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1. Introduction 

Entec undertook a Strategic Flood Risk Assessment (SFRA) for Kent Thameside, including Dartford Borough 
Council, in 2005.  This SFRA has recently been revised with the latest tidal storm surge event levels.  The SFRA 
only considered the Tidal Flood Risk to the Borough in sufficient depth to prepare a robust Sequential Test.  Whilst 
the Tidal Flood Risk is the most significant flood risk to the Borough fluvial flood risks are also significant and 
should be considered in land use allocations.  Following the release of the Kent Thameside SFRA, the Environment 
Agency indicated that additional information was required to support the Dartford Town Centre Area Action Plan.  
This SFRA has been undertaken to address the Environment Agency’s concerns and provide Dartford with the 
required information to undertake the Sequential Test in Dartford Town Centre.  The study area (SFRA boundary) 
was agreed between Dartford Council and the Environment Agency specifically for the purpose of this study.  It 
goes beyond the Council’s town centre boundary so that it incorporates areas on the edge of the town centre which 
could be considered as alternative sites.  To the north and south, the study area is bounded by greenbelt.  It was 
considered that the site search should not extend into green belt areas.  National planning legislation and policy 
guidance has been considered throughout the SFRA. 

Planning process is driven by legislation and guidance developed at a national, regional and local level.  Flood risk 
is just one of many factors to consider when making decisions relating to land use and development.  The challenge 
for a SFRA is to develop pragmatic principles for steering future sustainable development towards areas of lower 
flood risk within the context of other planning policies and local drivers. 

This SFRA represents a combined Level 1 and Level 2 SFRA.  These two elements are outlined below. 

Level 1 SFRA 

Assesses flood risk at town centre wide scale.  This includes the definition of the PPS25 flood risk zones and the 
assessment of the implications of climate change.  The detailed ISIS-TuFLOW modelling undertaken to define the 
extent of the Flood Zones has enabled delineation of areas of greatest risk and identified where location specific 
detail, Level 2 detail, is required.  Where data is available, flood risk from all sources have been identified. 

Level 2 SFRA 

The principal purpose of a Level 2 SFRA is to facilitate application of the Exception Test.  This more detailed 
study considers the detailed nature of the flood hazard.  This will allow a sequential approach to site allocation to 
be adopted within a flood zone (paragraphs 17 and D4 of PPS25).  It will also allow the policies and practices 
required to ensure that development in such areas satisfies the requirements of the Exception Test.  The Level 2 
SFRA provide an indication of appropriate land use types for the sites in the flood zone and the requirements of 
developments on these sites to pass part (c) of the Exception Test, assuming they have passed parts (a) and (b). 
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1.1 Planning Policy Statement 25: Development and Flood Risk 
This SFRA has been undertaken in accordance with the guidance provided in Planning Policy Statement 25 – 
Development and Flood Risk1 (PPS25) and its accompanying Practice Guide (Development and Flood Risk – A 
Practice Guide Companion to PPS25 “Living Draft)2.  Box 1 Presents a Summary of the guidance presented in 
PPS25. 

Box 1 Summary of Guidance in PPS25 

PPS25 Objectives 
Through PPS25, the Government has sought to provide clarity on what is required at a regional and local level to ensure that appropriate and 
timely decisions are made to deliver sustainable planning for development.  The key planning objectives as stated in PPS25 are that: 
“Regional Planning Bodies (RPBs) and LPAs should prepare and implement planning strategies that help to deliver sustainable development 
by: 

• APPRAISING RISK 
Identifying land at risk and the degree of risk of flooding from river, sea and other sources in their areas; 

Preparing Regional Flood Risk Assessments (RFRAs)  or Strategic Flood Risk Assessments (SFRAs) as appropriate, as freestanding 
assessments that contribute to the Sustainability Appraisal of their plans; 

• MANAGING RISK 

Framing policies for the location of development which avoid flood risk to people and property where possible, and manage any residual risk, 
taking account of the impacts of climate change; 

Only permitting development in areas of flood risk when there are no reasonably available sites in areas of lower flood risk and benefits 
of the development outweigh the risks from flooding 

• REDUCING RISK 

Safeguarding land from development that is required for current and future flood management e.g. conveyance and storage of flood water, 
and flood defences; 

Reducing flood risk to and from new development through location, layout and design, incorporating sustainable drainage systems (SuDS); 

Using opportunities offered by new development to reduce the causes and impacts of flooding e.g. surface water management plans; making 
the most of the benefits of green infrastructure for flood storage, conveyance and SuDS; re-creating functional floodplain; and setting back 
defences; 

• A PARTNERSHIP APPROACH 

Working effectively with the Environment Agency and other operating authorities and other stakeholders to ensure that best use is made of 
their expertise and information so that plans are effective and decisions on planning applications can be delivered expeditiously; and 
Ensuring spatial planning supports flood risk management and emergency planning. 

 

 

                                                      
1 Communities and Local Government, Planning Policy Statement 25: Development and Flood Risk. (2006) 

2 Communities and Local Government, Development and Flood Risk – A Practice Guide Companion to PPS25 
“Living Draft. (2006) 
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This SFRA describes (using Table 4.1 on page 23 and Figures 004 and 026 in Appendix B) the landuses that are 

considered appropriate for each identified development site within the town centre.  This assessment is based upon 

the vulnerability classifications presented in Annex D of PPS25 and the level of flood risk posed to each site.  The 

most effective method of flood risk management is to avoid the risk.  As such, this SFRA recommends that sites in 

Flood Zone 1 be considered for development ahead of higher risk zones.   

Planning Policy Statement 1: Delivering Sustainable Development 

Published in February 2005, this document sets out the overarching planning policies for the delivery of sustainable 

development across the planning system.  PPS 1 explicitly states that development plan policies should take 

account of flooding, including flood risk.  It proposes that new development in areas at risk of flooding should be 

avoided.  Planning authorities are also advised to ensure that developments are sustainable, durable and adaptable.  

This should be achieved through taking into account natural hazards such as flooding.  PPS 1 also places an 

emphasis on spatial planning in contrast to the more rigid land use planning approach which it supersedes.  It is 

important for the Dartford Town Centre Area Action Plan to recognise the contribution that non-structural 

measures can make to effective flood management. 

1.2 Local Planning Policy 

Dartford Borough Council has produced an Area Action Plan for Dartford Town Centre
3
.  This document outlines 

the development and regeneration aspirations that the Council have for the town centre.  The principal aim of the 

Area Action Plan (AAP) strategy is to regenerate the town centre by improving the shopping offer.  It is envisaged 

that this aim can be supported by encouraging new retail investment and by including new uses which would 

strengthen the town centre.  These additional uses include residential, leisure, recreation and hotels.  The Council 

has undergone a consultation process to formulate a series of preferred development sites within the town centre.    

Each of these sites have been assessed, the planning guidance is presented in Table 4.1 on page 23 and Figure 004 

in Appendix B.  Five of these sites are appraised in detail in Section 5. 

1.3 PPS25 and Local Planning Authorities  

PPS25 specifies that Local Planning Authorities (LPAs) should adopt a risk-based approach to planned 

development through the application of a Sequential Test.  This sequential process relates to the steering of new 

developments towards areas of lowest flood risk.  PPS25 also sets out the need to consider other sources of flood 

risk (such as groundwater and surface water) in addition to the main fluvial and tidal sources.  The implications of 

climate change on flood risk are also required to be considered in the interest of sustainable development.   

                                                      
3
 Dartford Town Centre Area Action Plan – Preferred Options Document for Consultation, Dartford Borough Council, 

(September 2007) 
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PPS25 introduces the Exception Test which allows some scope for departures from the sequential approach.  This 
is for circumstances where development is necessary to meet the wider aims of sustainable development and urban 
regeneration.  The criteria for exception from the sequential approach include, where the development makes a 
positive contribution to sustainable communities or it is the redevelopment of brownfield land.  Exceptions to the 
sequential approach can be permitted through the full application of the Exception Test.  Providing the evidence to 
support the departure from the sequential approach is only one part of the Exception Test.  Development will only 
be permitted where it is demonstrated that flood risks are appropriately managed, the development is safe and flood 
risks elsewhere are not increased. 

The Town and Country Planning (Flooding) (England) Direction 2006 has made the Environment Agency a 
Statutory Consultee on all applications for development in flood risk areas, including areas with critical drainage 
problems and for developments exceeding 1 hectare outside of flood risk areas.  After discussion with the Agency 
LPAs are required to notify the Secretary of State if they remain minded to approve a planning application contrary 
to a sustained objection from the Environment Agency.  

1.4 The Purpose of the SFRA Report 
Dartford Borough Council appointed Entec to undertake a Strategic Flood Risk Assessment of Dartford Town 
Centre.  The SFRA is intended to: 

• Identify and quantify flood risks;  

• The delineation of fluvial flood risk zones in the town centre; and 

• Provide guidance of the application of the Sequential Test. 

This SFRA covers a relatively small geographic area, but it is an area where there are known flood risks and where 
the Council are proposing significant regeneration and development.  This SFRA has been designed to provide a 
reference and guidance facility to the Council to inform the application of the Sequential Test for Dartford Town 
Centre.  Sufficient data is provided in the mapping (Appendix B) to allow the Council to make informed decisions 
when processing windfall sites. 

The production of the SFRA involved consultation with the Environment Agency4 throughout the assessment 
process. 

                                                      
4 Environment Agency Staff – Emma Hook (Flood Risk Mapping and Data Management) and Meriel Mortimer  (Development 
Control) and Jennifer Wilson (Planning Liaison). 
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1.5 The Structure of the SFRA Report 
The structure of this report is designed around informing the key aim of providing information to perform the 
Sequential Test.  The report is comprised of the following sections: 

• Section 1 – Introduces the SFRA and sets it within national planning policy.  The introduction is also 
designed to provide guidance on how to extract the most information from the SFRA; 

• Section 2 – Level 1 SFRA, provides an over view of all the main flood risks that have been identified 
(Level 1 SFRA); 

• Section 3 – Level 1 SFRA, defines the flood risk zones that are used by PPS25 to steer the location of 
new developments; 

• Section 4 – Level 1 SFRA, provides the information to inform the Sequential Tests in the town centre 
and describes the Interactive GIS dataset of all the development sites; 

• Section 5 – Level 2 SFRA, provides site specific information and Exception Test supporting material; 

• Section 6 – Describes the potential for Sustainable Drainage Systems; 

• Section 7 – Presents Flood Risk Management and mitigation options; and 

• Section 8 – Presents a summary of the main findings of the SFRA. 

1.6 How to use the SFRA 
Appendix B is the key component in the Report, it includes detailed mapping sufficient to inform the execution of 
Sequential Test.  In addition to these maps a digital interactive GIS dataset is issued with the report.  This contains 
a summary of the findings and recommendations of the SFRA.  Further information is provided in Section 4. 

The SFRA contains more information that is required to process single sites.  Detailed descriptions of the risks and 
the nature of these risks are included to provide the Council with the necessary evidence base to support spatial 
planning decisions.  For the purposes of informing the Sequential Test the key pieces of information are: 

• Figures 005, 006 and 026 in Appendix B; 

• Section 4 – Information to support the Sequential Test; 

• Section 5 – Guidance on sequential planning at the site specific level (5 key sites); and 

• The GIS datasets which provide instant data summaries for the sites identified in the study. 

The SFRA involved the re-modelling of the River Darent.  At the time of issue this model represents the most up to 
date data available for the River Darent.  It must be noted that the production of the SFRA does not negate the need 
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to contact the Environment Agency to discuss development proposals or the need to prepare site specific FRAs.  
Details of when to consult the Environment Agency are presented in Section 7.  As a rule of thumb, any 
development proposal in Flood Zone 3a should involve a consultation with the Environment Agency even if the 
proposed landuse vulnerability classification is compliant with the flood risk (See table D.2 in Appendix D). 
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2. Level 1 SFRA - Overview of Flood Risks 

2.1 Flood Risk Assessment Rationale 
The two primary sources of flooding in the town centre are fluvial and tidal.  The greatest amount of data also 
exists for these two sources.  Flood risks from groundwater and surface water are considered to be less significant 
and as such they are addressed in proportionately less detail.  Section 2.7 provides a qualified assessment of the risk 
posed by each identified source.  

2.2 Geographical Context 
The town of Dartford is situated in the Borough of Dartford in Kent.  Dartford town centre is located on the banks 
of the River Darent which flows from the south through Dartford before traversing Dartford Marshes and 
converging with the River Cray in Crayford Marshes.  The town centre is approximately 2.5km from the River 
Thames.  The topography of the town is dominated by the floodplain of the River Darent.  The floodplain runs 
through the length of the town centre and is roughly 450m wide.  Virtually all the floodplain exists on the western 
bank of the River Darent.  This situation exists because over the years engineering works have pushed the river 
channel out of the eastern side of the floodplain.  Either side of the floodplain the land rises quickly. 

2.3 Fluvial Flooding 
The Environment Agency’s Flood Zones place the majority of Dartford town centre with in Flood Zone 3.  This 
designation implies that there is a significant flood risk.  As such fluvial flood risk is addressed in detail Section 3. 

2.4 Tidal Flooding 
The River Darent in Dartford is not tidal, with the exception of the reach between Mill Pond Weir and the River 
Thames.  The mean high water limit of the River Darent is downstream of the town centre at grid reference 554010 
174970.  The Environment Agency Flood Zones covering the whole of the town centre are defined as ‘fluvial’.  
Through discussions with the Environment Agency it was established that the region of Flood Zone 3 in the north 
of the study area, on the right bank (north side) of the River Darent, is a tidal Flood Zone.  Figure 001 in Appendix 
B illustrates this extent. 

The Kent Thameside SFRA extension modelled the impact of a series of breaches in the Thames flood defences.  
The 1 in 1000 year level in 2115 was modelled to determine the level of residual risk in the Dartford Embayment.  
The results of this analysis are presented in Figure 2.1.  This residual tidal flood risk affects parts of Dartford north 
of the town centre and north of the railway line.  The most significantly impacted areas are those in the Northern 
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Gateway West and the Glaxo Smith Kline owned land in the north east.  The likelihood of such an event is very 
remote. 

Figure 2.1 Residual Tidal Flood Risk Zones in North Dartford (1 in 1000 year event in the year 2115) 

  
Results taken from the Kent Thameside SFRA Extension (2007- Draft) 

2.5 Groundwater Flooding 

Geology 

High ground on ether side of the valley is covered by a thin layer of Thames River Terrace deposits (Which are 
Boyn Hill) these are in part comprised of sands, gravels and clays.  The underlying rock head is Upper Chalk 
(white Chalk with flints) which underlies the valley floor.  Along the western edge of the valley there is an outcrop 
of a Lower River Thames river deposit (Taplow Gravels).  Locally in the southern extent of the study area there is a 
further terrace deposit called the Lynch Hill Gravels which overlies the Taplow Gravels, but is only seen on the 
western side of the valley.  The valley floor is underlain by more recent alluvium associated with the modern river 
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channel and is described as mainly silt and clay, peaty in places.  The chalk is a major aquifer in the area and there 
is a public water extraction to the north of the study area. 

Risk of Groundwater Flooding 

To the north of the town centre is Dartford Marsh, which represents a significant local topographic depression, in 
the same groundwater system as the Dartford Town centre.  Groundwater levels in Crayford Marshes are between 2 
and 3m below ground levels in the town centre.  Assuming that the Marshes are free draining the water table will 
not rise to the surface in the town centre.  As such, based on 1:50,000 BGS geological data, groundwater flooding 
is not considered to pose a significant flood risk to the area covered by this SFRA. 

The Environment Agency5 was consulted on the subject of groundwater flooding and it was established that there 
are no records of groundwater flooding in Dartford.  Additional geological information to that available on the BGS 
maps was provided by the Environment Agency.  Drift thicknesses of around 4m were cited which were said to 
overlie up to c. 6m of gravels.  The gravels can contain groundwater, but no data exists for these sediments.  The 
Environment Agency stated that the potential groundwater head in Dartford is between 1.6m and 5m below ground 
level.  The potential groundwater head is the level to which water, from the underlying chalk aquifer, would rise if 
a borehole was drilled through the overlying confining sediments and into the chalk.  From a flood risk perspective 
this is significant as it means that the groundwater levels are below the surface and therefore do not discharge to the 
surface and cause flooding. 

2.6 Surface Water Flooding 
Surface water flooding results from excess rainfall being unable to enter the local drainage system.  This can be due 
to blockages or capacity being exceeded or because the rainfall intensity is greater than the infiltration rate of the 
soils.  Therefore the only route for rainwater to take is over the surface.  Incidents are usually isolated and difficult 
to predict owing to the complex interaction of local infrastructure and circumstance, the impacts of which are often 
localised with potentially only low flood depths being attained.  There is a likelihood of overland flow from one 
area of ponded surface water towards local low points in the topography, which is typically the river channel. 

The occurrence of flooding caused by insufficient capacity of the drainage system is related to the probability of a 
given rainfall event over a given area.  The likelihood of flooding is dependant on the condition of the surface 
drainage network, as well as the rates of surface water runoff generation.  The likelihood of flooding may change 
over time; due to increases in development, changes in impermeable area and climate change.  As a result, flooding 
related to surface drainage may become more frequent in the future.  A discussion of mitigation and management 
techniques that will potentially reduce the risk of surface water flooding for new developments is presented in 
Sections 7.1. 

                                                      
5 Linda Philpott (Environment Agency - Groundwater Specialist Frimley Office 19/06/08) 
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2.7 Summary of Flood Risks 
A risk matrix is used to combine the assessment of probability and consequence into an indicative relative risk level 
for each flooding source.  In order to categorise the qualitative likelihood (probability), terminology from a paper 
presented at the 2004 DEFRA Flood and Coastal Management Conference was used and adapted for this specific 
case6.  This terminology is defined in Table 2.1. 

Table 2.1 Definitions of Qualitative Flooding Probability Categories 

Qualitative Probability Category Definition 

Likely Events of common occurrence that an individual may experience a few times in their lifetime.  This 
corresponds approximately to an annual probability of 10% - 4% (i.e. return periods of between 10 
and 25 years) 

Infrequent Events that an individual may experience once in a lifetime, approximately equivalent to the 1% 
annual probability event (i.e. return period of 1 in 100 years) 

Possible Events that may be seen once in every few lifetimes.  These correspond to approximately a 0.1% 
annual probability (1 in 1000 year event).  This category may also include the combination of an 
infrequent event (1% annual probability) in combination with a failure of flood defences designed to 
protect against such an event. 

Remote Events that are of a low order of likelihood (approximately 0.1% annual probability), but combined 
with a failure of flood defences designed to protect against such an event. 

Very Remote Extreme flood events with an annual probability of less than 0.1%. 

 

Standard qualitative definitions of flooding consequences are also used to derive an indicative level of flood risk.  
These define consequence in terms of potential damage to property, flood depths and velocities, and risks of injury 
or loss of life.  These definitions are presented in Table 2.2 

Table 2.2 Definitions of Qualitative Flooding Consequence Categories 

Qualitative Consequence 
Category 

Definition 

High Serious damage to property and high risk of injury and loss of life.  High depths of floodwater (>1m) 
and high flood flow velocities 

Medium Moderate damage to property, moderate flood depths (<1m) and flow velocities.  Some risk of injury. 

Low Minor damage to property, low depths of floodwater (<0.5m) and low flow velocities.  Minor risk of 
injury 

Negligible No damage to property or risk of injury 

                                                      
6 Hother, J., Applying Reliability Risk Analysis to Flood Risk Management, 39th DEFRA Flood and Coastal Management 
Conference, 2004. 
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The Probability and Consequence categories are combined in a risk matrix to determine the level of risk (risk = 
probability x consequence).  The risk matrix used for this study is presented in Table 2.3 

Table 2.3 Risk Matrix 

Likelihood (probability)  

Likely Infrequent Possible Remote Very Remote 

High Very High Very High High High High 

Medium High High Medium Medium Medium 

Low Medium Medium Low Low Negligible 
Consequence 

Negligible Low Negligible Negligible Negligible Negligible 

 

Table 2.4 summarises the flood risks identified in Dartford and based on the likelihood and consequence 
assessments, provides a risk classification 

Table 2.4 Summary of Flood Risks in Dartford 

Source of Flooding Area at Risk Risk 

Fluvial  All low lying areas in the town centre Very High 

Tidal Low lying areas north of the railway line High 

Surface water All areas, especially local topographic depressions Low 

Groundwater  The lowest of the town centre north of the railway line Negligible 
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3. Level 1 SFRA - Dartford’s Fluvial Flood Risk 
Zones 

3.1 Summary 
The Environment Agency Flood Zones indicate that a large proportion of Dartford Town Centre is in fluvial flood 
risk zones 2 and 3.  These Flood Zones are the product of generalised broad scale modelling and as such give a 
generalised indication of the extent of flooding within the town centre.  The Environment Agency agrees that the 
SFRA presented an opportunity to improve the detail of the flood zone definition.  This SFRA has involved a 
review of the extent of Flood Zone 3 using an ISIS – TuFLOW model.  The ISIS element of the model was 
supplied by the Environment Agency.  Entec have adapted the model so that the out of bank parts of the model are 
simulated 2-dimensionally using TuFLOW.  A detailed description of the modelling process is presented in 
Appendix A. 

3.2 Dartford Town Centre Flood Zones 
The Environment Agency Flood Zones are defined by PPS25 as:- 

• Flood Zone 1 – This zone comprises land assessed as having a less than 1 in 1000 annual probability 
of river or sea flooding in any year (>1%).  PPS25 considers all uses of land to be appropriate in this 
Zone. 

• Flood Zone 2 – This zone comprises land assessed as having a 1 in 100 and 1 in 1000 annual 
probability of river flooding (1% - 0.1%) or between a 1 in 200 and 1 in 1000 annual probability of sea 
flooding (0.5% - 0.1%) in any year. 

• Flood Zone 3a – This zone comprises land assessed as having a 1 in 100 or greater annual probability 
of river flooding (.1%) or a 1 in 200 or greater annual probability of flooding from the sea (> 0.5% in 
any year. 

• Flood Zone 3b – This zone comprises land where water has to flow or be stored in times of flood, 
SRFAs should identify this Flood Zone (land which would flood with an annual probability 1 in 20 
(5%). 

The current Environment Agency Flood Zone 2 outline is adopted in the SFRA.  This is considered appropriate as 
it is not currently possible to predict more accurate 1 in 1000 year flows for the River Darent.  This is due to the 
short flow record lengths at gauging stations on the Darent.  Using the Environment Agency’s Flood Zone 2 outline 
represents a conservative approach.  Flood Zones 3a and 3b were re modelled for the SFRA using revised 
hydrology supplied by the Environment Agency.   



  

C r e a t i n g  t h e  e n v i r o n m e n t  f o r  b u s i n e s s  

 
  

Doc Reg No. c001i-22788 
Page 14 

July 2008 
 

The purpose of defining the Flood Zones is to provide Dartford Council with an accurate delineation of flood risk 
throughout the town Centre.  This information will be used to inform the site allocation process through the 
application of the Sequential Test.  This process in discussed in detail in Section 6. 

3.3 Historic Flood Events 
Dartford town centre was flooded in 1968.  The extent of this flooding is shown in Figure 002 in Appendix B.  The 
significance of these historic outlines is that they can be used to validate the fluvial modelling extents produced for 
this SFRA and they highlight the actual flood risk facing the town centre.  There are broad similarities between the 
recorded 1968 flood extent and the 1 in 100 year modelled extent in this SFRA. 

3.4 Description of Fluvial Flooding in Dartford 
The detailed modelling (ISIS-TuFLOW) undertaken in this SFRA has enabled the nature of the predicted flooding 
in Dartford Town Centre to be described in detail.  The following sections describe the key aspects of the flooding.  
From a planning perspective this level of detail is useful as it can be used to differentiate sites in terms of flood risk 
which fall within the same Flood Zone.  The detailed flood risk information presented in this section can be used to 
steer development towards the areas of lower hazard within Flood Zone 3. 

3.4.1 Nature of Flooding Dartford 

The River Darent, in Dartford is for the most part perched above its historic floodplain.  This detachment of river 
and floodplain has significant implications in the nature of the flooding and the manner in which the flood waters 
recede.  During a flood in a natural system the water level in the channel rises and once the channel capacity is 
exceeded water starts to flow over the river’s floodplain.  Floodplains in natural systems are typically at the level of 
the bank tops.  As water levels continue to rise in these natural systems, the water level on the floodplain is 
reflected by the water level in the channel.  When the river discharge begins to subside water levels fall across the 
whole floodplain as the river and flood plain are connected. 

This natural connectivity in Dartford town centre has been lost.  This is the result of the construction of flood 
defences and the fact that the channel is perched above the floodplain.  Where the channel is perched, the water 
levels rise in the river channel and then when bankfull capacity is achieved flow descends over the left bank into 
the floodplain.  Once in the floodplain, the topography determines the flow routes.  The reduced connectivity 
between the River Darent and its floodplain in Dartford means that flood waters remain in the floodplain and do not 
return to the channel one the flood flows have subsided.  The SFRA identifies the areas affected by residual 
ponding of flood water in the floodplain. 
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3.4.2 Out of Bank Flow – The Critical Locations (1 in 100 year event) 

Figures 007 and 008 in Appendix B illustrate the maximum flood extents and depths that were attained during the 
76.5 hour model simulation.  These static images do not reflect how the flooding progresses through the town 
centre during a flood event or clearly show the locations of the critical areas where water leaves the channel.  Four 
key areas have been identified.  These are illustrated in Figure 3.1.  

Figure 3.1 Locations of Where out of Bank Flow Occurs in Dartford Town Centre 

 

The sequence of flooding from these four locations is presented below: 
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• A – Is the first place in the model where out of bank flow occurs and is located at the southern most 
end of the town centre SFRA boundary. 

• B – The second place during the flood event to generate out of bank flow is adjacent to Brooklands 
Lakes south of the A225. 

• C – The structures (bridge and culvert crossing the channel) at location C appear to play a role in 
attenuating flow and causing water levels to rise resulting in out of bank flow. 

• D – The fourth and final location where water leaves the channel is adjacent to the athletics ground, 
which is situated immediately to the north of the A225. 

The Flood Animation Video supplied (1 in 100 year event) with this SFRA clearly shows these locations and the 
subsequent flow routes the flood waters take through the town centre.  The maximum flood extents (Figure 007 and 
008 in Appendix B) suggest that water leaves the channel at various points downstream of location C.  The Flood 
Animation Video and detailed analysis of the directional flow vectors confirm that water only leaves the channel at 
points A, B, C and D. 

3.4.3 Flood Depths 

Flood depths are a function of the topography of the town centre.  In this SFRA, the topography is represented by 
using photogrammetry data supplied by the Environment Agency.  This dataset was converted into a 5m grid using 
MapInfo Vertical Mapper.  Figure 029 in Appendix B illustrates the Topography data used in the SFRA. 

The deepest areas of recorded flooding are in the Northern Gateway West area and Central Park.  These areas are 
topographic depressions in the topography which allows for the greater flood depths to develop.  Depths ranging 
from 0.75 to 1.5 m are attained in the 1 in 100 year simulation.  These are the primary areas were flood waters pond 
once the flood event has passed.  This aspect of the flooding is discussed in more detail in Section 3.4.4.  With only 
a few small exceptions, the remaining areas of the Town Centre act as areas where flood waters flow.  These are 
areas of conveyance where water flows between the river and the lowest parts of the floodplain.  As such the depths 
are typically small, between 0.25 and 0.5m.  Figures 007 and 008 in Appendix B provide a detailed picture of flood 
depths throughout the town centre.  It must be noted that these figures do not represent an extent which was 
achieved at one instance during the simulation.  These figures represent the maximum depth recorded for each cell 
in the model at any given point in the simulation.  These maximum values are likely to have been attained at 
different times in the simulation.  For example, the flooding in the Northern Gateway West becomes deeper as the 
flooding in the High Street Area becomes shallower.  This situation is caused by flood waters flowing under gravity 
over the surface from the town centre/High Street area into the Northern Gateway West area under the railway line. 

3.4.4 Storage Areas and Residual Standing Water 

Figure 025 in Appendix B highlights the parts of the town centre which are predicted to be affected by standing 
water following the passing of the main flood event.  The flood model was run for 76.5 hours which was 
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sufficiently long for water levels in the Darent to subside below bank top.  This period allowed for any water in the 
floodplain, which was above bank top elevation, to drain back into the channel.  The water remaining in the 
floodplain after 76.5 hours is all in areas below the bank top and as such there is no natural means for the water to 
return to the channel.  The rate at which this water drains from the town centre will therefore be dependant upon the 
capacity of the surface water drainage network.  Sites proposed in areas identified as being at risk of residual 
standing water should address this issue at the site specific FRA stage and demonstrate how this additional 
constraint can be safely mitigated to the Environment Agency’s satisfaction. 

3.4.5 Flood Velocities 

Flood velocities presented in Figures 013 and 014 in Appendix B.  This information can be useful when preparing 
site specific Flood Risk Assessments (FRAs).  It must be noted that Figures 013 and 014 represent the maximum 
velocity recorded for each cell in the model at any point during the 76.5 hour simulation.  They do not necessarily 
reflect maximum velocity at maximum depth or at maximum extent.  The flood hazard classifications are a more 
useful data set for informing planning decision making. 

3.4.6 Flood Water Levels 

Figures 008a and 008b (in Appendix B) illustrate the maximum recorded flood water levels for the 1 in 100 year 
flood event.  Figures 012a and 012b (in Appendix B) illustrate the maximum recorded flood water levels for the 1 
in 100 year flood event plus a climate change allowance.  The values represent the height above Ordnance Datum 
and are a function of depth and the digital terrain model.  This mapping can be used to inform finished floor levels, 
the Environment Agency should be consulted for guidance on finished floor levels and appropriate freeboard 
allowances. 

3.4.7 Flood Hazard 

Hazard is calculated as a function of depth and velocity and the risk is divided into four categories, these are 
presented in Table 3.1.  This calculation was made in accordance with the method proposed in the Flood Risks to 
People7 report, which was used in the East London SFRA.  Within the TuFLOW hydraulic model the UK Hazard 
Land Use was set to “conservative”.  

                                                      
7  Flood Risk to People – Phase 2 FD2321/TR2 Guidance Document, Defra/Environment Agency Flood and Coastal Defence 
R&D programme, (March 2006) 
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Table 3.1 Flood Hazard Classifications 

Hazard Classification 
d x(v +0.5) 

Degree of Flood Hazard Description 

<0.75 Low 
Caution 
“Flood zone with shallow flowing water or deep 
standing water” 

0.75 – 1.25 Moderate 
Dangerous for some  
“Danger: Flood zone with deep or fast flowing water” 

1.25 – 2.5 Significant 
Dangerous for most people 
“Danger: Flood zone with deep fast flowing water” 

>2.5 Extreme 
Dangerous for all 
“Extreme danger: Flood zone with deep fast flowing 
water” 

   

Taken from the Flood Risk to People Report – Phase 2 (March 2006) 

The flood hazard classifications presented in Figures 019 and 020 in Appendix B are based upon these 
classifications.  The hazard classifications are the most appropriate datasets to use to define the flood risks within a 
given flood risk zone. 

3.5 Climate Change in Dartford 

PPS25 and Defra Guidance 

Defra stated in October 2006 in their ‘Supplementary Note to Operating Authorities – Climate Change Impacts’ 
that climate change impacts on flooding are a challenge to Local Authorities.  The impacts are stated to include sea 
level rise and the potential increase in intensity and frequency of coastal storms.  It is also predicted that rainfall 
events affecting flooding in fluvial catchments and urban surface water systems will increase in regularity and 
intensity.  Defra’s October 2006 supplementary note to Operating Authorities is designed to support the publication 
of PPS25 and states that; Defra’s response to climate change impacts is to promote policy guidance based on 
appropriately precautionary allowances and sensitivity testing to enable Operating Authorities to take climate 
change impacts into account in planning appraisal, decision making and operations. 

Sustainability Implications 

The current extent of Flood Zone 2 and 3 is critical to the site allocation process, but a view as to how these extents 
may change in the future must also be considered.  PPS25 (Paragraph B10) notes that the implications of climate 
change could mean that a site currently located within a lower risk zone could be reclassified as lying within a 
higher risk zone at some point in the future.   
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Methodology 

The 1 in 100 year fluvial event has been modelled with a 20% increase in the flood hydrograph to simulate the 
increased storminess and anticipated increased river flows associated with the impacts of Climate change.  The 
20% increase represents 100 years of climate change.  Figures 011 and 012 in Appendix B therefore represent the 1 
in 100 year fluvial event (with no assumed additional flood engineering works) in the year 2108.  

Impacts 

Figures 011 and 012 in Appendix B illustrate the predicted impact of climate change on the extent of the 1 in 100 
year fluvial flood in Dartford town centre.  The flood extents are broadly similar in shape to that of the predicted 
present day 1 in 100 year event.  Increasing the river flows has had the impact of widening the floodplain slightly 
and producing slightly deeper depths.  Figures 012a and b in Appendix B illustrate the differences between the 
predicted water surface levels in the 1 in 100 year (present day) event and the 1 in 100 year (plus climate change) 
event.  The greatest differences can be found in the area to the south of the A225 in the Brooklands Lake area (over 
0.2m higher water surface level) and at the northern end of Lowfield Street where it becomes Market Street 
(between 0.14 and 0.16m higher water surface levels.  For the majority of the floodplain, the differences are in the 
order of 0.06m to 0.1m.   

There are no sites impacted by the climate change outlines that are not already at risk in the event of the 1 in 100 
flood.  Although the extent to which some sites are flooded does increase.  Of the sites impacted, the Lowfield 
Street site, Instone Road site and the small site at Market Place to the north of the war memorial are the most 
affected.  The most notable difference is in the south of the study area.  The present day 1 in 100 year event does 
not cause water to flow over the A225 (the road to the immediate north of Brooklands lake).  Under the simulated 
climate change conditions, there is sufficient river discharge to cause water to flow over the A225 onto the western 
side of the floodplain.  This increases the risk to the site to the immediate north of the A225 embankment. 

A discussion of how the impacts of climate change should be incorporated into the adopted local spatial planning 
strategy is presented in Section 7. 
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4. Level 1 SFRA - Sequential Test Supporting 
Material 

4.1 Principal of the Sequential Test and PPS25 
PPS25 exists to reduce the flood risks, faced by future developments, through the planning process.  It advocates a 
risk avoidance approach to spatial planning.  This is in contrast to a risk management approach which has 
historically been the case through the construction of flood walls and flood defence infrastructure.  Annex D of 
PPS25 has been reproduced in Appendix D of this SFRA for reference purposes. 

4.1.1 Planning Process 

The SFRA has identified which potential development sites are outside the flood zones and what land uses are 
considered appropriate for each site based on the guidance specified in PPS25 (using Table 4.1 on page 20 and 
Figures 004 and 026 in Appendix B).  The sequential approach directs planned development towards Flood Zone 1.  
There will however be occasions where planning permissions will be sought in higher flood risk zones, particularly 
with respect to the redevelopment of brownfield sites in the urban centre, to remain inline with sustainability 
objectives.  If a development with a vulnerability classification (see table D.2 in Appendix D), is sought in a flood 
risk zone with a higher probability of flooding than stated as acceptable in Table D.1 (See Appendix D), then the 
Exception Test must be passed as part of the site specific FRA.  Flood mitigation measures should be considered as 
early as possible in the design development process to reduce and manage the flood risks associated with 
development. 

4.1.2 Vulnerability and Risk 

Table D.1 in Appendix C define the risks associated with each Flood Zone and Table D.2 indicates the types of 
landuse considered appropriate for each Flood Zone.  There are several key points that the Council should consider 
when applying the Sequential Test to inform the site allocation process, these are outlined below. 

• Increasing the vulnerability of a site by proposing an alternative use of a higher vulnerability (even if 
consistent with the risk) is considered an increase in flood risk and is not inline with the principals of 
PPS25.  

• The most vulnerable landuses should be allocated first, in the areas of least risk. 

• Placing less vulnerable uses in low risk areas and thus reducing the amount of available space for 
more vulnerable uses in the lower risk zones is not appropriate.  Such a situation can only be 
considered if it can be demonstrated that the only suitable site, for the low vulnerability landuse, is in 
the area of low risk.  Reasons for this may include space constraints and required transport access. 
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• If land in zone 3a has to be utilised, development should be steered towards the areas of lowest hazard 
within that zone.  The information presented in Section 3.4 can be used to inform this process. 

4.1.3 Floodplain Storage 

The existing footprint of buildings on a site must not be increased post re-development.  This is because additional 
construction can reduce floodplain storage and increase the risk of flooding elsewhere.  PPS25 does not permit this.  
Options to offset the increased footprint of a proposed structure could be possible.  Such schemes should be 
discussed in detail with the Environment Agency. 

4.2 Site Specific Level of Flood Risk Assessment 
The sites assessed in this SFRA were identified by Dartford Council’s Interim Strategic Housing Land Availability 
Study (Jan 2008)8. 

The SFRA does not replace the need for site specific flood risk assessments to be undertaken for proposed 
developments.  However, for the SFRA to fulfil its role as a strategic planning tool, the Council have to be able to 
abstract the conclusions of the flood risk and drainage assessments for each potential development site.  As 
described in Section 1.7 the SFRA report is accompanied by a digital dataset on a CD-ROM.  Through the use of 
GIS software the Council can interrogate each of the potential development sites and ascertain details of; Flood 
risks; Climate change implications and Historic flooding.  Moreover, the GIS Database provides details of how the 
flood risks vary across the sites. 

The flood risk classifications defined for each site are presented in Figures 005 and 006 in Appendix B.  The sites 
are coloured from red (highest flood risk) to green (lowest flood risk).  

 

 

                                                      
8 Interim (Strategic) Housing Land Availability Assessment, Dartford Borough Council, (January 2008) 
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Table 4.1 Attribution of Flood Risk to Development Sites 

PPS25 Flood 
Zone 

Probability PPS25 Landuse Guidance 

 Flood Zone 3b Highly likely Only the water compatible uses and the essential infrastructure listed in Table D.2 (Appendix D) should be 
permitted in this zone.  Development should be designed and constructed in such a way to: 
remain operational and safe for users in times of flood; 
result in no net loss of floodplain storage; 
not impede water flows; and 
not increase flood risk elsewhere 
Essential Infrastructure in this zone should pass the Exception Test 

Flood Zone 3a Likely The water compatible and less vulnerable uses of land in Table D.2 are appropriate in this zone.  The 
highly vulnerable uses should not be permitted in this zone.  The more vulnerable and essential 
infrastructure uses in Table D.2 should only be permitted in this zone if the Exception Test is passed.  All 
developments in this zone should be accompanied by a FRA.  

Flood Zone 2 Unlikely The water compatible, less vulnerable and more vulnerable uses of land and essential infrastructure in 
Table D.2 are appropriate in this zone.  Subject to the Sequential Test being applied, the highly vulnerable 
uses in table D.2 are only appropriate in this zone if the Exception Test is passed.  All development 
proposals in this zone should be accompanied by a FRA 

Flood Zone 1 Highly 
Unlikely 

All uses of land are appropriate in this zone 

   

Guidance taken from Table D.1 in PPS25 

These classifications are applied to the whole town centre study area in Figure 026 in Appendix B.  This Figure can 
be used to guide the decision making process when the Council are presented with windfall sites. 

4.3 Interactive GIS Dataset 
Table 4.1 lists the attribute fields contained within the Interactive GIS dataset.  The field names in the GIS Datasets 
are unfortunately restricted to a limited number of characters by ArcGIS and as such they may be less than clear as 
to what the field is describing, therefore Table 4.2 defines the fields included in the GIS dataset. 

Table 4.2 Field Descriptions for the Interactive GIS Dataset 

Field Description 

SITE_ID Unique identifier for each site 

Area_HA Site Area 

PPS25_FZ The flood risk zone in which that portion of the site fall in as defined by PPS25 

PROB_Y A qualitative assessment of the flood risk posed to each site as defined by PPS25 

APP_USES A basic assessment of the appropriate use of each site as either without restriction or requiring further investigation 

S_E_TESTS PPS25 guidance as mentioned in table D.1 of the guide and reproduced in Appendix B of this document 
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Table 4.3 Field Descriptions for the Interactive GIS Dataset 

Field Description 

1_100_level Generalised water surface level for the 1 in 100 year flood event.  

1_100_level_CC Generalised water surface level for the 1 in 100 year flood event in the year 2108 

C_Change Identifies sites impacted by the 1 in 100 year extent in 2108 that are not with in the Flood Zone 3 extent 

Ponding Identifies which sites are affected by residual standing water 

FRA_req Does the site require a FRA 

Drain_Req Does the site require a drainage assessment 

Historic Has the site been impacted by past flood events 

  

N.B. Water surface levels for the 1 in 100 year and the 1 in 100 year level plus climate change have been included.  Please note 
that these are the most recent levels at time of publication but they are subject to change and the Environment Agency should 
be contacted to ensure the levels have not been revised. 

4.3.1 Water Surface levels 

The process of attributing the sites with water surface levels was undertaken to provide information to site specific 
FRAs.  The cited water surface levels are taken from the 2008 Entec Isis-TuFLOW model which represents (at time 
of publication) the most up to date data.  The Environment Agency should be consulted as part of any FRA and it 
should be ascertained whether there are more recent data available.  Many sites were covered by a range of water 
surface levels, as such the sites were attributed with the greatest water surface level that affected the site.  Figures 
008a and 008b in Appendix B illustrate the range of water surface levels throughout the modelled extent for the 1 
in 100 year flood event.  Figures 012a and 012b illustrate the maximum recorded water levels for the 1 in 100 year 
flood event plus a climate change allowance.  The purpose of including this data is to inform finished floor levels.  
PPS25 states that a freeboard allowance of 0.3m should be added to the modelled surface water levels to account 
for any uncertainties in the modelled data.  The Environment Agency should be consulted on all applications to 
ensure the most recent data is being used to inform FRAs. 

4.3.2 Spatial Planning Implications of Fluvial Flooding and Guidance 
Development should be steered away from Flood Zone 3.  It is however sometimes the case that development 
within higher risk zones is unavoidable in order for LPAs to fully implement their regeneration objectives.  In these 
instances a robust case must be put forward by the Council stating the wider community and regeneration benefits.  
All developments with higher vulnerability classifications than PPS25 permits in Flood Zone 3 should pass the 
PPS25 Exception Test.  Every effort should be made to try to utilise all land in Flood Zones 1 and 2 before 
allocating sites within Flood Zone 3.  The centre of Dartford is mainly in Flood Zone 3 and as such it is highly 
likely that some development will be required in this area to facilitate the Council’s regeneration aspirations.  The 
data presented in this section is included to guide any essential Flood Zone 3 development towards the areas of 
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lowest hazard.  PPS25 considers commercial and employment landuses as appropriate in Flood Zone 3.  
Nonetheless, to fully follow the principals of PPS25, parts of Flood Zone 3 with lower risks should be sought for 
development ahead of those areas where the risk is greater.  These would be the parts of Flood Zone 3 where the 
flood depths are shallower, the velocities are lower and where the hazard classification is least severe. 
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5. Level 2 SFRA - Site Specific Guidance and 
Exception Test Supporting Material 

This section includes a discussion of the flood risks facing 5 of the larger more challenging sites within the town 
centre.  Guidance as to what needs to be demonstrated in masterplan design to meet the requirements of PPS25 is 
presented.  This is to help guide the site allocation process and to encourage the consideration of flood risk and safe 
development as early as possible in the site design process. 

5.1.1 Lowfield Street Site  

The Lowfield Street Site is located on the western side of the floodplain.  The variations in elevation across the site 
have resulted in the site being crossed by several flood risk zones.  Figure 5.1 illustrates that the flood risk is 
greater in the north and west of the site where the land elevations are lowest.  No functional floodplain (Zone 3b) 
has been modelled in this area, as such Flood Zone 3a is the highest risk zone to affect the site.  The range of Flood 
Zones across the site make it possible to propose many uses for the site.  To ensure that future landuse proposals 
are in line with the requirements of PPS25, landuse vulnerabilities (See Table D.2 in Appendix D) should be 
located within the site to reflect the identified flood risk zones. 

If deemed necessary, more vulnerable landuses could be placed on the first floor, above less vulnerable landuses 
(e.g. residential above commercial).  Providing that is, that the development is designed to facilitate safe escape 
from Flood Zone 3a, to a lower risk zone.  The flood inundation animations suggest that flood waters will remain 
against the eastern boundary of the site for some time after the passage of the main flood peak.  This indicates that 
safe escape routes should focus on leading people away to the west.  Owing to the fact that the site is not 
completely surrounded by Flood Zone 3a, it is considered appropriate for the development to be designed to allow 
safe evacuation from all storeys in the event of a flood. 

The blue outline in Figure 5.1 depicts the predicted extent of the 1 in 100 year flood plus an allowance for climate 
change.  This outline shows climate change and the associated increased flows, to have an impact on the extent of 
flooding on site.  The extent of the flooding in 1 in 100 year plus climate change is not only slightly larger than the 
present day 1 in 100 year extent, the flood depths and water surface levels are greater too.  The climate change 
scenario water surface levels are mainly in the order of 0.08 to 0.1m greater than the present day 1 in 100 year 
levels.  In the north east corner of the site the differences are in the order of 0.14m to 0.18m.  See Figures 12a and 
12b in Appendix B for more details.  These climate change levels should be used to inform the design of future 
development to ensure that the development remains safe for its expected lifespan.  All sites are attributed with 1 in 
100 year present day and 1 in 100 year climate change water levels in the GIS dataset. 

The site is currently heavily developed and so only relatively small volumes of surface water runoff will be 
required to be attenuated as part of future redevelopment.  As part of the scheme to increase connectivity between 
the Lowfield Street Site and Central Park, it is believed that there is potential to utilise the open space as a means of 
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reducing the site’s contribution to the piped drainage network, through the use of SuDS.  Any proposals should be 
discussed with Dartford Borough Council and the Environment Agency. 

Figure 5.1 Flood Risk Zones across the Lowfield Street Site  

 

 

5.1.2 Acacia Hall Site 

The Acacia Hall site is on the eastern side of the floodplain, opposite the Lowfield Street Site.  It straddles both 
branches of the River Darent channel before they converge and flow under the High Street.  Two thirds of the site 
is in Flood Zone 3a and a large proportion of that area remains affected by standing water long after the flood peak 
has passed.  The hazard classifications across the site broadly run from most hazardous in the western segment 
(because of the high recorded depths and velocities) to lowest hazard in the eastern portion (which is Flood Zone 
1).  The hazard classifications are based on a ratio of velocity and depth, as such the central part of the site is 
covered by a combination of ‘Danger to All’, ‘Danger to Some’, ‘Caution’.  What the classifications do not account 
for is the fact that the central part of the site is effectively an island.  This situation places the land at a greater risk 
as safe escape becomes more difficult.  The western portion and island portions of the Acacia Hall site are areas of 
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flood water conveyance and when combined with the high hazard classifications, it is recommended that these parts 
of the town centre are only used for less vulnerable and water compatible uses.   

Figure 5.2 Flood Risk Zones across the Acacia Hall Site 

 

 

The climate change scenario modelling has not had a significant impact on the extent of the flood zones in this site.  
Figures 12a and 12b in Appendix B indicate that the average increase in water surface level, resulting from climate 
change is in the order of 0.06 to 0.08m.  These climate change levels should be used to inform the design of future 
development to ensure that the development remains safe for its expected lifespan.  All sites are attributed with 1 in 
100 year present day and 1 in 100 year climate change water levels in the GIS dataset. 

5.1.3 Northern Gateway West Site 

This site is located between the left bank of the River Darent and the Railway line and is in the topographically 
lowest part of the study area.  As such the flood depths attained in this area are the greatest in the town, averaging 
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around 1m (See Figure 008 in Appendix B).  Not all the site is in Flood Zone 3a though, as there exists an area of 
Flood Zone 2 up against the channel.  Figure 008, suggests that water leaves the channel in this location as flooding 
is predicted right up to the defences.  The flood animation video show that all the water that ponds in the Northern 
Gateway West site leaves the channel immediately upstream of the Acacia Hall confluence, just before the River 
Darent enters the culvert under the High Street.  The flood animation video clearly identifies Home Gardens as 
being a flow route from the High Street to the Victoria Road roundabout.  During the peak of the flood, water 
continues to flow in this direction, but through a larger swathe of the town centre. 

Predicted velocities in this site are low, but because of the significant depths, the hazard classification system 
places most of the site in the ‘Danger for Most’ category.  Owing to the site’s location, between the railway 
embankment and the river, there is no obvious safe evacuation route from this site.  As such, it is recommended 
that this site be allocated for less vulnerable landuses such as employment or commercial.  Unless safe escape 
routes can be demonstrated as part of the Exception Test, more vulnerable landuses are not considered appropriate 
on the upper floors.  More vulnerable landuses could be considered appropriate in the area of Flood Zone 2. 

However, due to this area of Flood Zone 2 being surrounded by Flood Zone 3 and bordered by the river, it is 
considered that the flood risk here is significantly higher than other areas of Zone 2, unless safe escape routes can 
be provided.  There are other regions of Flood Zone 2 which should be considered for the development of More 
Vulnerable landuses ahead of this plot.  In addition to the fluvial flood risks, this site has been identified in the Kent 
Thameside SFRA as being at risk of flooding in the event of a breach in the Thames flood defences during a 1 in 
1000 year flood event (See figure 2.1). 

When designing units for this site, it would be prudent to assess the implications of burst water mains in the town.  
This site represents a local topographic low point.  The SFRA has demonstrated that there are clear flow routes 
linking this area to other parts of the town.  As such water originating from blocked or burst pipes and drains could 
also route to the Northern Gateway West.  Site specific Assessment should determine that risk and establish 
whether it is appropriate to raise finished ground floor levels to reduce the economic loss associated with a flood 
event. 
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Figure.5.3 Flood Risk Zones across Northern Gateway West Site 

 

 

The climate change scenario modelling has not had a significant impact on the extent of the flood zones in this site.  

Figures 12a and 12b in Appendix B indicate that the average increase in water surface level, resulting from climate 

change is in the order of 0.1 to 0.12m.  These climate change levels should be used to inform the design of future 

development to ensure that the development remains safe for its expected lifespan.  All sites are attributed with 1 in 

100 year present day and 1 in 100 year climate change water levels in the GIS dataset. 

5.1.4 Powder Mill Lane Site  

Located in the far south west of the study area, this site has the most diverse range of Flood Zones in the study area.  

The range of Flood Zones reflect the topographical variations across the site (sloping down from west to east).  The 

presence of high risk flood zones does not mean that more vulnerable landuses cannot be placed within the site, it 

just implies that the landuses must be positioned by applying a site specific Sequential Test.  This process should 

guide uses like public open space to the areas of Functional Floodplain and steer ground floor residential 

development towards Zone 1 and 2.  It should be possible to design this site so that it can be safely evacuated in the 

event of a flood.  
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Figure 5.4 This Flood Risk Zones across Powder Mill Site 

 

 

The fall in elevation across the site would suggest that it may possible to implement an integrated approach to 
surface water management.  Such a scheme could be designed to collect surface water from the west of the site and 
route it to the east (the lower land) where is could be attenuated before being discharged to surface water.  Any 
such scheme should involve the close consultation of the Environment Agency and the sewage under taker. 

The climate change scenario modelling has not had a significant impact on the extent of the flood zones in this site.  
Figures 12a and 12b in Appendix B indicate that the average increase in water surface level, resulting from climate 
change is over 0.2m.  These climate change levels should be used to inform the design of future development to 
ensure that the development remains safe for its expected lifespan.  All sites are attributed with 1 in 100 year 
present day and 1 in 100 year climate change water levels in the GIS dataset. 

5.1.5 Mill Pond Site 

The Mill Pond Site is located to the immediate north of the railway line and straddles the River Darent.  The site is 
predominantly within Flood Zone 2, with areas in the east in Flood Zone 1 and areas in the south and west in Flood 
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Zone 3.  These variations in flood risk zones should be used to guide the location of landuses.  More vulnerable 

landuses being located in Flood Zones 1 and 2 and less vulnerable uses being place in Flood Zone 3a.  Subject to 

the full application of the Exception Test, more vulnerable uses maybe appropriate on the first floor subject to the 

emergency planners confirming that the residents can be evacuated along safe routes.  It should be aimed to design 

the site so that residents can be evacuated along safe escape routes, from Flood Zone 3 to 2 and 1 in the event of a 

flood.   

This should be possible as Flood Zone 3a is only present in the south and west of the site.  Consideration should 

also be given to the fact that in the event of a flood the site could potentially be cut off from Flood Zone 1.  Safe 

escape from the part of the site to the east of the River Darent is straight forward.  It is potentially less so for the 

part of the site on the river’s left bank.  The railway line presents an obstruction to the south, as does the flooded 

area to the west and the River Darent to the immediate east represent a potential barrier to escape should the bridge 

crossing be compromised.  If the bridge access has to be redesigned as part of the redevelopment of the site, then 

safe escape during a 1 in 100 year event should be factored into the design. 

The climate change scenario modelling has not had a significant impact on the extent of the flood zones in this site.  

Figures 12a and 12b in Appendix B indicate that the average increase in water surface level, resulting from climate 

change is over 0.2m.  These climate change levels should be used to inform the design of future development to 

ensure that the development remains safe for its expected lifespan.  All sites are attributed with 1 in 100 year 

present day and 1 in 100 year climate change water levels in the GIS dataset. 

It is unlikely that infiltration SuDS will be suitable on this site owing to the Groundwater Source Protection Zone 1 

designation and the potential for ground contamination.  Any potential increase in runoff will most likely have to 

be managed using attenuation devices which either discharge to the River Darent or the local drainage network.  In 

both cases, the Environment Agency and the Sewage undertaker must be consulted to agree rates of discharge. 
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Figure 5.5 This Flood Risk Zones across Mill Pond Site 
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6. Sustainable Surface Water Drainage  

6.1 Introduction 
PPS25 states that surface runoff is an important consideration in the assessment of flood risk and must be addressed 
at the SFRA and FRA level.  Historically, surface water drainage in developed areas uses underground piped 
systems in order to remove excess water as rapidly as possible.  This convention is suggested by PPS25 to 
potentially result in an increase of flooding problems downstream.  Moreover, it may reduce the natural recharge of 
groundwater.  Additionally, pipe systems may become blocked or overwhelmed, resulting in surface water 
flooding.  These drainage systems also create direct pathways by which pollutants from urban areas may discharge 
directly into watercourses or percolate into aquifers.  When considering the present emphasis on sustainable 
development and the requirements of the Water Framework Directive (WFD), different approaches to past drainage 
conventions are required.  PPS25 identifies the opportunity to reduce flood risk, manage water quality and provide 
integrated amenity and ecological benefits.  

Site Drainage Assessments are required for all sites greater than one hectare in size.  This is to ensure that 
downstream flooding problems are not aggravated by increased runoff post development.  The planning system 
therefore represents an effective means of ensuring that new developments manage water in a sustainable manner.  
As a minimum requirement of PPS25, the negative environmental impacts of development on surface water runoff 
need to be mitigated against.  PPS25 states that post development rates of runoff must not exceed pre-development 
runoff rates.  The Environment Agency and the Council have an aspirational target of reducing the runoff rates 
wherever possible.  Particular attention should be paid to the use of sustainable drainage systems given the wider 
sustainability aims of Planning Policy 1 – ‘Delivering Sustainable Development’ (PPS1) and the specific 
requirements of PPS25. 

6.1.1 SuDS Suitability Determination 

The applicability of SuDS techniques for use on potential development sites should based on an assessment of the 
following key influences put forward by CIRIA (2007)9: 

• Land use characteristics – favour different SuDS techniques.  Industrial sites where pollution is an 
issue are best managed with attenuation SuDS over infiltration SuDS, with multiple treatment stages.   

• Catchment characteristics – may have a bearing of the choice of SuDS, as particular catchments may 
be regulated for a sensitivity to flooding or pollution and may potentially be aggravated by one SuDS 
technique compared to another. 

                                                      
9 The Construction Industry Research and Information Association (CIRIA).  The SuDS Manual - CIRIA Report 
C697. (2007). CIRIA London, UK. 
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• Quantity and quality performance – would guide the choice of a particular SuDS technique and is 
dependant upon the requirements. 

• Amenity and environmental requirements – flood risk mitigation is the primary aim and when 
satisfied, options to add ecological value could be considered. 

Chapter 5 of the SuDS Manual by CIRIA (2007)10 provides further details regarding these key influences, and is 
recommended as a supporting document to this SFRA.  Landuse is considered to be a dominant factor, as it 
influences the volume of water required to be attenuated, the likelihood of pollution and contaminants and the 
potential for infiltration to occur.  Indications of the most suitable techniques for each site cannot be made as part 
of a strategic level assessment.  Site specific FRA’s and Drainage Assessments will provide the required 
recommendations.  Therefore the applicability of SuDS techniques in the SFRA can only be assessed through the 
consideration of regional characteristics relating to the underlying geology.  Sections 5.2.2 and 5.2.3 of the SuDS 
manual provides an indication of the various catchment characteristics that restrict or preclude the use of a 
particular SuDS technique.    

Source Protection Zones  

The majority of Dartford town centre is in a Groundwater Source Protection Zone 1 (SPZ1) and the remainder is in 
Source Protection Zone 2 (SPZ2) with areas of Source Protection Zone 3 (SPZ3).  Figure 027 in Appendix B 
illustrates these zones.  These are defined by the Environment Agency11 as: 

• SPZ1 (Inner SPZ – 50 day travel time or 50 metres): designed to protect against the effects of human 
activity which might have an immediate effect upon the source.  SPZ1 was originally based on the 
need to protect against biological contaminants. 

• SPZ2 (Outer SPZ – 400 day travel time or at least 25% of the recharge catchment area): designed to 
provide protection against slowly degrading pollutants. 

• SPZ3 (Catchment SPZ): covers the complete catchment area of the groundwater source. 

Groundwater Vulnerability 

Figure 028 in Appendix B outlines the Groundwater Vulnerability classifications in Dartford Town centre.  This 
dataset indicates that the town overlies a Major Aquifer.  A Major Aquifers are highly permeable formations 
usually with known or probable presence of significant fracturing.  They may be highly productive and able to 
support large abstractions for public water supply and other purposes, in the East London Area, these comprise of 

                                                      
10 The Construction Industry Research and Information Association (CIRIA).  The SuDS Manual - CIRIA Report C697. (2007). 
CIRIA London, UK 

11 Environment Agency, Groundwater Protection: Policy and Practice, Part 4: Legislation and Policies Public Consultation 
2007. 
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the Chalk Group.12  This Major Aquifer in Dartford is overlain by soils which readily transmit liquid discharges 
because they are either shallow, or susceptible to rapid flow directly to rock, gravel or groundwater.  This Major 
Aquifer designation means that potential infiltration rates in Dartford are likely to be high and thus indicate that 
water from SuDS techniques is likely to easily discharge to groundwater.  The groundwater vulnerability and SPZ 
designations however, impose significant restrictions on the use of infiltration SuDS techniques in the town centre 
because of the contamination potential.  The Environment Agency must be consulted and a risk assessment must be 
undertaken if infiltration SuDS discharging to groundwater are proposed anywhere in the town centre. 

Selecting Appropriate SuDS Techniques 

Once it has been established that SuDS are suitable for use on a site, the selection of the appropriate technique(s) 
is/are dependant on various factors.  The following are presented by (CIRIA, 2007): 

• Soils – soil permeability has a significant bearing on the choice of infiltration SuDS techniques. 

• Groundwater – infiltration techniques require several metres of soil depth between the base of the 
device and the maximum expected groundwater level. 

• Area draining to single SuDS component – vegetative or filtering SuDS can attenuate smaller 
volumes of runoff, than ponds which can handle larger volumes generated from a bigger area.  

• Slope of drainage area – steeper slopes reduce the suitability of some SuDS techniques, such as 
infiltration, which require longer residence times. 

• Head – SuDS that require gravity to operate will require a positive head between inflow and outflow. 

Table C1 (in Appendix C) CIRIA (2007) provides a summary of influential site characteristics which should be 
assessed at the site specific level. 

SuDS in Dartford Town Centre 

For the majority of the town centre sites in the floodplain, there is limited opportunity for the incorporation of 
integrated SuDS techniques.  This is because integrated systems, which provide an overarching site drainage 
strategy, require variations in site elevations for the formation of hydraulic head.  Such schemes may be more 
practical for eastern parts of the Northern Gateway East site, the Powder Mill site and the large site in the extreme 
south west of the town centre study area (Dareth Road Site).  Figure C1 in Appendix C, outlines how individual 
SuDS techniques can be integrated to provide effective solutions for larger sites.  Owing to the SPZ designations, it 
is likely that infiltration techniques which discharge to groundwater will not be considered appropriate.  Solutions 
that attenuate runoff and discharge to surface water (the river or Thames Water drains) are likely to be the most 
appropriate techniques.  Such schemes will require consultation with the sewage undertaker (Thames Water) to 
                                                      
12 National Rivers Authority Policy and Practice for the Protection of Groundwater, Groundwater Vulnerability 1:100,000 Map 
Series, Sheet 40 Thames Estuary (1995) 
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determine discharge rates and with the Environment Agency if it is proposed to discharge into the River Darent.  
Ground surveys should be undertaken to establish if there are any land contamination issues which need to be 
addressed.  Contaminated land impacts the nature of suitable SuDS techniques. 

PPS25 requires surface runoff to not be increased post development.  For most of the sites, which are already 
intensely developed, the required attenuation volumes will be small.  Nonetheless Dartford Council and the 
Environment Agency want to achieve additional reductions in runoff wherever possible.  Rainwater butts and green 
roofing are techniques which can be incorporated into designs where space is limited.  
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7. Flood Risk Management and Mitigation 

As described in Section 5, the best method of managing flood risk is to use the spatial planning process to avoid 
risk.  The PPS25 Sequential Test provides a framework for this.  The Sequential Test also provides a mechanism 
for permitting development in areas of higher risk on the basis of robust arguments around the wider sustainability 
and regeneration needs of an area.  These arguments are prepared by the LPA (Local Planning Authority) and 
reviewed by the Environment Agency.  At the planning application phase, these exceptions to the Sequential 
Approach need to pass the PPS25 Exception Test.  For a proposal to pass the Exception Test it must be 
demonstrated that the design incorporates measures that make the development safe.  Table D.3. in Appendix D 
details when this is necessary.  Providing a mechanism for allowing more vulnerable landuses in higher risk areas 
does not negate the need to apply the Sequential Test in the first instance.  

7.1 Flood Risk Management 
The purpose of this section is to provide a reference facility that can be used to inform the Sequential Test.  It is not 
intended to guide the site allocation process directly, rather it is intended to provide guidance as to how essential 
development could be made safe and thus support the Exception Test. 

7.1.1 Managing Flood Risk From Different Sources 

This section outlines some generic measures that could be incorporated into designs to support the Exception Test, 
should a robust argument be constructed by the LPA for development of more vulnerable uses in higher risk zones. 

Fluvial 

• Ensuring there are safe escape routes out of the floodplain.  These could be high level evacuation 
routes. 

• Raising floor levels of more vulnerable uses above the predicted 1 in 100 year water levels.  See 
Figures 008a and 008b in Appendix B.  Less vulnerable landuses (e.g. parking and commercial) could 
be placed at ground level. 

• Avoid areas predicted to be affected by residual standing water (See Figure 025 in Appendix B). 

• If areas of standing water cannot be avoided ensure that the provision of essential services is 
maintained for the residential units. 

Groundwater 

• Do not incorporate basements for units within the floodplain.  These areas are the lowest in the town 
centre and developing below this level could introduce the risk of groundwater flooding of basements. 
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• Should basement uses be proposed for less vulnerable uses or non habitable rooms and be designed 
with safe internal escape then it might be possible to permit such proposals.  Each application should 
be discussed with the Environment Agency.  Site specific analysis should be accompanied by any 
proposal to demonstrate that a proposed basement does not impact the flow of groundwater in such a 
way that the risk of groundwater flooding elsewhere is increased. 

Surface Water 

• Every new development proposal13 must include an FRA inclusive of a consideration of surface water 
drainage and measures to mitigate against any potential increase run off.  Site specific FRAs should 
consider the local drainage infrastructure in detail.  When preparing site specific FRAs the impact of 
blocked drains and the likely consequences should be established.  If necessary it might be appropriate 
to slightly raise ground floor levels to reduce potential damages.  This is not a requirement of PPS25, 
it is just a means of reducing the impact of a potential risk. 

• The management of runoff during the construction period is an important consideration particularly 
for large sites and details of measures to mitigate for this phase of development are required as part of 
an FRA.  The WFD places specific requirements on the management of non-point source pollution 
such as that from construction site silts.  Methods to reduce the volume of solids (and runoff) leaving 
the site include: 

- Phased removal of surface vegetation at the appropriate construction phase; 

- Provision of a grass buffer strip around the construction site and along watercourses; 

- The covering of stored materials; 

- Ensuring exposed soil is re-vegetated as soon as feasibly possible;  

- Protection of storm water drain inlets; and 

- Silt fences, siltation ponds and wheel washes. 

7.1.2 Climate Change 

Residential units are assumed to have a design life of 100 years.  As such it is appropriate to consult the 1 in 100 
year climate change outlines in the spatial planning process.  The climate change outlines (Figure 011 and 012 in 
Appendix B) illustrate the predicted extent and depth of the 1 in 100 year flood in 100 years time.  For residential 
landuses it is recommended that the 1 in 100 year level plus climate change is used to determine finished floor 
levels and is used for designing safe escape routes. 

                                                      
13 Only if the site is within Flood Zones 2 or 3 or if it has an area of more than 1 hectare. 
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7.1.3 Resilience and Resistance 

Where buildings must be located in areas with medium to high levels of flood risk, the incorporation of flood 
resistance and resilience at the design stage can reduce the impacts should inundation occur.  Standard measures 
include the provision of a minimum freeboard above ground or predicted flood level, and the use of resilient 
fixtures and fittings within.  CIRIA and the Association of British Insurers (ABI) produce guidance on suitable 
measures of flood protection.   

Flood resistance measures include: 

• Buildings constructed with extra freeboard14 to be above the flood level; 

• Fitting one way valves to sewage pipes, or the use of temporary bungs; 

• Sump and pump systems to remove water from buildings faster than it enters; and 

• Temporary door or air vent flood boards to stop the entry of flood water. 

Flood resilience measures include: 

• Use of concrete floors rather than timber; 

• Design of buildings such as townhouses with lower floors occupied by garages and utility areas, 
minimising the damage caused when flooded; 

• Location of boilers, and electricals above the possible flood level; 

• No chipboard or MDF kitchen units, instead using plastic and metal alternatives; and 

• Lime plaster or cement render rather than conventional gypsum plaster. 

Flood resilience measures also provide a means for individuals in the local community with properties at risk, to 
protect their property.  An array of products such as door and window boards and air brick covers specifically 
designed to make these openings watertight are commercially available.  Given sufficient notice these can 
markedly reduce the ingress of flood water into properties.  It is however recommended that a professional survey 
is carried out to identify the key ingress points for flood water into properties.  Some degree of water ingress may 
still occur due to the multiple pathways for floodwater to enter an individual property. 

Retrofitting flooded properties during the repair procedure with these is common practice.  These measures are not 
necessarily more expensive than conventional techniques, but over repeated flood events will reduce damages, cost 
and time to repair if properties are flooded.  Comprehensive guidance on incorporating flood resilience measures in 
the repair of flooded building is available from CIRIA at: http://www.ciria.org/flooding/ .  Adopting these measures 
                                                      
14 Freeboard = additional allowances to cover uncertainties. 



  

C r e a t i n g  t h e  e n v i r o n m e n t  f o r  b u s i n e s s  

 
  

Doc Reg No. c001i-22788 
Page 42 

July 2008 
 

can reduce future flood damages and the disruption caused by flooding, uptake should therefore be encouraged.  
The ABI gives details of potential cost savings at: 

http://www.abi.org.uk/Display/File/Child/553/Flood_Resilient_Homes.pdf 

Importantly these costs do not include the indirect costs of disruption and temporary accommodation whilst repair 
occurs. 

7.2 Consultation 
At the site specific level, the Environment Agency should be consulted if any of the following apply: 

• Development is proposed within 8m of the river bank; 

• When preparing information to support the Exception Test; and 

• If infiltration SuDS techniques are proposed which either discharge to groundwater or the River 
Darent. 

In addition to this it is recommended that the Environment Agency is engaged whenever a site-specific flood risk 
assessment is being prepared. 

7.3 Emergency Planning 
In the event of a flood it is the Environment Agency’s role, supported by the Council and the emergency services, 
to integrate emergency responses within an agreed command and control structure.  Key issues that should be 
covered in multi-agency emergency plans include amongst other things: 

• Responsibilities and roles of key services and communication protocols; 

• Susceptibility of critical local and national infrastructure (council offices, fire and police stations, 
hospitals and utilities installations) to flooding; 

• Evacuation routes and rest centres; and 

• Contingency plans for the loss of power, water and other utilities. 

There is likely to be several days notice of meteorological predictions of prolonged frontal rainfall that could cause 
major flooding.  Residents in areas of flood risk should be encouraged to sign up to the Environment Agency’s 
Flood Warning Dissemination Service.  Residents can sign up to this facility by calling 0845 988 1188 and more 
information can be found on the Environment Agency’s website15.  In areas of particular risk, the Environment 
                                                      
15 http://www.environment-agency.gov.uk/subjects/flood/826674/829803/839790/ 
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Agency can send a warning message direct to people at home or at work by telephone, fax or pager using our 
Automatic Voice Messaging (AVM) Service.  The Environment Agency program the system to send warning 
messages automatically to a list of contact numbers and the Environment Agency can send several hundred 
messages simultaneously.  All types of telephone can receive these messages, including mobile phones.  The 
Environment Agency aim to give two hours' notice of flooding - day or night - to enable people to take the 
necessary action to protect themselves and their properties.  At the time of release of this SFRA, the town centre is 
considered a risk area, but not currently covered by the telephone Floodline Warning system.  The Environment 
Agency review the coverage every three months.  The Environment Agency encourage residents to sign up to the 
service, as they will be included within the scheme if and when the coverage expands to include Dartford Town 
Centre. 

The SFRA can be considered to be a refinement of the Environment Agency Indicative Flood Map/Flood Explorer.  
As such, the SFRA could be used to locate emergency infrastructure and emergency services depots.  Where 
potential development sites are adjacent to these structures and utilities options to reduce the flood risk posed to 
them could be explored.  This could be achieved for example, by creating safer access and escape routes to key 
infrastructure as part of the wider regeneration.  The ‘Kent Multi Agency Flood Plan’ and ‘Dartford Flood Warning 
Response Plan’ should be consulted on emergency planning matters in the Borough.  Guidance was released earlier 
in 2008 to inform the development of ‘Multi Agency Flood Plans’.  The Kent Resilience Forum is in the process of 
finalising the ‘Kent Multi Agency Flood Plan’ and it is due for release later in 2008. 
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8. Summary 

This SFRA has been undertaken to meet the requirements of PPS25 and Dartford Borough Council.  The SFRA has 
focused on Dartford Town Centre.  It has been designed to provide detailed flood risk information at the town 
centre and site specific levels to inform the Sequential Test and site allocation process.  Dartford Council has 
produced a Local Area Action Plan (LAP) for the town centre which outlines the Council’s regeneration and 
development aspirations.  This SFRA has been prepared to be consulted alongside the Kent Thameside SFRA and 
to provide the Council with the necessary flood risk information to guide the implementation of the LAP. 

The River Darent was identified to pose the greatest risk to the study area.  The town centre flooding recorded in 
1968 provide evidence of this risk.  The Environment Agency and the Council saw the SFRA as an opportunity to 
refine the existing Flood Zone 3 outline in the town.  It was considered essential that the highest quality and most 
up to date data be used to define flood risk zones.  To achieve this, the SFRA re-modelled the River Darent 
floodplain using an Isis-TuFLOW model.  This model enabled flood flow routes to be visualised, flood depths and 
flow velocities to be quantified and areas of standing water to be identified.  The hydraulic modelling undertaken in 
this SFRA has provided detailed flood risk information at the site specific level.  The Environment Agency has 
approved the Isis-TuFLOW model and its output for use in the SFRA. 

The SFRA considered flooding from the tidal Thames, groundwater and surface water.   It is concluded that the 
greatest flood risk posed to the town centre is from the River Darent.  Groundwater flooding was not concluded to 
be an issue of strategic concern.  The wider flood risks associated with tidal flooding were addressed in detail in the 
Kent Thameside SFRA.  The northern portion of the town, (north of the railway line) is a zone of residual tidal risk.  
The residual risk being that risk which remains despite the protection offered by the Thames tidal defences.  The 
residual risk modelled in the Kent Thameside SFRA was that associated with a breach in the tidal flood defences 
during a 1 in 1000 year tidal event.  A detailed assessment of the Dartford’s drainage has not been undertaken as 
part of this SFRA, but it is recommended that subsequent FRAs assess the potential for flooding from the surface 
water and foul water drainage networks at the site specific level.  

Sustainable Drainage Systems (SuDS) discharging to groundwater are not considered the most appropriate 
approach for much of the study area.  This is because of a Groundwater Source Protection Zone 3 designation and 
the potential for ground contamination due to the urban nature of the study area.  Discharge to surface water, at 
rates agreed with the Environment Agency and or the Sewage undertaker, are potentially more appropriate.  To 
achieve the permissible rates of discharge, attenuation devices may be required as part of the scheme.  For sites 
where there are ground elevation changes, the potential for incorporating integrated approaches to managing 
surface water should be explored.  Site specific FRAs should investigate the potential for SuDS even if the 
development proposal does not necessarily increase the rates of runoff.  Reducing surface water runoff is inline 
with the principals of PPS25, the Council’s aspirations and reflects the findings of the Pitt Review (2007)16. 

                                                      
16 Learning Lessons from the 2007 floods, An independent review by Sir Michael Pitt, ‘The Pitt Review’, (2007) 
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The key sites within the study area have been assessed in detail and information has been provided which should be 
taken into consideration in the masterplanning process for these sites.  Information on the applicability of SuDS and 
guidance on how the sites could be safely developed has been incorporated in to the site specific discussions 

The assessment of flood risk presented in this SFRA is sufficiently robust to inform the Sequential Test and the site 
allocation process.  The SFRA has delineated the PPS25 flood risk zones and identified how these impact the 
potential development sites the Council has put forward for assessment.  The GIS dataset of potential development 
sites, accompanying the SFRA, provide information on what PPS25 states as appropriate for each flood risk zone.  
The principal of the Sequential Test and PPS25 is to manage flood risk by steering development towards the areas 
of the lowest flood risk.  If regeneration has to occur in a higher flood risk zone (Zone 3a) then, only less 
vulnerable landuses should be proposed.  Any exceptions to this sequential risk based approach (see Annex D in 
PPS25 or Appendix D of the SFRA) need to pass the Exception Test as part of the site specific FRA process.  
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Appendix A  
River Darent Modelling Information 
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Model Hydrology 

Halcrow Review of Hydrology 2008 

The considerable uncertainty associated with design flows in the River Darent at Hawley Gauge led to a further 
hydrological review being undertaken by Halcrow in 2008.  This analysis centred on establishing the frequency of 
the extreme rainfall event which occurred in 1968.  This could then be used to used to inform the return period of 
the corresponding flood event on the River Darent.  Once the frequency of the 1968 event was determined, it could 
be used as a basis for deciding which flood frequency curve generated from various methods should be adopted for 
estimating the 100 year peak flow. 

Results of this study put the return period of the 1968 rainfall event well in excess of the 100 year event, estimating 
it to be have been somewhere between 200 and 300.  The most appropriate flood frequency curve was found to be 
FEH single site analysis which gave a 1 in 100 year peak flow of 29.7m3/s. 

A FEH hydrograph was derived for the 200 year event using catchment descriptors for Hawley Gauge and a storm 
duration of 49 hours.  This was then scaled to 29.7 m3/s to match the peak 100 year statistical estimate.  A 
comparison of this revised inflow and the previous (Phase Haskoning III flows) is shown in Figure A.1. 

Figure A.1 Revised Darent inflow hydrographs 
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Urban Hydrology 

The Royal Haskoning hydraulic model included five surface water inflows to the River Darent to represent the 
runoff from Dartford during a storm event.  Surface water sewerage plans were used to divide the urban areas of 
the catchment into smaller sub-catchments and the Rational Method was used to calculate design inflows for each 
of these sub-catchments.  These additional inflows into the Dartford section of the model are given in Table A.1. 

Table A.1 Additional Urban Inflows (m3/s) 

Inflow Q25 Q50 Q100 Q100+CC 

IV 0.34 0.40 0.45 0.54 

V 0.78 0.9 1.02 1.22 

VI 0.37 0.43 0.49 0.59 

VII 0.45 0.52 0.58 0.70 

VIII 0.44 0.51 0.58 0.70 

     

Downstream Boundary 

The downstream boundary of the model is the mouth of the River Darent at the confluence with the Thames 
Estuary.  The boundary was taken as a spring tide at Tilbury, with a peak similar to the Mean High Water Spring 
Tide.  The astronomical tide profile used in conjunction with surge profile was the predicted tide from 00:00 17th 
February 2000 to 24:00 25th February 2000.  The profile was calculated using tidal harmonics published in the 
Admiralty Tide Tables. 

The tidal boundary was modified in the hydraulic model to allow for the fluvial flows discharged from the River 
Darent into the River Thames.  Firstly, the downstream boundary of the hydraulic model was changed to a 
Flow/Time boundary.  This boundary was produced using the ISIS utility ‘Generate approximate QH boundary’.  A 
normal depth curve for each of the return period flows was extracted from the modified hydraulic model at the 
downstream node of the model.  

The resulting downstream boundary is shown in Figure A.2. 
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Figure A.2 Downstream Boundary 
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Design Hydrology 

The hydrology of the River Darent catchment is complex, with a permeable upstream catchment  (largely 
undeveloped) and significant impermeable areas in the in the lower proportion due to intense urbanisation.  This 
means that the catchment does not lend itself easily to standard FEH investigations.  If hydrometric monitoring in 
the area is improved, the current estimates could be further verified and refined as necessary.  However, at the 
commencement of this study common agreement on the 1 in 100 year design flows at Hawley Gauge had been 
reached between the various parties undertaking hydrological studies in the area. 

In addition to the 1 in 100 year flows, the 1 in 20 year and 1 in 100 year plus climate change events were derived in 
this study, using a single site analysis for the 1 in 20 year event and an additional 20% increase in flows as an 
allowance for the climate change event.   

Final design peak flows for Hawley Gauge are used in this study are shown in Table A.2. 
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Table A.2 Final Design Flows (m3/s) – Hawley Gauge 

Q20 Q100 Q100+CC 

12 29.7 35.64 

   

Design inflows will form the upstream boundary of the hydraulic model through Dartford.  Additional inflows from 
urban runoff enter the model at appropriate locations along the channel reach. 
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ISIS Model Review 

A 1D ISIS model was constructed by Royal Haskoning for the Environment Agency as part of their Phase II study.  
The model was designed to provide flood mapping of the Darent Catchment including the River Cray.  A general 
schematic of the model through Dartford is shown in Figure A.3.  The model consists of the main Rivers Darent 
and Cray.  Along most of its length the left hand bank of the River Darent has been modelled as a series of ISIS 
Reservoir Units as the floodplain on the left bank is below the river level.  The right bank is modelled as a 
combination of extended sections and reservoir units.  The extended sections extend for a short distance until the 
topography of the land rises out of the floodplain. 

Modelling the left bank floodplain in this way creates a number of concerns.  Briefly, these are: 

• Flood levels in a reservoir unit are constant over its size.  Therefore a large reservoir unit will 
underestimate flood levels at its upstream end and overestimate them at its downstream end.  

• The lack of geographical representation in the reservoir units (the geometry is simply an elevation area 
relationship) means that flow into the upstream end can, depending on spill levels, instantaneously 
spill out at the downstream end with no allowance for conveyance times.  With a series of reservoir 
units such as through Dartford flow could, in theory, be conveyed instantaneously over large 
distances. 

• The reservoir unit will start to fill at the lowest point as soon as water begins to spill into the unit but a 
flow pathway between the lowest point and the area that is spilling may not actually exist. 

In addition to the general limitations above, some minor adjustments were made to model node chainages (the 
distances between cross sections) following a comparison with OS Maps.  These changes are detailed in Table A.3. 
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Figure A.3 ISIS Model Schematic 

 

Table A.3 Changes to original model 

Upstream 
Section 

Downstream 
Section 

Original 
Chainage 

Modified 
Chainage 

Reason 

S2d/s D11 305m 275m Inconsistent with OS 

S2u/s S2d/s 100m 35m Bridge not 100m wide 

D13 D12 294m 190m Inconsistent with OS 

D22 S11u/s 83m 40m Double accounting of structure 
width 
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Entec Approach 

Models are designed for a specific purpose and their application to situations beyond the scope of that original 
purpose may not always be suitable.  The original ISIS model through Dartford was developed for the purposes of 
flood mapping of a large area, extending beyond Dartford.  

In an area such as Dartford, local flow paths in the floodplain may be critical and the methodology adopted is not 
considered current best practice in these circumstances.  In addition, overtopping of the River Darent embankment 
may lead to high velocities and depths in the floodplain which could ultimately pose a risk to life. 1D modelling 
outputs can give an indication of where this will occur but they lack the detail required to inform planners and 
developers. 

Advancements in software and computational power offer increasing scope to improve what can be achieved with 
hydraulic modelling.  A key advancement in recent years has been use of 2D modelling to represent the flow 
dynamics in floodplains.  The new ISIS-TUFLOW link allows the strengths of two robust hydraulic models to be 
combined in one package. 

The approach Entec have undertaken as part of this study has been to adopt the ISIS model supplied by the 
Environment Agency, making adjustments where necessary, and to use this to model the main channels through 
Dartford.  This model has then been dynamically linked with TUFLOW to allow the floodplains to be modelled in 
2D. 

This approach offers a significant step forward in quantifying flood risk in Dartford as flow pathways in the 
floodplain can be clearly defined.  In addition where previous modelling output could only give an indication of 
extents and depths in the floodplain, TUFLOW output can be queried in terms of depth, velocity, flow and hazard17 
at the maximum values or as time-series animations. 

Model Development 

The model build process was as follows: 

Define model area –all the floodplain area in Dartford that would experience flooding up to the largest event 
modelled was identified.  To do this Environment Agency Flood Zones, topographic data and OS maps are used.  
However this is a slightly iterative process whereby if floodwater is shown to reach the boundary of the modelled 
area then the area would need extending.  It is important not to include an area much larger than the area likely to 
experience flooding as this would have implications on model run times. 

Adapt ISIS model – removal of the components that are to be modelled in TUFLOW such as reservoir units and 
their associated spills 

                                                      
17 Flood Hazard as defined in ‘Flood Risks to People’ DEFRA FD2321. 
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Create 2D mesh – this involved specifying a resolution and attributing elevations to the mesh.  The elevations are 
largely made up from points sampled from the DTM.  However, it is also necessary to add breaklines to make local 
adjustments to topography too fine to be detected at the specified resolution, for instance along the river 
embankments. 

Defining surface roughness – water flowing over terrain can be greatly affected by the roughness of that terrain.  
Roughness can be specified in TUFLOW by allowing the software to read digitised GIS polygons that have a 
roughness value attributed to them. 

1D Schematisation 

The ISIS model used in this study was that supplied by the EA (DT100D25.DAT) 

Reservoir units D3 to D12 and their associated spills in Dartford were removed.  The River Cray was retained in 
the model and was left unchanged with its reservoirs and spill units remaining.  Concerns with previous 
assumptions about floodplain schematisation were largely made irrelevant with the transfer of floodplain modelling 
from the 1D domain into the 2D domain. 

In addition to the model changes mentioned in Table 4.1 it was necessary to tweak the initial conditions to improve 
model stability at the beginning of the run.  

2D Schematisation 

The 2D schematisation largely consists of elevations derived from the DTM.  A 5m mesh resolution was chosen as 
this was felt to be the best compromise between accuracy and processing time.  Figure 029 in Appendix B 
illustrates the topography of the study area.  The specified resolution means that the sampling of elevation points 
will not pick up detail such as the crest height of defences or channels in the floodplain.  Additionally, the sampled 
mesh will not indicate culverts that exist in the floodplain detached from the main channels.  It was therefore 
necessary to amend the mesh to incorporate these features. 

Amendments to the mesh are detailed below: 

• Embankments along all channels modelled in ISIS were added to the 2D mesh.  This involved 
checking the cross section bank and spill unit (used to link to reservoirs to rivers in ISIS) level in ISIS 
and then entering the crest heights as point data in a GIS file.  A line linking these points for each river 
bank was then digitised.  TULOW can interpolate levels along this line and apply it to the 2D mesh. 

• Outcomes of a site visit determined that the railway embankment had a significant underpass through 
it at grid ref. 554187 174462.  This was not represented in the photogrammetry data used to derive the 
mesh.  Therefore the topography was lowered in this area using a polygon to apply an elevation of 
4.1m AOD to this area of land in line with road levels on either side of the embankment. 
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Roughness Coefficients 

Surface roughness was represented in the model by using Manning’s n values of bed resistance for different land 
cover types.  Land use data was obtained from OS Mastermap data and Manning’s values used for each land class 
were based on standard values, these are shown in Table 5.1.  

Buildings can be modelled in various ways depending on whether storage within the building may have a local 
influence on flood levels.  If flood volume is not important such as in the case of tidal flooding where the volume 
of floodwater can be considered infinite then buildings can simply be included as solid impenetrable structures.  
However, in the case of Crayford, where there are some large industrial units, not including such buildings would 
remove a significant area of land that would be used for flood storage, leading to increased levels elsewhere.  

Building outlines were extracted from OS Mastermap data, these areas were represented in the 2D domain as 
having very high roughness values.  This allows water to enter, and so storage volume is accounted for, but the 
high roughness means that buildings act as a significant obstruction to flow as they would do in a flood event 

Table A.4 Manning’s roughness Values 

Code Land use Manning’s n value 

1 Land (natural) 0.035 

2 Manmade land 0.016 

4 Roads and Paths 0.016 

5 Buildings 0.5 

6 Water 0.01 

   

Sensitivity Testing 

Methodology 

Sensitivity testing has been undertaken for Manning’s roughness values by +/- 20%.  Surface roughness is an 
important variable in floodplain modelling.  It determines the velocity of the flow and can alter the water surface 
levels that are attained.  In extreme cases, significant changes in roughness values can alter flow routes. 

Embedded within the Dartford ISIS-TuFLOW model are 5 monitor points which record velocity and water surface 
level throughout the simulation.  Figure A.4  illustrates the locations of these points.  The purpose of assessing the 
impact of varying roughness is to establish if the initial roughness assumptions are sound.  The water surface level 
is the key variable as this is the value which determines depth and extent of flooding.  If the water surface level 
values for the increased and decreased roughness scenarios are very similar then there can be confidence in the 
model not being sensitive to variations in roughness. 
















































