earlier than
predicted by the hydraulic model. As a result the out of bank flows and
levels predicted should be treated with caution.

5.8 Option modelling

A flood alleviation scheme was previously proposed by Mouchel
Parkman as a "Preferred Option". This preferred option proposed works
in Castle Heather area, Kingsmill Gardens and along Diriebught Road.
The revised modelling work undertaken predicts that works will only be
required in the Castle Heather area and along Diriebught Road, with
additional works in the Harbour Road area.

For the purpose of hydraulic modelling, the proposed measures were
assessed in the following stages with each stage adopting the stage
before:
Stage 1 - a flood defence wall on the left bank of the Temple Burn in
the Castle Heather area
Stage 2 - a flood defence wall along Diriebught Road, with the
exception of in front of Diriebught House, where a flood relief
channel runs behind Diriebught House due to limited space.
Stage 3 — constructing embankments along the Mill Burn upstream
of the Harbour Road Bridge.
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6. Findings of Hydraulic Modelling

6.1 Indicative flood levels

The hydraulic model predicts the following flood risk areas as shown on
Figure 6.1:  Flood Risk Areas Figure 6.1.

A. The left bank of the Temple Burn just upstream of Old Edinburgh
Road culvert is predicted to be overtopped during the 50% AEP event.

B. Out of bank flow occurs downstream of Culcabock Road. Flood
water leaves Mill Burn from the left bank and flows along Diriebught
Road before returning to the channel in the vicinity of Millburn Road.

C. The limited capacity of the Harbour Road and A9 culvert acts as a
constriction to the flow and is predicted to result in out of bank flow as
frequently as the 4% AEP event.

A list of locations with indicative flood water levels is given in Table 6.1.

Indicative flood extents have been determined for a range of design
events, based upon superimposing the modelled flood water levels on
the LIDAR ground level data. These are presented in Appendix D.

NV
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Table 6.1: Indicative flood water levels for locations along Mill Burn and its tributaries

Lowest Annual Exceedance Probability Flood Water Level (m AOD)
Ground
Location level Model Node
50% 20% 10% 4% 2% 1% 1%+CC 0.5% 0.5%+CC
(m AOD)
Left bank of Temple
Burn near Castle 36.93 |T1.405T 37.00 | 37.13 | 37.18 | 37.22 37.26 37.28| 37.31 | 37.33 37.33
Heather
2 Old Mill Lane 2827 |M1.335T 2719 | 27.38 | 27.45 | 27.54 27.67 27.72| 27.84 | 27.92 27.93
1 0Id Mill Lane 2662 |M1.380D 2501 26.06 | 26.12 | 26.20 26.31 26.36| 26.45 | 2651 26.52
11 Kingsmill Gardens | 21.64  |M1.405G 2053 | 20.72 | 20.78 | 20.85 20.92 | 20.95| 20.99 | 21.01 21.01
o, 14 and 15 2069 |M1.406G 19.50 | 19.66 19.73  19.81 19.90 | 19.94 20.01 | 2004 20.05
Kingsmill Gardens
%a”d“Ki“gsm"' 1957 |M1.407G 18.49 | 18.69 1878 18.88 18.99 | 19.10 1920 | 1926  19.31
ardens
1 and 2 Kingsmill 195 |M1.408U 18.14 | 18.34 1842 1854 1873|1886 19.04 | 1914  19.19
Gardens
Diriebught Road near | 44 19 |\14 409G 17.63  17.79 17.86  17.95 18.05 18.12 1820 1824 18.25
Culcabock Road
Curling Pond Pavilion|  17.7 | M1.409G 17.63  17.79  17.86 17.95 18.05| 18.12 1820 | 1824 18.25
Diriebught Court Area| 1111 |M1.415U 11.03 1118 1123 1128 1132|1134 1136 1137 11.37
Harbour Road Area | 4.04* |M1.940U 325 | 353 | 365 389 414 434 | 444 | 449 | 451

* This level may be an anomaly in the LIDAR information. If in reality
the bank level is at least 4.2m AOD (the Harbour Road bridge parapets
level) then the flood risk reduces from 4% to 2% AEP.

6.2 Proposed flood alleviation scheme

For each area at flood risk, flood defence measures are proposed.
These have been modelled and the effect on the flood water levels
downstream of the measures has been assessed.

6.2.1 Castle Heather Area

A flood wall is proposed to defend the Castle Heather area. The
maximum difference between the minimum left bank level and the
predicted flood water level is shown in Table 6.2. Adding 0.3m
freeboard to the difference in levels gives a minimum height range
between 0.34m and 0.89m for the flood defence wall above the existing
defence level.
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Table 6.2: Difference between left bank levels and flood water levels in Castle Heather area

Minimum Left Maximum Difference in
Model Node Bank Level Predicted Water levels
(m AOD) Level (m AOD) (m)
T1.380i 37.512 37.80 0.288
T1.400i 37.512 37.66 0.148
T1.403i 37.589 37.63 0.041
T1.405T 36.931 37.51 0.579
T1.410JU 36.931 37.52 0.589

Constructing a flood defence wall in the Castle Heather area will
increase downstream flood water levels. Table 6.3 compares flood
water levels at a number of locations without and with the proposed
flood defence wall in the Castle Heather area. The hydraulic model
predicts that water levels for the 0.5% AEP plus climate change flood
event could be increased by around 0.03m, with up to 0.38m in the
vicinity of some bridges.

Table 6.3: Comparison of flood water levels with and without Castle Heather flood defence wall

Lowest . P Flood water level (m AOD)
i Ground Level inimum Ban .
Location Model Node Level (m AOD) 200 yr + cc 200 yr + cc with
(m AOD) flood wall
2 Old Mill Lane 28.27 M1.335T 27.60 27.93 28.04
1 0Id Mill Lane 26.62 M1.380JD 26.64 26.52 26.64
11 Kingsmill Gardens 2164 M1.405G 20.89 21.01 21.04
5, 14 and 15 Kingsmill 20.69 M1.406G 20.20 20.05 2013
Gardens
3 and 4 Kingsmil 19.57 M1.407G 19.47 19.31 19.52
Gardens
éa”d 2 Kingsmil 19.50 M1.408JU 19.70 19.19 19.42
ardens
Diriebught Road near
oineoudnt Read 18.19 M1.409G 17.68 18.25 18.28
Curling Pond Pavilion 17.70 M1.409G 17.68 18.25 18.28
Diriebught Court Area 11.11 M1.415U 11.34 11.37 11.38
Harbour Road Area 4.04 M1.940U 4.04 4.51 4.74

6.2.2 | Diriebught Road

Along Diriebught Road a flood wall is proposed, to prevent out of bank
flow on the left bank. A flood defence wall in front of Diriebught House
would hinder access so a flood relief channel is proposed behind
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Diriebught House to relieve flood levels. This requires the addition of a
control structure at the inlet to restrict flows past Diriebught House.

The maximum difference between the minimum left bank level and the
predicted flood water level is shown in Table 6.4. Adding 0.3m
freeboard to the difference in levels gives a minimum height of 0.54 to
0.99m for the flood defence wall along Diriebught Road above the
existing flood bank level.

Table 6.4: Difference between flood water levels and left bank levels at Diriebught Road

6.2.3

14

Minimum Left ';'axc:f““'g Difference in

Model Node Bank Level W;teerlt?vel levels

(m AOD) (m AOD) (m)
M1.409G 17.93 18.27 0.34
M1.409i 17.65 18.34 0.69
M1.410G 16.50 17.08 0.58
M1.410i 15.60 16.23 0.63
M1.411G 15.10 14.99 -0.11
M1.411i 13.60 14.16 0.56
M1.417T 10.99 11.23 0.24
M1.418G 10.69 11.04 0.35
M1.420G 10.56 10.81 0.25
M1.420JD 10.18 10.48 0.30

Harbour Road Bridge

The capacity of the channel and Harbour Road bridge is required to be
increased. Considering flood embankments alone the maximum
difference between the minimum bank level and the predicted flood
water level is shown in Table 6.5. Adding 0.3m freeboard to the
difference in levels gives minimum heights of 0.62 to 2.70m for the
embankment crest to be raised above the existing bank levels after the
upstream flood defence walls and relief channel are constructed.

This is a significant increase in flood embankment levels and could be
difficult to achieve. Therefore it is recommended to consider further
options at the Harbour Road area such as culvert modifications and
channel widening.
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Table 6.5: Difference between flood water levels with all flood alleviation measures in
place and minimum bank levels upstream of Harbour Road Bridge

Minimum Maximum Difference in

Model Node Bank Level Predicted levels
Water Level

(m AOD) (m AOD) (m)
M1.910G 6.120 6.44 0.32
M1.920G 4.830 6.44 1.61
M1.930G 4.400 6.44 2.04
M1.935G 4.360 6.44 2.08
M1.940G 4.040 * 6.44 2.40

* This level may be an anomaly in the LIDAR information. If in reality
the bank level is at least 4.2m AOD (the Harbour Road bridge parapets
level) then the wall height will be a maximum of 2.54m.
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This study reviews an existing ISIS hydraulic model and documents the updating to
this model to determine the flood risk from the Mill Burn in Inverness. Flood risk
maps for the Mill Burn catchment are provided in Appendix D. Flood alleviation
measures previously proposed for the Mill Burn have been reviewed as part of the
study concluding works to be proposed for the Castle Heather area, along
Diriebught Road and in the Harbour Road area.

In the Castle Heather area the left bank is likely to be overtopped during
the 50% AEP flood event. To alleviate this, a flood defence wall ranging
in height from 0.34m near Castle Heather Road to 0.89m near Old
Edinburgh Road is proposed on the left bank of the Temple Burn.
Whilst flood levels will be increased as a result of these modifications,
the hydraulic model predicts that no new properties will be at risk of
flooding.

Along Diriebught Road, the hydraulic model predicts that flood water
will overtop the left and right banks of the Mill Burn. When this occurs,
flood water overtopping the left bank is likely to flow along Diriebught
Road before returning to the channel at Millburn Road. To alleviate
flooding along Diriebught Road, a flood defence wall is proposed along
the left bank of the Mill Burn. The wall is proposed to start from
approximately 80m downstream of Culcabock Road bridge with a
height of approximately 0.54m and follow the left bank to the area of
Millburn Academy where the height would be 0.99m.

To maintain access, it would not be possible to construct the wall in
front of Diriebught House. A flood relief channel behind Diriebught
House is therefore proposed to convey flood water around this area
with a control structure to constrict flows along the main Mill Burn
channel.

In the Harbour Road area the hydraulic model predicts the overtopping
of the left bank of the Mill Burn during the 4% AEP flood event.
Confirmation of embankment levels or minor embankment alterations
could increase this to the 2% AEP as there is some uncertainty in this
area. To convey higher flows the embankment levels would need to be
increased, the channel modified or the Harbour Road culvert modified.
Further option investigation would be required to confirm works in this
area.

Previous hydraulic modelling work undertaken by Mouchel Parkman
suggested that areas upstream of Culcabock Road bridge such as
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Kingsmill Gardens and Old Mill Lane were at risk of flooding during the
0.5% AEP plus climate change event. The revised hydraulic model
however indicates that these areas have a negligible risk of flooding
during the 0.5% AEP plus climate change event. Therefore it is
predicted that no flood alleviation measures are required in these areas.
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Table A.1:

267850

AREA
FARL
PROPWET
ALTBAR
ASPBAR
ASPVAR
BFIHOST
DPLBAR
DPSBAR
LDP
RMED-1H
RMED-1D
RMED-2D
SAAR
SAAR4170
SPRHOST
URBCONC
URBEXT1990
URBLOC
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Rainfall-Runoff method

845700
9.35
135
333
0.69
0.716
4.77
47.4
0.992
9.3
0.43
8.8
31.8
41.3
780
789
27.58
0.79
0.0694
0.421

FEH catchment characteristics

Mott MacDonald

The Flood Studies Report (FSR) rainfall-runoff method is one of the
principal methods used for estimating the magnitude of the flood of
given frequency of occurrence. It has also been adopted in the latest
FEH methodology and it is thoroughly elaborated in FEH Volume 47,
The peak flows in the Mill Burn have been calculated using the
methodology set out in this part of the FEH.

The catchment descriptors have been derived from the FEH CD-
ROM v3 and are displaced in Table A.1 below. The two descriptors,
namely catchment area and the urbanisation extent have been
subjected to a review to achieve the most accurate hydrological
estimates. The review is described in the following sections.

NH 67850 45700

C

D1

D2

D3

E

F
C(1km)
D1(1km)
D2(1km)
D3(1km)
E(1km)
F(1km)

-0.02018
0.38732
0.45258
0.30756
0.26331
2.26672

-0.02
0.382
0.442
0.322
0.265
2.239
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A.2. Catchment area review

The catchment area was thoroughly reviewed using the 1 : 10 000
scale map and local contours. The ambiguous boundaries were further
confirmed using the site visit information and knowledge of The
Highland Council’s flood team. The detailed assessment was
undertaken for the surface runoff areas and also for the local drainage
system catchments which was found to be largely in line with the
established catchment boundaries. The catchment outline and its
division into the sub-catchments are presented in Figure A.1 below with
more detail of the urban inflows shown in Appendix D.
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Figure A.1:
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Urban area extent review

The urbanisation extent (URBEXT) is a hydrological factor determining
the percentage runoff from the area and its value is the most likely to
become out of date. For this reason, special attention was paid to this

catchment descriptor.
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The FEH CD v3 provides URBEXT at the period of 1990 and 2000.
However, a significant amount of new housing development has
occurred in the Mill Burn catchment over past decades and the index
from 2000 is estimated as not to represent the current situation in the
area. This parameter was therefore updated

Sufficiently detailed maps of the last decade's developments that could
be used to update the URBEXT index in line with the FEH approach8
were not available at the time of this assessment. Therefore a statistical
approach has been adopted. This used a linear extension of the
urbanisation increase in the catchment between 1990 and 2000 and
consequently applying a 10% confidence boundary to the extrapolated
URBEXT2010 value. The outcome of this assessment is summarised in
Table A.2 below and Figure A.2.

Table A.2:  Urbanisation growth prediction

URBEXT1990 0.0694 n/a
URBEXT2000 0.0958 n/a
URBEXT2010* 0.122 0.1098 — 0.1342

Note: * - returned by FEH CD v3
** - estimated value

Further analysis and R-R calculations with different URBEXT scenarios
proved the middle scenario, i.e. URBEXT2010 = 0.122, to be the most
conservative, i.e. providing the highest design flood flows. It would be
expected that a higher value of URBEXT would increase design flood
flows, however, following the FEH recommendationsg, the selection of
storm return periods changes at URBEXT value of 0.125. Hence, the
catchment with the value over the threshold of 0.125 is regarded as
urbanised and therefore lower storm return periods are applied.
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Design flows - FEH Rainfall-Runoff Method

Design flows were determined by using standard FEH Rainfall-Runoff
Methodology. A single design storm derived from the entire catchment
(down to the downstream control point) was used to derive a storm
duration, profile and the (total) catchment ARF, which was then applied
to each subcatchment. However, the storm depth and antecedent
condition were individually derived for each subcatchment.

The flow estimates were undertaken for the four rural catchments at the
upper watercourses and also for the entire Mill Burn catchment. Hence,
flow estimates for the downstream boundary were calculated and the
differences between this and the sum of four rural contributions was
distributed among the urban areas at the lower watercourse. To split
this difference (also called ‘the residual inputs’) into the urban areas,
the area-weighting method was applied. The detailed output of
calculations is presented in Table A.3.

284913/SNI/INV/01/A 06 April 2011
PIMS\284913\Documents\Iinternally Produced\Reports



Mill Burn Flood Risk Review
Mott MacDonald

0.5%

50% AEP  20% AEP 10% AEP 4% AEP 1% AEP

0.5% AEP

L:l;l:ing Lt Easting Northing 3 T'r‘n:‘g; ;L::)z ;L::)s ;1621)10 ;162:)25 ;Lg:)mo i:gé)‘(: §1eianr)zfgc
New Upper

input MILL- 268700 843250 4.387 0.88 133 58 vor 282 329 3.95
LEJ;Is(tr]t(?';Ig:tary 268650 843400 0.488 0.14 0.21 025 0.32 0dd o5t 0.61
DPper MPUL 268200 843500 0.552 0.31 0.48 057 072 100 116 1.39
Jpperiput 268300 842900 1344 0.54 084 o1 196 176 204 2.45
Total Extent 568700 843250 4.387 3.13 483 5.76 72 1014 11.78 14.14
of ISIS Model

Additional

Residual

Inputs

URBAN-A 268243 843459 0.047 0.020 0.031 0037 0046  0.064 0.074 0.09
URBAN-B 268074 843090 0.204 0.086 0134 0459 0199 0280 0.324 0.39
URBAN-C 267871 843323 0.359 0.150 0.235 0280 0349 0491 0569 0.68
URBAN-D 267914 843422 0.178 0.075 0117 0439 0173  0.244 0.283 0.34
URBAN-E 268012 843574 0.081 0.034 0053 0063 0079 0111 0.128 0.15
URBAN-F 267986 843728 0.334 0.140 0.218 0260 0325 0457 0530 0.64
URBAN-G 0.000 0.000 0.000  0.000 0000  0.000 0.000 ;
URBAN-H 267828 843922 0.104 0.044 0.068 0081 0101  0.143 0.165 0.20
URBAN-I 267740 844006 0.100 0.042 0.065 0078 0097 0136 0.158 0.19
URBAN-J 267604 844124 0.160 0.067 0104 0425 0155 0218 0.253 0.30
URBAN-K 267770 844696 0.672 0.281 0440 0524 0654 0920 1.067 128
URBAN-L 267712 845262 0.520 0.218 0.340 0406 0506  0.711 0.825 0.99
URBAN-M 267810 845453 0.253 0.106 0166  0.198 0246  0.347  0.402 0.48

Table A.3: Summaru of model inputs

0.5%
50% AEP  20% AEP  10% AEP 4% AEP 1% AEP 0.5% AEP
Lab'j. Lop Easting :atchlr("e;; (1in 2 (1in5 (1in10 (1in25 (1in 100 QE;N(: (1 in 200
eading Le (o L year) year) year) year) year) year) year) +cc
New Upper
input MILL- 268700 843250 4387 0.88 1.33 158 107 b8 329 3.95
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0.5%

- :  Catchment S0%AEP  20%AEP  10% AEP 4% AEP 1% AEP 3% 0.5% AEP
Heading Left Easting Northing Area (Km2) (1in2 (1in5 (1in10 (1in25 (1in 100 in 200 (1in 200
year) year) year) year) year) year) year) +cc
LE’;‘:t”t‘i;’t"):tary 268650 843400 0.488 0.14 0.21 025 032 04s 051 0.61
DPper VUL 268200 843500 0.552 0.31 048 ,or o072 100 146 1.39
Jpper PUL 268300 842900 1.344 0.54 084 ., 196 176 204 2.45
Toa Exlent 268700 843250 4.387 3.13 4.83 5.76 72 1014 1178 14.14
Additional
Residual
Inputs
URBAN-A 268243 843459 0.047 0.020 0031 0037 0046 0064 0.074 0.09
URBAN-B 268074 843090 0.204 0.086 0134 0159 0199 0280 0.324 0.39
URBAN-C 267871 843323 0.359 0.150 0235 0280 0349 0491 0.569 0.68
URBAN-D 267914 843422 0.178 0.075 0117 0139 04173 0244 0283 0.34
URBAN-E 268012 843574 0.081 0.034 0053 0063 0079 0111 0.128 0.15
URBAN-F 267986 843728 0.334 0.140 0218 0260 0325 0457 0530 0.64
URBAN-G 0.000 0.000 0.000 0000 0000  0.000 0.000 -
URBAN-H 267828 843922 0.104 0.044 0068 0081 0101 0143 0.165 0.20
URBAN-| 267740 844006 0.100 0.042 0.065 0078 0097 0136 0.158 0.19
URBAN-J 267694 844124 0.160 0.067 0104 0125 04155 0218 0.253 0.30
URBAN-K 267770 844696 0.672 0.281 0440 0524 0654 0920 1.067 1.28
URBAN-L 267712 845262 0.520 0.218 0340 0406 0506 0711 0.825 0.99
URBAN-M 267810 845453 0.253 0.106 0166 0198 0246 0347 0.402 0.48
A.5. FEH Statistical Method

The statistical method was undertaken as an additional check and it
was recognised that this method is not providing reliable outputs for the
catchment in consideration and is leading to underestimation of the
flood flow (estimated flows are approximately by 50% lower). For this
reason, only the R-R method is presented in this report.
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Appendix B. Model schematics

The upstream and downstream model schematics are presented on the
following pages in conjunction with the lists of model nodes.
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m Mill_in_41 OTRDY Mill Burn, 200 yr + CC inflaw
m Temp_in_¥1 (TEDY Temple Bum, 200 yr + CC inflow
m Park_in_1 (TEDY Park Bum, 200 wr + CC inflow
m Mill2_in_t1 [TEDY Unnamed tributary of Wil Burn, 200 vr + CC inflow
m Liband, [TEDY Utban inflows & - 200 yr + CIC
m |Jibang OTEDY Urban inflow B - 200 yr + CC
m rhanC OTRDY Urbar inflows C - 200 yr + CC
m UrhanD OTRDY Urbar inflows D - 200 wr + CC
m |rhanE OTRDY Urbar inflow E - 200 vr + CC
m |thanF OTRDY Urban inflow F - 200 + CC
m [UrbanH OTRDY Urbar inflow H - 200 wr + CC
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E M1.CO00 RIVER [SECTIC| THC survey Feb 2017 COM
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E b1.CO04IU RIVER |SECTIC| THC survey Feb 20171 CO04 +0.3
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~NJ[H1.8W0 JUNCTH|OPEN

@ M1, 2500 BRIDGE|USEPR

~NJ[M1.2500  JUNCTD|OPEN

E M1, 25000 RIVER |SECTIC| Millbum

E M1.2517 RIVER |SECTIC

-[T][W1.250 INTERP

E 125140 RIVER [SECTIC|Millburn, upstream Mason Road bridge
m M1.251JU JUMCTI|OPEN

@ M1.2510 BRIDGE|USEFR

m M1.251J0 JUMCTIOPEN

E M1.251J0 RIVER |SECTIC|Millburn D /s Mazon Road Brdge
E M1.2527 RIVER | SECTIC| Millbum

E M1.253T RIVER | SECTIC| Millbum
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M1.254i RIVER [SECTIC|Copy of M1.254 +1.3
M1.254)U RIVER [SECTIC .
Temp W1 JUNCTI OPEN € Upstream model node list (2 of 3)
T1.1007 RIVER |SECTIC|TEMPLE BURM, D/5 OF CONFLUENCE WITH DRUID BURM - original %5 .
LT NTERP 7 Upstream model node list (3 of 3)
T1.1200 INTERP
TLCOTSWA) | RIVER |SECTIC| TEMPLE BURN, U/S OF HEATHER BANK LULVERT -Was TIT50U -no =) - I3 /py conzg [RIVER |SECTIC]W/s faotbridge- soff 05m below deck as measured by THE Feb 2011 -
TILMIWD  |WEIR | NjlPicormu [JuncTlopen
TLEOTIWD  RIVER | SECTIC|TEMPLE BURN, D/S OF HEATHER BANK EULVERT -0m-Was ™1 Epycma) |BRIDGE| USBPR Faotbridge- soft 0.5m bekow dack as measued by THC Feb 2011
T1.C003JU RIVER |SECTIC| TEMPLE BURM, U/5 OF Druid Temple Road was T1.1600 - C003 - I EE e Milr St Footbidge - Lavals fom THE survey
HEEE:JUU ;LFTEIJ:GTE E:EEH Druid Temple Foad Brid _| MjPicorao  uwcri oeen

. (8] EMple RO nage ] R .
T1.C00800spu |SPILL Druid Temple Crescent Foad Bridgs Spil L E F‘1.EEI1El..ID RIVER |SECTIC|D/: footbridge- THC surveyed Crogs-section C019
TICOOYD  [JUNCTH|OPEN L Axlpicos wreRe
TICOOMD  |RMER |SECTIC|d/s Druid Fioad Bridge. Copy of T1.0003 | EPioo|RVER ISECTICTHC Suvey Feb 2011 COZO
T1.C006 RIVER |SECTIC|TEMPLE BURM -'Was T1.1600 - THC survey CO0G — E}Egi;‘ ::EEE

02

Hgggxﬂ EJ:FHH SECTIC|TEMPLE BURN - THE survey CO0S : E P1.CO220U RIVER |SECTIC|ufs Miller Boad Bridge- - THC Survey Feb 200171 CO20 adjusted based on
TIL.CONWD | RIVER |SECTIC| TEMPLE BURN -THC survey COUT L| -NlProwan  JUNCTHOPEN
11700 RIVER |SECTIC|TEMPLE BURN, U/S OF DISTRIELTOR ROAD CULVERT | @ P1.Coz2u BRIDGE|USBPR |Miller Road Bridge - Twin Tm culverts - Adjusted ta rectangular 0.84m wide
T1470I0 JUNCTH OPEN | ﬁ P1.C0220zpu [SPILL Miller Street Bridge - Levels from LIDAR
T1.170U BRIDGE| USBPR | DISTRIE RD CULVERT INLET _| N]lP1.Cco2aip  LUNCTH OPEN
711700 JUNCTH OPEN | E F1.C02310 RIVER [SECTIC|ds Millar Road Brdge- THC Survey Feb 20171 CO25 adjusted based on
T1.1700D RIVER |SECTIC|TEMPLE BURN, D/5 OF DISTRIE RD USBPR ERIDGE | [T]|Pr.coas INTERF
T1.2107 RIVER |SECTIC|TEMPLE BURN, D/5 OF DISTRIBUTOR ROAD culvert - original X3 ~[T]|P1.C025 INTERP
T1.2207 RIVER |SECTIC|TEMPLE BURN, NEXT TO OLD EDINEURGH ROAD - ariginal X5 [ P1.Co25 RIVER |SECTICI THC Survey Feb 2011 CO25
T1.2401 INTERP | 1] Prcoz INTERF
T 250 INTERE : L E F1.Co2ew0 RIVER |SECTIC|Top of cascade - THC Survey Feb 2011 CO26
T1.3000U RIVER |SECTIC| TEMPLE BURM, U/S OF CASTLE HEATHER ROAD [EXISTING] - ariginal — [ |1 Cozewl |wEIR
1 30000 JUNCTH OPEN L E P1.CO34w D RIVER |SECTIC|Battom of cazcade- Copy of P1.C036
T1.3000 BRIDGE| USBPR| 3Na 1m dia - converted to rectangle of m high, but 0.7m wide a5 similr EEEE:‘ :::EEE
E ;ggj[p;.l jjrlquém OPEN Caste Heather foad Bidge Dvertopping Spil - From LOAR : E F1.CO36IU RIVER |SECTIC|U/s Sauthern Distributer Road- CO3E, with middle levels reduced ba match
TI3000  [RIVER |SECTIC|Temple Bun. copy of secion T1 3007 D/5 of bidge bhott MacDonald ;;;E ELCOED  |RVER |SECTIC| Copy of CO08
T1.307wU RWER |SECTIC Ten.wple Burn, copy of zection T'|.3.DEIT lezz -0 Tm for slope. s of weir I E P1 490 RIVER | SECTIC|PARKS FARM BLIRN, DOWNS TREAM OF DISTRIBLTOR ROAD - aigingl
TI0WY_WER Wei ds of Castz healher oad brdge =S RIVER |SECTIC[PARKS FARM BURN, UPSTREAM OF FALCON AVENUE CULVERT -
T1.360WD RIVER |SECTIC| TEMPLE BURM, OPPOSITE JUMCTION OLD EDINBURGH ROAD / — —
T1.380) RIVER |SECTIC| Based on %S 50 fram THC survey DOWS_5-1. dwg L dmew CULVEFIINLET |- original <3 -
a0 RIVER |SECTIE|Based on X5 10 from THE survey PALSDD-] dvg | [BI/P52001D [CONDU |CIRCUL PARKS FARM BURN, FALCON AVENUE CULVERT - U5 END - original
T1.405 RIVER |SECTIC|based on S 20 from THC survey PALSDO-1.dwg _| [R]Prg0CtAT REPLIC
T1.4057 RIWER |SECTIC|Based on %S 30 from THE survey PALSDO-1.dwg _| [R]|P1520CiR2  |REPLIC:
T1.4100U RIVER |SECTIC| TEMPLE BURN, U/S OF OLD EDINBURGH ROAD CULVERT - based on % E}:ﬁgggi EEEHE
T1.4100U JUNCTI| DPEN _ -
T1.4100 BRIDGE| USBPR| Od Ediburgh Fraad Culvart (1.6 dia], modelied as square bridge (1.2m wide | (2] P1.520C20 | CONDU| CIRCUL PARKS FARM BURN, FALCON AVENUE CULVERT - D/ END - oiginal
T1#10sp0  |SPILL 0ld Edinburgh Froad Culvert Spill - Levels fom LDAR | :11-225353” JEUUI:E;F EE;:E - original 15
T1.410D JUNCTI| DPEN : !
T1 400D RIVER |SECTIC|Copy of T1.410UD : E M1.25410 RIVER [SECTIC|MILL BURM, DS OF TEMPLE BURN CONFL, RAISED BY 0.IM TO
T1 4500 RIWER |SECTIC| TEMPLE BURM, D/S OF OLD EDINEURGH ROAD CULVERT - anginal E 12551 RIVER [SECTIC|MILL BURM, MEAR 33 HARRIS ROAD U/S OF FOOTBRIDGE - onginal X5
T1.455 INTERP Interpolate section N mzEs JUNCTIOPEN
T1.458T RIVER [SECTIC| TEMPLE BURM, lined channel, D /5 OF OLD EDINEURGH ROAD {12550 BRIDGE|USBPR MILL BURN FODTERIDGE OPPOSITE 39 HARRIS ROAD
T1.460T RIYER |SECTIC|MEAR MACKENZIE ROAD - ariginal #5 ] ﬁ 1. 285:pl SPILL Spill for bridge opposite 33 Hamis Road, level azsumed as bridoe soffit plus
T1.4651 INTERFP N[ 12550 JUNCTI|OPEN
T1.4707 RIVER [SECTIC|MEAR MACKENZIE ROAD - original %5 =] [M1.2550D RIVER |SECTIC|MILL BURN, NEAR 33 HARRIS ROAD D/5 OF FOOTBRIDGE - ariginal 5
T1.8800U RIVER [SECTIC| TEMPLE BURM, U/S OF CONFLUEMCE WITH PARKS FARM BURM - =] w2567 RIVER |SECTIC|MILL BURM, MEAR 29 HARRIS ROAD
T.ae0ll JUNCTITOREN | I S = RIVER |SECTICMILL BURN, D/S OF LIRBAN OUTFALL
T1.230/0 RIVER |SECTIC|TEMPLE BURN, D/S OF CONFLUENCE WITH PARKS FARM BURN - | |df] [M1.3000U NCDED'
T1 295 INTERF | ﬁ T1.380ispl SPILL Left bank spill near Dowes Diner - from LIDAR
T1.900/U RIVER |SECTIC| TEMPLE BURN U/S OF COMFLUENCE 'WITH MILL BURN - ariginal X5 [ | 71 400ispl SPILL Left bank spil near Dowes Diner - from LIDAR
Park_in_1 JUMCTIOPEM L ﬁ T1.403izpl SPILL Left bank spill near Dowes Diner - from LIDAR
P1.C0020 RIYVER |SECTIC|Section COOC - THE Survey Feb 2011 CODZD ] ﬁ T1.405Gspl SPILL Left bank spill near Dowes Direr - from LIDAR
P1.C0034 IMTERP ﬁ M1.2115pr SPILL Toupdate
P1.C004 RIWER |SECTIC|Section COOD- THC Survey Feb 2011 COOD ﬁ M1.C00Rspl SPILL Fram Survey - low section of bank, anly
P1.C005 IMTERF ﬁ t1.CO04zpl SPILL From THC Survey Feb 2011
P1.C006 RIVER |SECTIC|Section COOE- THC Survey Feb 2011 COOE | s SPILL From LIDAR - Mot a flond bank: sa less efficient
F1.CO06i INTERP ﬁ b1.CO0GzpI SPILL From Survey - low section of bark only
P1.Co07 INTERP : ﬁ M1.CO04zpl SPILL From THC Survey Feb 2011
F1.CO08 RIVER |SECTIC| THE Survey Feb 2017 008 | E e (SR From LIDAR - Mot a flood bank so less fficient
P1.CO06i INTERF | lel|RESRI.21T |RESER: to update
F1.C005i INTERP -[®]|FEsLIZ  |RESER: Levels fiom LDAR
F1.Co0si2 IMTERP I |§| FEST1.300 RESER!
F1.Co0siu RIWER |SECTIC|U/S Stephenson Road Bridge- - THC Survew Feb 20171 CO0S adjusted
PI.CODJU  [JUNCTH|OPEN
F1.Co0au BRIDGE|USBPR | THC Survey Feb 2017 - Twin 1.04m circular culverts - Adjusted two
F1.C0031Uspu  |SPILL Stevenson Street Spill - levels extracted from LIDAR
PI.CODRID  [JUNCTI|OPEN
F1.CO03I0 RIWER |SECTIC|D/s Stephenson Road Bridge - Copy of CO09
F1.CM 2 RIWER |SECTIC|D/s Stephenzon Road Bridge- THC Survey Feb 2011 C01 3, height adjusted
P1.C012i INTERP
P1.0013 RIVER |SECTIC| THC Survey Feb 2011 CO13
P1.CO16 RIVER |SECTIC| THEC Survey Feb 2011 CO16
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Downstream model
schematic (1 of 2) and
model node list (1 of 3) ] M1.301w1
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1. 2660 ATEDY Inflow from upstrearn model, 2000 + CC

URBAM-| OTBDY Surface water runaff from urban area |, 200pr + CC

LIRE&M-] ATEDY Surface water runoff from urban area J, 200y + CC

URBAM-F. ATEDY Surface water runaff from urban area k., 200y + CC

URE&AM-L ATEDY Surface water runoff from urban area L, 200y + CC

LURBAM-# ATBDY Surface water runoff from wurban area M, 2000 + CC

bt 1. 2550 RIWER [SECTIC|MILL BURM. MEAR 33 HARRIS ROAD D/S OF FOOTBRIDGE

hi1.266T RMWER [SECTIC|MILL BURM, MEAR 23 HARRIS ROAD

ket 1. 30001 RMWER [SECTIC|MILL BURM, DS OF URBAM OUTFALL

hi1.30000 RMWER [SECTIC|MILL BURM, MEAR 23 HARRIS ROAD

ket 1. 30741 RIWER |SECTIC|MILL BURM, U5 OF DROP TO HARRIS ROAD

1. 307w MOTWE Drop to hariz road bridge

k1. 307w D RAWER |SECTIC|Drop ta haris road bridge

ket 1. 3021 RIWER |SECTIC|MILL BURHN, U4S OF HARRIS ROAD BRIDGE

hd1. 3021 JUMCTNOPEM

ht1.3021 BRIDGE|IJSBPR |Hariz Road Bridge

b4 1.3020 JUMCTNOPEM

hi1.302)0 RMWER |SECTIC|MILL BURHN, DS OF HARRIS ROAD BRIDGE

k41,3035 RMWER [SECTIC|MILL BURM, D5 OF HARRIS ROAD BRIDGE

bt 1. 33001 RMWER [SECTIC|MILL BURM, U/S OF 19 HARRIS ROAD PRIVATE BRIDGE- THEC section
k1.330J1 BRIDGE|IJSBPR | Private Road Bridge - THC Survey Feb 2011

ki 1. 33000 RMWER [SECTIC|MILL BURM. DS OF 19 HARRIS ROAD PRIVATE BRIDGE - copy of
hi1.335T RIWER |SECTICIMILL BURM, AT FEMCELIME OF 13 HARRIS ROAD

bt 1. 300U RIWER [SECTIC|MILL BURN, U/S OF OLD MILL LAME WEIR

bt 1. 35001 RMWEIF OLD MILL LAME *"#EIR - MalM SECTION 3.4m WIDE, AL50 3m (@

bt 1. 360D RWER [SECTIC|MILL BURMN. DS OF OLD MILL LAME WEIR

bt 1. 370U RIWER |SECTICIMILL BURM, U#S OF OLD MILL L&ME ERIDGE

bA 1. 37001 JUMCTNOPEM

W1.370U BRIDGE|USEPR|OLD MILL LAME BRIDGE

k41,3800 JUMCTN|OPEM

1.33010 RIVER [SECTIC|{MILL BURM, D/5 OF OLD MILL LAME BRIDGE

k41,3901 INTERP

k41,395 INTERP

k140106 RIVER [SECTIC|Mill Burn, Invermess Golf Courze upstreann end

1. 4020 RIVER [SECTIC|Mill Burn, Invermess Golf Cowrse MEAR FIRST BRIDGE

1. 4035 RIVER |SECTIC|Mill Burn, Inverness Golf Courze BEHIMND 8 ERISKAY ROAD

M1.4030 INTERP

b1, 40400 RIVER |SECTIC|Mill Burn, U5 OF GOLF BRIDGE 4

1. 40410 JUMCTNOPEM

1. 404500 SPILL

k7. 4040 BRIDGE|USEBPR | Golf courze bridge

M1.4040 JUMCTNOPEM

1. 40410 RIVER |SECTIC|Mill Burn, D5 OF GOLF BRIDGE 4

k1. 40510 RIVER |SECTIC|Mill Burn, U5 OF URBAN OUTFALL

M1.40510 RIVER |SECTIC|Mill Burn, Inverness Golf Courze BEHIND 28 ERISKAY ROAD

b1, 40505 RIVER |SECTIC|Mill Burn, Inverness Golf Courge BEHIMD 11 KINGSMILL GARDEMS
M1. 406G RIVER |SECTIC|Mill Burn, Inverness Golf Courze BEHIND 14 KINGSMILL GARDEMS

M1 407G RIVER |SECTIC|Mill Burn, Inverness Golf Cowrse OPPOSITE 3 KIMNGSMILL GARDEMNS
41,4070 RIVER [SECTIC|Copy of M1.407 [-0.22m] - added to improve floodplain definition

1. 40810 RIVER |SECTIC|Mill Burn, Inverness Golf Course UPSTREAM OF CULCABOCK, ROAD
k1. 40810 JUMCTH|OPEM

k41,4080 BRIDGE|[USEBPR | Mill Burn, Culcabock Road Bridge - Thiz iz a double bridge - square and
14080 JUMCTNOPEM

b1, 40810 RIVER |SELCTIC

1. 4080 RIVER |SECTIC|Copy - 0.05

h1. 408040 NOTWE

1. 4090 RIVER |SECTIC|Mill Burn, D5 OF CULCABQCK, ROAD BRIDGE - RAISED BY 0.185m
hi1. 408905 RIYER |SECTIC|Mill Burn, Inverness Golf Courge DOWMNSTREAM OF CULCABOCK ROAD
M1, 409 INTERF Interpalated section

1.410G RIYER | SECTIC|Mill Burn, Inverness Golf Course DOWMSTREAM OF CURLING POMDS,
14100 INTERF

M1.41106G RIVER [SECTIC|Mill Burn, Inverness Golf Courze MEAR COUMCIL DEPOT GATE, level at
M1.411i0 INTERP

k14126 RIVER [SECTIC|Mill Burn, lrvermess Golf Courze MEAR MIDMILLS ROAD, level at 9m
b1, 41 3L RIVER |SECTIC|Mill Burn, Inverness Golf Course UPSTREAM OF DIRIEBUGHT HOUSE
1. 41340 RMWEI DIRIEBUGHT HOUSE WEIR

M1.4130 RIER |SECTIC|Mill Burn, Inverness Golf Course DOWMNSTREAM OF DIRIEBUGHT
hi1.414T RIVER |SECTIC|MILL, U/S OF DIREIBUGHT HO. lewels at -0.5 & -0.02 changed from 11.7
b1, 4151 RIVER |SECTIC|MILL, 15t BRIDGE AT DIREIBUGHT HO, level at -0.5 & -0.02 changed
14161 RIWER |SECTIC|MILL 2nd BRIDGE AT DIREIBUGHT HOUSE, level at -0.5 changed from
b1 417T RIWER |SECTIC|MILL. 0/S OF DIREIBUGHT HOUSE. level at -0.5 & -0.02 changed from
141805 RIVER |SECTIC|Mill Burn, Inverness Golf Course DOWMSTREAM OF DIRIEBUGHT

1. 420G RIYER |SECTIC|Mill Burn, Behind Dinebught Road - M1.420 COPIED, level at -2.1 &0

b1, 42000 RIVER |SECTIC|Mill Burn, Behind Dinebught Road - D5 OF QUTFALL - +1.420 COFIED,
b1 42000 JUMCTH{OPEM

k1. 42000 RIVER [SECTIC|Mill Burn, Behind Direbught Road - M1.420 COPIED, level at 2 changed to
1. 4207 RIVER |SECTIC|Mill Burn, Behind no 7 Dinebught Road

M1.429T RIER |SECTIC|Mill Burn, UPSTREAM OF REDUMDANT SLUICES, DIRIEBUGHT ROAD
k14210 INTERF

k1.430 RIVER [SECTIC|Side weir - This reprezents the rest of the weir, although M1 500w iz the
b 1. 5000 RIWER |SECTIC|DUMMY SECTION AT SLUICES

k41 GO0 RRWEIE Elesvation from previous model width from THC survey Feb 2017, bwo weirs
b 1. 500D RIVER |SECTIC

1820 RIYER |SECTIC

M1.8200 INTERP

1. 82000 RIVER [SECTIC|Upstrean killburn Court
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Downstream model
schematic (2 of 2) and
model node list (2 of 3)

=] M1.4207 @ k1.820JU BRIDGE|LUSEPR | Millburn Court Culvert - THC Survey Feb 2011
E M1.C00ID0 RIYER |SECTIC| Section CO0T - could be same as M1.830 - THC Survey Feb 2011 - Section
e S E p1.CO0ZIU RIVER |SECTIC|Section CO02 - THC Survey Feb 2011 - Section CO02
@ b1.CO0ZIL BRIDGE|ARCH |Distilery access bridge - From THC survey CO0G
1421 ~[[M1.coosi0  [RIVER |SECTIC|Section CODS - THC Survey Feb 2011
= M1.430 [£B] RESLT.4210 E b1.CO0RIU RIVER |SECTIC|Section CO0E - THC Survey Feb 20171 [+0.05)
[ M1.50041 @ t41.CO0RJLI BRIDGE|USEPR | Distilery Carpark. bridoe - - THC Survey Feb 2011
M1SONWL [ RESLY 2201 E M1.COOTUD  |RIVER |SECTIC|Section COT0 - THC Survey Feb 2011
I . E F1.C01 1%L RIYER |SECTIC| Section CO17 - Copy of CO11 adjusted bazed on CO7T1
- : ~fg] M1.CO1WU [WEIR
e M1.820 FPIRESLT 820 b= M1.COI2WD  |RIVER | SECTIC|Section C012 - Copy of CO15L adiusted to match C012
i ‘ ~EHMicos [RIVER |SECTIC/UYs footbridge - THE Survey Feb 2011 COT5
@ p1.CON5IU BRIDGE|USEPR | Footbridge - THC Survey Feb 2011
=] 11,8200 E M1.CONRID RIVER |SECTIC|d/s footbridge THC Survey Feb 2011 CO16
180 E M1.C0M7 RIVER |SECTIC|Section COT7 - THC Survey Feb 2011 CON7
i cooD : E b1, COTRIL RIVER |SECTIC|Upstream Millburn Foad Bridge - THC Survey Feb 2011 COA9[-0.2]
= ﬁ — @ p1.CO1AIU BRIDGE |USEPR | Millburn Foad Bridge - THC Survey Feb 2011
[ M1.Conzll -‘ ~[=]\M1.CO19D  |RIWER | SECTIC| Downstream Milliuin Road Bridge - TH Survey Feb 2011 CO19[0.2)
1.C002J1 E b1.CO32 RIVER |SECTIC| D/ Millbum road brdge - THC Survey Feb 2011 Section C032
E b comsos L M1 0D -EMico30 |RIVER |SECTIC|Uss Raiway biidge - THC Survey Feb 2011 Section C033
= "
] M1 CODEIL ‘ E| RESOT7 B30l @ M1.C0330 ERIDGE|ARCH Haih-'?.la_l,l Culvert - THC Survey Feb 2011 . . .
; E b1.C0350 RIYER |SECTIC|Section 1a af Infowark: model - downstream aof railway bridoe - Section
: E t1.910G RIWVER |SECTIC|Section 1b of Infoworks model - Section CO3E THC survey
1.20060U ﬁ RESO7.830U E P1.920G RIVER |SECTIC|Section 1c of Infowarks model (0.2, based on changes to previous sections
B Cotep H'E'E:U.Em? E P1.930G RIVER |SECTIC|Section 2 of Infoworks model
v !-‘-ﬂ_Mj‘mmm—[}—ﬁ'mjéﬂjﬁéﬁl M1.935G INTERP
1O T S E #1.940G RIVER |SECTIC| Section 3 of Infoworks model
T E k194000 RIYER |SECTIC|Upstream of Harbour Road Bridge [-0.04)
Figg] M1.C01 1w/L
¥ Sl -~ m1.34000 JUNCTI OPEN
= W M 30l [SPILL Levels based on LIDAR
[eIRESRCONT - feht consuy - M1.g400 BRIDGE| USEPR | Harbour Fioad Bridge - THE Survey Feb 2011 (35 0.9)
; ~N]Mraswp [ouNCTilOREN
1 Cmisdl E t41.94010 RMMER |SECTIC|Downgtream of Harbour Road Brdge
E #1.950G RIWER [SECTIC|Section 4 of Infowarks model
[ M1.COT60D ; E t1.950U RIVER [SECTIC|Upstream of AT culvert
fﬁmwﬁpr me___ﬁ" M'I.CD'I?SDIE @ h1.9500 BRIDGE|ARCH |43 Culvert - THC Survey Feb 2011 - [2.75 % 1.82)
[ M1.COTaIU : E k41,9500 RIWER | SECTIC|Dawnstrear of 43 culvert
E k1.9700 RIWER | SECTIC|Downstream A3 cubvert
R E b1.970G RIVER |SECTIC| D/ boundary
[ M1.COTD : m b1.9700G HTEDY Tidal boundary
ﬁm.coaesm----- T YTRere e S i M1 Co2spl RESR1.4090  |FLOODF|SECTIC| Fram LIDAR - section B1.410
M b1 CEa RESR1.410U  |FLOODF|SECTIC|Fram LIDAR - section M1.411a
RESA1.411U  |FLOODF|SECTIC|From LiD&R - R1.411i
RESL1.4090  |FLOODF|{SECTIC|From LiD&AR - section L1.410
) 1. Co3a0 RESL1.4100  |FLOODF|SECTIC| From LiDAR - section L1 410
RESL1.4110  |FLOODF| SECTIC| From LIDAR - section L1.411
RESL1.4120  |FLOODF|SECTIC|From LIDAR - section L1.413
[ M1.C0%50 RESL1.4150  |FLOODF|SECTIC|From LiD&R - Section L1.418
] M590G - i M1 910Gl RESL1.4200  |FLOODF|SECTIC|From LiDAR - Section L1.420T
Ml.azua---ﬁﬁm.szu‘éxgl RESL1.4210  |FLOODF|SECTIC| Fram LiDAR - L1.421T
= M']._ggga___ﬁj\;i_‘g“ggﬁwi\\ RESL1.8200  |FLOODF|SECTIC|From LiDAR - L1.830
m_33513__ﬁmng;3:5:5_;,;|5::§%‘|§| RESL1.940G ﬁ 1. 403:pl] SFILL Spill over Calcabock Foad bridge 2m wide pedestrian entrance in wall [20.5
BRI MUSI0GSP 3 a0 g mT daocepl fiE M1.409Gspr  |SPILL Levels bazed an X5 data from THC
' [=] M1.9a00U ﬁ M1.409Gpl SPILL Levels based on x5 data from THC
L;:J RrESAT a40c] ﬁ k1. 403izpr SFILL Levels bazed on X5 data from THC
=M sa0U ‘ﬁ M1.340spL) ﬁ b1, 40%9izpl SPILL Levels based on #5 data from THC
. ” . ﬁ 1. 410G spr SPILL Level: bazed on %5 data from THCand LIDAR
ﬁm_gmw_ D ﬁ’rmamosm ﬁ M1 410G 0l SPILL Levels baged on #5 data from THC and LiDAR
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Downstream model node list 3 of 3

ﬁ b1 41 Oizpr SPILL Levels bazed on LIDAR and X5
ﬁ k1. 41 0izpl SPILL Levels bazed on LIDAR and #5
ﬁ k1. 4711 Gzpr SPILL Levels bazed on =5 and LiDAR
ﬁ 1. 411 Gpl SPILL From LIDAR and +5

ﬁ M1 41T izpr SPILL Levels bazed on =5 data from THC
ﬁ k1. 47T izpl SPILL Levels bazed on *5 data from THC
ﬁ k1. A 3wDzpr | SPILL Based on ®5 data fram THC

ﬁ k1. A 3wDzpl | SPILL Based on ®5 data from THC

ﬁ k1. 412G =pl SPILL Based on =5 data from THC

ﬁ M1.412G=pr SPILL Bazed on #5 data from THC

ﬁ b1.414T zpl SPILL Levels bazed *5 data fram THC
ﬁ k1. 4147 =pr SPILL Based on =5 data from THC survey
ﬁ k1. 47 5zpl SPILL Levelz bazed 5 data from THC
ﬁ k1. 41 Bzpr SPILL Based on ®5 data from THC

ﬁ k1. 4160 zpl SPILL Levels bazed on LIDAR and X5
ﬁ k1. 416U =pr SPILL Bazed on =5 data from THC survey
ﬁ k1. 417 G=pl SPILL Levels bazed on #5 data from THC
ﬁ k1. 417 Gzpr SPILL Levelz bazed on =<5 and LiDAR
ﬁ k1. 418G zpr SPILL Levelz bazed on =5 and LiDAR
ﬁ b1.413Gzpl SPILL Levels bazed on =5 data from THC
E b1, 420G =pr SPILL Levels bazed on =5 data from THC
ﬁ k1. 420D zpl SPILL Levels bazed on =5 and LiDAR
ﬁ k1. 420G =zpl SPILL Levelz bazed on =5 data from THC
ﬁ k47, 430:pl SPILL Whair zpill

ﬁ b1.CO050epr | SFILL Levels from =5

E b1.CO0BJD=pl | SPILL Data from =5 lewels

ﬁ k41.C07 O=pl SPILL Levels fram =5

ﬁ f1.CO1 Ozpr SPILL Lewvels from #35

ﬁ b1.C01 22pl SPILL Levels from x5

ﬁ k1001 22pr SPILL Levels from =5

ﬁ k1.CO01 F=pr SPILL Levels fram #5

ﬁ k1.C070 Fzpl SPILL Levels fram #5

ﬁ b1.CO322pr SPILL Levels from LIDAR

ﬁ k1. C0322pl SPILL Levels from LIDAR

ﬁ RESOTY.8300  |SPILL Spill bebween rezervairs on Millburn Boad - From LiDAR
ﬁ RES820.8300  |SPILL From LiDAR

ﬁ k1. 910G zpl SPILL Levels from LIDAR

ﬁ kA1, 920G zpl SPILL Left bank zpill, levels from LIDAR
ﬁ k1.330G=pl SPILL Left bark zpill, levels from LiDAR
ﬁ k1.9350Gzpl SPILL Levels from LiDAR

ﬁ k1.9400Gzpl SPILL Lewvels fram LiIDAR

ﬁ 1. 340G spr SPILL Right bank, spill - Levels fram LIDAR
ﬁ t1.3400 zpr SPILL Right bank =pill - Lewels fram LIDAR
|E| RESL1.409 RESER® From LiDAR

|E| RESL1.410 RESER® From LiIDAR

|§| RESL1.411 RESER® From LiD&R

|E| RESL1.412 RESER® From LiDaR

|§| RESL1.415 RESER® From LiDAR

|E| RESL1. 420G RESER® From LiDAR

|E| RESL1.4210 RESER® From LiD&R

|E| RESL1.8200 RESER® From LiDaR

|§| RESR1.409 RESER® From LiDAR

|E| RESR1.410 RESER® From LiDAR

|E| RESR1.411 RESER® From LiD&R

|E| RESR1.417 RESER® From LiDaR

|§| RESL1.CON7 RESER® From LiDAR

|E| RESR1.COM7  |RESERM From LiCuaR

|E| RESOT7.830U  |RESER: Frarn LiDWAR

|E| RESL1.9400G RESER: From LiDuaR

|E| RESR1.340G  |RESER From LiCuaR
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Appendix C. Model results

Inital
Node Conditions
M1.190F 3986
M1.200F 39425
M1.2100U 39.398

M1.210WspU 39.398
M1.210WU 39.398
M1.211JD 38.586
M1.211spl -9999.99
M1.211spr -9999.99
M1.211WD 38.586
M1.211WspD 38.586

M1.212D 38479
M1.212D 38479
M1.2120U 38479
M1.2120 38479
M1.220T 38.242
M1.2301 37743
M1.2401 37.326
M1.2451 37.107
M1.2500 36913
M1.250JD 36913
M1.2500U 36913
M1.2500 36913
M1.251D 36.079
M1.2511 36.406
M1.251D 36.079
M1.2510U 36.079
M1.251T 36.8

M1.251U 36.079
M1.252T 35.837
M1.253T 3448
M1.254i 33.276
M1.254JD 32256
M1.254JU 32256
M1.255D 31675
M1.255D 31675
M1.2550U 31675
M1.2555pD

M1.255spU

M1.2550 31675
M1.256T 30.79
M1.3000U 29.106
M1.C001 51.445
M1.C002i 49.349
M1.C003 47.368
M1.C004 45.689

M1.C004JD 46.006
M1.C004JU 46.006
M1.C004spl -9999.99

M1.C005 4321
M1CO05spl  -9999.99
M1.C006 53

M1.C007 40504
Millin_V1 51445
Mil2_in_V1 46,006
P1.490 045

P1510U 40334

P1520C1D 40.015
P1520C1R1 38.653
P1520C1R2 321
P1520C1R3 35.869

or

40.02
3961
39.60
39.60
39.60
3879

-9999.99
-9999.99

3879
3879
38.65
38.65
38.65
38.65
38.36
3787
3744
3128
37.04
37.04
37.04
37.04
36.21
36.53
36.21
36.21
36.92
36.21
35.99
3469
3350
3258
3258
3198
3198
3198
3198
3198
3198
31.09
2937
51.60
49.53
4751
45.85
46.22
46.22

-9999.99

4447

-9999.99

4364
4067
51.60
46.22
4045
40.33
40.02
38.65
A
35.87

Syr

40.09
39.70
39.68
39.68
39.68
38.87

-9999.99
-9999.99

38.87
38.87
3872
3872
3872
3872
3842
3793
3750
3129
3710
3710
3710
3710
36.27
36.59
36.27
36.27
36.97
36.27
36.06
3478
3362
3279
3279
3220
3220
3220
3220
3220
3220
3131
2957
51.65
49.58
4157
4591
46.31
46.31

-9999.99

44.54

-9999.99

4384
40.74
51.65
46.31
4051
4043
40.05
38.68
3125
35.89

10yr

40.13
3975
3972
3972
3972
3891

-9999.99
-9999.99

3891
3891
38.76
38.76
38.76
38.76
3845
379
3753
3132
3713
3713
3713
3713
36.30
36.62
36.30
36.30
37.00
36.30
36.09
3482
3367
3287
3287
21
21
3229
21
3229
3229
31.38
2964
51.68
49.60
4760
45.94
46.35
46.35

-9999.99

4458

-9999.99

4392
40.77
51.68
46.35
40.56
40.50
40.08
3870
321
3591

25yr

40.19
39.81
3977
3977
3977
38.98

-9999.99
-9999.99

38.98
38.98
38.81
38.81
38.81
38.81
3849
37.99
3157
37.36
KIATS
KIATS
KIATS
KIATS
36.34
36.66
36.34
36.35
37.04
36.35
36.14
34.89
3374
3294
3294
3237
3237
3255
3237
3255
3255
3148
2972
5171
49.65
4764
45.98
46.40
46.40

-9999.99

4462

-9999.99

4399
40.83
5171
46.40
40.65
4061
40.11
3874
3731
3595

50yr

40.24
30.86
39.81
39.81
39.81
39.02

-9999.99
-9999.99

39.02
39.02
38.85
38.85
38.85
38.85
38.52
38.03
3761
3740
3122
3122
3122
3122
36.40
36.71
36.40
36.41
37.08
36.41
36.20
35.03
33.94
33.16
33.16
3251
3251
3299
3251
3299
3299
3161
2984
5174
49.68
4768
46.02
46.47
46.47

-9999.99

4470

-9999.99

4429
40.89
5174
46.47
40.73
40.70
40.15
3877
3134
3598
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Maximum flood water levels at upstream model nodes (list 1 of 3)

100yr

4044
40.08
40.01
40.01
40.01
39.4

-9999.99
-9999.99

39.4
39.4
39.03
39.03
39.03
39.03
38.66
38.16
3113
31.52
31.33
31.33
31.33
31.33
36.49
36.82
36.49
36.53
37.19
36.53
36.29
35.10
34.01
33.27
33.27
32.57
32.57
33.14
32.57
33.14
33.14
31.67
2989
51.77
49.71
41.71
46.06
46.51
46.51

-9999.99

4473

-9999.99

4430
41.05
51.77
46.51
4082
40.80
4018
38.79
31.37
36.00

100yr+CC

40.50
40.14
4007
4007
4007
39.30
-9999.99
-9999.99
39.30
39.30
39.08
39.08
39.08
39.08
38.70
38.20
37
37.56
37.36
37.36
37.36
37.36
36.51
36.84
36.51
36.56
31.22
36.56
36.31
35.15
34.10
3345
3345
32,64
32,64
33.37
32,64
33.37
33.37
3174
29.96
51.80
49.75
47.76
46.11
46.56
46.56
-9999.99
471
-9999.99
44.31
41.09
51.80
46.56
4094
4092
4022
38.83
34
36.04

20y

4048
4012
40.05
40.05
40.05
39.27

-9999.99
-9999.99

39.27
39.27
39.05
39.05
39.05
39.05
38.66
38.16
3174
37.54
31.35
31.35
31.35
31.35
36.52
36.84
36.52
36.56
kipal
36.56
36.31
35.14
34.13
33.60
33.60
3210
3210
33.52
3210
33.52
33.52
31.80
30.02
51.84
49.80
47.80
4617
46.61
46.61

-9999.99

4479

-9999.99

4430
41.08
51.84
46.61
41.06
41.05
40.26
38.87
3746
36.07

200yr+CC

4046
40.09
40.03
40.03
40.03
39.27
-9999.99
-9999.99
39.27
39.27
39.06
39.06
39.06
39.06
38.69
38.20
31718
3157
37.38
37.38
37.38
37.38
36.52
36.85
36.52
36.57
3.3
36.57
36.31
35.13
34.13
3361
3361
3210
3210
33.53
3210
33.53
33.53
31.80
30.02
51.83
49.79
47.79
46.16
46.60
46.60
-9999.99
4478
-9999.99
421
41.05
51.83
46.60
41.04
41.03
40.25
38.86
3745
36.07

200yr+CC-10% 200yr+CC+10% Flood wall near

roughness

4048
40.15
40.09
40.09
40.09
39.28
-9999.99
-9999.99
39.28
39.28
39.06
39.06
39.06
39.06
38.68
38.19
3
3157
37.38
37.38
37.38
37.38
36.53
36.87
36.53
36.60
3128
36.60
36.32
35.14
341
3349
3349
3263
3263
3345
3263
3345
3345
31738
2995
51.81
49.76
4117
46.12
46.56
46.56
-9999.99
4477
-9999.99
4432
4.07
51.81
46.56
4.4
4.03
40.25
38.86
3745
36.07

roughness

40.50
40.12
40.04
40.04
40.04
39.30
-9999.99
-9999.99
39.30
39.30
39.08
39.08
39.08
39.08
38.69
38.18
3176
3755
37.36
37.36
37.36
37.36
36.51
36.85
36.51
36.55
3122
36.55
36.32
35.16
3417
337
337
211
211
3361
211
3361
3361
31.86
30.08
51.85
49.81
4182
46.19
46.62
46.62
-9999.99
4479
-9999.99
4425
410
51.85
46.62
41.05
4.03
40.26
38.86
3746
36.06
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4046
40.10
40.03
40.03
40.03
3921
-9999.99
-9999.99
3921
3921
39.06
39.06
39.06
39.06
38.69
38.20
3178
3157
37.38
37.38
37.38
37.38
36.51
36.85
36.51
36.56
3128
36.56
36.31
35.12
342
33.96
33.96
3283
3283
3391
3283
3391
3391
31.92
30.13
51.83
49.79
4119
46.16
46.60
46.60
-9999.99
4478
-9999.99
4427
4.0
51.83
46.60
4.4
4.03
40.26
38.85
3141
36.04

30% blockage
Castle Heather
culverts only

4046
40.10
40.03
40.03
40.03
39.27
-9999.99
-9999.99
39.27
39.27
39.06
39.06
39.06
39.06
38.69
38.20
3118
37.58
31.39
31.39
31.39
31.39
36.54
36.87
36.54
36.60
31.24
36.60
36.33
35.13
34.13
3361
3361
3270
3270
33.53
3270
33.53
33.53
31.80
30.02
51.83
49.79
47.79
46.16
46.60
46.60
-9999.99
4478
-9999.99
44.28
41.06
51.83
46.60
41.04
41.03
40.25
38.86
3745
36.07

Difference
200yr+CC+10%
roughness less

200yr+CC

0.05
0.03
0.02
0.02
0.02
0.03
0.00
0.00
0.03
0.03
0.02
0.02
0.02
0.02
0.00
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.00
0.01
0.00
0.02
0.02
0.02
0.01
0.02
0.04
0.10
0.10
007
007
007
007
007
007
0.06
0.06
0.02
0.02
0.02
0.03
0.03
0.03
0.00
0.01
0.00
0.02
0.05
0.02
0.03
0.00
0.00
0.00
0.00
0.00
0.01

Difference
200yr+CC-10%
roughness less

200yr+CC

0.03
0.05
007
007
007
0.01
0.00
0.00
0.01
0.01
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.03
0.00
0.03
0.01
0.01
0.02
0.12
0.12
0.07
0.07
0.09
0.07
0.09
0.09
0.07
.06
0.03
0.02
0.02
0.04
0.03
0.03
0.00
0.01
0.00
0.05
0.02
0.03
0.03
0.01
0.00
0.00
0.00
0.00
0.01

Difference
200yr+CC less
200yr

0.02
0.02
0.03
0.03
0.03
0.00
0.00
0.00
0.00
0.00
0.02
0.02
0.02
0.02
0.03
0.04
0.04
0.03
0.03
0.03
0.03
0.03
0.00
0.01
0.00
0.01
0.02
0.01
0.00
0.00
0.00
0.01
0.01
0.00
0.00
0.01
0.00
0.01
0.01
0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.01
0.00
0.01
0.00
0.03
0.03
0.01
0.01
0.02
0.02
0.01
0.01
0.00
0.01

Difference
blockage Castle

200yr+CC

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.02
0.02
0.02
0.03
0.01
0.03
0.02
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Difference

Dows wall -

200yr+CC

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
-0.01
0.00
-0.01
0.00
-0.02
007
035
035
013
013
038
013
038
038
012
011
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
-0.01
0.02
-0.02
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Node

P1.520C1R4
P1.520C20
P1.520D
P1.C002D
P1.C003i
P1.C004
P1.C005i
P1.C006
P1.C006i
P1.C007i
P1.C008
P1.C008i
P1.C009D
P1.C00%i
P1.C00912
P1.009JD
P1.C009.Dspd
P1.C009JU
P1.C009JUspu
P1.C009U
P1.C012
P1.C012i
P1.C013
P1.C016
P1.C017JU
P1.C017JUspu
P1.C017U
P1.C019D
P1.C019i
P1.C019JD
P1.C019Dspd
P1.C020
P1.C021i
P1.C022i
P1.C022JU
P1.022JUspu
P1.C022U
P1.C023D
P1.C023JD
P1.C023JDspd
P1.C024i
P1.C025
P1.C025i
P1.C026i
P1.C026WU
P1.C034i
P1.C034WD
P1.C035i
P1.C036D
P1.C036JD
P1.C036JU
P1.C036U
Park_in_V1
RESL1.211
RESL1.C004
RESL1.C005
RESR1.211
REST1.380
REST1.400
REST1.403i
REST1.405

Inial
Conditions

34.405
33.285
33.228
64.552
62.85
61.397
60.22
58.901
579
56.9
54.898
54.09
52,612
53.351
53.207
52612
52,612
53.209
53.209
53.209
51.98
50.576
49.293
48126
46.796
46.796
46.796
46.785
45.829
46.785
46.785
45.002
44.487
44.485
44.481
44.481
44.481
44.215
44.215
44.215
43426
42,635
43013
42498
42498
40.768
40.768
40.768
4061
4061
40.769
40.769
64.552
40.505
40.505
40.505
37.001
36.719
36.719
36.719
36.719

>
&

m

3441
33.33
33.30
64.55
62.86
61.40
60.23
58.90
57.91
56.90
5491
54.10
5261
53.36
53.23
5261
5261
53.23
53.23
53.23
51.99
50.58
49.30
4813
46.80
46.80
46.80
46.79
4583
46.79
46.79
45.01
44.50
4449
4449
4449
4449
4422
4422
4422
4343
4264
43,01
42.50
42.50
40.77
40.77
40.77
40.61
40.61
40.77
40.77
64.55
40.51
40.51
40.51
37.00
36.72
36.72
36.72
36.72

Syr

3444
3348
3345
64.61
62.97
6147
60.31
58.95
57.96
56.95
54.98
54.12
5264
5343
5341
5264
5264
5341
5341
5341
52.03
50.64
49.35
48.20
46.85
46.85
46.85
46.85
45.86
46.85
46.85
45.06
4465
4465
4465
4465
4465
4425
4425
4425
4346
4269
43.04
42.57
42.57
40.83
40.83
40.83
40.64
40.64
40.83
40.83
64.61
4051
4051
4051
37.00
3572
3572
3572
3572

10yr

34.47
33.52
33.48
64.63
63.00
61.51
60.33
58.96
57.98
56.97
56.00
54.13
52,65
53.47
53.48
52,65
52,65
53.48
53.48
53.48
52.06
50.66
49.37
4822
46.87
46.87
46.87
46.87
45.88
46.87
46.87
45.09
4472
4472
4472
4472
4472
421
421
421
4348
4272
43.06
42.60
42.60
40.88
40.88
40.88
4067
4067
40.88
40.88
64.63
40.51
40.51
40.51
37.00
36.81
36.81
36.81
36.81

251

34.50
33.58
33.53
64.66
63.04
61.56
60.35
58.99
58.00
57.00
56.03
54.16
52.67
53.52
53.54
52.67
52.67
53.54
53.54
53.54
52.10
50.69
4942
48.25
46.90
46.90
46.90
46.90
4590
46.90
46.90
45.14
44.83
44.83
44.83
44.83
44.83
44.30
44.30
44.30
4351
42.75
43.09
42.65
42.65
40.95
40.95
40.95
40.72
40.72
40.95
40.95
64.66
40.51
40.51
40.51
37.00
36.07
36.07
36.07
36.07

50yr

3453
33.63
3357
64.69
63.07
61.59
60.38
59.02
58.03
57.03
55.06
54.18
52.69
53.55
53.57
52.69
52.69
53.57
53.57
53.57
5213
50.72
49.46
48.27
46.94
46.94
46.94
46.94
4591
46.94
46.94
45.18
44,95
44,95
44,95
44,95
44,95
4432
4432
4432
4353
42.18
4311
4269
4210
4.00
4.00
4.00
40.78
40.78
4.00
4.00
64.69
4051
4051
4051
37.00
36.36
36.36
36.36
36.36
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Maximum flood water levels at upstream model nodes (list 2 of 3)

100yr

34.56
33.68
3361
64.71
63.10
61.63
60.40
59.04
58.05
57.05
56.09
54.20
52.1
53.56
53.58
52.1
52.1
53.59
53.59
53.59
52.16
50.74
49.50
4829
46.97
46.97
46.97
46.97
4593
46.97
46.97
4523
45,05
45,05
45,05
45,05
45,05
4433
4433
4433
4355
4282
4313
4273
42.74
41.06
41.06
41.06
40.85
40.85
41.06
41.06
64.71
40.51
40.51
40.51
37.00
36.63
36.63
36.63
36.63

100yr+CC

34.60
33.76
33.68
64.74
63.13
61.66
60.43
59.06
58.07
57.08
56.12
54.23
52.74
53.59
5361
52.74
52.74
5361
5361
5361
52.20
50.77
49.54
48.33
47.00
47.00
47.00
47.00
45.96
47.00
47.00
4521
4510
4510
4510
4510
4510
44.36
44.36
44.36
4357
42.86
4315
42.79
42.80
41.16
41.16
41.16
40.96
40.96
41.16
41.16
64.74
40.51
40.51
40.51
37.00
36.98
36.98
36.98
36.98

200yr

3465
33.85
3376
64.77
63.16
61.70
60.46
59.09
58.10
5112
55.16
54.26
52.76
53.62
53.63
5276
52.76
53.63
53.63
53.63
5223
50.81
49.58
48.38
4703
4703
4703
4703
46.00
4703
4703
45.30
4513
4513
45.14
45.14
45.14
4439
4439
4439
4359
4290
4318
4285
42.86
M2
M2
4.8
41.08
41.08
4.8
4.8
64.77
4051
4051
4051
37.00
347
347
347
347

200yr+CC

34.64
33.86
33.77
64.76
63.16
61.69
60.45
59.08
58.09
51.12
55.15
54.25
52.76
5361
53.63
52.76
52.76
53.63
53.63
53.63
52.23
50.80
49.57
48.37
47.03
47.03
47.03
47.03
4599
47.03
47.03
4530
4513
4513
4513
4513
4513
44.38
44.38
44.38
4359
42.89
4318
4284
42.85
4.26
4.26
41.26
41.06
41.06
41.26
4.26
64.76
40.51
40.51
40.51
37.00
31.20
31.20
31.20
31.20

200yr+CC-10% 200yr+CC+10% Flood wall near

roughness Castle Heather

3464
3379
33.69
64.75
63.14
61.67
6043
59.07
58.07
57.09
56.13
54.24
5274
53.61
53.63
5274
5274
53.64
53.64
53.64
5221
50.78
49.55
48.34
4701
4701
4701
4701
45.97
4701
4701
4529
45.14
45.14
45.14
45.14
45.14
4437
4437
4437
4357
4289
43.16
42.84
4285
#.25
#.25
#.25
4105
4105
41.26
41.26
64.75
4051
4051
4051
37.00
3124
3124
3124
3124

roughness

3465
33.92
33.84
64.78
63.17
61.71
6047
59.10
58.11
57.14
56.17
5421
5217
53.61
53.61
5217
5217
53.62
53.62
53.62
5224
50.82
49.59
48.40
47,04
47,04
47,04
47,04
46.01
47,04
47,04
45.30
4512
4512
4512
4512
4512
4440
4440
4440
4361
4290
4319
42.84
4285
41.26
41.26
41.26
4.07
4.07
41.26
41.26
64.78
4051
4051
4051
37.00
3716
3716
3716
3716
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3468
3410
34.04
64.76
63.16
61.69
6045
59.08
58.09
5112
55.15
54.25
5276
53.61
53.63
5276
52.76
53.63
53.63
53.63
5223
50.80
49.57
48.37
4703
4703
4703
4703
4599
4703
4703
45.30
4513
4513
4513
4513
4513
44.38
44.38
44.38
4359
4289
4318
42.84
4285
41.26
41.26
41.26
41.06
41.06
41.26
41.26
64.76
4051
4051
4051
37.00
#NIA
#NIA
#NIA
#NIA

30% blockage
Castle Heather
culverts only

3464
33.86
3377
64.76
63.16
61.69
6045
59.08
58.09
5112
55.15
54.25
5276
53.61
53.62
5276
52.76
53.63
53.63
53.63
5223
50.80
49.57
48.37
4703
4703
4703
4703
4599
4703
4703
45.30
4513
4513
4513
4513
4513
44.38
44.38
44.38
4359
4289
4318
42.84
4285
41.26
41.26
41.26
41.06
41.06
41.26
41.26
64.76
4051
4051
4051
37.00
3123
3123
3123
3123

Difference
200yr+CC+10%
roughness less

200yr+CC

001
007
008
002
002
002
002
002
001
002
002
001
002
000
0.01
002
002
0.01
0.01
0.01
002
002
002
003
002
002
002
002
002
002
002
001
0.01
0.01
0.01
0.01
0.01
002
002
002
002
001
002
0.00
0.00
0.00
001
0.00
001
001
000
0.00
002
000
000
000
000
0.04
0.04
0.04
0.04

Difference
200yr+CC-10%
roughness less

200yr+CC

-0.01
-0.06
-0.08
-0.01
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.01
0.00
0.01
-0.01
-0.01
0.01
0.01
0.01
-0.02
-0.02
-0.02
-0.03
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.01
0.0
0.0
0.0
0.0
0.01
-0.02
-0.02
-0.02
-0.02
0.00
-0.02
0.00
0.00
-0.01
0.00
0.00
-0.01
-0.01
0.00
0.00
-0.01
0.00
0.00
0.00
0.00
0.05
0.05
0.05
0.05

1
1
1
1

Difference
200yr+CC less
00yr

0.00
0.00
0.01
0.00
-0.01
-0.01
0.00
-0.01
0.00
-0.01
-0.01
0.00
-0.01
-0.01
0.00
-0.01
-0.01
0.00
0.00
0.00
-0.01
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.01
0.00
0.00
0.00
-0.01
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.01
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
0.00
0.00
0.00
0.00
0.00
0.03
0.03
0.03
0.03

1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1

Difference
blockage Castle
Heather -
200yr+CC

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.03
0.03
0.03
0.03

Difference
Dows wall -
200yr+CC

0.04
025
028
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
#NIA
#NIA
#NIA
#NIA
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Node

T1.100T
T1.100
T1.1201
T1.170D
T1.170JD
T1.4700U
T1.470U
T1.210T
T1.220T
T1.2401
T1.2601
T1.300D
T1.300D
T1.3000U
T1.300spD
T1.300spU
T1.300U
T1.301WU
T1.360WD
T1.380i
T1.380ispl
T1.400i
T1.400isp!
T1.403i
T1.403ispl
T1.405Gspl
T1.405T
T1410D
T1410,D
T1.4100U
T1.410spD
T1.410spU
T14100
T1450D
T1.4551
T1.4587
T1.460T
T1.4651
T1.470T
T1.880JU
T1.890JD
T1.8981
T1.9000U
T1.C001WD
T1.C005WU
T1.C006
T1.C009D
T1.€009,D
T1.C009JDspd
T1.C009)U
T1.C009JUspu
T1.C009U
T1.C011WD
T1.C013WU
Temp_in_V1
UrbanA
UrbanB
UrbanC
UrbanD
UrbanE
UrbanF
UrbanH

Inial
Conditions

52.314
49.762
47142
41.692
41,692
4.701
4.701
41.396
40.736
39.998
39.708
39.286
39.286
39.693
39.286
39.693
39.693
39.207
38.127
37.349
-9999.99
37.166
-9999.99
37.136
-9999.99
-9999.99
36.884
36
36
36.139
36
36.139
36.139
35.732
35.049
34474
34.458
33.831
33.339
33.228
33.228
32,622
32.256
41.765
42,634
43.016
43.336
43.336
43.336
43341
43341
43341
44.353
45451
52.314
40.769
43.336
39.286
36
33.228
38.479
31.675

>
=

5243
49.89
4753
#.79
#.79
4181
41.81
4152
40.81
4022
40.16
39.40
39.40
40.16
39.40
40.16
40.16
39.30
38.23
3745

-9999.99

31.26

-9999.99

37.18

-9999.99
-9999.99

37.00
36.10
36.10
36.56
36.10
36.56
36.56
35.82
35.12
34.56
34.55
33.92
3347
33.30
33.30
3276
32.58
4188
4275
4310
4341
4341
4341
4343
4343
4343
44.46
4559
5243
40.77
4341
39.40
36.10
33.30
38.65
31.98

Syr

5250
49.96
4759
4.87
4.87
41.88
41.88
457
40.87
40.27
40.19
3044
3044
40.19
3044
40.19
40.19
39.37
38.31
3152

-9999.99

3134

-9999.99

3124

-9999.99
-9999.99

3713
36.18
36.18
36.93
36.18
36.93
36.93
35.88
35.18
3462
3461
3398
33.60
3345
3345
3293
3279
41.96
4283
43.16
4347
4347
4347
4350
4350
4350
4452
45,69
5250
40.83
4347
3044
36.18
3345
3872
3220

10yr

52.54
49.99
47.61
4.9
4.9
49192
4192
4159
4090
40.30
4020
39.47
39.47
4019
39.47
4019
4019
3941
38.34
37.85

-9999.99

31.37

-9999.99

31.28

-9999.99
-9999.99

37.18
36.19
36.19
37.00
36.19
37.00
37.00
35.89
35.19
34.63
34.62
34.00
33.62
33.48
33.48
32.99
32.87
42.00
4281
4319
4349
4349
4349
4353
4353
4353
44.54
45.74
52.54
40.88
4349
39.47
36.19
33.48
38.76
3227

25yr

52.59
50.04
47.65
41.96
41.96
97
97
4163
40.95
40.34
40.21
39.51
39.51
4020
39.51
4020
4020
39.46
38.39
37.60

-9999.99

3742

-9999.99

31.33

-9999.99
-9999.99

31.22
36.21
36.21
37.06
36.21
37.06
37.06
3591
35.20
34.64
34.63
34.02
33.65
33.53
33.53
33.05
32.94
42.06
4293
4323
4353
4353
4353
4358
4358
4358
4457
45.81
52.59
40.95
4353
39.51
36.21
33.53
38.81
32.37

50yr

5263
50.08
4769
42.00
42.00
4202
4202
41.66
40.99
4040
40.22
39.55
39.55
4021
39.55
4021
4021
39.50
3843
3764

-9999.99

3746

-9999.99

3137

-9999.99
-9999.99

31.26
36.22
36.22
3710
36.22
3710
3710
3592
3521
3465
3464
3403
33.68
3357
3357
3322
33.16
4211
4299
4327
43.56
43.56
43.56
4364
4364
4364
4459
45.88
5263
4.00
43.56
39.55
36.22
3357
38.85
3251
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Maximum flood water levels at upstream model nodes (list 3 of 3)

100yr

52.67
50.11
41.71
42.05
42,05
4207
4207
#.70
41.03
4044
4024
39.59
39.59
4022
39.59
4022
4022
39.55
38.47
37.68

-9999.99

3749

-9999.99

3740

-9999.99
-9999.99

31.28
36.23
36.23
31.12
36.23
31.12
31.12
35.93
35.22
34.66
34.65
34.04
337
3361
3361
33.32
33.27
4216
43.04
43.31
4359
4359
4359
4369
4369
4369
4462
4594
52.67
41.06
4359
39.59
36.23
3361
39.03
32.57

100yr+CC

52.12
50.16
47.76
4211
4211
4213
4213
M.75
41.09
40.51
40.25
39.64
39.64
4023
39.64
4023
4023
39.60
38.52
3112
-9999.99
37.54
-9999.99
3745
-9999.99
-9999.99
3.3
36.24
36.24
31.15
36.24
31.15
31.15
35.94
35.24
34.67
34.66
34.06
3375
33.68
33.68
33.48
3345
4222
4311
43.36
4363
4363
4363
43.76
43.76
43.76
44.65
46.03
52.12
41.16
4363
39.64
36.24
33.68
39.08
32.64

200yr

5278
50.20
4780
42.16
42.16
4219
4219
#.19
4.4
40.56
40.27
39.68
39.68
40.25
39.68
40.25
40.25
39.65
3857
3174

-9999.99

37.56

-9999.99

3747

-9999.99
-9999.99

3733
36.24
36.24
37
36.24
37
37
35.94
35.24
3467
34.66
3407
33.81
3376
3376
3361
33.60
42.29
4318
4341
4366
4366
4366
4385
4385
4385
4469
46.12
5278
4.8
4366
39.68
36.24
3376
39.05
3270

200yr+CC

52.17
50.19
47.79
4216
4216
4219
4219
M.79
413
40.56
4021
39.69
39.69
4024
39.69
4024
4024
39.65
38.58
3175
-9999.99
37.56
-9999.99
3748
-9999.99
-9999.99
31.33
36.25
36.25
37.19
36.25
37.19
37.19
35.95
35.24
34.68
34.67
34.08
33.82
3377
3377
33.62
3361
4228
4318
4341
43.66
43.66
43.66
4383
4383
4383
44.68
46.10
52.17
41.26
43.66
39.69
36.25
3377
39.06
3270

200yr+CC-10% 200yr+CC+10% Flood wall near

roughness

5274
50.16
4117
42.12
42.12
42.16
42.16
476
410
40.53
40.28
39.68
39.68
4027
39.68
4027
4027
39.65
38.54
31738
-9999.99
3754
-9999.99
3746
-9999.99
-9999.99
3132
36.23
36.23
3124
36.23
3124
3124
3592
35.22
34.66
3465
34.05
3374
33.69
33.69
3350
3349
42.25
4318
4339
4363
4363
4363
4382
4382
4382
44,66
46.10
5274
41.26
4363
39.68
36.23
33.69
39.06
3263

roughness

52.80
50.22
4182
4220
4220
42.22
42.22
41.82
#.17
40.58
40.28
39.69
39.69
40.24
39.69
40.24
40.24
39.65
38.61
3
-9999.99
3758
-9999.99
3749
-9999.99
-9999.99
3734
36.28
36.28
3115
36.28
3115
3115
3597
3521
341
3469
341
33.89
33.84
33.84
3372
337
42.32
4318
4342
4368
4368
4368
4384
4384
4384
4470
46.10
52.80
41.26
4368
39.69
36.28
33.84
39.08
211
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Castle Heather

5271
50.19
4119
42.16
42.16
4219
4219
#.19
#.13
40.56
40.29
39.69
39.69
40.27
39.69
40.27
40.27
39.65
3857
37.80
#NIA
37.66
#NIA
3763
#NIA
#NIA
3751
36.44
36.44
3152
36.44
3152
3152
36.10
354
3487
34.86
3432
341
34.04
34.04
3397
33.96
42.28
4318
4341
4366
4366
4366
4383
4383
4383
44,68
46.10
5271
41.26
4366
39.69
36.44
34.04
39.06
3283

30% blockage
Castle Heather
culverts only

5271
50.19
4119
42.16
42.16
4219
4219
#.19
#.13
40.58
40.38
39.69
39.69
40.37
39.69
40.37
40.37
39.65
38.58
3175
-9999.99
37.56
-9999.99
3748
-9999.99
-9999.99
3733
36.26
36.26
3122
36.26
3122
3122
3595
35.24
3469
3467
34.08
33.82
3377
3377
3362
3361
42.28
4318
4341
4366
4366
4366
4383
4383
4383
44,68
46.10
5271
41.26
4366
39.69
36.26
3377
39.06
3270

Difference
200yr+CC+10%
roughness less

200yr+CC

003
003
002
0.04
0.04
003
003
003
004
002
002
001
001
000
001
000
000
000
0.04
002
000
002
000
002
000
000
001
003
003
0.03
003
0.03
0.03
002
002
003
002
003
007
008
008
010
010
0.04
000
002
003
003
003
001
001
001
002
000
003
000
003
001
003
008
002
007

Difference
200yr+CC-10%
roughness less

200yr+CC

-0.03
-0.03
-0.02
-0.04
-0.04
-0.03
-0.03
-0.03
-0.04
-0.02
0.01
-0.01
-0.01
0.03
-0.01
0.03
0.03
0.00
-0.04
-0.02
0.00
-0.02
0.00
-0.02
0.00
0.00
-0.01
-0.03
-0.03
0.05
-0.03
0.05
0.05
-0.02
-0.02
-0.02
-0.02
-0.04
-0.08
-0.08
-0.08
-0.12
-0.12
-0.04
0.00
-0.02
-0.03
-0.03
-0.03
-0.01
-0.01
-0.01
-0.02
0.00
-0.03
0.00
-0.03
-0.01
-0.03
-0.08
0.00
-0.07

Difference
200yr+CC less

200yr

-0.01
-0.01
-0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.00
0.01
0.00
0.00
0.01
0.01
0.01
0.00
0.01
0.00
0.01
0.00
0.00
0.00
0.01
0.01
0.02
0.01
0.02
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
-0.02
-0.02
-0.02
-0.01
-0.02
-0.01
-0.02
0.00
0.01
0.01
0.01
0.02
0.00

Difference
blockage Castle
Heather -
200yr+CC

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02
011
0.00
0.00
013
0.00
013
013
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.03
0.00
0.03
0.03
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00

Difference
Dows wall -
200yr+CC

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.02
0.00
0.00
0.03
0.00
0.03
0.03
0.00
0.01
0.05
#NIA
0.09
#NIA
0.16
#NIA
#NIA
017
0.19
0.19
033
0.19
033
033
0.15
0.16
0.19
0.19
024
029
028
028
035
035
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.19
028
0.00
013



Mill Burn Flood Risk Review

Inital
Condition
s

Node

M1.255D 31.911
M1.256T 30.961
M1.300J1 29.376
M1.300J1 2943

M1.301W 2808

M1.301W 28.591
M1.302D 27.988
M1.302J1 27.988
M1.302J1 27.999
M1.302U 27.999
M1.308G 27.748
M1.330J1 27.305
M1.330J1 27.306
M1.335T 27121
M1.3500 26.754
M1.360W 25.889
M1.370J1 25.882
M1.370U 25.882
M1.380D 25.861
M1.380J1 25.861
M1.3901  25.849
M1.395i  25.816
M1.401G 25.799
M1.402G 24.947
M1.403G 23.944
M1.403i  23.054
M1404D 222

M1404d1 22.2

M1.4041 22.2

M1.404s) 22.2

M1.404s) 22.2

M1.404U 222

M1.405G 20441
M1.405J1 21.64

M1.405J1 21.715
M1.406G 19.432
M1.407G 18.392
M1.407i 18.149
M1.408D 18.027
M1.408J1 18.027
M1.408J1 18.029
M1.408s) 18.029
M1.408U 18.029
M1.4080 18.02

M1.409G 17.545
M1.409G -9999.99
M1.409G -9999.99
M1.400i 1713
M1.409is -9999.99
M1.409is -9999.99
M1.400W 17.645
M1.410G 16.341
M1.410G -9999.99
M1.410G -9999.99
M1.410i  15.466
M1.410is -9999.99
M1.410is -9999.99
M1.411G 14.381
M1.411G -9999.99

r Syr 10yr 26yr
3200 321 R29 3238
3105 3127 3134 3144
2945 2963 2970 2979
2951 2970 2977 2985
2811 2821 2824 2830
2865 2882 2888  28.97
2802 2810 2814 2819
2802 2810 2814 2819
2803 2813 2817 2822
2803 2813 2817 2822
2178 2788 2192 2199
27137 2154 2181 2170
2137 2154 2181 2170
27119 2738 2745 2754
2680 2693 2698  27.05
2595 2613 2620 26.30
2594 2611 2619 2629
2594 2611 2619 2629
2591 2606 2612 2620
2591 2606 2612 2620
2590 2604 2609  26.17
2586 2598 2603  26.10
2584 2597 2601  26.08
2500 2515 2521 2528
2402 2422 2430 2440
2316 2327 2333 2337
229 241 25 2862
229 241 25 2862
230 2241 254 2297
229 241 25 2862
230 2241 254 2297
230 2241 254 2297
2053 2072 2078 2085
275 2199 2206 2214
2183 2206 2213 222
1950 1966 1973  19.81
1849 1869 1878  18.88
1823 1843 1851 1862
1814 1833 1841 1852
1814 1833 1841 1852
1814 1834 1842 1854
1814 1834 1842 1854
1814 1834 1842 1854
1813 1833 1841 1852
1763 1779 1786  17.95

0999.99 -0999.99 -9999.99 -9999.99
-0999.99 -0999.99 -9999.99 -9999.99
1723 1740 1747 1756
0999.99 -0999.99 -9999.99 -9999.99
0999.99 -0999.99 -9999.99 -9999.99
1773 1789 1796 1805
1643 1659 1665 16.74
0999.99 -0999.99 -9999.99 -9999.99
0999.99 -0999.99 -9999.99 -9999.99
1556 1571 1577 1585
0999.99 -0999.99 -9999.99 -9999.99
0999.99 -0999.99 -9999.99 -9999.99
1446 1461 1486 1474
0999.99 -0999.99 -9999.99 -9999.99

50yr  100yr

32.52
31.57
29.90
29.96
2837
2910
2826
2826
2830
2830
28.08
27.83
27.83
2767
2715
2646
2645
2645
2631
2631
2621
2619
2617
2539
24.51
247
21N
2.1
23.04
2.1
23.04
23.04
2092
223
2.3
19.90
18.99
18.78
18.66
18.66
18.73
18.73
18.73
1866 1874
1805 1812
9999.99 -0999.99
9999.99 -0999.99
1766 1772
9999.99 -0999.99
9999.99 -0999.99
1816 1823
1683  16.89
9999.99 -0999.99
9999.99 -0999.99
1594 1598
9999.99 -0999.99
9999.99 -0999.99
1481 1486
9999.99 -0999.99

32.57
31.62
2095
30.02
84
2016
2830
2830
2834
2834
2812
27.88
27.88
2172
2719
2654
2652
26.52
26.36
26.36
2632
2623
2622
2544
24.57
2351
2276
2276
23.08
2276
23.08
23.08
2095
221
2236
19.94
19.10
18.95
18.74
18.74
18.86
18.86
18.86

100yr+CC ~ 200yr

3265
3170
30.04
30.10
2849
2926
2838
2838
2843
2843
82
2800
2800
2784
a2
2.7
26.68
26.68
2645
2645
2642
2632
2631
2554
24.66
2357
284
284
812
284
812
812
2099
23
24
2001
19.20
19.14
18.87
18.87
19.04
19.04
19.04
18.87
1820
-9999.99
-9999.99
17.82
-9999.99
-9999.99
18.31
16.99
-9999.99
-9999.99
16.02
-9999.99
-9999.99
1491
-9999.99

2n
3176
30.10
30.16
2855
2935
2843
2843
2849
2849
2829
2809
2809
92
a3
2683
2680
2680
26.51
26.51
2647
2638
26.36
2561
2473
2360
2288
2288
214
2288
2214
2814
201
2236
2246
20.04
19.26
19.24
18.95
18.95
19.14
19.14
19.14
18.94
1824
-9999.99
-9999.99
17.90
-9999.99
-9999.99
18.34
17.03
-9999.99
-9999.99
16.04
-9999.99
-9999.99
14.93
-9999.99
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200yr+CC

2n
31.76
3010
30.16
2855
2935
2844
2844
2849
2849
2829
2810
2810
2793
2733
26.84
26.81
26.81
2652
26.52
2648
26.38
26.36
2561
24.74
2360
2289
2289
215
2289
215
215
2101
231
247
2005
19.31
19.29
18.98
18.98
19.19
19.19
19.19
18.98
18.25
-9999.99
-9999.99
17.95
-9999.99
-9999.99
18.34
17.04
-9999.99
-9999.99
16.05
-9999.99
-9999.99
14.94
-9999.99
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200yr+CC- 200yr+CC+

10%

roughness  roughness

32644
31.695
30.055
3041
28506
29.346
28382
28382
28449
28449
28228
28028
28028
2787
27.334
26.791
26.765
26.765
26479
26479
26434
26322
26.305
25539
24.659
23567
22839
22839
23136
22839
23136
23136
2099
2332
2423
20.006
19.284
19.284
18.98
18.98
19.19
19.19
19.19
18.981
18216
-9999.99
-9999.99
17.837
-9999.99
-9999.99
18.291
16.998
-9999.99
-9999.99
16.024
-9999.99
-9999.99
14.916
-9999.99

10%

211
31.818
30.148
30.221
28591
29.346
28486
28486
28531
28531
28342
28149
28149
2797
27.334
26.882
26.856
26.856
26558
26558

2652
26439
26413
25.668

248
23634

2.9

2.9
23183

2.9
23183
23183
21.029
22406
22507
20.081
19.332
19.303
18.986
18.986
19.196
19.196
19.196
18.981

1827

-9999.99
-9999.99
18.011
-9999.99
-9999.99

18.389

17.061
-9999.99
-9999.99

16.057
-9999.99
-9999.99

14.942
-9999.99

200yr +
5yr tide

32.708
3176
30.098
30.159
28548
29.345
28433
28433
28489
28489
28285
28091
28091
27922
27331
26.825
26.798
26.798
26512
26512
26411
26375
26.357
25605
24728
23598
22816
22876
24
22876
214
24
21.006
2236
22455
20037
19.259
19.242
18.945
18.945
19.138
19.138
19.138
18.942
18.239
-9999.99
-9999.99
17.898
-9999.99
-9999.99
18.337
17.026
-9999.99
-9999.99
16.038
-9999.99
-9999.99
14.929
-9999.99

200yr +  5yr+200yr
MHWS tide

32.708
3176
30.098
30.159
28548
29.345
28433
28433
28489
28489
28285
28091
28091
27922
27331
26.825
26.798
26.798
26512
26512
26411
26375
26.357
25605
24728
23598
22816
22876
24
22876
214
24
21.006
22.361
22485
20037
19.259
19.242
18.945
18.945
19.138
19.138
19.138
18.942
18.239
-9999.99
-9999.99
17.898
-9999.99
-9999.99
18.337
17.026
-9999.99
-9999.99
16.038
-9999.99
-9999.99
14.929
-9999.99

tide

2213
31.268
20632
29702
28205
28816
28103
28103
28127
28127
27.88
27539
27539
2138
26925
26126
26114
26114
26.061
26.061
26.039
25984
25.966
25149
24.224
22213
2474
2474
2474
2474
2474
2474
20721
21.987
22,061
19.661
18.694
18.425
18.329
18.329
18.338
18.338
18.338
18.325
1779
-9999.99
-9999.99
17.399
-9999.99
-9999.99
17.801
16.59
-9999.99
-9999.99
15.712
-9999.99
-9999.99
14.606
-9999.99

Flood wall
near
Castle
Heather

32.84
31.88
30.22
30.28
2866
2951
2854
2854
2861
2861
2840
2821
2821
28.04
2747
2715
2743
2743
2664
2664
2659
2648
2646
2572
24.85
2367
298
2298
2319
2298
2319
2319
21.04
243
2254
2013
19.52
19.51
1913
1913
19.42
19.42
19.42
1913
18.28
-9999.99
-9999.99
18.05
-9999.99
-9999.99
18.38
17.07
-9999.99
-9999.99
16.06
-9999.99
-9999.99
14.96
-9999.99

Flood wall
along
Diriebught
Rd

32.84
31.88
30.22
30.28
2866
2951
2854
2854
2861
2861
2840
2821
2821
28.04
2747
2715
2743
2743
2664
2664
2659
2648
2646
2572
24.85
2367
298
298
2319
298
2319
2319
21.04
243
2254
2013
19.52
19.51
1913
1913
19.42
#NA
19.42
1913
1827
#NA
-9999.99
18.34
#NA
-9999.99
18.37
17.08
#NIA
-9999.99
16.23
#NIA
-9999.99
14.99
#NA

30% blockage
Castle Heather
culverts only

2n
31.76
30.10
30.16
2855
2935
2844
2844
2849
2849
2829
2810
2810
2793
2733
2684
2681
26.81
2652
26.52
2648
26.38
26.36
2561
24.74
2360
2289
2289
215
2289
215
215
2101
231
247
2005
19.31
19.29
18.98
18.98
19.19
19.19
19.19
18.98
18.25
-9999.99
-9999.99
17.95
-9999.99
-9999.99
18.34
17.04
-9999.99
-9999.99
16.05
-9999.99
-9999.99
14.94
-9999.99

30% Blockage
Culcabock Road
only

2n
31.76
30.10
30.16
2855
2935
2844
2844
2849
2849
2829
2810
2810
2793
2733
2684
2681
26.81
2652
26.52
2648
26.38
26.36
2561
24.74
2360
2289
2289
215
2289
215
215
2101
231
247
2007
19.51
19.50
19.05
19.05
19.47
19.47
19.47
18.98
18.25
-9999.99
-9999.99
17.95
-9999.99
-9999.99
18.34
17.04
-9999.99
-9999.99
16.04
-9999.99
-9999.99
14.94
-9999.99
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Diference Difference
Difference  200yr+CC- 200y+CC  Diference Difference
200yr+CC+10%  10% block Castle
less 200yr+CC
roughness less  roughness Heather, no
200yr+CC+  less 200yr
200yr+CC less VHWS lockage
200yr+CC

0.06 007 -0.001 0.00 0.00
0.06 007 0.000 0.00 0.00
0.05 0.04 -0.001 0.00 0.00
0.06 -0.06 -0.001 0.00 0.00
0.04 0.04 -0.001 0.00 0.00
0.00 0.00 -0.001 0.00 0.00
0.05 0.05 -0.003 0.00 0.00
0.05 0.05 -0.003 0.00 0.00
0.04 0.04 -0.002 0.00 0.00
0.04 0.04 -0.002 0.00 0.00
0.05 -0.06 -0.003 0.00 0.00
0.05 007 -0.004 0.00 0.00
0.05 007 -0.004 0.00 0.00
0.04 0.05 -0.003 0.00 0.00
0.00 0.00 -0.003 0.00 0.00
0.05 0.04 -0.010 0.01 0.00
0.05 0.04 -0.010 0.01 0.00
0.05 0.04 -0.010 0.01 0.00
0.04 0.04 -0.007 0.01 0.00
0.04 0.04 -0.007 0.01 0.00
0.04 0.04 -0.007 0.01 0.00
0.06 -0.06 -0.005 0.00 0.00
0.05 -0.06 -0.006 0.01 0.00
0.06 007 -0.006 0.01 0.00
0.07 -0.08 -0.007 0.01 0.00
0.03 0.03 -0.003 0.00 0.00
0.05 0.05 0015 0.01 0.00
0.05 0.05 0015 0.01 0.00
0.01 -0.01 -0.004 0.00 0.00
0.05 0.05 0015 0.01 0.00
0.01 -0.01 -0.004 0.00 0.00
0.01 -0.01 -0.004 0.00 0.00
0.02 0.02 -0.005 0.00 0.00
0.04 0.04 -0.010 0.01 0.00
0.04 0.04 0012 0.01 0.00
0.03 0.04 0012 0.01 0.00
0.02 0.03 -0.050 0.05 0.00
0.01 -0.01 -0.051 0.05 0.00
0.00 0.00 -0.038 0.04 0.00
0.00 0.00 -0.038 0.04 0.00
0.00 0.00 -0.055 0.05 0.00
0.00 0.00 -0.055 0.05 0.00
0.00 0.00 -0.055 0.05 0.00
0.00 0.00 -0.039 0.04 0.00
0.02 0.04 0013 0.01 0.00
0.00 0.00 0.000 0.00 0.00
0.00 0.00 0.000 0.00 0.00
0.06 .11 -0.052 0.05 0.00
0.00 0.00 0.000 0.00 0.00
0.00 0.00 0.000 0.00 0.00
0.05 0.05 -0.005 0.00 0.00
0.02 0.04 0015 0.02 0.00
0.00 0.00 0.000 0.00 0.00
0.00 0.00 0.000 0.00 0.00
0.01 0.02 -0.007 0.01 0.00
0.00 0.00 0.000 0.00 0.00
0.00 0.00 0.000 0.00 0.00
0.01 0.02 -0.008 0.01 0.00
0.00 0.00 0.000 0.00 0.00

Difference

blockage

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
002
020
021
0.06
0.06
027
027
027
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000



Mill Burn Flood Risk Review

Inital
Node  Condition
s

M1.411G -9999.99 -0999.99

mrarti 13434

M1.411ispl -9999.99 -0999.99
M1.41tispr -9999.99 -9999.99

M14126  12.927

M1.4126s; -9999.99 -9999.99
M1.412s; -9999.99 -9999.99

wtatawe 11313

M1.413WD -9999.99 -0999.99
M1.413WD -9999.99 -0999.99

Matawe 11.897
w4t 11.059

M1.414Tsp -9999.99 -0999.99
N1.414Tsp -9999.99 -0999.99
M1.4155p1 -9999.99 -0999.99
M1.4155pr -9999.99 -0999.99

w4150 10.903
mteteu 10916

M1.416Us -9999.99 -9999.99
M1.416Us -9999.99 -9999.99
M1.417Gs; -9999.99 -0999.99
M1.417Gs; -9999.99 -0999.99

mté1rr - 10905
Mi4t8s  10.631

M1.418Gs; -9999.99 -0999.99
M1.418Gs; -9999.99 -0999.99

mé0c 9824

M1.420Gs; -9999.99 -9999.99
N1.420Gs; -9999.99 -9999.99

14200 9.581

M1.4200Ds -9999.99 -0999.99

g2l 9.581
mig2r 9293

M1421  8.556
M1421T  8.508
M1.490 8,577

M1.490spl -9999.99 -0999.99

Mt.500mc 6.831
Mt500WL 8559
Mg 6414
Mg 6.001
Mrg20u 5709

M1.820spr -9999.99 -9999.99

M19106  4.539

M1.910Gs; -9999.99 -0999.99

M1920G 4413

M1.920Gs; -9999.99 -9999.99

Mg 4286

M1.930Gs; -9999.99 -0999.99

M1935G  3.544

M1.935Gs; -9999.99 -0999.99

mgsp 3134

M1.940Ds; -9999.99 -0999.99
N1.940Dsr -9999.99 -9999.99

M1o406 3219

N1.940Gs; -9999.99 -9999.99
M1.940Gs; -9999.99 -0999.99

Mg 3134
Mo 3471
Migdospr 3134

qr

1353

13.04

1144

12.02
1119

11.03
11.05

11.04
1077

991

9.67

9.67
9.36
8.67
869
869

6.86
868
647
6.07
584
464
451
431
363

347

330

347
325
347

Syr

-9999.99 -9999.99

1365

-9999.99 -9999.99
-9999.99 -9999.99

1310

-9999.99 -0999.99
-9999.99 -9999.99

1162

-9999.99 -9999.99
-9999.99 -9999.99

1221
1138

-9999.99 -9999.99
-9999.99 -9999.99
-9999.99 -9999.99
-9999.99 -9999.99

1118
115

-9999.99 -9999.99
-9999.99 -9999.99
-9999.99 -0999.99
-9999.99 -9999.99

113
1090

-9999.99 -9999.99
-9999.99 -9999.99

10.06

-9999.99 -9999.99
-9999.99 -9999.99

980 985
-9999.99 -9999.99
980 985
941 952
8.81 8.86
882 887
883 889
-9999.99 -9999.99
686 6.8
883 890
658 663
619 625
604 612

-9999.99 -9999.99

4.80

-9999.99 -9999.99

4.66

-9999.99 -9999.99

451

-9999.99 -9999.99

379

-9999.99 -9999.99

326

-9999.99 -9999.99
-9999.99 -9999.99

356

-9999.99 -0999.99
-9999.99 -9999.99

326
353
326

10yr

1370

1313

1169

1228

1144

123
1116

113
1096

1012

485
41
455
386

331

368

331
365
331

25yr

-9999.99 -9999.99

1377

-9999.99 -9999.99
-9999.99 -9999.99

1316

-9999.99 -0999.99
-9999.99 -9999.99

175

-9999.99 -9999.99
-9999.99 -9999.99

1235
1149

-9999.99 -9999.99
-9999.99 -9999.99
-9999.99 -9999.99
-9999.99 -9999.99

1128
"7

-9999.99 -9999.99
-9999.99 -9999.99
-9999.99 -0999.99
-9999.99 -9999.99

113
1.01

-9999.99 -9999.99
-9999.99 -0999.99

1020

-9999.99 -9999.99
-9999.99 -9999.99

991 9.97
-9999.99 -9999.99
991 9.97
957 963
894 902
894 900
897 904
-9999.99 -9999.99
693 699
899 907
671 680
634 644
623 635

-9999.99 -9999.99

494

-9999.99 -9999.99

417

-9999.99 -9999.99

4.60

-9999.99 -9999.99

401

-9999.99 -9999.99

342

-9999.99 -9999.99
-9999.99 -9999.99

391

-9999.99 -0999.99
-9999.99 -9999.99

342
389
342

50yr

1385

1319

1180

1244

1155

1132
120

113
11.04

1028

501
483
466
419

355

415

355
44
355

100y

-9999.99
13.89
-9999.99
-9999.99
1321
-9999.99
-9999.99
1181
-9999.99
-9999.99
1248
1157
-9999.99
-9999.99
-9999.99
-9999.99
1134
121
-9999.99
-9999.99
-9999.99
-9999.99
113
11.05
-9999.99
-9999.99
1032
-9999.99
-9999.99
1001
-9999.99
1001
9.66
9.06
9.04
9.09
-9999.99
708
912
6.86
6.49
6.41
-9999.99
5.06
-9999.99
4.88
-9999.99
410
-9999.99
4.38
-9999.99
an
-9999.99
-9999.99
4.36
-9999.99
-9999.99
an
4.34
N

100y7+CC 200yr

-9999.99
13.94
-9999.99
-9999.99
1323
-9999.99
-9999.99
11.82
-9999.99
-9999.99
1252
11.58
-9999.99
-9999.99
-9999.99
-9999.99
11.36
123
-9999.99
-9999.99
-9999.99
-9999.99
1116
1.07
-9999.99
-9999.99
10.38
-9999.99
-9999.99
10.05
-9999.99
10.05
9.69
AN
9.08
9.14
-9999.99
708
917
6.93
6.56
649
-9999.99
511
-9999.99
494
-9999.99
475
-9999.99
448
-9999.99
kg
-9999.99
-9999.99
446
-9999.99
-9999.99
kg
444
kg

999.99
13.96
999.99
999.99
1324
999.99
999.99
11.82
999.99
999.99
1253
1159
999.99
999.99
999.99
999.99
137
123
999.99
999.99
999.99
999.99
1118
11.08
999.99
999.99
1041
999.99
999.99
1007
999.99
1007
9
913
910
9.16
999.99
713
920
6.98
6.67
6.64
999.99
514
999.99
4.98
999.99
478
999.99
4.52
999.99
380
999.99
999.99
451
999.99
999.99
380
449
380
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Maximum flood water levels at downstream model nodes (list 2 of 4)

00yr+CC

0999.99
1397
0999.99
0999.99
1324
0999.99
0999.99
1183
0999.99
0999.99
12.54
1159
0999.99
0999.99
0999.99
0999.99
137
1124
0999.99
0999.99
0999.99
0999.99
1119
11.08
0999.99
0999.99
1042
0999.99
0999.99
10.08
0999.99
10.08
972
915
Nt
918
0999.99
714
922
6.99
6.72
6.76
0999.99
516
0999.99
5.00
0999.99
4.80
0999.99
4.54
0999.99
382
0999.99
0999.99
4.54
0999.99
0999.99
382
451
382
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200yr+CC-
10%
roughness

999.99
13.947
999.99
999.99
13221
999.99
999.99
1817
999.99
999.99
12618
11.587
999.99
999.99
999.99
999.99
1371
11232
999.99
999.99
999.99
999.99
113
11.101
999.99
999.99
10392
999.99
999.99
10032
999.99
10032
9.65
9139
9.104
9171
999.99
7105
9215
6.984
6.677
6.649
999.99
51
999.99
4.954
999.99
4758
999.99
4.547
999.99
3793
999.99
999.99
4.536
999.99
999.99
3793
4513
3793

200yr+CC+
10%
roughness

-9999.99
13.981
-9999.99
-9999.99
13.267
-9999.99
-9999.99
11.828
-9999.99
-9999.99
12454
11578
-9999.99
-9999.99
-9999.99
-9999.99
1133
1.215
-9999.99
-9999.99
-9999.99
-9999.99
11.267
11.036
-9999.99
-9999.99
10457
-9999.99
-9999.99
10.146
-9999.99
10.146
9.803
9172
9134
9.196
-9999.99
7206
9.236
7.035
6.818
6.918
-9999.99
5264
-9999.99
5.044
-9999.99
4.874
-9999.99
4592
-9999.99
4.341
-9999.99
-9999.99
4.644
-9999.99
-9999.99
4.341
4628
4.341

2001+
5yr tide

-9999.99
13.96
-9999.99
-9999.99
13.237
-9999.99
-9999.99
11822
-9999.99
-9999.99
12.534
11.587
-9999.99
-9999.99
-9999.99
-9999.99
11.368
11234
-9999.99
-9999.99
-9999.99
-9999.99
11182
11075
-9999.99
-9999.99
10405
-9999.99
-9999.99
10.069
-9999.99
10.069
9.709
9132
9.0099
9.16
-9999.99
7421
9.199
6.978
6.671
6.644
-9999.99
5.168
-9999.99
4.997
-9999.99
4.828
-9999.99
4.591
-9999.99
4.288
-9999.99
-9999.99
4622
-9999.99
-9999.99
4.288
4.607
4.288

20057+
MHWS tide

-9999.99
13.96
-9999.99
-9999.99
13.237
-9999.99
-9999.99
11822
-9999.99
-9999.99
12.534
11.587
-9999.99
-9999.99
-9999.99
-9999.99
11.368
11234
-9999.99
-9999.99
-9999.99
-9999.99
11182
11075
-9999.99
-9999.99
10405
-9999.99
-9999.99
10.069
-9999.99
10.069
9.709
9132
9.099
9.16
-9999.99
7421
9199
6.978
6.671
6.643
-9999.99
514
-9999.99
4979
-9999.99
4716
-9999.99
4512
-9999.99
3.748
-9999.99
-9999.99
4499
-9999.99
-9999.99
3.748
4476
3.748

Flood wall Flood wall

Syr+200yr  near
tide  Castle
Heather

-9999.99 -9999.99
13662 14.01
-9999.99 -9999.99
-9999.99 -9999.99
13099 1325
-9999.99 -9999.99
-9999.99 -9999.99
11624 1183
-9999.99 -9999.99
-9999.99 -9999.99
12212 1256
11378 11.60
-9999.99 -9999.99
-9999.99 -9999.99
-9999.99 -9999.99
-9999.99 -9999.99
1479 11.38
1M.145 1124
-9999.99 -9999.99
-9999.99 -9999.99
-9999.99 -9999.99
-9999.99 -9999.99
1125 1125
10896  11.09
-9999.99 -9999.99
-9999.99 -9999.99
10055 1046
-9999.99 -9999.99
-9999.99 -9999.99

98 1012
-9999.99 -9999.99
98 1012
9469 975
8806 919
8815 915
883 92
-9999.99 -9999.99
6863 725
8832 926
6575 716
6.186 7.6
603% 7.1
-9999.99 -9999.99
419 52
-9999.99 -9999.99
4647 506
-9999.99 -9999.99
4489 492
-9999.99 -9999.99
3967 469
-9999.99 -9999.99
3628 461

-9999.99 -9999.99
-9999.99 -9999.99
3809 474
-9999.99 -9999.99
-9999.99 -9999.99

3628 461
3802 474
3628 461

along

Diriebught

-9999.99
14.16
#NA

-9999.99
1355
#NA
#NA
1149
#NA
#NA
12.06
1129
#NA
#NA
#NA
#NA
121
1124
#NA
#NA
#NA
#NA
123
11.04
#NA

-9999.99
1081
#NA

-9999.99
1048
#NA
1048
10.36
1029
1028
1029

-9999.99
1030
1035
1030
1025
1026

-9999.99
6.44
#NA
6.44
#NA
6.44
#NA
6.44
#NA
447
#NA
#NA
6.44
#NA
#NA
447
6.44
#NA

30% blockage  30% Blockage
Castle Heather  Culcabock Road
culverts only only
-9999.99 -9999.99
13.97 1397
-9999.99 -9999.99
-9999.99 -9999.99
13.24 13.24
-9999.99 -9999.99
-9999.99 -9999.99
11.83 11.82
-9999.99 -9999.99
-9999.99 -9999.99
1254 1254
1159 1159
-9999.99 -9999.99
-9999.99 -9999.99
-9999.99 -9999.99
-9999.99 -9999.99
137 137
1124 124
-9999.99 -9999.99
-9999.99 -9999.99
-9999.99 -9999.99
-9999.99 -9999.99
1119 1119
11.08 11.08
-9999.99 -9999.99
-9999.99 -9999.99
1042 1042
-9999.99 -9999.99
-9999.99 -9999.99
10.08 10.08
-9999.99 -9999.99
10.08 10.08
972 972
9.15 9.15
91 91
9.18 9.18
-9999.99 -9999.99
714 714
9.22 9.22
6.99 6.99
6.72 6.72
6.76 6.75
-9999.99 -9999.99
5.16 5.16
-9999.99 -9999.99
5.00 5.00
-9999.99 -9999.99
480 480
-9999.99 -9999.99
4.54 4.54
-9999.99 -9999.99
3.82 3.82
-9999.99 -9999.99
-9999.99 -9999.99
4.54 4.54
-9999.99 -9999.99
-9999.99 -9999.99
3.82 382
451 451
3.82 3.82
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Difference
200yr+CC+10%
roughness less

200yr+CC

0.00
001
0.00
0.00
0.02
0.00
0.00
0.00
0.00
0.00
-0.09
0.01
0.00
0.00
0.00
0.00
0.04
0.02
0.00
0.00
0.00
0.00
007
0.04
0.00
0.00
0.04
0.00
0.00
0.06
0.00
0.06
0.08
0.02
0.02
0.02
0.00
0.06
0.02
0.04
0.09
0.16
0.00
0.09
0.00
0.04
0.00
007
0.00
0.05
0.00
052
0.00
0.00
0N
0.00
0.00
052
012
052

Difference
200yr+CC-
10%
roughness
less
200yr+CC
0.00
0.03
0.00
000
0.02
000
000
0.01
0.00
0.00
0.08
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
.08
002
0.00
0.00
0.03
0.00
0.00
.05
0.00
.05
0.07
0.01
0.01
0.01
0.00
0.04
0.00
0.01
.05
0.1
0.00
.08
0.00
.05
0.00
0.04
0.00
0.00
0.00
0.03
0.00
0.00
0.00
0.00
0.00
0.03
0.00
0.03

Difference

200yr+CC  Difference
200yr+CC
200yr+CC+  less 200yr

less

MHWS

0.000
0012
0.000
0.000
-0.004
0.000
0.000
-0.003
0.000
0.000
-0.008
-0.002
0.000
0.000
0.000
0.000
-0.004
-0.002
0.000
0.000
0.000
0.000
0012
-0.003
0.000
0.000
0.013
0.000
0.000
0.013
0.000
0.013
0012
0.017
0.014
0.017
0.000
0.015
0.019
0.016
-0.053
.17
0.000
0.019
0.000
0.02
0.000
0.023
0.000
0.032
0.000
0.073
0.000
0.000
0.037
0.000
0.000
0.073
-0.036
0.073

0.00
001
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
001
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
001
0.00
0.00
0.00
001
0.00
0.00
001
0.00
001
001
0.02
001
0.02
0.00
0.02
0.02
0.02
0.05
012
0.00
0.02
0.00
0.02
0.00
0.02
0.00
0.02
0.00
0.02
0.00
0.00
0.02
0.00
0.00
0.02
0.02
0.02

Difference

blockage

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00



Mill Burn Flood Risk Review

Inital
Node  Condition
s

MigdospL 31471
mgsou 3171
migsop  3.034
mgsos 3117
Migsou 3124
moron 31
moros 31
M.cooto. 5618
Moot 5715
Mt.cor2)t 5695
M.coosut 5.66

M1.C005r -9999.99 -0999.99
M1.0005C -9999.99 -0999.99

M1.Ccoogdl  5.582

M1.C010s -9999.99 -9999.99
M1.C010s -9999.99 -9999.99

wm1.cotw  5.603

M1.C012s -9999.99 -9999.99
M1.C012s -9999.99 -0999.99

wmicotaw  5.407
M1.cots 5.308
m.coted 5.321
micotr 5123

M1.C017s -9999.99 -9999.99
M1.C017s -9999.99 -0999.99

mr.cotest 4912
Micoteul 4924
Moo 4703

M1.C032s -9999.99 -9999.99
M1.C032s; -9999.99 -9999.99

micosu 4684
M1.C03D 4672
RESO178: 5791
RESO17.8: 6.951
RES8208: 6.951
RESE208: 6.821
RESL140¢ 16,661
RESL140¢ 16,661
RESL140¢ 15.071
RESL1.40¢ 16.661
RESL140¢ 16.661
RESL141C 15.071
RESL141C 14.131
RESL141C 14131
RESL141C 15.071
RESL1411 14.131
RESL1411 11.601
RESL1411 11.601
RESL1411 14131
RESL141z 11.601
RESL141; 9811
RESL141z 11.601
REsL141: 9811
RESL1414 9811
RESL14t 9811
RESL141 8399
RESL141: 9811
REsL14te 9811
RESL1417 9811
RESL14fe 8.399

2

325
325
310
313
315
310
310
572
582
581
575

569

570

549
538
540
520

500
500
480

478

476

579

6.95

6.95

6.82

16.66
16.66
15.07
16.66
16.66
15.07
1413
1413
15.07
1413
11.60
11.60
1413
11.60
1039
11.60
1039
1039
1039
840

1039
1039
1039
840

Syr

353
353
310
320
323
310
310
587
598
598
587

-9999.99 -9999.99
-9999.99 -9999.99

5.84

-9999.99 -9999.99
-9999.99 -9999.99

5.86

-9999.99 -9999.99
-9999.99 -9999.99

5.62
551
554
534

-9999.99 -0999.99
-9999.99 -9999.99

514
514
4.98

-9999.99 -0999.99
-9999.99 -9999.99

4.92
4.88
6.56
715
715
789
16.66
16.66
15.07
16.66
16.66
15.07
1413
1413
15.07
1413
11.60
11.60
1413
11.60
1092
11.60
1092
1092
1092
8.67
1092
1092
1092
8.67

10yr

365
365
310
323
328
310
310
594
6.05
6.06
593

591

592

568
5.56
559
540

521
521
5.06

499

493

6.58

718

718

792

16.66
16.66
15.07
16.66
16.66
15.07
1413
1413
15.07
1413
11.60
11.60
1413
11.60
1096
11.60
1096
1096
1096
870

1096
1096
1096
870

25yr

389
389
310
333
339
310
310
6.03
6.15
6.18
6.01

-9999.99 -9999.99
-9999.99 -9999.99

6.00

-9999.99 -0999.99
-9999.99 -9999.99

6.02

-9999.99 -9999.99
-9999.99 -9999.99

575
563
5.66
548

-9999.99 -0999.99
-9999.99 -9999.99

529
529
516

-9999.99 -0999.99
-9999.99 -9999.99

507
5.00
6.60
719
719
795
16.66
16.66
15.07
16.66
16.66
15.07
1413
1413
15.07
1413
11.60
11.60
1413
11.60
11.00
11.60
11.00
11.00
11.00
874
11.00
11.00
11.00
874

50yr

414
414
kA
351
355
310
310
6.12
6.25
631
6.10

6.09

6.10

583
570
574
557

538
538
526

515

504

6.63

21

21

8.00

16.66
16.66
15.07
16.66
16.66
15.07
1433
1433
15.07
1433
1.74
1.74
1433
1.74
11.04
1.74
11.04
11.04
11.04
8.80

11.04
11.04
11.04
8.80

100y

4.34
4.34
318
368
370
310
310
6.17
6.31
6.37
6.15

-9999.99
-9999.99

6.14

-9999.99
-9999.99

6.15

-9999.99
-9999.99

5.89
575
579
564

-9999.99
-9999.99

544
544
534

-9999.99
-9999.99

521

5.08
6.66
723
723
8.03
16.66
16.66
15.07
16.66
16.66
15.07
1477
1477
15.07
1477
1189
1189
1477
1189
11.06
1189
11.06
11.06
11.06
8.84

11.06
11.06
11.06
8.84

100y7+CC 200yr

444
444
32
3
37
M
310
6.23
6.38
645
620
-9999.99
-9999.99
620
-9999.99
-9999.99
621
-9999.99
-9999.99
6.00
584
588
574
-9999.99
-9999.99
553
553
546
-9999.99
-9999.99
532
514
6.70
726
726
8.08
16.66
16.66
15.68
16.66
16.66
15.68
14.90
1490
15.68
1490
12.04
12.04
1490
12.04
11
12.04
11
11
11
8.92
1
11
11
892

449
449
324
3n
375
KA
310
6.28
6.54
6.70
6.50
999.99
999.99
6.51
999.99
999.99
6.26
999.99
999.99
6.06
5.89
593
5.80
999.99
999.99
558
558
554
999.99
999.99
539
518
6.72
728
728
8.1
16.66
16.66
15.84
16.66
16.66
15.84
14.98
14.98
15.84
14.98
1211
1211
14.98
1211
113
1211
113
113
113
8.96
113
113
113
8.96
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Maximum flood water levels at downstream model nodes (list 3 of 4)

00yr+CC

451
451
325
3n
375
KA
310
6.31
6.63
6.77
6.55
0999.99
0999.99
6.56
0999.99
0999.99
6.30
0999.99
0999.99
6.10
592
596
5.84
0999.99
0999.99
561
561
558
0999.99
0999.99
543
520
6.73
729
729
8.12
17.03
17.03
15.89
17.03
17.03
15.89
15.01
15.01
15.89
15.01
1215
1215
15.01
1215
114
1215
114
114
114
8.98
114
114
114
8.98
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200yr+CC- 200yr+CC+

10%

roughness  roughness

4513
4513
3226
3696
3787
3106
31
6.276
6.538
6.711
6.505
999.99
999.99
6.516
999.99
999.99
6.267
999.99
999.99
6.056
5.882
5922
5813
999.99
999.99
5595
5595
5569
999.99
999.99
5416
5173
6.734
7204
7204
8.122
16.661
16.661
15.738
16.661
16.661
15.738
14.922
14.922
15.738
14.922
12017
12011
14.922
12011
1112
12017
1112
1112
1112
8.982
1112
1112
1112
8.982

10%

4628
4628
3.264
4.314
4317
3109
31
6.358
6.735
6.851
6.615
-9999.99
-9999.99
6.614
-9999.99
-9999.99
6.342
-9999.99
-9999.99
6.144
597
6.005
5.866
-9999.99
-9999.99
5635
5635
5507
-9999.99
-9999.99
5462
5241
6.724
7.286
7.286
8.111
17.221
17.221
16.066
17.221
17.221
16.066
15.091
15.091
16.066
15.091
2211
211
15.091
211
11.185
211
11.185
11.185
11.185
8.964
11.185
11.185
11.185
8.964

2001+
5yr tide

4.607
4.607
331
4.262
4.266
3215
32
6.278
6.538
6.699
6.503
-9999.99
-9999.99
6.507
-9999.99
-9999.99
6.264
-9999.99
-9999.99
6.061
5.892
593
5.803
-9999.99
-9999.99
5582
5582
5539
-9999.99
-9999.99
5398
5186
6.72
7284
7.284
8.108
16.661
16.661
15.839
16.661
16.661
15.839
14.976
14.976
15.839
14.976
12114
12114
14.976
12114
1132
12114
1132
1132
1132
8.958
1132
1132
1132
8.958

20057+
MHWS tide

4476
4476
3104
3621
3676
31
25
6.218
6.537
6.699
6.502
-9999.99
-9999.99
6.507
-9999.99
-9999.99
6.264
-9999.99
-9999.99
6.06
5892
5929
5.802
-9999.99
-9999.99
5.581
5.581
5536
-9999.99
-9999.99
5.391
5177
6.72
7.284
7.284
8.108
16.661
16.661
15.839
16.661
16.661
15.839
14.976
14.976
15.839
14.976
12114
12114
14.976
12114
1132
12114
1132
1132
1132
8.958
1132
1132
1132
8.958

5yr+200yr
tide

3.892
3892
3499
3631
3638
3501
35
5874
5.981
5979
5812
-9999.99
-9999.99
5.843
-9999.99
-9999.99
5.859
-9999.99
-9999.99
5623
551
5536
5342
-9999.99
-9999.99
5141
5143
4.974
-9999.99
-9999.99
4918
4.874
6.561
7152
7182
7.801
16.661
16.661
15071
16.661
16.661
15071
14.131
14.131
15071
14.131
11.601
11.601
14.131
11.601
10921
11.601
10921
10921
10921
8673
10921
10921
10921
8673

Flood wall Flood wall

near
Castle
Heather

474
474
328
458
459
M
310
643
6.86
6.96
670
-9999.99
-9999.99
670
-9999.99
-9999.99
642
-9999.99
-9999.99
6.23
6.03
6.06
595
-9999.99
-9999.99
571
571
572
-9999.99
-9999.99
558
521
678
733
733
817
17.31
17.31
16.17
17.31
17.31
16.17
15.13
15.13
16.17
15.13
1221
1221
15.13
1221
120
1221
120
120
120
9.05
120
120
120
9.05

along
Diriebught
Rd

#NA
6.44
326
447
447
KA
310
6.89
8.95
8.97
12
#NA
-9999.99
729
#NA
-9999.99
6.88
#NA
-9999.99
6.74
6.64
6.62
6.60
#NA
-9999.99
6.56
6.66
6.59
#NA
-9999.99
6.59
6.43
#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA

30% blockage  30% Blockage
Castle Heather  Culcabock Road
culverts only only
451 451
451 451
325 325
372 372
375 375
kNG| kNG|
310 310
6.31 6.31
6.63 6.62
6.77 6.76
6.55 6.55
-9999.99 -9999.99
-9999.99 -9999.99
6.56 6.55
-9999.99 -9999.99
-9999.99 -9999.99
6.30 6.30
-9999.99 -9999.99
-9999.99 -9999.99
6.10 6.10
592 592
5.96 5.96
5.84 5.84
-9999.99 -9999.99
-9999.99 -9999.99
561 561
561 561
5.58 557
-9999.99 -9999.99
-9999.99 -9999.99
543 543
5.20 520
6.73 6.73
729 729
729 729
8.12 8.12
17.03 16.98
17.03 16.98
15.89 15.89
17.03 16.98
17.03 16.98
15.89 15.89
15.01 15.00
15.01 15.00
15.89 15.89
15.01 15.00
1215 1214
1215 1214
15.01 15.00
1215 1214
114 114
1215 1214
114 114
114 114
114 114
8.98 8.98
114 114
114 114
114 114
8.98 8.98
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Difference
200yr+CC+10%
roughness less

200yr+CC

012
012
0.02
059
0.56
0.00
0.00
0.04
0N
0.09
0.06
0.00
0.00
0.06
0.00
0.00
0.04
0.00
0.00
0.04
0.05
0.04
0.03
0.00
0.00
0.02
0.02
0.02

018
0.08
007
007
0.08
007
0.04
007
0.04
0.04
0.04
0.01
0.04
0.04
0.04
0.01

Difference
200yr+CC-
10%
roughness
less
200yr+CC
0.00
0.00
0.02
0.03
0.02
0.00
0.00
0.04
0.09
.05
.05
000
0.00
0.04
0.00
0.00
0.03
0.00
0.00
0.04
0.04
0.04
0.03
0.00
0.00
0.02
0.02
0.02
0.00
0.00
0.02
0.03
0.00
0.00
0.00
0.00
037
037
.15
037
037
.15
.08
.08
.15
.08
0.07
0.07
.08
0.07
0.03
0.07
0.03
0.03
0.03
0.00
0.03
0.03
0.03
0.00

Difference

200yr+CC  Difference
200yr+CC
200yr+CC+  less 200yr

less

MHWS

-0.036
-0.036
0.141
-0.095
0.078
-0.007
-0.600
-0.035
-0.089
-0.067
-0.049
0.000
0.000
-0.049
0.000
0.000
-0.036
0.000
0.000
-0.039
0.032
0.032
-0.036
0.000
0.000
-0.031
-0.031
-0.040
0.000
0.000
0.042
0.02
0012
-0.009
-0.009
0012
-0.366
-0.366
-0.051
-0.366
-0.366
-0.051
-0.030
-0.030
-0.051
-0.030
0.031
-0.031
-0.030
-0.031
0012
-0.031
0012
0012
0012
0.020
0012
0012
0012
0.020

0.02
0.02
001
0.00
001
0.00
0.00
0.04
0.09
007
0.05
0.00
0.00
0.05
0.00
0.00
0.04
0.00
0.00
0.04
0.03
0.03
0.04
0.00
0.00
0.03
0.03
0.04
0.00
0.00
0.04
0.02
001
001
001
001
037
037
0.05
037
037
0.05
0.03
0.03
0.05
0.03
0.03
0.03
0.03
0.03
001
0.03
001
001
001
0.02
001
001
001
0.02

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Difference

ad, no
blockage

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.05
0.05
001
0.05
0.05
001
0.00
0.00
001
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00



Node

RESL1.420
RESL1.420
RESL1.420
RESL1.420
RESL1.421
RESL1.421
RESL1.82(
RESL1.82(
RESL1.91C
RESL1.92(
RESL1.93C
RESL1.93¢
RESL1.94C
RESL1.94C
RESL1.C0l
RESL1.CO
RESL1.CO
RESL1.CO
RESL1.C0:
RESR1.40¢
RESR1.40¢
RESR1.40¢
RESR1.40¢
RESR1.41(
RESR1.41(
RESR1.41(
RESR1.41(
RESR1.41
RESR1.41
RESR1.41
RESR1.41
RESR1.41;
RESR1.41
RESR1.41
RESR1.41¢
RESR1.41¢
RESR1.41
RESR1.41t
RESR1.42(
RESR1.94(
RESR1.94(
RESR1.CO
RESR1.CO
RESR1.CO
RESR1.CO
RESR1.CO
URBAN-I
URBAN-J
URBAN-K
URBAN-L
URBAN-M
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Initial

Condition

S

7686
84
8.399
8.399
6.821
7686
5.791
6.821
3307
3307
3307
3307
3307
3307
5.791
5.791
5.791
5.791
5.791
16.661
14.801
16.661
16.661
14.801
13411
14.801
14.801
13411
9.541
13411
13411
9.541
9.541
9.541
9.541
9.541
9.541
9.541
9.541
2901
2901
5.701
5.701
5.701
5.701
5.701
27988
25.861
22
18.029
9.581

>
=

mn
840
840
840
6.82
mn
579
6.82
340
340
340
340
340
340
579
579
579
579
579
16.66
14.80
16.66
16.66
14.80
1341
14.80
14.80
1341
10.08
1341
1341
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
29
29
570
570
570
570
570
2802
2591
229
18.14
9.67

Syr

8.08
8.67
8.67
8.67
789
8.08
6.56
789
359
359
359
359
359
359
6.56
6.56
6.56
6.56
6.56
16.66
14.80
16.66
16.66
14.80
1341
14.80
14.80
1341
10.73
1341
1341
10.73
10.73
10.73
1073
10.73
10.73
10.73
1073
290
290
570
570
570
570
570
2810
26.06
247
18.34
9.80

10yr

810
870
870
870
792
810
6.58
792
417
417
417
417
417
417
6.58
6.58
6.58
6.58
6.58
16.66
14.80
16.66
16.66
14.80
1341
14.80
14.80
1341
10.76
1341
1341
10.76
10.76
10.76
10.76
10.76
10.76
10.76
10.76
29
29
570
570
570
570
570
2814
2612
2254
1842
9.85

25yr

8.12
874
874
874
795
8.12
6.60
795
4.38
4.38
4.38
4.38
4.38
4.38
6.60
6.60
6.60
6.60
6.60
16.66
14.80
16.66
16.66
14.80
1341
14.80
14.80
1341
10.80
1341
1341
10.80
10.80
10.80
10.80
10.80
10.80
10.80
10.80
290
290
570
570
570
570
570
2819
2620
2262
18.54
991

50yr

8.16
8.80
8.80
8.80
8.00
816
6.63
8.00
443
443
443
443
443
443
6.63
6.63
6.63
6.63
6.63
1725
14.80
17.25
17.25
14.80
1341
14.80
14.80
1341
1083
1341
1341
1083
1083
1083
1083
1083
1083
1083
1083
414
414
570
570
570
570
570
2826
26.31
2m
1873
9.97

100yr

8.18
8.84
8.84
8.84
8.03
8.18
6.66
8.03
450
450
450
450
450
450
6.66
6.66
6.66
6.66
6.66
17.32
14.80
17.32
17.32
14.80
1341
14.80
14.80
1341
1085
1341
1341
1085
1085
1085
1085
1085
1085
1085
1085
4.35
4.35
570
570
570
570
570
2830
26.36
2176
18.86
1001

100yr+CC

822
8.92
8.92
892
8.08
822
670
8.08
455
455
455
455
455
455
670
670
670
670
670
1744
14.81
1744
1744
14.81
1341
14.81
14.81
1341
1087
1341
1341
1087
1087
1087
1087
1087
1087
1087
1087
445
445
570
570
570
570
570
2838
2645
284
19.04
10.05

20051

8.25
8.96
8.96
8.96
8.1
8.25
6.72
8.1
4.58
4.58
4.58
4.58
4.58
4.58
6.72
6.72
6.72
6.72
6.72
17.52
14.95
17.52
17.52
14.95
13.60
14.95
14.95
13.60
10.88
13.60
13.60
1088
10.88
10.88
10.88
1088
10.88
10.88
10.88
450
450
570
570
570
570
570
2843
26.51
2288
19.14
1007
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Maximum flood water levels at downstream model nodes (list 4 of 4)

00yr+CC

8.26
8.98
8.98
8.98
8.12
8.26
6.73
8.12
4.60
4.60
4.60
4.60
4.60
4.60
6.73
6.73
6.73
6.73
6.73
17.57
1497
17.57
17.57
1497
1361
1497
1497
13.61
1089
13.61
13.61
1089
1089
1089
1089
1089
1089
1089
1089
4.52
4.52
570
570
570
570
570
2844
26.52
2289
19.19
10.08
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200yr+CC- 200yr+CC+

10%

roughness  roughness

8.259
8.982
8.982
8.982
8122
8.259
6.734
8122
4.583
4.583
4.583
4.583
4.583
4.583
6.734
6.734
6.734
6.734
6.734
1746
14.844
1746
1746
14.844
13411
14.844
14.844
13411
10.888
13411
13411
10.888
10.888
10.888
10.888
10.888
10.888
10.888
10.888
4523
4523
5.701
5.701
5.701
5.701
5.701
28.382
26479
22839
19.19
10.032

10%

8.249
8.964
8.964
8.964
8.111

8.249
6.724
8.111

4.654
4.654
4.654
4.654
4.654
4.654
6.724
6.724
6.724
6.724
6.724
17.621
14.99
17.621
17.621
14.99
13612
14.99
14.99
13612
10875
13612
13612
10875
10875
10875
10875
10875
10875
10875
10875
4.635
4.635
5.701

5.701

5.701

5.701

5.701

28486
26.558
2294
19.196
10.146

2001+
5yr tide

8.246
8.958
8.958
8.958
8.108
8.246
6.72
8.108
4.635
4.635
4.635
4.635
4.635
4.635
6.72
6.72
6.72
6.72
6.72
17.52
14.948
17.52
17.52
14.948
13.602
14.948
14.948
13.602
1088
13.602
13.602
1088
1088
1088
1088
1088
1088
1088
1088
4613
4613
5.701
5.701
5.701
5.701
5.701
28433
26512
22876
19.138
10.069

20057+
MHWS tide

8.246
8.958
8.958
8.958
8.108
8.246
672
8.108
457
457
457
4571
457
457
672
672
672
672
672
17.52
14.948
17.52
17.52
14.948
13.602
14.948
14.948
13.602
10.88
13.602
13.602
10.88
10.88
10.88
10.88
10.88
10.88
10.88
10.88
4486
4486
5.701
5.701
5.701
5.701
5.701
28433
26512
22876
19.138
10.069

5yr+200yr
tide

8.079
8673
8673
8673
7.891
8.079
6.561
7.891
369
369
369
369
369
369
6.561
6.561
6.561
6.561
6.561
16.661
14.801
16.661
16.661
14.801
13411
14.801
14.801
13411
10.73
13411
13411
1073
10.73
10.73
10.73
1073
10.73
10.73
10.73
2901
2901
5.701
5.701
5.701
5.701
5.701
28103
26.061
22474
18.338
98

Flood wall Flood wall

near
Castle
Heather

830
9.05
9.05
9.05
817
830
678
817
474
474
474
474
474
474
678
678
678
678
678
17.65
15.00
17.65
17.65
15.00
1362
15.00
15.00
1362
1091
1362
1362
1091
1091
1091
1091
1091
1091
1091
1091
474
474
570
570
570
570
570
2854
26.64
2298
1942
1012

along
Diriebught
Rd

#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA
#NA
17.87
15.18
1787
1787
15.18
1373
15.18
15.18
1373
1.07
1373
1373
#NA
#NA
#NA
#NA
#NA
1.07
1.07
1.07
#NA
#NA
6.72
6.72
6.72
6.72
6.72
2854
26.64
2298
1942
1048

30% blockage  30% Blockage
Castle Heather  Culcabock Road
culverts only only
8.26 8.26
8.98 8.98
8.98 8.98
8.98 8.98
8.12 8.12
8.26 8.26
6.73 6.73
8.12 8.12
460 459
460 459
460 459
460 459
460 459
460 459
6.73 6.73
6.73 6.73
6.73 6.73
6.73 6.73
6.73 6.73
17.57 17.56
1497 1497
17.57 17.56
17.57 17.56
1497 1497
1361 1361
1497 1497
1497 1497
1361 1361
10.89 10.89
1361 1361
1361 1361
10.89 10.89
10.89 10.89
10.89 10.89
10.89 10.89
10.89 10.89
10.89 10.89
10.89 10.89
10.89 10.89
452 452
452 452
570 570
570 570
570 570
570 570
570 570
2844 2844
2652 2652
2289 2289
19.19 1947
10.08 10.08
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Difference
200yr+CC+10%
roughness less

200yr+CC

0.01
0.01
0.01

0.00
0.06

Difference
200yr+CC-
10%
roughness
less
200yr+CC
000
000
000
000
000
0.00
0.00
000
0.01
0.01
0.01
0.01
0.01
0.01
000
000
000
000
000
0.1
0.12
0.1
0.1
0.12
0.20
0.12
0.12
0.20
000
0.20
0.20
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
.05

0.05
0.00
0.05

Difference

200yr+CC  Difference
200yr+CC
200yr+CC+  less 200yr

less

MHWS

0.011
0.020
0.020
0.020
0012
0.011
0012
0012
0.024
0.024
0.024
0.024
0.024
0.024
0012
0012
0012
0012
0012
-0.045
0.019
-0.045
-0.045
0.019
-0.005
0.019
0.019
-0.005
-0.006
-0.005
-0.005
-0.006
-0.006
-0.006
-0.006
-0.006
-0.006
-0.006
-0.006
0.037
0.037
0.000
0.000
0.000
0.000
0.000
-0.003
-0.007
0.015
-0.055
0.013

001
0.02
0.02
0.02
001
001
001
001
0.02
0.02
0.02
0.02
0.02
0.02
001
001
001
001
001
0.05
0.02
0.05
0.05
0.02
0.00
0.02
0.02
0.00
001
0.00
0.00
001
001
001
001
001
001
001
001
0.02
0.02
0.00
0.00
0.00
0.00
0.00
0.00
001
001
0.05
001

Difference
block Castle
Heather, no

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Difference

blockage

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
027
0.00
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Appendix D. Drawings
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Appendix E. Cross-sections and
elevations

Supplied on attached CD
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