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1. EXECUTIVE SUMMARY  

1.1 Introduction 

 

Bristol is a thriving city and important to the success of the South West, however the city centre is at 
growing risk from tidal flooding. The River Avon Tidal Flood Risk Management Strategy sets out a 
strategic plan for managing tidal flood risk to Bristol. The ambition is to provide infrastructure to manage 
the tidal flood risk whilst integrating transport and land use opportunities to maximise the city’s economic 
success, resilience, health, social opportunity and quality of life. 

This Strategy has been developed by Bristol City Council (BCC), with support from the Environment 
Agency and consultants AECOM.  

The Strategy covers the River Avon between the M5 road bridge (downstream boundary) and Netham 
(upstream boundary). A map showing the study site is shown in Key Plan 1. This report is presented in 
the structure of a Strategic Outline Case (SOC) in line with Defra’s five case business model.  

 

1.2 Strategy Objectives 

 

Several key objectives were defined for the Strategy. These were integral to the option appraisal 
processes and are to be used as critical success factors to assess and monitor performance of the 
Strategy’s outcomes: 

 

 To support the safe living, working and travelling of people in and around central Bristol by ensuring 
that the flood threat is reduced and that measures are in place to address residual risks; 
 

 To facilitate sustainable growth of Bristol and the wider West of England economy by supporting 
development opportunities for employment and residential land, and associated infrastructure; 

 

 To maintain, and where possible enhance, natural, historic, visual and built environments; 
 

 To ensure navigation of the River Avon and marine activities can continue; and 
 

 Ensuring that the Strategy is technically feasible and deliverable over its duration. 

 

1.3 Strategic Case 

 

Tidal flooding represents the most significant risk for Bristol’s City Centre with the potential for severe 
consequences. Today there is a 1 in 200 (0.5%) annual chance of tidal flooding to 488 homes and 486 
businesses. If no action is taken by the end of the century, some 2,340 homes, 1,350 businesses and 
most of the city centre will be at risk due to sea level rise. 

Table 1. Properties at risk of flooding in Bristol over the next 100 years in the absence of 
Strategic Flood Risk Management. 

Return period  Year 
Residential 

properties at risk 
of tidal flooding 

Commercial 
properties at risk 
of tidal flooding 

Total properties 
at risk of tidal 

flooding 

0.5% chance of 
occurrence 

 (1 in 200 year 
event) 

2015 488 486 974 

2030 579 497 1076 

2065 1673 964 2637 

2115 2342 1347 3689 
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The Strategy preferred option is in line with the Shoreline Management Plan (SMP) ‘hold the line’ policy 
and the Catchment Flood Management Plan (CFMP) policy which is to ‘take further action to reduce 
flood risk to ensure that the standard of protection through Bristol is improved where required’.  

The main benefit will be resilience and avoiding losses - a substantial reduction in current and future 
flood risk, protecting people, properties, businesses, infrastructure and heritage assets. The project 
safeguards the Enterprise Zone and wider city centre which is of strategic importance to the South West.  

 

Figure 1  – visualisation of 1 in 200 chance event if no action is taken by 2110 (credit – BCC/Arup) 

The majority of properties at risk of tidal flooding are located within the city centre. Low spots along the 
banks of the River Avon and the walls of the Floating Harbour are the first pathways for tidal flood water 
to inundate parts of the city centre. Flooding currently poses a threat to lives, property and the long term 
economic prosperity of the city. Should a tidal flood event occur there would be a lasting widespread 
impact with hazardous flood water, damage to property, damage and disruption to infrastructure, and 
loss of cultural heritage.  

BCC operates tidal gates and other infrastructure in the Floating Harbour which forms a fundamental part 
of the flood defences of the city. However this is increasingly vulnerable to tidal overtopping and some 
key assets are approaching the end of their life. In addition, operation of the Floating Harbour depends 
on safe access to the operational locations which could be restricted during times of flooding. This 
makes the continued operation of this key part of the flood risk management system increasingly 
untenable over time, especially with predicted climate change further exacerbating the pressure on an 
ageing system. Without significant investment and upgrades there is a high risk of far reaching, regular 
and significant tidal inundation to the heart of Bristol.  

There have been many recent near-misses such as tidal events in 2014 when flooding closed roads 
including the A4 Portway, Cattlemarket Road and Cumberland Road. The proactive use of a temporary 
barrier protected properties from flooding as they had in 1981.  

Currently developments proceed in the city centre reliant on threshold raising above 1:200yr (0.5% AEP) 
tidal levels (including climate change), and reliance on emergency plans. However there are two issues:  

-   The tidal strategy has highlighted the funnelling of tidal events in the city which logically could lead to 
concern over flood plain storage loss in addition to local adjacent impacts from land raising within the 
flood plain. The Environment Agency historically views this as a tidal ‘level’ problem however as the 
evidence base expands there is a risk that this may change. 

-   Planning practice guidance states “Access considerations should include the voluntary and free 
movement of people during a ‘design flood’, as well as the potential for evacuation before a more 
extreme flood.” 
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Therefore flood risk is currently a threat to existing property and a constraint on the scale and form of 
development opportunities in central Bristol. Without a strategic intervention, the predicted impact of 
climate change would exacerbate the impact of flood risk and further constrain development in the 
central area.  

Once implemented, the strategy will provide the nationally prescribed standard of protection required for 
new development to proceed. It will still be necessary for future development to acknowledge the 
residual flood risk and the threat posed by residual flooding will be afforded by the provision of site 
specific mitigation/evacuation measures. 

The Strategy will address tidal flood risk, the dominant source of flooding in Bristol. It will also reduce risk 
posed by high fluvial flows from upstream in River Avon, although further assessment of this is planned. 
The Strategy’s main benefit will be increased resilience of the city due to a substantial reduction in 
current and future flood risk, protecting people, properties, businesses, infrastructure and heritage 
assets. The Strategy will safeguard the Enterprise Zone and wider city centre which is of strategic 
importance to, and an economic driver of, the South West.  

Secondary benefits will include reducing the constraining effect of future flood predictions on the scale 
and form of future development, and opportunities to integrate new defences within wider regeneration. 
Key delivery risks of the Strategy revolve around certainty of funding, a need for consents and approvals, 
interfaces with existing assets with limited information, and satisfying stakeholder requirements.   

The pressing need to provide flood defences along the River Avon has been identified as creating the 
opportunity to carry out transport and public realm improvements. The ‘New Cut Greenway’ could 
reshape, repair and reconnect the city to the river, promote foot and bike travel, improve safety, make 
accessible places and maximise development potential. It would ensure the flood investment also 
delivers essential transport and housing outcomes for the city and wider region. Other cities divided by 
rivers have successfully seized similar opportunities and used them to regenerate more disadvantaged 
areas such as Belfast, Derby, Dublin, Glasgow and Sheffield. Further scoping and option development is 
planned, subject to funding, in advance of finalising the SOC. 

 

1.4 Economic Case 

 

The strategy will deliver an estimated £1.6 billion in benefits to the UK by reducing flood risk over the 
next 100 years. The benefit to the local economy could be over 2.5 times this value. 

The Floating Harbour and its continued operation reduces present-day tidal risk (£1.3bn benefit in 
today’s prices), but its resilience and effectiveness reduces significantly due to sea level rise. 

In development of the Strategy a range of options were appraised to determine the preferred strategic 
option to manage tidal flood risk over the next 100 years. The process started with identification of a long 
list of potentially feasible options. A list of 39 options was reduced to a short list of seven through multi-
criteria analysis, and then to a single preferred option. Throughout this process consideration was given 
to the achievement of key objectives: reduction in flood risk, cost, economic efficiency, technical 
feasibility, maintenance of navigation, environmental impact and ability of the option to help sustain 
development and growth in Bristol.  

During the short listing and preferred option selection process, a tidal flood barrier across the Avon was 
considered but rejected. This was  principally on grounds of the potential for adverse environmental 
impact and because new linear flood walls would deliver greater flood reduction benefits at a much lower 
cost. Potential for wider benefits to be incorporated into a barrier solution (e.g. transport link) were 
considered but this failed to sufficiently improve the economic case for a tidal barrier. 

The case for improved defences to protect Pill and Shirehampton can be considered separately, and the 
Strategy was refined to focus on the City Centre.  

The option selection process also identified an adaptive approach (rather than a precautionary approach) 
had significant advantages in terms of economic efficiency and environmental impact. 

The preferred option involves constructing 6.2km of flood defences; delivered in phases (see Key Plan 
2). 

• Phase 1 works to protect the Floating Harbour from surge with flood walls for critical locations where 

defences are lowest along the New Cut and new gates at Entrance Lock and Netham. There is a 
strong case for the works to be completed as soon as possible. The Strategy baseline is 2015 
however the process of design development and consenting delays the likely earliest opportunity for 
construction until between 2023 and 2025. Localised works to existing defences at Bower Ashton, 
upstream of Netham and opposite Totterdown on the south bank and Property Level Protection 
(PLP) at Bedminster. These elements are needed as the defences elsewhere would raise water 
levels in the New Cut, which if not mitigated would lead to increased risk of flooding in these 
locations.  
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• Phase 2 consists of further walls along the New Cut in 2030s. 

• Phase 3 defences works to heighten when necessary due to sea level rise (notionally 2065 but 

capable of being brought forward or delayed according to the pace of sea level rise) to ensure an 
adequate standard of protection through to 2115 

Phase 1 and 2  typically comprise walls 0.7-1.1m high, providing a notional standard of 1 in 200 chance 
(0.5% AEP) 2030, but an effective 1 in 200 chance standard through to 2065 (with freeboard 
considered). The defences planned for these initial phases are referred to as ‘low’ defences in the 
Strategy. 

Works planned for 2065 will raise defence heights through the City to a typical 1.4-1.8m. The upper part 
of defences could be formed in glass or alternative landscaping measures adopted to minimise visual 
impact and where possible enhance the public realm. The raised defences planned from 2065 are 
referred to as ‘high’ defences in the Strategy.  

The environmental assessment work undertaken to support option appraisal, including development of 
an SEA, shows that the strategy will deliver significant positive impacts for population, health and 
material asset receptors through reducing flood risk. Potential negative impacts have been identified for 
receptors such as biodiversity and cultural heritage; however with appropriate mitigation and 
compensation these adverse impacts can be avoided or minimised so that the Strategy implementation 
remains environmentally sustainable.   Further, subsequent detailed studies, will be required to assess 
impacts in terms of the Habitats Regulations and Water Framework Directive and identify suitable 
mitigation measures. The present value cost of the option is estimated at £67m, with the option having 
an average benefit cost ratio of 23:1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.5 Commercial Case 

 

Procurement for the schemes will first involve the development of the Outline Business Case (OBC) and 
then the detailed design, associated surveys and investigations, construction and supporting specialist 
advice and expertise required to successfully manage and deliver a major capital project.  

There are a number of different routes to market that are capable of delivering the needs of the scheme. 
These and the associated timescales will need to be considered at the OBC stage but for information a 
selection of the potential routes are listed below: 

 Water and Environment Management Framework (WEM framework) 

 Scape Procure – Civil Engineering and Infrastructure Framework (Scape Framework) 

 BCC Flood risk consultancy framework 

 Bespoke tender 

 

 

Summary of Key Benefits of the Strategy: 

 

Future Proofing - nearly 3700 properties better protected against flood risk in Central Bristol over the 

next 100 years. 

 

Adaptive – mitigates climate change and sea level rise with sufficient flexibility to adapt to the range 

of future scenarios and thereby maximising return on investment. 

 

Catalyst - supports economic prosperity and Bristol’s development and regeneration aspirations. 

 

Broader Outcomes - potential to deliver public realm and access improvement through linkage and 

delivery of New Cut Greenway plans. 

 

Environment – the delivery of the strategy provides opportunities for environmental  enhancement 

(e.g. native planting, urban greening etc.) 
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1.6 Financial Case 

 

The total undiscounted cost of the Strategy is estimated at £125 million over the next 100 years. The 
discounted cost is approximately £67m. The breakdown of undiscounted and discounted costs across 
the three epochs is show in Table 2 below. These figures include maintenance and operation costs for 
the Floating Harbour and 60% optimism bias. 

 

Table 2. Strategy implementation, costs and funding. 

Phase Flood defence capital costs (£m 
undiscounted)  
based on outline design including 60% 
optimism bias 

Present value (£m 
discounted) 

Cost (design 
and 
construction) 

Funding 
gap 

Funding 
commentary 

 OPEX  Gate 
OPEX 

Total  

Phase 
1 

 

2019-
2025 

 

Walls 
typically 
0.7-1.1m 
& gates to 
prevent 
surge 
entering 
harbour 

43.3 0  EA FDGiA 
£34.7M-
£43.3M*  

LEP Economic 
Development 
Fund (EDF) 
£5M 
(allocation 
2023). 

0.5 0.4 44 

Phase 
2  

2030-
40 

Walls 
along 
New Cut 

18.4 11  EA FDGiA 
£2.5M  

LEP EDF £5M 
(prog. 
allocation 
2032). 

Other potential 
sources: 
WECA 
programme, 
CIL, BID, 
private 
development 
cash/in-kind 
contributions. 

2.0 0.6 13 

Phase 
3 

2060-
70 

Raise all 
defences 
~0.7m 

44.2  N/A 0.7 0.5 10 

*subject to which baseline is adopted in partnership funding calculator 

Flood and Coastal Erosion Risk Management Grant in Aid (FCERM GiA) eligibility depends on a 
partnership funding formula. The case for GiA for phase 1 is strong with a maximum partnership funding 
score of 135%. Based on this the potential FCERM GiA funding amount for the phase 1 scheme is up to 
approximately £43m. However as part of this phase of work various key parameters and assumptions 
have been sensitivity tested and this has demonstrated that there remains a degree of uncertainty in the 
PF score baseline and a potential £9m funding shortfall could result (see Financing Baseline technical 
note). Therefore confirmation of the partnership funding arrangements for the phase 1 works is required 
and further dialogue with the EA’s Large Project Review Group (LPRG) is recommended at the earliest 
opportunity.  

 

The case for GiA for phase 2 is less strong. The partnership funding assessment for the phase 2 scheme 
has been based on the benefits against the Do Nothing scenario as the baseline, reflecting the low 
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operational resilience and high vulnerability of the Floating Harbour. New Cut Greenway costs would not 
be eligible for GiA but would deliver considerable wider benefits to the area. 

It should be noted that FCERM GiA does not cover maintenance and operational costs. In practice, a 
significant part of the projected maintenance and operational costs for the Strategy are derived from the 
need to continue Floating Harbour operations and these costs would have been incurred anyway. 

In the course of Strategy development, a number of other funding sources have been identified. The 
Local Enterprise Partnership’s Economic Development Fund has a programme allocation of £5m (2023) 
and £5m (2032). Other potential identified flood defence capital sources include the West of England 
Combined Authority programme and Community Infrastructure Levy, and private development cash/in-
kind contributions. Opportunities for contributions in the form of cash or ‘in kind’ contributions such as 
associated works delivered by BCC or developers will be sought. 

The Strategy assumes the continued maintenance of existing Floating Harbour and New Cut retaining 
walls. In general, the Strategy is dependent on the continued serviceability of some of these structures. 

 

1.7 Management Case 

The OBCs and detailed design / scheme construction projects will be overseen by a multi-agency Project 
Board comprising senior management representation from BCC, the Environment Agency and the 
appointed supplier(s) and will be supported by a project team led by a dedicated Project Manager. 

The Strategy will be delivered using powers under the Flood and Water Management Act or Water 
Resources Act. BCC is the landowner for the majority of the Strategy however in St Phillips, east of 
Temple Meads there will be third-party interfaces.  

 

The next steps for the Strategy and further work prior to design and construction of Phase 1 works 
include: 

 Additional refinement of the defence designs and alignments will be required when developing an 
OBC for any of the schemes that follow on from the Strategy. 

 Liaison with LPRG to verify the baseline assumptions used to assess outcome measures in the 
Partnership Funding calculations and to confirm the level of Grant in Aid funding which may be 
available.  

 Further consideration to maintenance aspects including assessment on a site by site basis. 

 Further consideration of environmental mitigation measures such as landscaping, public realm 
improvements and compensatory habitat provision for the potential loss of intertidal habitat. 

 Development of the New Cut Greenway proposals. 

 Environmental scoping and consenting – i.e. EIA, HRA, WFD. Additional work on defence 
encroachment areas and numerical modelling to establish the impacts of the scheme on low and 
high tide levels within the study area. This will be used to ascertain the scale of potential impacts 
to habitats and areas of loss to inform the requirements for compensatory habitat.  

 More detailed numerical modelling to investigate flow pathways between flood cells during high 
magnitude flood events. 

 Additional numerical modelling to help quantify fluvial benefits of the Strategy (note that fluvial 
benefits have not yet been included in the benefits of the Strategy). 

 Interface with wider opportunities and programmes, including the Harbour Asset Management 
Strategy.  
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Key Plan 1: Bristol City Centre 
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Key Plan 2: Strategy implementation plan. Phase 1 Schemes – Red (epoch 1), Phase 2 schemes – blue (epoch 2) and Phase 3 schemes – black (epoch 3).  
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2. THE STRATEGIC CASE 

 

2.1 Introduction 

 

2.1.1 Background 

 

The River Avon Tidal Flood Risk Management Strategy sets out a strategic plan for managing tidal flood 
risk in central Bristol, Pill and Shirehampton. The Strategy has been developed by Bristol City Council 
(BCC), with support from the Environment Agency and consultants AECOM. BCC led in recognition of 
the potential impact and opportunity for the city, and the Strategy’s interface with BCC’s harbour, 
highway, planning, lead local flooding, civil protection and major landowner roles. 

This report is presented in the format of a Strategic Outline Case (SOC). At this stage, the report is 
primarily intended to inform BCC decision makers rather than be used as a formal SOC submission. 
More work, such as formal public consultation and engagement with statutory consultees, will be needed 
to advance the Strategy to a stage suitable for formal submission to the Environment Agency.  

During the course of Strategy development, a considerable body of evidence has been produced. Key 
supporting documents to the Strategy are listed below and in Appendix A.  

 

Key supporting documents: 

 Baseline reports; technical, environmental and modelling reviews. 

 Option development reports; long list options report and short list options report. 

 Supporting option development reports; Environmental options report, economic damages report, 
option modelling report, SEA report. 

 Preferred option report. 

 Preferred option refinement deliverables; preferred option development report, preferred option 
modelling report, outline design report, residual risk report, funding strategy, WFD and HRA. 

 

The area addressed by the Strategy is the area adjacent to the River Avon between the M5 road bridge 
near Avonmouth (downstream boundary) and Netham (upstream boundary). Flood risk in this area is 
dominated by tidal events, and the majority of properties at risk of flooding are located within Bristol city 
centre and the Floating Harbour. Low spots along the banks of the River Avon and the walls of the 
Floating Harbour are the first pathways for flood water to inundate a significant number of properties in 
central Bristol.  

The Strategy has been developed because effective strategic tidal flood risk management is essential for 
the long term sustainability of Bristol. Flooding poses a threat to lives and to property and to the long 
term economic prosperity and viability of the City.  

As a consequence of climate change and continued warming of the global oceans, sea levels are 
expected to increase in the future. This will increase the flood risk in the study area over the next 100 
years unless appropriate action is taken. The impact of projected sea level rise (UKCP09 medium 
emissions scenario 95%tile) on a range of extreme tide levels is presented in Figure 2.   
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Figure 2. Extreme tide levels and impact of sea level rise for the study (Avonmouth) 

A present day 1:200 year flood event (0.5% AEP or a 1 in 200 chance of occurring in any given year) 
would result in the flooding of around 1000 properties in the Strategy area.  If no action is taken, by 2115, 
due to projected sea level rise, a 1 in 200 (0.5% AEP) event would result in flooding to approximately 
3700 properties, and inundate most of the City Centre. In addition, a major flood event which currently 
has a 0.5% annual change of occurring now, could occur as frequently as every year by the end of the 
century if no strategic management of the risk is implemented. 

Flood risk is currently a threat to existing property and a constraint on development opportunities in 
central Bristol. Without a strategic intervention, the predicted impact of climate change would exacerbate 
the impact of flood risk and further constrain the scale and form of development in the central area. Once 
implemented, the strategy will provide the nationally prescribed standard of protection required for new 
development to proceed. Protection from the potential threat posed by residual flooding will be afforded 
by the provision of site specific mitigation/evacuation measures. 

BCC operates the infrastructure in the Floating Harbour which forms a fundamental part of the flood 
defences of the City.  However this is increasingly vulnerable to tidal overtopping and some key assets 
are approaching the end of their life. 

 

2.1.2 Flood risk  

Bristol has a history of flooding. Numerous place names throughout the city centre, such as Temple 
Meads and St. Phillips Marsh suggest a long history of regular tidal flooding. Recent localised tidal 
flooding has been recorded in 1981, 1990, 1999 and 2014 at locations such as the Portway, Cumberland 
Basin, Avon Crescent, Coronation Road and Cattle Market Road. A 1.6m tidal surge in 1981 flooded 
properties at Avon Crescent and Shirehampton.  

There have been many recent near-misses such as tidal events in 2014 when flooding closed roads 
including the A4 Portway, Cattlemarket Road and Cumberland Road. Good weather reduced forecast 
surge levels. The proactive use of a temporary barrier protected properties from flooding as they had in 
1981.   



 

STRATEGY TECHNICAL REPORT 
  

 13 
  

 

Figure 3. Photograph showing Cumberland Basin overflowing into the Floating Harbour at 
Junction Lock, 2014 (phot from the first phase feasibility study) 

 

A ‘Do Minimum’ scenario represents a continuation of the status quo, assuming existing activities (e.g. 
operation of stop tide gates in the Floating Harbour) are able to be continued and the current defences 
are kept in place, but not raised. Numerical modelling has shown that under this scenario a present day 
1:200 year flood event (0.5% AEP) would result in the flooding of approximately 1000 properties in the 
strategy area. 

Due to sea level rise future flood risk is expected to increase. By 2115, a 1:200 year event (0.5% AEP) 
would result in flooding to approximately 3700 properties. Figure 4 and Figure 5 show the Do Minimum 
flood extent for a 1:200 year event in 2015 (0.5% AEP) and 2115 respectively. Further flood risk maps 
are presented in Appendix B. 

Table 3. Properties at risk of flooding over the next 100 years under a Do Minimum scenario 

Return period  Year 
Residential 

properties at risk 
of tidal flooding 

Commercial 
properties at risk 
of tidal flooding 

Total properties 
at risk of tidal 

flooding 

0.5% chance of 
occurrence 

 (1 in 200 year) 

2015 488 486 974 

2030 579 497 1076 

2065 1673 964 2637 

2115 2342 1347 3689 

The main areas of flood risk in central Bristol are located on the north bank of the New Cut and the 
Floating Harbour. On the south bank of the New Cut the flood risk is more localised and often multi-
sourced, for example, from tide locking of fluvial watercourses.  

In addition to the large number of properties that are at risk there are also wider implications of flooding. 
For example tourist attractions within Bristol are also be at risk, such as the SS Great Britain (located in 
the Floating Harbour) and access to and from Bristol Temple Meads railway station (a key transport hub 
for the wider south-west region) would also be affected. Bristol is also a key economy to the south-west 
region and more frequent/severe flooding in the city is likely to have widespread impacts across the 
region.  

Flooding can also have large social consequences for communities and individuals. In some cases, 
flooding can lead to poverty in low income households. It can make life more precarious for the 
vulnerable and elderly and have psychological impacts. There are also both short and long term health 
impacts associated with flooding. For instance, risk of drowning, injuries and hypothermia could all occur 
during or immediately after a flood event, whereas long term issues such as chronic disease, disability, 
poor mental health and stress and anxiety related illnesses may be a legacy from a severe flood event.  

The benefits of reducing the flood risk in Bristol are therefore wide ranging, with economic, social, health, 
infrastructure, recreation and tourism benefits.   
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Figure 4. Flood depths for a 1:200 (0.5% AEP) year event (2015) under the Do Minimum scenario

Bristol city centre and 
the Floating Harbour 

Pill 

Shirehampton 

Entrance Lock 
Netham 
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Figure 5. Flood depths for a 1:200 (0.5% AEP) year flood event (2115) under the Do Minimum scenario

Bristol city centre and 
the Floating Harbour 

Pill 

Shirehampton 

Entrance Lock 
Netham 
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2.2 Business Strategies / Planning Frameworks 

 

2.2.1 Flood and Coastal Risk Management 

 

The Strategy sits on the second tier of flood risk management hierarchy, below the Severn Estuary 
Shoreline Management Plan (SMP) which was completed in 2010 and the Local Flood Risk 
Management Strategy (LFRMS) and Flood Risk Management Plan (FRMP) for Bristol.  

These plans and strategies identify flood risk management policies to deliver sustainable flood risk 
management for the long term. The SMP is a high level non-statutory planning document which presents 
a long-term policy framework to reduce the risks associated with coastal processes. Within the SMP, the 
Strategy area has a designated ‘hold the line’ management policy.   

In the LFRMS and FRMP the recommended policy for Bristol is to take further action to reduce flood risk 
to ensure that the standard of protection through Bristol is improved where required. The Environment 
Agency’s FCERM Wessex Strategy also identifies Bristol as a priority at-risk community. Managing flood 
risk is also a priority in Bristol City's Resilience Strategy initiative. 

In addition to these plans and strategies a number of studies have investigated flood risk in Bristol in 
more detail. In 2010 BCC commissioned the Bristol Central Area Flood Risk Assessment (CAFRA) to 
develop an understanding of flood risk on tidally-influenced watercourses within the Bristol City 
Boundary. A significant aspect of this study involved the building of a numerical hydrodynamic model and 
its use for option testing. Updates to the CAFRA study were made in 2014 and 2015.  

In 2013, a First Phase Feasibility study was undertaken to appraise strategic options to manage the flood 
risk in central Bristol. Given the changing flood risk profile over the next century an adaptive approach 
that progressively improves the flood risk management by building on the outcomes of previous 
interventions was advocated by the study. 

In addition to the above, the Severn Estuary Flood Risk Management Strategy is currently being drafted. 
The Strategy will define a 100 year plan of investment for flood defences for the coast between 
Gloucester to Lavernock Point near Cardiff, and from Gloucester to Hinkley Point in Somerset. The 
Strategy does not yet have formal approval from Defra or the Welsh government and is considered a 
working draft at this stage.  

 

2.2.2 Planning Policy   

 

National Planning Policy Framework (NPPF) 2012, sets out the Government’s planning policies for 
England. The Bristol Local Plan (running to 2026) and Core Strategy (2011) set out the development 
objectives for Bristol. The plans include the council’s approach to minimising the risk and impact of 
flooding in the context of new development and the spatial strategy is based on a sequential approach 
whereby priority is given to development of sites with the lowest risk of flooding.  

Within the city centre the areas of focus for development and regeneration include Harbourside, Redcliffe 
and Broadmead. Development within the Bristol Temple Quarter Enterprise Zone is intended to attract 
more than 17,000 jobs to the area over the next 20 years.  

By identifying the level of tidal flood risk across the city the Strategy helps to support implementation of 
planning policy. The Strategy will inform the upcoming review of the Local Plan.  

By providing a robust route map to deliver higher standards of flood protection, the Strategy will reduce 
future constraints (location, type and physical form) on development caused by flood risk and create 
opportunities for sustainable development (subject to development ensuring suitable mitigation strategies 
to address residual risks).  

 

2.3 Environment and other considerations 

 

2.3.1 Environmental studies 

 

A number of environmental studies have been undertaken throughout the development of the Strategy 
which have fed into the option appraisal process at key stages. Integral to the development of the 
preferred strategy approach was the production of a Strategic Environmental Assessment (SEA). The 
SEA comprehensively assessed the proposed flood management approach and evaluated the 
environmental impacts of different options.  
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The SEA process, coupled with a multivariate appraisal that was undertaken during the earlier phases of 
option development has ensured that the environmental implications of the preferred strategic approach 
have been robustly assessed.  

Further studies such as a preliminary Water Framework Directive Assessment (WFD) and Habitats 
Regulations Assessment (HRA) Screening has also been undertaken. In future studies it will be 
necessary to complete these assessments to support the implementation of the Strategy schemes. 
Schemes will also be subject to the full planning approval process so ensuring environmental compliance 
will be essential.  

 

2.3.2 Environmental designations 

 

The Strategy area is a mixture of developed urban environment and open space / as well as some 
agricultural land. There are a number of environmental designations within and adjacent to the study site 
including the Avon Gorge Site of Special Scientific Interest (SSSI), the Avon Gorge Special Area of 
Conservation (SAC), the Horseshoe Bend SSSI, Ashton Court SSSI, Ham Green SSSI and Leigh Woods 
National Nature Reserve (NNR). The Severn Estuary, situated close to Pill and Shirehampton, is 
designated as a SSSI, SAC, Ramsar and Special Protection Area (SPA). For maps of the environmental 
designations within and adjacent to the study site refer to the various environmental assessment reports.  

 

2.3.3 Cultural heritage 

 

There are a number of features important to the cultural heritage of the area within the study site. These 
include numerous scheduled monuments such as Underfall Yard (within Bristol Docks). There are 
several Grade I, Grade II and Grade II* listed buildings within the study site, including the Clifton 
Suspension Bridge (Grade I). Many of the listed buildings are located in close proximity to the River Avon 
channel or the Floating Harbour and are particularly sensitive to flooding. There are a number of 
registered parks and gardens, MShed, and the popular tourism asset of ss Great Britain also at risk of 
flooding. 

 

2.3.4 Others sources of flooding 

 

Whilst tidal flooding is the key source of risk being addressed by the strategy there is also a significant 
fluvial flood risk from the River Avon, the River Frome and other tributaries. The fluvial flood risk has 
been considered and there are also clear fluvial flood risk benefits from implementing the Strategy. The 
extent of tidal dominance in the New Cut channel changes depending on tide conditions. Under extreme 
conditions the tide can extend upstream of Netham Weir.   

Other sources of flooding, such as surface water and groundwater flooding, are outside of the scope of 
the Strategy and have not been considered in detail. These aspects will need to be adequately appraised 
and any detrimental impacts suitably mitigated in the design and delivery of required schemes. 

 

2.4 Investment objectives  

 

The key investment objectives for the Strategy have been set to reflect the importance of delivering 
robust and sustainable flood risk management infrastructure for the strategy area, whilst acknowledging 
the importance of the area for employment purposes and future redevelopment opportunities.  The 
objectives are:  

 

 To support the safe living, working and travelling of people in and around central Bristol by 
ensuring that the flood threat is reduced and that measures are in place to address residual risks. 

 To facilitate sustainable growth of Bristol and the wider West of England economy by supporting 
development opportunities for employment and residential land, and associated infrastructure. 

 To maintain, and where possible enhance, natural, historic, visual and built environments. 

 To ensure navigation of the River Avon and marine activities can continue. 

 To ensure that the Strategy is technically feasible and deliverable over its duration.  
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2.5 Current arrangements 

 

2.5.1 Flood defences / infrastructure 

 

Bristol City Centre 

Numerical model simulations show that tidal flooding occurs in two ways; by directly flooding properties 
adjacent to low points in the New Cut defences, and by indirectly flooding properties adjacent to the 
Floating Harbour after flood water has entered the harbour, filled it to capacity and then spilled into 
adjacent areas.  

The primary aim of existing infrastructure and operating procedures is to reduce the volume of water 
which flows into the Floating Harbour because once the storage capacity is exceeded it leads to the 
greatest amount of flooding in the city. Stop gates are deployed at Junction Lock (the downstream entry 
point to the harbour) to stop water from flowing directly from the River Avon channel into the harbour 
(Figure 3) and the lock gates at Netham (upstream entry point to the harbour) are also closed to prevent 
water entering at this entrance (Figure 6).  

At Junction Lock the land levels adjacent to the Stop gates are actually lower than the gates crest level 
and when the gates are closed, if water levels are high enough, the flood water can enter the harbour by 
flowing over the adjacent land. Other low points in the defences adjacent to the harbour also serve as 
entry points, such as Bathurst Basin Dam.  

In addition to the above, water levels in the Floating Harbour are lowered up to 0.5m prior to a flood 
event to increase the storage capacity of the harbour and reduce the likelihood of flooding in central 
areas should water enter the harbour. Water level control infrastructure is used to pre-lower the harbour, 
including the sluice system at Underfall Yard.  

 

 

Figure 6. Lock gates at Netham (open position, looking upstream to the north-east) 

 

Along the banks of the New Cut the retaining walls form the primary defence against flooding. However, 
there are a number of low spots and the condition of the retaining walls is poor in places and 
deteriorating. The locations along the New Cut where there are low points and properties are at risk are 
Cumberland Road, Commercial Road, Clarence Road and Cattle Market Road.  
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Raised defences in the city include the recently constructed MetroBus flood wall along a section of 
Cumberland Road and a combination of embankments and defacto defences at St. Phillips / Totterdown. 
The MetroBus flood wall (Figure 7) is constructed to a present day 1:100 year standard (1% AEP) but the 
St. Phillips / Totterdown defences are of a much lower standard. During recent flood events temporary 
barriers have been deployed in the most vulnerable areas. For example, in 2014 a temporary barrier 
deployed at Cumberland Road helped prevent flooding to properties.  

 

 

Figure 7. Newly constructed MetroBus flood wall (Cumberland Road) 

 

The procedures to manage flood risk in central Bristol are currently reliant on effective and timely flood 
forecasting. This is carried out by the Environment Agency who give sufficient warning to close the 
Floating Harbour stop gates, pre-lower the harbour and to deploy temporary flood barriers.  

Operation of the Floating Harbour is dependent upon human intervention to operate the water level 
control infrastructure (e.g. closing the lock / stop gates). This could be compromised during times of 
flooding because safe access to the control infrastructure could be restricted by flood waters or debris. 
There are currently three main operational locations; Junction Lock, Netham Lock and Underfall Yard. 
Table 4 presents the typical peak flood hazard rating (combination of flood depth and velocity) for these 
areas over a variety of return periods (1:2 to 1:200 year return period). As can be seen, Junction Lock is 
typically the most hazardous location, followed by Netham. At Junction Lock the hazard rating is ‘Danger 
for most’ during 1:75 events or above today, increasing to 1:20 by 2030. In this situation the operation of 
the stop gates at Junction Lock during a flood event is likely to be unfeasible.  

There are limitations and uncertainties associated with analysis of hazard mapping to infer vulnerability 
of the Floating Harbour system, not least that the operation period should be prior to peak tidal levels 
(provided there is sufficient warning to close the stop / lock gates). However, the analysis gives an 
indication of the potential challenges for trained operated to respond to operational issues.  
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Table 4. Flood hazard rating at Floating Harbour operational locations 

  Typical peak hazard rating 

Epoch Flood return period Netham Lock Junction Lock Underfall Sluice 

2015 2 1.0 0.9 0.6 

 

20 1.1 1.2 0.6 

 

75 1.1 1.4 0.6 

 

200 1.3 1.6 1.2 

2030 2 1.0 0.9 0.6 

 

20 1.1 1.3 0.6 

 

75 1.1 1.5 0.6 

 

200 1.3 1.8 1.3 

2065 2 1.1 1.1 0.6 

 

20 1.1 1.5 0.6 

 

75 1.2 1.8 1.0 

 

200 1.3 2.0 1.9 

2115 2 1.1 1.4 0.8 

 

20 1.3 1.9 1.3 

 

75 1.3 2.2 1.9 

 

200 1.5 2.5 2.5 

Key 

<0.75: Very low hazard / Caution 

0.75 – 1.25: Danger for some 

1.25 – 2.0: Danger for most 

>2.0: Danger for all 

 

Pill and Shirehampton 

Pill is located downstream of central Bristol, on the south bank of the River Avon. The frontage is 
defended by a seawall and a series of manually operated flood gates. With sea level rise the crest level 
of the seawall will not be sufficient to protect to a high standard of protection in the future.  

Shirehampton is located opposite Pill, on the north bank of the River Avon. The frontage includes a 
mixture of defences and a set of manually operated raised flood gates. The flood gates at Pill and 
Shirehampton are operated by the Environment Agency and rely on effective and timely flood forecasts.  

 

2.5.2 Management authorities 

 

Flood risk in the study area is currently jointly managed by BCC and the Environment Agency. BCC is 
responsible for operating the water level control infrastructure in the city centre, such as the tidal stop 
gates at Junction Lock and Netham, and the numerous sluice / culvert systems. BCC is also responsible 
for the upkeep of the retaining walls on the banks of the New Cut which act as a flood defence to the 



 

STRATEGY TECHNICAL REPORT 
  

21 
  

areas behind.  The Environment Agency is responsible for providing flood forecasting and warnings to 
the area which is essential for the timely operation of the water level control infrastructure of the Harbour. 
In addition, the Environment Agency is responsible for the closure of manually operated flood gates at 
Pill and Shirehampton, as well as the deployment of temporary flood barriers in the city centre. The 
Environment Agency is also responsible for opening the Eastville Sluices, which relieves the Harbour 
and central Bristol area in times of high river flow and this helps ensure fluvial flood risk is lower than 
tidal risk. 

 

2.6 Main benefits 

 

The Strategy will deliver a high standard of protection against flooding for Bristol City Centre, Pill and 
Shirehampton, reducing the flood risk to over 2000 residential and 1300 commercial properties over the 
next 100 years. This will reduce the economic damages associated with tidal flooding for the next 100 
years, as well as providing benefits to the local community, environment and transport infrastructure.  

The Strategy will also help to reduce constraints on development in areas which are currently and/or 
projected to be at risk of flooding in the study area. For example by providing a higher standard of 
protection against flooding the ground floor levels of development may not be need to be raised as high 
and therefore development may be enabled by being simpler and less costly. 

More details on the economic and wider benefits of the Strategy are presented in Chapter 3; the 
Economic Case.  

Table 5. Main benefits of the Strategy 

Key Benefits 

- Higher standard of protection against flooding 

- Reduced flood risk to >2000 residential and >1300 commercial properties 

- Benefits to local communities, environment and transport infrastructure through reduced flood risk 

- Reduced constraints on development  

 

2.7 Main risks 

The key risks associated with the Strategy have been identified and are presented in Table 6.  Mitigation 

measures are also highlighted with the likelihood of the risk occurring after mitigation.  

 

Table 6. Key risks for the delivery of the Strategy 

Key risk Description 

Potential 
impact 
on 
delivery 
– cost 
and 
program
me 

Mitigation 
Likelihood 
- after 
mitigation 

Stakeholder / 
public / 
environmental 
objection to 
the proposed 
Strategy 

Objections to 
aspects of the 
proposals. Impact 
to designated sites 
and environmental 
compliance.  

Med 

Early consultation carried out during 
Strategy development – i.e. planning 
workshops. 

Seek to continue with consultation 
during scheme implementation.  

Strategy approach is adaptive to 
minimise initial impact on the 
environment (i.e. visual impact).  

 Environmental studies carried out - 
Strategic Environmental Assessment 
(SEA), Habitat Regulations 
Assessment (HRA), Screening and 
preliminary Water Framework 
Directive Assessment (WFD) in 
Strategy but Environmental Impact 
Assessment (EIA), full HRA and WFD 

Low 
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Key risk Description 

Potential 
impact 
on 
delivery 
– cost 
and 
program
me 

Mitigation 
Likelihood 
- after 
mitigation 

will be needed for scheme 
development.  

Insufficient 
budget 
allocated 

Variability in market 
and costs for 
material 
components of the 
schemes. Redesign 
of sections of work 
due to unforeseen 
technical issues. 
Potential for issues 
associated with 
existing retaining 
structures and 
services / utilities 

High 

60% optimism bias included. Seek 
early contractor involvement during 
scheme development. Strategy costs 
benchmarked against PCT tool to 
provide greater cost certainty.   

More detailed design to be carried out 
prior to construction to identify issues 
in more detail, including Ground 
Investigation works and updated utility 
surveys. 

Low 

Possibility for 
a change in 
partnership 
funding 
arrangements 
for schemes 
scheduled for 
the future 

Updates to the 
guidance could 
change the 
likelihood of 
funding  

Med 

Produce an Outline Business Case 
(OBC) for future schemes using latest 
guidance.  

Strategy has robust Partnership 
Funding (PF) score and funding 
requirement within BCC funding 
capacity.  

Med 

Risks 
associated 
with operators 
/ landowners 
and access 

Constraints on 
marine working, 
impacts on 
navigation and lack 
of space for 
construction.   

Increase in 
compensation 
above expected 

High 

Liaison with harbour authority and 
continued engagement throughout the 
design and construction to minimise 
disruption.  

Use of alternative construction 
methods available, such as working 
from river channel.  

Develop planning instrument to trigger 
consent approach to renewal / 
redevelopment along the St. Phillips 
frontage. 

Undertake extensive landowner 
engagement throughout planning 
application process, further design 
and construction to work with 
landowners / operators to minimise 
disruption. 

Low 

Risks 
associated 
with the New 
Cut Greenway 
proposals 

Increased 
interface / liaison / 
costs required to 
deliver New Cut 
Greenway and 
funding 
uncertainty for 
additional 
proposals 

High 

Early liaison with all involved parties 

Seek funding opportunities early on.  

Suitable costs included for basic 
cladding and like for like 
reinstatement. To apply suitable 
allowances during detailed design.  
Work underway to develop New Cut 
Greenway concepts. 

Med 

Risk 
associated 
with working 
with heritage / 

Risk to design and 
potential cost 
escalation to 

Med 

Understand the existing assets better 
though further surveys. Included 60% 
optimism bias to allow for potential 
unforeseen issues. 

Med 
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Key risk Description 

Potential 
impact 
on 
delivery 
– cost 
and 
program
me 

Mitigation 
Likelihood 
- after 
mitigation 

ageing assets.  address.  

Unforeseen 
construction 
issues (i.e. 
ground 
conditions) 

Re-design / 
increased cost to 
project to address High 

Investigations during next phase 
and potential to alter design should 
issues arise Med 

Risks 
associated 
with climate 
change 

Uncertainties 
surrounding 
climate change 
projections and 
timing of 
interventions  

Med 

Timing of strategy phases are 
flexible and trigger levels have been 
defined. Latest climate change 
projection guidance adopted.  

Med 

 

2.8 Constraints 

 

There are a number of constraints on the Strategy, including: 

 the need to minimise disruption to adjacent highway network,  

 the need to maintain harbour operation; and  

 avoidance of disruption to businesses and the community.  

There is also the need to ensure that there is no increase flood risk due to implementation of the strategy 
either through temporary or permanent works. Potential EDF funding for the Strategy implementation is 
linked to the Enterprise Zone which runs until 2036. 

Some additional constraints include the three year time window for construction to commence after 
receiving planning permission, ensuring construction techniques and timings do not negatively impact 
the environment, and constraints associated with tidal working.  

 

2.9 Dependencies 

 

2.9.1 Existing assets 

The Strategy is dependent upon the dockside and New Cut retaining banks and the ongoing operation of 
the water level control assets within the Floating Harbour. For example, operation of the culvert systems 
and sluices will need to continue during flood events to prevent flooding within the harbour area (for 
example at Netham and Underfall Yard). In addition, to ensure that navigation within the Floating 
Harbour continues it will be essential for the Lock gates at Entrance Lock, Junction Lock and Netham to 
remain in operation throughout the duration of the Strategy.  

The external dependence on the existing assets and need for continued investment outside of the scope 
of the Strategy is recognised by BCC. The cost of continuing to operate the assets is not known but BCC 
is committed to funding this. An asset management Strategy is scheduled to be completed and this will 
form the basis from which BCC will manage the existing assets.  

 

2.9.2 Partnership funding 

 

The new schemes identified in the Strategy are dependent on the provision of partnership funding from 
FCERM-GiA sources. For the first phase of schemes / works, the funding outlook is strong with 
partnership funding scores of greater than 100%. However, this is based use of the Do Nothing scenario 
as the partnership funding baseline and this approach needs to be agreed with the Environment 
Agency’s Large Projects Review Group (LPRG) before funding amounts can be confirmed. In order to 
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progress an application for GiA it will also be necessary for the Strategy and the OBC for the initial 
scheme to be approved by LPRG.  
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3. THE ECONOMIC CASE 

3.1 Introduction 

 

3.1.1 Time epochs 

 

To facilitate the appraisal of strategic options for the 100 year appraisal period (present day to 2115) it 
was necessary to split the appraisal period into three time epochs:  

 

 Present day (2015*) to 2030 (short term) 

 2030 to 2065 (medium term) 

 2065 to 2115 (long term) 

 

*note that 2015 has been used as the conceptual starting date for the Strategy based upon the availability of 
modelling and the appraisal time epochs that have been agreed. From herein, reference to 2015 equates to the 
present day i.e. construction scheduled for 2015 means that construction should commence immediately once the 
necessary supporting studies have been undertaken.  

 

By developing strategic options in accordance with these time epochs it has allowed an adaptive 
approach to be developed that keeps pace with climate change and potential sea level rise. In addition, 
the approach has built-in flexibility to address future uncertainty to ensure that the timing of future works 
is appropriate.  

 

3.1.2 Stages of the appraisal 

 

Initially a long list of 39 strategic options was developed, with each option outlining a sequence of 
measures to be implemented across the appraisal period. Supporting technical studies were then carried 
out, informing a multi-criteria assessment used to produce an option short list of seven strategic options. 
The preferred option was selected from this list and tested to make sure it was robust. The preferred 
option was then refined to arrive at a final Strategy. 

Figure 8 presents a flow chart showing the appraisal process and the relevant sections within this 
chapter.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Assessment 
criteria 

Section 3.2 

Long list to 
short list 
appraisal 

Section 3.3 

Short list 
options 

Section 3.4 

Sensitivity 
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Develop the 
preferred 

option further 

Section 3.9 
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Sections 3.5 
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within this chapter 

Figure 8. Flow chart showing the option appraisal process and sections within this chapter 
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3.2 Critical success factors 

 

The critical success factors identified for the Strategy were used to differentiate between the strategic 
options and formed the basis of the multi-criteria assessment from long list to short list. The critical 
success factors were focussed around reducing the flood risk for existing communities, whilst 
acknowledging important wider objectives of the Strategy. The success factors were agreed with the 
project team and board at the start of the option appraisal process.  

Table 7 shows the Critical Success Factors, together with metrics for each factor, which have either been 
directly used in the development of the Strategy or provide a potential means of validating it in the future. 

 

Table 7. Critical success factors for the Strategy 

No. Critical Success Factor Measurement Criteria 

1 

To support the safe living, working 
and travelling of people in and 
around central Bristol by ensuring 
that the flood threat is reduced and 
that measures are in place to 
address residual risks 

- No. of people better protected against flooding over 
whole life of the Strategy 

- No. of residential properties at reduced risk of flooding 
immediately due to scheme and over whole life 

- No. of commercial properties at reduced risk of 
flooding immediately due to scheme and over whole life 

- No. of key infrastructure assets protected 

2 

To facilitate sustainable growth of 
Bristol and the wider wet of England 
economy by supporting 
development opportunities for 
employment and residential land, 
and associated infrastructure 

- m2 of new employment area generated 

- No. of new residential dwellings vs. current plan 

- No. of new key infrastructure assets better protected. 

- Length of flood risk management infrastructure 
delivered through redevelopment  

3 
To maintain, and where possible 
enhance, natural, historic, visual 
and built environments 

- No. net loss of key habitats (and any enhancements) 

- Compliant with environment regulations and 
legislation 

- No. cultural heritage assets at reduced risk of flooding 

4 
To ensure navigation of the River 
Avon and marine activities can 
continue 

- No. of vessel journeys affected 

- Continuation of existing activities 

5 
Ensuring that the Strategy is 
technically feasible and deliverable 
over its duration 

- Delivery of Strategy  

- Planning permission granted 

- Positive benefit : cost for the investment 

- Required contributions secured  

 

3.3 Long list options 

 

3.3.1 Long list measures 

 

Each strategic option comprised a series of feasible, coherent and logical measures to manage flood risk 
over the next 100 years. Initially a wide variety of measures were  identified, however a number of 
measures were discounted as they were not considered technically viable for managing the flood risk 
specific to the study site.  

The measures taken forward and included in the strategic options included: 

 ‘Low’ defences – constructing new defences in these locations, to a 1:200 year (0.5% AEP) 
standard of protection for 2030, as an interim measure 

 ‘High’ defences – constructing defences to a 1:200 year (0.5% AEP) standard of protection for 
2115. Implemented by constructing a new defence or raising a low defence.   

 Local scale measures -  property protection and temporary defences 
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 Wide tidal barrier – construction and operation of a tidal barrier across a ‘wide’ section of the River 
Avon downstream of Bristol. The wide barrier location was chosen as Pill and Shirehampton, 
approximately 500m upstream of the M5 road bridge.  

 Narrow tidal barrier – construction and operation of a tidal barrier across a ‘narrow’ section of the 
River Avon downstream of Bristol. The narrow barrier location was at Ham Green / Nibley Road, 
approximately 1500m upstream of the wide barrier location.  

 Do Minimum – represents what would happen if the ‘status quo’ is maintained. This involves 
continued maintenance of all existing defences and the existing Floating Harbour water level 
control structures, but no new defences and no raising of defences.  

 Do Nothing – a cessation of all maintenance and operations, with gates assumed to be in open 
position. Not considered an acceptable or viable long term approach in Bristol but it was included 
as it provides a hypothetical baseline against which all other measures and strategic options could 
be compared.  

 

3.3.2 Long list options 

 

Once the measures had been identified the strategic options were developed. For each option a 
measure was assigned to each time epoch, so for instance a strategic option could have comprised 
various local scale measures in epoch 1, construction of low defences in epoch 2 and then upgrading to 
high defences in epoch 3.  

To ensure that this stage of the appraisal was robust, and that each potential combination of measures 
was considered, an ‘options tree’ was created which mapped each potential sequence of measures. 
From here, the impractical or illogical combinations were discounted and scoped out from further 
consideration. In total 39 different sequences remained on the tree, with each of these sequences 
considered to be a practical strategic option.  

 

3.3.3 Long to short list appraisal 

 

Each measure and long list option was developed sufficiently in terms of concept and spatial influence 
and potential form to ensure an adequate understanding of potential option impacts. This allowed a 
robust appraisal of options to be undertaken with sound decision making.  

High level costs for each measure were established to enable a relative cost comparison of the different 
options. A high level environmental assessment was also undertaken to determine the possible 
environmental impacts of each measure and long list option.  

The long to short list appraisal was based on a multi-criteria assessment whereby each long list option 
was scored against the option objectives (agreed by key stakeholders, the project team and board, and 
described in section 2.4). For more details on this process, refer to the Short List Options Report.  

Three key outcomes from the appraisal process were: rejection of the Wide Barrier measure, restriction 
of PLP/Temporary barriers to epoch 1, and a preference for adaptive measures (which provide flexibility 
to adapt to climate change and resulting sea level rise) over precautionary options (which implement 
measures now to address all projected impacts of climate change up to 2115).    

The Wide Barrier measure failed to make it onto any of the short list options, for the following reasons: 

 Highest cost: The Wide Barrier measure had the highest capital costs of any measure, with 
estimated costs in the range of £550-600million (capital cash costs). This was picked up in the 
multi-criteria appraisal with options that include the wide barrier generally being ranked amongst 
the lowest for this category. An indicative partnership funding calculation for the Wide Barrier 
indicated GiA contributions would be less than 20% for this measure. Potential multiple uses and 
functions of a barrier, including harnessing tidal energy or providing an additional transport link 
were explored but were not shown to sufficiently improve the economic case or reduce the 
potential funding gap. 

 Environmental impact: The Wide Barrier, being located adjacent to key environmental 
designations, was found to be likely to produce the most significant environmental impacts of any 
measure. The environmental assessment identified that the Wide Barrier is likely to have a 
significant impact on receptors such as Landscape and Visual, Terrestrial Ecology, Estuarine and 
River Ecology, Archaeology and Heritage, Geomorphology and Water Quality and Traffic and 
Transport.  

 Deliverability risk: The Wide Barrier poses significant deliverability risk with challenges expected to 
arise in acquiring the necessary consents, especially those which may relate to environmental 
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impacts with the barrier being located so close to the environmental designations. A barrier would 
also need to acquire a Transport and Works Order which could pose a significant deliverability 
risk.  

 In overall terms the benefits of the Wide Barrier were found to be achievable through 
implementation of a Narrow Barrier, and to some extent, via the High Defences measure (as this 
also provides a high long term standard of protection to central Bristol). These alternative 
measures have less negative impacts than the Wide Barrier, yet provide a similar level of benefits. 

The PLP and temporary / demountable measure made it onto a number of the shortlist options. 
However, it was not considered a long term solution and was only included in epoch 1 for the options 
which made it to the short list. In these options it can be thought of as an ‘interim’ solution until a more 
substantial ‘Do Something’ measure is implemented, such as Low Defences, High Defences or a Narrow 
Barrier.  

The resulting short list was comprised of seven strategic options (denoted A-G), in addition to the Do 
Nothing and Do Minimum scenarios. The short list options, alongside a brief description of what 
measures they include are presented in Table 8 below.  

 

Table 8. Short list options 

Option  Option Title Epoch 1 (2015-2030) Epoch 2 (2030-2065) Epoch 3 (2065-2115) 

 Do Nothing No maintenance, no new 
defences 

No maintenance, no 
new defences 

No maintenance, no 
new defences 

 Do Minimum Do Minimum approach, 
existing defences 
maintained but no new 
defences, no defence 
raising 

Do Minimum approach, 
existing defences 
maintained but no new 
defences, no defence 
raising 

Do Minimum approach, 
existing defences 
maintained but no new 
defences, no defence 
raising 

A PLP* – Low 
Defences – 
High Defences 

Property level measures 
and temporary barriers 
used to mitigate flood 
risk 

Linear flood walls built 
to protect Bristol to a 1 
in 200 year (0.5% 
AEP) standard in 2030. 

Additional linear flood 
walls built to protect 
Bristol to a 1 in 200 year 
(0.5% AEP) standard 
until 2115, with existing 
walls being raised or 
replaced as necessary 

B PLP – High 
Defences – 
High Defences 

Property level measures 
and temporary barriers 
used to mitigate flood 
risk 

Linear flood walls built 
to protect Bristol to a 1 
in 200 year (0.5% 
AEP) standard to 2115. 

Walls maintained, 
standard falls over time 
to 1 in 200 (0.5% AEP) 
in 2115 

C PLP – Narrow 
Barrier – 
Narrow Barrier 

Property level measures 
and temporary barriers 
used to mitigate flood 
risk 

‘Narrow’ tidal flood 
barrier built to protect 
Bristol to a 1 in 200 
year (0.5% AEP) 
standard or higher, for 
the next 100 years 

Barrier maintained, 
standard falls over time 
to 1 in 200 (0.5% AEP) 
or higher 

D Low Defences  
– Low 
Defences  – 
High Defences 

Linear flood walls built to 
protect Bristol to a 1 in 
200 year (0.5% AEP) 
standard or higher for 
2030.  

Walls maintained, 
standard falls over 
time.  

Additional linear flood 
walls built to protect 
Bristol to a 1 in 200 year 
(0.5% AEP) standard or 
higher until 2115, with 
existing walls being 
raised or replaced as 
necessary 

E Low Defences 
– Narrow 
Barrier– 
Narrow Barrier 

Linear flood walls built to 
protect Bristol to a 1 in 
200 year (0.5% AEP) 
standard or higher for 
2030. 

‘Narrow’ tidal flood 
barrier built to protect 
Bristol to a 1 in 200 
year (0.5% AEP) 
standard or higher, for 
the next 100 years 

Barrier maintained, 
standard falls over time 
to 1 in 200 (0.5% AEP) 
or higher 

F High 
Defences- 

Linear flood walls built to 
protect Bristol to a 1 in 

Walls maintained Walls maintained, 
standard falls over time 
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Option  Option Title Epoch 1 (2015-2030) Epoch 2 (2030-2065) Epoch 3 (2065-2115) 

High - High 200 year (0.5% AEP) 
standard or higher for 
2115. 

to 1 in 200 (0.5% AEP) 
in 2115 

G Do Min – Do 
Min – High 
Defences 

Do Minimum approach, 
existing defences 
maintained but no new 
defences 

Do Minimum approach, 
existing defences 
maintained but no new 
defences 

Linear flood walls built to 
protect Bristol to a 1 in 
200 year (0.5% AEP) 
standard or higher until 
2115 

*PLP refers to property level protection and temporary flood defences. Property level protection is a generic term for 
permanent flood defences fitted to individual properties, such as property barriers, non-return valves and airbrick vent 
covers. Temporary or demountable defences are removable defences or require operation/deployment during flood 
events and typically protect a number of properties at once.  

 

3.4 Measures comprising the short list options 

 

This section provides a more detailed explanation of the measures which comprise the short list options.  

 

3.4.1 Do Minimum 

 

Description 

Do Minimum as a standalone measure is included in Option G only. It is assumed that Do Minimum 
includes continued operation of the Floating Harbour and hence involves a continuation of maintenance 
to both the Floating Harbour water level control structures and existing raised defences. Under the Do 
Minimum scenario like-for-like replacement of mechanical infrastructure e.g. lock gates is undertaken but 
no improvements in performance to account for sea level rise.  

 

Technical assessment 

Do Minimum is technically viable given that it represents a continuation of existing activities.  

Do Minimum provides a flood risk benefit compared to Do Nothing, but it does not account for sea level 
rise and the standard of flood protection in the strategy area would fall over time. Do Minimum is  
considered feasible in the short term but is considered to be unfeasible over the full appraisal period. 
This is because, over time, operation of the Floating Harbour (particularly at low spots such as Underfall 
Yard) during extreme events becomes less realistic with risk of debris / car / boat impacts preventing 
operation, and difficulties expected in maintaining access and power to key operational assets.  

Currently there is a lack of information available to indicate the residual life of the key harbour assets and 
the increased vulnerability due to sea level rise. A separate commission to provide this key information is 
planned for 2018 (the Harbour Asset Management Strategy). Once this data is available a more informed 
assessment of harbour operation in the future will be made.  

The following considerations highlighted by the Central Area Flood Risk Assessment (CAFRA) Harbour 
Resilience Study (2013) are relevant when assessing future plausibility of maintaining gate deployment 
and harbour operations with minimal investment: 

 No recent extreme tidal event has been recorded. Tidal stop gates have only been operated 
during events up to a 1 in 20 annual chance. 

 There is a high likelihood and catastrophic consequence of debris on the operation of the Floating 
Harbour.  

 Recent investment has increased the resilience of Junction Lock, Entrance Lock and Nova Dam 
but damage to Underfall Yard and Brunel Dam would hinder the Harbour’s operation following or 
during a flood. 

 Netham Lock was considered resilient from a mechanical perspective the BCC Harbour Master 
has noted the assets are manually operated and remote from the wider harbour operation. 

 The Harbour’s vulnerability increases significantly during more extreme events (especially as it 
relies on human intervention which may be hindered during a flood), and it will continue to 
increase in vulnerability as the impact of sea level rise is realised.  
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Environmental assessment  

Do Minimum is likely to have a minimal environmental impact, except that there would be a negative 
socio-economic and heritage impact as standards of flood protection fall over time. The quality of life for 
residents would be adversely impacted and investment in the city deterred.  

 

Table 9. Summary of environmental impacts of Do Minimum. 

 Biodiversity Assets and 
health 

Soil / water Climatic 
factors 

Cultural 
heritage 

Landscape 

Construction No negative impact 

Minimal as typically 
localised patch and 
repair maintenance 
or continuation of 

current operations. 

No negative impact No negative impact No impact No negative impact 

Operation No negative impact 

Negative impact– 
detrimental 

impacts due to 
increasing flood 

risk 

No negative impact No negative impact 

Minor impact – 
potentially 
experience 

increased flooding. 

No negative impact 

 

3.4.2 Property level protection and temporary / demountable defences 

 

Description 

Property level protection and temporary / demountable defences are included in options A, B and C. PLP 
is a generic term for permanent flood defences such as individual property barriers, non-return valves 
and airbrick/vent covers fitted to individual properties or groups of properties such as blocks of flats. 
Typically PLP can provide protection from flooding to individual properties at very significant risk up to 
approximately 600mm of water depth (though greater depths can be accommodated through use of 
customised flood barriers). For flood depths greater than 600mm, PLP is unlikely to form an effective 
defence. For this reason PLP can provide only a relatively low standard of protection and defining the 
exact standard of protection for large areas is difficult given that flood depths vary across the city from 
the same magnitude events.  

Temporary / demountable defences are moveable flood protection systems that are deployed or raised 
during flooding conditions. Temporary / demountable defences are designed to protect large areas or 
groups of properties.   

 

Technical assessment 

This measure would include the provision of different PLP and temporary / demountable defence zones 
across the study area. This is technically viable; PLP measures would be delivered on a property by 
property basis and temporary / demountable defences would be delivered on a local scale. To 
successfully deliver this measure it would be necessary to provide on-site storage of the temporary 
defences and provision of a specialist team responsible for the deployment of the defences.  

 

Environmental assessment  

The environmental impacts of PLP and temporary / demountable defences are likely to be limited to 
minor impacts on the appearance of heritage buildings and the population given the measure does not 
provide a high standard of flood protection. The environmental impacts of PLP are summarised in Table 
10 below.   

  

 

 

 

 

 

 



 

STRATEGY TECHNICAL REPORT 
  

31 
  

Table 10. Summary of environmental impacts of PLP 

 Biodiversity Assets and 
health 

Soil / water Climatic 
factors 

Cultural 
heritage 

Landscape 

Construction No negative impact 

Minor impact – 
temporary negative 
effects particularly 
for heritage assets 

No negative impact No negative impact No impact No negative impact 

Operation No negative impact 

Minor impact – 
option does not 
provide a high 
standard of 
protection 

No negative impact No negative impact 

Minor impact – 
PLP would help 

ensure asset itself 
is not flooded but 
would not protect 

the setting 

No negative impact 

 

 

3.4.3 Low defences 

 

Description 

Low defences are included in options A, D and E. The Low Defence measure comprises linear defences 
– walls or embankments – to provide a 1:200 year (0.5% AEP) standard of protection until 2030. The 
defences will be robust against short to medium term sea level rise but at a future point in time the 
defences will need to be raised further or an alternative measure implemented in order to sustain a high 
standard of protection. Low Defences represent a more adaptive solution to manage tidal flood risk and 
sea level rise.  

The implementation of Low Defences involves identifying low spots or gaps in the existing defences and 
then raising the existing defence levels or constructing new floodwalls or similar defences (e.g. 
embankments) in these locations.  

 

Technical assessment 

Approximately 4.7km of new flood defences will be required in central Bristol; at Entrance Lock, 
Cumberland Road, Commercial Road, Clarence Road, Cattle Market Road, Totterdown / St. Phillips and 
Netham. As part of the low defence measure new tidal stop gates and supporting infrastructure will also 
be required at Entrance Lock and Netham Lock. The average height of the low defences in central Bristol 
ranges from 0.7m to 1.1m above ground level. Outside of the central area, low defences will also be 
needed at Pill and Shirehampton although these have been treated as separate schemes to the works 
required in central Bristol. 

In conjunction with the construction of Low defences, 1.5km of new defences will be required upstream 
of Netham and at Bower Ashton on the south bank of the River Avon to prevent adverse flood impacts in 
these areas (the impacts arising from constraining the channel elsewhere).   

An outline design of the low and high defences has been undertaken during the Strategy and has shown 
that the low defences are technically viable. There would be synergies with harbour asset management 
and other activities associated with low defences, such as the management and operation of the flood / 
lock gates at the entry points to the Floating Harbour and the retaining function for Highways along the 
New Cut (e.g. Clarence Road).  

 

Environmental assessment  

There are positive and negative environmental impacts of Low defences. The defences will provide a 
positive socio economic benefit through a reduction in flood risk. However, the defences are likely to 
have minor landscape and visual impacts, minor impacts on heritage buildings and during construction 
there are likely to be temporary impacts on ecology, soil/water and local traffic. Suitable mitigation 
includes timing construction works appropriately and landscaping. If urban realm/greenway 
enhancement solution cannot be achieved, the intervention could have negative visual and landscape 
impacts. 
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Table 11. Summary of environmental impacts of Low defences 

 Biodiversity Assets and 
health 

Soil / water Climatic 
factors 

Cultural 
heritage 

Landscape 

Construction 
Temporary 

negative impact on 
wildlife corridors 

Temporary 
negative impacts – 
transport disruption 

Temporary 
negative impact – 
disturbance of river 
bed and release of 

sediment 

Minor impact – 
greenhouse gas 
emissions from 

construction 

Temporary 
negative impact – 

a number of 
heritage assets 

Temporary 
negative impact – 
dust, visual etc. 

Operation 
No negative 

impacts 
No negative 

impacts 
No negative 

impacts 
No negative 

impacts 
Impacts on historic 

character of city 
Impacts on visual 
character of area 

 

3.4.4 High defences 

 

Description 

High defences are included in options A, B, D, F and G. The implementation of high defences involves 
identifying low spots or gaps in the existing defences and then raising the defence crest levels or 
constructing new floodwalls or similar defences (i.e. embankments) in these locations.  

The design standard of protection for the high defences is a 1:200 year (0.5% AEP) standard at 2115 
and therefore the high defences represent a precautionary management approach and provide robust 
long term protection from tidal flood risk by considering sea level rise and climate change projections 
until 2115. Being a precautionary measure, high defences could be constructed in epochs 1, 2 or 3 and 
irrespective of the timing the protection provided by the defences will exceed the 1:200 year (0.5% AEP) 
standard for the duration of the strategy period (the defences are designed so that the standard gradually 
falls to a 1:200 year (0.5% AEP) standard by 2115 due to sea level rise). If sea level rise was not to 
occur, there is the risk that the High defences would be overdesigned. 

 

Technical assessment 

The locations of the high defences are the same as low defences. Stop gates and operational 
infrastructure at Entrance Lock and Netham Lock would also be required.  

An outline design of the high defences has been undertaken during the Strategy and has shown that the 
raised defences are technically viable. In some instances where land availability and space is limited for 
the implementation of high defences in epoch 3 it may be necessary to work alongside landowners / 
developers to facilitate construction.  

 

Environmental assessment  

There are positive and negative environmental impacts of High defences. The defences will provide a 
positive socio economic benefit through a reduction in flood risk. However, the defences are likely to 
produce impacts on heritage buildings and during construction there are likely to be temporary impacts 
on ecology, soil/water and local traffic. There are also likely to be significant landscape and visual 
impacts because the high defences will form a physical barrier between the land and New Cut channel.  

Suitable mitigation includes timing construction works appropriately and landscaping. If urban 
realm/greenway enhancement solution cannot be achieved, the intervention could have negative visual 
and landscape impacts. 

 

Table 12. Summary of environmental impacts of High defences 

 Biodiversity Assets and 
health 

Soil / water Climatic 
factors 

Cultural 
heritage 

Landscape 

Construction 
Temporary 

negative impact on 
wildlife corridors 

Temporary 
negative impacts – 
transport disruption 

Temporary 
negative impact – 
disturbance of river 
bed and release of 

sediment 

Minor impact – 
greenhouse gas 
emissions from 

construction 

Temporary 
negative impact – 

a number of 
heritage assets 

Temporary 
negative impact – 
dust, visual etc. 

Operation 
No negative 

impacts 
No negative 

impacts 
No negative 

impacts 
No negative 

impacts 
Impacts on historic 

character of city 
Impacts on visual 
character of area 

 

 



 

STRATEGY TECHNICAL REPORT 
  

33 
  

3.4.5 Narrow Tidal barrier 

 

Description 

The Narrow Barrier measure was included in options C and E. A tidal flood barrier would operate to 
exclude the highest surge or astronomical tides which otherwise could cause flooding in the city centre. 
For most of time the barrier gates would be in the open position, allowing largely unimpeded flow of 
water in the tidal Avon and normal tidal variation. 

The proposed barrier location was across the River Avon between the amenity grassland area adjacent 
to Nibley Road, Shirehampton and the river bank immediately downstream of the Chapel Pill confluence 
at Ham Green. This is a so-called ‘Narrow’ barrier location, to distinguish it from the much wider barrier 
configuration that would be required further downstream.  

A ‘Wide’ barrier, located further downstream, was discounted at the shortlisting stage due to its 
significantly higher cost and greater potential for negative environmental impact. An alternative ‘Narrow’ 
location immediately downstream of Cumberland Basin was also discounted at shortlisting stage as 
numerical modelling suggests it could increase fluvial flood risk in the city centre. 

As part of the tidal barrier measure, the approach would also require flood walls to be constructed 
upstream of the barrier in central Bristol. These walls would be needed to increase the storage capacity 
of the upstream channels for periods when the tidal barrier was closed and to stop the stored water from 
overflowing and flooding the surrounding areas. In terms of the potentially negative visual impacts in the 
city centre the tidal barrier therefore has little benefit over the raised defence measures because flood 
walls would still be constructed throughout the city.  

 

Technical assessment 

An outline design for a tidal barrier at Ham Green – Nibley Road was developed during the Strategy. The 
design consists of 3 gates, ranging in width from 25 to 40m and in height from 10 to 18m. Construction of 
a barrier is technically feasible, but there are a number of risks associated with its delivery. These 
include: 

 

 Ground conditions – a marine ground investigation using a jack-up barge would be needed. 
Ground investigation information may lead to a need to re-site the barrier or change it 
configuration 

 Land acquisition – a barrier will need significant compound space, room for a control building and 
access roads on both banks. There are risks with land acquisition 

 Planning consent and other consenting issues – the barrier may be taken through the major 
projects planning process or a Transport and Works Act Order (TWAO) will be required as the 
barrier will impact on river navigation. If there are objections to the proposals a public enquiry may 
be required. There is likely to be a need for other consents, such as from the Marine Management 
Organisation.  

 Lead time – a barrier project of this magnitude might theoretically be implemented within 6 years, 
but more realistically would take 10-15 years. An early decision is required with realistic allocation 
of funding, if the project is to be operational by 2030. 

 Geomorphological impacts – it is likely that a barrier would alter the water flows, disturb sediment 
and mudbanks in the area and potentially impact the geomorphology of the river bed.  

 Access – construction and operational constraints to access to/from the left bank (Pill). Using this 
access would have significant local impacts and would therefore increase the costs. 

 

Environmental assessment 

The environmental impacts of a Tidal Barrier are potentially widespread and significant. A barrier could 
have significant permanent impacts on ecology and nearby sensitive habitats (i.e. SPA, SAC, Ramsar 
and SSSI sites). A barrier could also impact the setting of heritage buildings, the geomorphology of the 
River Avon channel and during construction there could be temporary impacts on local traffic.  
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Table 13. Summary of environmental impacts of Tidal Barrier 

 Biodiversity Assets and 
health 

Soil / water Climatic 
factors 

Cultural 
heritage 

Landscape 

Construction 

Significant negative 
impacts – 

environmental 
designations in 
proximity. Noise 

and other 
disturbances 

Negative impacts – 
localised noise, 
dust, traffic, river 
flows, sediment 

loads 

Temporary 
negative impacts – 
disturbance of river 
bed and release of 

sediment 

Minor impact – 
greenhouse gas 
emissions from 

construction 

Temporary effect – 
setting of heritage 

assets  

Temporary 
negative impact - 
dust, visual etc. 

Operation 

Negative impacts – 
potential for 

changes in water 
velocity and 

impacts on fish 

Temporary minor 
impacts – 
navigability 

No negative 
impacts 

No negative 
impacts 

No negative 
impacts 

Impact on key 
viewpoints. 

Debatable whether 
negative or positive 
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3.5 Economic appraisal 

 

3.5.1 Damages and Benefits 

 

Direct 

To establish the benefits of the ‘Do Something’ options it was necessary to first determine the direct flood 
damages to properties and assets under the ‘Do Nothing’ and ‘Do Minimum’ options scenarios.  

The ‘Do Minimum’ scenario represents the existing ‘status quo’ and is described in more detail in section 
2.1.2. 

Do Nothing is a hypothetical ‘walk away’ scenario in which it is assumed that all maintenance, repair and 
renewal work of existing flood defences would cease immediately. The operation of the water level 
management assets would also cease (e.g. lock gates, sluices and lock systems). Under this scenario 
the flood stop gates and lock gates at Junction Lock and Netham have been assumed to have a default 
open position. Leaving the gates closed would prevent use of the Floating Harbour as a refuge – a legal 
duty – and lead to flooding due to inflows. 

The CAFRA WS3 hydrodynamic model was run with the Do Nothing and Do Minimum scenarios for a 
range of % AEP events through time including 50% AEP (2yr), 5% AEP (20yr), 1.33% AEP (75yr), 0.5% 
AEP (200yr) and 0.1% AEP (1000yr) return periods.  

Property flood depths were converted into damages by applying the methodologies set out in the Multi-
coloured Manual (MCM, 2015). For this appraisal, a ‘Short duration, major flood of salt water’ 
classification was adopted. Emergency costs were applied for residential properties.  

 

Indirect  

In addition to direct asset damages and benefits, a range of relevant intangible damages and benefits 
were also quantified following the FCERM Economic Handbook, Multi Coloured Manual (MCM, 2016) 
guidelines. This included traffic disruption, health impacts, vehicle damage and loss of life risk.  

The critical highway network in Bristol is often near or at capacity and the whole network is vulnerable to 
disruption from even a minor incident at rush hour periods. Therefore flood risk poses a major threat to 
local and regional highways links. To support and underpin the quantification of damages and benefits 
associated with transport, CH2M provided a Tidal Flood risk Transport modelling report (2016) and this 
was utilised to incorporate these benefits into the economic case for the Strategy. 

Health impacts including stress and anxiety can be monetarised per event and this, along with 
emergency costs associated with flooding were also assigned in the benefit appraisal.  

Vehicle damages (£3,100 per vehicle) were also captured in the assessment, based on MCM guidelines 
which assume 28% of properties which flood have a vulnerable vehicle. 

Loss of Life impacts were valued utilising a Defra monetary valuation of risk to life and an assessment of 
flood hazard, population and vulnerability indices to estimate the total value associated with this 
category.  

A summary of the option benefits is provided in Table 14. For further information on methodologies and 
assumptions applied in the valuation of benefits refer to the Strategy Economic Reports.  

 

Local economic impact 

In addition to direct and indirect flood damages an assessment was also made of GVA losses in a Do 
Nothing scenario and it was found that these could total 2.5 times the FCERM direct and indirect 
damages (assessed as a loss to the nation). A significant proportion (80%) of the GVA impacts stem 
from the likely lost opportunity (development, employment and investment) which would otherwise bring 
local benefit to the economy if it were not to be inhibited by unmitigated tidal flood risk.  

It was assumed in the GVA assessment that without flood risk infrastructure to adequately mitigate flood 
risk, the future projected jobs and employment within both the Temple Quarter Enterprise Zone and the 
wider city area would not occur.  

 

3.5.2 Costs 

 

The costing of options was carried out following a ‘bottom up’ approach, whereby costs for the separate 
measures in each epoch have been estimated and then summed to derive the total costs for the 
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Strategic Option. Once cash costs were derived it allowed for whole life present value costs to be 
developed for each of the options following standard HM Treasury discounting rates. A 60% optimism 
bias was applied in line with FCERM-AG recommendations for Strategic level studies.  

Costing was carried out using a variety of sources and utilising best available information. For the initial 
costing at long list stage the costs were based on rates for unit lengths of defences. As the appraisal 
progressed, indicative cross sections were used and more detailed costing was undertaken at the later 
stages (e.g. preferred option stage).  

At various stages throughout the appraisal a cost assurance was provided to the Council by Arcadis who 
independently costed the options and cross checked against the estimates provided.        

More details on costing can be found in the Preferred Options Report. 

 

Do Minimum 

The cost estimate for do minimum was based upon real life costs for operation of the Floating Harbour, 
provided by Bristol City Council (BCC) and the Harbour Master, costs for the emergency deployment and 
operation of temporary defences, and costs provided by BCC for the maintenance of flood defence 
assets in central Bristol, Pill and Shirehampton.   

Initially, annual costs associated with this option were estimated to be £76k, but due to increasing sea 
levels, ageing of assets and a greater maintenance burden this moves to £172k per annum by year 100. 

 

Property level protection and temporary / demountable defences 

An average cost per property for PLP measures was assumed based on real costs from a 49 property 
resistance scheme at Wallington (Fareham) on the south coast of the UK. Additional information from 
Environment Agency published literature, Defra Pilot studies and quotations for commercially available 
defences from direct contractor discussion (UK Flood Barriers) were also used. The worked up estimates 
of the costs were £4,250 per property (excluding optimism bias).  

Costs for temporary barriers / demountable defences were estimated at a high level by assuming a cost 
equal to that of PLP based on the number of properties protected.  

 

Raised defences (low and high defences) 

For the purpose of the short list appraisal costs a number of conservative assumptions were made to 
derive ‘worst case’ costs. Costs were then built up from SPONS (2015) based on the lengths and heights 
of defences required. 

Raised defences typically comprise sheet piling type solutions with costs ranging from £10 – 18k per 
metre. 

Unit costs were then checked and benchmarked against the Environment Agency PCT cost database 
and were found to be within 10% of each other, thereby improving confidence in the cost estimates. 

 

Tidal barrier 

The cost of a tidal barrier was based on benchmarking and pro-rating scale against other tidal barrier 
schemes (e.g. the Thames Barrier) that have been undertaken elsewhere. The wider barrier costs 
estimate approximately £600m, with narrow barrier options costed at over £300m - 420m.  

 

3.5.3 Present values 

 

The FCERM-AG standard annual discount rates of 3.5% for the years 0 to 30, 3% for the years 31 to 75 
and 2.5% for the years 76 to 99 were applied to derive present value option costs and benefits. For a 
breakdown of the present value option costs, see Table 14.   
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Table 14. Summary of economic benefits of options  
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Damages (PV £m) 1,631 315 85 71 59 55 32 33 201 

Benefits (PV £m) 0 1,316 1,546 1,560 1,572 1,576 1,599 1,598 1,430 

Whole life costs (PV £m) 0 24 113 130 471 166 595 202 57 

 

Table 15. Summary of present value costs of options (£m) including 60% optimism bias 
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Capital costs (Studies, Design & 
Construction) 

0 89 101 410 138 536 165 33 

Future costs (Operations and 
Maintenance) 

24 24 29 61 28 59 37 24 

Project total costs (present value) 24 113 130 471 166 595 202 57 

 

3.5.4 Option ranking and economic appraisal 

 

Approach  

Based upon the decision making rules set out in FCERM-AG, the options were organised by the extent 
to which they reduce the probability of flooding.  

Given that each option comprises a sequence of measures whose standard of protection varies, it was 
difficult to rank the options using an average standard of protection for the full appraisal period. 
Therefore the total costs and benefits of the strategic options were used as a proxy for the standard of 
protection provided by the options and they were organised on this basis. Once ranked, the option with 
the highest average benefit cost ratio (ABCR) was identified as the provisional leading economic option.  

Once the leading economic option was identified the incremental benefit cost ratio (IBCR) of the options 
was considered to determine if there was a justification for increased investment. The IBCR is defined as 
the difference in the benefit between two options, divided by the difference in cost. If the IBCR is >1, it 
demonstrates that there will be a greater return from the additional investment from one option to the 
next. The IBCR was calculated between groups of options based on the overarching approach to 
managing the flood risk; Do Minimum, raised defences or a tidal barrier.  

In FCERM-AG there a set of IBCR thresholds which are used to identify the preferred standard of 
protection for a scheme. Given that the strategic option comparison is not comparing like-for-like 
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schemes this stage of comparison was not considered to be the appropriate time to compare against the 
IBCR thresholds. Instead section 3.9.2 later in this report discusses the IBCR thresholds for the initial 
schemes that have emanated from the preferred strategic option and provides the justification for 
choosing the recommended standard of protection for the schemes.  

 

Option ranking and choice of the leading economic option  

Table 16 presents the seven shortlisted options in order of reduced probability of flooding (i.e. those 
providing the lowest standard of protection at the top with an increasing standard moving down the list). 
Also presented is the do minimum scenario.  

 

Table 16. Strategic option costs and benefits 

Category 
Strategic 

option 

Sequence of 

measures 

Economic 

costs PV 

(£m) 

Economic 

benefits PV 

(£m) 

ABCR IBCR 

Provisional 

leading 

economic option 

Do Min NA 
Do Min – Do 

Min – Do Min 
24 1,316 56:1 /  

Raised 

defences 

G 
Do Min – Do 

Min – High Def 
57 1,430 25:1 

1.6 - 3.4  

 

A 
PLP – Low 

Def – High Def 
113 1,546 14:1  

B 
PLP – High 

Def – High Def 
130 1,560 12:1  

D 
Low Def – Low 

Def – High Def 
166 1,576 9:1  

F 

High Def – 

High Def – 

High Def 

202 1,598 8:1  

Barrier 

C 
PLP – Barrier 

– Barrier 
471 1,572 3:1 

< 0.3 

 

E 

Low Def – 

Barrier - 

Barrier 

595 1,599 3:1  

 

As shown in Table 16, the provisional leading economic option when based upon the ABCR was 
strategic option G. This option had the highest ABCR of the options with an estimated PV cost of 
£57million and PV benefits of £1,430 million (ABCR of 25:1).  

Note that the options including raised defences in the city centre will also produce benefits against fluvial 
flood risk. However this aspect has not been quantified at this stage and therefore fluvial benefits are not 
included in the benefits stated in Table 16. The inclusion of fluvial benefits would increase the benefits 
associated with options G, A, B, D, F, and E (low defences in epoch 1).  

 

IBCR of barrier options  

The IBCRs of moving from raised defence options to barrier options (options C and E) are < 0.3. In fact, 
moving from option F (high defences option for epochs 1, 2 & 3) to option C (lowest cost barrier option) 
has a negative IBCR. This is because option C is significantly higher cost than option F, yet the whole life 
benefits are actually reduced as the barrier is not constructed until epoch 2 and flood damages can occur 
before this.  

A set of additional IBCR calculations have been undertaken to separately compare the barrier options to 
the do minimum option. Table 17 presents the results of these calculations.  

As demonstrated in Table 17, the IBCR ratios of the barrier options relative to do minimum are less than 
1. This suggests that there is not an economic case to implement either barrier option as the increase in 
benefits from the barrier options relative to do minimum is less than the increase in cost.  
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Table 17. IBCR of barrier options relative to the Do Minimum approach  

Strategic 

option 

Sequence of 

measures 

Economic costs PV 

(£m) (relative to Do 

Min) 

Economic benefits 

PV (£m) (relative to 

Do Min) 

IBCR (relative to Do Min) 

NA 
Do Min – Do Min – Do 

Min 
NA NA NA 

C 
PLP – Barrier – 

Barrier 
448 256 0.57 

E 
Low Def – Barrier - 

Barrier 
572 283 0.50 

 

Raised defence options  

A set of IBCR calculations have been undertaken to separately compare the raised defence options A, B, 
D and F to the do minimum option (the scenario whereby do minimum is undertaken in each epoch). In 
these calculations the costs and benefits of the raised defence options are set relative to the do minimum 
scenario. Table 18 presents the results of these calculations.  

 

Table 18. IBCR of raised defence options relative to the Do Minimum approach 

Strategic 

option 

Sequence of 

measures 

Economic costs PV 

(£m) (relative to Do 

Min) 

Economic benefits 

PV (£m) (relative to 

Do Min) 

IBCR (relative to Do 

Min) 

NA 
Do Min – Do Min – Do 

Min 
NA NA NA 

G 
Do Min – Do Min – 

High Defences 
33.0 114.0 3.45 

A 
PLP – Low Def – High 

Def 
89.0 230.2 2.59 

B 
PLP – High Def – 

High Def 
106.6 244.2 2.29 

D 
Low Def – Low Def – 

High Def 
142.6 260.2 1.82 

F 
High Def – High Def – 

High Def 
178.3 282.2 1.58 

 

As shown in Table 18, the IBCR of each of the raised defence options (A, B, D, F and G) relative to do 
minimum is greater than 1. This demonstrates an economic case to undertake each of these options 
(relative to do minimum) as the additional benefits produced by the options compared to do minimum 
outweigh the increase in costs.  

An additional set of IBCR calculations have been undertaken, comparing the options which involve early 
investment in raised defences (epochs 1 or 2) compared to a delayed approach (epoch 3, option G). 
Table 19 presents the results of this comparison.  
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Table 19. IBCR comparison of early investment in raised defences to delayed investment (IBCR 
relative to option G – delayed investment)  

Approach 
Strategic 

option 

Sequence of 

measures 

Economic costs PV 

(£m) (relative to Do 

Min) 

Economic benefits 

PV (£m) (relative to 

Do Min) 

IBCR 

(relative to 

option G) 

 

Delayed 

investment 

in raised 

defences 

 

G 
Do Min – Do Min – 

High Defences 
33.0 114.0 / 

Early 

investment 

in raised 

defences 

A 
PLP – Low Def – 

High Def 
89.0 230.2 2.08 

B 
PLP – High Def – 

High Def 
106.6 244.2 1.77 

D 
Low Def – Low Def 

– High Def 
142.6 260.2 1.33 

F 
High Def – High Def 

– High Def 
178.3 282.2 1.16 

 

The IBCR comparison shown in Table 19 shows that each of options A, B, D and F have an IBCR>1 
compared to option G. This demonstrates that there is a case to construct the raised defences earlier 
rather than delaying the defences until epoch 3 (as in option G).  

The conclusion from this solely economic assessment is that options C and E (the two barrier options) 
and Option G (which defers major works to epoch 3) should be discarded but that investment in any of 
options A,B,D and F would be justifiable. 

  

3.6 Non-financial benefits appraisal 

 

3.6.1 Methodology 

 

The following objectives were set at the outset of the development of the Strategy, against which the 
Preferred Strategic Option has been tested: 

1. To support the safe living, working and travelling of people in and around central Bristol by 
ensuring that the flood threat is reduced and that measures are in place to address residual 
risks 

2. To facilitate the sustainable growth of Bristol and the wider West of England economy by 
supporting development opportunities for employment and residential land, and associated 
infrastructure 

3. To maintain, and where possible enhance, natural, historic, visual and built environments 

4. To reduce whole life costs  

5. To ensure navigation of the River Avon and marine activities can continue 

6. Ensure the Strategy is technically feasible and deliverable over its duration 

 

The non-economic criteria are focussed on reducing flood risk, technical robustness, continuation of 
navigation, environmental sustainability and facilitation of growth of Bristol. 

Issues related to flood risk and technical robustness have been addressed in the development of the 
options. 

All of the options are considered acceptable from a navigation perspective. The tidal barrier options are 
the only ones which present any significant potential impact on navigation, and the technical studies 
undertaken have shown that there are feasible designs which can be implemented without significantly 
constraining navigation. 
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The objectives for Environment and Growth are considered below in more detail. 

 

3.6.2 Objectives – Environment 

 

Environmental sustainability has been considered in the environmental assessment of each option, and 
as a whole in the Strategic Environmental  Assessment (SEA).  

The SEA has found that although all of the options have a potential for significant adverse impacts on 
quality of life and natural and built environments, whether temporary or permanent, there is also potential 
to mitigate or compensate for these impacts and an opportunity to provide enhancement as part of the 
design of all options. 

The SEA has identified major issues that would need to be addressed, but has not identified a significant 
environmental reason for rejection  – an issue so serious that it would lead to the outright veto of an 
Option.  

Overall the SEA has found that there is not a clear ‘best option’ from an environmental perspective. The 
reason for this is that the barrier options concentrate their direct impacts on relatively small area, 
although the intensity of impact may be great. On the other hand the wall options will directly impact 
receptors over a large area. The impact of the barrier at distance is a current unknown, and would 
require some detailed investigations to resolve. 

Similarly, some of the options have multiple phases, thereby potentially impacting adversely on several 
occasions, whereas others have fewer occurrences of impacts but these impacts might be more 
significant. 

The preferred option will need to go through a formal planning/consenting process, with mitigation 
measures designed into both the permanent works and the construction plan. 

 

3.6.3 Objectives – Development opportunities 

 

One of the key objectives of the strategic options is to increase development opportunities and to 
facilitate sustainable growth of the Bristol and wider west of England economy.  

All the raised defence options (A, B, D & F) support this objective as raised defences will provide a 
higher standard of protection against flooding which will reduce some of the potential constraints on 
development. For example, ground floor levels will not need to be raised as high and development will 
therefore be simpler and cheaper. A reduced flood risk will also enable different types of development to 
be pursued and will generally make the strategy area a more feasible location for developers.  

In this respect, options D and F are preferable to options A and B in that they provide a strategic defence 
from epoch 1 rather than deferring it to epoch 2.  
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3.6.4 Summary 

 

A summary comparing the barrier and raised defence options against the strategy objectives is shown in 
Table 20. It shows the barrier and defence options generally support the strategy objectives. Both groups 
of options are likely to have an impact on the environment. However, no significant environmental 
reasons for outright option rejection were identified in the SEA and both sets of options will need to 
address potential environmental impacts through suitable mitigation.  

 

Table 20. Comparison of barrier and raised defence options against the objectives 

Strategy objective 

Barrier 

options 

(generic) 

Raised 

defence 

options 

(generic) 

1. To support the safe living, working and travelling of people in and around central 
Bristol by ensuring that the flood threat is reduced and that measures are in place to 
address residual risks 

 

 

2. To facilitate the sustainable growth of Bristol and the wider West of England economy 
by supporting development opportunities for employment and residential land, and 
associated infrastructure. 

  

3. To maintain, and where possible enhance, natural, historic, visual and built 
environments. 

  

4. To reduce whole life costs   

5. To ensure navigation of the River Avon and marine activities can continue   

6. Ensure the Strategy is technically feasible and deliverable over its duration   

Key                  Supports objectives                                                             Mitigation required           Does not support objectives 
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3.7 Selecting the preferred option 

 

Options C and E, the strategic options with barrier measures, are not economically justified and the 
appraisal of non-economic benefits did not find a significant reason to select them over other options 
(even considering potential wider benefits, such as an additional transport link). Therefore these options 
were discarded. 

Options A, B, D and F show economic justification for the increased investment to implement defences in 
epoch 1 or 2 rather than deferring to epoch 3, without any significant adverse issues so Option G was 
discarded.  

The economic case for Options A,B, D and F is very similar. However, Options D and F provide raised 
defences in epoch 1 rather than deferring to epoch 2. Earlier investment in defences better supports the 
key development / growth objective of BCC and will help to facilitate development opportunities in Bristol 
and wider growth within the region during epoch 1 (for example BCC plan to create 17,000 jobs in the 
TQEZ alone by 2037). BCC’s objectives for the Strategy are a key consideration when selecting the 
preferred option and therefore in order to best support these objectives the choice of the preferred option 
was narrowed down to options D and F with Options A and B discarded. 

Option D was selected over Option F for the following reasons: 

 Lower cost, and significant part of cost deferred until 2065 

 Option D defers high walls until 2065, deferring adverse visual impacts. 

 Option D is more adaptable, with Low Defences in epochs 1 and 2 and High Defences only 
being built in epoch 3 if sea level rise projections come to fruition.  

Table 21 summarises the results of the appraisal.  

  



 

STRATEGY TECHNICAL REPORT 
  

44 
  

Table 21. Summary of appraisal  

Option Cost 
(£m) 

Benefits 
(£m) 

Economic 
appraisal 

Wider benefit 
appraisal 

Selection 

A (PLP – Low – 
High) 

113 1,546 

Investment justified 
and additional 
investment compared 
to G also justified 

No environmental 
reasons for outright 
rejection. 

Doesn’t support growth 
during epoch 1 

 

B (PLP – High – 
High) 

130 1,560 

Investment justified 
and additional 
investment compared 
to G also justified 

No environmental 
reasons for outright 
rejection. 

Doesn’t support growth 
during epoch 1 

 

C (PLP – Barrier – 
Barrier) 

471 1,572 

Investment not 
justified 

No environmental 
reasons for outright 
rejection but concerns 
over impact on natural 
environment. 

Supports growth from 
epoch 2. 

 

D (Low – Low – 
High) 

166 1,572 

Investment justified 
and additional 
investment compared 
to Option G also 
justified 

No environmental 
reasons for outright 
rejection. 

Supports growth 
throughout  

More adaptable to sea 
level rise than Option F 
and lower cost 

Preferred 
option 

E (Low – Barrier – 
Barrier) 

595 1,599 

Investment not 
justified  

No environmental 
reasons for outright 
rejection but concerns 
over impact on natural 
environment. 

Supports growth 
throughout  

 

F (High – High – 
High) 

202 1,598 

Investment justified 
and additional 
investment compared 
to G also justified 

No environmental 
reasons for outright 
rejection but concerns 
over visual impact. 

Supports growth 
throughout  

 

G (Do Min – Do 
Min – High) 

57 1,430 

Investment justified  No environmental 
reasons for outright 
rejection but concerns 
over socio 
environmental impacts 
in epoch 2. 

Doesn’t support growth 
during epochs 1 and 2 
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3.8 Sensitivity testing 

 

Sensitivity testing against key parameters and uncertainties has been carried out to ensure that the 
choice of preferred option remains robust to changes in the variables tested below.  

 

3.8.1 Barrier costs 

 

The cost of a tidal barrier was an essential reason why this measure was not included in the preferred 
option. Cash costs of a barrier were estimated to be between £550-600m. Sensitivity tests whereby the 
barrier costs were decreased by 50%, and also delaying the barrier until epoch 3 (and hence reduce the 
PV cost) have been undertaken, with the results summarised in Table 22.  

The results show that should the barrier cost reduce by 50% the barrier options still remain significantly 
higher than the cost of the preferred option D. Likewise, by delaying the barrier until epoch 3, and hence 
reducing the overall PV cost of the barrier options, the costs still greatly exceed that of option D.  

 

Table 22. Sensitivity tests – tidal barrier 

Strategic 
Option 

Sequence of measures Test Result 

C and E 
PLP – Barrier – Barrier 

Low  – Barrier - Barrier 

Reduce PV cost by 
50% 

Barrier options remain 
significantly more costly than 
Option D and have only a 
marginal benefit advantage. 
Option D remains preferred 
option.  

C and E 
PLP – Barrier – Barrier 

Low  – Barrier - Barrier 

Delay barrier to epoch 
3 

Reduces PV cost of the barrier to 
approximately £250m, but costs 
still greatly exceed Option D 

 

3.8.2 Raised defence costs 

If costs of raised defences were to increase by 25% then the impact would be similar across all five of 
these options and therefore the relative economic merits of each options would be largely unchanged. 
Should sea levels rise at a different rate to currently projected then the implementation time of high 
defences may need to be changed but because Option D is adaptive, it remains preferable in this case. 
The sensitivity tests for the raised defences are shown in Table 23 below.  

 

Table 23. Sensitivity tests – raised defences 

Strategic 
Option 

Sequence of measures Test Result 

A, B, D, F 
& G 

PLP – Low – High  

PLP – High  – High  

Low – Low  – High  

High  – High – High 

Do Min – Do Min – High 

Cost increase by 25% 

Would affect all Low / High 
Defence options to same extent. 
Relative merits largely unchanged 
but funding gap would increase.  

A, B, D, F 
& G 

PLP – Low – High  

PLP – High  – High  

Low – Low  – High  

High  – High – High 

Do Min – Do Min – High 

SLR occurs faster than 
projected 

High defences would need to be 
constructed earlier in appraisal 
period, but option D (adaptive) 
still more optimal the option F 
(precautionary) 
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Strategic 
Option 

Sequence of measures Test Result 

A, B, D, F 
& G 

PLP – Low – High  

PLP – High  – High  

Low – Low  – High  

High  – High – High 

Do Min – Do Min – High 

SLR occurs more 
slowly than projected 

Option D becomes remains 
optimal as it is adaptive and 
higher defences can be delayed – 
leading to no wasted investment 

 

3.8.3 Do Minimum 

 

The Do Minimum scenario / measure is based upon a number of assumptions regarding the failure of 
assets. It has been assumed that the maintenance of these assets and Do Minimum activities are carried 
out with all ‘Do Something’ options and therefore the impact of when asset fail on all the options is 
similar. The assumptions therefore have no impact on the choice of the preferred option.  
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3.9 The preferred option 

 

Following the selection of the preferred option additional work was undertaken to further develop and  
refine the preferred option. The additional work was focussed on how to implement the preferred option 
in central Bristol only as this is where the majority of the flood benefits arise. The options at Pill and 
Shirehampton were not explored in any further detail and going forward to scheme implementation these 
will be treated as separate, standalone schemes. Information on flood risk in these areas is contained 
within the various option selection reports produced up to preferred option stage. 

The following sections summarise the additional work that was undertaken in further development of the 
BCC scheme plans. For more detail, refer to the Preferred Option Development report.  

 

3.9.1 Defence phasing 

The preferred option (option D) specified the construction of low defences in epoch 1, maintaining these 
low defences in epoch 2, then raising to high defences in epoch 3. Additional work was undertaken to 
develop a phasing plan for the construction of the low defences to better match the onset of flood risk 
across the city. For more information on the updated phasing plan and the reasoning behind it refer to 
the Preferred Option Development Phase report. In summary the phasing plan involves: 

 

Phase 1, in the short term, 2015: 

 Construct low defences to the Floating Harbour flood cell at Entrance Lock, Cumberland Road 
underpass, Bathurst Basin Dam and Netham 

 Construct low defences at Totterdown / St. Phillips 

Undertake localised works to existing defences at Bower Ashton, upstream of Netham and 
opposite Totterdown on the south bank and provide PLP at Bedminster. These elements are 
needed as more detailed modelling of the preferred option showed that the main works would 
raise water levels in the New Cut, which if not mitigated would lead to increased risk of flooding in 
these locations.  

 

Phase 2, in 2030: 

 Construct low defences at Cumberland Road, Commercial Road, Clarence Road and Cattle 
Market Road (New Cut defences) 

 Maintain the low defences around the Floating Harbour at Entrance Lock, Cumberland Road 
underpass, Bathurst Dam and Netham, and also at Totterdown / St. Phillips. 

 

Phase 3, in the long term (notionally 2065 but capable of being brought forward or delayed according to 
the pace of sea level rise): 

 Raise all low defences to high defences. This will be undertaken throughout: Entrance Lock, 
Cumberland Road, Cumberland Road underpass, Bathurst Dam, Commercial Road, Clarence 
Road, Cattle Market Road, Totterdown / St. Phillips and Netham.  

 
Key Plan 2 shows the location and phasing of the defences. The preferred option will reduce the flood 
risk to approximately 2000 residential properties and 1300 commercial properties over the next 100 
years.  
 

3.9.2 Standard of protection 

The preferred strategic option recommends that the low defence schemes (phases 1 & 2) are 
constructed to a 2030 1:200 year (0.5% AEP) SoP and that the high defences in epoch 3 (phase 3) are 
constructed to a 2115 1:200 year (0.5% AEP) SoP.  
 
Initially the SoP provided by the phase 1 scheme will exceed the 1:200 year (0.5% AEP) SoP. Between 
2030 and 2065, if sea levels rise as expected the standard of protection will gradually fall from the 1:200 
year standard (0.5% AEP). However the standard will remain above the 1:75 year (1.3% AEP) standard 
of protection by 2065. The exact time within epoch 3 when the defences are upgraded is flexible and the 
upgrade will involve crest raising of the low defences rather than starting the construction of high 
defences from scratch.  
 



 

STRATEGY TECHNICAL REPORT 
  

48 
  

Table 24 presents the standard of protection provided by the preferred option through the appraisal 
period.  
 

Table 24. Standard of protection provided by the preferred option 

Time period Defences Standard of protection provided 

Epoch 1 (2015 – 2030) Low Defences 
Initial > 1:200 year SoP. Falling to a 

1:200 year SoP in 2030 

Epoch 2 (2030 – 2065) Low Defences 
Initial 1:200 year SoP. Falling to a 

1:75 year SoP in 2065  

Epoch 3 (2065 – 2115) High Defences 
Initial > 1:200 year SoP. Falling to a 

1:200 year SoP in 2115.  

 
Constructing the phase 1 scheme to >1:200 year (0.5% AEP) SoP (present day) is recommended for a 
number of reasons: 
   

 There is estimated to be a comparatively small cost difference between an initial 1:75 year (1.3% 
AEP) SoP and a >1:200 year (0.5% AEP) SoP. This is because the majority of the costs are 
associated with construction mobilisation and sections of the defence below ground level (i.e. the 
driving of sheet piles) which will also facilitate raising of the defences in the future.  

 The 1:200 year (0.5% AEP) standard of protection better supports the wider benefits of the 
Strategy, such as encouraging development and investment in the city. It also better protects and 
safeguards existing businesses and better satisfies planning requirements.  

 An even higher standard of protection (i.e. > 2030 1:200 year (0.5% AEP)) has not been selected 
because the rate of future sea level rise is uncertain and there is a risk of an overly precautious 
design. In addition, there are likely to be increased concerns relating to the visual impact of the 
defences should they be constructed to an even higher standard.  

 
To demonstrate that the standard of protection recommended by the preferred option for the phase 1 
scheme complies with FCERM decision rules the costs and benefits of the scheme with lower initial 
standards of protection have been estimated and compared against the IBCR thresholds.  
 
Note that the costs of the lower SoP schemes have been approximated by scaling the costs of the 
recommended SoP. This high level approach provides an approximation only and therefore it is 
recommended that at the OBC stage the costs for lower SoP schemes are revisited and costed to a 
higher level of accuracy. Table 25 below presents the IBCR comparison against the FCERM IBCR 
thresholds.  
 

Table 25. Phase 1 scheme IBCR comparison, 50yr appraisal period 

Scheme 
Whole life 

Cost (PV) 

Whole life 

Benefits (PV) 
ABCR IBCR 

IBCR 

threshold 

required 

Preferred 

SoP 

Do Minimum £1,850k £911,000k 492 / /  

Present day 

1:75yr 
£42,850k £988,000k 23 2 1  

Present day 

1:200yr 
£45,000k £1,024,000k 23 17 3  

Present day 

>1:200yr 
£46,150k £1,032,000k 22 7 5  

 
The IBCR assessment shown in Table 25 suggests that the choice of standard of protection for the 
phase 1 scheme is justified because the IBCR of 7 exceeds the required threshold (of 5). Note that the 
amount of GiA available to help fund a scheme is likely to be capped at the cost of delivering the scheme 
to the preferred SoP based on FCERM decision rules and the IBCR comparison. It is recommended that 
the IBCR assessment is updated at OBC stage.  
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Standard of protection with respect to planning 

For the purpose of FCERM the standard of flood protection for the proposed defences is determined by 
the design water level, excluding freeboard. However the defences include an additional 200mm 
allowance (freeboard) to cover uncertainty – see Outline Design Report for details on how this required 
tolerance was defined.  

For the purpose of planning and development the freeboard applied on the strategic raised defences can 
be effectively counted as producing a higher defence standard which complies with NPPF requirements 
(see Figure 9). This is because all new development will still apply threshold raising on a site by site 

basis to deal with uncertainty even with the Strategy in place; therefore the total height defences can be 
considered for the effective standard of protection from a planning perspective and this provides a 1:200 
year (0.5% AEP) standard of protection throughout the appraisal period (assuming sea levels rise as 
projected).  

 

Figure 9. Illustrative summary sketch (not actual defence details) showing the difference between 
planning and FCERM defence design levels and freeboard allowance 

 

3.9.3 Adaptive Capacity 

The preferred option sets out the timescales / time epochs for various schemes over the next 100 years. 
When developing the Strategy the epochs provided the basis from which to appraise the various options 
and to identify the preferred approach.  

However, the Strategy is adaptive and there is a degree of flexibility with regard to implementation timing 
and design for future schemes. For instance, decision makers may decide that schemes may need to be 
brought forward in time or delayed depending on the actual rates of sea level rise of the occurrence of 
development opportunities.  

To inform the decision making process a number of threshold ‘triggers’ for implementation have been 
identified.  

 

Sea level rise – trigger levels 

The recommended FCERM change factor for climate change has been adopted (UKCP09 Medium 
Emission Scenario 95%tile) and this underpinned the Strategy development and economic appraisal. 
However, sea level rise projections are inherently uncertain and over the next century sea levels could 
rise more rapidly or more slowly than expected.  

Low defences are scheduled to be constructed from the present day and therefore a sea level rise trigger 
is not needed for this set of schemes. However, for high defences, a sea level rise ‘threshold trigger’ is 
needed because these are scheduled for 2065 and sea levels could rise faster or slower than expected. 
The trigger for high defences depends upon the standard of protection provided by the preceding low 
defences and how this falls over time.  

From 2030 the initial 1:200 year (0.5% AEP) SoP provided by the low defences is expected to gradually 
fall and based on the sea level rise projections the standard is expected to be just above a 1:75 year 
(1.3% AEP) by 2065 (the significant risk band).  

The 2065 1:75 year (1.3% AEP) in-channel water level adjacent to the proposed defences is between 
9.35-9.40m ODN. This water level would be caused by tide levels of approximately 9.26m at Avonmouth 
which is approximately 0.3m higher than the equivalent (1:75, 1.3% AEP) present day level.  

Based on this analysis, if sea levels rise faster or slower than projected a suitable trigger for the 
implementation of the high defences is when mean sea level rises by 0.3m (compared to present day). 
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By constructing high defences at this trigger threshold, it will ensure that the preferred option would 
provide the standard of protection that it would otherwise deliver if sea levels rise as projected, and this 
would also ensure that the properties protected by the defences would not fall into the significant risk 
band. Refer to Figure 10 for a graphic representation of the sea level rise triggers.     

 

Figure 10. Graph demonstrating sea level rise trigger thresholds for implementation of phase 3 
defences. (a) is current best estimate of required implementation for phase 3, (b) is required 
timing if upper end estimate materialises, (c) is required timing if lower end estimate occurs. 

 

Development opportunities 

Some of the defences outlined by the preferred option will be facilitated by development opportunities, 
for example, the high defences at Totterdown. In this location it is expected that by the time high 
defences are required that many of the existing buildings / properties along this reach will have been 
redeveloped or will be redeveloping.  

Given that this is the case, development opportunities should also be used as a trigger for implementing 
high defences. For instance, if development opportunities at Totterdown were to arise prior to 2065, then 
BCC should ensure that high defences are incorporated into the redevelopment proposals.   

The Strategy preferred option also has a number of synergies including the retaining function for 
highways along the New Cut. Should the Highway Authority (BCC) have aspirations to undertake 
highway retaining schemes prior to the proposed flood defences then this should act as a trigger to bring 
forward the flood defence schemes to capture the synergies between the projects.  

 

Funding opportunities 

It is anticipated that BCC will largely be reliant on external funding sources to implement the Strategy 
(e.g. GiA). However, should BCC secure other sources or be able to fund works themselves then this 
could be a trigger to implement high defences sooner than 2065. Whilst this approach may be less 
favourable from an FCERM perspective (i.e. constructing high defences sooner is less adaptive), political 
leaders within BCC may wish to pursue the high defences sooner.  

 

3.9.4 Outline design 

Engineering designs for defences were developed further to improve deliverability confidence and enable 
a more robust cost estimate to be prepared. Value engineering of the solutions was used to drive down 
costs. The designs were produced to the outline design stage as far as possible and consistent with the 
available information; however, some key information was unavailable which limited the level of detail. 
Additional development and refinement of the designs will be required when developing an OBC for any 
of the schemes that follow on from the Strategy, and to bring them to a state suitable for a planning 
application.  
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The designs consider the defence level, alignment and the structural form of the defences to be 
implemented. For details of the design assumptions and methodology refer to the Preferred Option 
Development Report.  

 

Defence crest levels 

Table 26 details defence crest levels. The crest levels achieve a 1:200 year (0.5% AEP) standard of 
protection for low defences in 2030, and for high defences in 2115. The crest levels include an additional 
0.2m allowance to address uncertainty. The levels increase slightly moving upstream along the New Cut, 
matching the increase in tidal levels.  

 

Table 26. Defence crest levels (including 0.2m freeboard). Levels presented to m AOD  

Defence section 
Modelled water 
level (2030) 

Modelled water 
level 2115 

Low defence crest 
level - 2030 1:200 

year standard 
(0.5% AEP)) 

High defence crest 
level - 2115 1:200 

year standard 
(0.5% AEP) 

Entrance Lock 9.45 10.10 9.65 10.30 

Cumberland Road 9.45 10.10 9.65 10.30 

Cumberland Road 
underpass 

9.45 10.10 9.65 10.30 

Commercial Road 
and Bathurst Dam 

9.45 10.10 9.65 10.30 

Clarence Road 9.45 10.10 9.65 10.30 

Cattle Market 
Road 

9.60 10.20 9.80 10.40 

Totterdown / St. 
Phillips 

9.60 10.20 9.80 10.40 

Netham 9.60 10.20 9.80 10.40 

  

Defence alignments 

The defence alignments maximise benefits to property and transport infrastructure as well as amenity 
assets, whilst minimalizing impact on flood storage and flow capacity of the River Avon.  

Detailed maps of the alignment at each defence section are found in Appendix C. 

Table 27 details the height of the proposed defences above existing ground levels. The height varies 
depending on local topographic conditions. For low defences, the average height of defence sections 
ranges from 0.7 to 1.1m. For high defences, the total average height ranges from 1.4 to 1.8m.   

 

Defence structure type 

Reinforced concrete cantilever walls have generally been proposed for defences less than 2m in height. 
Sheet piled walls have generally been proposed for defences over 2m in height, for locations where it is 
necessary for the defence structures to retain the land behind as well as act as a tidal defence (e.g. 
Clarence Road) and where topography means a cantilever wall may not be feasible. In the great majority 
of cases, low defences are designed such that the subsequent raising in 2065 can be achieved without 
any works to their foundations. 
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Table 27. Summary of defence section types, length and heights above current ground levels 

Defence 
section 

Structure type(s) 

Defence 
length for 

low 
defences 

(km) 

Defence 
length for 

high 
defences 

(km) 

Average 
height for 

low 
defences 

(m) 

Average 
height for 

high 
defences 

(m) 

Entrance 
Lock 

Floodwalls, flood / lock gate 
replacement, highway / bridge 
abutments, ramps, road raising 

0.9 0.9 1.1 1.8 

Cumberland 
Road 

Floodwalls 0.6 0.6 0.8 1.5 

Cumberland 
Road 
underpass 

Floodgate, ramp and floodwall 
tie-ins 

< 0.1 < 0.1 1.1 1.7 

Bathurst 
Dam 

Raising of existing structure, tie-
in walls 

< 0.1 < 0.1 0.7 1.4 

Commercial 
Road  

Floodwalls and retaining 
structure at Commercial Road 

0.2 0.3 0.7 1.4 

Clarence 
Road 

Floodwalls, retaining structure 
and bridge abutment 

0.6 0.6 1.0 1.6 

Cattle 
Market 
Road 

Floodwalls, retaining structure 0.2 0.2 0.8 1.4 

Totterdown 
/ St. Phillips 

Floodwalls, ramps, resilience 
structures to existing buildings, 
bridge abutment 

1.5 1.5 0.9 1.4 

Netham 
Floodwalls, flood / lock gate 
replacement, road raising 

0.7 0.7 1.0 1.6 

Additional 
works to 
prevent 
adverse 
impacts 

Raising of embankments, sheet 
piles and PLP 

1.5 Varies between areas 

 

3.9.5 Economic assessment 

 

Average benefit cost ratio 

The preferred option costs and benefits were refined during the additional work. Present value whole life 
costs for the option reduced from £166m to £67m mainly due to the phased delivery of the defences (i.e. 
by delaying the New Cut defences until epoch 2), refinement of design assumptions and updated 
costing. The economic benefits of the preferred option also reduce if the defences are phased, falling 
from £1,576m to £1,531m.  

As a result of the economic updates, the ABCR of the preferred option increases from 9:1 to 23:1. This is 
shown in Table 28 below.  
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Table 28. Updated preferred option costs and benefits 

Option Notes 
PV costs 

(£m) 
PV benefits 

(£m) 
ABCR 

Preferred option 
prior to updates 

Original capital cost estimates and 
phasing (all low defences in epoch 1) 

166 1,576 9:1 

Preferred option 
following updates* 

Updated capital cost estimates and 
phasing (New Cut low defences 
delayed until epoch 2) 

67 1,531 23:1 

*note that the preferred option following updates is for central Bristol only. Costs for Pill and Shirehampton are 
excluded (amounting to approximately £30m capital cash cost).  

 

Incremental benefit cost ratio 

Prior to the update the incremental benefit cost ratio of the preferred option relative to the Do Minimum 
scenario was approximately 1.8. Following the reduction in costs and benefits the IBCR of the preferred 
option relative to the Do Minimum scenario is approximately 3.5. This positive IBCR further justifies the 
choice of this option. 

As part of the additional work, costs were updated for the preferred option only, and no cost updates 
were made to the other short list options as the preferred option decision process was not revisited. 
Nonetheless, inspection of the additional costing work that has been undertaken shows that if the short 
list option costs were to be updated, the cost reductions for the other raised defence options would be 
similar, leading to a similar conclusion on preferred option.  

 

3.9.6 New Cut Greenway 

 

Whilst the Strategy is currently recommending a fundable and deliverable preferred option, the city and 
partners have aspirations to deliver more. The landscape and visual appeal within central Bristol is 
integral to the character of the city and the objectives of BCC. Work has been undertaken to establish 
how to incorporate landscaping opportunities in the proposed defence schemes.  

The pressing need to provide flood defences along the River Avon creates the opportunity to carry out 
transport and public realm improvements. The New Cut Greenway initiative is a once in a generation 
opportunity to reshape, repair and reconnect the city to the River Avon and  to promote travel by foot and 
bike, improving safety, making accessible places, and maximising development potential. It will ensure 
the flood investment also delivers essential transport and housing outcomes for the city and wider region.  

The New Cut Greenway proposals would maximise the positive local and regional impact of the Strategy 
proposals to construct tidal flood risk management infrastructure along the length of the New Cut from 
Netham Lock Junction to Cumberland Basin. The Greenway will look to regenerate and enhance the 
riverside environment and provide a high quality, legible link along the river corridor (Figure 11).  

 

 

 

Figure 11. Sketches showing indicative potential opportunities for the New Cut Greenway 
incorporating the linear flood defence infrastructure. 

The ‘Green way’ proposal will be beneficial to the city and will create a better, healthier, safer, more 
sustainable and prosperous city in which people can thrive by  planning a city where neighbourhoods are 
not isolated but interconnected so that varied social, economic and cultural opportunities are easier to 
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access by all. Other cities divided by rivers have successfully seized similar opportunities and used them 
to regenerate more disadvantaged areas such as Belfast, Derby, Dublin, Glasgow and Sheffield. 

The Greenway will achieve this by integrating infrastructure improvements along the corridor that will 
encourage growth, enable the delivery of housing, improve the resilience of Bristol’s transport network 
and city infrastructure through improved flood defences and support inclusive growth for healthy and 
sustainable communities. 

The Greenway will compliment recent investments along the length of the New Cut, including MetroBus 
and RIF-funded transport schemes. The Temple Quarter Enterprise Zone occupies circa 100 hectares 
midway along the New Cut Greenway with Temple Meads railway station at its core. The project will 
therefore also enhance deliverability and wider impacts of adjacent development opportunities including 
the Temple Quarter Enterprise Zone.  

The Greenway corridor is shown in Figure 12 below. 

 

Figure 12. New Cut Greenway location. 

 

The New Cut Greenway proposals will provide amenity and ecological benefits and strongly contribute 
towards a green infrastructure strategy for the ‘greenway’.  

At this early stage, a number of concepts have been generated for the greenway and how best to 
incorporate the proposed flood defences into the landscape (see Appendix F). For the concepts, various 
locations have been selected, but the ideas and concepts are not confined to any one location and can 
be adapted to the various interventions. In developing the concepts it is assumed that consultation / 
engagement will be undertaken to ensure the proposals meet the needs and objectives of the different 
stakeholders.  

For more information on the Greenway proposals, refer to the Greenway Concept Sketches delivered as 
part of the Strategy.  

It is recognised by BCC that additional funding for the New Cut Greenway will be required and this 
element of work will not be funded by GiA. The costs associated with the Greenway have not yet been 
developed and will be explored during work following the Strategy.  

 

3.9.7 Residual risk 

Residual risk for the Strategy has two main elements: risks associated with failure of the defences and 
risks associated with events occurring which exceed the design parameters of the defences.  

During the Strategy a number of model runs to investigate residual risk have been undertaken. These 
include runs to investigate the residual risk associated with defence breaches at numerous locations 
along the raised defence alignments and also at the entrance points to the Floating Harbour. In addition, 
a model run to investigate the impacts relating to sea level rise and above design standard flood events 
has also been undertaken. Detailed descriptions of these modelling results can be found in the Additional 
Modelling report and Preferred Option Development Phase report.  
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Flood risk is currently a threat to existing property and a constraint on development opportunities in 
central Bristol. Without a strategic intervention, the predicted impact of climate change would exacerbate 
the impact of flood risk and further constrain the scale and form of development in the central area. Once 
implemented, the Strategy will provide the nationally prescribed standard of protection required for new 
development to proceed. Protection from the potential threat posed by residual flooding will be afforded 
by the provision of site specific mitigation/evacuation measures. 

 

Flood risk associated with defences failing 

A full description of the additional modelling undertaken to establish the flood risk should the defences 
fail is found in the Additional Modelling report. In summary, for the worst case design event, the flood risk 
during a 2115 200yr event (0.5% AEP) with Entrance Lock gates failing, leads to flooding in areas 
around Entrance Lock, Junction Lock, Victoria Street, Temple Black and at St. Phillips. However, for this 
scenario the existing gates at Junction Lock remain operational (closed) which significantly reduces the 
flood risk compared to a scenario when both Entrance Lock and Junction Lock gates would both be open 
(considered to be extremely unlikely and not a realistic situation).  

Failure of the proposed gates at Netham shows that during a 2115 1:200 year event (0.5% AEP) flooding 
occurs around Netham and St. Phillips but flood depths in some areas are reduced compared to the Do 
Minimum scenario. This is because defences along the River Avon and Netham prevent overtopping and 
with Entrance Lock gates closed and raised, there is more storage capacity within the Floating Harbour.  

The flood risk associated with breaching of the raised defences has been modelled extensively and the 
results are discussed in the Additional Modelling report.  

 

Strategy - Minimising Residual Risk 

When the preferred option is in place the chance of failure by breaching / failing open will be minimal 
compared to the present day. At the downstream entry to the harbour the preferred option will ensure 
that there are two sets of gates; new gates at Entrance Lock and the existing gates at Junction Lock. 
Even if the new gates were to breach / fail open then the existing gates at Junction Lock would be closed 
to block the most direct pathway for water to flow into the Floating Harbour. Some overtopping / 
outflanking of the Junction Lock gates would occur during significant events but the volume of water 
entering the harbour would be considerably reduced compared to an open channel.  

In addition to the above, the new flood / lock gates at Entrance Lock and Netham will be constructed with 
multiple levels of redundancy to the power supply and operation to reduce the chance of failure. There 
are also last resort means of protection which could be implemented in order to reduce the time period of 
exposure should a failure occur. For example, at Entrance Lock and Netham a stop-log type system 
could be deployed or sand-filled bags could be stored on site and placed in the channel during a failure.  

It should be noted that the likelihood of failure of the new walls will be extremely low as: 

 they will be constructed as ‘hard defences’ (concrete walls or sheet piles) generally not 
susceptible to failure in the way that ‘soft’ defences (earthen banks) may be; and 

 they will be designed to accommodate loadings from the design water levels plus a 200mm 
allowance (freeboard) for dealing with uncertainty . The foundations of the walls will be 
designed for 1:200yr (0.5% AEP) water levels at 2115 plus the freeboard allowance. In practice 
this means the foundations are designed structurally for a standard exceeding 1:200yr (0.5% 
AEP) over the full 100 year lifetime. 

In the design of the raised defences passive defence has been preferred wherever possible. This 
includes ramps or ground raising to maintain access across defence alignments rather than installing 
temporary floodgates. However, in some locations manually operated defences have been identified as 
the only feasible way of maintaining access, for example at Entrance Lock, Cumberland Road underpass 
and Totterdown / St. Phillips.  

The use of manually operated gates increases the residual risk of defence failure as there is a change 
that the gates could be left open during flood events. In the event of a temporarily deployed flood gate 
being left open the flow pathway through the defences would be limited and the amount of flooding that 
would be expected to occur is significantly less than a breach at Entrance Lock or Netham. The flood risk 
associated with the manually operated gates being left open has been modelled and the results are 
described in the Additional Modelling report. It is recommended that the current operational protocols are 
extended and refined to ensure that BCC have a team to operate and close the flood gates during 
events.  
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Flood risk associated with above design events 

A description of the flood risk associated with above design standard flood events is provided in the 
Additional Modelling Report. The level of risk from these events varies across the city but it should be 
recognised that the Strategy is unable to completely protect the city from flooding. Irrespective of the 
standard of protection provided, there will always be the potential for events which exceed the crest level 
of the defences and cause flooding. For instance, even if defences are constructed to a 1:1000 year 
SoP, there is still a risk of a 1:2000 year (0.05% AEP) event occurring (albeit, very small).  

It is expected that in the update of the Local Plan, provision will be made for the Strategy to be 
designated as evidence in the assessment of flood risk, and that site specific flood risk assessments will 
be required to determine what measures are required in conjunction with the strategic defences to 
reduce flood risk to an appropriate level.  

 

3.9.8 Fluvial flood risk 

 

The preferred option will produce benefits against fluvial flood risk however this has not been quantified 
and therefore hasn’t been included in the economic assessment. Numerical modelling of a selection of 
fluvial return period events has been undertaken and suggests that the preferred option will not make the 
fluvial flood risk any worse compared to the Do Minimum scenario: 

 The results associated with the 1 in 20 year fluvial event (present day) with the preferred option 
in place are very similar to the equivalent event under a Do Minimum scenario. 

 The results associated with the 1 in 75yr fluvial event (present day) preferred option scenario 
are very similar to the equivalent event under the Do Minimum scenario. 

 The only significant difference between the preferred option and Do Minimum results for the 1 in 
200 year fluvial event (2030 and 2065) is at Feeder Canal. During the Do Minimum there are no 
defences along the River Avon and therefore water overtops slightly earlier when compared 
with the preferred option scenario, and flood depths and slightly greater.  

 

3.9.9 Environmental compliance 

 

Environmental assessment has formed one of several work streams informing the development of the 
Strategy in order to ensure that environmental constraints and opportunities have been integrated 
throughout the project. A number of environmental reports have been produced to demonstrate the 
environmental compliance of the preferred option for the Strategy, including:  

 

Strategic Environmental Assessment (SEA) 

An SEA has been undertaken as an integral part of the option appraisal process and this assessed the 
likely significant effects of the emerging strategy in terms of key environmental issues. The SEA 
comprehensively assessed the proposed flood management approach and evaluated the environmental 
impacts of different options.  

The SEA found that although all of the options have a potential for significant adverse impacts on quality 
of life and natural and built environments, both temporary and permanently, there is also a potential to 
mitigate these impacts and an opportunity to provide enhancement as part of the design of all options. 

The SEA found likely significant effects to the following environmental topics: 

 Biodiversity (negative); 

 Health/Population/Material Assets (positive); and 

 Cultural Heritage (positive) 

Similarly, minor effects were identified for: 

 Landscape; 

 Soil/Water; and 

 Climatic Factors. 

A number of methods / actions have been identified to mitigate potential negative effects and these are 
presented in the SEA Environmental Report.  

Habitat Regulations Assessment (HRA) 
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A preliminary HRA report has been carried out which presents an analysis of the Likely Significant 
Effects of the Strategy on the European sites for which a risk of effect is present; the Severn Estuary 
SAC and Severn Estuary Ramsar site, with specific reference to their migratory fish qualifying interests. 
The preliminary report concluded that the Strategy would result in “no likely significant effects” on any 
European Sites, either alone or in combination with other projects and plans, providing a number of 
precautionary measures are followed such as; using low noise and vibration piling techniques and 
carrying out works outside of the sensitive season for fish migration. 

The conclusion will be reviewed in the HRA, which would be dealt with under the EIA process, once the 
precautionary measures have been further developed and incorporated into the project, in order to 
confirm the conclusion of no likely significant effects. 

 

Water Framework Directive (WFD) 

 

An Outline Preliminary WFD Assessment has been carried out which has confirmed the need for a WFD 
assessment on the basis that the defences in some locations will be constructed in currently undefended 
areas. This may have a negative impact on the ecological potential for the waterbody (Bristol Avon). The 
reason for this is that constructing defences in currently undefended areas will likely involve a reducing of 
aquatic habitat area; there is also the potential for the hydromorphology of the waterbody to be 
negatively affected. The aim of the WFD assessment will be to evaluate the total combined length and 
percentage of the water body affected to assess the overall significance of this impact. Whilst an 
individual scheme may have an insignificant impact on WFD quality elements with a reach, the combined 
effect of several small-scale schemes may cause deterioration to the ecological potential of the 
waterbody.  

 

Environmental Impact Assessment (EIA) pre-scoping 

An EIA pre-scoping report has been produced to provide a framework for the future EIA process. The 
pre-scoping report identified the key environmental issues to be: 

 Terrestrial Ecology; 

 Estuarine Ecology; 

 Landscape; 

 Archaeology and Heritage; 

 Land Quality and Land use; and 

 Traffic and Transport. 

The pre scoping report made a number of recommendations including the next steps for the EIA 
process.   

  

Summary of Key Benefits of the Strategy: 

 

Future Proofing - nearly 3700 properties better protected against flood risk in Central Bristol over the 
next 100 years. 

 

Adaptive – mitigates climate change and sea level rise with sufficient flexibility to adapt to the range 
of future scenarios and thereby maximising return on investment. 

 

Catalyst - supports economic prosperity and Bristol’s development and regeneration aspirations. 

 

Broader Outcomes - potential to deliver public realm and access improvement through linkage and 
delivery of New Cut Greenway plans. 

 

Environment – the delivery of the strategy provides opportunities for environmental enhancement 
(e.g. native planting, urban greening etc.) 
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4. THE COMMERCIAL CASE 

 

4.1 Introduction and procurement strategy 

 

Procurement for the Strategy schemes will first involve the OBC and then the detailed design, associated 
surveys and investigations, construction and supporting specialist advice and expertise required to 
successfully manage and deliver a major capital project. It is likely that the procurement approach for 
detailed design and construction will be decided during or after the OBC stage, but for information the 
different approaches are outlined below.  

The key criteria for the scheme procurement include: 

 

 time (speed or certainty of completion date) 

 cost (price level or cost certainty) 

 quality (functionality and performance) 

 

The most suitable procurement strategy is largely dependent on the priority assigned to each of these 
and for construction could include a traditional design-bid-build or a specialist design and build (D&B) 
contract. An overview of these different procurement approaches is provided in Table 29.  

Table 29. Overview of the different procurement approaches 

Approach Good for: Not suited for: 

Traditional 
(design-bid-
build) 

- Quality; full design pre tender 

- Design flexibility, variations and 
instructions 

- Specialist subcontractors 

- Design control 

- Cost; there may be a lump sum cost 
benefit unless multiple changes are made 

- Time; require full detailed pack pre tender 

- Cost; not a benefit if many changes are 
made 

Design and 
build 

- Time; fast track, overlap of design and 
construction 

- Cost; lump sum / guaranteed maximum 
price 

- Single point of responsibility; contractor 
design and build responsibility 

- Innovation; can benefit quality 

- Low risk for the client 

- Named subcontractors; in employee 
requirements 

- Quality; cheapest route to meet contract 
specification can lead to low quality 
products / build quality 

- Design flexibility; request for changes will 
have cost / time implications 

 

Procurement of any services and works associated with delivery of the schemes will follow BCC contract 
procedure rules to ensure compliance with relevant legislation.  

 

4.2 Key contractual terms and risk allocation 

Appropriate contractual terms are important to minimise (or allocate) risk during the term of the contract. 
Contractual terms for the detailed design and construction of the schemes will be established during or 
after the OBC stage.  
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4.3 Procurement route and timescales 

There are a number of different routes to market that are capable of delivering the needs of the scheme. 
These and the associated timescales will need to be considered at the OBC stage but for information a 
selection of the potential routes are listed below: 

 Water and Environment Management Framework (WEM framework) 

 Scape Procure – Civil Engineering and Infrastructure Framework (Scape Framework) 

 BCC Flood risk Consultancy Framework 

 Bespoke tender 

 

The anticipated provisional timescales for the next stage of work are set out in the list below: 

 Autumn 2017 – Tidal Strategy finalised 

 Autumn 2017 to Autumn 2018 – Wider integration opportunities (i.e. New Cut Greenway, 
Harbour Asset Management Strategy). Completion of integrated Strategy 

 Spring 2019 – Strategy approval 

 Spring 2019 to Spring 2021 - Outline Business Case and Secure Funding  

 Spring 2021 to Autumn 2022 – Detailed Design, Full Business Case and Phase 1 Consenting 

 2023-2025 – Phase 1 delivery underway 

 

4.4 Efficiencies and commercial issues 

Identifying and realising efficiencies will be an integral part of the delivery of the scheme, with an aim to 
deliver 15% efficiency savings on the overall scheme costs (as per the DEFRA target for efficiency 
savings). Efficiencies will be explored at the OBC stage.  
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5. THE FINANCIAL CASE 

 

5.1 Financial summary 

 

Table 30 provides a breakdown of the Strategy costs per epoch. Costs are provided in cash and present 
value terms.  

In the table the capital costs refer to the construction and preliminary costs associated with building the 
new defences. Maintenance costs refer to the costs associated with maintaining the defences whilst 
‘Other’ costs are those costs associated with Floating Harbour operation and maintenance that is specific 
to managing the flood risk (i.e. deployment and upkeep of stop gates). The average annual non-
discounted (cash) costs for these activities differs between time epochs due to the implementation of 
schemes.  

 

Table 30 Financial breakdown of the Strategy costs 

Epoch 

Non discounted cash cost (£k) including 
60% optimism bias 

Present value cost (£k) including 60% 
optimism bias 

Capital  Maintenance Other Total Capital Maintenance Other Total 

Epoch 
1 

43,300 650 550 44,500 43,300 510 430 44,240 

Epoch 
2 

18,440 5,290 1,490 25,220 11,000 1,990 550 13,540 

Epoch 
3 

44,240 6,030 5,130 55,400 8,730 680 490 9,890 

 Total 125,120 Total 67,680 

 

5.2 Partnership funding scores 

 

5.2.1 Scheme breakdown 

 

Partnership Funding is the measure by which the Environment Agency determines the amount of Grant 
in Aid (GiA) funding appropriate for a flood defence scheme, and the priority of that scheme within the 
Agency’s programme of works. 

Partnership funding scores have been developed for the Strategy works which would be implemented in 
2015 and 2030, using the costs, benefits and outcomes (e.g. numbers of properties removed from 
specific flood risk bands) of those works.  

To derive the partnership funding scores the works have been grouped into a 2015 scheme and a 2030 
scheme.  

The 2015 scheme includes works to Floating Harbour defences -  Entrance Lock, Cumberland Road 
underpass, Bathurst Dam and Netham -  and the works to Totterdown / St. Phillips. 

Costs for the additional works which are required to prevent adverse flood impacts elsewhere - Ashton 
Bower, Netham and Bedminster - have been included in the costs for the 2015 scheme to ensure all 
mitigation is in place at the outset of the Strategy.  

The 2030 scheme includes the works to The New Cut defences -  Cumberland Road, Commercial Road, 
Clarence Road and Cattle Market Road.  

Where BCC elects to proceed with measures intended to enhance the area but which are not strictly 
required for flood defence – such as landscaping and amenity works identified in the New Cut Greenway 
section of this report (section 3.9.6) – then these measures are not eligible for GiA. 
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5.2.2 Baseline 

 

Environment Agency guidance recommends use of the Do Nothing scenario in the funding assessment. 
However the partnership funding scores are very sensitive to the assumptions within this scenario and 
therefore further work has been undertaken as part of the Strategy to test these sensitivities.   

The key assumptions relate to the operation of the Floating Harbour tidal stop gates at Junction Lock 
(ordinarily open and with no navigation function) and Netham (ordinarily closed and navigation function). 
The Do Nothing scenario assumes these gates are not operated (and fail open) from year 0. The Do-
Minimum scenario assumes that they are operated throughout the appraisal period during all return 
periods of flood events.  

By assuming an immediate open position of the critical stop gates to the Floating Harbour it produces 
significant immediate tidal flood risk (compared to what is currently experienced and observed on the 
ground due to harbour maintenance, operations and gate deployment) and this consequently drives 
large monetary damages (£1.6bn PV over 100 years) as opposed to maintaining the status quo ‘Do 
Minimum’ (£316m PV over 100 years).  

Assessing the partnership funding potential against the Do Nothing scenario therefore drives large 
monetary damages and produces a large number of OM2 properties at risk compared with the ‘status 
quo’ (Do Minimum). Given the large sensitivities due to the key gate open / closed assumption it was 
considered prudent for the Strategy to also establish the level of funding which could be available with an 
alternative ‘hybrid’ baseline. This work ensures that there is the necessary evidence base for the 
alternative PF assessment and economic case should it be required in the future and defines the range 
of partnership funding scores and contributions which could reasonably be expected.  

The alternative ‘hybrid’ baseline comprises a combination of the critical gate position assumptions for Do 
Nothing and Do Minimum scenarios. Under this alternative baseline, gates are assumed to remain in a 
closed position until they reach the end of their residual life and are then assumed to fail in an open 
position. It is not currently possible to predict the specific point in time that this transition occurs (due to a 
lack of residual life information) so therefore it has been assumed to occur in 2030. For more information 
on the basis for this assumption refer to the Technical Note; testing impact of an alternative baseline for 
potential financing (AECOM, 2017).  

Adoption of the alternative ‘hybrid’ baseline leads to considerably reduced economic benefits and OM2 
properties at risk (compared to the Do Nothing baseline). This is mainly due to a decrease in annual 
average damages (AAD) accrued over epoch 1 and a delay (and therefore discounting) to the write-off of 
a large number of properties associated with the gates failing open.  

BCC have also requested that a PF calculation was undertaken using the Do Nothing baseline as the 
basis for the OM1 benefits but the alternative ‘hybrid’ baseline as the basis for the OM2 property counts 
(before and after the scheme).  

 

When describing the different baselines in the remainder of this section the following baseline labels 
have been adopted: 

 Baseline A: Do Nothing from present day 

 Baseline B: Alternative ‘hybrid’ baseline  

 Baseline C: OM1 based on Do Nothing (A), OM2 based on alternative ‘hybrid’ (B) 

 

5.2.3 Scores 

 

Table 31 shows the partnership funding scores for the schemes. For the initial scheme, the scores 
considering baselines A to C have been calculated. For the second phase scheme only baseline A (Do 
Nothing) has been considered.  

In cases where the scheme would fall below the 100% threshold, the table also provides an estimate of 
the cash shortfall that is required to make up the shortfall and achieve a score of 100%. Recent EA 
advice is that partnership funding scores should be at least 120% and therefore if the score falls below 
this higher threshold then the estimated funding shortfall for this score is also presented. 
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Table 31. Partnership funding scores 

Scheme Baseline 
Base date 

for 
calculation 

Capital 
cost of 
scheme 

Raw PF 
Score 

Estimated 
funding 

shortfall to 
achieve 

100% score 

Estimated 
level of GiA 

funding 
available 
should 

score reach 
100% 

Estimated 
funding 

shortfall to 
achieve 

120% score 

2015 
scheme - 
Floating 
Harbour 
and 
Totterdown 
/ St. Phillips 
schemes 

A: Do 
Nothing 

Present day £43.3m 135% £0 £43.3m £0 

2015 
scheme - 
Floating 
Harbour 
and 
Totterdown 
/ St. Phillips 
schemes 

B: Hybrid Present day £43.3m 80% £8.6m £34.7m £17.1m 

2015 
scheme - 
Floating 
Harbour 
and 
Totterdown 
/ St. Phillips 
schemes 

C: OM1 
Do 
Nothing, 
OM2 
hybrid 

Present day £43.3m 125% £0 £43.3m £0 

2030 
scheme - 
New Cut 
defences 
(Cumberlan
d Road, 
Commercial 
Road, 
Clarence 
Road and 
Cattle 
Market 
Road) 

Do 
Nothing 

2030 £18.4m 13% £15.9m £2.5m 

Assume full 
external 

contribution 
required to 

fund 
scheme 

 

5.2.4 Recommendations for funding 

Until the appropriateness and validity of some key baseline assumptions underpinning the financial 
assessment are confirmed with the EA’s LPRG the amount of funding which is likely to be available to 
the scheme is uncertain. Recommendations for the next steps and developing the funding case are 
provided in detail in the Technical Note; testing impact of an alternative baseline for potential financing 
(AECOM, 2017).  

From the sensitivity testing (Do Nothing vs the Hybrid baseline) the PF score for the phase 1 scheme 
ranges between 80-135% and it seems reasonable to assume a potential range of FCERM GiA funding 
for the phase 1 scheme of £34 - £43m (subject to the required shortfall being met from other funding 
sources). Therefore, based on the current cost estimate, an anticipated ‘worst case’ funding shortfall of 
approximately £9m results.  

For the purposes of financial planning, given the profile and magnitude of the phase 1 scheme it is not 
unreasonable to expect that a financial contribution would be required from BCC towards the scheme 
(even with a PF score of above 100%, as with the Do Nothing baseline). Some of this sum might be in 
the form of ‘in kind’ contributions such as associated works delivered by BCC or developers. 



 

STRATEGY TECHNICAL REPORT 
  

63 
  

Where BCC elects to proceed with measures intended to enhance the area but which are not strictly 
required for flood defence – such as landscaping and amenity works identified in the Resilience Corridor 
section of this report – then these measures will need to be fully funded by BCC as they are not eligible 
for GiA. 

The table shows that the 2030 scheme falls considerably short of a robust PF score and will definitely 
require significant contributions from BCC. In the course of Strategy development, a number of funding 
sources have been identified with the potential to meet this requirement. One of these is the Local 
Enterprise Partnership.  

Going forward it is recommended that liaison and dialogue with the EA’s LPRG or investment and 
funding specialist is carried out to provide assurance on the funding baselines. Until this discussion with 
LRPG is held, the amounts of GiA funding stated in this report should be considered preliminary and in 
need of confirmation.  At OBC stage it is recommended that the partnership funding calculations are 
revisited.  

 

5.3 Impact on revenue and balance sheet 

BCC will act as the accountable body for the OBC and detailed design / construction stages of the 
scheme development. BCC has experience of managing capital construction projects and and will be 
responsible for performance and compliance to ensure the activities supported fit within the programme 
objectives, are value for money and are an efficient use of public resources.  

On completion of construction of the defences in epoch 1, anticipated to be in 2025, a series of flood risk 
management assets will be created. The revenue costs associated with the maintenance required over 
the whole life of the Strategy have been estimated and are presented in Table 30.  

 

5.4 Overall affordability 

Table 32 provides a breakdown of the capital costs of the Strategy epoch 1 schemes. The raw outcome 
measure score and total GiA contribution are also shown. Note that the GiA contribution presented below 
aligns with use of the Do Nothing baseline discussed in section 5.2.   

 

Table 32 Capital cost breakdown and GiA contribution 

Scheme Defence / benefit area 
Epoch 1 (Low Defences) 
Capital cost (£k) 

Entrance Lock Floating Harbour 14,020 

Cumberland Road underpass Floating Harbour 410 

Bathurst Dam Floating Harbour 470 

Netham Floating Harbour 10,610 

Totterdown / St. Phillips Totterdown 5,570 

Mitigation for adverse impacts 4,190 

Additional costs – lump sum 
construction 

2,880 

Additional costs – lump sum 
other 

5,120 

Total 43,300 

Raw outcome measure score 135% 

Total GiA contribution 43,300 

Estimated BCC funding % to 
meet DEFRA targets 

Approx. 10-15% 
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The Partnership Funding calculations indicate that the Strategy will receive a substantial element of GiA 
funding. In particular, the 2015 scheme is above 100% (assuming the Do Nothing baseline) which in 
principal demonstrates its affordability should BCC decide to proceed. Despite its high score, BCC would 
still be expected to contribute 10-15% of the capital costs in order to meet DEFRA targets.  

It should be noted that GiA does not cover maintenance and operational costs and these will need to be 
met by BCC. In practice, a significant part of the projected maintenance and operational costs for the 
Strategy are derived from the need to continue Floating Harbour operations and these costs would have 
been incurred anyway. 

It should also be noted that the costs of the Strategy do not cover any works required to the majority of 
existing Floating Harbour and New Cut retaining walls. Table 33 shows that although there are some 
synergies – such as the new gates at Entrance Lock and Netham, and the wall at Clarence Road – in 
general BCC will need to provide funding for these works, and to commit to doing so in any formal 
submission to the Environment Agency as the Strategy is dependent on these structures. 

 

Table 33. Strategy dependency  

Low confidence in asset 
condition and high impacts 
assets include: 

Preferred Option interface Impact 

Lock gates at Entrance Lock & 
Netham 

Replaced (relies on existing sills) 
Synergy – strategy option costs 
align / support existing BCC 
maintenance requirements 

Clarence Road supporting walls 
2030 walls include retaining 
structure 

New Cut supporting walls 
2030 wall replacing MetroBus 
flood wall 

Design structurally independent 
from heritage Chocolate Path 
and railway retaining wall 

Dockside and New Cut retaining 
banks and Ashton Brislington 
Assets 

‘2015’ walls (e.g. Entrance Lock, 
Totterdown and Netham) 

Strategy dependant on continued 
serviceability and BCC 
maintenance outside of preferred 
option costing 

Water level management  

 

5.5 Other sources of funding  

 

Additional sources of funding are discussed in detail in the Outline Funding Strategy report which 
concluded that: 

 The Local Enterprise Partnership (LEP) Economic Development Fund (EDF) has a programme 
allocation of £10m. Seeking further funding from this source could be explored but given that the 
EDF is fully subscribed this could only be via a substitution. 

 A contribution to strategic flood defences could come from the Community Infrastructure Levy 
(CIL) subject to reconciling with the needs of other infrastructure projects. 

 The West of England Combined Authority (WECA); Bristol and other Councils in the west of 
England are progressing a devolution deal with the Government to lever an additional £900m of 
investment over the next 30 years. There is potential for the Devolution funding to help deliver the 
flood strategy, which in turn, will assist in the delivery of the city’s housing and economic growth 
strategy. However, the make-up of the programme will not become clear until next year.  

 A Business Improvement District (BID) could provide an opportunity to secure monies from 
harbourside businesses. Support is likely to be greatest for the BID to fund targeted public realm 
enhancements. 

 The Coastal Communities Fund should be investigated by BCC to make a case for submitting an 
expression of interest; flood defence schemes have received funding in the past. 

 A Local Levy contribution has recently been sought from the Wessex Regional Flood Defence 
Committee (WRFFC) to further the Strategy and reduce uncertainties. The Local Levy is a locally 
raised source of income used to support the WRFFC, fully funded Local Levy flood risk 
management projects as well as acting as contributions towards schemes under DEFRA’s 
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partnership funding policy. The level of funding available to support delivery of the Strategy 
schemes is unknown but could become clearer when the EA 6 year capital programme is next 
reviewed (January 2018).   

 Potential contributions from developers / landowners / beneficiaries recognising BCC’s significant 
land ownership of the areas proposed for defence works. 

 The Local Growth Fund via the Growth Deal could also be explored for a scheme coming forward 
to 2020/21 particularly if this was of a scale with potential to dovetail into the forward programme 
e.g. be ready to take up any available slack arising from slippage elsewhere.  

An indicative illustration of potential funding contributions for the preferred strategic option for works in 
epochs 1&2 is provided in Table 34.  

 

Table 34. Potential funding contributions 

Contributor 
Potential 
Contribution (£m) 

Notes / Assumptions 

LEP EDF 10 
BCC borrowing to be repaid by the EDF sourced from 
business rate uplift. Programme level commitment 
pending LEP OBC acceptance.  

LEP RIF 5 Payback, in line with previous successful bids 

BID TBC Subject to successful implementation of BID 

Community Groups 0 Negligible contributions forecast 

Coastal 
Communities Fund 

1 
In line with previous successful application for flood 
defences 

WRFC Local Levy TBC Current allocation up to 2021 

CIL 7.5 
Approximately £3.5m available for strategic infrastructure 
each year. CIL is fully committed until spring 2018, but 
thereafter there is no commitment 

Devolution Deal TBC 
£900m fund over 30 years. Composition of programme to 
be confirmed.  
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6. THE MANAGEMENT CASE 

 

6.1 Project management 

The OBCs, detailed design and scheme construction projects will be overseen by a multi-agency Project 
Board comprising senior management representation from BCC, the Environment Agency and the 
appointed supplier(s) and will be supported by a project team led by a dedicated Project Manager.  

The Project Board will provide direction and management for the project. The Project Board will be 
overall authority for the project and is accountable for its success or failure. The board members will 
have the sufficient authority to carry out their responsibility effectively. The collective responsibilities of 
the Project Board members include: 

 Accepting and demonstrating ownership for the project. 

 Working as a team to provide collective and unified direction. 

 Effective delegation with appropriate project tolerances and exception management processes. 

 Facilitating cross functional working ensuring that the project structure is recognised and 
respected by line management. 

 Committing all of the resources required to successfully complete the project. 

 Effective decision making including risk, issue and change management. 

 Project assurance and quality control. 

 Ensuring timely and effective communication within the project and with external stakeholders. 

 Ensuring the project deliverables are reliable, sustainable and can be maintained effectively. 

 

The Project Manager has the authority to run the project on a day-to-day basis on behalf of the Project 
Board. The Project Manager’s prime responsibility is to ensure that the project produces the required 
product to the required standard of quality and within the specified constraints of time and cost.  

 

6.2 Communications with stakeholder engagement 

Initial stakeholder engagement was undertaken at an early stage of the Strategy development. The 
feedback from stakeholders helped to shape the Strategy development. Further engagement with 
stakeholders and also with the public will be undertaken prior to the completion of the Strategy and 
business case submissions.   

 

6.3 Change management 

Change management control procedures will be used for the OBC and detailed design / construction 
phases of the schemes.  

Project changes will be discussed with the Project Board to ensure consistency in reviewing all project 
changes and also whether there is a need to implement the change.    

 

6.4 Benefits realisation 

The realisation of benefits will be managed by BCC in their capacity as the lead organisation for 
delivering the Strategy schemes. All benefits will be realised when construction works have been 
completed. The initial epoch 1 works are currently expected to be completed by 2025 and therefore BCC 
will report the realisation of benefits at that time.  

The Outcome Measures to be delivered by the initial epoch 1 scheme, and the year of anticipated 
realisation are detailed in Table 35.  

Ongoing realisation of benefits will be achieved through a co-ordinated response to ensure flood gates 
and lock gates are closed prior to future flood events. This will be achieved by continuation of forecasting 
of flood events and asset operations.   
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 Table 35. Outcome measures resulting from the scheme 

Outcome Measure (OM) 
Yr 0 

(2017/18) 
Yr 1 

(2018/19) 
Yr 2 

(2019/20) 
Yr 3 

(2020/21) 
Yr 4 

(2021/22) 
Yr 5 

(2022/23) 
Yr 6 

(2023/24) 
Yr 7 

(2024/25) 

OM2a Households moved 
to a lower risk category 

0 0 0 0 0 0 0 843 

OM2b Households moved 
from very significant or 
significant risk to moderate 
or low risk 

0 0 0 0 0 0 0 843 

OM2c Households in 2b 
that are in the 20% most 
deprived areas 

0 0 0 0 0 0 0 152 

 

 

6.5 Risk management 

The key project risks for the Strategy are summarised in section 2.7. Refer to the project risk register for 
more information. 

The key risks associated with detailed design and construction will be established at the OBC stage.  

 

6.5.1 Safety plan 

Public health and safety elements will form a key consideration in scheme development, will be 
considered throughout further design stages and will form part of the designer’s risk assessment. This 
will be continued through detailed design with any residual risks included in the Health and Safety file.  

Considerations will be given to CDM and key H&S issues as the preferred strategy is advanced through 
the development of OBC’s and detailed design stages. Designer risk assessments will be written and 
appropriate records will be kept throughout future stages of the schemes. Where risks are identified that 
cannot be resolved entirely then appropriate mitigation measures will be developed wherever possible to 
reduce the probability of the risk occurrence.  

Public Safety Risk Assessments (PSRA’s) will be carried out prior to any work starting on site to ensure 
the safety of the public during and after construction. 

A health and safety file will be produced for all stages of a scheme to ensure that the operation and 
maintenance of any built asset can be carried out safely.  

 

6.6 Contract management 

Contract management for the OBC and detailed design / construction will be delivered in accordance 
with the BCC procedures ensuring compliance with all relevant legislation.  

 

6.7 Assurance 

Project assurance for the OBC and detailed design / construction will be undertaken by the Project 
Board.  

 

6.8 Post project evaluation 

Upon closedown of the OBC and detailed design / construction projects a post project evaluation will be 
completed. This will be to verify that all objectives are met, the intended benefits realised and lessons 
learnt are captured and shared with the Project Board.  

 

6.9 Contingency plans 

Contingency plans will be established during the OBC stage of the scheme delivery.  

 

6.10 Next steps 

The next steps for the Strategy and further work include: 



 

STRATEGY TECHNICAL REPORT 
  

68 
  

 Additional refinement of the defence designs and alignments will be required when developing an 
OBC for any of the schemes that follow on from the Strategy.  

 Liaison with Environment Agency’s LPRG Assurance Group.  

 Further consideration to maintenance aspects including assessment on a site by site basis. 

 Further consideration of environmental mitigation measures such as landscaping, public realm 
improvements and compensatory habitat provision for the potential loss of intertidal habitat. 

 Development of the New Cut Greenway proposals. 

 Environmental scoping and consenting – i.e. EIA, HRA, WFD. Additional work on defence 
encroachment areas and numerical modelling to establish the impacts of the scheme on low and 
high tide levels within the study area. This will be used to ascertain the scale of potential impacts 
to habitats and areas of loss to inform the requirements for compensatory habitat.  

 More detailed numerical modelling to investigate flow pathways between flood sub-cells during 
high magnitude flood events. The sub-cells within the city centre are separate during smaller 
magnitude events, however, for large return period events the cells appear to merge in various 
locations. Based on the current modelling it is not possible to determine the extent or volume of 
water that flows between sub-cells during the large return period events. Additional modelling may 
help to reduce the uncertainty and to verify the defence phasing plan.  For more information, refer 
to the Preferred Option Development report (sections 5.2 and 5.3). 

 Additional numerical modelling to support quantification of additional fluvial benefits of the Strategy 
to help refine and optimise the economic case. Gate deployment and pre lowering of the Floating 
Harbour prior to large fluvial events should be also be considered as mitigation against fluvial risk.   

 Interface with wider opportunities and programmes, including the Harbour Asset Management 
Strategy.  
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APPENDICES 

 

Appendix A – Key documents 

 

Non-Strategy key documents 

 

 Severn Estuary Shoreline Management Plan (2010)  

 Bristol Avon Catchment Flood Management Plan (2012) 

 Bristol Central Area Flood Risk Assessment (CAFRA) (2010) 

 First Phase Feasibility Study (2013) 

 

Strategy reports 

 

 Long Listing Briefing Report 

 Shortlist Report 

 SEA Scoping Report 

 9B Environmental Options Report 

 Economics Report (various) 

 Modelling Report (various) 

 Interim SEA Report 

 Preferred Option Report 

 Residual Risk Technical Note 

 Funding Strategy 

 Outline Design Report 

 Preferred Option Development Report 

 SEA Report 
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Appendix B – Flood risk mapping 

 

The following figures show the flood depths and extent for : 

 

 Do Minimum 2015 1:200 year event (0.5% AEP) 

 Do Minimum 2115 1:200 year event (0.5% AEP) 

 Do Nothing 2015 1:200 year event (0.5% AEP) 

 Do Nothing 2115 1:200 year event (0.5% AEP) 
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Appendix C – Defence alignments 
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Appendix D – Defence cross sections 
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Appendix E – Defence Visualisations 
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Appendix F – New Cut Greenway 
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Appendix G – Glossary of Technical Terms 

 

1 in 200 (0.5% AEP) – a water level event that would have a 0.5% probability of occurring in any one 
year 

ABCR – Average Benefit Cost Ratio – the ratio of project benefits to costs over the lifetime of the project, 
with all benefits and costs discounted to the present day 

IBCR – Incremental Benefit Cost Ratio, the marginal benefit-cost ratio of one scheme compared to a less 
costly one, used as a test of whether the additional benefits justify the additional costs.  

PLP – Property Level Protection, measures applied to individual properties to provide flood proofing 

Outline Business Case (OBC) – Document format for submittal to Environment Agency to secure GiA 
funding of a scheme 

FCERM-AG – Flood and Coastal Erosion Risk Management Appraisal Guidance 

GiA – Grant in Aid 

LPRG – the Environment Agency’s Large Project Review Group 

EIA – Environmental Impact Assessment 

HRA – Habitat Regulations Assessment 

WFD – Water Framework Directive  

SEA – Strategic Environmental Assessment 
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