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Client/Authority
Highland Council
Project name
Nairn FRM

Annual Average Damage

Option:
Do Nothing

Sheet Nr 1

Project reference 202250654
Base date for estimates (year 0) 01/01/2022 First year of damage: d Prepared (date) 09/05/2023
Scaling factor (e.g. £m, £k, £) £k Last year of period: 99 Printed 09/05/2023
PV factor standard rate: 298 Prepared by Rowan Callaghan
PV factor health rate: 544 Checked by Jonathan Garret
Applicable year (if time varying) 2022 Checked date 09/05/2023
Average waiting time (yrs) between events/frequency per year Total PV
2 5 10 30 100 200 1000 Infinity £k

0.200 0.100 0.033 0.010 0.005 0.001 0
Residential property count 0 0 44 182 253 489
Non-residential property count 0 0 8 29 41 65
Total property counts 0 0 52 211 294 554

Capped damages
Standard Discount Rate Damage £k (£K)
Residential property 0 0 33 1,018 5,861 9,547 23446 26,921 7353 7,333
Non-Residential property 0 0 0 82 465 1,183 3,674 4,296 803 803
Temporary accommodation 0 0 0 104 718 1,199 1,892 2,085 775 775
Vehicles 0 0 0 0 597 1,062 2,923 3,389 663 663
Indirect commercial damages 0 0 0 2 14 35 110 129 24 24
Health Discount Rate
Mental Health 0 0 0 212 1,103 1,754 4008 4572 2466 2,466
Emergency services 0 0 2 57 328 535 1,313 1,508 751 751
Total Damage per event £k 0 0 0 35 1,475 9,087 15,315 37,366, 42,879 12,835 12,815
Total damage (standard rate) 0 0 0 33 1,206 7,655 13,027 32,045 36,799
Area (damagexfrequency) 0 0 2 41 103 52 90 34
Total damage (health rate) 0 0 0 2 269 1,432 2,288 5,321 6,079
Area (damagexfrequency) 0 0 0 9 20 9 15 6
Standard Health

Total area, as above 323 59 Uncapped PV Capped PV
Present value (assuming no change in damage or event frequency) 9,618 3,217 Total 12,835‘ 12,835 12,815

Notes

Area calculations assume drop to zero at maximum probability.

Default value for the highest possible (infinity) damage assumes continuation of gradient for last two points, an alternative value can

be entered, if appropriate.

One form should be completed for each option, including 'without project’, and for each representative year if profile changes

during scheme life (e.g. sea-level rise)

Nairn Event Damage Curve
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C Appendix: Model Log

CA Model log (1D)

The model log for the 1D domain below shows the 1D .dat file (geometry file), 1D event
data file, 1D initial conditions file, 1D run file (simulation file), cumulative mass balance
error and non-convergence outputs for the 71 model runs.
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C.2 Model log (2D)

The model log for the 2D domain below lists the 71 runs and shows that the same
Tuflow Control file (.tcf) is used for all runs, which is control file

NAI_~e2~ ~e1~ ~s1~_ 9 except for the 200-year (N+20) fluvial run, that uses the .tcf
NAI_~e2~ ~el1~_~s1~ 9b.
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D Appendix: further model checks

D.1 Negative depths

None of the model runs have a negative depth error outside the default tolerance range
apart from the observed 1997 (DM) run which has a singular negative depth
occurrence in the vicinity of the harbour. This occurs at the beginning of the model run
for one timestep only and occurs due to the tide level at the beginning of the model run
(which is -0.7 m AOD, as taken from TotalTide software, i.e. an estimate of the tidal
level during the historic observed event, section 2.6) flowing in to the Harbour. The
base of the Harbour walls are approximately -1.2 mAOD from survey data. As the
negative depth only occurs for a singular timestep, it does not have any impact on
results.

D.2 Mass balance

The 1D and 2D mass balance error outputs are shown in the model log (Appendix C).
A cumulative mass error value of +1% is the desired range. The outputs show <1% on
mass balance error for the 2D outputs for all runs (regarding both the peak of the event
and the mass balance error at the end of the model run, the latter of which is the value
shown in the model log). For the 1D outputs, the mass balance error is slightly larger
regarding the mass balance at the peak of the event (which is the value shown in the
model log) though generally <1% at the end of the model run.

D.3 Model convergence

Model convergence is acceptable (within tolerable rates) for all fluvial present day
events and scenarios with the exception of the 200-year (N+20) fluvial run, during
which there is a very short period of non-convergence, above the tolerable rate, at the
beginning of the model run. This is short-lived and the run is generally stable, as shown
in Figure D-2 below. Figure D-1 shows good convergence for the DN 200-year fluvial
run. Convergence is good and well within tolerable rates all of the tidal runs regarding
all events and scenarios including climate change events.

It's noted that during the fluvial climate change events, model convergence is within the
default tolerable range but oscillation / poor convergence does occur at several points
in the model run (mainly around the peak of the event, Figure D-3).
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Figure D-1:

Figure D-2:
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Figure D-3: Model convergence 200-year + Climate Change 1 scenario (DN) fluvial run

D.4 Fluvial climate change runs

A stability patch is used for the 1000-year and both climate change fluvial runs (i.e. the
'large fluvial events'). This small stability patch is at the harbour wall and also covers a
small area downstream of the A96 road bridge on the right bank. Manning's 'n' is set to
0.15 in these areas, to help slow water down. The location of the stability patch is
shown in the figure below.
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Figure D-4: Stability patch as used for large fluvial model runs.

It is noted that there is some instability on water levels near the downstream boundary
during the Climate Change scenario 1 event. This occurs around the peak of the event
and causes oscillation of water levels between NAIO1_00596 and NAIO1_ 00182
(approximately a 400 m long reach, with oscillations causing water levels to have a
difference between the peak and trough of the oscillation of approximately +0.4m) as
noted when viewing the results output on the Longitudinal section. This section of the
reach is fluvially dominated for Climate Change scenario 1 i.e. the maximum water
levels are a result of the fluvial Climate Change scenario 1 run as opposed to the tidal
Climate Change scenario 1. For the Climate Change scenario 2 event, a similar
oscillation occurs on the fluvial run, but the oscillations do not affect the maximum
water levels. In addition, the reach between NAIO1_00596 and NAIO1_00182 is tidally
dominated for Climate Change scenario 2, i.e. the maximum water levels are a result of
the tidal Climate Change scenario 2 run as opposed to the fluvial Climate Change
scenario 2.

A normal depth downstream boundary was tested for the Fluvial Climate Change
Scenario 1 runs and showed this greatly improved the stability, as such, it is
understood that the oscillations are caused by the Tidal Climate Change scenario 1
water level at the downstream boundary being significantly higher than normal depth
(i.e. the normal depth was calculated in the model run as being about 1.5 mAOD,
whereas the maximum peaks from the 5-year CC1 event and 10-year CC1 event used
for the downstream boundary of the 200-year CC1 and 1000-year CC1 fluvial events,
respectively, were 4.21 mAOD and 4.28 mAOD). However, in line with the scope, a
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climate change tidal boundary was used as the results give higher water levels than
using a normal depth downstream boundary (by approximately +0.25 m at
NAIO1_00596 and +1.25 m at NAIO1_00182) though the compromise is reduced
confidence in the model run. As such, it is noted that the oscillation at the downstream
boundary seems relatively large (0.4m) compared to the difference in water level
between using a normal depth boundary and tidal curve (ranging between +0.25 and
+1.25m). A conservative approach has been used for the fluvial climate change flood
mapping, but if a detailed design of flood defences were undertaken in future (to
incorporate a fluvial climate change allowance), the oscillations should be looked at to
give greater confidence.

D.5 Tidal climate change runs

Figure D-4 below shows a large inflow into the model at circa 18 hours for the 200-year
Climate Change Scenario 1 event in the tidal scenario, this is larger than the peak river
flow which peaks at 31.25 hours. This phenomenon only occurs for the tidal climate
change events (scenarios 1 and 2). While this initially looks like an error, on closer
inspection it occurs at the peak of the first high tide (the 'climate change' events include
two tidal cycles at the downstream boundary in the model run, section 2.7). At this time,
the river flow is very low and the tide very high. The large inflow is thus representing
the large inflow of coastal water through the pier (estuary). The largest high tide which
is the second high tide is aligned with the peak of the fluvial flood flow, by this point the
river channel is full and resists the coastal flow up the channel so the same extreme
sudden inflow does not occur.
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End Time: 45.000 hrs

Timestep: 1.0 secs

Current Medel Time: 45.00 hrs
P ercent Complete: 10 %
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Figure D-4: Model convergence 200-year + Climate Change 1 scenario (DN) coastal
run

D.6 Downstream boundary

The full tidal curve was initially directly applied to NAIO1_00000, including minimum
tidal levels that were of the order of -1.0 mAQOD. It was found that this caused
fluctuating water levels at the downstream boundary, and a steep slope on water level
when a high water level was ‘forced downwards' to a very low tidal level, causing
instability at the downstream boundary, particularly for the larger fluvial events. Figure
D-5 below shows the steep slope on water level at the downstream boundary regarding
this initial set-up.

The downstream boundary was amended so that it was applied to NAIO1_00000, but
with a cropped minimum value on the tidal curve of 1.5 mAOD. However, it was found
that a slight fluctuating water level remained and that water was still forced downwards
to reach the water level of 1.5 mAOD. It was decided that either a higher minimum
water level or extending the channel further out to sea would help with stability. This
latter approach was more successful, and involved adding cross section NAIO1_-0100,
a duplicate of NAIO1_00000 but widened to represent the open sea. There is a
relatively steep slope between NAIO1_00029 and NAIO1_00000. This means there are
times in the run when the water surface at the downstream boundary looks unusual, as
water levels drop slightly below 1.5m at NAIO1_00000 (mirroring the bed slope), but
then is forced to rise slightly again at the downstream boundary (NAIO1_-0100) that
never drops below 1.5 mAOD. This area does not affect water levels upstream of the
pier walls (as cross section NAIO1_00029 is mid-way along the pier and the flux in
water level does not affect any reach upstream of this cross section) and if anything,
gives conservative water levels at the pier ends.
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Long Section: NAIOT_00415 - NAIDT_00000 - Stage: 28 TE0 h
Mazimium Stage. 0- 103 hows. NAIDT_00416 - NAIDT_0O000 - 0. West_Resuits_02AUL01_MAK1_DO4C_200YR_FLUVIAL_2YR_TIDAL_UNSTEADY 2l
B Bed Elevation NAIOT_O04 16 - NAIDT_00000: NAIOS_O0416 - NAIDT_0O000
W Stage: 0 hours: HAIDT 00416 - NAIDT 00000 - 1_Mest Results OZWALLOT NAN1_004C_200YR_FLUNVIAL 2YR_TIDAL_UNSTEADY 22

Elevation (m AD)

NAIT_DOM 18
HAIR1_Doo2e
HADY_00000

NAKIT _Dois2

NAK1_00383
MAIT_00308

Node Label

Figure D-5: 200-year fluvial event using a tidal curve with minimum value of -1.0
mAOQD, from the initial model build. The water level at NAIO1_00000 is unrealistically
forced steeply downwards at the downstream boundary. Note that the model was run
1D-only at this stage in the project, hence the very high water levels.

D.7 Culvert stability

The purpose of the spill unit OL_00508 (OL representing outlet) at the Granny Barbour
Road culvert (CUL_00518) is to give stability at the outlet from this structure, which
gave significant instability when it was first implemented in the model. The spill is in
mode 2 for most of the run (when flows are high), this mode means that the spill is
'‘drowned out' but downstream water levels can still affect the culvert (i.e. the spill
doesn't disconnect the culvert from the downstream reach)*’. The model can run
without the spill unit OL_00508 in the model, but non-convergence increases. As such,
it has been left it in the model to help with stability.

D.8 2D domain boundary

Analysis of properties to the east of the model domain has been undertaken to check
whether they would be within the flood extents from the model. The lowest elevation of
these properties, as taken from LiDAR data is understood to be of the order of 5.6
mAQOD (middle property in the figure below). The water level from the 1000-year CC2
event (i.e. largest event run in the model) is around 5.3 mAOD near the model's
boundary. As such, it is likely that this property would be outside of, but very close to,
the largest flood extent output from the model.

47 Spill technical reference, Flood Modeller (Jacobs 2023). https://help.floodmodeller.com/docs/spill#mode-2-drowned-flow-positive-sense

IGZ-JBAU-00-00-RP-HM-0001-S3-P02-Nairn_Flood_Risk_Apprasial
Page CXXV



] 2 Houses autside modal domain (nckaded in analysis)
5.3 mADD contowr lne
LDAR (m AOD)

™ 2468
| i 198

270 m|| Contains OS data © Crown copynght i
and database right {2023)

Figure D-6: Properties to the east of the model domain. The 5.3 mAQOD line represents
the 1000-year CC2 water level at the models boundary.

D.9 Excavated land

It is noted that there is some lowered topography near the gauge on the left bank, that
is evident in the flood maps (i.e. there are greater depths in this area). This lowered
topography is evident in both Phase 1 and Phase 2 Lidar data and appears to be
reworked / excavated ground and is approximately 0.3 m lower than the fields to the
north. Google imagery would suggest it is rough open land. It creates an artificial
straight edge and forms an approximate triangular shape at the transition as shown in
Figure D-7.
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Figure D-7: Lower topography to the north of the gauge that is evident in the results

grid outputs

E Appendix - climate change sensitivity tests

E.A Longitudinal sections

The 200-year climate change scenario 1 and 1000-year climate change scenario 1 has

been included in the sensitivity testing. The below longitudinal sections show

comparison between the sensitivity tests, for these events. The S_DEF water levels
were almost identical to the baseline, as such the latter has been omitted. Tabular
results from cross sections are provided in Appendix F.
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Figure E-1: Comparison for the 200-year climate change scenario 1
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Figure E-2: Comparison for the 1000-year climate change scenario 1
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E.2 Greatest change in flood extent

The flood extent between the S_DEF and DN (baseline) scenario is very similar for the
1000-year climate change scenario 1 event, hence further analysis on comparison has
not been undertaken. The figures below show example areas of greatest change in
flood extent on comparing the baseline to the roughness sensitivity test scenarios for
the 1000-year climate change scenario 1 event. In general, there was very little
difference in flood extent between these scenarios regarding this event, particularly
upstream of the A96 road bridge. The greatest difference in extent is seen on the left
and right banks, immediately downstream of the road bridge, as shown in the figures

below.

R

extent at King Street in &5

Q' Fishertown e
O

Pt
PW Slightty larger flood Qé

>

Figure E-3: Example increase in flood extent for the N+20 event.
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Figure E-4: Example increase in flood extent for the N-20 event.

E.3 Bridge blockage scenario

The bridges were modelled as being 'washed away' for the 1000-year event and
climate change scenario events. As such, it was not possible to block the Merryton
footbridge in the climate change scenario events as this bridge was not included in the
model. Instead, the railway bridge piers were increased. This resulted in only a very
small increase in flood extent, in the vicinity of Nairn cemetery on the right bank,
upstream of the railway bridge, regarding comparison between the climate change

scenario events respectively.
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F Appendix - Tabulated Model Results
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