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1 Introduction

Inchgarth Road is located in close proximity to the River Dee and is separated from the river by
an area of vegetated grassland, and riverside bund. Scottish Water’s Inchgarth reservoir is
located immediately downstream of the bund.

The Inchgarth Road area has a history of flooding, most recently in winter 2015/16 the river
bund was breached resulting in the flooding of the grassland, Inchgarth Road and neighbouring
properties. Given the flood history Aberdeen City Council decided to carry out further flood study
and investigate potential solutions to address the flood issue at Inchgarth Road.

Mott MacDonald was commissioned by Aberdeen City Council to undertake the flood study in
March 2017. The study is carried out under the Scotland Excel Framework for Engineering and
Technical Consultancy.

This report summarises the flood mitigation options identified for the area, presents their
economic appraisal and draws conclusion and further recommendations.

The development of flood mitigation options has been based on the data provided by Aberdeen
City Council (ACC) and information collected during the initial site visit. Further consultation with
the engineering team of ACC was carried out to agree the three leading options for the
economic appraisal.

The 1 in 30 year, 100year and 200 year flood maps (with blocked and unblocked culvert
scenario) have been supplied by ACC for this assessment. Therefore, no hydraulic modelling
has been carried out as part of this study.

The process for undertaking the benefit-cost analysis is defined by the “Flooding and Coastal
Defence Erosion Risk Management — Handbook for Economic Appraisal’* and the Treasury
Green Book?. The Handbook is complemented by the “Flood and Coastal Erosion Risk
Management: A Manual for Economic Appraisal” ® (MCM), which provides further details and the
rationale behind the approaches described in the Handbook.

Flooding and Coastal Defence Erosion Risk Management — Handbook for Economic Appraisal, Flood Hazard Research Centre at
Middlesex University, 2016

The Green Book — Appraisal and Evaluation in Central Government, 2011

Flood and Coastal Erosion Risk Management — A Manual for Economic Appraisal’, Flood Hazard Research Centre at Middlesex
University, 2016. Also known as the Multi-Coloured Manual (MCM).
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The Benefit-Cost Analysis for the Inchgarth Road area has been undertaken in accordance with
the above guidance. This consists of the following major steps to determine the:

flood extent — based on the provided flood maps (Appendix B)

property damage — as described in Section 3

costs to build the flood protection scheme — as described in Section 4

benefit-cost ratio and hence assess the economic viability of the options — as described in
Section 5.

All damages in the benefit-cost analysis are assessed as the national economic losses caused
by floods and their indirect consequence.

A site visit was carried out by Mott MacDonald engineers on 6™ April 2017. The purpose of this
site visit was to visually survey the subject site, watercourses, nearby properties at risk,
potential flood paths and technical feasibility of the identified new flood mitigation options.

Photographs from the site visit are in Appendix A.

ACC provided the following data:

ESRI shapefiles for the 1 in 30, 1in 100 and 1 in 200 flood extents (blocked / unblocked burn
culvert) scenario;

Address points for the Inchgarth Road;

OS Master Map;

Information on the observed flood mechanism from the last flood event.

SEPA provided the hydrograph shape from the latest flood event in winter 2015/16 and

information on the existing flood warning scheme at the River Dee.

Further information was collected during the site visit on 6™ April 2017.
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2 ldentified Flood Mitigation Measures

Two principal flood mechanisms were defined through analysis of data and through a site visit
carried out on Thursday 6" April 2017.

Namely:

e Mechanism 1 — Fluvial flooding of the River Dee and Burn of Cults during high flood
events can cause both watercourses to come out of bank. This leads to the flooding of
the Den of Cults and Inchgarth Road, affecting properties in the vicinity. The fluvial
flooding at the River Dee also leads to flow backing up the Burn of Cults culvert at the
confluence with the River Dee.

e Mechanism 2 — The circa 1200mm diameter culvert for the Burn of Cults underneath
Inchgarth Road could become blocked. There has been a history of blockage in this
culvert, causing the water to back up the Burn of Cults and overtop its banks affecting
properties in close proximity. Higher flow in the watercourse will, as expected,
exacerbate the flooding issue should a blockage occur, and the culvert could be of
insufficient capacity. It is noted that the existing roadside wall, until its collapse, had the
potential to trap water overtopping the culvert, further exacerbating flood risk.

Based on the supplied information, outline mitigation options were selected. From carrying out
the site visit, these options were further developed and three options were selected for detailed
assessment. Some of the mitigation measures were combined in order to form an option that
would address and alleviate both flooding mechanisms aforementioned.

These are:

e Option 1 — Bund improvement and culvert extension
e Option 2 — Reinforced concrete sheet piled flood wall
e Option 3 — Property level protection

Option 1 is to replace the existing bund with a formal flood bund and extend the culvert as
shown in Figure 1.

It was noted in the scoping document for this project that the bund parallel to the River Dee was
breached during the 2015 winter flood event from Storm Frank. ACC have stated that the bund
was not designed as a flood defence. During the site visit, it was noted that the bund was steep
and is considered not suitable in its present state to form a flood defence. The bund crest is also
lower at the Morison’s Bridge end, requiring any new bund to be extended past the bridge to
high ground on the other side.

To mitigate the backing up of the Burn of Cults from the River Dee, it is proposed that the
existing culvert is extended up the watercourse to an invert level that matches the flood level of
the River Dee. This would include the provision of a suitably designed trash screen at the
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upstream end of the culvert inlet to alleviate culvert blockage, provided it is cleared and
inspected at regular intervals.

Figure 1: Option 1 Sketch
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Source: OS Streetview map available under OS OpenData

2.2.2 Option 2 — Reinforced Concrete Sheet Piled Flood Wall

Option 2 is the provision of a flood wall and trash screen as shown in Figure 2. It is proposed that
to address the flooding problem from Mechanism 1 that flood walls should follow the south side
of Inchgarth Road, running for circa 225m spanning between high ground. The backing up
problem up the Burn of Cults would be alleviated by the provision of a Reinforced Concrete Flood
Wall along the east bank of the Burn of Cults. Initial flood wall heights were calculated from flood
levels plus an additional freeboard of 0.6m has been added.

The risk of blockage would be alleviated by the provision of a suitably designed trash screen at
the upstream end of the culvert inlet to alleviate culvert blockage, provided it is cleared and
inspected at regular intervals.

It is noted that the existing wall along Inchgarth Road caused ponding of flood water on its
landward side during the latest flood event. Therefore to mitigate this risk, it is proposed that new
discharge pipes, equipped with flap valves, will be installed under the wall leading back toward
the River Dee.
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Figure 2: Option 2 Sketch
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2.2.3 Option 3 - Property Level Protection

Option 3 is the provision of property level protection to the individual properties affected. Mott
MacDonald contacted an external supplier, UK Flood Barriers, to ascertain information on
products that could be supplied to mitigate and alleviate damages to at risk properties. It was
determined that protection would need to be provided for 5 individual residential properties
including flood doors, airbrick covers and non-return valves. A flood door would also be required
for the Scottish Water pumping station.

While not necessary under this option it is advised that the trash screen is improved to reduce the
risk of future culvert blockage and improve accessibility for clearing during a flood.

Figure 3: Option 3 Sketch — Residential in Green, Non-residential in purple
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Source: OS Streetview map available under OS OpenData
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3 Potential benefits of flood mitigation

Benefits for the identified flood mitigations have been determined using the methodology
outlined in the MCM. The level of protection of the identified flood mitigations is up to 0.5%
annual exceedance probability (or 1 in 200 year) flood event.

The benefits are the economic costs avoided by the scheme which include both direct and
indirect impacts of flooding. The direct impacts result from the physical contact of flood water
with damageable property and their contents. These damages are primarily a function of the
nature and extent of the flooding including its duration, velocity and any contamination of the
flood water. Indirect damages include disruption of the traffic networks and social activities.

The MCM gives recommendations on when different types of benefits should be assessed, as
does Making Space for Water”. Using these recommendations, the following benefits have been
examined:

Direct tangible impacts of flooding on residential properties (including domestic vehicles).
Direct tangible impact of flooding on non-residential properties.

Indirect tangible impacts of flooding on residential properties.

Human-related intangible impacts of flooding.

Costs to emergency services as a result of flooding

There are a number of benefits that have not been included, for example because they are
disproportionately difficult to estimate. These exclusions imply that the calculations of benefits
presented in this report are a conservative estimate. The principle exclusions are:

Road traffic disruption.

Indirect non-residential benefits.

Weighting based on scale of industry and the number of independent companies affected.
Flood damage to underground utilities.

Environmental gains and losses.

Agricultural benefits and impacts.

VAT and other indirect taxes, because they are money transfers within the economy rather
than real losses or gains.

NogakrwdpE

Making space for water — a consultation exercise, by DEFRA, July 2004
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The MCM provide standard direct damage data for residential and non-residential property data
which has been used to estimate the direct benefits of construction of flood defences. A more
detailed breakdown of the analysis is included in Appendix C.

Based on the available flood hydrograph of the River Dee during the winter 2015/16 flood
event®, the duration of flooding for the River Dee fluvial flood event has been assessed as more
than 12 hours. SEPA also advised that for the given area SEPA aim to issue flood warning
between 3 and 6 hours before the onset of flooding (although in practice they are often much
earlier). Therefore, the long duration MCM direct damage data with <8hr warning have been
applied.

No additional cost associated with damage by saltwater or other contaminants has been
included in the damage assessment.

The MCM depth/damage data is based on 2016 -17 price base.

The damage to a residential property is calculated in the MCM as a function of the age and the
type of the building, the social class of the occupants, depth of flooding and flood duration. The
damages to domestic vehicles have also been included.

Individual properties were identified using address point data provided by Aberdeen City
Council. A threshold level of 0.3m has been assumed for each property, although the site visit
observation confirmed that some properties are likely to have a higher difference between the
external ground level and internal floor level. Therefore, this assumption is likely to provide a
conservative damage estimate, i.e. higher damages.

The site visit was used to identify the house type and building age. The social class of
occupants was based on the type of the property and council tax band; all identified properties
were classified as AB social group.

For the domestic vehicle damages the recommended average loss value of £3,600 per
residential property in the area has been applied for the flood depths greater than 0.35m.

Indirect flood impacts can be more significant to householders than property damage itself and
tends to affect a wider area. These impacts encompass increased stress, health problems, loss
of memorabilia and displacement from their homes. There is currently no agreed
comprehensive methodology for assessing these costs in monetary terms. However, MCM
suggests, as a partial measure, the use of surrogate values for assessing tangible indirect
losses.

For overview appraisals, the MCM recommends using the total average cost of evacuation per
household (based on an average evacuation of 23 weeks) to be in the range of £2,856 and

The River Dee Flood hydrographs supplied by SEPA on 01/05/2017
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£6,816. An average cost of £4,121 has been applied to the properties flooded at Inchgarth
Road.

The MCM shows that intangible benefits can be expressed as the relationship between the
value of avoiding the impacts of flooding and the reduction in the probability of being flooded.
Intangible health benefits have been estimated as being, on average for the UK, £290 per year
per household (MCM). As no further details on the current standard of protection of the
properties has been available the average figure was used in the assessment.

Emergency services can be involved in both emergency works before and during the flood
event, and in the clean up after the event. Actual data for the costs to emergency services is
difficult to obtain. However, the MCM recommends that on the basis of flood events in autumn
2000 and summer 2007, the total property damage calculated in project appraisals of flood
alleviation schemed should be multiplied by a factor ranging between 1.107 and 1.056 to allow
for the emergency and recovery costs. In the absence of better data the factor of 1.107 has
been used.

The benefits of a flood scheme are expressed as the difference between the average annual
flood damages before and after constructing a flood protection scheme. This is based on the
probability of a flood event occurring in any given year, and the damage that would have been
caused by that event.

For the Inchgarth Road area the 1 in 10, 30, 50, 100 and 200 year return period events were
used to construct the loss-probability curves for each of the flood protection options considered.
It is noted that only the 1 in 30, 100 and 200 year flood depth/extent maps were available for the
area, therefore, the damage figures for the remaining return period are based on the
interpolation/extrapolation of the generated curve, except for the 1 in 10 year flood return
period, where no damages were assumed.

Damage figures were assessed for the Burn of Cults culvert being “blocked” and “unblocked” as
shown in Tables 1 and 2.

The overall average annual damages are discounted over the 100 year design life of the
proposed flood mitigations to give net present value of benefits as calculated using the
FCDPAG3° spreadsheets published by DEFRA. The FCDPAG3 spreadsheets summarising the
whole Inchgarth Road area are included in Appendix D of this report.

The benefits are calculated for the area as a whole. The number of properties affected by
flooding is identified along with a summary of the calculated damage values based on the
existing conditions (i.e. the ‘do nothing’ scenario) for various return periods.

The proposed flood mitigation intends to reduce flooding up to and including the 1 in 200 year
flood level. Therefore, the damages with the scheme in place have been calculated on this
basis.

Flood and Coastal Defence Project Appraisal Guidance, Handbook for Economic Appraisal, DEFRA, 2015
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3.5.2 Summary of benefits for the Inchgarth Road area

Table 1: Number of properties affected by flooding

Return Period (years) 30year 100year 200year 30year 100year 200year
unblocked unblocked unblocked blocked blocked blocked
Residential 2 2 & 2 & 5
Non-Residential 0 0 0 0 0 1
Table 2: Damage Frequency Values (£)
Return Period (years) 30year 100year 200year 30year 100year 200year
unblocked unblocked unblocked blocked blocked blocked
Residential property (including
domestic vehicles) 2,693 2,693 27,667 37,750 38,918 71,231
Ind/commercial (direct) 0 0 37,607 0 0 59,425
Residential Indirect Tangible 0 0 8,242 8,242 8,242 8,242
Residential Intangible 580 580 870 580 870 1,450
Emergency services 350 350 7,959 4,983 5,139 15,017
Other 0 0 0 0 0 0
3,623 3,623 82,345 51,555 53,169 155,365
TOTAL
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Figure 4: Damage frequency curve —unblocked culvert scenario
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Figure 5: Damage frequency curve — blocked culvert scenario
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4 Cost of flood mitigation options

Various sources were used to calculate initial capital costs for the 3 mitigation options
considered. It should be noted an optimism bias (OB) factor is not added to the initial capital

costs calculated and this is added separately in the FCDPAG3 spreadsheet.

Table 3 shows the calculated capital costs:

Table 3: Capital costs

Capital .
Option Component Area Cost OB Applied Source
Embankment River Dee £350,119 | £560,190 SPON ?3ng7 Price
Culvert Burn of Cults £187,500 £300,000 Estimate
1 Environment Agency:
Trash Screen Burn of Cults £18,000 £28,800 Cost estimation for
culverts
Total £555,619 £888,990
Inchgarth Road | £480,567 | £768,907 SPON 5852;7 Price
Flood Wall Denof Cults | £142,003 | £227,204 SPON 585337 Price
2 Misc. £10,089 | £16,143 SPONS 2017 Price
Environment Agency:
Trash Screen Burn of Cults £18,000 £28,800 Cost estimation for
culverts
Total £650,659 | £1,041,054
Property Level Various £22190 | £35,504 UK Flood Barriers
Protection properties
Environment Agency:
3 Trash Screen Burn of Cults £18,000 £28,800 Cost estimation for
culverts
Total £40,190 £64,304

Maintenance costs associated with the proposed flood mitigation measures have been
estimated as summarised in Table 4. This includes grass cutting, regular inspection of the
culvert and upstream trash screen, occasional maintenance to the walls and embankments and
flap gate clearance. The table assumes minimal maintenance will be required as aesthetics are
not a key consideration of the area.
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Table 4: Maintenance costs

12

Unit .
maintenance Maintenance
Component Area cost cost total / Source
Option (E/km/year) year
Environment Agency:
Embankment River Dee £2,000 £500 Cost estimation for
fluvial defences
1 .
Culvert + trash Burn of Cults £600 Estimate
screen
Total £1,100
Environment Agency:
Inchaarth Road Cost estimation for
Flood Wall + Dgn of Cults £500 £150 fluvial defences + River
Ness FAS cost benefit
2 analysis
Trash Screen Burn of Cults £500 Estimate
Total £650
Property I__evel Varloqs n/a n/a UK Flood Barriers
Protection properties
3 Trash Screen Burn of Cults £500 Estimate
Total £500

The total costs are presented in Table 5. These costs have been discounted over the 100-year
life of the project to provide a present value cost.

Table 5: Present value costs by option (£)

Whole life present value cost 0 622,178 713,692 30,119
Optimism bias adjustment

(60%) 373,307 428,215 18,071
Total Present Value Costs for 0

appraisal (PVc) 995,484 1,141,907 48,190
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5 Cost Benefit Analysis of Options

Comparison of the benefits and costs of the scheme has been undertaken using DEFRA’s
FCDPAG3 economic appraisal spreadsheets, which calculate the average annual damages for
‘Do Nothing’ option and compare this with the proposed scheme costs over a 100-year period.
The costs are adjusted using the government’s published variable discount rates’ as shown in
Table 6.

Both flood scenarios, i.e. unblocked and blocked culvert at the Burn of Cults, have been
assessed and the benefit-cost analysis results are presented for each scenario in Table 7 and
Table 8.

Table 6: Variable Discount Rates

Discount Rate 3.5% 3.0% 2.5%

Table 7: Benefit -Cost Analysis Results for Inchgarth Road area — unblocked culvert

Annual Average Damage £1,094 £583 £583 £583
Present Value Benefits (PVb) £0 £15,259 £15,259 £15,259
Present Value Cost (PVc) £0 £995,484 £1,141,907 £48,190
Average benefit/cost ratio 0.02 0.01 0.32

Note: It is assumed that the existing defences will not require cost to maintain.
Option O refers to Do Nothing

Table 8: Benefit -Cost Analysis Results for Inchgarth Road area — blocked culvert

Annual Average Damage £4,573 £927 £927 £927
Present Value Benefits (PVb) £0 £108,874 £108,874 £108,874
Present Value Cost (PVc) £0 £995,484 £1,141,907 £48,190
Average benefit/cost ratio 0.11 0.10 2.26

Note: It is assumed that the existing defences will not require cost to maintain.
Option 0 refers to Do Nothing

‘http://data.gov.uk/sib_knowledge_box/discount-rates-and-net-present-value — April 2013.
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6 Conclusions and Recommendations

This report summarises the assessment of options to mitigate fluvial flood risk at Inchgarth
Road. Three selected options have been assessed in more detail:

e Option 1: Bund improvement and culvert extension
e Option 2: Reinforced concrete sheet piled flood wall
e Option 3: Property level protection

The report summarises the economic analysis for the three selected options. The benefits and
costs of the options have been assessed in accordance with the “Flood and Coastal Erosion
Risk Management: A Manual for Economic Appraisal” (MCM) and the Green Book.

The option development and consequent economic appraisal are based on flood extent maps
provided by Aberdeen City Council, which considered the 1 in 30yr, 100yr and 200yr fluvial flood
event at the River Dee and Burn of Cults, including the unblocked/blocked culvert scenarios.

The new defences will be for a 200 year return period design flood event, which has been used
in the analysis.

The cost has been derived using relevant Environment Agency guidance, SPONS price data to
derive an estimate at 2017 prices and examples of previous Mott MacDonald projects related to
the fluvial flood defence construction.

Using the FADPAG3 spreadsheets, the estimated present values of damages avoided by the
proposed flood defences are estimated as £15,259 and £108,874 for the unblocked culvert
scenario and blocked culvert scenario respectively.

The estimated present value cost of the proposed flood defences (including 60% optimism bias)
are following:

e Option 1: £995,484
e Option 2: £1,141,907
e Option 3: £48,190

Option 3 of the blocked culvert scenario has the highest benefit / cost ratio of 2.26 and is the
only one with a ratio above 1. The other options have the benefit / cost ratio significantly lower,
i.e. ranging from 0.01 to 0.32.

Regardless of options chosen moving forward, Mott MacDonald recommends that the existing
trash screen is improved to reduce the risk of blockage and facilitate safe access for clearing. It
is also advised that the culvert outlet is regularly cleared, including at the downstream end, to
prevent blockage (see appendix A for photograph).
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Appendices

Photographs

Flood Maps

1in 200 year Damage Tables
FCDPAG3 Spreadsheets
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A. Photographs

Figure 6: Burn of Cults Culvert Inlet

Source: Site Visit
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Source: Site Visit

Figure 9: Vicinity around old Morison’s Bridge entrance

Source: Site Visit
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Source: Site Visit

Figure 13: Burn
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Figure 14: Bund from Inchgarth Road
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B. Flood Maps

Figure 15: 1 in 200 year flood extent (unblocked culvert scenario)
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Figure 16: 1 in 200 year flood extent (blocked culvert scenario)
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C. 1in 200 year Damage Tables

Table 9: Residential damages (1 in 200 year return period flood event)

22

[N Detached 1965 AB  -0.078  1168.50 0 290
D Semi 1900 AB  0.224 34656.66 4121 290
[N Semi 1965 AB  0.286 33174.23 4121 290
D Detached 1965 AB  -0.117 1168.50 0 290
O Detached 1965 AB 0 0.00 0 0
[N Semi 1965 AB 0 0.00 0 0
[N Semi 1965 AB 0 0.00 0 0
) Semi 1965 AB 0 0.00 0 0
O Semi 1965 AB 0 0.00 0 0
G Semi 1965 AB 0 0.00 0 0
N Semi 1965 AB 0 0.00 0 0
[N Semi 1965 AB 0 0.00 0 0
[N Semi 1965 AB 0 0.00 0 0
) Detached 1965 AB 0 0.00 0 0
) Semi 1965 AB 0 0.00 0 0
D Detached 1965 AB 0 0.00 0 0
D Semi 1965 AB 0 0.00 0 0
[ N Detached 1985 AB  -0.239  1063.18 0 290
[N Detached 1965 AB 0 0.00 0 0
D Detached 1965 AB 0 0.00 0 0
D Detached 1965 AB 0 0.00 0 0
D Detached 1965 AB 0 0.00 0 0
Y Detached 1965 AB 0 0.00 0 0
Table 10: Non-residential damages (1 in 200 year return period flood event)

Electricity

Substation 389,912 802,750 SubStation 59,425

383682 | 001 | A | May 2017
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D. FCDPAGS3 Spreadsheets

D.1 Unblocked culvert scenario

Figure 17: Summary sheet —unblocked culvert scenario

23

Project Summary Sheet

Client/Authority Prepared (date) 26/04/2017
Aberdeen City Council Printed 10/05/2017
Project name Prepared by MM
Inchgarth Road Checked by LC
Project reference 383682 Checked date 10/05/2017
Base date for estimates (year 0) Apr-2017
Scaling factor (e.g. £m, £k, £) £ (used for all costs, losses and benefits)
Principle land use band A (Ato E)
Initial Discount Rate 3.5%
Optimism bias adjustment factor 60.0%
Costs and benefits of options
Costs and benefits £

No Project Option 1 Option 2 Option 3
PV costs from estimates - 622178 713 692 30,119
Optimism bias adjustment - 373,307 428215 18,071
Total PV Costs for appraisal PVc - 995 484 1,141,907 48,190
PV damage PVd 32,682 17,423 17.423 17,423
PV damage avoided 15,259 15,259 15,259
PV assets Pva
Total PV benefits PVb 15,269 15,259 15,2509
Net Present Value NPV - 980,226 |- 1,126,648 |- 32,831
Average benefit/cost ratio 0.02 0.01 0.32
Incremental benefit/'cost ratio -

- - Highest bic

Brief description of options:
Option 0: Maintain existing No project

Option 1: Bund improvement and extended culvel Bund improvement an extended culvert - flood defences up to 1 in 200yr flood event

Option 2: Reinforcement concrete sheet piled floc Reinforcement concrete sheet piled flood wall - flood defences up to 1 in 200yr flood event
Option 3: Property level protection Property level protection - flood defences up to 1 in 200yr flood event

Special note to revised version:

This version of the original FCDPAG3 example 2 has been produced to illustrate the changes introduced in the March 2003 guidance on the HMT
new Green Book, published in January 2003.

Original Notes:
1) Benefits will normally be expressed either in terms of damage avoided or asset values protected. Care is needed to avoid double counting

2) PV damage aveided is calculated as PV damage (Mo Project) - PV damage (Option)
PV asset protection benefits are calculated as PVa (Option) - PWa (No Project)
PV benefits calculated as PV damage avoided + PV asset protection benefits
3) Incremental benefit/cost ratio is calculated as:
(PVbicurrent option) - PVb(previous option))/(PVc(current option) - PVc{previous option))
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Figure 18: Present Value Costs for all options (both unblocked/blocked culvert scenario)

Present Value Cosis for all oplions Sneet Nr. 10
[Cllent Autharty
|aerdeen City Counci
[Project name: Results £ 27082008
nchgarth Road 10s2017
[Project reference. 383662 Option 2 option 3 uN
[Biase date for estimales (year0) Apr2017 Lo
1052017
[ToTALS:
icash Bv
S5e75 005011875
S5A718.00 ZZ150.00  22150.00
110000 106230) 650 . 000 0.0
110000 1026.36 650 650.00 606,73 000 a0
110000 982 14 650 650.00 585,25 000 a0
110000 958.50] 650 550.00 566.44 000 0.0
110000 926.17] 650 550.00 547.28) 0.00 0.0
110000 #94.85] 650 650.00 528.78 000 0.0
110000 #5450 650 650.00 51089 00 0.00)
110000 #35.35} 650 650.00 45362 000 a0
110000 a07.10} 650 650.00 4763 000 a0
110000 77881 650 550.00 460.80) 000 0.0
110000 753.44) 650 550.00 44521 0.00 0.0
110000 727.94] 650 650.00 430,15 000 0.00)
110000 703.34) 650 650.00 41551 000 0.00
110000 579 56} 650 650.00 40158 [ 0.0
110000 656,56} 650 650.00 36798 000 0.00)
110000 634 38} 650 650.00 374,55 000 a0
110000 s1292] 650 650.00 362,18 000 a0
110000 s82.20) 650 550.00 349,93 0.00 0.0
110000 572.17] 650 550.00 338.10) 0.00 0.0
110000 55282 650 650.00 326.57| 000 0.0
110000 534.13) 650 650.00 315,62 000 0.00)
110000 516.07] 650 65000 30435 000 a0
110000 43861 650 65000 204,54 000 a0
110000 481.75} 650 550.00 284.57| 0.00 0.0
110000 455.46} 50 550.00 275,05 11,095 1109500 469482
110000 413.72} 650 550.00 265.74 (X a.0)
110000 43451 50 550.00 256,785 000 0.0
110000 ar9.82] 650 650.00 248,08 000 0.00)
110000 405,62} 650 550,00 239,59 000 0.0)
110000 291 91 650 650.00 231.58 000 a0
110000 380,43 650 650.00 22484 000 a0
110000 36841 650 550.00 218.29 0.00 0.0
110000 358,65} 650 550.00 21193 000 0.0
110000 348.20] 650 650.00 205.785 000 0.00)
110000 338,06} 650 550.00 199.76 000 0.0)
110000 328 22} 650 650.00 193,85 000 a0
110000 318 66} 650 650.00 18330 000 a0
110000 208.37] 50 550.00 18281 0.00 0.0
110000 300 36} 650 65000 177.49 000 [
110000 291 52} 50 550.00 17232 0.00 0.0
110000 283.12] 650 650.00 167.30 00 0.0
110000 274.86) 650 650.00 162.43 000 0.0
110000 266.87] 650 550.00 157.70 000 0.0)
110000 258,10} 650 65000 153.10 000 a0
110000 251 55} 650 650.00 14854 000 a0
110000 24422} 650 550.00 14431 000 0.0
110000 23711 650 650.00 140.11 000 0.0
110000 230.20f 650 650.00 136.0 000 0.00)
110000 223501 650 550.00 132.07] 0.00 0.00)
26850950 53026.0) 316,329 31632350  62400.02) 11,085 1109500 218453
110000 21067} 650 550,00 124.49 000 0.00)
110000 20453} 650 650.00 120,86 000 a0
110000 138.58] 650 65100 117.34 000 a0
110000 18279 650 550.00 113.82 000 0.0
110000 187.18) 650 650.00 11060 00 0.0
110000 181.72] 650 650.00 107.58 000 0.00)
110000 176.43) 650 550.00 10426 000 0.0)
110000 171.29) 650 65000 10122 000 a0
110000 166.30) 650 65100 58.77] 000 a0
110000 161.48] 50 550.00 w541 0.00 0.0
110000 156.75] 650 650.00 9253 00 0.0
110000 152.19) 650 650.00 £9.33) 000 0.0
110000 147.75) 650 550.00 E7.31 000 0.0
110000 143.45] 650 650.00 % [ 0.0
110000 138.28) 650 550.00 E2.30) 000 0.0
110000 135.22] 650 650.00 7a.90) 000 a0
110000 131.28) 650 65100 77.58) 000 a0
110000 127.48] 650 550.00 75.32 0.00 0.0
110000 12375 650 650.00 7a.12) 00 0.0
110000 120.14) 650 650.00 70.29) 000 0.00)
110000 11654 50 650.00 6a.52] 000 0.0
110000 11324 650 65000 65.22] 000 a0
110000 10835 650 65100 64.97] 000 a0
110000 106.74] 650 550.00 £3.08) 0.00 0.0
110000 10364 650 650.00 61.24 1,095 109500 1045.30)
110000 101,14 50 550.00 s9.75] 000 0.0
110000 9854 650 650.00 58.20) 000 0.0
110000 96.24) 650 650.00 56.57] 0.0 0.00
110000 8339 650 550.00 55.43) 000 0.0
110000 91.60) 650 650.00 54.13) 000 0|
110000 5935 650 651.00 5281 0.0 0.0
110000 &7.15| 650 550.00 51.52 0.00 0.0
110000 85.05] 650 650.00 50.25] 0.0 0.0
110000 &2.95) 650 650.00 49.04 00 0.0
110000 60.95] 650 650.00 47.84 000 0.00)
110000 78.35) 650 650.00 46.57] 000 0.0
110000 77.08) 650 651.00 4553 0.0 .0
110000 75.18) 650 550.00 44.42 000 0.0
110000 7335 650 550,00 43.34 [ 0.0
110000 71.58) 650 550.00 42.21) 0.00 0.0
110000 69.81 650 650.00 41.25] 000 0.00)
110000 68.11 650 650.00 40.25] 000 0.0
110000 66.45) 650 550.00 39,25 000 0.00)
110000 6453 650 650.00 3831 000 0.0
110000 6325 650 550.00 37.37] 0.00 0.0
110000 61.70) 650 550.00 36,45 0.00 0.0
110000 60.20) 650 650.00 35.57] 000 0.0
110000 58.73) 650 650.00 34.70) 0.0 0.0
110000 57.30) 650 550.00 33,55 000 0.00)
110000 55.90) 650 550.00 33.03) 000
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Figure 19: Annual Average Damages — do nothing (unblocked culvert scenario)

Area cakculalions assuma drop i0 zaro at maximum frequancy.
e entared, If Bppropriate.
during schema life (e.g. sea-leval rise)

1D this sheat

Diafault value tor the highast possible damage assumes continuation of gradient for last two points, an elernaliva value can

‘One form should be complated for each option, Including ‘without projact’, and far each representathes yeaar If proflle changes

Resldential property, Indusinal / commarcial {direct), and Cihear damageas are kemised In Assel AAD sheat and automatically linked

Sum Annual A Sheet Nr.
Cllent Authority
Aberdean City Councll
Project name Optlon:
Inchgarth Road ‘Opticn 0 Mainiain exisling
Project reference 383662
Base dale lor asimates (year 0) Apr-2017 First mid-year of damage: 0 Prepared {date) 260472017
Scaling factor (g.9. Em, £k £ £ Lzt mid-year of pariod: 100 Prinded 10405201 7
Discount raba 3.5% PV 1acior for mid-year 0c 29.563 Prepared by KN
‘Chacked oy LC
Applicable yaar {If ime varying) Chacked data 1005201 7
Average walting lime {yrs) betwean evenis/Tequency per year Total Fy|
| 10 o 50 75 100 150 500 Infinity E]
0.100 0.033 0.020 0u013 0.0 0U007 0.005 0.002 1]
C:amaga categary Damage £
Resldential property i} 2503 2,653 2683 2,693 15,180 2T BET 50,144 B5.1 13.441.05
Indicommercial (dirsct) a [1] a o a 18804 T E0T 71,453 8401 12.166.61
Resldential Indirect Tanglb! [x] 1] a o a 412 8,242 15,660 21,605 2.666.45
Resldential Intangible o 580 5&0 S0 580 725 &7 1,131 1,305 1.248.54
Emergancy sarvices i) 350 350 350 3s0 4,155 T.950 14,B07 19,373 3.158.93
Other [x] 1] a o a o a 1] o 0.00
0 10.00
0 0.00
Total damage E [x] 3,623 3,623 3623 3623 42 384 82,345 153,185 200,428
Area (damagexirequency) 121 48 F2 12 7B 104 353 354
Tobal anea, as abowe 1,084
P Facior, as above 29,653
Presant value [assuming no change in damage or event fraguency) 32 FA2 32 6B1.57]
Matas

Project: Inchgarth Road

Damage £

250,000

150,000

100,000

50,000

Option: Option 0: Maintain existing

oo 1.0% 20 1 4 13 .3
Frequency

B

L

0%

383682 | 001 | A | May 2017

25



Mott MacDonald | Inchgarth Road Flood Study

Figure 20: Annual Average Damages — do something (unblocked culvert scenario)

Summary Annual Average Damage Sheet Nr.
Client/Authority
Aberdeen City Council
Project name Option:
Inchgarth Road Option 1: Bund improvement and extended culvert
Project reference 383682
Base date for estimates (year 0) Apr-2017 First mid-year of damage: 0 Prepared (date) 26/042017
Scaling factor (e.g. Em, £k, £) £ Last mid-year of period: 100 Printed 10/05/2017
Discount rate 35% PV factor for mid-year 0: 26 863 Prepared by MM
Checked by LC
| Applicabie year (if time varying) Checked date 10/05/2017
Average waﬁng fime {yrs) between events/frequency per year Total PV
10 25 50 75 100 150 200 500 Infinity] £
0.100 0.040 0.020 0.013 0.010 0.007 0.005 0,002 0
Damage category Damage £
Residential property 50144 65128 5,688.58
Ind/commercial (direct) 71453 94018 8.142.27
Residential Indirect Tangible 15660 20805 1,784 47
Residential Intangible 1131 1305 123.41
Emergency services 14807 19373 1.684.04
Other 0.00
0.00
o 0.00
Total damage £ 0 ] 0 0 /] ] 0 153,195 200,428
[Area (damagexdrequency) ] i] 0 [i] ] 0 230 354
Total area, as above 583
PV Factor, as above 20.863
Present value (assuming no change in damage or event frequency) 17,423 17,422.78)
Motes
[Area calculations assume drop o zero at maximum freguency.
Default value for the highest possible damage assumes continuation of gradient for last two points, an alternative value can
be entered, if appropriate.
(Cne 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)
Residential property, Industrial / commercial (direci), and Other damages are itemised in Asset AAD sheet and automatically linked
to this shest
Project: Inchgarth Road Option: Option 1: Bund improvement and extended culv
Damage £
250000
200000
150000
100000
50000
0
0.0% 1.0% 20% 10% 405 5% B.0% T.0% B.O% B0% 10.0%

Frequency
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D.2 Blocked culvert scenario

Figure 21: Summary sheet — blocked culvert scenario

Project Summary Sheet
Client/ Authority Prepared (date) 26042017
Aberdeen City Council Printed 10052017
Project name Prepared by MM
Inchgarth Read Checked by LC
Project reference 383682 Checked date
Base date for estimates (year 0) Apr-2017
Scaling factor (e.g. £m, £k, £) £ {used for all costs, lesses and benefits)
Principle land use band A {Ato E)
Initial Discount Rate 3.5%
Opfimism bias adjustment factor 60.0%
Costs and benefits of options
Costs and benefits £

No Project Oiption 1 Oplion 2| Option 3
PV costs from estimates - 622,178 713,692 30,119
Optimism bias adjustment - 373,307 428,215 18,071
Total PV Costs for appraisal PVe - 995,484 1,141,907 48,190
PV damage PVd 136,558 27 684 27 684 27,684
PV damage avoided 108,874 108.874 108,874
PV asseis Pva
Total PV benefits PVb 108,874 108,874 105 874
Met Present Value NPV B86.610 |- 1,083,033 60 6B4
Average benefit/'cost ratio 0.11 0.10 2.26
Incremental benefit'cost ratio =

= = Highest bfc

Brief description of options:
Opfion 0: Maintain existing Mo project

Opfion 1: Bund improvement and extended culver Bund improvement an extended culvert - flood defences up to 1 in 200yr flood event
Opfion 2: Reinforcement concrete sheet piled floo Reinforcement concrete sheet piled flood wall - flood defences up to 1 in 200yr flood event
Option 3: Property level protection Property level protection - floed defences up to 1 in 200yr flood event

Special note to revised version:

This version of the original FCDPAGS example 2 has been produced to illustrate the changes introduced in the March 2003 guidance on the HMT
new Green Book, published in January 2003.

Original Notes:
1) Benefits will normally be expressed either in terms of damage avoided or asset values protected. Care is needed to avoid double counting

2) PV damage avoided is calculated as PV damage (Mo Project) - PV damage (Option)
PV asset protection benefits are calculated as PVa (Option) - PWa (No Project)
PV benefits calculated as PV damage avoided + P\ asset protection benefits
3) Incremental benefit'cost ratio is calculated as:
(PVb{current oplicn) - PVb{previous option) /(PVc(current option) - PVe{previous opficn))
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Figure 22: Annual Average Damages — do nothing (blocked culvert scenario)

Summary Annual Average Damage Sheet Nr.
~ .
Abardeen City Council
ject name Option:
Inchgarth Road Option 0: Maintain existing
Project reference 333682
Basa date for estimates (year 0) Apr-2017 First mid-year of damaga: 0 Prapared (date) 26/042017
Scaling factor {e.g. £m, £k, £} i Last mid-year of pariod: 100 Printad 100520 T
Discount rate 5% PV factor for mid-year O 20,863 Prapared by MN
Checked by LG
Applicable year (if ima varying) Checked date 00/01 /1300
Average waiting tima (yrs) between aventsfraquency per year Total PV
| 10 30 50 75 100 150 200 500 Infinity £
0.100 0.0:33 0.020 0.013 0.010 0.007 0.005 0.002 0
Diamage categaory Damags £
Residential property a ¥7.750 38,084 36,501 386 55,075 1.2 100,313 18,7 86,228.74
Ind'commercial {direct) a o o L] o 28,713 50,425 112,008 146,563 19,225.16
Residantial Indirect Tangible a 8,242 8,242 E.242 8,242 B.242 8,242 8,242 B,242 16,408.92
Recidential Intangible ] 560 B53 766 B70 1,160 1,450 1,872 2,320 1,495.98
Emargency sanices a 4,963 5,028 5,083 5,139 10,078 15017 23,307 28,834 13,199.39
Dther 1] a 1] a 1] ! a o 0 0.00
0 0.00
0 0.00
Total damage £ a 51,555 52,016 52,583 53,168 104 267 155,365 247,342 308,659
Area (damagexrequancyl 1,718 EA0 348 176 262 216 B4 556
Total area, as above 4,573
PV Facior, as above 29.963
Prasant value (assuming no change in damage or evant frac ¥l 136,558 136,558.19
Motes
Area calculations assume drop to 2ero at maximum frequency.
Default value for the highest possible 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 represantative year if profile changes
during scheme life (8.g. sea-level rise)
FAesidential property, Industrial / commercial {direct), and Other damages are itemized in Asset AAD sheet and automatically linked
to this sheet

Project: Inchgarth Road Option: Option 0: Maintain existing

Damage £

350,000

300,000

260000

200000

150000

100,000

50,000

oo 1.0% 207 0% 4.0% B0 B0 T0% B.O% s 10.0%

Fraquency
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Figure 23: Annual Average Damages — do something (blocked culvert scenario)

Summary Annual Average [-)amagg

Client/ Authority

Aberdeen City Council

Project name

Inchgarth Road

Project reference

Base date for estimates (year 0)
Scaling factor (e.g. £m, £k, £)
Discount rate

Maﬂe&: (if time ﬂ'nﬂ}

383682
Apr-2017
¢

3.5%

0.100 0.040

Option
Option

First mid-year of damage:
Lasi mid-year of period:
PV factor for mid-year 0:

10 25 50
0.020

1= BEN eVent:

7h 100
0.013 0.010

Sheet Nr.

1: Bund improvement and extended culvert

0 Prepared (date)

100 Printed

29,863 Prepared by
Checked by

Checked date

26/04/2017
10052017
MM
LC
00V01/1900

LENG!
150 200 500
0.007 0,005 0.002

nfinity
0

-

Damage category
Residential property
Ind/'commercial (direct)
Residential Indirect Tangible
Residential Intangible
Emergency services

Other

Total damage £ 1] ]
Area (damagexrequency) o

Damage £

0 /]
1]

100313
112803
B242
1972
23007

247,342
0 0 an

118701
148563
8242
23200
20834

308,659
558

Total area, as above
PV Factor, as above
Present value (assuming no change in damage or event frequency)

27
20.863
27,684

27,683.74]

Notes
Area calculations assume drop to zero at maximum frequency.

be entered, if appropriate.

during scheme life (e.g. sealevel rise)

to this shest

Default value for the highest possible damage assumes continuation of gradient for last two points, an alternative value can
Cne form should be completed for each option, including “without project’, and for each representative year if profile changes

Residential property, Indusirial / commercial (direct), and Other damages are itemised in Asset AAD sheet and automatically linked

Project: Inchgarth Road

Damage £
350000

Option: Option 1: Bund improvement and exiended culv

300000

250000

200000

150000
100000
50000
]
0.0% 1.0% 20% 3% 0% 5.0% 60% 0% B.O% B0%
Frequency

10.07%
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