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• Higher energy storm events with near ‘tropical’ rainfall intensities

Climate Change

• Higher energy storm events with near ‘tropical’ rainfall intensities
producing ‘pluvial’ surface water flooding and flash floods.

• EU White Paper on Adapting to Climate Change – Annual precipitation 
could increase more than 40% in some parts of northern Europe by 2100.

• UK Defra Guidance (Oct 2006) – 30% increase in peak rainfall intensity 
2085 -2115.

• Potentially >100% increase in properties affected and 2 - 20 times 
increase in flood damage



Flood and Water Management Bill - Delivery
Regional Flood & 

Coastal Committees

Advise the Environment 
Agency on how Flood and 
Coastal Risk Management 
should be pursued in the 
Regions.

Environment Agency

Continue delivery and operation role for flood risk management 
works on main rivers and the sea and provide flood warnings for 
all sources of flood risk and….. 
• Produce National Strategy for Flood and Coastal Risk 
Management – full strategic overview role for all sources of 
flooding. 
• Support lead local authorities and others in Flood and Coastal 
Risk Management by providing information and guidance on fulfilling 
their roles.

ADVICE

their roles.

Lead (County or Unitary) Local Authorities

Leadership role for local flood risk management: 

• Setting local strategy for local flood risk management.
• Leadership and accountability for management of local flood risk from 
ordinary watercourses, surface run-off and groundwater.
• Production of local flood risk assessments, maps and plans including 
an asset register, Surface Water Management Plans and Strategic 
Flood Risk Assessments.
• Adopting and maintaining new build SUDS.

District Authorities, 
Internal Drainage Boards, 
Highways bodies, Water 

Companies

• Undertake flood risk functions 
in accordance with local and 
national strategies. 
• Cooperate and share 
information.

SUPPORT & GUIDANCE

LEADERSHIP



Aims
� Test the Draft DEFRA Guidance
� £50k - 6months

Richmond and Kingston First Edition SWMP
“a framework through which key local partners … work together
to understand the causes of surface water flooding and agree the 
most cost effective way of managing surface water flood risk”.

� £50k - 6months
� Develop SWMP as far as possible 

within time and budget constraints

Key SWMP Elements
� Preparation
� Risk assessment
� Options appraisal
� Implementation & review



The Study Area

Kingston upon Thames

Richmond upon Thames



The Problem

• Long history of surface water flooding

• Boroughs severely affected in June 2007

• Largely anecdotal evidence but some good records av ailable

• History of groundwater flooding in parts of Richmon d



Pre SWMP Perception of the Cause
• Increasing pressure upon an ageing system of Victorian sewers:

� Dwellings in Richmond increased from 65,000 to 78,000 between 1970 
and 2000
� Increase in the intensity of rainfall due to climate change
� Thames Water estimated a large proportion of the existing system can 
only cater for a 1:15 annual probability stormonly cater for a 1:15 annual probability storm

• Blockage of gullies and sewers

• Topography 
� Rapid changes in slope
� Major infrastructure

• Geology
� London clay and Thames gravels
� Chalk aquifer



Surface Water Flooding Scrutiny Report (Richmond) and 
Hogsmill Integrated Urban Drainage Pilot (Kingston) 
identified common contributing factors:
•

An Integrated Approach

• Lack of clarity of roles and responsibilities

• Limited sharing of information

• Importance of joined up thinking and effective planning
� Sustainable drainage systems (household)

� Effective use of open space

� Contribution of Council owned carparks

� Basement development



The Delivery Partnership

London Borough of Richmond upon Thames

Royal Borough of Kingston upon Thames

Environment Agency

Thames Water

Greater London Authority 
– Drain London

Government Office of London



Programme
• Availability of information
• Timely engagement of stakeholders including Thames Water

Certainty of intended SWMP outcomes
• Approvals process

Anticipated Challenges



Richmond and Kingston methodology included elements 
from Defra RF5 Study approach to Pluvial Flood Warning

Promoted the concept of bringing forecasting and mapping together…..

• Met Office provide targeted forecasts as Extreme Rainfall Alerts for high 
intensity rainfall to act as trigger for action in identified vulnerable areas.

• Improve preparedness through Pluvial Extreme Event Planning system –
PEEPs (identifying vulnerable areas based on rapid screening, site visits, 
prioritising actions).prioritising actions).



Richmond and Kingston SWMP : Preparation

� Information collated over period of the project included:
- base mapping data (e.g. OS, topography, geology, areas 

susceptible to surface water flooding)
- historic flooding records (July 2007) and engineers’ experience
- DG5 register (first 4 digits)- DG5 register (first 4 digits)
- indicative sewerage system capacity
- fluvial flood models
- previous studies (e.g. SFRAs)

� All possible data held in GIS form
to enable mapping and analysis



Preparation

Selected approaches :
• Risk based tiered approach due to large (~100km2) 

geographical area.
• Initial screening followed by desktop review to identify 

susceptible areas based on:
� historic records of flooding� historic records of flooding
� EA Areas Susceptible to Surface Water Flooding maps
� rapid GIS screening

• Site inspections and preliminary risk assessment to identify 
highest risk areas.

• More detailed hydraulic modelling in identified high risk areas.
� buildings stamped onto bare earth DEM
� range of rainfall scenarios
� removal of a proportion of rainfall to underground system



Risk Assessment

� Rapid GIS screening model provided composite of:
� Historic records of flooding:

� 20 July 2007
� operational staff in Richmond and Kingston

� EA Areas Susceptible to Surface Water Flooding maps:
� national coverage so not suitable for property-level assessment� national coverage so not suitable for property-level assessment
� identifies areas which are naturally ‘less’, ‘intermediate’ or ‘more’ 

susceptible 
� Rapid GIS identification of

� topographic depressions where water could pond
� surface flowpaths where depth/velocities could be hazardous 

� Used to inform site inspections to selected locations and 
preliminary risk assessment



Screening Tools 
‘Dry’ method:
� GIS based Contour Polygon Screening – simple high level 

determination of ponding depressions.
� GIS Based ‘rolling ball’ Flowpath Generation

– bare earth DEM with buildings superimposed.

‘Wet’ method:
� Rainfall generation based on FEH – total                                     

rainfall depth for given                                                                     
probability and duration.

� Final depth calculation.



Overall Hazard Rating
National Mapping (%of total land area)

Richmond: 16% Less     10% Intermediate 1% More

Kingston: 11% Less       9% Intermediate 2% More

GIS Based Mapping



Risk Assessment
� Site inspections for preliminary risk assessment:

- 49 locations in Richmond and Kingston visited over 4 days
- simple scoring system to rate perceived overall risk



Inspection Schedule : Richmond



Risk Assessment

� Summary results of site inspections :
- table shows results as percentage of sites visited , not land area.

Low or Moderate High Risk Severe Potential Low or 
Insignificant 

Risk

Moderate 
Risk

High Risk Severe 
Risk

Potential 
Risk to 

Life

Points Score 0 - 4 5 - 7 8 - 10 > 10 -

Richmond (20) 25% 50% 20% 5% 10%

Kingston (29) 24% 41% 28% 7% 14%



Risk Assessment – Specific Observations

Doorway thresholds

Pluvial / fluvial interaction Schools : over-reporting? 

Railway and road underpasses

Some very flat areas. 



Risk Assessment – Specific Observations

Steep flowpaths

High value property

Basement flats



Strawberry Hill Drain

River LaneMarlow Crescent

Risk Assessment – Critical Areas

Strawberry Hill Drain

Acre Road

Worcester Park

Teddington 
Latchmere Road

Kingsway

Kingston Road



Risk Assessment – Critical Areas
� Approach taken to more detailed risk assessment :

� 2D hydraulic model (TuFLOW) of specific locations, built using 
DEM with buildings ‘stamped’ on

� determine rainfall input for 
various scenarios (e.g. 4.5hr 
duration event with a 1:200 duration event with a 1:200 
chance of occurring)

� assume proportion of rainfall 
removed by underground 
systems (information provided 
by Thames Water)

� model depths and velocities
of excess water at the surface  



Detailed Risk Assessment : Acre Road to Petersham



Acre Road to Petersham
Maximum velocities

Damage Assessment:
12,400 properties
Annual Average Damages £3mAnnual Average Damages £3m



Options

� The following categories of options were considered:
� Do nothing : no maintenance, increasing risk
� Do minimum : ongoing maintenance, deterioration with climate 

change
� Source control and SUDS : reduce rate/volume of runoff through 

infiltration and storageinfiltration and storage
� Design for exceedance: control passage of some retained surface 

water through the urban environment
� Increasing capacity: add storage and/or capacity to underground 

sewers and drains
� Separation of foul and surface water: alongside effective surface 

water management, this can reduce flooding and pollution
� Non-structural measures: influencing behaviour, e.g. 

maintenance, warning, land management



Source Control and SUDS :
� Fringe interception : control runoff from urban/rural 

fringe (e.g. Richmond Park)
� Detention basins : large storage areas (normally 

dry) e.g. car parks, recreational areas
� Ponds and wetlands : incorporate in existing open 

spaces (permanent standing water)spaces (permanent standing water)
� Swales : surface water runoff channels / storage
� Permeable paving : permits infiltration into the 

ground and/or temporary storage (depends on 
permeability of underlying strata – poor if clay)

� Green roofs : roofs covered with vegetation to 
control runoff - large flat roofs best e.g. industrial / 
commercial buildings or schools

� Rainwater harvesting : temporary storage e.g. 
household water butts



Design for exceedance:
� Surface flow routes: divert or channel water 

flow along designated routes using road 
profiling, kerb height, speed bumps etc.

� Storage schemes : designated flood storage 
in open spaces – often involves landscaping in open spaces – often involves landscaping 
and control works

� Threshold raising : raising doorway 
thresholds, particularly along identified 
flowpaths



Increasing capacity:
� Increase network capacity : adding 

more and/or larger sewers 
� Culvert daylighting : opening up 

culverted channels
� Improve channel capacity : urban 

watercourse widening/deepeningwatercourse widening/deepening
� Improve floodplain storage : usually 

associated with fluvial measures
� Improve gullies : regular clearance
� Improve maintenance : checking/ 

clearance of trash screens etc
� Obstruction removal: clearance of any 

flow obstructions e.g. trees
� Desilting : clearance of silted 

watercourses



Separation foul and surface water:
� New development opportunities (greenfield): usually have separate 

foul and surface water drainage systems – maximise these 
opportunities

� New development opportunities (brownfield): as for greenfield but 
existing drainage system may be combined – use opportunities to 
convert to separate system where practicalconvert to separate system where practical

� Opportunities to rectify 
misconnections: in separate systems 
surface water is often misconnected to 
the foul system and vice versa – seek 
out and rectify



Non-structural measures:
� Flood warning: raise awareness and new forecasting 

techniques
� Development control: control development within 

identified risk areas
� Building control : specific measures including basement 

flats
� Land management: natural measures to slow runoff e.g. � Land management: natural measures to slow runoff e.g. 

contour ditching, forestation 
� Building resilience and resistance (retrofit): various 

improvements e.g. raised wiring, water resilient floors and 
walls; door and vent seals / boards / guards to keep water 
out (undertake during post flooding repairs or proactively 
in identified risk areas)

� Building resilience and resistance (new 
development): as above but ensure for new development 
in identified susceptible areas



Option Evaluation

� Options workshop held to agree simple MCA scoring of 
suggested options to identify a feasible subset .

� Technical feasibility assessed from site inspections and  
collective experience from workshop.



Option Evaluation
Acre Road to 
Petersham

Surface Storage Options



Options Appraisal



Lessons for Future SWMPs
General Outcomes  
� Encourage more active involvement from project partners.

� Skill base within local authorities may not be sufficient.

� Project extranet for data exchange helpful.

……other points specific to First Edition SWMP budgetary and time limitations

Technical Guidance Outcomes
� Top Down, Staged, Risk Based Approach:

Preliminary Overview 
Detailed Area Assessments (2D surface flow modelling)

Specific Detailed Assessments (integrated modelling)

� Progress to subsequent stage only where risk merits further assessment .

� Obtain best value from available funding.



Technical Guidance Outcomes

� Screening – hybrid approach using composite of wet 
and dry techniques – overlay flowpaths.

� Value of Site Inspections preceded by desktop 
review – verification / source of flooding / land use / 
preliminary risk assessment / mitigation measures.

� Hazard Index – useful indication of relative 
susceptibility. 

� Preliminary Risk Assessment based on site 
inspections - convenient, easily applied and rapid 
method of assessing potential severity of surface 
water flood risk.

� Option Evaluation Matrix coupled with Stakeholder 
Workshop – MCA scoring approach to identify most 
appropriate options.



Practical Outcomes 

Basement Flats
� Basement flats may be particularly vulnerable and 

pose a significant risk to life where adjacent to 
flowpaths or within a topographic depression. 
Carefully assess risks and mitigation.

Underground Access
� Similarly for access points to underground car 

parks or basement areas where there could be a 
possibility of rapid inundation and restricted safe 
exit. Access points to low level or underground 
stations may also be vulnerable. Simple 
measures may include raised ramping across 
entrances.



Practical Outcomes 
Schools (and Public Access Establishments)
� Appear to be particularly susceptible – high number of 

reported incidents at schools.
� Particular attention to those where topography flat or in 

ponding areas.

Doorway Threshold Levels
� Doorway thresholds relative to street or ground level a 

critical factor in determining the impact of surface water 
flooding.

� Many high street Retail Premises / Shopping Centres
have street level doorway thresholds and even shallow 
surface water flooding could cause extensive damage and 
disruption. 

� Bow-wave from any passing traffic may also compound 
the problem. 



Practical Outcomes 
Transport Infrastructure
� Deep ponding can be associated with railway and 

road infrastructure either due to a damming effect
where embankments intersect surface water 
flowpaths or at underpasses . Particular attention 
should be given to disused rail or road embankments.

Flood Emergency Planning
� Flood emergency planning should ensure that safe 

evacuation routes are not compromised by locations 
where significant surface water flood hazard is 
identified – high velocities or deep ponding.

� Pre-emptive planning to take susceptible areas into 
account.

� Couple with Extreme Rainfall Alerts



Thank you for 
your attention

Questions?
Ronnie Falconer : Senior Consultant : Jacobs : ronnie.falconer@jacobs.com : www.jacobs.com


